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It is a recent tradition for new presidents 
of SSAR to introduce themselves to the mem-
bership and to give some sage advice to its 
younger members. I was born at home in 
south St. Louis, Missouri, the fourth child of 
five. I attended St. Anthony’s grade school 
and St. Mary’s high school. As a child, I was 
fascinated with amphibians and reptiles, es-
pecially snakes. In the city of St. Louis there 
were populations of Dekay’s brownsnake 
(Storeria dekayi) and the lined snake (Tropi-
doclonion lineatum). I joined the Boy Scouts 
of America at a young age, primarily for the camping trips and 
other opportunities to get out of the city. I remained active in the 
scouts for years and achieved the rank of Eagle Scout.

Following graduation from high school, I enrolled at the Uni-
versity of Missouri, Columbia. After telling my advisors of my 
interests, they recommended that I enter the Forestry school be-
cause snakes are found in the woods. I eventually enrolled in the 
wildlife program. 

The highlights of my undergraduate education were summer 
jobs with the United States Fish and Wildlife Service. In the sum-
mer of 1965, I worked at the Mark Twain National Wildlife Refuge 
in Grafton, Illinois and the following year at the Upper Souris NWF 
in North Dakota. In both jobs I worked primarily on banding and 
censusing wildfowl, but I did manage to make lists of the amphib-
ians and reptiles present. I then enrolled in the Master’s of Arts 
Biology program at the University of Missouri. I was Dr. Dean 
(Doc) Metter’s first graduate student. For my thesis, I worked on 
the reproductive biology of the Western Wormsnake (Carphophis 
vermis). I completed my MA in 1969 and enrolled in the Ph.D. pro-
gram at the University of New Mexico. I was one of six graduate 
students who worked in the Museum of Southwestern Biology 
under the mentorship of Dr. William Degenhardt. My dissertation 
research at UMN was on the reproductive cycles of the Prairie Rat-
tlesnake (Crotalus viridis) and the Glossy Snake (Arizona elegans).

Following graduation, I was hired by Saint Louis University in 
1973 and I begin my 41st year there this summer. Throughout my 
years at SLU, I have been fortunate enough to pursue my child-
hood passion and study the biology of amphibians and reptiles. 
Although much of my data comes from museum collections, I 
have had the opportunity to do extensive fieldwork in the vari-
ous parts of the US, Mexico, and Guam. I have published over 50 
articles on reproductive biology and morphology of amphibians 
and reptiles and recently co-edited, with David M. Sever, the Re-
productive Biology and Phylogeny of Snakes (Science Publishers, 
Inc., Enfield, NH). 

In July, SSAR will have its 56th annual meeting at UNM in Al-
buquerque. I look forward to reuniting with Bill Degenhardt and 
many of the graduate students with whom I shared so much at 
UNM.

My Service to SSAr

My first position in SSAR was Translations Coordinator (1978–
1990). I was responsible for making available to the membership 

translations of important scientific papers and 
arranging for the translation of scientific papers. 
From 1988 to 2001, I served as Publications Sec-
retary and from 1997 to 2001 I also served as Trea-
surer. I was elected President-elect in 2012 and 
now serve as President (2013–2114). I feel that my 
service to SSAR is really a privilege for me. I get to 
work with many dedicated individuals who also 
appreciate the importance of professional soci-
eties and share an appreciation for amphibians 
and reptiles. To paraphrase a colleague on the 
importance of meetings: I have several friends, 

very close friends, that I met because we share a common inter-
est and passion for amazing fishes, amphibians, and reptiles. At 
meetings, I always learn new things, I meet young students who 
are our “lifeblood.” We will only persist as a society if we bring 
young people into our organizations. The price of membership is 
unimportant compared to the value of my friendship with other 
professionals because those friendships are priceless.

threAtS to ProfeSSionAl SocietieS

I believe the greatest threat to science today is the demise of 
national/international professional societies. This is not unique 
to herpetological societies. Professional societies rely on member-
ship to publish journals, host meetings, etc. All of the officers and 
editors are volunteers. These people are dedicated to this effort be-
cause they believe in the importance of a peer-reviewed journal. 
Members belong to societies primarily to get these publications. 

The advent of electronic journals has its value, but also some 
negative aspects. Some groups feel it is important to make all 
herpetological material available for free. In an ideal world SSAR 
would like this also. But in reality, there are expenses associated 
with publishing a professional journal, sponsoring meetings, 
providing student research and travel support, publishing books, 
etc. Individual memberships in societies account for the major-
ity (>50%) of the income. If the content of journals is posted for 
free, there is little incentive for people to become members of 
societies. A sudden drop in membership would quickly result in 
the demise of the very journals that some feel should be free for 
all. No one wins if this occurs. Keep in mind that journals, even 
electronic journals, have a difficult time surviving without the 
support of society membership (e.g., Herpetological Natural His-
tory, 1993–2003; Contemporary Herpetology 1998–2009). What 
may occur is that so-called “vanity presses,” which say they are 
peer-reviewed but are mostly pay to publish on-line operations, 
will be the future of herpetology. 

the iMPortAnce of PArticiPAting in ProfeSSionAl SocietieS

I strongly urge young members to attend the national/inter-
national meetings. The meetings are a great place to meet others 
with similar interests, whether they are established researchers or 
novices. At our meetings, there are numerous papers and posters 
that represent the wide diversity of research on herps. Meetings are 
expensive, but SSAR, and other societies, make efforts to reduce 
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those costs for students. SSAR has travel grants that students can 
apply for and also have hotel rooms that can be shared. There are 
numerous student competitions that offer monetary awards. To 
further encourage student participation, SSAR will have its 2015 
meeting at the University of Kansas (30 July 30 to 3 August 2015). 
To keep expenses low, we will have arranged for dorm rooms and 
a dining plan to be available. There will be a social specifically de-
signed for new members to meet senior herpetologists. We also 
have planned a tour of the Fitch Natural History Reserve, a live 
herp display, a Herp Quiz, and a graduate student social. 

WhAt you cAn Do

If you have an interest helping SSAR, or another society, at-
tend a board meeting. These meetings are generally scheduled 

for the first day of the Joint Meeting of Ichthyologists and Her-
petologists. All of the societies have important committees or 
positions that require relatively little time, yet are essential to 
the organization. If you unable to make the board meeting, at-
tend the SSAR/HR Student Social. You need to register for this 
on the JMIH web page. I thank you for your support of SSAR and 
hope to see you at our annual meeting. If you have any questions 
please feel free to contact me at: aldridge@slu.edu.

      

      

Robert D. Aldridge
President

ABout our cover: Duellmanohyla soralia
 The genus Duellmanohyla includes 
eight species of small Central Ameri-
can hylid frogs that collectively range 
from southeastern Mexico to north-
western Panama. These arboreal frogs 
are typically found near small cascad-
ing mountain streams and are gener-
ally characterized by the adults’ red 
eyes and the tadpoles’ large pendant 
funnel-shaped oral discs (Köhler 2008. 
Reptiles of Central America, 2nd ed., 
revised. Herpeton Verlag Elke Kohler). 

The Honduran Brook Frog (Duellmanohyla soralia) is a species 
frequently encountered in the cloud forests of northwestern 
Honduras and eastern Guatemala. Unfortunately, this charis-
matic species was previously common but now in decline across 
its range, likely due to a combination of habitat degradation and 
amphibian chytridiomycosis (Cruz et al. 2010. Duellmanohyla 
soralia. In IUCN 2012. IUCN Red List of Threatened Species. 
Version 2012.2. <www.iucnredlist.org>. Downloaded on 19 April 
2013). Currently it is listed as Critically Endangered in the IUCN 
Red List of Threatened Species and exists only in a patchwork 
of isolated populations. Cusuco National Park, Honduras, repre-
sents the largest “protected” area of critical habitat for the spe-
cies, but a recent intensification of illegal deforestation within 
the park’s most protected core zone habitat is now threatening 
this stronghold. 
  The adult frogs are quite attractive with bright red eyes and 
cryptic dorsal patterns of greens and browns, often resembling 
lichen. Although amphibian tadpoles are rarely considered at-
tractive, larvae of this species are quite magnificent, both in ap-
pearance and behavior. Flecks of metallic emerald-green pep-
per their olive to nearly black bodies, with eyes that become 
increasingly red with age. Despite possessing large pendant oral 
discs commonly used to cling to rocks near cascade currents, 
D. soralia tadpoles are instead often found swimming upside-
down in large schools behind boulders that break the currents 
and create calm whirlpools. In this inverted fashion, the tad-
poles feed by skimming particles from the film at the water’s 
surface. 

  Although the adult population in Cusuco National Park ap-
pears to be more stable than other sympatric hylids, moderate 
levels of infection with amphibian chytrid fungus have been 
detected in the species (40%), primarily in tadpoles and recent 
metamorphs, and subadult animals are becoming increasingly 
uncommon (Kolby et al. 2010. Diseases of Aquatic Organisms 
92[2]:245–251). Plans to begin an ex situ management program 
incorporating both head-start/reintroduction and captive as-
surance population establishment are now being developed in 
Honduras and will be located at the Honduran Amphibian Res-
cue and Conservation Center. These activities will help buffer 
against future populations declines caused by disease and/or 
habitat degradation and work to ensure long-term survival.
 The cover image depicts four larval Duellmanohyla soralia 
schooling behind a rock and feeding upside-down at the water’s 
surface. The tadpoles were encountered at night in a cloud forest 
stream of Cusuco National Park, Honduras, during the first tar-
geted field survey for amphibian chytrid fungus in the country. 
The image was taken in 2007 with a Nikon D200 DSLR, Sigma 
180mm macro lens (f/16, ISO200, 1/250 sec.), handheld, and il-
luminated by a single Nikon SB800 flash.
 The photographer, Jonathan Kolby, is a PhD Candidate at 
James Cook University investigating global dispersal mecha-
nisms of amphibian chytrid fungus and ranavirus. He previously 
worked as a CITES Policy Specialist with the US Fish & Wildlife 
Service and has a particular interest in the international wildlife 
trade and biosecurity. Since 2007, Jonathan has been monitor-
ing amphibian chytrid fungus in the endangered amphibians of 
Cusuco National Park, Honduras, to document the long-term 
dynamics of disease in the wild. In response to worrisome ob-
servations, Jonathan is now working to build in-country capacity 
and establish the Honduran 
Amphibian Rescue and Con-
servation Center, to prevent 
the extinction of three criti-
cally endangered species (Du-
ellmanohyla soralia, Plectro-
hyla dasypus, and P. exquisita). 
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PARC 2013 Alison Haskell Award Winner

 The Alison Haskell Award for Excellence in Herpetofaunal Con-
servation is presented by Partners in Amphibian and Reptile Con-
servation (PARC), in memory of Alison Haskell (1956–2006). This 
award is intended to recognize an individual from North America 
who exemplifies extraordinary commitment to herpetofaunal 
conservation, has been overlooked by other means of acclaim, has 
displayed exemplary commitment to building or strengthening 
partnerships, and has displayed distinguished career-long contri-
butions to partnerships and herpetofaunal conservation.
 We are proud to announce that the 2013 recipient of the Ali-
son Haskell Award is Charles Painter. Charlie is currently the En-
dangered Species Herpetologist for the New Mexico Department 
of Game and Fish. Charlie’s career-long contributions to herpeto-
fauna conservation, leadership roles, and ability to build effective 
partnerships make him a very deserving winner of this award. 
 Painter will receive his award at the Southwest PARC meeting 
held in conjunction with the JMIH in Alburquerque, New Mexico 
in July. 

Reptile Database Update

 A new version of the Reptile Database was released in March 
2013. This brings the total number of species to 9,789 (up 
from 9,741, i.e. plus 48, including resurrections etc.) and the total 
of literature citations to 31,315 (+674), including 89 published in 
2013. The synonymies of 1960 entries have been updated since 
last time (mostly by adding chresonyms), added references to 
1270 species, updated the distribution of 252 species, and edited 
the comments of 380 species. Overall, almost 4000 species have 
been edited since the last update.

SelecteD tAxonoMic neWS AnD chAngeS

Anolis. After serious contemplation (and consultation with sev-
eral experts) we changed the names of anoles back to Anolis. For 
some reasons see Poe et al. (2013) Zootaxa 3626:295–299.

Teiidae. The names of many teiids have changed following the 
suggestions of Harvey et al. (2012) Zootaxa 3459:1–156. However, 
we are already getting complaints that this may not be tenable.

Hydrophiinae. This was done already in December 2012, but do 
note that the names of many sea snakes have been changed too, 
following Sanders et al. (2013) Molecular Phylogenetics and Evo-
lution 66(3):575–591.

Laudakia. We changed the names of many Laudakia species, 
following Baig et al. (2012) Vertebrate Zoology 62(2):213–260.

Australia. We went through all Australian names and updated 
them, if necessary, based on Wilson & Swan (2010) and a few more 
recent taxon-specific papers. The last wholesale review of Austra-
lia was based on Cogger (2000) so this needed some verification.

Plestiodon. Now up to date based on Brandley (2012) Zoological 
Journal of the Linnean Society 165(1):163–189.

Hoser names. We follow Kaiser et al. (2013) synonymizing most 
of the names that Raymond Hoser has proposed over the past 
years, but most recently in a series of papers published in 2012. 
See Kaiser et al. (2013) Herpetological Review 44(1):8–23, for de-
tails or simply search the database for reference = Hoser.

Palearctic naked-toed geckos (Cyrtopodion etc.). Revised based 
on Bauer et al. (2013) Zootaxa 3599(4):301–324.

Hobart Smith (1912–2013) passed away in early March. Until 
recently he was probably the most productive reptile alpha tax-
onomist alive with more than 100 new reptiles described (Uetz 
2010. Zootaxa 2334:59–68) and reportedly more than 1500 papers 
published. Aaron Bauer now holds this crown with about 125 new 
species, even though he has to catch up in terms of papers.

Volunteers needed: With a backlog of about 700 papers we have 
trouble keeping up! If you want to help out, let us know your area 
of interest, so we can send you a few papers to curate. Most im-
portantly, we need your help to extract taxonomically important 
information, which you then should send in a format that we can 
easily add to the database (e.g., new/changed names, references, 
distribution data, etc.). We are working on a partly automated 
system to ask authors for help, but it may take a little while until 
this is in place.

Internships: We have openings for 1 or 2 paid internships, at 
least for a couple of months. However, you will be required to 
show up in Richmond, Virginia, at least once. Contact Peter Uetz 
(phu878@gmail.com) if you are interested. 

Global checklist: With this release, we have posted a global 
checklist of all reptiles with their higher taxa online. It’s available 
as an Excel spreadsheet here: http://www.reptile-database.org/
data/reptile_checklist_2013_03.xls.zip.

Literature database: As indicated, we have now more than 31,000 
references in the reptile database. More than 15,000 are available 
via weblinks (although often via commercial publishers). Send 
us URLs of your web pages if you make your own papers avail-
able online or send us links to BHL when they are missing in our 
database. 

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

neWSnoteS



Herpetological Review 44(2), 2013

180

Mexican Turtles Symposium

 Dick Vogt is organizing a session on Mexican turtles in cel-
ebration of the publication of The Turtles of Mexico, Land and 
Freshwater Forms, by John M. Legler and Richard C. Vogt, 

University of California Press. This session will be held at the an-
nual Symposium for the Conservation and Biology of Tortoises 
and Freshwater Turtles, hosted by the Turtle Survival Alliance 
(TSA) in St. Louis, Missouri, USA, 7–10 August 2013.  Meeting at-
tendants will be able to purchase the book from UC Press for a 
20% discount. The book has 260 color photos most of them nev-
er published before, line drawings, maps, and 430 pages of text.  
Much new material never published anywhere before, compiled 
by the combined field work in Mexico of over 50 years by Legler 
and Vogt. Dr. Legler will also be the keynote speaker at the TSA 
meeting.  Visit http://www.turtlesurvival.org/ for meeting infor-
mation and registration, space is limited. 
 If you would like to participate as a speaker in the symposium 
on Mexican species of turtles, please contact Dick Vogt.  Posters 
are also welcome.  We already have a dozen speakers commit-
ted including: Jim Berry, Taylor Edwards, John Iverson, Pat Minx, 
Suzanne McGraugh, Oscar Flores Villela, Marco Antonio Lopez-
Luna, Miguel Angel de la Torre Loranca, Martha Harfush, Gracia 
Porter Gonzalez, Michael Pappas, and Jim Berry.
 Travel Grants are limited, however a few have been reserved 
for those in the Mexican session.  In order to apply for travel sup-
port you must first register and submit your abstract and then fill 
out the travel grant application at http://www.turtlesurvival.org/. 
For questions or additional information, please contact Dick Vogt 
(e-mail: vogt@inpa.gov.br or dickturtlevogt@gmail.com). 

Meetings Calendar

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

8–10 July 2013—Southwest PARC (Partners in Amphibian and 
Reptile Conservation), Albuquerque, New Mexico, USA. Infor-
mation: http://www.swparc.org/

10–15 July 2013—Joint Meeting of Ichthyologists and Herpetolo-
gists (SSAR, HL, ASIH), Albuquerque, New Mexico, USA. Infor-
mation: http://www.dce.k-state.edu/conf/jointmeeting/

21–25 July 2013—26th International Congress for Conservation 
Biology, Baltimore, Maryland, USA. Information: http://www.
conbio.org/mini-sites/iccb-2013

22–26 July 2013—VI Congresso Brasileiro de Herpetologia, Sal-
vador, Bahia, Brazil. Information: http://www.cbh13.com.br/

31 July–3 August 2013—36th International Herpetological Sym-
posium, New Orleans, Louisiana, USA. Information: http://in-
ternationalherpetologicalsymposium.com/index.html

22–27 August 2013—SHE 17th European Congress of Herpetol-
ogy, Veszprém, Hungary. Information: http://seh2013.org/

13–15 September 2013—6th Symposium on the Ecology, Status, 
and Conservation of Diamondback Terrapins, Seabrook Island, 
South Carolina, USA. Information: http://www.bio.davidson.
edu/terrapin2013/Welcome.html

17–20 September 2013— XIV Congreso Argentino de Herpe-
tologia, Centro Nacional Patagonico (CENPAT-CONICET) and 
Universidad Nacional de la Patagonia San Juan Bosco, Puerto 
Madryn, Chubut, Argentina.
Information: xivcongresoherpetologia@gmail.com or avila@
cenpat.edu.ar/morando@cenpat.edu.ar

25–29 September 2013—Annual Meeting of the German Society 
for Herpetology and Herpetoculture (DGHT), Bonn, Germany. 
Information: www.dght.de

3–6 October 2013—4th Biology of Vipers Conference, Struga, FYR 
Macedonia. Information: www.shdmr.org/vipers

meetinGS
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 The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than 
those published by the American Society of Ichthyologists and 
Herpetologists, The Herpetologists’ League, and the Society for 
the Study of Amphibians and Reptiles. Limited space prohibits 
comprehensive coverage of the literature, but an effort will be 
made to cover a variety of taxa and topics. To ensure that the cov-
erage is as broad and current as possible, authors are invited to 
send reprints to the Current Research section editors, Beck Weh-
rle or Ben Lowe; e-mail addresses may be found on the inside 
front cover. 

Thermal Tolerances of the World’s  
Southernmost Gecko

 Most animals have a narrow range of temperatures at which 
they can function. Knowing the thermal tolerances of ectothermic 
species across their geographic range is essential for understand-
ing their distributions and how they will be affected by changing 
climates. Homonota darwinii, the world’s southernmost gecko, 
faces great thermal challenges as a nocturnal lizard with a wide 
South American range. As different H. darwinii populations ex-
perience a broad range of temperatures, the authors of this re-
cent study expected this species to exhibit increased thermal 
tolerance with increasing latitude. Geckos were collected from 
four sites in southern Argentina spanning the latitudinal range 
of H. darwinii. For a year, data loggers collected hourly tempera-
tures in gecko retreats at each site to determine the actual tem-
peratures the geckos experience. The authors determined criti-
cal thermal minimums in the lab by lowering the temperature 
0.2–1°C per minute until geckos flipped onto their backs could 
no longer right themselves. Because critical thermal maximum 
is very close to the lethal maximum temperature in H. darwinii, 
the authors measured panting threshold, raising the tempera-
ture 0.5°C per minute until the geckos panted for at least three 
seconds. They found that the annual minimum and maximum 
temperatures experienced by the geckos varied considerably by 
population with the northernmost population experiencing the 
greatest temperature variation and the southernmost experienc-
ing the least. Geckos from the northernmost populations had the 
lowest critical thermal minimums, a pattern unexpected based 
on the lower latitudes of the sites, but expected due to the high 
elevations. Additionally, these thermal minima were lower than 
those seen in other gecko species, even reaching sub-freezing 
temperatures. Broader thermal tolerances occurred with higher 
environmental temperature variation. The panting thresholds 
did not vary across populations, a pattern seen in other ecto-
therms. This may be because of behavioral thermoregulation at 
extreme high temperatures, including inactivity during the time 
of day when it is hot. The authors suggest that some populations 
of H. darwinii may not be greatly affected by climate warming be-
cause these high temperatures occur while the geckos are at rest 
in retreats, yet those in thermally heterogeneous habitats with 
narrower tolerances may be affected by climate change.

WeekS, D. M., AnD r. e. eSPinozA. 2013. Lizards on ice: Comparative 
thermal tolerances of the world’s southernmost gecko. Journal of 
Thermal Biology 38:225–232.
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Lack of Shelter has Cascading  
Consequences for Snakes

 Shelter use can serve essential roles for animals and has been 
well studied as a way to buffer extreme temperature conditions. 
Yet, shelters are also used for a number of other ecologically sig-
nificant functions, such as sleeping, reproduction, and digestion. 
Considering the importance of shelters, depriving an animal of 
this resource is expected to increase physiological stress and pos-
sibly disrupt a myriad of other functions. The authors of this study 
measured thermoregulation, digestion, and plasma corticoid lev-
els (an indicator of stress) in Aspic Vipers (Vipera aspis) over mul-
tiple temperature/shelter configurations and feeding states. In 
a four-treatment choice experiment, fed and unfed snakes were 
given access to a hot and a cold compartment, each with either 
a shelter or no shelter. Snakes more often chose the compart-
ment with a shelter, regardless of temperature. When no shelters 
were available, snakes chose the hot compartment. When both 
compartments had shelters, slightly more snakes chose the hot 
compartment. These patterns were found in both fed and unfed 
snakes. In a second experiment, fed snakes were placed in either 
a hot or cold compartment with or without a shelter and had 
their feces collected for digestive analysis, including transit time 
measurement and an estimate of assimilation. About two-thirds 
of these vipers were subjected to daily simulated predator attacks 
with a leather glove. Another group of unfed snakes had their plas-
ma corticoid levels measured 10 days after being placed in one 
of the hot/cold, shelter/no shelter compartments. Vipers in hot 
compartments have shorter digestive transit times than those in 
cold compartments, but shelter did not affect transit time. “Preda-
tor attacks” reduced transit time in all groups, though more so in 
hot habitats. Regurgitation was common in cold compartments, 
twice as frequent when the snake lacked a shelter, and even more 
increased in “attacked” snakes (though this was not affected by 
shelter availability). All regurgitating snakes assimilated less of 
their prey than snakes that were able to digest normally. Plasma 
corticoid levels were much higher in snakes lacking both heat 
and a shelter than in each of these states alone, indicating high 
snake stress due to this interaction. Though in some of their ex-
periments, snakes provided with heat appeared to be less stressed 
even if lacking a shelter; this forced the vipers to increase their 
temperature and thus energy expenditure, possibly to compen-
sate for increased predation risk. Availability of shelter can greatly 
affect the temperature, energy expenditure, digestion, and stress 
in snakes. Shelters play an important role in habitat selection and 
the authors suggest shelter availability and quality should be in-
corporated into conservation and captivity concerns.

Bonnet, x., A. fizeSAn, AnD c. l. Michel. 2013. Shelter availability, stress 
level and digestive performance in the aspic viper. The Journal of 
Experimental Biology 216:815–822.
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Salamander Contact Zones Show Climate  
Variation and Suggest Interspecific  

Competition
 Geographic ranges of species pairs that abut each other and 
are stable over time provide interesting opportunities for study-
ing the determinants of species range limits. In habitats with 
environmental gradients, abiotic factors are thought to govern 
range limits; in homogeneous areas, competition or other biotic 
factors may direct these borders. Combinations of these factors 
have also been previously experimentally supported. The ranges 
of the widely distributed Salamandra salamandra (Fire Sala-
mander) and the pre-montane/montane S. atra (Alpine Sala-
mander) meet in the European Alps. The authors of this study 
gleaned distributional information for these species from mu-
seum records, with random background points from within the 
species’ distributions added to represent available habitats. Cli-
matic conditions of salamander habitats from 1961–1990 were 
characterized using GIS-layers with a 100 m x 100 m resolution. 
From this, five non-correlated climate variables were identified 
for further analysis of each species’ climatic niches in the contact 
zone. Using species distribution modeling (SDM) and a multi-
variate analysis, the authors developed null-distributions and 
null-models of niche overlaps. They compared the actual species 
distributions and niches to find that S. atra were found in a wider 
range of climate conditions than S. salamandra. This was unex-
pected as S. atra had a narrower geographic range. S. salamandra 
were found in drier areas with less solar radiation. The climatic 
variables differed among the three contact zones, and the west-
ern zone was narrowest when compared with the central and 
eastern contact zones. The main predictors of the S. atra SDM 
were mean annual precipitation and slope of habitat, and in the 
western contact zone, mean temperature in January. S. salaman-
dra SDM predictors also varied by contact zone: for the cen-
tral and eastern zones it was January temperature, while in the 
west it was radiation in July and slope. Yet at all contact zones, 
the two species were found to have a moderate niche overlap, 
though lower than predicted by the null-model, supporting the 
sharp climatic gradient as an important factor in maintaining 
the hybrid zones. However, when range-wide thermal tolerance 
breadth and variation was taken into account, the absence of S. 
atra from apparently suitable habitats suggests that its distribu-
tion is most likely limited by competition. S. salamandra, on the 
other hand, is likely most limited by abrupt climatic changes as 
they have a narrower abiotic niche. This study provides support 
for the role of abiotic factors determining species boundaries 
and identifies biotic interactions as a likely influence as well. The 
authors suggest mechanistic species distribution models may 
add to the understanding of the salamanders’ climatic niches 
and physiological tolerances. 

Werner, P., S. lötterS, B. r. SchMiDt, J. o. engler, AnD D. röDDer. 
2013. The role of climate for the range limits of parapatric Euro-
pean land salamanders. Ecography (in press) doi: 10.1111/j.1600-
0587.2013.00242.x
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Hot Frogs Less Susceptible to Bd

 Chytridiomycosis, caused by the fungus Batrachochytrium 
dendrobatidis (Bd), is responsible for massive amphibian de-
clines around the world. Yet in numerous cases, amphibians 
that have been infected with chytrid in some populations coex-
ist with Bd in others. Some infected individuals may not show 
symptoms in the field, others uninfected in the field may be-
come highly sensitive to Bd in the lab. In one study, chytrid-pos-
itive frogs had increased body temperatures, possibly to produce 
“behavioral fevers” for escape of Bd’s optimal growth tempera-
tures of 17–25°C. In this study, three Litoria species (Hylidae: L. 
lesueuri, L. serrate, and L. nannotis) that have suffered different 
degrees of Bd-related declines were swabbed for Bd and tracked 
at four sites in excess of two weeks during the wet season in Aus-
tralia. The dorsal temperatures of re-sighted frogs were recorded 
at each observation (on average 17 times per individual). Infec-
tion prevalence was the same among sites, but different among 
species. On average, individuals with body temperatures greater 
than 25°C had decreased incidence of Bd infection. Infection was 
particularly rare if greater than 75% of an individual’s body tem-
peratures exceeded 25°C. Males of the two most vulnerable spe-
cies, L. serrate and L. nannotis, had the highest infection rates, 
with females of those species exhibiting moderate infection 
prevalence. This is the first study to show that thermal behavior 
in the field affects Bd infection probability. These findings do not 
support frogs elevating body temperature as a response to infec-
tion, but rather that elevated temperatures prevent infection or 
do so coincidentally while serving other physiological functions. 
This study underscores the importance of body temperature on 
host-pathogen interactions. Variation in individual thermal pref-
erences may allow for evolution of higher thermal tolerances, 
possibly increasing amphibian survival against the threat of chy-
tridomycosis.

roWley, J. J. l., AnD r. A. AlforD. 2013. Hot bodies protect amphib-
ians against chytrid infection in nature. Scientific Reports 3:1515. 
doi:10.1038/srep01515.

Correspondence to: Jodi roWley, school of Marine and Tropical Biology 
and amphibian disease ecology group, James Cook University, Townsville, 
Qld 4811, australia; e-mail: jodi.rowley@austmus.gov.au

Painted Turtle Genome Offers Insights into 
Chelonian Phylogeny, Evolution, and  

Physiology

 The unique morphologies, physiologies, and life histories 
of turtles such as extreme environmental tolerances, tooth loss, 
temperature dependent sex determination, and longevity have 
long made them a curiosity to researchers. Additionally, as the 
placement of turtles in the tree of life has long been an enigma, 
genome-wide analyses offer important information for under-
standing the evolution of this unusual clade. The authors of 
this study sequenced the nuclear genome of a female Western 
Painted Turtle, Chrysemys picta bellii. Using a combination of 
next-generation shotgun sequencing and Sanger sequencing of 
paired-end BACs, the authors constructed a scaffold with an N50 
size of 5.2 megabases and over 93% coverage of the genome. They 
then compared 1955 homologous genes across eight vertebrate 
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taxa to build a phylogenetic tree. Their results strongly support 
turtles as the sister clade to Archosauria and show the turtle 
genome has been evolving very slowly. The Western Painted 
Turtle has a one of the highest tolerances of oxygen deprivation 
of any vertebrate, even relative to other turtles. RNA transcripts 
collected from hearts and brains of Western Painted Turtles ex-
posed to anoxic and normal-oxygen conditions showed consid-
erable upregulation in 19 heart genes and 23 brain genes. These 
results reveal regulatory changes in conserved vertebrate genes 
as mechanisms for the evolution of anoxia tolerance. Compar-
ing the genes of C. picta bellii to those of a less freeze-tolerant 
turtle (Apalone spinifera) and humans identified a novel microR-
NA associated with freeze tolerance. Five previously identified 
tooth-specific genes had premature stop codons or were greatly 
degraded, similar to patterns found in birds, though turtles ac-
cumulated these mutations at half the rate. Aging related genes 
from other taxa were looked for in C. picta bellii and other turtle 
genomes. Two genes were found to be absent across all sampled 
turtles, suggesting further investigations should be made into 
their role in senescence. Through phylogenetic reconstruction, 
temperature dependent sex determination was identified as the 
ancestral condition in turtles, with genetic sex determination 
likely evolving multiple times. Comparisons with the genomes 
of eight other vertebrates identified gene families likely respon-
sible for the unique characteristics of turtles as a whole. These 
findings open further investigation into the genes and regulation 
of turtle genomes, as well as the implications for advance the un-
derstanding of turtles’ extraordinary traits. 

ShAffer, h. B., AnD colleAgueS. 2013. The western painted turtle ge-
nome, a model for the evolution if extreme physiological adap-
tations in a slowly evolving lineage. Genome Biology (in press) 
doi:10.1186/gb-2013-14-3-r28.
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Salamanders Provide Evidence for  
an Early Isthmus of Panama

 The Isthmus of Panama has long been recognized for its 
dual role as a barrier and conduit for dispersal. Though most 
researchers have operated under the premise that the Isthmus 
opened for overland travel less than four million years ago, geo-
logical and phylogenetic studies finding evidence in support of 
an earlier connection between North and South America have 
been accumulating. In this paper, the authors present results 
from a phylogenetic study of South American representatives 
of the plethodontid genus Bolitoglossa, and in doing so add to 
the growing debate over New World biogeography. This group 
of salamanders undoubtedly originated in Central America and 
southern Mexico, where the vast majority of its species diversity 
still resides. Nevertheless, 28 Bolitoglossa species occur in South 
America, most of which are endemic to the continent. The re-
searchers collected genetic sequence data on for two genes (one 
mtDNA, one nuclear DNA) for 60 exemplar specimens includ-
ing 15 South American Bolitoglossa. Using these sequences and 
a Plethodontidae crown group age of 75 million years as a cali-
bration point, they constructed a time-calibrated “species-tree” 
phylogeny. The resulting phylogeny presented a monophyletic 

South American Bolitoglossa, with two instances of South Amer-
ican species expanding their distributions north into Central 
America. They found evidence for considerable cryptic diversity, 
as three of their South American samples did not closely align 
with currently recognized species. The crown age of the South 
American Bolitoglossa clade was found to be 23.6 million years. 
It is theoretically conceivable that diversification began prior 
to the formation of the land bridge, and independent lineages 
simultaneously dispersed south subsequent to land bridge for-
mation while also simultaneously going extinct north of the 
bridge. However, the great differential between diversification 
timing and land bridge formation coupled with the number of 
lineages that would need to have accomplished this feat makes 
this hypothesis unlikely. And while the estimated timing of boli-
toglossine diversification relative to the plethodontid crown age 
is much older than recovered in other analyses that employed 
greater gene and lineage sampling, this discrepancy is not suf-
ficient to realistically fit the recovered genetic diversity of this 
clade into four million years. And while overwater dispersal to 
South America remains a possibility, even for taxa that are un-
likely candidates for this dispersal scenario, each example such 
as this shifts the weight of evidence slightly further to a continen-
tal scale phenomenon such as an early Panamanian land bridge. 
Additionally, this study finds evidence for considerable cryptic 
diversity among South American Bolitoglossa.

elMer, k. r., r. M. Bonett, D. B. WAke, AnD S. c. lougheeD. 2013. Early 
Miocene origin and cryptic diversification of South American sal-
amanders. BMC Evolutionary Biology 13:59.
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Cane Toads Modulate Muscle Length  
When Landing

 Jumping requires the coordination of two mechanical phas-
es: positive acceleration during take off and negative accelera-
tion during landing. For hopping animals such as anurans, land-
ing in a controlled manner is important for decreasing the risk 
of muscle damage. The anconeus, or forelimb muscle, in Cane 
Toads (Rhinella marina) is important to dissipating the mechan-
ical energy experienced during landing. Muscles, however, are 
more likely to sustain damage if actively stretched. In a previous 
study, it was found that in preparation for landing, Cane Toads 
fine-tune their muscle activity to in response to jump height. The 
authors of this study tested the hypothesis that such modulation 
functions to shorten the frogs’ anconeus muscles, decreasing the 
likelihood of muscle damage. Electromyography (EMG) trans-
ducers were implanted into the anconeus muscles of five Cane 
Toads. Muscle activity and fascicle length were recorded during 
hopping trials, after which the muscles were dissected out and 
mounted to a servomotor. Isolated muscles were stimulated at 
varying lengths to characterize force-length properties. The au-
thors found that shortening of the anconeus muscle before land-
ing occurred was inversely correlated with hop distance. They 
infer that this is to dissipate energy as the muscle is stretched 
during landing and thus protecting the muscles from damage 
caused by going beyond optimal length. Indeed, the anconeus 
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muscle is engaged well in advance of landing, extending the 
toad’s elbow and altering the length of the muscle at impact. 
Thus, the anconeus muscle does not get stretched beyond its op-
timal length and the maximum length at the end of landing does 
not vary with jump distance. Yet this restriction is likely a trade-
off with muscle force capacity. This study reveals that frogs are 
able to modulate both their muscle recruitment and the length 
of their muscle when landing to incur the least damage when 
landing.

Azizi, e., AnD e. M. ABBott. 2012. Anticipatory motor patterns limit 
muscle stretch during landing in toads. Biology Letters 9:20121045.
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Survey of Bd in Cameroon Finds  
First Record in Caecilians

 Amphibian declines caused by chytrid fungus Batrachochy-
trium dendrobatidis (Bd) have been well documented in frogs 
and salamanders. Bd is hypothesized to have originated in Af-
rica, yet a recent survey of northeastern Cameroon showed no 
incidence of the pathogen. Considering that a 70-year old mu-
seum specimen from Cameroon tested positive for Bd, as did 
amphibian populations from surrounding countries, the au-
thors of this study conducted follow up surveys of Cameroon’s 
diverse amphibian fauna to investigate these conflicting results. 
Across 12 sites, 108 amphibian species (including four caecilian 
species) were screened for Bd through skin swabs or toe clips, for 
a total of 1137 individuals sampled. Samples were analyzed for 
Bd using a quantitative PCR protocol. Overall, 10.9% of samples 
tested positive for Bd, with an average of 32.0% prevalence per 
site. Three sites had no detected Bd and one site, Rumpi Hills, 
had only one infected individual. Infection intensity was low for 
all positive specimens. Across all sites, 6.7% of frogs and 64.2% 
of caecilians were positive for Bd. This is the first record of Bd in 
caecilians. Of note, this may be the largest sampling of caecilians 
tested for chytrid. There are conflicting results as to whether 
there are differences in infection intensity between frogs and 
caecilians. The Mt. Oku site showed considerable between-year 
variation in Bd prevalence, perhaps accounting for the negative 
results of the previous survey. Since amphibians from some sites 
were not shown to have Bd whereas other ecologically similar 
populations were positive, Cameroon may be a model locale to 
track amphibian-Bd interactions to better understand how to 
manage this pathogen in other parts of the world, though more 
work is necessary to understand how native Cameroonian am-
phibians are affected by Bd. Additionally, Cameroon may serve 
as a source for Bd spread and thus is important to monitor for 
amphibian conservation considerations.

Doherty-Bone, t. M., AnD colleAgueS. 2013. Batrachochytrium den-
drobatidis in amphibians of Cameroon, including first records for 
caecilians. Diseases of Aquatic Organisms 102:187–194.
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No Within-Clade Trade-offs in  
Chameleon Foot Performance

 Chameleons have highly specialized morphology including 
ballistic tongues, independently movable eyes, and prehensile 
tails and feet. The grasping ability of these lizards’ feet and tails 
is thought to be an adaptation to their arboreal niches. Previous 
studies have shown faster running species from divergent cha-
meleon clades to be poorer at gripping with their feet, probably 
due to differences in the mechanical requirements for these ac-
tivities. To test if this pattern is generally present or the result of 
clade-specific adaptations, the authors examined the morphol-
ogy and locomotor performance of closely related pairs of ter-
restrial (Chamaeleo namaquensis and Bradypodion occidentale) 
and arboreal (C. dilepis and B. damaranum) chameleon species. 
They collected lizards from the wild and measured snout–vent 
length, femur, tibia and lateral hindfoot length, and humerus, 
radius and lateral forefoot length. Using microtomography (an 
x-ray technique that generates images similar to CT-scans), they 
produced three-dimensional images of each species. Chame-
leons were recorded gripping a dowel attached to a force plat-
form for 60 seconds. During the trial, individuals were pulled 
away from the dowel and allowed to reattach repeatedly. This 
method was also repeated for forefoot-only measurements. Ad-
ditionally, chameleons were chased down a 2-m track to measure 
sprint speed. Both arboreal species had longer phalangeal ele-
ments and fused carpals, absent in both terrestrial chameleons. 
Generally, though, morphological and performance differences 
by habitat type were dependent on clade. Arboreal species had 
higher grasping strength and speed, as well as larger hands and 
feet. Hand size was the best predictor of grip strength. Larger 
hands and feet may be beneficial for stability on larger perch di-
ameters. In the terrestrial chameleons, unfused carpals may al-
low for increased flattening of the feet to better grip a flat surface. 
The two Chamaeleo species had no differences in sprint speed, 
yet the arboreal Bradypodion sprinted faster than the terrestrial 
Bradypodion. Thus, trade-offs in gripping and running are more 
an effect of phylogeny than functional habitat use alone.
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developing an undergraduate herpetology club  
at cornell university

In its 20 years of existence, the Cornell Herpetological Society 
(CHS)—an undergraduate herpetology club at Cornell Univer-
sity in Ithaca, New York—has reached several hundred students. 
It has shaped their college experience and in many cases their 
careers. Undergraduate herp clubs like the CHS provide oppor-
tunities that students could not gain through coursework alone, 
such as peer mentorship, field experiences, teaching opportuni-
ties, interactions with established scientists, and the opportunity 
to take on a leadership role. These groups create a community of 
students with similar interests who can amplify each other’s cu-
riosity outside of a strictly academic setting, often leading to last-
ing friendships beyond graduation. Because the CHS has posi-
tively influenced the lives and careers of its many undergraduate 
members, it could serve as an example to inspire the creation 
of similar groups at more universities. Ultimately, connections 

among several university herp clubs could provide additional 
opportunities and ideas.

Three Cornell undergraduates who were devoted to the sci-
entific study of amphibians and reptiles founded the CHS in 
1992. Since then, it has operated continuously on a model based 
on leadership from a group of undergraduate officers, with ad-
vice and guidance from its faculty advisor Kraig Adler. Although 
the CHS is organized and run by undergraduate students, it wel-
comes participation from the broader Cornell and Ithaca com-
munities. The CHS is a registered student-run organization that 
must apply for funding each semester along with over 800 other 
student organizations at Cornell University. The CHS organizes 
three main activities: 1) monthly meetings in which local or visit-
ing speakers present their work; 2) field trips that include short 
excursions into the field and longer, multi-day visits to universi-
ties, museums, and zoos for behind the scenes tours with staff; 
and 3) educational programs that provide outreach to the com-
munity. Each of these activities has served to enrich the lives of 
herp club undergrads and other community members.

Monthly MeetingS

True to its mission as a club run by students primarily for 
students, the CHS now reserves its first meeting every year for 
a series of talks by more senior club members based on their 
summer research or other biological activities. New students 
benefit from other undergraduates discussing their research, re-
cently including topics as diverse as lizard mating systems in the 
American Southwest, toad colonization of Alaska, or Brazilian 
frog phylogeography. More senior students show new students 
how to seek out funding for their own research projects, demon-
strating that one can, in fact, become a budding scientist while 
still an undergraduate. Other meetings during the academic year 
feature scientists, conservationists, wildlife photographers, vet-
erinarians, and more, allowing students to learn about different 
types of careers. Speakers have included Aaron Bauer, Carl Gans, 
Chris Jenkins, Joseph Mendelson, Robert Murphy, and Margaret 
Stewart, among many other accomplished herpetologists. After 
each meeting, a casual dinner at a local restaurant allows stu-
dents to have closer interactions with the guest speakers.

off-cAMPuS ActivitieS

Field trips, both local day trips and multi-day excursions 
farther afield, give an inside look into different applications of 
herpetology. The club makes the most of the herp diversity in 
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fig. 1. CHS members examine and photograph a salamander during 
a local field survey.

fig. 2. By conducting systematic surveys each fall and spring of prop-
erties owned by a local land conservation organization called the 
Finger Lakes Land Trust, the CHS contributes to the Land Trust’s and 
other herpetological databases.
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the region by focusing the majority of outings locally. Many of 
those trips are with a conservation organization called the Finger 

Lakes Land Trust, which has the CHS conduct herp surveys on 
their various properties each semester (Figs. 1, 2). The club has 
frequently sent those data to the New York Herp Atlas project. 
The CHS also takes advantage of the annual spring salamander 
migrations to witness explosive breeding events. Last year the 
CHS began collaborating with Cornell’s natural areas and ar-
boretum staff to form a plan for protecting salamanders as they 
cross roads and for educating the increasing number of people 
who go to see the migration each spring. Additionally, an annu-
al trip to southwestern New York with a staff member from the 
New York State Department of Environmental Conservation lets 
students spend a day finding hellbenders, collecting data about 
them, working on habitat restoration projects, and releasing ju-
veniles head-started by the Buffalo Zoo (Fig. 3).

 Members of CHS take at least one annual trip to locations 
farther away, including Boston, New York City, Philadelphia, To-
ronto, Ann Arbor, Washington and other cities around the eastern 
United States. The club uses these trips as a way to visit museums, 
zoos, or university labs, often meeting curators, veterinarians, 
and researches at multiple institutions over the course of a week-
end (Figs. 4, 5). Students choose the location at the beginning of 
the year, and then the faculty advisor arranges the trip.

eDucAtionAl outreAch AnD coMMunity BenefitS

The club benefits the larger university and local communi-
ties through educational outreach. Every year members of the 
CHS take reptiles and amphibians to university residence halls, 
Cornell’s annual veterinary college open house, local schools, 
the Ithaca Science Center, and community centers to educate 
people about these oft-misunderstood creatures (Fig. 6). Most of 
the people who attend these programs leave feeling less afraid 
of herps than when they arrived, while some even leave with a 
newfound love of herps and other creatures. Occasionally, par-
ents from the community bring their children to join the herp 
club on local field trips and at its meetings, thus fueling the next 
generation of herpetologists.

Club members who participate in outreach programs de-
velop strong public speaking skills that often help them in their 
subsequent careers. They learn how to effectively engage an 
audience, an ability that serves them in a variety of situations, 
whether they go into research, conservation, environmental law, 
or another career.

other ActivitieS

Members of the CHS have taken advantage of several oppor-
tunities outside the club’s regular activities. Some arose in the 
form of summer research projects, grants, or internships that 
the students heard of from other club members or from the club 
advisor. Others received research funding from an anonymous 
donor who provides funds to the CHS. For example, three un-
dergrad club members used this source and other funding to do 
a survey of herpetofauna in Papua, New Guinea, during which 
they discovered a new frog species that presently holds the world 
record for smallest known vertebrate (see their article in PLOS 
One, at http://www.plosone.org/article/info:doi/10.1371/jour-
nal.pone.0029797). A few years prior to that, CHS undergradu-
ates participated in a faculty search for a herpetologist in Cor-
nell’s Department of Ecology and Evolutionary Biology. The CHS 
members interviewed each candidate, and then wrote a report 
on each. The search committee took their recommendations 

fig. 3. The club sponsors a trip every August to observe hellbenders 
in the wild. To achieve success requires a small army of rock turners 
and dip-net holders, and someone to grope for the animal.  The giant 
salamanders are then PIT tagged, measured, weighed, and returned 
to the same GPS-referenced rocks, in cooperation with a New York 
State Department of Environmental Conservation officer.
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fig. 4. Behind the scenes at the Philadelphia Zoo, CHS undergrads 
get up close and personal with a tortoise named Bubba and many 
other herps, some of which are never exhibited.
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quite seriously because the CHS members took the process so 
seriously, and ultimately chose the candidate whom the herp 
club had recommended. Such experiences played a formative 
role in the subsequent academic and career pursuits of the stu-
dents who participated in them. 

Finally, the CHS fosters friendships by bringing students to-
gether. Outside of formal club activities, students get together 
for fun events like herp-related movie nights, holding potluck 
dinners, and watching such outlandish films as Life in Cold 
Blood, Anaconda, or Snakes on a Plane. They also go on hikes or 
camping trips together to take a break from school. These infor-
mal activities help relieve student stress while creating a more 
tightly-knit club.

PoSt-herP cluB cAreerS

Many club alumni remember their CHS days fondly as a for-
mative influence. One of the club’s founders now directs a world-
wide conservation organization called Amphibian Ark, and re-
turns to Cornell from time to time to give talks, help, and advice 
to current undergrads. Other members have become university 
professors or museum curators. Some of them did not previ-
ously recognize the possibility of building a career in research 
until they joined the CHS. Other alumni have pursued careers 
as zoo or private veterinarians, or medical doctors. Many who 
chose fields outside of biology or conservation for their careers 
remain interested in herpetology, including a couple of environ-
mental lawyers and one computer programmer who spends his 
free time describing new species of turtles. In dozens of cases, 
the presence of an undergraduate herpetology club has fueled 
people’s enthusiasm during college, providing a jumping off 
point for a lifelong interest in reptiles and amphibians.

Throughout the history of the Cornell Herpetological Society, 
a few dedicated students have sustained the meetings, field trips, 
and community outreach that left a lasting impact on so many. 
Similar undergraduate-driven herpetology clubs can thrive any-
where provided they have certain critical components. First and 
foremost, enthusiastic and focused students must manage to 
find each other, and then they must sustain a high enough lev-
el of involvement in the club to organize events. Nearly as im-
portant is guidance and mentorship from an advisor who truly 
cares about the club and its members. Such an advisor provides 
continuity and has the expertise to help students plan the best 
meetings and field trips possible. A third important component 
is funding, which many universities provide to student clubs 
through student activity fees. However, funding plays a less cru-
cial role than do the students and faculty advisor. Even without 
money, clubs may hold local excursions, herp-themed movie 
nights, meetings, and much else. Different regions in the world 
have different resources to offer, so as long as students (with an 
advisor’s help) can recognize those resources, then they can cre-
ate a very successful organization. 

Members of the CHS sincerely hope that students will find a 
way to use whatever resources they have—human, ecological, or 
institutional—to engage their peers outside of classrooms and 

labs, leaving a lasting contribution on their campus as they ex-
plore their passion. 

Acknowledgments.—I thank the advisor of the CHS, Kraig Adler, 
and several officers and former officers—Mike Benard, Joseph Chase, 
Rich Glor, Matthew Meyer, Eric Rittmeyer, Bryan Stuart, Mike Treglia, 
Tristan Weinkle, Brian Worthington, and Kevin Zippel—for providing 
information, help, and photos. For more information on the Cornell 
Herpetological Society, consult our website and blog:

http://rso.cornell.edu/cuherps/flash/flash.html
http://cuherps.blogspot.com/

fig. 5. At the Pittsburgh Zoo, the club members observe an Alliga-
tor Snapping Turtle held by the curator of reptiles. Left to right: Herb 
Ellerbrock (reptile curator), Rich Glor, Mehdi Joseph-Ouni, Mike Be-
nard, Howard Evans (Cornell professor), Jeremy Sabatini. 

PH
O

TO
 B

Y 
Kr

a
ig

 a
d

le
r

fig. 6. The CHS operates a large display of live herps, skeletons, and 
other learning materials as part of its extensive outreach program 
to the local community. Among its largest events is an open house 
sponsored by Cornell’s College of Veterinary Medicine, where stu-
dents and Ithacans of all ages overcome fears to learn about the ani-
mals.
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In Memoriam: David Alfred Chiszar (1944–2013), 
with Reflections from Colleagues and Friends

 The herpetological community 
lost one of the shining lights in the 
field of ethology and comparative 
psychology when David A. Chiszar, 
known for his pioneering work on so-
cial and predatory behavior in lower 
vertebrates, died after a long struggle 
with T-cell lymphoma on 3 January 
2013. He was born in Sioux City, Iowa 
on 21 October 1944 and grew up in 
Perth Amboy, New Jersey. David is 
survived by his wife, Terri Macey, his 
former wife, Joan Wilson, and their 
two children, Adam Chiszar and Laine 
Chiszar, as well as his stepchildren, 
Kris Mayer and Daniel Mayer. He is 
also survived by his mother, Florence 
Chiszar, his sister Natalie Chiszar, and his brothers, Dan Chiszar, 
Al Chiszar, and Emery Chiszar. 
 He attended Rutgers University-The State University of New 
Jersey in Newark where he earned a B.A. (Psychology) in 1966, 
M.S. (Experimental Psychology) in 1969, and his Ph.D. in Experi-
mental Psychology the next year. Chiszar was a NASA Predoc-
toral Fellow (1966–1967), NIMH Predoctoral Fellow (1967–1970) 
and was a Lecturer in Introductory Psychology at Rutgers.
 He began and finished his distinguished professional career 
at the University of Colorado (CU) in Boulder where he quickly 
rose through the ranks: Visiting Assistant Professor of Psychology 
(1970–1971), Assistant Professor of Psychology (1971–1974), Asso-
ciate Professor of Psychology (1974–1980), Professor of Psycholo-
gy (1980–2013), Director, Undergraduate Education in Psychology 
(1977–1980), Chairman (1980–1983), Associate Dean, College of 
Arts and Sciences (1984–1985). During 1983–1984, Chiszar served 
as National Science Foundation (NSF) Program Officer in Wash-
ington, DC. He was recognized as an effective teacher because he 
received the University of Colorado Award for Excellence in Teach-
ing (Statistics and Animal Behavior). He retired in 2011.
 Chiszar was always committed to professional service. He 
reviewed manuscripts for Animal Behaviour, Behavior Genetics, 
Behavioral and Neural Biology, Behavioral Processes, Herpetolog-
ica, Journal of Comparative and Physiological Psychology, Learn-
ing and Motivation, Psychological Bulletin, Journal of Herpetol-
ogy, Psychological Record, Zeitschrift für Tierpsychologie, and Zoo 
Biology. In addition, he was listed as a member of the Editorial 

Board for Behavioral and Neural Biol-
ogy, The Psychological Record, Zoo Biol-
ogy, Journal of Comparative Psychology, 
and Journal of Herpetology.
 He reviewed grant proposals for the 
NSF and National Geographic Society. 
David was Vice President and Program 
Officer, Colorado-Wyoming Academy 
of Science (1975–1976) and Member 
of the Executive Committee of CWAS 
(1977–1980), Vice President and Pro-
gram Officer for CU Chapter of Sigma 
Xi (1978–1979), and President of CU 
Chapter of Sigma Xi (1979–1980). He 
was a strong supporter of zoos and 
aquariums and much of his research 
was done at these institutions; he 

served as a Member of the Scientific Advisory Board at the Den-
ver Zoological Gardens for many years.
 Chiszar received about a dozen grants, three of which were 
from the US Department of the Interior to learn about the preda-
tory and locomotory behavior of the Brown Tree Snake (Boiga 
irregularis) on the Island of Guam. This invasive snake has been 
a major contributor to the near extinction of a number of indig-
enous mammals and birds. Between 1987 and 2000, he explored 
methods of using chemical attractants to control this widespread 
pest. He co-edited an important volume in 1999 with Gordon H. 
Rodda: Problem Snake Management: The Habu and the Brown 
Treesnake. 
 In the early days of his career in 1968, he focused mainly on 
studies of learning and other behaviors in rats and fishes. Seven 
years later, his interests began to broaden to include reptiles 
and amphibians with the first papers on the behavior of aquatic 
and terrestrial turtles, as well as garter snakes. Papers appeared 
on the behavior of zoo animals, a topic of interest throughout 
his entire career. These included subjects such as animal com-
munication, maternal behavior, “child” development and so-
cialization in the zoo, courtship and copulation, and curiosity, 
learning, and occupational therapy (now called animal enrich-
ment) in the zoo. In 1977, his studies included rattlesnakes, pine 
snakes, and garter snakes on topics like investigatory, predatory, 
and courtship behaviors. From that point onward, many papers 
were published that examined snake predatory behavior, often 
with two of his longtime collaborators—Charles W. Radcliffe and 
Hobart M. Smith. 
 Chiszar was remarkable in many ways. He was a physical fit-
ness advocate, weightlifter, and motorcycle rider, taking a num-
ber of cross-country trips on his bike. Unlike some herpetologists 
who are misanthropes, David loved interacting with others, es-
pecially when exciting ideas surfaced. When this happened, he 
was radiant with excitement. Conversations were always Socratic 
dialectics and he never tried to dominate people intellectually, 
although he was certainly smart enough to do so. Early on, he 

oBituArieS

JAmeS B. murphy
Smithsonian National Zoological Park, 3001 Connecticut Ave., NW
Washington, DC 20008, USA 
e-mail: murphyj@si.edu
hoBArt m. Smith†

3350 30th St., Apt 307
Boulder, Colorado 80301-5610, USA

David Chiszar at Arches National Park, Utah before 
he started cancer treatments.
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understood the value of collabora-
tion, so often his papers included 
a number of co-investigators. He 
used zoo and aquarium collec-
tions brilliantly. Since he designed 
simple, elegant experiments that 
could be done in these settings 
without major disruption, zoo 
workers regularly invited him to 
work together. When he worked at 
these places, his easy-going style, 
sensitivity, and brilliance captivat-
ed all in attendance—he was a joy 
to be with at all times. He was al-
ways willing to review projects and 
drafts from zoo biologists and stu-
dents, and his comments would in-
variably improve the final product. 
His wide-ranging intellect encom-
passed many topics—human so-
cial behaviors, politics, psychology, 
philosophy, theology, history of science, ophiophobia and other 
phobias, history of herpetoculture, art and scientific illustration 
among many. He was enthralled with the peculiar habits of some 
herpetologists and loved to talk about them with amusement; 
there was never condescension toward them but rather fascina-
tion with them. He was the consummate raconteur. 

Recollections of David Chiszar

 When I attended the joint annual meeting of the Society for 
the Study of Amphibians and Reptiles and The Herpetologists’ 
League in Raleigh, North Carolina in 1982, I heard a wonderful 
presentation by David Chiszar on the predatory behavior of the 
Red Spitting Cobra (Naja mossambica pallida). I was entranced 
and invited him to join me for lunch. We talked for hours about 
all things herpetological and he told me that he wanted to do 
a comparative study on the behaviors of rattlesnakes and other 
pitvipers. Because we had a large collection of these reptiles at 
the Dallas Zoo where I was employed, mostly collected by Jona-
than Campbell and Barry Armstrong, I invited him to visit and 
study these lovely snakes. Thus began a wonderful association 
with him as collaborator and later as close friend. 
 Imagine my surprise years later when an envelope arrived 
at the Zoo from the president of CU informing me by letter that 
Chiszar and Hobart Smith had contacted dozens of my friends 
and colleagues to provide letters of support for an honorary 
doctorate and the university was pleased to give me this extraor-
dinary honor at the next graduation ceremony. I was thunder-
struck and so grateful for this act of kindness; I will never forget 
their efforts on my behalf. When I traveled to Boulder for the cer-
emony, my parents accompanied me and expressed surprise to 
the university president at a luncheon that their son had some-
how amounted to something by actually making a modest liv-
ing as a herpetologist and was recognized as such. Later, I told 
Dave that issuing this degree to me would likely spell the death 
of Western education.
 When I learned that Dave was dealing with cancer several 
years ago, I called on a regular basis to see how he was faring. 
There was no self-pity. Every time, he briefly updated me on the 
severe after-effects of the treatments but quickly changed the 
subject to herpetology. In fact about six weeks before his death, 

although his voice was weak and 
he was tired, he wanted to talk 
about movement patterns in Prai-
rie Rattlesnakes so we spent near-
ly an hour on this topic. As he told 
me at the end of our conversation, 
“Murphy, I’ve lived a good life and 
have no regrets.” That about says 
it all! 
 James B. Murphy
 Smithsonian National 

Zoological Park

***
David was trained as a gradu-

ate student in Experimental 
Psychology at Rutgers, and his 
doctoral research focused on the 
comparative ethology of marine 
arthropods, such as crabs, lob-
sters, and the like. With that back-

ground he was employed at the University of Colorado, fresh 
from his Ph.D. Indeed, his first research setup in the psychology 
department there was designed to continue his doctoral line of 
research. At that time, consequently, he had never had anything 
to do with herpetology. Therefore his transformation in a rela-
tively short time, becoming a leading, innovative experimental 
herpetologist, is very astonishing, almost unbelievable. Only his 
outstanding scholarship made it possible. 
 As I was the only herpetologist at CU at that time, we became 
fast friends. We helped each other as best we could, but our ap-
proaches were quite different, his experimental, mine descrip-
tive. His choice of research in the change to herpetology at CU 
was his own, initially the feeding behavior of rattlesnakes. That 
especially appealed to him, not only because it had never been 
understood in detail, but also because his macho approach to 
life made it appealing.
 Ultimately we shared many publications, analyzing to various 
degrees each other’s thoughts on them as they took form. Above 
all, we thoroughly enjoyed field work in various western states 
and in northern Mexico. On such trips we had ample time for 
discussion of almost anything conceivable, where David’s back-
ground knowledge was always an inspiration and a model for me.
 David was very careful in handling snakes, including rattle-
snakes, and was bitten only once, after several decades, by a 
Lower California Rattlesnake (Crotalus enyo) that he was help-
ing to shed. He almost immediately became unconscious, barely 
having time to make a call for help. His survival was a very close 
call. Ultimately it was concluded that he had developed an al-
lergy to venom over his many years of exposure to it. Upon his 
recovery he soon disposed of all of his venomous snakes. How-
ever, he had a big backlog of accumulated experimental data on 
the snakes that he continued to analyze and publish.

Hobart M. Smith
University of Colorado

***
 David was a fine, enthusiastic, and innovative scientist, gen-
erous in so many ways to all who knew him, and a true friend to 
me as we traversed the early terrain of studying reptile, especially 
snake, behavior. We both began with an interest in chemorecep-
tion in feeding behavior and prey recognition in snakes. We both 

David Chiszar and friends at the “snake den” in Sinclair, 
Wyoming, 14 September 1984. Pictured from left to right: 
Chiszar, David Duvall, Harry Greene, Mike King, Geoff Car-
penter, Brent Graves.
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got started about the same time and we were those two weird 
guys studying snake perception in psychology departments. 
This association with comparative psychology as well as zoology 
and ethology, helped cement our friendship and mutual support 
over many years. I focused on natricines, primarily gartersnakes, 
while Dave was always most interested in the far more chal-
lenging pitvipers, especially rattlesnakes. He also did important 
behavioral work on gartersnakes as well as numerous other ver-
tebrates. In fact, he was a pioneer in fostering academic – zoolog-
ical park collaborations in behavioral research. In addition to his 
own extensive research studies on reptile behavior, Dave served 
in administrative capacities at NSF as well as being Chair of his 
department at the University of Colorado. Although Dave collab-
orated with dozens of scientists and students, his most sustained 
collaboration was with Hobart Smith, which moved him into 
herpetological taxonomy, bibliography, herpetological stamps 
and coins, and other areas quite removed from his psychological 
and behavioral work. He was personally generous in recognizing 
my own research and he and Hobart did me the honor of nam-
ing a subspecies of false coral snake for me (Pliocercus euryzonus 
burghardti).
 Dave’s research on snake behavior was particularly neat in 
that he devised clear experiments, often with innovative testing 
situations, but always with objective behavioral measures and 
straightforward and rigorous statistics. In fact, during my stints 
as journal editor, I often relied on Dave for statistical input and 
evaluation. Dave was a speculative thinker and would test his 
ideas. One we talked about at length was the retention of prey 
recognition in copperheads from presumptive ancestral species. 
He was a fine psychologist. For example, he applied psychophys-
ical signal detection theory to snake behavior at a time when it 
had rarely been used with any animal species outside the usual 
suspects (rats, pigeons). Besides coming up with tests of behav-
ioral aspects of welfare for reptiles (such as the problematic role 
of cleaning snake cages too often), he also came up with a novel 
functional aspect of play that I have frequently cited—play used 
by parents as a measure of behavioral competence.
 Those who may not have worked with Dave will not, howev-
er, forget his talks if they attended herpetological and behavioral 
conferences. His were inimitable—with humor and phrasing 
that made them memorable. His talk on testing hot sauces on 
snakes (not WITH snakes) is one I always remember with smiles 
and fondness. Even if the scientific issue was not one of seem-
ing great import, he presented the work with such enthusiasm, 
delight, and thought-provoking asides, that they were events to 
look forward to at meetings. 
 The field has lost a true scholar with much yet to contribute, 
and will be sorely missed.

Gordon M. Burghardt
University of Tennessee

***
 My first contact with David Chiszar was in 1975 in response 
to a request for reprints involving lateral displays in lizards. In 
the ensuing years this led to correspondence concerning the use 
of zoo herp collections in behavioral research and the collabora-
tion between academic institutions (zoology and psychology de-
partments, and their graduate programs) and zoological parks. 
This approach has been fruitful in involving exotic species and 
in producing numerous publications.
 Dave was a great University of Colorado footfall enthusi-
ast, so much so, that when the Colorado Buffalos defeated the 

Oklahoma Sooners in 1990, he sent me a copy of the Boulder 
newspaper sports page announcing this defeat which was signed 
by every member (30+) of his class in Animal Behavior.

Charles C. Carpenter
University of Oklahoma

***
 Science is like most human endeavors—people work in it 
and hear about other folks who share their interests and then, 
over the years, images grow about people you never actually 
meet. I never really knew Dave—I met him a few times at meet-
ings and because we both worked on aspects of snake feeding, 
we had read some of each other’s work. Dave was already a well-
established researcher with a wide reputation when I first met 
him. I knew about Dave’s work on strike-induced chemosensory 
searching (SICS) and I’d been asked by almost everyone I met in 
the zoo world whether I knew Dave. It was only mildly embar-
rassing to have to confess that I didn’t know him personally, but 
also a little puzzling to me why most people seemed to think I 
should know him well. 
 Dave and I had attacked the biology of feeding in snakes 
from entirely different perspectives. Dave’s approach was an 
experimentally-based search for the sensory foundations of the 
behavior that grew from his Ph.D. work. He developed marvel-
ous experiments that provided excellent tests of hypotheses 
about what senses snakes were using to recognize and find prey, 
approaches that he and many others have exploited to flesh out 
the sensory world of snakes. Dave had worked with a lot of oth-
er people that I also worked with but somehow we never over-
lapped. It was clear from everything I heard, though, that Dave 
was highly regarded for reasons that go beyond his science. 
 The images that grew about Dave Chiszar in my mind were 
of a person devoted to exploring his curiosity and finding out the 
answers to questions he thought were good questions. He did 
science for the sake of fleshing out our understanding, basically, 
for his love of simply doing science. But there was more to Dave 
than just this. He brought lots of other folks into his quests—and 
he joined others in their quests. I think that Dave’s enthusiasm 
for his questions sucked others into his projects and he was al-
ways able to make it seem really worthwhile. This is my image 
of Dave—built not on close association or years of collabora-
tion, but from what I’ve heard from everyone I’ve talked to who 
knew him. I’m looking forward to learning a lot more from those 
who knew him well. Herpetology and sensory biology have lost a 
friend who gave us a new appreciation for some of the extraordi-
nary sensory adaptations of snakes. 

 David Cundall
Lehigh University

***
 One of the most enjoyable experiences of having a career 
in academia is the opportunity to continue to learn from one’s 
peers and colleagues. It was most rewarding, then, that I was able 
to do so during my many interactions with Dave Chiszar. Our 
mutual interests in chemosensory adaptations of rattlesnakes 
specifically and snakes in general brought us together a num-
ber of times, through the mail and in person. I always felt that 
I gained a great deal from this communication as Dave was so 
generous and liberal with his knowledge. I firmly believe this was 
largely due to his background in psychology, which also greatly 
contributed to his innovative and elegant experimental de-
signs. These subsequently led to greater insight into rattlesnake 
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predatory behavior including the concept of the Strike Induced 
Chemosensory Searching that they exhibit. His work was land-
mark and most significant in that regard. 
 In addition to so generously sharing his expertise with oth-
ers, Dave Chiszar was also generous in other ways. On a num-
ber of occasions he was a most gracious host to me at his home 
in Boulder. During one of these visits Dave took me to meet his 
good friend and colleague, a man whom I admire greatly, Hobart 
Smith. I owe Dave a debt of gratitude for an unforgettable after-
noon at the Smith home. On a lighter note, I was also fortunate to 
experience Dave’s culinary proficiency. His “Godfather Dinner,” 
complete with the movie theme music and good conversation, 
will long remain in my memories as a most delightful evening. I 
will miss you Dave!

James C. Gillingham
Central Michigan University

***
 Shortly after finishing my Ph.D., I was pleased to run across 
Dave’s overview of lateral displays in lower vertebrates (Chiszar 
1978. Lateral displays in lower vertebrates: forms, functions, and 
origins. In E. S. Reese and F. J. Lighter [eds.], Contrasts in Behav-
ior: Adaptations in the Aquatic and Terrestrial Environments, pp. 
105–135. John Wiley and Sons, New York). Reptile ethology was 
still in its long infancy, and here was someone other than Gor-
don Burghardt, my major professor, also generalizing beyond 
observations of individuals and species. Dave’s careful, thought-
ful experimental studies of captive vipers began appearing about 
the same time, a series that continued throughout his productive 
and influential career. More than anything else his publications 
have impressed me with an unusual flair for posing questions in 
a lab setting that bore on the lives of snakes in nature.
 I didn’t know Dave well personally, although we correspond-
ed and met occasionally at scientific conferences, but our one 
sustained interaction remains vivid in memory. In 1984, David 
Duvall invited me to speak at the University of Wyoming, and 
Chiszar drove up from Boulder so that we could all visit Duvall’s 
nearby Prairie Rattler study site. Rumor had it Chiszar was agi-
tated by Duvall grad student Brent Graves’ ear ring, so we found a 
gold clip-on for my left ear and when Chiszar came over for din-
ner, sat him on my left as we got acquainted—resulting in sev-
eral tense minutes of Dave staring and me grinning, then finally 
a good laugh all around. The next day was long and glorious, the 
landscape stunning for its wide-open austerity. We’d arrived the 
morning after fall’s first cold snap, and thus watched the rattlers 
migrating to a den from their summer foraging grounds. Most 
dramatically, we entered a small side canyon so populated by 
females with clusters of babies that Chiszar’s dog was tied up to 
avoid an accident. Duvall’s research was ground-breaking, di-
rectly relevant to questions Chiszar was asking in his lab, but I 
doubt any of us, as we marveled over the scene, imagined just 
how complex rattlesnake behavior eventually would prove to 
be (e.g., Clark et al. 2012. Cryptic sociality in rattlesnakes (Cro-
talus horridus) detected by kinship analysis. Biology Letters 
8:523–525; Saviola et al. 2013. Molecular basis for prey location 
in viperid snakes. BMC Biology 11:20, doi:10.186/1741-7007-11-
20). And what most strikes me in recalling Dave that day is how 
intellectually fascinated he was by it all, what joy he seemed to 
find in the animals themselves and the unanswered questions.

Harry W. Greene
Cornell University

***
 Although I was one of Chiszar’s colleagues at Boulder for 16 
years (1983–1999), I saw him only occasionally; we were not re-
search collaborators, nor did we ever teach together. I can say, 
however, that all it took was one visit to his laboratory to leave 
an indelible impression; I remember my first—and only—visit 
as if it were yesterday. As you probably know, he had a large lab, 
the main room of which was chock full of big plastic trashcans. 
None of the cans had a lid, but each had at least one large rattle-
snake, each one seemingly meaner than the one before it. As you 
walked through the lab next to the cans, the snakes would begin 
to rattle until soon it was one loud and continuous hiss. Abso-
lutely horrifying, or so it seemed to someone who studied tiny 
salamanders. 
 To clean home cages or keep snakes available for experi-
ments, the reptiles were routinely removed from the enclosures 
with a snake hook and placed in trashcans. I guess that this was 
what was happening when I visited. 

James Hanken
Harvard University

***
 There can be a lot of hand-waving that replaces careful sci-
ence when discussing reptile behavior. The special approach and 
talent David Chiszar brought to the study of reptile behavior was 
to craft well-designed scientific experiments relating olfactory/
vomerolfaction to squamate predatory behavior. With the con-
fidence built on these discrete results he was able to build up a 
larger framework of predatory behavior, discovering in the pro-
cess a fundamental behavioral feature he termed SICS, Strike In-
duced Chemosensory Searching. In turn, this invited further tests 
and logical enlargement to many species of reptiles. Not only his 
experimental results but also his solid scientific style provided the 
example that would become the standard of such research.
 On a personal basis, he was always generous in recognizing 
the experimental results of colleagues and volunteered his sup-
port to the rest of us in a collegial way that represented the best 
of scientific collaboration. Many fond memories rush back for 
me of David at meetings and in the field, which I am sure most 
of those who knew and worked with him also recall. I am glad for 
this chance to record my thanks and appreciation for his work 
and for the person. 

Kenneth V. Kardong
Washington State University

***
 I first met Dave in the early 1970s when I went to the Univer-
sity of Colorado to consult Hobart Smith about some forgotten 
herpetological issue, probably about rattlesnakes. After helping 
me graciously, Hobart said there was a new professor in the psy-
chology department that I should meet and directed me down to 
Dave’s office. Dave was studying feeding behavior in Bluegills at 
that time, but he had a large cage containing several rattlesnakes 
in a corner of his lab. I believe he was holding these for a friend 
or as part of a confiscation, but his infectious enthusiasm for 
anything animate was apparent immediately. When I mentioned 
that I had a collection of several species of live rattlesnakes his 
interest heightened and it seemed that both of us immediately 
realized that our futures would be bound together. I arranged for 
Dave and his wife to come to dinner and see the snakes and he 
was like a boy in a candy shop. I wanted to show him some of 
things they did when they ate, and he immediately saw that we 
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could study this behavior using statistical methods of timing and 
counting tongue flicks.
 By the time Dave left he had already mapped out several ex-
periments we would do with my collection, he followed up and 
drove to Denver repeatedly where we would be closeted in my 
snake rooms for hours observing and quantifying feeding be-
haviors in a variety of species of rattlesnakes. Dave became in-
creasingly interested and involved in rattlesnakes, and soon he 
switched his entire laboratory over to snake behavioral research. 
(He wisely waited until he achieved tenure before taking this 
step). After Dave switched over his lab, most of the rattlesnake 
research was moved to that location and Dave pursued it with 
unflagging enthusiasm and a relentless work ethic that was typi-
cal of his every endeavor. 
 Over the next 20+ years we collaborated on many different 
projects, and for one three-year period, I stepped aside from my 
zoo work and became Dave’s research associate, teaching animal 
behavior and running the snake lab so that he could head up the 
National Science Foundation for two years. This was a wonder-
ful opportunity for me because the last year of the work, Dave 
and I were both there working together every day. However, this 
opportunity came with a price. Dave insisted that I take his sta-
tistics course to appreciate the power of statistics. I was looking 
forward to this with all the enthusiasm of having toenails extract-
ed without anesthesia, but he was such an excellent and enter-
taining teacher that the experience was stimulating and useful, 
with little pain; and, as he promised, it was of great value, and 
changed the way I viewed experimental studies of behavior.
 Because of his broad intellectual curiosity, working around 
Dave was always interesting. Early in our work on trailing behav-
ior, Dave wondered if the snakes could distinguish between a 
trail made by an envenomated mouse and an non-envenomated 
one. Experiments done in the lab by several of us showed that 
they preferentially followed the envenomated mouse and pref-
erentially investigated them when given a choice. Even though I 
had made some of the observations and the statistics confirmed 
the effect, Dave knew I was always a little skeptical. The last time 
I saw Dave, about 10 days before his death, he was very excited; 
one of his former students, now working in another lab, had 
identified a component in the rattlesnake venom responsible for 
causing the envenomation effect on trailing behavior and thus 
vindicating his earlier findings. 
 Dave was so much more than a valued colleague. He was 
friend, co-worker, and mentor; and he had an infectious enthu-
siasm for anything to do with herpetology or animal behavior. 
Once, when we needed some Rock Rattlesnakes (Crotalus lepi-
dus) to study the differences in feeding behavior in a species that 
fed on lizards and one that fed on rodents, I talked Dave into get-
ting out of the lab and going on a collecting trip. Since he had 
very little field experience at that time, I explained that we would 
walk up these talus slopes and carefully tap on rocks with snake 
hooks, whereupon the snakes would reveal themselves by rat-
tling. He was excited by the prospect of seeing a new species in 
the field and actually doing some collecting. After a long walk 
to the site we headed up opposite sides of the talus slide. I soon 
became aware of a constant clatter of rocks falling and banging 
together, and wondered if perhaps a bear was trying to dig out a 
snake. I slowly worked around the hill to discover it was only Dave 
attacking the slope, clambering up as fast as possible, making 
small rockslides as he went. Nothing in his experiences growing 
up in New Jersey or in years of lab work had prepared him for slow 
quiet movement in uneven terrain. Despite this inauspicious 

beginning, his enthusiasm never flagged, and when we finally 
succeeded in finding the snakes we needed, the seed of field work 
was planted. Years later Dave spent a number of summers doing 
field work with Hobart Smith (then in his 80’s) all over Colorado 
and in Mexico. They added dozens of locality records in Colorado, 
fleshing out the distribution of many poorly known species. 

Charles W. Radcliffe
Denver Zoo

***
 Dave was my undergraduate mentor, then a colleague 
through his landmark studies in reptile behavior, then a collabo-
rator on Brown Treesnake trap development and a co-editor of 
a seminal volume on applied snake ecology, and finally a field 
partner when I occasionally caught up with Dave and Hobart in 
their Colorado ramblings. His greatest early influence on me was 
as a statistician. He taught the stats course required of all psy-
chology majors, one dash of mathematical rigor in an otherwise 
squishy subject area. His course and he in particular was widely 
viewed therefore as a gatekeeper in what was otherwise viewed 
as a “gut” major. However, this was back in the days before four-
function calculators were affordable. At the time, Dave himself 
did his calculations (including square roots, which could only 
be done by successive approximation!) on a mechanical adding 
machine. You may recall that adding machines had a button for 
each digit in each decimal place, and a huge lever on the side 
which one pulled to effect the specified multiplication or addi-
tion (the process was inverted for subtraction or division). To be 
fair to students who could not afford an electronic calculator, 
calculators of any sort were not allowed in exams, and tests in 
Dave’s stats course included, as an appendix, pages of equations 
(written out by Dave in longhand) with their numerical results. 
The challenge, of course, was that both correct and incorrect for-
mulations were calculated out, and one had to sift through four 
or five pages of possibilities to find the correct result among the 
many that were not. This process had the effect, whether intend-
ed or not, of whittling down the number of undergraduates in 
search of an effortless major (student deferments being in great 
demand during the Vietnam War).
 Later, while working in his lab I began to really understand 
his scientific greatness, in his unique ability to parse each be-
havioral question into experiments, for Dave was a great believer 
in the value of the decisive, exquisitely controlled experiment. 
For me, his series of experiments on the role of individual enven-
omation as the key to strike-induced chemosensory searching in 
Crotalus stands out as a paragon of the value of a well-conducted 
experiment. Finding the decisive experiment may be the holy 
grail of science, and Dave was its master practitioner. Decades 
later we collaborated on a series of field and laboratory experi-
ments on Brown Treesnake behavior that were not so salubri-
ous (Chiszar 1990. The behavior of the brown tree snake, Boiga 
irregularis: a study in applied comparative psychology. In D. A. 
Dewsbury [ed.], Contemporary Issues in Comparative Psychol-
ogy, pp. 101–123. Sinauer Assoc., Sunderland, Massachusetts), 
and it is greatly to his credit that he accepted the results for what 
they were, and acknowledged the limitations of the laboratory 
environment to which he was so committed.
 During the period in which Dave was active in Brown 
Treesnake research he periodically attended our scientific confer-
ences. Despite his somewhat peripheral involvement in the field, 
his talks were always the eagerly awaited highlight of the annual 
conferences. It is easy to see why. As in everything he did, Dave 
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approached the scientific challenges of the Brown Treesnake as 
a child approaches the gifts under the Christmas tree. As he un-
wrapped each scientific puzzle, he utterly charmed the audience 
with his sense of wonder and delight in each insight. The world 
was a mystery awaiting discovery, and no one enjoyed the detec-
tive work with more evident enthusiasm than Dave. He passed 
that zeal onto many of us, a gift that has lasted a lifetime.

Gordon Rodda
United States Geological Survey

***
 As an undergraduate in the department of Ecology and Evo-
lutionary Biology at the University of Colorado, I had hopes of 
one day pursing a graduate career in herpetology. Having grades 
well below the required cutoff seemed to hinder the possibility of 
being accepted into a graduate program, and I wanted to try to 
do something extracurricular, specifically research. I felt that my 
poor grades would keep me from gaining research experience, 
but one person, Dr. David Chiszar, took a chance and offered me 
the opportunity to work in his lab. Work with Dave during my un-
dergraduate career quickly progressed into learning the basics of 
predatory behavior research with snakes, foundations of statisti-
cal analyses (by completing stats by hand—the best way to learn, 
Dave would always tell me) and importantly, how to avoid being 
bitten by a venomous snake. “Never rush,” he would always say 
“that’s when accidents happen.” Projects started early, at 7 AM, 
to count tongue flicks of Western Diamondback Rattlesnakes to-
ward scent cues, followed by explanations of the behaviors of pit 
vipers, vomeronasal chemoreception, trail following and many 
other topics in herpetology and predatory behaviors of rattle-
snakes. Of course, there was always a quick lesson on statistics—
Dave loved statistics. My fascination grew, and as simple ques-
tions quickly progressed into 100s, I soon entertained the idea of 
pursuing a graduate degree working under Dave’s guidance. 
 Shortly after I was accepted into the Master’s program work-
ing with Dave to examine chemoreception in snakes, he was 
diagnosed with cancer. In response to strict orders by his doc-
tors to avoid reptiles, especially venomous snakes, and count-
less visits to oncologist and chemotherapy sessions, resulted in 
him spending the vast majority of his time away from his lab. 
“Don’t worry,” he would always tell me “everything will work out 
just fine.” Frequent emails and monthly visits to his house to dis-
cuss new research ideas, analyze data, work on statistics, and to 
write manuscripts together slowly progressed into weekly visits 
just to talk, to have lunch or dinner with him and his family, to 
discuss the struggles of graduate school and my future goals and 
plans. Visits were no longer solely for professional discussions; 
they were also to spend time with a guy that was becoming one 
of my closest friends. Dave would share stories of spending late 
nights in the lab— “I would take naps on a cot I had in my office, 
and then wake up and count tongue flicks throughout the night. 
Amazing what you can do with all that free time.” And concern-
ing the one and only time he was envenomated, by a Lower Cali-
fornia Rattlesnake (Crotalus enyo), he simply said: “I was rush-
ing.” Publications over his 35-year career almost always had a 
unique twist or funny story attached, such as sticking a mouse 
carcass into a condom to examine strike-induced chemosen-
sory searching behaviors when the snake’s palate doesn’t come 
in contact with the prey’s integument. I could only imagine the 
look on my face as he explained to me his reasoning for shoving 
a dead mouse into a condom. Through all of these visits, I got to 
know Dave as someone beyond my academic advisor. He had 

become one of my best friends, and with every story or prob-
lem I shared with him, or request for guidance that I needed, he 
always listened, always offered a solution, and always extended 
the most sincere advice.
 As I met more herpetologists, psychologists, and biologists 
who knew Dave, the one thing I heard repeatedly is how he 
so selflessly, during critical times, helped with aspects of their 
project(s) or even with their career. One of the first herpetology 
talks I heard years ago ended with the typical slide of acknowl-
edgments to everyone that had assisted with the project. How-
ever, on the next slide was a large picture of Dave cautiously 
looking at a Brown Tree Snake in his lab, as Dr. Steve Mackessy 
said, “Dave has so generously helped me with my career, I re-
ally just want to say thank you to him.” I recently spoke with Dr. 
Thomas Dunn, also at the University of Northern Colorado, and 
we both agreed that there must be at least 100 more of us out 
there that Dave had so generously helped. Dave was one of the 
most modest people I have ever met, always willing to help, and 
although his lab has provided some of the most significant con-
tributions to rattlesnake biology and behavior to date, he never 
talked about himself. In spite of his modesty, his work with rat-
tlesnake behavior was novel and inspirational, helping to trans-
form public opinion of these maligned and magnificent animals. 
As I now pursue my PhD, I always think of the talk I heard years 
ago, and how now, for myself, Dave provided the foundation for 
the career I always dreamed of. He believed in me when so many 
would have just looked at my poor grades and GRE scores and 
would have turned away. He listened and provided insights to 
every crazy research project I came up with. He continued help-
ing me with my research, writing, and statistics, and even during 
the continuous chemotherapy treatments, visits to the oncolo-
gist and weekly stays in the hospital, he never once hesitated to 
be there for me during a time of need, right up to the end. Dave 
lost his long fight with cancer just after the New Year—herpetol-
ogy and behavioral sciences have lost an honest, compassionate 
scientist, and I lost an academic mentor, and more importantly, 
a true friend and colleague. 

Anthony Saviola
University of Northern Colorado

***
 Although it took me a considerable time to realize it, Dave 
Chiszar’s interests were closely aligned with my own, and our 
paths brought us surprisingly close to one another, either geo-
graphically or professionally. Those paths were never closer in 
space than at the University of Colorado, where I was halfway 
through my undergraduate degree when Dave arrived in 1970. 
Unfortunately, as a student obsessed with the systematics and 
morphology of snakes, ophidian behavior was an afterthought for 
me, and I was unaware of Dave’s arrival at CU. His appointment in 
the Department of Psychology, rather than one of the several biol-
ogy departments, only served to deepen the chasm between the 
new Assistant Professor and the undergraduate biology student. 
 By the time Dave published his first paper on ophidian be-
havior, in 1975, I was in graduate school at the University of Kan-
sas, still working on systematics and morphology. That same year 
Dave began to publish with Hobart Smith, who had been my un-
dergraduate mentor, and it was largely through Hobart’s publica-
tions that I began to follow Dave’s growing herpetological output. 
Dave was beginning to work at a number of major zoos, a move 
that would soon broaden his taxonomic range and propel him 
into a period of accelerating studies on predatory behavior and 



Herpetological Review 44(2), 2013

194

the role of the vomeronasal sense in snakes. In 1980 Dave pub-
lished his first paper on strike-induced chemosensory searching 
(SICS) in rattlesnakes, demonstrating the critical role that the 
strike plays in releasing prey-searching behavior in pitvipers.
 I was following Dave’s work on SICS as I began to work on 
the embryonic development of the pit organs, a project that in-
volved bringing numbers of gravid female pitvipers into the lab 
for collection of embryos. As my live collection grew during the 
1980s, Dave’s observations on the role of the strike in initiating 
the feeding sequence revealed its practical side, as I learned 
that recalcitrant captive pitvipers could be induced to feed by 
harassing them into a defensive strike at their prey. Another of 
Dave’s discoveries—that too-frequent cage-cleaning can induce 
repeated defecation and loss of nutrients in captive snakes—
proved invaluable in convincing my Institutional Animal Care 
and Use Committee that snakes were healthier when cages were 
not cleaned obsessively.
 Our paths crossed only a few times at conferences, but when 
they did Dave was always a jovial presence and a delightful com-
panion at dinners and socials. I can never remember a time 
when he didn’t have a broad smile on his face, and his presen-
tations were filled with the joy he brought to his science and to 
life in general. I’ll remember Dave most for the delight he took 
in his interactions with colleagues and for the critical role that 
he played in revealing fundamental elements of the feeding and 
foraging behaviors of snakes.

Alan H. Savitzky
Utah State University

***
 To gain a sense of his research interests and impressive 
productivity, we (JBM, HMS) have selected titles, presented in 
chronological order, that show his intellectual acumen:
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deadly encounters by and upon crocodilians  
depicted in historical illustrations and Accounts.  
part i. Assaults by crocodilians

the olD ADAge “eternAl vigilAnce iS the Price of SAfety” WAS 
never More true thAn for thoSe living neAr the hAuntS of the eS-
tuArine crocoDile. one DoeS not hAve to enter the WAter to Pro-
viDe A MeAl for theSe greAt rePtileS AS they lie conceAleD in the 
MuDDy WAterS of lAgoon or river. often the firSt intiMAtion of 
their PreSence receiveD By SoMe unWAry Stroller At the WAter’S 
eDge iS When, hiS legS SWePt SuDDenly froM BeneAth hiM By A Deftly 
WielDeD tAil, he iS SeizeD in A viSe-like griP of greAt JAWS to DiSAP-
PeAr in SWirling WAter WhoSe SurfAce quickly reSuMeS itS norMAl 
PlAciD APPeArAnce regArDleSS of the huMAn trAgeDy it conceAlS.—
Arthur loveriDge (1945) 

A nuMBer of the Bigger crocoDiliAnS Are PerverSely unABle to 
See the SPeciAl nAture of the huMAn AniMAl, AnD ABSentMinDeDly 
eAt hiM froM tiMe to tiMe.—Archie cArr (1970)

Such iS the AverAge crocoDile—An Active, viciouS AnD, ABove 
All, treAcherouS Brute. When the keePerS of the rePtile houSe in 
the neW york zoologicAl PArk cleAn out the Big Pool for croco-
DiliAnS, they ActuAlly WAlk over the BAckS of SoMe of the Big ‘gA-
torS, So tAMe Are theSe. they never BecoMe unDuly fAMiliAr With 
the crocoDileS, finDing it neceSSAry to Pen the lAtter BehinD heAvy 
BArreD gAteS—AnD in the ProceSS the Men Are often chASeD froM 
the encloSure.—rAyMonD l. DitMArS (1933)

  

 The ongoing struggle that crocodilians face, both as preda-
tors and prey, is beautifully documented in historical images and 
written accounts. In this paper, I show how humans have dealt 
with these reptiles, mostly catastrophically for the latter, over 
many centuries. First, humans are at risk because crocodilians 
can eat them and so the literature is filled with arresting images 
and graphic descriptions of attacks upon man. Second, crocodil-
ians are efficient predators so humans are intrigued and often 
unnerved by their ability to subdue a plethora of prey, ranging in 
size from small invertebrates to large mammals. Watching a large 
crocodilian feed on sizable prey is an unforgettable experience—
zoo patrons flock to an exhibit whenever dead rabbits are offered 
as food and stand slack-jawed and mesmerized during the entire 
banquet. Third, many predators find a small crocodile or alliga-
tor to be a tasty meal and cannibalism is not an unusual occur-
rence. Fourth, the crocodilian skin is highly prized in the fashion 

industry so many taxa are currently at risk in the wild. Others 
are being threatened by habitat alteration: especially Philippine 
Crocodiles (less than 100), Chinese Alligators (estimated at 300), 
and Siamese Crocodiles (virtually extinct) as well as Gharials, 
and Mugger, Cuban, Morelet’s, and Orinoco Crocodiles to name 
a few. As a result, an alarming number of crocodilians are listed 
as threatened and endangered. To supply the insatiable demand 
for leather, crocodile farming has become a big business and il-
legal trading still exists in spite of nominal protection (Brazaitis 
and Watkins-Colwell 2011). The sum total of these pressures: 
Crocodilians are generally in trouble where they are found and 
the situation is not likely to markedly improve.
 If given half a chance, crocodilians are adept at survival. A 
Saltwater Crocodile between 6–7 feet escaped into the zoo lake 
in the Menagerie at the Botanic Gardens in Singapore in the early 
1900s and began eating waterfowl and stalking laborers. Many 
attempts to kill it failed: it was shot twice, arsenic and strychnine 
were put into chickens, dynamite was tried. The lake was virtual-
ly drained— with shots and spears aimed at the crocodile— but 
it buried into the mud and escaped that night (Ridley 1906).
 Major Stanley Smyth Flower (1925) observed the following: 
“Crocodilians may perhaps live to a great age: probably longer in 
the sheltered conditions of captivity than when exposed to the 
active, combatant, competitive career that is theirs in nature.” 
He listed longevities as follows: American Alligator–40 years 
and perhaps longer than 73 but record cannot be verified with 
certainty; Mugger Crocodile–31 years and still alive; Nile Croco-
dile–17 years and still alive; African Dwarf and Slender-snouted 
Crocodiles–15 years; Cuban Crocodile–13 years; and American 
Crocodile–10 years. Snider and Bowler (1992) listed the follow-
ing records in North American collections: American Alligator 
>73 years; Chinese Alligator >46 years; six caiman taxa between 
15–30 years; 14 crocodile taxa between 3–50 years, and Gharial 
>27 years.
 Peter Brazaitis (pers. comm.) describes the predatory behav-
ior and intelligence of crocodilians: 

 “The first is that there is considerable difference between the way an 

alligator (or possibly expanded to “alligatorids”), zeroes in on potential 

prey or invader. Alligators seem to be attracted to something and then 

often swim toward it, mostly on the surface, perhaps pausing from time 

to time along the way, perhaps to evaluate the purpose of the target, 

eventually getting close enough to lunge in an attack. There is no hard set 

of rules. Crocodiles, on the other hand, often detect prey or an invader, 

slip into the water without so much as creating a ripple, and travel in the 

direction of the invader or prey underwater, coming to the surface from 

time to time to relocate and get their bearings. Eventually they are within 

lunging distance, perhaps surfacing at the end of the stalk with the head 

at the surface, well camouflaged by floating debris. At this time the prey/

zoo vieW

JAmeS B. murphy
Smithsonian National Zoological Park, 3001 Connecticut Ave., NW, 
Washington, DC 20008, USA
e-mail: murphyj@si.edu



Herpetological Review 44(2), 2013

197197

person still has had no idea that a crocodile is about to get them. Escape 

is virtually not possible. Dr. Richard Root, who was taken by a Nile croc 

out of his canoe in Botswana a couple of years ago, was taken and disap-

peared beneath the water in an instant, never to be seen again, before the 

people and his wife in a following canoe even knew there was a crocodile 

present. His colleagues here called me in disbelief and asked if such a 

thing could happen? Undoubtedly the croc had been successful in easily 

plucking people out of shallow draft canoes before. Crocs learn people 

behaviors and modify their own behaviors accordingly.

  At AZA Croc school this year we had a student, ‘Peter,’ from the wild-

life service in Uganda. He told me one night that Nile crocs were probably 

taking upwards of 500 people throughout the country a year. He said that 

in his district the local lake had been depleted of fish by overfishing. The 

crocodiles had learned that when they hear the people come down to the 

lake with nets and baskets and start fishing, they will have fish. The croco-

diles then come from wherever they are and take the fish. Absent the fish 

they take the people.

 I recall how I used to exit the crocodile pool at the Reptile house [Wild-

life Conservation Society, Bronx Zoo] when we had a pair of young 6–7 foot 

long Nile crocs in the pool with several mixed species. The two worked 

cooperatively every time I entered the exhibit and began to leave. There 

was a bit of a shallow inlet, about 3-feet wide, immediately in front of the 

exit gate. I had to hop over it to get to the gate. The pair would split. One 

croc would swim underwater to one end of the pool and come around the 

backside of a support column that rose out of the pool to one side, and sit 

waiting underwater along my path for me to arrive. The other croc would 

swim underwater and lay at the bottom of the inlet and wait for me to 

arrive and start to hop over the inlet. My shadow on the water above the 

croc was the trigger. Then both would lunge, bursting from beneath the 

water at the last moment. Once I learned the plan, and as I always carried 

a stiff, brown-fiber broom with me in the pool, I could prematurely trigger 

the attack by reaching ahead and touching the surface of the water with 

the broom above the nearest lurking croc. Triggering one was usually suf-

ficient to trigger the second. Once the “attack” was fruitlessly expended, 

the crocs would forget the whole thing and give up the sham.” 

 Operant conditioning is modifying behavior through posi-
tive or negative reinforcement. Large captive crocodilians can 
be dangerous to zoo workers performing basic husbandry or 
medical procedures. For greater safety, especially while feeding 
or shifting these reptiles, operant conditioning is being used rou-
tinely in a number of zoos. Initially, a whistle is used as a bridge 
to reinforce a desired behavior, conditioning the animal to as-
sociate the sound with food. Next, the crocodilian must target a 
colored disk attached to a pole, touching its snout to it without 
moving or biting; when this stationing behavior is performed 
properly, it is fed. There are several excellent articles on training 
crocodilians using this method: Augustine (2009, 2010), Augus-
tine and Baumer (2012), and Hellmuth et al. (2012). 
 The earliest record reflecting crocodiles in captivity is from 
the pictographs and hieroglyphs of 2500 BC, found at the Saqqara 
cemetery near Memphis in Egypt. Two Romans, Aemilius Scau-
rus, built a tank filled with water for his five crocodiles in 58 BC 
and the 3rd century Roman emperor Heliogabalus (= Elagabalus) 
kept one of these reptiles in his palace; it was said to be tractable. 
“The Emperor Augustus had the Flavinian circus filled with wa-
ter, and exhibited there to the people thirty-six crocodiles, which 
were killed by an equal number of men, who were habituated to 
fight with these animals” (Cuvier 1831).
 Crocodilians were kept in temple precincts in ancient Orien-
tal societies. Guggisberg (1972) noted that Egyptian priests in the 
3rd millennium held “sacred crocodile feedings.” Alligators were 

religious symbols in China, and the Arabs and Turks maintained 
crocodiles. Gavials were held in the menageries of Buddhist con-
vents in Burma and Siam. In 1882, the Trivandrum Zoo in India 
had four Mugger Crocodiles on exhibit. A Mugger Crocodile was 
living at the Adelaide Zoological Gardens in Australia in 1886.
 In Europe during the Renaissance, crocodiles were kept in 
menageries by Italian princes and held at the Royal Menagerie 
of Louis IV at Versailles, France as early as 1664; the arrival of a 
crocodile at the Vineuil Menagerie in 1783 caused much public 
interest. At the Jardin des Plantes in Paris in 1852, six American 
Alligators were on display where they lived for many years (Du-
méril 1854–1855, 1858–1861). 
 In the Tower Menagerie in London, the American Alligator 
(Crocodilus Lucius, now Alligator mississippiensis) was described 
by E. T. Bennett (1829) in The Tower Menagerie. There is also a 
picture in Robert Huish’s The Wonders of the Animal Kingdom Ex-
hibiting Delineations of the Most Distinguished Wild Animals in 
the Various Menageries of the Country in 1830 (see Murphy 2006). 
In 1872 at the London Zoo, the collection included the Nile, Cu-
ban, Slender-snouted, Mugger, and American crocodiles, as well 
as the Yacare Caiman and American Alligator (Sclater 1872). C. 
J. Cornish (1894) described African Slender-snouted, American, 
Nile, Estuarine, Cuban, and West African Dwarf crocodiles, as 
well as the Dwarf, Spectacled, and Broad-nosed caiman living in 
the reptile building. The collection also included American and 
Chinese Alligators.
 In 1821, the Menagerie in the Imperial Hofburg [Castle] 
Garden in Vienna, exhibited an American Crocodile. Crocodil-
ians were displayed in the Promenade at the zoological gardens 
(Jardin Zoologique d’Anvers) in Antwerp, Belgium (Gens 1861). 
At the Reptile House in the Royal Zoological Gardens in Amster-
dam in 1907, an African Slender-snouted Crocodile and alliga-
tors were on exhibit. At the Rotterdam Zoo, known now also as 
Diergaarde Blijdorp, a list of taxa included the False Gavial, Nile 
Crocodile, and several American Alligators in 1858 (Visser 2003). 
A new reptile building was built in May 1906. During World War 
II bombing raids, survivors included a pair of American Alliga-
tors and African Slender-Snouted Crocodiles. The Berlin Zoo had 
eight species between 1860–1875; Oskar Heinroth designed the 
first walk-through “Crocodile Hall” in 1913 in the new Aquarium. 
The onlooker seems to be awfully close to the reptiles. I certainly 
would not get that near an adult Cuban or Philippine crocodile, 
two of the most agile and aggressive species. 
 The first book on herpetoculture in English was the Reverend 
Gregory Climenson Bateman’s The Vivarium, published in 1897. 

Mixed exhibit of turtles and crocodilians at Rotterdam Zoo in 1925. 
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There were many advertisements for animals, plants, and sup-
plies in his book. According to Bateman, a broad range of live 
reptiles and amphibians were obtain able in London in 1897. In 
addition to the common European species, a number of rare, ex-
otic types were offered for sale, including young American Alliga-
tors and crocodiles. Bateman continues, “My Alligator unfortu-
nately, lost his temper when a friend and I one day were trying to 
photograph him, and, as I was holding him, he whipped my legs 
with his tail in such a way that I suffered pain from the blows for 
some little time afterwards, and thought there was some truth in 
the saying, ‘If you want to offend your friend, photograph him.’” 
 Thousands of caimans and small American Alligators and 
crocodiles were imported into the U.S. and Europe for the pet 
trade during the twentieth century and most were kept in de-
plorable conditions. There was a publication connected to Ross 
Allen by Dick Bothwell called The Great Outdoors Book of Alliga-
tors in 1962. It has a chapter entitled “Crocodilian As a Pet” in 
which it was said that G. L. Thompson of Lane Wilson Company 
in Monroe, Louisiana shipped 500 caimans a week to pet shops 
and variety stores in the US. An aspiring pet keeper could order 
one through the mail and the poor dehydrated creature would 
arrive in a small cardboard box, similar to those used to ship 
baby turtles. Books encouraging the keeping of them in captivity 
were available (Roberts 1958; Schneider, n.d.) 
 Frank Buckland in Notes and Jottings from Animal Life in 
1882 published this weird observation: “Several of the ladies 
in Southport have purchased pets among them, and it may be 
that no Southport lady will consider her establishment perfect 
without a baby alligator to bask on the hearth rug, and go out on 
a walk on the promenade with her. When the pet defuncts, he 
can be stuffed, gilt, and put in the hat for an ornament, don’t you 
know?” As those few that survived captivity grew to predictable 
adult size, zoo workers were inundated with telephone calls from 
desperate owners pleading to take an aggressive crocodilian off 
their hands. 
  In the 16th century, crocodilians were drawn from antique 
statues, medals, and coins. Sometimes sketched by travelers, 
crocodilians were often shown with tails curling around and 

upwards behind the rest of the body, perhaps due to a need to fit 
the long shape on a round coin. An interesting example is “Coco-
drillus,” from the Hortus sanitatis in 1497. 
  Many of the early depictions of crocodilians from the New 
World looked like lizards as there was confusion as to what con-
stituted an “iguana” or a “crocodile;” some writers considered 
iguanas to be the same animal as the Nile Crocodile. For exam-
ple, Francisco Fernandez de Oviedo “...begins by criticizing Mar-
tyr’s assertion that the iguanas are identical to the crocodilians 
of the Nile on the grounds of the obvious size different size of the 
animals, a fact evident to all those who have seen them. Oviedo 
then quotes Isidore of Seville’s Etymologies on the crocodile and 
concludes that the iguana could never be a crocodile because, 
as Isidore says, these are large animals and usually of a yellow 
colour...while the iguanas measure about four feet and are green 
or brownish. Besides, Isidore holds that the crocodile is the only 
animal which elevates the upper maxillary, something the igua-
nas are unable to do.” (quote from Miguel de Asúa and Roger 
French, 2005. A New World of Animals. Early Modern Europeans 
on the Creatures of Iberian America). The idea that the crocodile’s 
“upper jaw” was hinged also shows up in a lot of illustrations.
 During the late 1500s–1700, some authors were compilers 
rather than scientists, and illustrations were sometimes copied 
from earlier publications. Mistakes contained in the original il-
lustrations were perpetuated in later reproductions, as shown 
in the publication by Simmons and Snider (2012). Examples 
are shown here, arranged mostly chronologically, of scientific 
endeavor and artistic expression by using changing techniques 
and methods: woodcuts, etchings and copper engravings, and 
lithographs. Peter Brazaitis (pers. comm.), who published a key 
to living crocodilians in 1973, noticed the following: “As an aside, 
in looking at the illustrations, I found that in a number of cases 
the artist’s eye had captured specific relatively obscure charac-
teristics that discriminated specific species. Like the pre-orbital 
ridges on the snout of Crocodylus porosus; the missing scales in 
the dorsal scalation and the pre-orbital hump of C. acutus; the 
diagonal dark bar across the anterior flank of C. niloticus; the di-
agonal bony elevations on the snout and the tan dorsal neck of 
Melanosuchus niger, etc. Wonderful!”
 Caricatures of crocodilians even appear in cartoons as evil 
creatures placing humans at risk. In an issue of Harper’s Weekly 
(1871) by political cartoonist Thomas Nast, Catholic bishops in 
the shape of alligators are emerging from the water to threaten 
the American family (and the American public school), standing 
horrified at the water’s edge. The bishops are wearing miters, tall 
pointed hats with peaks in front and back, festooned with teeth 
inside to look like crocodilian jaws. This cartoon is called “The 
American River Ganges.” St. Peter’s Catholic Cathedral is in the 
background.
  With most of the legends in my articles, appropriate litera-
ture quotations are included to put the images in context. Part II, 
showing assaults upon crocodilians plus literature citations for 
both installments, will appear in the next issue. 

Berlin Aquarium Crocodile Hall in 1914.
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This 16th century German etching vividly sums 
up the challenges in the crocodilian world as 
both predators and prey.

An array of deadly encounters may be found in 
Medieval Bestiaries between crocodilians and 
men with the former clearly having the upper 
hand. Notice that humans are swallowed whole. 
After dinner is finished, it is said that the croco-
dile will weep for the rest of its life in repentance! 
The expression “Crocodile Tears” appeared in 
bestiaries and are a false or insincere display of 
emotion such as a hypocrite crying fake tears of 
grief. It stemmed from the belief that crocodiles 
weep in order to lure their prey, or that they cry 
for the victims they are eating. Although “tears” 
will be visible after a crocodile is out of the water 
for long periods and the eyes begin to dry out, 
they do not actually cry. Crocodiles possess lac-
rymal glands that secrete a proteinaceous fluid 
behind the nictitating membrane to prevent 
dessication, so ancients believed that “tears” 
were generated as in humans. It is striking that 
this expression is still in use.

CO
U

rT
es

Y 
O

F 
d

en
 H

a
a

g
, M

U
se

U
M

 M
ee

rM
a

n
n

O
 W

es
Tr

ee
n

ia
n

U
M

, [
sH

el
F 

lO
C

aT
iO

n
] 1

0 
B 

25
, 1

2r

Artists during this era likely did not have access to living or preserved 
crocodilians so the renditions were highly stylized. In early drawings, 
these carnivorous reptiles are shown with impressive dentition. Il-
lustration of Cocodrillus from the Hortus sanitatis in 1497.
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Naturalistic drawing from Rariora 
musei Besleriana by Basilius Besler in 
1500s. Bartholomaeus (or Bartholome-
us) Anglicus, or Bartholomew the Eng-
lishman, was a Franciscan monk of 
the thirteenth century who had a vivid 
imagination while describing the croc-
odile. He wrote his encyclopedia, De 
proprietatibus rerum Book 18 (On the 
nature of things, or On the properties of 
things), some time before 1260: “If the 
crocodile findeth a man by the brim of 
the water, or by the cliff, he slayeth him 
if he may, and then he weepeth upon 
him, and swalloweth him at the last.”
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Illustration of crocodile in Senensis medici, Com-
mentarii in sex libros Pedacii Dioscoridis Anazar-
bei De medica materia. . . by Petri Andreæ Mat-
thioli in 1565.  “As it lives chiefly in the river, it 
has the inside of its mouth constantly covered 
with leeches; hence it happens that, while all the 
other birds and beasts avoid it, with the trochilus 
it lives at peace, since it owes much to that bird: 
for the crocodile, when he leaves the water and 
comes out upon the land, is in the habit of lying 
with his mouth wide open, facing the western 
breeze: at such times the trochilus goes into his 
mouth and devours the leeches. This benefits the 
crocodile, who is pleased, and takes care not to 
hurt the trochilus.”—Herodotus (History, book 2)
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Coral Cylinder Snake (Anilius scytale) with Caiman from Maria Sibylla Merian in 1717. Hand-
colored etching from Dissertation sur la generation et les transformations des insectes de Surinam. 

This image is often improperly cited across the 
internet. The alligator image is actually a famous 
drawing (not a published print) from a manu-
script collection by William Bartram called the 
“Fothergill Album,” so named after John Fother-
gill, an 18th century British physician who was 
Bartram’s expedition patron. After Fothergill’s 
death, the collection was sold. Sir Joseph Banks 
purchased many of the specimens and their 
related materials including the album, which 
eventually became the property of the British 
Natural History Museum. The Fothergill album 
was reproduced in 1968 in the Memoirs of the 
American Philosophical Society (v. 74) by the 
title William Bartram: Botanical and Zoologi-
cal Drawings, 1756-1788. It is from this publi-
cation that likely most of the published images 
come. Bartram (1794) wrote in Travels… regard-
ing “The Alegator of St John [River, East Flor-
ida],” “…represents the action of this terrible 
monster when they bellow in the Spring Season. 
They force the water out of their throat which 
falls from their mouth like a Cataract & a stream 
or vapour from their Nostrils like smoke.”
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Illustration of crocodile with a bunch of slender teeth of the same size and 
strange eyes in Locupletissimi rerum naturalium thesauri by Albertus Seba in 
1734–1765. Crocodilians have four digits on the hind foot. “Even the smallest 
children seem to recognize very early in life that crocodiles are animals that 
bite. Not long after that, they learn that crocodiles will not only bite—like the 
neighbourhood dogs with which they are familiar—but they can also eat you. It 
must surely both confuse and excite children within a world so heavily shaped 
by ‘safety.’ How can there be any large predators left that attack and eat people? 
Why haven’t parents got rid of such troublesome ‘things.’ The image of croco-
diles is akin to that of a very clever and exciting criminal, that is too smart, cun-
ning, sly or deceptive to be ‘got rid of.’ The aura of romanticism that surrounds 
some not-so-pleasant people (Robin Hood, Billy the Kid, Ned Kelly, Bonnie and 
Clyde) is similar to that placed on large predatory animals by children.”—Gra-
hame Webb & Charlie Manolis (1998), Australian Crocodiles.
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CSpecies of Crocodile Called “Alligator” in Histoire Gé-
nérale des Voyages in 1739. “When an alligator catches 
a large animal that is too large to be killed by crush-
ing it in its jaws, it immediately starts rolling. The roll 
is accomplished by throwing its tail up and sidewise 
and turning its body at the same time and in the same 
direction that it twists its tail, holding its feet folded 
backwards against its sides; this twisting and rolling is 
done with great power, and the animal grasped in its 
jaws is violently thrashed about until it is quite dead. 
If an alligator catches an animal that is too large to be 
swallowed whole, it crushes the leg bones close to the 
body in its powerful jaws, and then by twisting, rolling 
and shaking, tears the member loose from the body 
when it can by easily swallowed. It is generally sup-
posed alligators will not swallow food under the water; 
this is a mistake, however, as I have often seen alliga-
tors catch birds, fish and small animals and sink with 
them, swallowing the food while under the water. My 
observations are that an alligator can and will swal-
low while under water, food small enough to be swal-
lowed without opening its mouth. If the food must be 
chewed, which necessitates opening its jaws, the head 
is always raised above the water. I have, on numerous 
occasions, when fishing on the bottom for large salt-
water fish, using large baits, either fish or crab, had al-
ligators swallow bait and hook, and for a few minutes 
they put up a hard fight when hooked on a fish line. 
That alligators sometimes hunt their food on the bot-
tom of streams and ponds has been proven to me by 
seeing alligators that had not before been in view, rise 
to the surface with large water snakes, turtles or crabs 
in their mouths, which were killed and swallowed 
above the water’s surface.”— Edward Avery McIlhenny 
(1935), The Alligator’s Life History… 
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Illustration from The Zoological Miscellany: Being Descriptions of New, or Interesting Animals / / by William Elford Leach (1814)…  
“Human beings have a great dread of this voracious reptile. Many instances are known where men have been surprised near the wa-
ter’s edge or captured when they have fallen into the river. There is, it is said, only one way of escape from the jaws of the Crocodile, 
and that is to turn boldly upon the scaly foe and press the thumbs into his eyes, so as to force him to relax his hold or relinquish the 
pursuit.”—J. G. Wood (1885), Popular Natural History
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Illustration of American Alligator from Antoine Simon Le 
Page du Pratz (1758) Histoire de la Louisiane… Michael 
G. Frick showed photographs to me where alligators 
were regularly traveling to marine environments where 
they preyed upon sea turtles, sharks, stingrays, and other 
organisms. Courtesy of Smithsonian Institution Librar-
ies, Washington, DC  “The Common Alligator inhabits 
Northern America, and is plentifully found in the Mis-
sissippi, the lakes and rivers of Louisiana and Carolina, 
and similar localities. It is a fierce and dangerous reptile, 
in many of its habits bearing a close resemblance to the 
crocodiles and the other members of the family. Unlike 
the crocodile, however, it avoids the salt water, and is but 
seldom seen even near the mouths of rivers, where the 
tide gives a brackish taste to their waters. It is mostly a 
fish-eater, haunting those portions of the rivers where its 
prey most abounds, and catching them by diving under a 
passing shoal, snapping up one or two victims as it passes 
through them, tossing them in the air for the purpose of 
ejecting the water which has necessarily filled its mouth, 
catching them adroitly as they fall, and then swallowing 
them.”—J. G. Wood (1885), Popular Natural History

Illustration in Pierre Joseph Bonnaterre, abbé (1789) Tab-
leau encyclopédique et méthodique des trois règnes de la 
nature… “Its usual method is to float along upon the sur-
face, and seize whatever animals come within its reach; 
but when this method fails, it then goes closer to the 
bank. Disappointed of its fishy prey, it there waits, cov-
ered up among the sedges, in patient expectation of some 
land animal that may come to drink; the dog, the bull, the 
tiger, or man himself. Nothing is to be seen of the insidi-
ous destroyer as the animal approaches; nor is its retreat 
discovered till it be too late for safety. It seizes the victim 
with a spring, and goes at a bound much faster than so 
unwieldy an animal could be thought capable of; then, 
having secured the creature with both teeth and claws, it 
drags it into the water, instantly sinks with it to the bot-
tom, and in this manner quickly drowns it.”—A System of 
Natural History, 1834
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“The Crocodile, so remarkable for its size and powers of de-
struction, has in all ages been regarded as one of the most 
formidable animals of the warmer regions. It is a native of 
Asia and Africa, but seems to be most common in the latter; 
inhabiting large rivers, as the Nile, the Niger, &c. and preying 
principally on fish, but occasionally seizing on almost every 
animal which happens to be exposed to its rapacity. …In the 
full grown animal it is so strong and thick as easily to repel a 
musket-ball …The Crocodile, in a young state, is by no means 
to be dreaded, its small size and weakness preventing it from 
being able to injure any of the larger animals: it, therefore, 
contents itself with fish and other small prey... but in the 
glowing regions of Africa, where it arrives at its full strength 
and power, it is justly regarded as the most formidable in ha-
bitant of the rivers. It lies in wait near the banks, and snatches 
dogs and other animals, swallowing them instantly, and then 
plunging into the flood, and seeking some retired part, where 
it may lie concealed till hunger again invites it to its prey.”—
George Shaw (1982), General Zoology…

Illustration from Constant Duméril et al. (1834–1854), Erpé-
tologie générale, ou, Histoire naturelle complète des reptiles / / 
par A.M.C. Duméril et par G. Bibron. “[Raymond L.] Ditmars 
thus describes the fate of a dog that approached too near a 
very large alligator: ‘As a dog, weighing about fifty pounds, 
unwarily approached the edge of this creature’s tank, it was 
suddenly grasped and before completing its first yelp of ter-
ror was dragged beneath the surface. A few minutes later the 
twelve-foot saurian appeared at the top, holding the dead ca-
nine in its jaws. The dog was shifted about, amid the sound 
of breaking bones, and swallowed head first, and entire, after 
a few gulps.”—Albert Moore Reese (1915), The Alligator and 
its Allies
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Crocodile eyeing a potential meal. Feet have four 
talons like a bird of prey but the digits are reversed. 
Illustration from André Thevet (1556) Cosmog-
raphie de Levant…  “This croc, which measured 
12 feet from tip of tail to tip of snout, must have 
had a catholic taste in its form of diet. On opening 
up the stomach we found a strange assortment of 
articles—sticks, about a dozen round and smooth 
pebbles, an African woman’s foot, an African 
man’s hand, some coloured beads, wire bangles 
and anklets, a waterbuck’s hoof, the claws of a 
cheetah, a shinbone of a reedbuck, the shell plates 
of a large river turtle, the horns of a goat, the hoof 
of a calf, and a variety of other strange objects. I 
felt delighted at having been its executioner.”—A. 
D. Graham (1973), Eyelids of Morning; The Min-
gled Destinies of Crocodiles and Men
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Nile Crocodile (Crocodylus niloticus) from Histoire 
naturelle de Lacepéde in 1788. This species has been 
extirpated from the Comoro Islands in the beginning 
of the 19th century and recently has disappeared from 
Israel. 

Illustration from Dictionnaire universel d’histoire na-
turelle, zoologie, atlas. Reptiles, Poissons et Insectes, 
tome deuxiéme, by M. Charles D’Orbigny in 1849. “All 
crocodilians are predators that overpower their prey 
within seconds. The attack can happen in the water, 
underwater, from the water onto the land or land into 
water, and also by jumping into the air.”—Ludwig Trut-
nau and Ralf Sommerlad (2006), Crocodilians: Their 
Natural History & Captive Husbandry
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Plate of “Caiman a Tète de Brochet,” translated as 
“Caiman with the snout of a pike” from Promenade 
au jardin zoologique d’Anvers par Eugéne Gens, by 
Eugéne Gens in 1861.

Illustration in W. F. Kirby’s English adaptation of 
Gotthilf Heinrich von Schubert’s Naturgeschichte 
des Thierreichs…, published in 1869. The author 
says that the Nile Crocodile (top) reaches a length 
of 20–30 feet, lives to be at least 100 years old, has 
eggs as big as goose eggs, and young hatch in one 
month and are two feet long. Bullets bounce off its 
back. It is very fierce and feeds on sheep, antelope 
and humans. The mongoose is the predator of its 
eggs and young. The Mississippi Alligator below is 
common and is dangerous, attacking boats on riv-
ers. In this illustration, although somewhat unclear, 
it appears as though one of these crocodilians may 
be transporting young in the mouth, next to a group 
of eggs. Notice the predation event in the upper 
left-hand corner.

CO
U

rT
es

Y 
O

F 
sM

iT
H

sO
n

ia
n

 in
sT

iT
U

Ti
O

n
 l

iB
ra

ri
es

, W
a

sH
in

g
TO

n
, d

C



Herpetological Review 44(2), 2013

205205

There are beautiful plates in Alfred E. Brehm’s 
Les Merveilles de la Nature. Les Reptiles et 
les Batraciens (Librairie J.-B. Baillière et Fils, 
Paris, 1883). Brehm was Director of the Ham-
burg Zoo in Germany from 1863 onward and 
founder of the Aquarium Unter den Linden 
(Berlin’s main street) in 1869. This drawing is 
of a Gharial (Gavialis gengeticus). “Although 
possessing the reputation of being more or 
less harmless, the stomach of a recently dis-
sected specimen was found to contain hu-
man remains, a fact proving beyond all pos-
sible doubt that large specimens, at least, will 
not hesitate to attack man when hungry. Two 
seven-foot-long specimens that have come 
under my charge at the Zoological Gardens 
were extremely savage. On arrival both these 
specimens refused all food, and it was not 
until they had been over three months in cap-
tivity that they took their first meal. The fish 
are caught by the tip of the snout, by means of 
a rapid sideway snap, and are passed down to 
the mouth, head first, in a series of jerks.”—
Edward G. Boulenger (1914), Reptiles and Ba-
trachians

Illustration from George Shaw’s The naturalists’ miscel-
lany…in 1789–1813 (reproduced in Haines, Slithy Toves, 
SSAR 2000).

This beautiful image may be one of the best crocodilian portraits ever rendered. 
Notice the Crocodile Birds. “The Nile crocodile has always and justly been cred-
ited with great ferocity, but the degree to which it manifests this seems to depend 
largely on the abundance of its food-supply, as pointed out by Maçoudi and by 
Schweinfurth. Fish is its principal diet, but birds, the domestic animals found 
along the banks of the Nile, baboons, and man himself, all fall to it as prey. It either 
seizes its prey directly with its jaws or, by means of its powerful tail, whisks its prey 
within reach of them, dragging it under the water.”—John Anderson (1898), Zool-
ogy of Egypt
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Illustration of American Crocodile (Crocodylus acutus) 
[top] and Cuban Crocodile (C. rhombifer) from Historia 
fisica, politica y natural de la isla de Cuba, by Ramón de la 
Sagra in 1839–1856. Hybridization between these two spe-
cies is a serious threat to the Cuban Crocodile. “It has been 
known that they have killed human beings. I shall recite an 
episode told me by Don Helvecio Lanier. Once while this 
gentleman was on the Isla de Piños at Nueva Gerona, one 
of the numerous prisoners of war interned there insisted 
upon bathing in a river which was known to be inhabited 
by a large Caiman. No sooner had he jumped in than he 
was seized by the beast and pulled under; his companions 
being infuriated laid traps and caught the animal, which 
they would have torn to pieces had not Sr. Lanier inter-
vened asking them to allow him to remove the hide, after 
which they tore the body into bits. Nine foot Cocodrilos or 
Caimans are not to be feared, I myself have gone into la-
goons up to my chest where they abound, and instead of 
attacking they have always run away.”—Thomas Barbour 
and Charles T. Ramsden (1919), The Herpetology of Cuba 

John Edwards Holbrook published North American Herpetology, beginning in 
1836, covering all herps found east of the Mississippi River at that time. “The 
Alligator in his native state is exceedingly voracious, and feeds on any animal 
substance that may fall in his way; though he seems most attracted by fish, 
and by other animals in motion, as minks, musk-rats, dogs, &c., so as to render 
it almost impossible for them to cross even small streams without danger, at 
certain seasons of the year. These the Alligator seizes, drags under water, suf-
focates, and conveys to his lair, to be devoured at leisure.”—Holbrook (1836)
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American Crocodile from The Crocodilians, Lizards, and Snakes of North America, by Edward Drinker Cope (1900). “Although seldom 
perturbed to any great degree by his own internecine activities, man is much aroused on those rare occasions when he himself falls prey 
to some lower animal. The importance of such occasions could easily be overemphasized. In discussing alligator attacks on man, I should 
like to note at the outset that this reptile is far less dangerous to man than is, say, the domestic dog. Rabid dogs, and even nonrabid ones, 
attack people far more often than do alligators; and the same can be said of domestic cattle and hogs. Alligator predation on man would 
not in fact merit lengthy discussion were not the literature so confused and contradictory in its treatment of the subject.”—Wilfred T. Neill 
(1971), The Last of the Ruling Reptiles; Alligators, Crocodiles, and their Kin
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This drawing of American Crocodile (Crocodylus acu-
tus) is from Études sur les reptiles, by Auguste Henri 
André Duméril, Marie-Firmin Bocourt, and François 
Mocquard in 1870. “By far the most interesting thing 
about the feeding habits of crocodilians is the way 
they overcome large prey and reduce it to pieces that 
can be swallowed easily. This method is also used by 
crocodilians struggling over the same object. Once 
the jaws get a firm hold on the animal, the body of 
the crocodilian turns over and over, revolving rap-
idly on its long axis, so that one of two things hap-
pens: either the victim is turned over and over un-
til it is rendered completely helpless, or it is simply 
twisted into two pieces. I have seen the photograph 
of a man who was given this treatment and had his 
arm torn from the socket. Oddly enough, he lived 
and was able to be photographed the day after the 
accident. The twisting action kept him from bleed-
ing to death by closing the ends of the blood vessels 
instead of allowing them to remain open, as would 
have been the case if the arm had been cut off by a 
sharp knife. After the prey has been overpowered and 
reduced to pieces small enough to be swallowed, it is 
literally gulped down. If a piece includes big bones, 
these may be crushed by the jaws. Mouthfuls beyond 
a certain length may be tossed about until they will 
start end-first down the throat. The head is held high 
and tilted backward during this preliminary process, 
and is lifted above the surface if the crocodilian is 
submerged. Although large objects are always wolfed 
out of water, very small ones may be swallowed when 
the head of the crocodilian is under it and the jaws 
are tightly shut.”—Clifford H. Pope (1957), Reptiles 
Round the World

Illustration from Heinrich Rudolf Schinz (1861), 
Naturgeschichte und Abbildungen der Reptilien. “Hu-
mans and crocodilians have been interacting since the 
dawn of civilization. The arena for this early interac-
tion was probably Africa and Asia. It can be presumed 
that crocodilians preyed upon humans for food, but as 
man became a hunter, he stalked the crocodilians and 
was much more successful…Wherever and whenever 
humans meet crocodilians, there is bound to be fear, 
revulsion, and on occasion injury or death for either 
the person or the animal. Strangely, there is rarely any 
“hatred”... Crocodilians, however, have recently been 
the losers in this inter-species battle. While surviving 
for tens of millions of years, it has just been within the 
last hundred years that the few species remaining on 
earth have been severely threatened with extinction. 
The discovery that their hides make prized leather has 
been the chief cause of this demise. Secondary causes 
include hunting of the animal for sport and for food 
(including eggs) and loss of habitat due to human en-
croachment.”—Steve Grenard (1991), Handbook of Al-
ligators and Crocodiles
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terrestrial movements of the red-bellied mudsnake (Farancia 
abacura) and rainbow Snake (F. erytrogramma)

Red-bellied Mudsnakes (Farancia abacura; Fig. 1A) and Rain-
bow Snakes (Farancia erytrogramma; Fig. 1B) are relatively large 

species with geographic distributions restricted to the south-
eastern United States. Both species are highly associated with 
aquatic habitats, to the extent that at least one, the Red-bellied 
Mudsnake, has been described as “fully aquatic” (Lutterschmidt 
et al. 2006). Adults of both species have highly specialized diets: 
Red-bellied Mudsnakes feed primarily on aquatic, elongate, eel-
like salamanders (Sirens [Siren spp., Pseudobranchus spp.] and 
Amphiumas [Amphiuma spp.]), while adult Rainbow Snakes 
feed almost exclusively on a stream-dwelling, catadromous fish, 
the American Eel (Anguilla rostrata; Neill 1964).

Because Farancia are difficult to observe or study, we know 
little about their ecology and natural history; however, both spe-
cies are known to undertake terrestrial movements. Our knowl-
edge regarding terrestrial activity of these snakes is based largely 
on captures from drift fences surrounding Carolina bays (e.g., 
Semlitsch et al. 1988); although data derived from these captures 
have expanded our understanding of the species, the spatial ex-
tent of terrestrial movements has not been reported. This infor-
mation, however, is of relevance to the conservation of wetland-
associated organisms (Semlitsch and Bodie 2003).

Farancia may undertake terrestrial movements for several 
reasons. Both species are generally thought to hibernate below 
ground or under woody debris adjacent to their aquatic habi-
tats (Ernst and Ernst 2003; Gibbons et al. 1977; Neill 1948; Young 
and Gibbons 2008). Richmond (1945) suggested Rainbow Snakes 
were the most abundant snake in the sandy fields of New Kent 
County, Virginia, based on his observations that specimens were 
frequently discovered by plowing fields. In this region, snakes 
were observed more often on land than in the neighboring wet-
lands. 

Farancia may emigrate from wetlands during drought (Seigel 
et al. 1995; Willson et al. 2006) but sample sizes from past studies 
have generally been small. In the only published radio-telemetry 
study of the genus, Martin (1998) noted that Red-bellied Mud-
snakes (N = 3) had small home ranges and were highly aquatic, 
making only small movements overland to neighboring wetlands 
during drying conditions. Red-bellied Mudsnakes may move 
overland in response to significant rainfall events, based on a 
mass movement of juveniles across a two-lane highway through 
a freshwater marsh in Florida (Hellman and Telford 1956). 

Both species nest on land and their nests are generally 
thought to be located close to wetlands (e.g., Neill 1964; Hall and 
Meier 1993). However, Red-bellied Mudsnake nests have been 
found 15 m and 46 m from lakes in Alachua Co., Florida (Auth 
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1992; Riemer 1957) and 91 m from a lake in Aiken Co., South 
Carolina (Neil 1964). Neil (1964) also noted a Rainbow Snake ap-
proximately 64 m from a lake in Richmond Co., Georgia, but the 
impetus for this movement is not known.

Methods.—Herein, we review our previously unpublished 
data on Red-bellied Mudsnakes and Rainbow Snakes found in 
terrestrial habitats >25 m from the nearest body of water. For 
Rainbow Snake captures, we also report the distance to the near-
est body of water known to be inhabited by American Eels (when 
available). Distances were estimated through use of Geographic 
Information Systems, topographical maps, or Google Earth. Be-
cause water levels may fluctuate, the distances we report should 
be considered approximations, but they correspond to our im-
pressions in the field.

To determine whether our observations of Farancia away 
from water were unusual events, we reviewed location data 
compiled by the Carolina Herp Atlas (CHA), an online database 
maintained by Davidson College and generated by voluntary 
submissions of amphibian and reptile observations in North and 
South Carolina (Price and Dorcas 2011). We first removed data 
from Aiken or Barnwell Counties, South Carolina, because many 
of the observations from these counties were not generated from 
incidental observations, but rather resulted from controlled 
trapping efforts for semi-aquatic snakes on the Savannah Riv-
er Site (e.g., Durso et al. 2011). We also removed any remaining 
observations generated from trapping elsewhere, as indicated 
in the “Remarks” section of the data input form. Finally, we re-
moved observations collected prior to 2000 to ensure currently 
available wetland boundaries were relevant to snake observa-
tions. Then, we used ESRI ArcMap 9.3.1 to measure the distance 
between each Farancia location and the nearest wetland bound-
ary, as delineated by the National Wetland Inventory (U.S. Fish 
and Wildlife Service 2011). A value of zero was recorded if the 
observation was within a wetland boundary.

Results.—We compiled 60 and 18 observations of Red-bellied 
Mudsnakes and Rainbow Snakes, respectively, from our unpub-
lished field notes and trap capture data (Table 1). Individuals 
of both species were observed considerable distances from the 
nearest body of water (up to 1288 and approximately 2000 m 
for Red-bellied Mudsnakes and Rainbow Snakes, respectively). 
We included 17 Red-bellied Mudsnake and six Rainbow Snake 
observations from the CHA (Fig. 2). On average, Red-bellied 
Mudsnakes submitted to the CHA were observed 62 m from the 
nearest wetland boundary (SD = 72.07 m, range 0–264 m) and 
Rainbow Snakes were observed 44 m from the nearest wetland 
boundary (SD= 44.91 m, range 0–117 m).

Discussion.—We demonstrate that both Red-bellied Mud-
snakes and Rainbow Snakes undertake considerable terrestrial 
movements and these movements may not be unusual events. 
This information supplements similar and recent information 
on terrestrial movements of other snakes considered highly 
aquatic (Steen et al. 2011), and further emphasizes the important 
role of the terrestrial landscape to species that spend the major-
ity of their time in wetlands. We are unable to determine why 
the snakes we observed were traveling overland. However, many 
of the small individuals captured in the spring were likely im-
mature (Gibbons et al. 1977; Lutterschmidt et al. 2006) and dis-
persing to wetlands after overwintering and emerging from their 
nests (Gibbons et al. 1977). For example, our spring observations 
of four hatchling-sized Rainbow Snakes (captured in a large area 
of xeric sandhill habitat adjacent to the Canoochee River on Fort 
Stewart, Georgia [Table 1]) suggest that the coarse sandy soils of 

xeric sand ridges adjacent to perennial blackwater streams may 
be important nesting habitat, when available.

Sexually mature individuals were likely undertaking a nesting 
migration, dispersing to wetlands, or moving to a terrestrial over-
wintering site. Observations from Baker Co., Georgia (Table 1) sug-
gest these animals may also travel overland in response to flood-
ing events, as suggested by Hellman and Telford (1956). Only two 
captures from this site were recorded in seven years of trapping in 
a Longleaf Pine forest and both were in months of unusually high 

fig 2. Distance to nearest body of water for Red-bellied Mudsnake 
(Farancia abacura) and Rainbow Snake, (F. erytrogramma) observa-
tions submitted to the Carolina Herp Atlas since 2000.

fig. 1. A) Western Mudsnake (Farancia abacura reinwardtii), Cache 
River bottomlands, Johnson Co., Illinois, USA. B) Rainbow Snake 
(Farancia e. erytrogramma), Canoochee River, Liberty Co., Georgia, 
USA.
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flow rates for Ichawaynochaway Creek, the nearest body of water 
at this site (U.S.G.S. Water-Data Report GA-2005).

Results presented herein demonstrate that both Red-bellied 
Mudsnakes and Rainbow Snakes undertake long movements 
overland. We are unable to determine the cause or extent of 
these movements, or the frequency with which these snakes 
move onto or across the terrestrial landscape. Radio-telemetry 
studies of other aquatic snakes (e.g., Nerodia spp.) have demon-
strated that they undertake regular terrestrial movements and 
terrestrial landscapes were identified as an important compo-
nent of their life history (e.g., Camper 2009; Roe et al. 2003). The 
distances we report are well beyond the mean distances traveled 
overland by these other species (Camper 2009; Roe et al. 2003). 
Given the biology of Farancia, generating robust sample sizes for 
comparable radio-telemetry studies might be difficult; however, 
studies of this type are warranted, as they will likely generate 
novel natural history information related to aquatic home range 
size or the degree to which terrestrial habitats are used. An in-
tact landscape to accommodate terrestrial movements is likely 
an important component to the life history of these wetland-
associated snakes.
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northern mexican Gartersnakes, Thamnophis eques megalops,  
feeding on Spea multiplicata in an ephemeral pond

The Northern Mexican Gartersnake, Thamnophis eques 
megalops, is the only subspecies of the Mexican Gartersnake oc-
curring in the United States. Historically, it ranged from central 
Arizona and southwestern New Mexico southward through the 
Mexican states of Sonora, Chihauhua, Durango, Guanajuato, Hi-
dalgo, and San Luis Potosí (Brennan and Holycross 2006; Rosen 
and Schwalbe 1988; Rosen et al. 2002), but is now thought to be at 
extremely low population densities or extirpated in New Mexico 
(Holycross et al. 2006). In Arizona, population declines have been 
recorded in approximately 83% (15/18) of the Mexican Garter-
snake populations originally surveyed in the early to mid-1980s 
and re-surveyed in 1995–2000 (Rosen et al. 2002). Survey data 
from the Gila River watershed in Arizona and New Mexico during 
2004–2005 suggest continued severe population declines and lo-
cal extirpations (Holycross et al. 2006). These declines were con-
sidered significant enough that the Center for Biological Diver-
sity petitioned (CBD) to list the Northern Mexican Gartersnake 
as Threatened or Endangered under the U.S. Endangered Species 
Act (CBD 2003). Although the petition was initially unsuccessful 
(USFWS 2006), the U.S. Fish and Wildlife Service (USFWS) later 
concluded that the Northern Mexican Gartersnake is threatened 
with extirpation, or may already be extirpated from 85–95% of its 
historical distribution in the United States and that listing was 
warranted (USFWS  2008). The USFWS expects to publish updat-
ed information in the Federal Register on the status of Northern 
Mexican Gartersnakes (J. M. Servoss, pers. comm.)

Northern Mexican Gartersnakes are associated with perma-
nent water and cienega habitats containing aquatic vegetation 
and a wide range of terrestrial vegetation (Rosen and Schwalbe 
1988; Rossman et al. 1996). Their prey consists primarily of fish, 
frogs and tadpoles, although invertebrates, lizards (T. R. Jones, 
pers. comm.), and mammals are also eaten (Garcia and Drum-
mond 1988; Rosen and Schwalbe 1988; Van Devender and Lowe 
1977).

Observations.—On 15 July 2012 at 2130 h following one of 
the first heavy monsoon rains in the area, a male Mexican Gar-
tersnake was observed feeding on a Mexican Spadefoot (Spea 
multiplicata) in a seasonal pond at the Appleton-Whittell Re-
search Ranch (AWRR) of the National Audubon Society, near 
Elgin, Arizona, USA. The pond, which had been dry since the 
summer of 2010 (R. Cogan, L. Kennedy, pers. comm.), filled 
earlier that day to approximately 150 × 30 × .5 m (L×W×D) from 
overflow of an adjacent dry wash which had also been dry since 
the previous summer (Fig. 1). A breeding aggregation (>50) of 
S. multiplicata, that had not been present on previous nights, 
was active in the tank. The 520 mm SVL snake was captured by 
hand, photographed, and released on site. The following morn-
ing during 0745–0950 h, five other Mexican Gartersnakes were 
observed basking at the bases of Sacaton grass (Sporobolus 
wrightii) surrounding the pond. Four were captured by hand, 
but the fifth eluded capture. The captured snakes included two 
males (505 mm, 520 mm SVL) and two females (675 mm, 737 
mm SVL). The snakes were released at their site of capture fol-
lowing data collection. All five snakes captured were at or near 
sexual maturity. Male Mexican Gartersnakes from nearby Finley 
Tank, also at AWRR, are thought to reach sexual maturity when 
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they are 410–580 mm SVL; females at SVL’s between 550–700 mm 
(Rosen and Schwalbe 1988).

The four snakes captured on the morning of 16 July were 
engorged with anurans (Fig. 2). One female regurgitated seven 
S. multiplicata upon capture and palpation revealed two more. 
The seven regurgitated spadefoots, one female and six males, 
had a combined mass of 60 g (Fig. 3). The approximate mass of 
all nine spadefoots ingested by the snake was 77 g, representing 
approximately 39% of the total mass of the 200 g snake, recorded 
after she had re-ingested all seven of the regurgitated prey. No 
feeding or aquatic activity was observed during the morning of 
16 July, indicating that the snakes had fed during the previous 
night or in the early morning hours prior to the initial sighting of 
two snakes basking at 0745 h.

Discussion.—To our knowledge, this is the first documenta-
tion of Mexican Gartersnakes feeding on any species of spade-
foot and the first report of nocturnal foraging in this species. 
In contrast to reports stating that Mexican Gartersnakes are 
restricted to riparian habitats with permanent sources of water 
(Brennan and Holycross 2006; Rosen and Schwalbe 1988; Ross-
man et al. 1996), our observations raise the possibility that this 
species can occur, at least temporarily, in riparian areas where 
standing water is only seasonally available. In a study of Mexican 
Gartersnakes at Finley Tank in 2007, two neonates were found 
at the tank in July, the beginning of the monsoons, which had 
been dry since the previous winter, suggesting at least one adult 
female had successfully reproduced without access to a nearby 
permanent water source containing frogs or fish (d’Orgeix 2011).  

The species is either extirpated or occurs at extremely low 
densities at the Babacomari River, which is the nearest large 
permanent water source 4.2 km N and downstream from the 
pond, and none has been seen since 2007 in a small rock pool in 
Post Canyon 1.5 km SW of the pond (d’Orgeix 2011). The near-
est known population of Mexican Gartersnakes is 1.2 km distant 
at Finley Tank where individuals have been seen as recently as 
2009 (d’Orgeix 2011). Although Finley Tank was once a perma-
nent water source, it has contained water only intermittently 
since 2006 (d’Orgeix 2011). Following the July–August monsoons 
in 2011, Finley Tank went dry and did not fill again until the night 
we observed snakes in the pond. If the snakes we observed had 
emigrated from Finley Tank between the time of the pond filling 
and our observations, they would have had to have left Finley 
Tank as it was filling with rainwater and moved 1.2 km overland 
through open semi-desert grassland in 6–17 h. Even less plausi-
bly, snakes could have followed the single connecting riparian 
corridor from Finley Tank to the pond (~2.3 km long) that would 
have required upstream travel against rapidly moving floodwa-
ters carrying substantial debris. Last, none of the five snakes we 
captured at the pond were marked individuals from the Finley 
Tank population where all individuals encountered (N = 29) had 
been given unique identification marks and PIT tags from 2007 
to 2009 although recapture rates were low (d’Orgeix 2011). These 
considerations collectively suggest that the snakes we observed 
were already present in the near vicinity of the pond before it 
filled.

Our observations raise the possibility that, under drought 
conditions, spadefoots are an important food source for Mexican 
Gartersnakes, and are taken during the brief time these anurans 
are breeding in ephemeral ponds. Snakes may then be aestivat-
ing when the pond is dry. Aestivation in snakes has rarely been 
documented, but the small aquatic snake Seminatrix pygaea 
aestivates in seasonally dry wetland and has been predicted to 

fig. 1. Ephemeral pond at the National Audubon Society Appleton-
Whittell Research Ranch, Santa Cruz County, Arizona. Northern 
Mexican Gartersnakes, Thamnophis eques megalops, were observed 
basking at the bases of Sacaton grass, Sporobolus wrightii, in the left 
foreground and left rear shore of the pond.

fig. 2. A Northern Mexican Gartersnake engorged on Mexican Spade-
foots, Spea multiplicata, at the National Audubon Society Appleton-
Whittell Research Ranch, Santa Cruz County, Arizona. 

fig. 3. Seven Mexican Spadefoots, Spea multiplicata, regurgitated by 
a female Northern Mexican Gartersnake, Thamnophis eques mega-
lops, upon her capture at the National Audubon Society Appleton-
Whittell Research Ranch, Santa Cruz County, Arizona. Toads were 
re-ingested by the snake prior to her release at the site of capture. 
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survive multiyear droughts in this manner (Winne et al. 2006). 
However, we cannot exclude the possibility that the snakes are 
also feeding on other terrestrial organisms (e.g., lizards, rodents) 
when ephemeral sites are dry, or emigrating to other sites with 
permanent water.

To confirm whether our findings are more widely applicable 
to the ecology of Mexican Gartersnakes, additional surveys for 
snakes are needed at ephemeral sites in riparian habitat when 
spadefoots are breeding. Subsequent results may determine 
whether use of this previously unrecognized habitat and food 
source is more prevalent than previously thought and contribute 
meaningfully to recovery strategies. 
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Behavior of Plethodon metcalfi following Anesthetization with 
tricaine methanesulfonate (mS-222)

Tricaine methanesulfonate (also called Ethyl 3-aminobenzo-
ate methanesulfonic acid or MS-222) is commonly used as an 
anesthetic in fish and amphibian research. Because MS-222 gen-
erally appears to be safe and effective for a range of amphibian 
species, it is commonly used in the process of surgery or mark-
ing of animals (e.g., Chelgren et al. 2006; Osbourn et al. 2011; 
Peterman et al. 2008). Amphibian responses to anesthesia may 
be species-specific (Fellers et al. 1994), and a number of studies 
have performed multi-species evaluations of induction and re-
covery times (Cecala et al. 2007; Lowe 2004; Peterman and Sem-
litsch 2006). Recovery times of individuals following anesthesia 
have previously been reported as the time until first response to 
a stimulus (Cecala et al. 2007; Peterman and Semlitsch 2006), re-
covery of a righting reflex (Crook and Whiteman 2006), or recov-
ery of normal motor function with no indication of sluggishness 
or disorientation (Cecala et al. 2007; Crook and Whiteman 2006). 
In many cases, researchers will face a trade-off between the de-
sire to minimize the time that animals are in captivity and the 
need to ensure that animals have adequate time to recover from 
anesthesia before release.

As a practical consideration for field research, allowing am-
phibians adequate time to recover from anesthesia may be criti-
cal for ensuring that our research activities do not cause preda-
tion or desiccation-related mortality. Behavioral studies are 
also conducted on the assumption that released individuals are 
behaving normally between subsequent observations. Further-
more, many mark-recapture models for estimating population 
parameters are based on the assumption that all individuals in 
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a population (marked and unmarked) have an equal probability 
of survival and subsequent capture (Bailey et al. 2004). This as-
sumption would be violated if the marking process resulted in 
elevated mortality or affected individual behavior in a way that 
altered the probability of future recapture. As a result, it is critical 
that we understand the extent to which the behavior of amphib-
ians is impacted by the process of anesthetization and handling.

Many amphibians have narrow temperature and moisture 
requirements (Spotila 1972) and microhabitat selection behav-
ior can be highly important for the regulation of water loss and 
desiccation risk (Heatwole 1960). As a result, we designed a labo-
ratory experiment in which both un-anesthetized and previously 
anesthetized salamanders were presented with a choice between 
moist and dry substrate. We compared the substrate choice and 
movement behavior of control individuals with the behavior of 
individuals which had recently recovered full motor function fol-
lowing anesthesia. Ultimately, we sought to determine whether 
previously anesthetized individuals continued to demonstrate 
behaviors indicative of compromised function following their 
apparent recovery.

MAteriAlS AnD MethoDS

Salamanders for this study were captured on the grounds of 
the Highlands Biological Station, Macon Co., North Carolina, 
USA (35.0546°N, 83.1902°W). A total of 102 Plethodon metcalfi 
(Southern Gray-cheeked Salamander) were hand-captured dur-
ing nocturnal surveys in July of 2011. Each captured salamander 
was housed in an environmental chamber set to 16°C with a 14 
h light/10 h dark photoperiod which corresponded to the natu-
ral photoperiod at the time. Salamanders were kept for a maxi-
mum of one week following initial capture, during which time 
they were housed individually in sterile plastic containers and 
were only exposed to other animals collected from the same area 
(within 400 m) during our experiment. Following completion of 
experimental trials, all salamanders were released at their site of 
capture.

To examine the effects of anesthetization with MS-222 on 
salamander behavior, we conducted a laboratory experiment in 
which we presented salamanders with a choice between moist 
and dry substrate. In this experiment, six choice test chambers 
were constructed out of rectangular plastic storage containers 
(61 × 42.7 × 16.8 cm) following procedures outlined by Crawford 

(2007). A piece of corrugated plastic was attached with silicone 
across the width of the containers in order to divide the cham-
bers into equal halves. Four large panels were cut out of the lids 
of the containers and sealed with window screening. Both sides 
of the chamber were filled with commercial topsoil (about 20 
cm3) to the level of the plastic divider. Next, a moist and a dry 
side were randomly assigned within each container and a small 
spray bottle was used to add six ounces of water to the surface of 
the moist side of the chamber.

To begin this experiment, our MS-222 solution was prepared 
at a concentration of 500 mg/L and was buffered with 0.4 g of 
sodium bicarbonate (Peterman and Semlitsch 2006). Each sala-
mander was being housed individually in a uniquely numbered 
plastic container and was selected for a trial and treatment group 
using a random number table. Six salamanders were randomly 
selected for each of 17 trials which were conducted from 16–29 
July 2011. Three of these six salamanders were randomly selected 
to be anesthetized and were simultaneously placed in the MS-222 
solution. Salamanders were considered fully anesthetized when 
they no longer responded to a light limb pinching (typically 5–10 
min), at which point they were placed in fresh water to recover. 
Salamanders were considered fully recovered when they regained 
consciousness and seemed to have recovered full motor function, 
which we defined as the point at which salamanders appeared 
able to walk or swim normally with no sign of sluggishness or 
disorientation (Cecala et al. 2007). Specifically, only salamanders 
which showed a rate of body or tail undulations comparable to 
the rate of an unanesthetized salamander and which showed a 
rapid righting response while swimming were determined to be 
fully recovered. After each of the three salamanders for a trial had 
fully recovered from anesthesia (<15 min), salamanders were ran-
domly assigned to one of the choice test chambers, which were 
positioned in an environmental chamber. All trials were conduct-
ed during the night photoperiod of the chamber and at a temper-
ature of 20°C, which falls within the preferred temperature range 
of several Plethodon species (Spotila 1972). Prior to beginning the 
experiment, each salamander was gently placed under a Styro-
foam cup on the barrier of the dry and moist side of the chamber 
and allowed to acclimate for five minutes. To begin each trial, the 
cups were removed and the lids placed back on the containers. 
Using a black light, we quickly inspected each of the six chambers 
at 10-min intervals for a total of 60 min. On a few occasions, a dim 
flashlight was needed to locate a salamander (<5% of checks). At 
each inspection, we recorded whether a salamander was on the 
moist or dry side of the chamber. If the salamander was on the 
center divider, then the snout position was used to assign the 
individual to either the moist or dry side of the chamber. In the 
last nine trials (54 salamanders), we also used fluorescent pow-
der tracking (e.g. Rittenhouse et al. 2006) to obtain the movement 
paths of salamanders within the choice test chambers. In these 
trials, all salamanders had the posterior half of their body covered 
with fluorescent powder immediately prior to introduction to the 
choice test chambers. At the end of each 60-min trial in which 
we conducted powder tracking, we determined the distance trav-
elled by each salamander by tracing their movement path with 
a piece of string which we measured on a meter stick. Following 
completion of each trial, we collected 100 ml of soil from the sur-
face of each side of the chamber which was dried in an oven for 
48 h in order to calculate the percent soil moisture of both the 
dry and moist sides. A t-test of independence was used to ensure 
that a significant difference in soil moisture existed between our 
moist and dry substrates. We then discarded the rest of the soil 

fig. 1. Proportion of salamanders found on the moist substrate (N 
= 102).
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and thoroughly washed each container. Fresh soil was used in 
each subsequent trial. Salamander test subjects were not re-used 
and were released at their site of capture following completion of 
their trial.

Data Analysis.—We examined the effects of anesthetiza-
tion with MS-222 on three different measures of salamander 
behavior in this substrate choice test including: distance trav-
elled, overall substrate preference, and final substrate choice. We 
used an analysis of covariance (ANCOVA) to assess the effect of 
anesthetization on distance travelled, independent of body size 
(snout-to-vent length). For this analysis, our measure of distance 
travelled represented the total powder trail length of the 54 sala-
manders for which this was measured. Additionally, we used a 
Fisher’s Exact Test to determine whether salamanders which did 
not move during the course of our experimental trials were non-
randomly distributed among our two treatments. To assess over-
all substrate preference, we classified salamanders according to 
whether they were observed on the moist side of the chamber 
greater than 50% of the time (at least four of six observations). 
Salamanders spending more time on the dry side or an equal 
amount of time on each side were classified as showing no pref-
erence for the moist side. We performed a G-test to assess the 
null hypothesis that salamanders spending a majority of their 
time on the moist side would be independently distributed be-
tween the anesthetized and control treatments. Finally, we con-
sidered final substrate choice to be the position of the salaman-
der (moist or dry side of the chamber) on the final observation 
made during the experiment (at 60 minutes). We then employed 
a G-test to determine whether the final substrate choice of each 
salamander appeared to be independent of treatment. All statis-
tical analyses were performed in the program R (R Development 
Core Team 2010).

reSultS

Powder tracking revealed that 51.9% of recently anesthetized 
salamanders did not move at all during the course of the experi-
ment, while all control animals moved a minimum of 37 cm. 
Salamanders that failed to move at all during our experimental 
trial were clearly non-randomly distributed between treatments 
(Fisher’s Exact Test: P<0.01). Overall, control animals moved sig-
nificantly greater distances than recently anesthetized individ-
uals (ANCOVA: F

1,51 
= 56.62, P < 0.01), and travelled an average 

of 125.6 ± 54.9 cm (mean ± 1 SD), while recently anesthetized 
animals travelled just 30.3 ± 40.4 cm (mean ± 1 SD). The mean 
masses of the control and treatment individuals were 2.70 ± 1.33 
g (mean ± 1 SD) and 2.68 ± 1.23 g (mean ± 1 SD), respectively, 
and there was not a strong influence of body size on the distance 
travelled by each salamander (ANCOVA: F

1,51 
= 0.86, P = 0.36).

In our study, average soil moisture differed significantly be-
tween the moist and dry side of the choice test chamber (t = 
28.46, df = 101, P < 0.01) and salamanders from both the anes-
thetized and control group spent the majority of their time on 
the moist side of the chamber (Fig. 1). Although salamanders in 
the control group were more often located on the moist side of 
the chamber than recently anesthetized salamanders (74.5% vs. 
62.1% of observations), when salamanders were classified ac-
cording to whether they showed a preference for the moist side 
of the chamber (4+ observations on the moist substrate), there 
was not a significant association between treatment and sub-
strate choice (G-test: P = 0.126). Although not statistically signifi-
cant, we found a trend indicating a stronger association between 

treatment and the final substrate choice of a salamander. At the 
end of the choice test experiment, 76.5% of control animals were 
located on the moist side of the chamber compared to 58.8% of 
recently anesthetized animals (G-test: P = 0.058).

DiScuSSion

In this study, recently anesthetized salamanders were pre-
sented with a choice between moist and dry substrate. We found 
that salamanders that appeared to exhibit no sluggishness or 
disorientation after anesthesia were still likely to differ from con-
trol animals in aspects of their behavior. Overall, a large propor-
tion of previously anesthetized salamanders did not move from 
their release location during our 60-minute experiment. Indeed, 
51.9% of recently anesthetized animals did not move at all, while 
control individuals moved a minimum of 37 cm. The mean dis-
tance traveled by control salamanders was over four times great-
er than that of treatment individuals.

Salamanders in our two treatment groups differed greatly in 
movement distances, yet we did not observe a significant differ-
ence in the number of individuals selecting moist over dry sub-
strates. Although a greater proportion of control individuals were 
observed on the moist substrate throughout our study, salaman-
ders often switched between substrate types. In addition, our 
ability to make statistical inference based on substrate choice 
may be confounded by the large number of treatment individu-
als being classified as preferring the moist substrate based on 
their initial snout position even though they did not move at all 
during the study. An alternative definition for substrate choice, 
requiring that the salamander’s entire body cross the center line 
may have been more appropriate.

In several previous studies, MS-222 appeared to have mini-
mal effect on the health and survival of many amphibian species 
(Cecala et al. 2007; Peterman and Semlitsch 2006). A variety of 
measures have been used to assess amphibian recovery times 
after anesthesia, with one of the most conservative being the 
time to full recovery of motor function with animals showing no 
indication of sluggishness or disorientation (Cecala et al. 2007; 
Crook and Whiteman 2006). In this study, we investigated the 
behavior of salamanders that had recovered full motor function 
after anesthesia and found that these animals still appeared to 
behave differently from control individuals. Although we cannot 
distinguish the effects of anesthesia itself from the potential ef-
fects of stress or exhaustion due to partial submersion in the an-
esthetic solution, it is apparent that animals showing no visible 
signs of compromised function may still be incapable of behav-
ing normally upon release in the field.

Researchers may be required to anesthetize amphibians for 
a number of purposes, such as surgery, marking, or photogra-
phy (e.g., Chelgren et al. 2006; Kaiser and Green 2001; Osbourn 
et al. 2011; Peterman et al. 2008). This may lead to a trade-off 
between minimizing the time that animals are in captivity and 
ensuring that animals have adequate time to recover from anes-
thesia prior to release. Our study clearly indicates that research-
ers anesthetizing amphibians should account for the fact that 
some animals may not be capable of normal behavior even after 
they appear to be physically recovered from anesthesia. Due to 
the reduced level of movement and reduced ability of recently 
anesthetized salamanders to respond to substrate moisture, this 
study suggests that animals may face a temporarily heightened 
risk of predation and water loss if released too shortly after an-
esthesia. An important goal of future studies should be to more 
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precisely determine the amount of time required for released 
amphibians to be capable of resuming normal behavioral func-
tion following anesthesia. Due to the species-specific nature of 
physical recovery times (e.g., Cecala et al. 2007; Peterman and 
Semlitsch 2006), researchers should seek to identify the time-
frame for behavioral recovery in their own study species. Addi-
tional research should also investigate the relative influence of 
handling stress versus anesthetization on behavior (e.g., Kinkead 
et al. 2006). This could potentially demonstrate an advantage of 
using anesthetics that require less handling time and/or do not 
require immersion in an anesthetic solution (e.g., cutaneous ap-
plication of Orajel; Chen and Combs 1999).
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Within-pond Selection of Water depth for oviposition in 
Ambystoma maculatum

Animals tend to select habitats in an optimal fashion, thereby 
maximizing evolutionary fitness (Huey 1991; Morris et al. 2008). 
For pond-breeding salamanders selection of oviposition sites 
within breeding ponds can have important consequences for 
successful hatching and larval success (Petranka 1998). Many 
aspects of reproduction in Spotted Salamanders (Ambystoma 

maculatum) have been investigated (see review in Petranka 
1998) but few details regarding oviposition microhabitat selec-
tion are published. Females usually attach eggs to submerged 
twigs, tree branches, or aquatic plant stems (Egan and Paton 
2004; Petranka 1998) and occasionally deposit eggs on pond 
bottoms (Sexton et al. 1986). However, little is known regarding 
depth of egg mass attachment. Oviposition studies comparing 
the total water depth at which egg masses occur relative to ran-
dom locations in ponds indicate that most egg masses are de-
posited in shallower areas of ponds where warmer water acceler-
ates development (Dougherty et al. 2005; Egan and Paton 2004). 
However, little attention has focused on the actual distribution 
of egg masses with respect to depth from the water surface.
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Depth is hypothesized to be important for successful embry-
onic development for several reasons. Sufficiently submerged 
egg masses would remain protected from desiccation when 
water levels fluctuate or decrease over time (Marco and Blaus-
tein 1998). Pond-breeding salamanders in the temperate zone 
typically oviposit just after the spring thaw when water levels 
are highest. The outer gelatinous envelope of the egg mass is 
hydrophilic and affords protection from desiccation and preda-
tors (Petranka 1998; Ward and Sexton 1981). However, when egg 
masses are deposited or attached too deep development may be 
negatively affected because temperature, light penetration, and 
dissolved oxygen concentration decrease with increasing wa-
ter depth (Wetzel 2001). We examined the depth of Ambystoma 
maculatum oviposition sites in a single breeding season within 
a small permanent forest pond to determine if there was any 
evidence of depth selection. Because the tradeoffs to hatching 
success vary with depth, we expected that the egg mass distribu-
tion would be modal and reflect an optimal depth for embryonic 
development.

Methods.—The study location was a small (288 m2) perma-
nent pond in an upland portion of an eastern deciduous for-
ested reserve near the Ausable River in Bosanquet Township, of 
southwestern Ontario (43.11958°N, 81.79574°W). The pond was 
constructed in 1973 to provide water for fire protection for an 
adjacent pine plantation. Forest canopy covered about 11% of 
the pond surface and the perimeter (54 m) vegetation was com-
prised of tree (30%), shrub (21%), and grass/forbs (49%). The 
pond averaged a 31-degree slope towards the deepest part of 
the basin (3.3 m). Emergent vegetation covered 5% of the pond. 
The sloping edges of the pond contained an ample accumula-
tion of dead deciduous and coniferous twigs and branches that 
were used by spotted salamanders for egg attachment in each of 
the past 21 breeding seasons (pers. obs.). The pond lacked fish, 
but was inhabited by other potential predators including Green 
Frogs (Lithobates clamitans), Wood Frogs (L. sylvaticus), Eastern 
Newts (Notopthalmus viridescens), Snapping Turtles (Chelydra 
serpentina), Leeches (Macrobdella spp.), and Caddisflies (Order: 
Tricoptera) (pers. obs.).

We measured water depth from the surface to the top of each 
egg mass (to nearest 0.5 cm) using a wooden measuring stick 
within approximately one month after oviposition. Only mod-
est rainfall occurred since the thaw (Environment Canada 2011) 
and it likely countered evaporation as the pond water level ap-
peared relatively unchanged (pers. obs.). It is unlikely that we 
missed any egg masses due to the high water clarity when mea-
surements were taken. All egg masses also appeared intact, sug-
gesting that no major hatching or predation had occurred since 
oviposition. We assigned egg masses to one of twenty, 5-cm 
depth classes ranging from 0 to 100 cm. All egg masses in the 
pond were < 100 cm deep. We examined the pattern of oviposi-
tion using a G-test with William’s correction applied (Sokal and 
Rohlf 1995). To determine if depth selection occurred we com-
pared the observed frequency of egg masses to an expected fre-
quency based on available surface area in each depth class. The 
expected frequency was determined by multiplying the total 
number of egg masses observed by the proportion of total area 
in each depth class (to 100 cm deep). To calculate the propor-
tionate areas for each depth class we first determined the sur-
face area of the pond as length × width × a shape factor of 0.92 
(to account for the pond’s rounded corners). We then divided 
the maximum depth of the first depth class by the tangent of 
the mean slope angle (31 degrees) to determine class horizontal 

width. We next calculated the pond area beyond that depth class 
by subtracting twice the class width from the original pond di-
mensions and multiplying the remaining length × width × 0.92. 
Subtracting this remaining area from the area that included the 
depth zone of interest gave the area of that zone; we repeated 

fig. 1. Frequency distribution of Ambystoma maculatum egg masses 
with water depth from the surface shortly after oviposition in a 3.3-m 
deep pond in southwestern Ontario, Canada.

fig. 2. Cluster of Ambystoma maculatum egg masses in the study 
pond (A). Most masses were attached to stems and twigs (B). Green 
color imparted to egg jellies by symbiotic algae (Oophila amblysto-
matis).
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this process for each successive depth class. Calculating class 
area in this way accounted for basin shape with decreasing 
available area of depth classes in sequential bands from shore 
towards the pond center. Available area (0–100 cm deep = 103.6 
m2 total) decreased from 5.7 (proportion = 0.055) to 4.7 m2 (pro-
portion = 0.045) from the shallowest to deepest class yielding 
expected egg masses from 8.9 to 7.3 per class. We consider our 
available area estimates to be accurate as we carefully mapped 
pond perimeter and shape using a range finder and compass 
and determined average slope from multiple random measures 
along the pond perimeter.

We determined basic statistics and examined shape of the 
distribution using Lillefor’s test and central moment statistics 
(Systat 12). We subsequently visited the pond five times through 
the season to observe the egg masses and their condition. Al-
though we measured depth from the water surface to egg masses 
in just one season, we observed general oviposition patterns 
during 3–7 visits each year for 21 breeding seasons as part of a 
longer amphibian monitoring program (unpublished data). 

Results.—Mean oviposition depth was 37.9 ± 1.41 cm SEM 
(median 38.0 cm); range 3.0–95.0 cm, N = 162 (Fig. 1). Egg masses 
were not distributed as expected with depth class (G = 148.5, df 
= 19, P < 0.001). Greater use than expected occurred in the 25–29 
to 50–54 cm depth classes (Fig. 1). The distribution pattern was 
bell shaped (Fig.1), but differed significantly from an expected 
normal curve (Lillefor’s test D = 0.0996, P<0.001) with a right-
skew (g1 = 0.7492) and leptokurtosis (g2 = 1.6029). All masses 
were attached to twigs and stems within 2.0 m from the pond 
edge and most egg mass envelopes were clear and impregnated 
with symbiotic algae (Oophila amblystomatis) (Fig. 2). The small 
amount of emergent vegetation (Typha latifolia) was not used 
for egg attachment sites.

Discussion.—Oviposition sites in the pond were non-ran-
dom. Distribution of available debris for attachment was not 
measured but it was abundant, appeared relatively even dis-
persed, and it extended from the water’s surface further and 
deeper into the pond beyond the furthest occurring egg masses. 
Attachment sites thus appeared not to be limited. Our observa-
tions indicated that all egg masses occurred in shallower sec-
tions of the pond (< 2.0 m from edge, < 1.0 m deep) similar to the 
findings of others who examined pond depth where A. macula-
tum egg masses occurred. Egan and Paton (2004) found that egg 
masses were deposited in shallower water (mean 51.2 cm, range 
0–220 cm) compared to mean maximum pond depth (107 cm) 
in 79 ponds in Rhode Island. Similarly, Dougherty et al. (2005) 
found that egg masses occurred in water averaging 37 cm rela-
tive to depths at randomly selected locations averaging 46 cm in 
a single pond in Ohio.

We also found a strongly leptokurtic unimodal distribution 
pattern of egg mass depth suggesting that females preferentially 
oviposited at ca. 38 cm below the water surface (Fig. 1). We are 
aware of only two other studies that examined A. maculatum 
oviposition sites with respect to water depth from the surface. 
Brodman (1995) found that females laid egg masses non-ran-
domly in large clusters on submerged logs and emergent vegeta-
tion ca. 10–25 cm deep in an Ohio pond with 1.0 m maximum 
depth. He concluded that the success of hatching at this depth 
was attributable to warmer temperatures and presence of sym-
biotic algae relative to deeper waters. In North Carolina, 26% of 
513 A. maculatum egg masses were <10 cm from the water sur-
face and the remainder were at greater depth (Petranka, unpubl. 
data, reported in Starnes et al. 2000). 

Six possibly adaptive reasons for the oviposition depth pat-
tern we observed are oxygen levels, spring freezing events, water 
level fluctuations, sufficient light for symbiotic algae, protection 
from the harmful effects of UV-B, and predation by invertebrate 
and vertebrate predators (other amphibians and reptiles). At-
tachment of egg masses in midwater likely functions to prevent 
eggs from slipping to pond bottoms where oxygen levels are low 
(Duellman and Trueb 1986). We found DO

2
 was 8.4 ppm in both 

spring and summer at 10 cm depth but did not measure con-
centrations across the complete depth profile. Eggs that are de-
posited in shallow depths may also be subjected to occasional 
mortality from freezing (Ireland 1989; Wells 2007). Return of ice 
with cold weather after initial thawing occurs occasionally in this 
region. During one year we observed several dead adults appar-
ently frozen while exiting the pond. Water level tends to drop by 
mid-summer in this pond each year by 0–75cm (average fluctua-
tion 25.3 ± 4.7 cm, N = 21 y). Considering that A. maculatum eggs 
hatch within 20–60 d (Harding 1997, June–July in this pond, pers. 
obs.) the mean depth we observed of 38 cm would leave most 
egg masses submerged and protected from desiccation during 
the low water levels of most summers (79.6% of masses > 25.3 
cm deep). Virtually all egg jellies we observed were transparent 
(a few were white) and impregnated with symbiotic unicellular 
algae (Oophila amblystomatis). The oviposition depths we ob-
served also place egg masses at a level where temperature would 
be warm and optimal light levels occur for development, algal 
growth, and protection from UV-B. Ultraviolet light can harm 
salamanders but most UV-B attenuates within 10–20 cm from 
the surface in natural waterbodies (see references in Crump et 
al. 1999). However, A. maculatum embryos are not particularly 
sensitive to elevated levels of UV-B and are thought to be at low 
risk in natural situations (Crump et al. 1999; Starnes et al. 2000).

 The thick, firm egg jellies of A. maculatum are considered to 
provide protection from predators (Ward and Sexton 1981) and 
desiccation (Petranka 1998). We observed adult Red-spotted 
Newts (Notopthalmus v. viridescens), large overwintered Green 
Frog tadpoles (Lithobates clamitans melanota), and leeches 
(Macrobdella spp.) preying upon egg masses, but losses appeared 
minimal. High densities of newts may be capable of eliminating 
virtually all Ambystomata eggs in small ponds (Wells 2007) and 
L. sylvaticus tadpoles are capable of inflicting high levels of mor-
tality on Ambystoma eggs (Petranka 1998). Our observations sug-
gested that N. viridescens and L. syvaticus densities were moder-
ate and low, respectively, in this pond in most years (3–7 visits/y, 
N = 21 y). Large Caddisfly larvae can feed on A. maculatum eggs 
(Rowe et al. 1994; Stout et al. 1992) and occur in the pond, but 
have not been observed feeding on eggs (pers. obs.). Another 
potential predator is the Snapping Turtle (Chelydra serpentina) 
which has been noted to feed on frog eggs (Steyermark et al. 2008) 
and A. maculatum (life stages other than eggs) (Ernst and Lovich 
2009). A large Snapping Turtle resides in the pond but we have not 
observed it feeding on salamander eggs. Although our detailed 
study of oviposition depth selection involved only one pond and 
one season, our results and observations monitoring this pond 
for 21 years suggest that female A. maculatum choose oviposi-
tion sites that would provide optimal conditions for embryonic 
development in most years. Our observations of the distribution 
of egg masses supports the anoxia, desiccation, freezing, symbi-
otic algal, and predation hypotheses. Further research examining 
the processes and mechanisms of factors affecting developmen-
tal success is warranted.
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estimates of tag loss for loggerhead Sea turtles  
(Caretta caretta) in the Western north Atlantic

Capture-mark-recapture (CMR) research can provide valu-
able information on the survival rates, movements, population 
sizes and trends, growth rates, demographics, and other life-
history parameters of wildlife populations (Williams et al. 2002). 
However, in order for CMR research to be accurate in the esti-
mation of these parameters, a reliable method needs to be used 
to mark animals. Nevertheless, tag or mark loss occurs since no 
marking system is infallible. This loss, if not accounted for, can 
bias estimation of population parameters and abundance (Ar-
nason and Mills 1981; Cowen and Schwarz 2006; Frazer 1983; 
McDonald et al. 2003).

The inability to recognize a mark (hereafter referred to as 
tag loss) generally has been measured using simple models that 
evaluate tag retention by monitoring groups of double-tagged 
animals and quantifying those that were recovered with one and 
two tags (Seber 1982). However, the assumption that the two tags 
have an independent rate of loss was not found to be true for 
sea otters (Siniff and Ralls 1991), black bears (Diefenbach and Alt 
1998), fur seals (Bradshaw et al. 2000), leatherback sea turtles (Ri-
valan et al. 2005), or elephant seals (McMahon and White 2009). 

Furthermore, Seber’s (1982) model only calculates discrete rates of 
tag loss that might not be accurately extrapolated to the end of the 
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CMR study. Therefore, new methods were developed to address 
some of these limitations (Diefenbach and Alt 1998; Pistorius 
et al. 2000; Rivalan et al 2005; Schwartz et al. 2012). One of the 
models, described in Rivalan et al. (2005), takes an integrative 
approach that provides an estimate of tag loss rate while allow-
ing for several tag shedding possibilities.

Loggerhead Sea Turtles (Caretta caretta) are long-lived, slow-
growing animals that spend portions of each life stage in various 
oceanic and coastal environments (Meylan and Ehrenfeld 2000). 
In addition, they are vulnerable to many sources of mortality, most 
notably incidental capture in commercial fisheries (Lewison et al. 
2004). Consequently, there is an urgent need to assess and pro-
tect their populations from extirpation (National Research Coun-
cil 2010). Many turtles have been tagged in long-term, in-water 
studies so that aspects of their cryptic life history can be revealed 
(see Chaloupka and Musick 1996 for a review). Identification of 
individual sea turtles is generally accomplished through the use 
of metal or plastic flipper tags and Passive Integrated Transpon-
der (PIT) tags (Balazs 1999). Efforts to develop photo identifica-
tion techniques for turtle identification are also becoming more 
common (Lloyd et al. 2012; McDonald and Dutton 1996; Reisser 
et al. 2008; Schofield et al. 2008) Previous studies have attributed 
tag loss in sea turtles to a variety of reasons including turtle spe-
cies, size of turtle, position of tag, tag material, poor application of 
the tag, or environment of the turtle (Alvarado 1993; Balazs 1982; 
Bjorndal et al. 1996; Henwood 1986; Limpus 1992; Parmenter 
1993; Reisser et al. 2008; van Dam and Diez 1999). 

The first objective of our study was to determine the tag loss 
rate of Loggerhead Sea Turtles in Pamlico and Core Sounds, 
North Carolina, USA. We have been double-tagging sea turtles 
with Inconel metal tags since 1989 and additionally tagging with 
PIT tags since 1995. We estimated tag loss using the maximum 
likelihood method in Rivalan et al. (2005), which makes two as-
sumptions: 1) PIT tag loss is negligible and 2) the probability 
of a turtle not being observed again is the same for individuals 
tagged initially with or without a PIT tag. The second objective 
of our study was to determine the ramifications of the two as-
sumptions and to explore if they were valid assumptions for our 
data set.

Materials and Methods.—We handled Loggerhead Sea Tur-
tles incidentally captured in pound nets, long haul seines, and 
trawlers in Core and Pamlico Sounds, North Carolina, from 
June through December, 1989 to 2010 (Fig. 1). Core and Pam-
lico Sounds are a part of the Pamlico-Albemarle estuarine com-
plex, the largest estuarine system (6630 km2) in the southeastern 
United States. This system, which is bounded on the east side by 
the Outer Banks barrier islands, consists of lagoonal-type eco-
systems that are shallow (the mean depth of Pamlico Sound is 
4.5 m; Core Sound is 1.2 m), and productive (Copeland and Gray 
1991; Roelofs and Bumpus 1953). 

We recorded standard straight-line carapace length (SCL, 
notch to tip) to the nearest 0.1 cm. We applied Inconel metal al-
loy size 681 self-piercing tags (National Brand and Tag Company, 
Newport, Kentucky, USA) with approximately half the length of 
the tag to the trailing edge of both rear flippers, just anterior to 
the first large scale (Balazs 1999). We chose the rear instead of 
front flippers as we found some turtles were becoming entan-
gled in the mesh of pound nets when the tag was on either front 
flipper (NMFS, unpubl. data). Beginning in 1995, we additionally 
injected unencrypted PIT tags (Destron-Fearing Corp., South St. 
Paul, Minnesota, USA, 125 kHz) subcutaneously approximately 
1 cm anterior to the second most proximal scale of the trailing 

fig. 1. Loggerhead Sea Turtles (Caretta caretta) were captured in fish-
ing gear set in Core and Pamlico Sounds, North Carolina, United 
States. Inset shows position of main figure within the east coast of 
the USA.

fig. 2. Daily tag loss rate estimated for Data Set 1 (all individuals that 
received a PIT tag) using model A, the best fit model, which had a 
constant tag loss rate over time (upper panel). Daily tag loss rate es-
timated for Data Set 2 (only those individuals that received a PIT tag 
during initial capture; lower panel). The best fit model for DS2 was 
Model D with p ≠ p*, which resulted in model A for Inconel tag one 
and model D for Inconel tag two. 
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margin of the left or right front flipper, or in the triceps super-
ficialis muscle of the left front flipper; thus, all turtles were tri-
ple tagged beginning in 1995. We initially scanned all turtles to 
determine if they already had a PIT tag; if none was found, we 
scanned each PIT tag both before and after insertion to ensure 
it was functioning. After tagging, we released turtles in the vicin-
ity of their capture locations. When a turtle was recaptured, we 
recorded all tags still detectable on the turtle. Only three of the 
recaptured turtles were recovered by researchers outside of our 
group who did not scan for a PIT tag, thus having a negligible 
effect on our results.

To determine daily tag loss rate, we used the integrative model 
of tag loss developed by Rivalan et al. (2005). We converted turtle 
capture histories so that the data provided time intervals (in days) 
for the following tag loss categories: N

22
 is the number of days that 

the recaptured turtle had retained both Inconel tags; N
21

 is the 
number of days during which the recaptured turtle had lost one 
of its Inconel tags; N

20 
the number of days during which the re-

captured turtle had lost both Inconel tags (and only the PIT tag 
remained for identification); N

11 
is the number of days during 

which the recaptured turtle that had lost one of its Inconel tags 
was released with one tag and was recaptured still retaining that 
one Inconel; and N

10
 is the number of days during which the re-

captured turtle that had lost one of its Inconel tags was released 
with one tag and was recaptured without any Inconel tags (and 
only the PIT tag remained for identification). For example, if a 
turtle was recaptured three times (first event with two tags, sec-
ond event with one tag, and third event with one tag), then one 
would calculate the time intervals for N

22
,
 
N

21
, and N

11.

The maximum likelihood method described by Rivalan et al. 
(2005) makes two assumptions: 1) that PIT tag loss is negligible 
and 2) that those individuals tagged initially without a PIT tag 
have the same probability of not being observed again as those 
individuals who initially received a PIT tag. We addressed the first 
assumption by calculating the percentage of recaptured turtles 
whose PIT tags were no longer detectable. We addressed the sec-
ond assumption two different ways. First, we separated turtles 
into two different groups: turtles that were triple-tagged (2 Inco-
nels and 1 PIT) and turtles that were double-tagged (2 Inconels). 
We compared the percent of triple-tagged turtles that were never 
recaptured to that of double-tagged turtles that were never recap-
tured to test the assumption that tag loss rate was the same for 
individuals in both groups. Confidence intervals for each of the 
proportions were calculated using Wilson’s (1927) confidence in-
terval and the confidence intervals were compared to see if they 
overlapped. Second, we created two data sets to see if the shape 
and magnitude of tag loss over time was the same when analyz-
ing the data using the methods of Rivalan et al. (2005). The first 
data set (DS1) included all tagged individuals in the study who 
received a PIT tag at some point (N = 2811). The second data set 
(DS2) included only those individuals that received a PIT tag on 
their first capture event (N = 2606); thus, DS2 is a subset of DS1. 
By analyzing both data sets separately, we were able to determine 
if tag loss rate was affected by including those individuals that 
were not PIT-tagged during their initial capture event.

Each data set was then used to find daily tag loss rate, using 
maximum log-likelihood to find parameter values for:

p(t) =                     +min
t       

where     min
t 
=

1+e(a0(a1–t))

1–min
t

1+e(a2(a3–t))

a
4

where p is the probability of tag loss; t is time; and a
0
, a

1
, a

2
, a

3
, and 

a
4
 were model parameters with standard errors being estimated 

with the delta method (Rivalan et al. 2005). We used the software 
application TAG LOSS, Version 3.2.3 (Girondot 2011).

We modeled six different tag loss patterns, which can be 
found in Fig. 1 of Rivalan et al. (2005): 

Model A, a constant daily tag loss rate; 
Model B, a linearly decreasing tag loss rate; 
Model C, a high tag loss rate that decreased over time to as-

ymptote near zero; 
Model D, a high tag loss rate that decreased over time to an 

asymptote above zero; 
Model E, a high tag loss rate that gradually decreased over 

time, although not as a smooth function; and 
Model F, an initially decreasing tag loss rate, which began in-

creasing after a certain period of time. 
Each model was fit for each data set assuming 1) probability 

of tag loss was equal for both tags (p = p*) and 2) probability of 
tag loss was different for both tags (p ≠ p*). Tag loss rates were es-
timated for Inconel tags, not PIT tags, and the probability of tag 
loss for the second tag was a conditional probability. We selected 
the best model based on the lowest Akaike’s Information Criteria 
(AIC; Akaike 1974) values.

Results.—From 1990 to 2010, we tagged 2811 loggerheads and 
recaptured 585 identifiable turtles, ranging from 44.1 to 102.5 cm 
SCL (mean ± SE, 64.7 ± 0.3) at initial capture. Recapture inter-
vals ranged from 1 to 4725 days (mean ± SE, 507.1 ± 29.5). We 
triple-tagged (2 Inconel and 1 PIT tag) 2606 loggerhead turtles, 
of which 2021 or 78% (95% CI: 0.76–0.79) never were recaptured. 
We double-tagged (2 Inconel tags) 205 loggerheads which were 
PIT-tagged during subsequent recaptures, and of those turtles, 
172 or 84% (95% CI: 0.78–0.88) were never recaptured. Based on 
our data, we were not able to detect the PIT tag for 44 of the 557 
recaptures that were scanned for a PIT tag, resulting in a 0.079 
failed detection rate over the duration of the 15 years that we 
were tagging with PIT tags. 

For DS1, daily tag loss rate for p = p* was estimated at 0.00037 
using model A (Table 1; Fig. 2; AIC = 788.29). Daily tag loss rate 
for p ≠ p* was estimated at 0.00033 for tag one and 0.00060 for tag 
two using model A (Table 1; Fig. 2; AIC = 391.15). Daily tag loss 
rate for p = p* using model C was a decreasing function through 
time starting at a high of 0.00050 on day one and decreasing as 
time continued (Table 1; Fig. 2b; AIC = 788.81). Daily tag loss rate 
for p ≠ p* using model C was a decreasing function through time 
starting at a high of 0.00044 for tag one and 0.00143 for tag two 
on day one and decreasing as time continued (Table 1; Fig. 2; 
AIC = 777.15). When fitting models B, D, E, and F, the parameter 
estimates all reduced to model A as the best fit to the data. 

For DS2, daily tag loss rate for p = p* was estimated at 0.00040 
using model A (Table 1; Fig. 3; AIC = 770.67). Daily tag loss rate 
for p ≠ p* was estimated at 0.00037 for tag one and 0.00058 for tag 
two using model A (Table 1; Fig. 3; AIC = 767.40). Daily tag loss 
rate for p = p* using model C was a decreasing function through 
time starting at a high of 0.00058 on day one and decreasing as 
time continued (Table 1; Fig. 3; AIC = 774.03). Daily tag loss rate 
for p ≠ p* using model C was a decreasing function through time 
starting at a high of 0.00052 for tag one and 0.00122 for tag two 
on day one and decreasing as time continued (Table 1; Fig. 3; 
AIC = 767.90). Model D did not reduce to model A as in the other 
data set. Daily tag loss rate for p = p* started at a high of 0.0018 on 
day one and decreased to an asymptote of 0.00034 using model 
D (Table 1; Fig. 4; AIC = 757.57). Daily tag loss rate for p ≠ p* re-
duced to a constant loss rate (model A) for tag one and remained 
a decreasing function with an asymptote for tag two (model D). 
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For tag one, the tag loss rate was a constant 0.00037, while for tag 
two, the tag loss rate started at a high of 0.0367 and declined to 
an asymptote of 0.00044. Model D with p ≠ p* (which resulted in 
model A for tag one and model D for tag two) had an AIC value 
of 755.26. Finally, when fitting models B, E, and F, the parameter 
estimates all reduced to model A as the best fit to the data. 

Discussion.—Careful consideration of assumptions should 
always be used when analyzing data. For Loggerhead Sea Turtles 
in North Carolina, Inconel tag loss rate estimates were differ-
ent when including all individuals that were PIT-tagged in the 
study (DS1) than when restricting the analysis to only those that 
received a PIT tag during their initial capture event (DS2). Al-
though daily tag loss rates were similar for both data sets, the 
first year for DS2 showed the greatest tag loss rate for the sec-
ond tag, which could have an effect on tag retention rates over 
time. The estimation of tag loss using DS2 demonstrated that 
the probability of not being observed again was not the same for 
turtles that initially received a PIT tag as compared to those that 
were PIT-tagged later; therefore, the second assumption made 
in Rivalan et al. (2005) should be considered for other datasets 
that have not PIT-tagged individuals during the entire duration 
of their study. Additionally, a portion of turtles from DS1 could 
have shed their Inconel tags prior to being PIT-tagged, and thus 
their tag loss would not be noted, as they would not have been 
recognized as recaptures. We also found that the first assump-
tion of the method was not met as PIT tag detection failure dur-
ing the 15 years we used these tags was 7.9%, which was not 
negligible. How PIT tag loss affects the model outcomes is un-
known at this point, but could be addressed by constructing a 
model with three different tags that can be lost at different rates. 
Based on these findings, we suggest that those marking turtles 
for mark-recapture use more than one type of tag. Furthermore, 

our decision to only include turtles that received a PIT tag during 
their initial capture event did lead to different tag loss rates over 
time. Thus, careful consideration of input data into the model 
should be used.

A constant tag loss rate, such as that found for Inconel tag one 
in DS2, could be an indication of well-applied tags, the effect of 
tag location, or the interval of recapture. We calculated a tag loss 
rate of 13% after one year for the first tag using model A with p ≠ 
p* for individuals tagged in the rear flipper. In contrast, Gorham 
et al. (1997) calculated a tag loss rate of >50% after 440 days for 
loggerhead turtles tagged in the front flippers. Thus, tagging rear 
flippers might result in an increase in tag retention compared 
to tagging front flippers. However, a constant tag loss rate also 
could be a reflection of the long recapture intervals (2–4 years) 
that we recorded with some individuals. Because of a lack of data 
on recaptures during the time immediately following marking of 
these individuals, the model has little information to determine 
the shape of the tag loss rate function during the time interval 
immediately following marking. Thus, the model falls back to the 
simplest explanation, which is a constant tag loss rate over the 
entire time interval. 

In our study, the daily loss rate for tag two given that tag 
one had been lost was a decreasing function that went to an as-
ymptote of 0.00044. Rivalan et al. (2005) also found tag loss rate 
for Leatherback Sea Turtles, Dermochelys coriacea, in French 
Guiana, to be very high initially, followed by a rapidly decreas-
ing probability of tag loss soon after application. However, they 
found this initial high tag loss rate for tag one while we found 
it to be true for tag two. They tagged the rear flippers with Mo-
nel tags and attributed tag loss over a short time scale to tagging 
failure caused either by human or mechanical error. Likewise, 
the loss of the second tag in our study could have been a result 

tABle 1. Model parameter estimates (standard error) for the models that converged for each data set and the associated AIC values. Data sets 
are DS1, which includes all turtles marked during this study, and DS2, which includes only turtles that received a PIT tag during the initial 
capture event. If p ≠ p*, then the parameter estimates (standard errors) are listed as the parameter estimates for the first tag followed by the 
parameter estimates for the second tag. Parameters with dashes below them were not estimated for that specific formulation of the model.

Data set Model AIC a
0
 a

1
 a

4

DS1 A; p ≠ p* 391.15 ⎯— — 6.59 x 10−4 (5.7 x 10−5)
     1.19 x 10−3 (2.1 x 10−4)

DS1 C; p ≠ p* 777.15 −6.1 x 10−4 (6.57 x 10−6) −1.1 x 10−3 (2.6 x 10−5) — 
   −12531.3 (138.12)  −5943.0 (156.70) ⎯
⎯
DS1 A; p = p* 788.29 ⎯— — 7.36 x 10−4 (5.6 x 10−5)

DS1 C; p = p* 788.81 −6.08 x 10−4 (5.76 x 10−6) −12479.9 (122.68) — ⎯

DS2 D; p ≠ p* 755.26 — — 7.5 x 10−4 (6.3 x 10−5) 
   −2.87 x 10−2 (2.9 x 10−3) ⎯−114.1 (16.46) 8.7 x 10−4 (1.8 x 10−4)

DS2 D; p = p* 757.57 −3.89 x 10−2 (1.5 x 10−3) −167.7 (7.39) 6.8 x 10−4 (5.8 x 10−5)

DS2 A; p ≠ p* 767.40 ⎯— — 7.4 x 10−4 (6.3 x 10−5)
   — — 1.17 x 10−3 (1.9 x 10−4)

DS2 C; p ≠ p* 767.90 −7.3 x 10−4 (7.1 x 10−6) −10284.8 (113.5) —
   −9.8 x 10−4 (2.2 x 10−5) −6845.6 (170.6) ⎯
⎯
DS2 A; p = p* 770.67 ⎯— —⎯ 8.08 x 10−4 (6.0 x 10−5)

DS2 C; p = p* 774.03 −6.96 x 10−4 (6.5 x 10−6) −10720.14 (104.82) — ⎯
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of incorrect application of the tag or failure of the tag to lock 
properly. Over the course of our 21-year study, several different 
trained technicians applied tags, which may be responsible for 
some tagging failure.

Similar to Rivalan et al. (2005), we also found that the rate of 
losing the second tag was significantly higher given the loss of 
the first tag. Tissue necrosis could have increased tag loss depen-
dency since individuals susceptible to tissue necrosis are likely 
to lose both tags (Rivalan et al. 2005). However, tissue necrosis 
may be more of a problem with leatherback turtles than with log-
gerhead turtles, as we did not encounter any loggerheads with 
tissue necrosis on our study site. Rather, a possible explanation 
for the tag loss dependency in North Carolina loggerhead turtles 
may be attributed to tagging failure as a result of human error, 
i.e., improper application of the tag. In other words, if the first tag 
was not applied correctly (either through improper technique or 
mechanical failure of either the tag or tag applicator), there was 
an increased chance that the second tag also would not be ap-
plied correctly, resulting in the second tag being lost as well. 

Tag loss in sea turtles varies, depending upon turtle species, 
size of turtle, position of tag, tag material, environment of the tur-
tle, and the experience of taggers (see Balazs 1982 for a summa-
ry). For example, van Dam and Diez (1999) reported an Inconel 
tag loss rate of 18% after 3 years for front-flipper-tagged Hawks-
bill Sea Turtles (Eretmochelys imbricata), much less than our cal-
culated rate of 39% after 3 years, indicating that hawksbill turtles 
might have an overall higher tag retention rate for Inconel tags 
in their front flippers than loggerhead turtles tagged in their rear 
flippers. However, their large sub-adults and adults (>60 cm) were 
tagged with just external tags (no PIT tags), so the possible in-
ability to identify recaptures due to the loss of external tags might 
have influenced their overall estimation of tag retention rates. 

Although PIT tags have been described as being 
“permanent”(Gibbons and Andrews 2004), several sea turtle tag-
ging studies, including this one, have reported a failure to detect 
these tags. Failure to detect PIT tags can be attributed to a variety 
of factors: tags can be expelled from the body or migrate inter-
nally, the PIT tag scanner or reader can fail to detect a tag that 
is present, or the tag itself can fail (Wyneken et al. 2010). Par-
menter (1993) found an 8% failure rate of PIT tags in Flatback 
Turtles (Natator depressus) after two years, while van Dam and 
Diez (1999) saw up to 15% failure in their ability to detect PIT 
tags in hawksbill turtles after a five-year period. We failed to de-
tect approximately 8% of the PIT tags in loggerheads over the 
course of the 15 years we used PIT tags. Despite this failure rate, 
there are many advantages to using PIT tags to mark sea turtles. 
Because the tags are internal, tag loss through abrasion is low to 
non-existent. In addition, they have very little negative impact 
on the turtle, including entanglement in fishing gear, provided 
the animal is of a sufficient size to receive the tag. Finally, al-
though our failure rate to detect PIT tags was not negligible, it 
was substantially less than the tag loss rate of Inconel tags, which 
was about 13% each year.

To increase our tag retention rates, we followed the advice 
of previous researchers by applying more than one tag to each 
turtle, using two Inconel tags and a “permanent” PIT tag. Triple-
tagging turtles in this way allowed for greater identification of 
recaptures and enabled us to take advantage of the benefits of 
using both methods of tagging. For example, metal, external tags 
such as Inconel tags do not require a special reader to view the 
tag. Additionally, the cost (US $70 for 100 tags) is substantially less 
than that of PIT tags (US $6–8 per tag). On the other hand, despite 

their higher costs and need for a reader, PIT tags are essentially 
permanent marks as they can potentially last for the lifetime of 
the animal. Therefore, we likewise recommend using PIT tags in 
conjunction with one or more external tags (such as Inconel) to 
maximize the probability of identifying a recaptured turtle.

Loggerhead Sea Turtles are a slow-growing, late-maturing 
species that conduct wide-ranging migrations, life-history traits 
that make them especially susceptible to overexploitation (Na-
tional Research Council 2010). Successful management of these 
vulnerable populations requires an accurate accounting of their 
absolute abundance to properly evaluate potential impacts of 
management decisions (National Research Council 2010). Esti-
mation of tag loss rates will help to correct for potential biases 
in models used to estimate population abundance and survival 
over time. This allows for increased accuracy of abundance and 
survival estimates used in population modeling and for manage-
ment of sea turtle populations. 
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A case of communal egg laying in a population of  
Cercosaura ampuedai (Squamata: Gymnophthalmidae)  
in the colombian Andes
 Neotropical squamates display a diversity of reproductive 
strategies, which plays a key role in the evolution of their life his-
tories (Shine 2005). Communal nesting is a widespread repro-
ductive behavior among reptiles (Doody et al. 2009; Graves and 
Duvall 1995). An important aspect of this behavior is the selec-
tion of nesting sites with optimal environmental conditions by 
females to guarantee reproductive success (Blouin-Demers et 
al. 2004; Brown and Shine 2005; Iraeta et al. 2007; Montgomery 
et al. 2011). Female nest-site choice is considered an important 

form of parental care in most squamates, which leave their eggs 
unprotected soon after oviposition (Blouin-Demers et al. 2004). 
Thus, elucidating the factors directing this behavior in any rep-
tile species is fundamental to understanding its reproductive bi-
ology (Iraeta et al. 2007).
 Reptile egg aggregation occurs when “animals deposit their 
eggs or young along with those of conspecifics” (Doody et al. 
2009). Traditionally, this reproductive behavior has been related 
to limited availability of optimal incubation nest-sites and/or 
adaptive responses, such as increased fitness by egg aggregation 
(Braz et al. 2008; Montgomery et al. 2011; Radder and Shine 2007). 
However, testing these non-exclusive (constraints and adapta-
tionist) hypotheses represents a major challenge for evolutionary 
biologists (Radder and Shine 2007). Among squamates, available 
information about communal nesting behavior is biased toward 
best-studied and conspicuous species (e.g., gekkonids, scincids, 
polychrotids, iguanids), whereas information about fossorial 
and semi-fossorial lizards (e.g., gymnophthalmids) is very scarce 
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because their eggs are difficult to find in the wild (Doody et al. 
2009).
 The family Gymnophthalmidae contains 213 species of rela-
tively small to medium-sized lizards, with a great ecological and 
morphological diversity (Donnelly et al. 2006; Pellegrino et al. 
2001). Nevertheless, little is known about reproductive charac-
teristics of most species in this family, including social reproduc-
tive behaviors such as communal nesting. The genus Cercosaura 
contains 15 species, of which six are distributed in the Colom-
bian Andes, Magdalena River Valley, and Amazonian lowlands 
(Hernández-Ruz 2005; Hernández-Ruz and Bernal-González 
2011; Uetz et al. 2011). Cercosaura ampuedai inhabits the up-
lands at the eastern slope of the Cordillera Oriental of the An-
des mountains, in the Departments of Boyacá, Cundinamarca, 
and Norte de Santander in Colombia, and in the state of Táchira 
in Venezuela (Hernández-Ruz 2005; La Marca and García-Pérez 
1990; Sánchez et al. 1995). To date, the reproductive behavior 

and other natural history traits of this species remain poorly 
known (Hernández-Ruz 2005).
 Herein, we describe four communal nests and a communal 
nestsite used by females of C. ampuedai and some ecological 
and reproductive features of this population. Additionally, we 
compare our observations with those reported for other lizards 
and discuss the possible causes of this behavior.
 Materials and Methods.—A communal egg-laying site of Cer-
cosaura ampuedai was found on July 2011 in a farm located at 
Vereda Santa Isabel, municipality of Toledo, Norte de Santander 
Department, Colombia (7.28341°N, 72.36866°W, 2580 m elev.), at 
the eastern flank of the Cordillera Oriental of the Colombian An-
des. The farm has nearly 200 ha dedicated almost exclusively to 
livestock activities, but around 1 ha is planted with approximate-
ly 2000 rustic coffee trees shaded with Musa sp. trees. Historical-
ly, this zone has an extended rainy season (April to November), 
with a mean annual precipitation of 1255 mm.

fig. 1. Communal nest of Cercosaura ampuedai found at the Vereda Santa Isabel, municipality of Toledo, Norte de Santander Department, 
Colombia. A) Study area showing the transition between forest and pasture area. B) Decomposing tree trunk in the coffee plantation. C) The 
photograph shows an aggregate of eggs; the arrangement of eggs in pairs is not clear due to the removal of soil. D) Embryo (36-D&H stage) of 
C. ampuedai. E) Adult of C. ampuedai found inside the egg-laying site. F) Eggs of C. ampuedai arranged in pairs.
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 We removed 26 eggs from the egg-laying site and put them 
into plastic dishes with soil from the collection site. We trans-
ported the eggs to the Laboratorio de Biología Reproductiva de 
Vertebrados at the Universidad Industrial de Santander (Bucara-
manga, Colombia). We dissected ten randomly selected eggs, 
and raised the remaining (16) eggs in plastic dishes covered with 
1 to 2 cm of moistened soil and incubated them at 18°C during 
ten days. At this time, we dissected ten other randomly selected 
eggs and incubated the surviving (6) eggs until hatching.
 We measured egg mass with a precision (± 0.001 g) electronic 
balance (Precisa, Switzerland) the longest and shortest diam-
eters with Vernier calipers (± 0.02 mm; Anyi Instruments Co., 
China), and estimated egg volume with the water displacement 
method (Magnusson et al. 2003). We fixed all embryos in 10% 
buffered formalin, preserved in 70% ethanol and staged accord-
ing to the table of Dufaure and Hubert (1961) for Zootoca (Lac-
erta) vivipara (D-H stages). We deposited embryos and neonates 
in the Herpetological Collection of the Natural History Museum 
of the biology school at Universidad Industrial de Santander and 
coded as UIS-R (2551 to 73).
 Results.—We found the eggs on a dry day in the rainy season 
by visual encounter surveys, during a field trip through the or-
ganic coffee shade plantation. The communal nesting site was 
a small area (~2 m2) close to a decomposing tree trunk on the 
edge of the coffee plantation near a pasture, which is adjacent to 
a fragment of an Andean cloud forest (Fig. 1A, B). The egg-laying 
site was characterized by shaded humified soil, rich in decaying 
organic matter and vegetal detritus, such as leaf-litter from cof-
fee, shade trees, and rotten wood.
 Eggs were distributed in four communal nests (two inactive 
and two active), next to each other. The two inactive nests con-
tained 32 and 37 eggshells that apparently successfully hatched 
based on the observation of a slit that occurs during the eclo-
sion of neonates (Fig. 1C). The presence of newly empty shells 
suggests the nests were recently active. The two active nests con-
tained 31 and 33 eggs at several stages of development from 33 
to 44 D&H stage, and neonates (Fig. 1D). Six eggs hatched dur-
ing the time of the discovery of the nests. In all cases, eggs were 
grouped in pairs between 10–20 cm deep, together with one 
adult, two juveniles, and four neonates (Fig. 1E). The arrange-
ment of eggs in pairs indicates a fixed clutch size of two eggs per 
female; the embryos within each pair of eggs were always at the 
same development stage (Fig. 1F). The eggs had a mean length 
of 14.34 mm (± SD 1.42, N = 26), mean width of 9.67 mm (± SD 
0.98, N = 26) and a mean volume of 723.45 mm3 (± SD 147.48, N 
= 26). We also found a positive and significant relationship be-
tween egg volume and development stage (R = 0.86, p < 0.001, 
d.f. = 20). Neonates had a SVL of 22.5 mm (± SD 0.43, N = 8) and 
a mean weight of 0.26 g (± SD 0.02, N = 8). The only evidence of 
predation inside the communal nesting site was the presence of 
a coral snake, Micrurus mipartitus, a potential predator of adults 
and juveniles.
 Discussion.—A communal nest may be the result of oviposi-
tion by several females in a selected site, the oviposition of mul-
tiple clutches by a single female, or a combination of both (Bock 
1996; Montgomery et al. 2011). The presence of juveniles and 
neonates near the site of oviposition and the presence of several 
clutches with embryos in the same stage of development suggest 
that the communal egg laying of C. ampuedai reported here is 
the product of oviposition by multiple females in a selected site, 
without excluding the possibility that females may return sever-
al times to lay eggs. Additionally, the presence of eggshells, plus 

eggs and individuals in several development stages indicates this 
egg-laying site may have been used for an extended period of 
time.
 We found eggs in pairs, at the same stage of embryonic de-
velopment, indicating that clutch size in this species consists of 
two eggs. Hernández-Ruz (2005) found two clutches, each with 
two eggs, and recorded the presence of two oviductal eggs (one 
per oviduct) in this species. Thus, C. ampuedai apparently has 
an invariant clutch size, which is characteristic of the family and 
has been considered to be genetically determined (Fitch 1970; 
Sherbrooke 1975; Vitt 1982).
 Communal egg laying has been reported in about 14 gymn-
ophthalmid species belonging to different genera (see Doody et 
al. 2009 supplementary material; Doan and Castoe 2003; Lepo-
soma rugiceps, Hernández-Jaimes, pers. comm.; Cercosaura ver-
tebralis, Meza-Joya, pers. comm.). However, this number may 
underestimate the incidence of this behavior within the family, 
given that eggs are difficult to find because of the semi-fossorial 
lifestyle of most species. Hernández-Ruz (2005) suggested the 
presence of communal egg laying in a population of C. ampu-
edai, which is confirmed by our observations.
 Several benefits, including an increased rate of hatchling 
survival, metabolic heating, and saturation of nesting sites to 
reduce predation, may be associated with communal nesting in 
lizards (Ewert and Nelson 2003; Graves and Duvall 1995; Mont-
gomery et al. 2011). Communal nests may occur where suitable 
sites for egg deposition are scarce, and thus females are attracted 
to places where the hydric, thermal, and soil characteristics are 
more appropriate (Graves and Duvall 1995; Espinoza and Lobo 
1996). Also, females may select sites used by conspecifics based 
on the presence of empty eggshells, even in the presence of po-
tential predators (Brown and Shine 2005; Espinoza and Lobo 
1996; Plummer 1981), similar to our observations.
 Despite the benefits of communal oviposition, the repeated 
use of the same egg-laying site by one or more females during a 
long period of time may increase the probability that predators 
discover the eggs (Doody et al. 2009; Montgomery et al. 2011). In-
terestingly, we found a coral snake next to the nesting site, a po-
tential predator of C. ampuedai. Micrurus snakes generally feed 
on fossorial species, including other snakes, caecilians, amphis-
baenians, and gymnophthalmids (Maffei et al. 2009; Marques 
and Sazima 1997; Souza et al. 2011).
 The communal oviposition behavior of C. ampuedai could 
result from environmental constraints, due to local scarcity 
of potential egg laying sites restricted to the coffee plantation. 
However, given that we found several communal nests in the 
same site, this could result in a benefit to the offspring from com-
munal oviposition, which can be explained by the “adaptation” 
hypothesis. An alternative explanation is that the metabolic heat 
generated by embryos plays a key role in the development rate, 
producing larger and faster hatchlings (Ewert and Nelson 2003; 
Shine et al. 1995; Zbinden et al. 2006). However, Radder and 
Shine (2007) found that the presence of multiple eggs in contact 
does not have a significant effect on the increase of metabolic 
heat; in contrast, particular hydric conditions that occur inside 
communal nests could lead to a direct benefit in the fitness of 
the communal oviposition (Clutton-Brock 2009; Nowak 2006; 
Sachs et al. 2004).
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the use of visible implant Alpha tags for Anuran tadpoles
Amphibians are one of the most threatened groups of verte-

brates in the world and are currently facing major declines due 
to habitat loss, emerging infectious diseases, and climate change, 
leading many species to extinction (Stuart et al. 2004). To face 
this amphibian extinction crisis, there is an urgent need to gather 
data on the demography and ecological characteristics of am-
phibian species (Wake 2007). In most of these studies, it is neces-
sary to be able to identify individuals across time to study density, 
growth trajectories, or habitat use. Date-specific cohort marks 
can be used for density estimates but when intending to quantify 
growth, movement or survival, marks have to allow identifying 
individuals. Such marks have to possess a set of characteristics. 
First, it should allow each individual to be identified accurately. 
Second, it should have a minimal impact on the individual and 
should not affect behavior, survivorship and catchability. 

A variety of techniques are available for individual recog-
nition in amphibians. For adult anurans, toe clipping was the 
method most commonly used since the 1950s (Martof 1953). It 
has been shown to be well-adapted and to have little impact for 
some amphibian species (Grafe et al. 2011), and studies focus-
ing on physiological indicators of distress show no increased 
stress resulting from toe-clipping (Perry et al. 2011). One of the 
drawbacks of toe-clipping is that it may have an effect on recap-
ture and survival for some species (McCarthy and Parris 2004). 
More recently, Passive Integrated Transponder (PIT tag) have 
been proposed for amphibians (Brown 1997) and proved to be 
particularly well-suited. Nonetheless, PIT tags are still limited 
in their use by their size and can only be inserted in adult am-
phibians of larger size (4 cm SVL). The use of color patterns via 
picture identification (Kenyon 2009) has also been proposed as 
an alternative technique for the identification of adult amphib-
ians but requires a specific color pattern for each individual, as 
e.g. found in tropical amphibian species. Finally, Visual Implant 
Elastomers (VIE) may mainly be used for date-specific cohort 
marking. To allow individual recognition, VIE marks have to be 
placed in distinct body parts or to be coupled with toe clipping 

(Hoffmann et al. 2008). Several marking procedures have been 
employed in studies of larval amphibians including tail-clipping 
(Turner 1960), staining of the entire tadpole (Travis 1981), coded 
wire tags (Martin 2011) and picture identification (Ribeiro and 
Rebelo 2011). Nonetheless, few of these techniques are suitable 
for monitoring the entire lifespan of anurans from the tadpole to 
the adult stage. 

One alternative technique to mark amphibians both at the 
adult and larval stage is VI Alpha tagging (© Northwest Marine 
Technology Incorporation). VI Alpha tags are small rectangles of 
an inert elastomer inscribed with an alphanumeric code. Tags 
are available in four colors providing 2600 unique alphanumeric 
codes. VI Alpha tags were initially developed for fishes (Karvonen 
et al. 2004), but they have been successfully used with others or-
ganisms such as shrimp (Arce et al. 2003) or seahorses (Woods 
2005). In the last five years, VI Alpha tags have been tested suc-
cessfully for use on caecilians (Gower et al. 2006; Measey et al. 
2001), urodeles (Osbourn et al. 2011), and anurans (Chelgren et 
al. 2006; Heard et al. 2008; Pittman et al. 2008). None of these 
studies were able to assess whether VI Alpha tags can allow fol-
lowing an individual through metamorphosis. 

In this study, we evaluated the use of VI Alpha tags to mark 
tadpoles of the anuran species Alytes obstetricans and tested 
whether the mark remains after metamorphosis. More specifi-
cally, we aimed to assess whether these tags can be used for eco-
logical studies using individual recognition in A. obstetricans by 
determining: 1) the rate of tag loss, 2) the readability of the tag 
across tadpole development until metamorphosis, and 3) the ef-
fect of such tags on survival rate.

MAteriAlS AnD MethoDS

Study species.—Alytes obstetricans, the Common Midwife 
Toad, is a European species ranging from northern Portugal and 
Spain in the south to southern Belgium and Central Germany 
to the northeast. It is present throughout France, except in the 
high Alps. It ranges from the sea line up to altitudes of 2400 m 
in the Pyrenees. This species is known for its male parental care 
behavior. The male carries a string of eggs wound on its hind legs 
until they are ready to hatch. After three to six weeks, the male 
releases the hatching larvae into suitable water habitat. Tadpoles 
measure about 15mm just after hatching, but can reach up to 10 
cm in total length before metamorphosis with a mean body size 
of 2.3 (Standard Deviation = 0.4 cm; Courtois et al., unpubl. data).

VI Alpha tags.—VI Alpha tags (© Northwest Marine Tech-
nology Incorporation) are 1.2 × 2.7 mm tags (Fig. 1) that are 
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subcutaneously inserted with a specific injector needle. Each 
tag is coded with black letters and numbers on a fluorescent 
colored background. In this study, we used tags with a yellow 
background. After tagging, the unique code remains visible to 
the naked eye under daylight and readability can be enhanced 
with UV light (delivered by © Northwest Marine Technology In-
corporation; Fig. 1).

We collected 90 tadpoles at Gosner Stage 25 (Gosner 1960) 
from a large population in a trough in Balagué (Ariège, France, 
42.963889°N, 1.025278°E) measuring 5.3 ± 0.7 cm in total length 
(including tail) and weighing 1.5 ± 0.5 g. We tagged 30 tadpoles on 
the ventral side and 30 dorsally, resulting in 60 tadpoles marked 
in total. In half of the cases (15 tadpoles in each group), we used 
a surgical glue to help healing and potentially prevent tag loss. 

Tadpoles were first immobilized by immersion in ice-cold 
water (around 4°C) and were restrained by gently squeezing the 
body between the thumb and index finger. A 3-µm-wide needle 
was used to make a small first incision in the epidermis, and the 
tag was inserted under the skin using the supplied needle injec-
tor. Whilst this instrument is designed for direct injection of VI 
Alpha tags, prior creation of a skin incision expedited the injec-
tion process considerably (Heard et al. 2008). Tadpoles were han-
dled with powder-free latex gloves during the tagging manipula-
tion, but no gloves were used in subsequent manipulation. We 
did not experience any tadpole mortality related to the usage of 
Latex gloves as found in other studies (Cashins et al. 2008), either 
in the experiment described here or in field research done on the 
same species (Schmeller et al., unpubl. data). 

VIE tags.—We marked 30 tadpoles with VIE (© Northwest 
Marine Technology Incorporation) tags (orange) in the back in 
order to compare mark loss and survival rate between these two 
tag types. VIE are biologically compatible polymers which are 
composed of a colorant and a curing agent. They are mixed in 
equal quantity just before use, resulting in a liquid. The liquid is 
then sucked into a syringe and injected dorsally under the skin 
of the tadpole, where it solidifies to a permanent mark. The mark 
remains visible with the naked eye, but visibility can be further 
increased using UV light.

Tadpole rearing.—The 90 tadpoles were kept together in an 
aquarium with constantly filtered and aerated water at 18°C, pH 
6.9, and a photoperiod of 10 hours of daylight. The aquarium was 
cleaned and water was replaced once a week. The tadpoles were 
fed after water replacement with fish food tablets (Tetra Tabi-
Min). They were kept for six weeks in order to monitor both tad-
pole survival, tag loss until metamorphosis, and readability after 
metamorphosis. Once a week we recorded whether the VI Alpha 
tag or the VIE tag was still present or not for each individual. We 
defined tag retention as the percentage of tags in each group that 
were still present at the end of the experiment (i.e., 42 days after 
marking). For the VI Alpha tag, when the tag was present, we not-
ed its degree of readability (index 0: not readable, index 2: read-
able only with UV-light, and index 3: readable under daylight), 
and the Gosner stage of the tadpole (Gosner 1960). The Gosner 
stage varied from 25 (no limb bud) to 46 (complete metamorpho-
sis). When the tag was lost, the tadpole was released back into the 
wild. When the tag was retained, the tadpole was released after 
completion of metamorphosis, usually after five to six weeks.

Statistical analysis.—Binomial generalized linear models 
(GLM) were run to explain tag retention at the end of the experi-
ment as a function of place of injection (ventral or dorsal) and 
use of glue, using the software package R (http://cran.r-project.
org/). The variable “presence” was binary, as either the tag was still 

present (1) or lost (0). Similarly, the same type of model was used 
to determine the effect of the factors “place of insertion” (dorsal or 
ventral) and “surgical glue” (use or not) on the readability of the VI 
Alpha tags. Readability was then defined as 0 when not readable 
(index 0) and 1 when readable either with day light (index 3 de-
fined previously) or UV light (index 2 defined previously). 

fig. 2. Cumulative percentage of tags lost out of 60 as a function of 
the number of days after the injection when injected ventrally (in 
light grey) or dorsally (in dark grey).

fig. 1. VI Alpha tag inserted on the ventral side of Alytes obstetricians 
for a (A) tadpole and (B) recently metamorphosed frog when en-
hanced with UV-light.
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reSultS

In total, 15 tadpoles (25%) of the 60 individuals tagged with VI 
Alpha tags lost their tag before metamorphosis, of which 6 were 
marked ventrally and 9 dorsally. Tag retention tended therefore 
to be higher on the ventral than on the dorsal side (Table 1) but 
this difference was not significant (GLM, Deviance = 0.15, P = 
0.38). Of the 15 tags that were lost, 10 were sealed with surgical 
glue and 5 were not, but the difference between groups was not 
significant (GLM, Deviance = 0.41, P = 0.14). Tag loss was most 
important in the dorsal group during the first 7 days (6 out of 
9 tags lost), while tag loss in the ventral group was later with a 
maximum during the second week (5 out of 6 tags lost; Fig. 2). 
The retention rate of VIE-marked individuals was 100%.

Overall, 100% of VI Alpha tags were readable immediately af-
ter injection and an average of 87% were readable at the end of 
the experiment (Table 1). However, in 15 out of 45 cases UV light 
was needed to identify the VI Alpha tag code (readability index 
2, Fig. 3). Our results show a higher readability on the ventral 
side than on the dorsal one (Table 2, GLM, Deviance = 0.43, P = 
0.046). The better readability of the ventral tags compared to the 
dorsal tags was stable over tadpole development (Fig. 2). The use 
of surgical glue did not affect the readability of the tags (GLM, 
Deviance = 0.03, P = 0.58).

No tadpoles died during the experiment; the survival rate un-
der controlled condition was therefore 100% for both the VIE tag 
group and the VI Alpha tag group. 

DiScuSSion

Here, we tested the usage of VI Alpha 
tags for the marking of tadpoles of the spe-
cies A. obstetricans under laboratory condi-
tions. We found that tag retention was glob-
ally low (75%), rendering this technique 
unsuitable for Capture-mark-recapture 
studies on this species by introducing tag-
loss bias. A previous study on the use of VI 
Alpha tags on amphibians demonstrated 
a level of 92.31% of tag retention for Lito-
ria raniformis (Heard et al. 2008), which 
is comparable to the tag retention in the 
group in which we inserted VI Alpha tags 
ventrally and used no surgical glue to close 
the insertion (87%). Indeed, contrary to our 
expectations, the use of surgical glue did 
not increase the retention rate and seems 
to be more painful for tadpoles even under 
cold anesthetic (Calvez and Lelong, pers. 
obs.) and we therefore advise against its 

use. To counterbalance tag loss, Heard et al. (2008) proposed to 
couple the use of small VIE dot marks with VI Alpha tags in order 
to be able to identify an individual as marked even if the VI Alpha 
tag was lost, a suggestion also valid for A. obstetricans tadpoles as 
the VIE retention was 100% in our study. 

The retention rate of the VI Alpha tags tended to be higher on 
the ventral than on the dorsal side, and additionally, the read-
ability of the tags was significantly higher on the ventral side. 
Hence, ventral insertion of the VI Alpha tags should be preferred 
in future studies, especially as VI Alpha tags were readable after 
metamorphosis. Future studies should assess whether VI Alpha 
tags are readable in adult frogs that were marked as tadpoles. If 
so, VI Alpha tags may be useful in studies on breeding site fidel-
ity, home range size, dispersal distances, infection load and hab-
itat selection of amphibians (Pittman et al. 2008). Nonetheless, it 
should be noted that A. obstetricans tadpoles are especially large 
and tadpole marking in other species may not always be possible 
with this technique. 

One advantage of VI Alpha tag compared to VIE is that only 
one injection is needed, as compared to multiple injections nec-
essary for individual recognition using VIE-markers. Hence, the 
marking effort is strongly reduced per marking and recapturing 
sessions, allowing for an increased number of marked individu-
als and limiting the risk of mistaken identity. Readability of tags 
remains high (87%) even at the end of the experiment. Decrease 
of readability during the development of the tadpole and after 
the metamorphosis can be explained by the fact that tadpole 
skin becomes less transparent in tadpoles of high Gosner stage 
and even less in post-metamorphic tadpoles. VI Alpha tags are 
also a good alternative to more expensive marking techniques 
such as PIT tags. It opens up the possibility to work with smaller-
sized amphibian species and larval stages as the minimum size 
for VI Alpha tags is 2 cm for SVL compared to 4 cm for PIT tags. 
Moreover, Alpha tags are flatter than PIT tags. Further, survival 
rate was 100% and we therefore agree with the assessment of 
Heard et al. (2008) that VI Alpha tags are a promising alternative 
to PIT tags for marking larval amphibians.

Future studies should be conducted to determine whether 
the results observed in this study are the same under field condi-
tions. Moreover, marking could change the subsequent behavior 

fig. 3. Percentage of tags out of 60 that were not readable (black), readable only with UV 
light (dark grey) and readable under daylight (light grey) for (A) tadpoles marked dorsally 
without glue, (B) tadpoles marked dorsally with glue, (C) tadpoles marked ventrally without 
glue and (D) tadpoles marked ventrally with glue.

tABle 1. Readability (% of readable tags—i.e., with readability index 2 
or 3—at the end of the experiment) and tag retention (% of remain-
ing tags at the end of the experiment) 42 days after marking. 

  Readability (%)  Final tag 
  retention (%)

Group A (dorsal, without glue) 67 80

Group B (dorsal, with glue) 89 60

Group C (ventral, without glue) 100 87

Group D (ventral, with glue) 91 73
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of tadpoles and make them more susceptible to disease or pre-
dation in the field (i.e. reduce their survivorship under field con-
ditions). A field study may therefore be able to conclude on the 
use of VI Alpha tag for A. obstetricans tadpoles marking. 
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using a handheld pit Scanner and Antenna System  
to Successfully locate terrestrially overwintering  
hatchling turtles
 The benefits of Passive Integrated Transponders (PIT) for 
identification of individual wildlife have been well documented. 
Originally used to determine movement of salmonids (Prentice 
and Park 1983), PIT technology has been used with a variety of 
reptiles and amphibians for spatial ecology studies. For example, 
mark-recapture techniques were used in conjunction with PITs 
to measure habitat use and movement of Brown Water Snakes 
(Nerodia taxispilota; Mills et al. 1995) and the activity patterns 
of arboreal geckos (Gehyra variegata; Gruber 2004). PITs do not 
transmit a signal and cannot be located unless an antenna is 
within close proximity.

 While earliest studies with PITs in turtles involved sea turtles, 
PIT injection into the body cavity of smaller freshwater adult 
turtles was not considered until Buhlmann and Tuberville (1998) 
injected young Trachemys scripta elegans with 12 × 2 mm PITs in 
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the inguinal region. Of six turtles recovered over two years, none 
showed adverse effects due to PITs. The authors recommend 
against the use of PIT with hatchling turtles, presumably due to 
the size of hatchlings relative to the tags used in their study. Sub-
sequently, PITs (12 × 1 mm) were injected into the intraperito-
neal region of hatchling Chrysemys picta with no adverse effects 
or mortality observed in the lab after one year (Rowe and Kelly 
2005). A more recent study embedded PIT tags into Podocnemis 
sextuberculata and P. unifilis adults and hatchlings in the Ama-
zon Basin (Guilhon et al. 2011). The authors reported results for 
mark-recapture, movement, abundance, survival, and recruit-
ment.
 I suggest a new application for using PIT tags with a scanner 
and a portable antenna to track and precisely locate terrestrial 
overwintering hatchling turtles. I field-tested this technique with 
hatchling Diamondback Terrapins (Malaclemys terrapin) over-
wintering beneath ground cover and soil. Diamondback Terra-
pin hatchlings overwinter on land near their nests but specific 
locations have not previously been determined (Muldoon and 
Burke 2012).
 Methods.—In September and October 2009 I inserted 9 × 2.12 
mm (0.067 g) PIT tags (Biomark, TX148511B) into 60 individual 
hatchling diamondback terrapins newly emerged from protected 
nests in Jamaica Bay Wildlife Refuge, New York. Thirty-six hatch-
lings were tagged in August, September, and October of 2010. An 
additional 251 hatchlings were tagged in August and September 
of 2011, all from protected nests at the same locale. Tag inser-
tion generally followed the procedures of Rowe and Kelly (2005) 
with the exception that tags were not inserted via needle injec-
tion. Prior to tag insertion the skin in the left inguinal region was 
cleaned with 99% ethyl alcohol. A 2-3 mm incision was made 
into the body wall with a recurved scalpel blade to avoid exces-
sive cutting of musculature and internal organs. A single steril-
ized PIT was inserted via the incision into the intraperitoneal re-
gion with sterilized tweezers. Once the PIT was no longer visible, 
the wound was again sterilized and covered with a quick-drying 
liquid bandage (CVS, liquid bandage). Hatchlings were observed 
a minimum of 20 min and up to 24 h post-insertion. Release sites 
were within 1 m of capture sites. 
 After release, area searches were conducted with a Biomark 
FS2001 Reader and portable antenna to determine each animal’s 
location throughout the year. The reader was worn in a chest 
harness and the attached antenna was mounted on a handle 
and waved a few centimeters over or in direct contact with the 
ground much like a metal detector. Searches were generally con-
centrated on potential cover such as wrack lines, under dense 
vegetation and areas of leafy and woody debris. Failure to locate 
an individual was followed by a more methodical radius search 
from the release point. 
 According to the manufacturer, the antenna can scan through 
wood, soil, and water, although the signal is influenced by metals 
and other electronics and the read range of the antenna at high-
est power is optimal when a tag has a perpendicular orientation. 
The effective read range of the portable antenna with an 8-ft. (2.4 
m) cable is 3.7 in. (9.4 cm) with the tag at a parallel orientation 
and 10.5 in. (26.7 cm) when the tag is oriented perpendicularly 
(Anonymous 2011).
 Hibernacula were excavated to recover tags or possible 
hatchling remains after 1 June when presumably all active 
hatchlings had emerged. Excavation was done by hand. One 
millimeter of soil was removed from the site and scanned away 
from the nest to detect the presence or absence of tags. Each soil 

sample was carefully searched for any remains apart from the 
PIT tag.
 Results.—One hundred forty-three (41%) of the tagged hatch-
lings were relocated at least once, 57 (16%) within 24 h. Of the 
individual hatchlings located, 127 (89%) stayed within 10 m of 
the nest while 13 (9%) moved 10–20 m, 1 (0.7%) moved 20-30 m, 
and 2 (1.3%) moved 40+ m, before settling in winter hibernacula. 
Thirteen individuals changed location at least one time before 
choosing hibernacula while one individual moved twice and 
three changed location three times. 
 I was able to monitor 81 (23%) hatchlings throughout the 
winter. By early summer they had either left their hibernacula 
or were killed by predators. Thirteen PIT tags were found when 
hibernacula were excavated, three with dead hatchlings and the 
other ten at varying depths in the soil without any visible hatch-
ling remains.
 Discussion.—I demonstrated the ability of the Biomark 
TX148511B scanner and handheld antenna to locate PIT-tagged 
hatchlings within their shallow hibernacula in a terrestrial envi-
ronment under a variety of soil types and moisture conditions 
and the ability of hatchlings to retain the PITs for up to 295 days. 
Previous studies imbedded larger 12 × 2 mm PIT tags (Buhlmann 
and Tuberville 1998) or 10 × 2.1 mm tags (Camper and Dixon 
1988) into turtles. The smaller 9 × 2.2 mm tag allowed me to 
embed tags into hatchling turtles, apparently without negative 
effects, although I cannot identify the cause of deaths for some 
tracked turtles.
 The finding that 59% of tagged individuals were never relo-
cated and 77% were lost before spring emergence may be attrib-
uted to five possibilities. Hatchlings may have moved beyond my 
search area, either on land or into the ocean. Thick vegetation 
hampered effective searching, either by making some areas im-
passable to me or by deflecting the antenna from effectively scan-
ning some areas. Hatchlings may have dug deeper than the effec-
tive read range of the antenna. Also, marked hatchlings may have 
been killed by predators and carried away. Tags found with no vis-
ible hatchling remains were possibly shed from live individuals.
 Compared to a radio-telemetry system, the PIT tag system 
is less expensive per animal (ca. US $6.25/ tag vs. ca. US $200/
transmitter) but more expensive for receivers and antennas (ca. 
US $4500 vs. ca. US $1200). Marking a large number of hatch-
lings, especially given normally high predation rates, is prohibi-
tively expensive with radio transmitters, but may be possible 
with PIT tags. PIT tags are smaller and lighter than radio trans-
mitters (0.067 g vs. 0.23 g) which may be important if attachment 
weight may alter the behavior of tagged animals. Adhesives for 
transmitters may affect normal shell growth in young turtles 
and the recommended transmitter weight is not more than 10% 
of the host animal (Beaupre et al. 2004). The average weight of 
terrapin hatchlings in Jamaica Bay is 6.7 g (N = 74). Small radio 
transmitters typically having lifespans of days to weeks are a vi-
able option for short-term tracking studies. However, PIT tags 
weighing 1% of the host hatchling have indefinite lifespans, per-
haps making it possible to track hatchlings into maturity. Unlike 
radio transmitters, PIT tags can only be detected from a small 
range. A distinct disadvantage of the handheld antenna is the 
potential need for a researcher to search large areas that may be 
covered by thick vegetation. It is also possible to confirm preda-
tion on PIT-tagged animals via the presence of tags in predator 
scats because PIT tags should survive predation events. Known 
latrine sites as well as individual scats can be scanned for tags, 
which would indicate predation events.
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 There is little information regarding behavior for the young 
of many reptiles. This is especially true with Malaclemys and 
Terrapene hatchlings, both of which have been reported to over-
winter on land (Capitano 2005; Draud et al. 2004). Therefore, 
identification of critical habitat for both terrestrial and aquatic 
turtles that may overwinter on land is necessary for direct effec-
tive management.
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Sex identification in the common Snapping turtle  
(Chelydra serpentina): A new technique and evaluation  
of previous methods

The Common Snapping Turtle has been regarded as a spe-
cies of conservation concern and is very susceptible to declines 
(Brooks et al. 1991; Congdon et al. 1994; Tucker and Lamer 2004), 
primarily due to life-history constraints and documented imbal-
ances in sex ratio (Congdon et al. 1994; Steen et al. 2006; Stey-
ermark et al. 2008). Populations have been negatively affected 
by a variety of mortality sources, including female road mortal-
ity (Steen et al. 2006), overharvest (Congdon et al. 1994; Garber 
and Burger 1995; Mitchell 1994; Steen and Gibbs 2004; Tucker 
and Lamer 2004), and global warming (Tucker et al. 2008), all of 
which may impact sex ratios.

Although studies of snapping turtle demography are impor-
tant for their conservation and management, gender assignment 
methods vary in their reliability. Morphological ratios have been 
developed (M. Dorcas, unpubl. data; Ernst et al. 1994; J. Tucker, 
pers. comm.) but differ substantially from one another and are 
not always accurate (pers. obs.). Sexual size dimorphism has 
also been used to differentiate between sexes, as male snapping 
turtles typically grow larger than females (Gibbons and Lovich 
1990; Mitchell 1994; Palmer and Braswell 1995), but this attribute 
cannot be used on turtles that are not full-grown adults. Several 
sources (Ernst et al. 1994; Johnson 2000; Mitchell 1994; Palmer 

and Braswell 1995; Phillips et al. 1999) also note that males have 
a longer precloacal tail length than females but this measure is 
relative to the turtle as the precloacal lengths of younger turtles 
change throughout development (Gibbons and Lovich 1990).

Penis extrusion has been reported in males in response to 
handling and suggested as a potential aid when attempting to 
determine sex of male snapping turtles (de Solla et al. 2001). The 
present study details a simple and accurate sexing method for 
Common Snapping Turtles that relies on extrusion of either the 
penis by males or the cloacal wall by females. Using this tech-
nique, I tested the accuracy of previous methods used in sex 
determination. Besides providing an accurate analysis of sex 
ratios in this species, this method will also allow researchers to 
accurately sex snapping turtles in future studies and provide a 
mechanism to reevaluate previous studies involving sex deter-
mination.

emily A. duStmAn
Department of Biological Sciences, Murray State University,
Murray, Kentucky 42071, USA
e-mail: emily.dustman@gmail.com
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Methods.—Turtles were sam-
pled during the summers of 2008 
and 2009. In 2008, turtles were 
sampled at Carlyle Lake in Il-
linois (USA), approximately 150 
km upstream of the confluence 
of the Mississippi and Ohio Riv-
ers. The lake was constructed by 
the United States Army Corps of 
Engineers (USACE) in the 1960s 
for the purpose of flood control, 
human recreation, and as a wa-
ter supply (X. Potts, pers. comm.). 
Study sites were located at North 
Carlyle in Fayette Co. (38.8333°N, 
89.1833°W), managed by the Il-
linois Department of Natural Re-
sources; South Shore (38.6166°N, 
89.2833°W), located in Clinton Co., 
managed by the USACE; and Coles 
Creek (38.6500°N, 89.2666°’W), 
also located in Clinton Co. and 
managed by the USACE.

In the summer of 2009, my 
study continued at and near the 
Clear Creek Wildlife Manage-
ment Area (CCWMA) in Hopkins 
Co., Kentucky. Sites in Kentucky were the Cabin site (37.3500°N, 
87.7166°W), owned by a private landowner and outside of the 
CCWMA; Downstream (37.3333°N, 87.6833°W), managed by the 
Kentucky Division of Fish and Wildlife Resources (KDFWR); and 
Upstream (37.3166°N, 87.6666°W), also managed by the KDFWR 
as part of the CCWMA.

Turtles were collected using hoop nets (Legler 1960) that 
were 1.5 m in length and 76 cm in diameter and were made with 
2.5-cm nylon mesh. During the trapping period, nets were baited 
daily with fresh fish carcasses and once weekly with canned sar-
dines in soy oil (Vogt 1980). At the Illinois site, eight hoop traps 
were checked daily for a total of 240 trap days. At the Kentucky 
study site, six hoop traps were checked daily for a total of 270 
trap days.

Measurements taken on all captured turtles with Haglöf cali-
pers to the nearest 1 mm consisted of carapace length, carapace 
width, carapace height, plastron length, posterior lobe length, 
and precloacal length. Posterior lobe was measured from the 
middle of the plastron to the posterior end of the plastron. Pre-
cloacal length was measured from the posterior end of the plas-
tron to the center of the cloaca (Ernst et al. 1994). Each turtle was 
weighed on a spring platform scale to the nearest 10 g and given 
a unique mark along the marginal scutes (Cagle 1939).

Collected snapping turtles were evaluated with several meth-
ods of sex determination. The new method presented here, the 
eversion technique, involves holding the turtle by the lower mar-
ginal scutes beneath the rear legs with the plastron facing away, 
approximately 30 centimeters from the holder’s body in a verti-
cal position. Once properly positioned, the holder then motions 
the turtle gently up and down, tilting slightly until the penis or 
the cloacal wall is everted (Fig. 1). In addition to this sexing tech-
nique, the ratio of the posterior lobe length to precloacal length, 
referred to as PPR (Fig. 2), was also utilized to sex snapping 
turtles. The ratio does not apply to turtles <200 mm in carapace 
length (CL), however, which are considered sexually immature 

(Ernst et al. 1994). As a result, I also evaluated the ability of the 
eversion technique to assess sex in turtles ranging from 100 to 
200 mm CL.

According to Ernst et al. (1994), a turtle is considered male if 
the ratio between the precloacal length and posterior lobe (pre-
cloacal length divided by posterior lobe) is greater than 1.20 and 
is considered female if this ratio is less than 1.10. Conversely, 
Dorcas (unpubl. data) suggested that if the ratio between pre-
cloacal length and posterior lobe is greater than 0.86 the turtle 
is considered male and less than 0.86 the turtle is considered fe-
male. Furthermore, Tucker (pers. comm.) considered a turtle a 
male when the ratio is greater than 1 and female when the ratio 
is equal to or less than 1. These morphological ratios were tested 
for accuracy with turtles of known sex, which was determined by 
using the eversion technique.

Analyses were performed using the statistical program R (R 
Foundation for Statistical Computing, Vienna, Austria). A con-
tingency table was created to determine how many times sex was 
correctly or incorrectly assigned. In order to establish whether 
previous methods for sexing were significantly different from 
one another, a Pearson’s Chi-square test was performed (⎯a = 
0.05). 

Results.—A total of 215 Common Snapping Turtles were col-
lected during this study. Nearly all specimens (98%, N = 210/215) 
everted a cloacal wall or penis. Everted male genitalia varied in 
color from light gray to shades of pink and purple and typically 
had a smooth texture. Everted cloacal walls of females also var-
ied in these colors and were also smooth in texture (Fig. 1). When 
the eversion technique was applied to turtles classified as juve-
nile (< 200 mm CL), 13 of the 16 turtles everted their genitalia.

Ernst et al.’s (1994) morphological ratio (PPR > 1.20 = male and 
PPR < 1.10 = female) was 67% accurate when tested against turtles 
of known sex with 72 known males misidentified. Tucker’s meth-
od (PPR > 1.0 = male and PPR < 1.0 = female) was 88% accurate 
with 23 known males and 4 known females being misidentified 

fig. 1. Photo representation of snapping turtle genitalia (A, female cloacal wall; B, male penis) when 
using the eversion technique.
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by this ratio. Dorcas’s method (PPR > 0.86 = male and PPR < 0.86 
= female) was 92% accurate with 4 known males and 14 known 
females misidentified. As verified by the eversion technique, the 
latter two ratio methods were both significantly more accurate 
(Dorcas: χ² = 20.5, df = 1, P < 0.0001, N = 215; Tucker: χ² = 14.71, 
df =1, P = 0.0001, N = 215) than the Ernst et al. ratio (N = 202). The 
Tucker and Dorcas methods did not differ significantly in accu-
racy (χ² = 0.56, df = 1, p = 0.46). The PPR ranges were broadly over-
lapping for males (0.66–1.91; mean 1.16) and females (0.31–1.10; 
mean 0.73), with 73 males (51% of the total sample of males) hav-
ing higher ratios than any of the females, i.e., almost half of the 
males overlapped with females in PPR ratio.

Discussion.—I present a simple, safe, and unambiguous 
method for sexing snapping turtles. Only 5 of 215 specimens 
could not be unambiguously sexed using this technique, one of 
which was clearly in poor health (it was lethargic, had numer-
ous tumor-like growths, and was found dead the next day) and 
three that were very small juveniles. Previous methods that rely 
upon morphological ratios had low accuracy rates when tested 
against the results of the eversion technique, as the most ac-
curate unpublished method of the three still misidentified gen-
der 8% of the time. Furthermore, despite the varying accuracy 
of these three developed morphological ratios, the PPR ranges 
were 0.66–1.91 mm for males and 0.31–1.10 mm for females, thus 
illustrating that there actually is no ideal morphological ratio for 

determining snapping turtle gender. Future studies would thus 
benefit from utilizing the eversion method described here rather 
than any of the current morphological ratios.

There are several other problems with using morphological 
ratios. For the most commonly used method (Ernst et al. 1994), 
there is a gap in the ratio in which turtle sex is unknown. Turtles 
with a PPR greater than 1.20 are assumed to be male and turtles 
with a PPR less than 1.10 are assumed to be female but for any 
turtle with a PPR falling between 1.11 and 1.19, sex is unknown 
(Ernst et al. 1994). In addition, it is likely that these ratios will not 
be equally accurate across the entire geographic range of snap-
ping turtles. Several other turtle species have been known to 
exhibit differences in morphology, color, shell shape, and body 
size depending on geographic location (Iverson 1985; Lovich et 
al. 1998; Tinkle 1961), perhaps as a result of physiological or en-
vironmental differences (Gibbons and Lovich 1990). Further, it 
has been noted that precloacal length increases throughout de-
velopment in most, if not all, turtle species (Gibbons and Lovich 
1990). In addition, chemical contaminants can affect the mor-
phological development of sexual characteristics, particularly 
reducing the rate of increase in precloacal length. For instance, 
in areas with organochloride contamination, the PPR’s of male 
snapping turtles were significantly smaller than those from non-
contaminated sites (de Solla et al. 1998). To this end, assigning 
sex based on morphological ratios can potentially lead to skewed 
demographic data. Furthermore, past studies that have utilized 
these morphological ratios excluded turtles < 200 mm CL (Ernst 
et al. 1994 and J. Tucker, pers. comm.). In contrast, 13 of 16 turtles 
smaller than this size were successfully sexed using the eversion 
technique. Thus, the eversion technique can be successfully 
used for some juvenile common snapping turtles with a CL be-
tween 100 and 200 mm (see also de Solla et al. 2001), whereas the 
ratio techniques cannot.

With this new sexing method, assigning sex to Common 
Snapping Turtles is unambiguous and 100% accurate if the turtle 
everts its genitalia; only 1% of adults failed to do so. In the past, 
the only definite way to determine sex of the Common Snapping 
Turtle was through dissection, which involved killing the speci-
men. The nonlethal eversion technique is thus especially ben-
eficial to snapping turtle populations where they are a species of 
conservation concern.

The ability of biologists to accurately record sex is impor-
tant for the management of many populations, but particularly 
turtles in which much of the female-biased mortality is a direct 
result of anthropogenic impacts via road mortality (Haxton 2000; 
Marchand and Litvaitis 2004; Steen et al. 2006). The development 
of the eversion sexing technique is important for the conserva-
tion of snapping turtles and may allow more accurate manage-
ment decisions to be made in the future. Further development of 
this and other techniques, particularly in other species of turtles 
with more pressing conservation needs, will only aid in the man-
agement of such populations.
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fig. 2. Photo representation of measurements used in calculation of 
PPR as B divided by A (A, posterior lobe; B, precloacal length).
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dnA extraction from the fecal Sac of common chameleons, 
Chamaeleo chameleon
 
 Genetic tagging facilitates studies of species identification, 
analysis of population size and structure and the tracking of in-
dividuals. Because the sampling of natural populations of verte-
brates for molecular ecology studies often involves the injuring 

or the sacrificing of individuals, this inevitably interferes with 
their natural behavior. Non-invasive, DNA-based techniques 
have become routine in assessing population abundance and 
genetic structure (Banks et al. 2003; Paetkau 2003; Palomares 
et al. 2002). Such techniques include buccal swabbing (Bee-
bee 2008; Poschadel and Möller 2004), external eggshell swabs 
(Schmaltz et al. 2006) and fecal DNA extraction (Wasser et al. 
1997). DNA from feces provides an ideal, non-invasive, source of 
information. This is especially so because feces are readily avail-
able and abundant and because even minute amounts of feces 
contain large quantities of the animal’s DNA (Wasser et al. 1997). 
Consequently, fecal remains of free ranging animals have been 
used extensively in mammalian (Adams et al. 2007; Broquet 
and Petit 2004; Ernest et al. 2000; Frantzen et al. 1998) and avian 
(Idaghdour et al. 2003; Regnaut et al. 2006) research. However, 
feces were only infrequently used in reptilian research and only 
fresh samples, immediately cooled, have yielded PCR products 
(Jones et al. 2008). We here examined, for the first time, the use of 
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fresh and of old fecal mucous sacs of the Common Chameleon, 
Chamaeleo chameleon (Reptilia, Lacertilia) as sources for DNA 
sampling that is non-invasive and has no adverse effects.
 Common Chameleons are arboreal lizards that forage for in-
sect prey and dispose of their feces wrapped in a mucous sac. The 
sac is formed in the intestine and contains the chameleon’s epi-
thelial cells. We addressed the following questions: 1) Does DNA 
from the fecal sac reliably represent the endogenous DNA of the 
chameleon? 2) Can DNA extracted from the fecal sac be used for 
PCR reactions? 3) Does the quality and/or quantity of the DNA, 
extracted from dry samples of different age, change over time?
 Chameleons were collected in northern Israel and kept in 
captivity (details in Lustig et al. 2012). The following samples 
were obtained: a) liver tissue (N = 3); b) tail tip tissue (N = 5); c) 
buccal swabbing (N = 13); d) fresh feces (N = 23) (Fig. 1B); and e) 
dry feces of different ages (up to 43 days; N = 69) (Fig. 1A). Liver 
and tail tip tissues were collected from dead individuals and kept 
frozen at -20°C. To obtain buccal swabs, a pipette tip was gently 
moved over the chameleons’ gums and the samples then washed 
off the tip using ATL lysis buffer (QIAGEN). Fresh feces were col-
lected on the day of excretion and kept in distilled water at 4°C 
for a few days until extraction, to prevent the mucous sac from 
drying. Dry feces were collected over a period of 43 days and 
were kept in open, dry Petri dishes, in an open outdoor container 
placed in a shed. The container was covered with gauze so that 
the samples were protected from insects yet exposed to ambient 
Mediterranean summer conditions (temperatures of ca. 28–32°C 
and humidity of ca. 80–90%). Prior to DNA extraction, a fecal sac 
was removed from the fresh or the dry sample using tweezers, 
and washed with distilled water. Extractions were performed us-
ing DNeasy Blood & Tissue Kit (QIAGEN) following the manu-
facturer’s instructions. The DNA quantity of each sample was 
assessed by Nano-Drop and its integrity was checked by agarose 
gel electrophoresis. 
 To validate the extraction of chameleons’ high molecular 
weight DNA from the fecal sacs, we amplified and sequenced frag-
ments of the mitochondrial Cytochrome C Oxidase I (COI) gene 
(NCBI GenBank Accession #ABM89788). The following primer 
pairs were used for the amplification: COI.F1 (5'- AGGCGGAGA-
TCCCGTACTAT-3') and COI.R1 (5'- GAAATAGGCTCGGGTGT-
CAA -3') fragment size 244 bp; COI.F2 (5'- TCTATTGATTTCCAC-
TAATTTCAGG -3') and COI.R2 (5'- GAATATCGTCGTGGTATTCC 
-3') fragment size 181 bp.
 DNA amplification was performed at 94°C for 4 min and sub-
sequent 35 cycles of 94°C for 1 min, 57°C for 1 min, 72°C for 2 
min, with a final extension of 72°C for 4 min. Each PCR reaction 
contained: 9µl Taq Polymerase (Lamda Biotech©), 0.7µl MgCl

2
, 

4.3µl H
2
0, 1µl primer F (10 mM), 1µl primer R (10 mM) and 2µl 

DNA. The single PCR products were purified (QIAGEN, QIAquick 
PCR Purification Kit) and sent to ex-campus sequencing. Se-
quence chromatographs were checked manually, and compared 
with the C. chameleon COI sequences in the GeneBank.
 A high quantity of DNA was obtained from the liver and the 
tail tip samples, a lower quantity was obtained from the fresh 
and the dry mucous fecal sac, and a significantly lower amount 
from the buccal swabbing samples (Fig. 2A). 
 The sequence results from all the tested tissues confirmed 
that the DNA extracted and amplified was the endogenous DNA 
of the chameleons. The quality of the sequences from both the 
fresh and the dry fecal sacs at different ages was similar (Fig. 3). 
Our samples showed a complete (100%) identity with the COI se-
quence of the mitochondrial genome published for the common 

chameleon (NCBI GenBank Accession #EF222198). A sequence 
comparison of a fragment of 240 bp from the COI gene of nine 
individuals showed no variation. 

fig. 1. Feces of the common chameleon, Chamaeleo chameleon, in 
their mucous sac (A - dry, B - fresh feces).

fig. 2. A) High molecular weight genomic DNA isolated from: a) tail 
tip; b) fresh fecal sac; c) dry sac; d) buccal swabbing. B) COI PCR 
products from dry feces samples after 4, 26, and 42 days in natural 
climatic conditions.

fig. 3. COI gene sequence extracted from mucous sacs at different 
ages.
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 Techniques using DNA to distinguish between species, popu-
lations, and individuals are of extremely high value in molecular 
ecology. However, the reliability of these measurements depends 
not only on the genetic material but also on having a large sam-
ple size to characterize any population variation. The difficulty 
of acquiring adequate sample sizes using invasive techniques, 
such as tissue or blood sampling, restrict the application of mo-
lecular technology in the field (Wasser et al. 1997).  Non-invasive 
samples such as sampling of hair, urine, saliva, feathers, scent 
marks, eggshells, sloughed skin, and feces have been found to 
be effective in acquiring DNA from free-moving animals (Beja-
Pereira et al. 2009). However, non-invasive sampling methods for 
reptiles have been largely overlooked, probably because of the 
difficulty in identifying the remains. Most non-invasive samples 
from reptiles depend on sloughed skin, aborted eggs, road-kill, 
and museum samples. Such samples may well be biased and 
may not necessarily represent the actual population structure. 
Feces, however, are commonly used as a DNA source for avian 
and mammalian species because they provide more information 
(e.g., on diet, stress or reproductive hormone status) and thus 
should be useful in herpetological studies as well (Beja-Pereira 
et al. 2009; Jones et al. 2008).  
 For reptiles and amphibians that produce a fecal sac, we pres-
ent here a non-invasive technique of high potential for species-
specific sampling. Our results clearly demonstrate that sufficient 
amounts of high molecular weight DNA may be obtained from 
the fecal mucous sac (Fig. 2A). Moreover, fecal sacs remained a 
good source for DNA extraction and PCR amplification for over 
a month following their secretion, under natural environmental 
conditions (Fig. 2B). 
 The sampling of mucous sacs requires no animal handling 
and thus imposes no disturbance, and may have wide applica-
tions for population genetics in the field. The ability to isolate 
DNA of high molecular weight from old and dry fecal sacs makes 
this method especially appealing. 
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positioning minnow traps in Wetlands to Avoid Accidental 
deaths of frogs

Funnel trapping has become a widely used technique for 
monitoring amphibians and can be especially useful for sam-
pling species that congregate at breeding wetlands for short pe-
riods of time (Willson and Gibbons 2010). While this technique 
can provide invaluable information on the biology of the species 
of interest, inherent risks associated can sometime lead to the 
injury or even death of the organism being sampled. 

While surveying wetlands for breeding Crawfish Frogs (Litho-
bates areolatus) using collapsible mesh minnow traps, we found 
one adult female nearly drowned because her leg was caught at 
the knee in the metal support structure of the trap. The minnow 
traps we used were manufactured by American Maple Inc. (Gar-
dena, California) and sold by Lee Lures (Valrico, Florida; product 
# TR-503). Traps were 61 cm x 30 cm, covered with black poly-
ethylene mesh (mesh size 1.5 x 1.0 cm; Fig. 1a). The mesh is sup-
ported by a steel framework of a single piece of 0.4 cm (diameter) 
stock twisted to form two end loops (30 cm diameter) and a coil 
frame (61 cm) with 3½ spirals between trap ends supporting the 
mesh. Where the coil portion of the frame attaches to the end 
loop the distance between the metal stock gets progressively 

smaller (Fig. 1b). The trap mesh has two zippered openings, one, 
25 cm long, allowing access to the trap, and a second, 11 cm long, 
at the opposite side accessing a bait pouch. The large opening is 
situated at the opposite side of the trap from where the coil of 
the metal frame attaches to each end loop, therefore, when the 
opening is positioned up and out of the water, these frame at-
tachments are submerged. 

On 15 March 2012, we discovered a female Crawfish Frog (8.8 
cm SVL, 86 g) in one of our traps. The left leg of the frog was caught 
immediately above the knee in the trap frame between the spiral 
and the end loop. There was no visible trauma to the leg, but the 
frog appeared to have been submerged for some time (the trap 
was last checked the previous day) and was unconscious; it was 
not breathing and had no detectable heartbeat. Crawfish Frogs 
are atypical ranids in that they do not tolerate submergence for 
long (~ 1 h) periods of time (Heemeyer and Lannoo 2010, 2011). 
Soon after chest massage we noticed a heartbeat, and after ap-
proximately 20 minutes, the frog began breathing on its own and 
was brought into our lab for recovery and observation. Though 
initially lethargic and unresponsive, later in the day the frog ap-
peared healthier (sitting upright, conscious) and three days later, 
on 18 March, we released her near where she was captured. On 
20 March she was found dead in shallow water at the release site, 
mostly intact, but with lacerations on her throat and abdomen. 
Because the frog was found in the open, close to the point of re-
lease, we suspect that it may have suffered neurological damage 
while it was submerged in the trap, and that its ability to quickly 
escape predation was compromised. It is also possible that the 
frog succumbed to its injuries and was attacked but not con-
sumed after it had already died. 

Accidental trap injury and mortality have been reported for 
other herpetofauna including Greater Sirens (Siren lacertina; 
Johnson and Barichivich 2004), Two-toed Amphiumas (Am-
phiuma means; Darby et al. 2001), Florida Green Watersnakes 
(Nerodia floridana; Johnson and Barichivich 2004; Darby et al. 
2001), Diamond-backed Terrapins (Malaclemys terrapin; Dor-
cas et al. 2007; Grosse et al. 2009), False Map Turtles (Graptemys 
pseudogeographica), Pond Sliders (Trachemys scripta), Smooth 
Softshells (Apalone mutica), Spiny Softshells (Apalone spinifera), 
and Snapping Turtles (Chelydra serpentina; Barko et al. 2004). In 
an effort to prevent injury and accidental drowning, research-
ers have augmented trap designs by attaching floatation devices 
(Casazza et al. 2000), using plastic coated mesh (Johnson and 
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fig. 1. Collapsible mesh minnow trap used to census Crawfish Frogs. 
A) Top-down view of the trap with access zipper positioned on top. 
B) View of the trap opening showing the steel coil and end loop junc-
tion where a frog’s leg can be caught.
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Barichivich 2004), and extending trap cages above the water sur-
face (Roosenburg et al. 1997).

Trap mortality is not often reported in field studies (Enge 
2001), and most available funnel trap mortality data for amphibi-
ans are from studies using terrestrial funnel trapping techniques. 
Enge (1998) reported an anuran trap mortality rate of 7.8% when 
using a combination of aquatic and terrestrial funnel traps, and 
studies using exclusively terrestrial funnel traps have reported 
anuran mortality rates ranging from 0.9–37.1% (Enge 2001; Jen-
kins et al. 2003). In our study we have repeatedly sampled three 
different wetlands during four different breeding seasons, and 
in this time have observed relatively low trap-related mortality 
(1.0%; 2/194 adults captured) in breeding Crawfish Frogs. The 
only other Crawfish Frog death occurred when an adult male 
was skinned and eviscerated by a predator (likely either a mink 
or raccoon; Heemeyer et al. 2010) within a trap. What is par-
ticularly unfortunate about the incident we report here is that 
Crawfish Frogs are listed as Near Threatened on the IUCN Red 
List (IUCN 2012) and are a state endangered species in Indiana 
where our study was located (Engbrecht and Lannoo 2010). Be-
cause the female was gravid, we estimate, based on size, that she 
would have produced approximately 4,200 eggs (C.I. ± 410; Kin-
ney 2011; Redmer 2000). While we have not observed this type 
of trap entanglement in any other species during our study, the 
inherent risk seems present.

When sampling for Crawfish Frogs at our study site, we al-
ways place funnel traps in shallow water with the top portion of 
the trap above the water’s surface, which allows frogs and other 
terrestrial animals to surface for air. Because of the current con-
struction of the American Maple Inc. collapsible mesh minnow 
traps, we recommend that care be taken to place the spiral at-
tachments of the frame to the end loops out of the water to pre-
vent casualty. This means that the access zipper is submerged 
and—depending on water level—that the bait pouch is out of 
the water. This would not be a problem for unbaited traps, but 
would be an issue if using submerged bait. We have notified the 
manufacturer of this issue, and suggested during construction 
that they rotate the mesh on the frame, so that the attachments 
of the spiral to the end loops is aligned with the access zipper 
instead of the bait pouch.
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Attachment and deployment of remote video/Audio 
recording devices (crittercams) on wild American Alligators 
(Alligator mississippiensis)

Historically, researchers have used direct observation, often 
with the assistance of specialized equipment (e.g., binoculars, 
telescopes, remote video/audio recorders), to document animal 
behavior and ecology (Altmann 1974). However, these observer-
based techniques typically cause disturbance to animals via 
presence of observers or equipment, are limited in the data that 
can be collected (e.g., field of view, magnification), and often oc-
cur over short temporal scales, all of which restrict the inferences 
that can be gleaned from the data (Marsh and Hanlon 2004; Sam-
uel et al. 1987). Documenting the behavior of aquatic species, 
such as crocodilians, presents additional complications because 
the majority of their interactions occur below the water’s surface 
where direct observation can be even more challenging (Dickens 
et al. 2011). To overcome these limitations and increase the qual-
ity and quantity of observational data, researchers have utilized 
technological advances to develop devices that can be attached 
to animals and are capable of collecting video and audio data 
from the animal’s point-of-view. Collectively known as “animal-
borne imagery,” this field has flourished in the past 20 years, in-
part due to the success of the National Geographic Remote Im-
aging (NGRI) Crittercam program (Marshall 1998). To date, their 
animal-borne imaging systems have been used to study the be-
havior of over 60 species spanning a wide range including aquat-
ic vertebrates and invertebrates, such as large sharks, sea turtles, 
and Humboldt squid, as well as terrestrial species such as lions, 
bears, and various species of birds (Marshall, unpubl. data). Crit-
tercam, in addition to other animal-borne imaging systems, has 
revolutionized the field of animal behavior and ecology by per-
mitting the observation of novel natural history characteristics, 
such as cryptic foraging behaviors or subtle species interactions, 
and by expanding the range of response variables available for 
ecological studies, such as diving, foraging, and prey capture 
success rates (Moll et al. 2007).

To facilitate use of animal-borne imaging to study crocodil-
ians, initial experiments were conducted with Crittercam units 
on crocodilians in 1988 and later in 2004. Variations on a neo-
prene-and-nylon webbing style harness were used to attach a 
video recorder to captive Alligator mississippiensis (American 
Alligator) and in 2001 test fittings were done with Gavialis gange-
ticus (Indian Gharial), although planned wild deployments were 
not carried out. Attempting to design an attachment apparatus 
that could securely hold the Crittercam during deployment but 
also incorporated a reliable, automatically-activated releasing 
mechanism led to development of fairly complex harnesses that 
were difficult to make and deploy. Here we present a much sim-
pler method for attaching and detaching Crittercam units on 
crocodilians that has proven successful and we summarize the 
results from our first deployments on wild adult A. mississippi-
ensis in two Florida estuaries.

Methods and Materials— From 22 April to 6 May 2010 
and 27 April to 8 May 2011, adult (> 2 m total length, TL) A. 
mississippiensis were captured using standard crocodilian 
capture techniques (e.g., snatch hooks and rope snares) as 

part of ongoing research and monitoring programs. Once 
secured, individuals were subject to standard morphometric 
measurements (head length, head width, snout-to-vent length, 
total length, and tail girth), blood sampling, scute tissue biopsies, 
and urine collection. Individual alligators were held for 20–30 
minutes during sampling and Crittercam unit attachment and 
then immediately released at their sites of capture. The location 
of individual alligators outfitted with a Crittercam unit was 
monitored via an onboard VHF radio transmitter throughout the 
duration of each deployment.

Crittercam units were loaned by NGRI for two weeks during 
each sampling period. Each cylindrical Crittercam unit (5.7 cm 
height × 27 cm length, 770 g) was secured using two worm gear 
hose clamps (10 cm max. diameter) to a composite base (32 × 
10 cm, 350 g), hereafter known as the cradle, constructed out of 
a thin (3 mm thickness) carbon-fiber base-plate and buoyant 
polyurethane foam body, formed to accommodate the Critter-
cam unit (Fig. 1A). Once mounted to the cradle, the Crittercam 
footprint measured 32 × 10 × 7.5 cm and weighed 1 kg (Fig. 1B). 
Additionally, to reduce vibration, adjust the field of view, and add 
stability, we fixed a single piece of 5-cm-thick heavy-duty ure-
thane foam cut to dimensions of the cradle (0.78 g/cm2, Airtex 
Industries Inc., Houston, Texas) to the bottom of the cradle using 
hot glue. 

Crittercam units were attached to alligators using a harness 
constructed from a single (1–2 m) length (size varied depend-
ing on girth of individual) of 2.52 cm wide 100% cotton webbing 
(National Webbing Products Co., Plainview, New York; Fig. 2). To 
allow for full mobility of the head and neck we positioned the 
Crittercam unit foam side down on the dorsum of the alligator 
so that the anterior edge of the cradle rested above the anterior 
edge of the shoulder girdle. The middle of the length of cotton 
webbing was laid through a channel at the anterior edge of the 
cradle base-plate, between the raised polyurethane form and 
two protruding bolts (1 cm in height) at the leading edge. The 
two free ends of the cotton webbing under the ventral surface of 
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the alligator at the shoulder girdle and opposing ends secured to 
a single plastic zip-tie (22.6 kg test) via two 2.5-cm steel quick-
links at the posterior of the base-plate of the cradle (Fig. 2). We 
adjusted each harness to accommodate body size variation by 
looping the terminal end of the cotton webbing through a 2.5-
cm flat metal slide. This loop also served to secure the quick-
links in place (Fig. 2 A). To allow for programmed detachment, 
the plastic zip-tie holding the terminal ends of the harness was 
fed through a portal (0.5 cm diameter) in the base-plate of the 
cradle then through a circular tube drilled into a rectangular 
polyoxymethylene (Delrin; DuPont, Washington D.C.) housing 
(5.4 × 1.9 × 1.2 cm) attached to the base-plate (Fig. 2B). Prior 
to attachment, within the plastic housing a flattened brass bolt 
was screwed in a perpendicular tube so the flattened end was 
flush with the anterior edge of the tube containing the plastic 
zip-tie to act as a backstop. Following the placement of the zip-
tie, a 1-cm-long steel blade (flat on one side and roughly sharp-
ened on the other) was inserted into a portal at the posterior 
end of the perpendicular tube, held in place by a rubber pad-
ded screw, and followed by a small pyrotechnic piston actuator 
(Chemring Energetic Devices, Downers Grove, Illinois) screwed 
into a threaded portion of the same portal (Fig. 2B). The actua-
tor was then connected to a power port on the Crittercam unit 
and grounded to the rear faceplate of the unit using a small bolt. 
At the programmed time of detachment, an electrical impulse 
sent to the actuator via the power cord ignited a small amount 

of gunpowder housed in the actuator. The force from the ignited 
gunpowder then ejected a small piston from the anterior end of 
the actuator propelling the small cutting blade into the zip-tie, 
breaking the zip-tie as it contacted the brass backstop. Once the 
harness was detached, the Crittercam unit was free to float to the 
surface or fall on the ground depending on the habitat.

As a fail-safe, a Galvanic Timed Releases (GTR; Neptune Ma-
rine Products Inc. Port Townsend, Washington) was inserted be-
tween each quick-link and the zip-tie loop of the harness system 
(Fig. 2). Comprised of two dissimilar metals, GTRs corrode and 
separate at predictable rates dependent on their size and the sa-
linity and temperature of the water in which they are used. We 
used two types of GTRs with predicted decay rates of either 24 or 
48 h depending on the desired duration of each deployment. All 
portions of the harness system left in the environment (i.e., cot-
ton webbing, quick links, metal strap slides, and GTRs) were bio-
degradable and in most cases, the harness was recovered with 
the Crittercam unit.

Crittercam units, depending on the camera type (standard or 
high-definition video), had the potential to record 6–8 h of audio 
and video data, constrained either by the capacity of  the onboard 
batteries or the video data storage, depending on the sampling 
protocols used.  The Crittercams can be programmed to sample 
the video according to a variety of time and environmental con-
ditions, determined by the user. To maximize the coverage of the 
24-h timeframe, we used a combination of 30- and 60-minute 

fig. 1. A) Photo of Crittercam unit (left) and polyurethane cradle (right). B) Photo of fully assembled Crittercam unit within cradle mounted 
on adult alligator.
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fig. 2. A) Photo of single strand harness system, with components of harness and fail-safe detachment system labeled. B) Photo of detach-
ment system, with components labeled.
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recording intervals over 4- to 8-h recording windows set at differ-
ent times of the day. This enabled us to record over multiple days 
on the same individual and to collect data during all hours of the 
day. Crittercam units were deployed for one to two days under 
a variety of recording schedules including day and nighttime re-
cording windows. To collect video at night, Crittercam units are 
outfitted with onboard red LED lights. Lights were programmed 
to turn on during nighttime recording intervals. In addition to 
audio and video recorders, Crittercam units also came outfitted 
with a variety of environmental data collection sensors, includ-
ing temperature, depth, and acceleration. These data parameters 
were collected every second during deployments and data collec-
tion terminated at the scheduled time of detachment.

Results.—We outfitted 15 adult alligators (4 females and 11 
males, TL range 221–307 cm, mean ± SD: 262 ± 25 cm) with Crit-
tercam units (N = 9, at Merritt Island National Wildlife Reserve, 
28.529543°N, 80.606585°W, in 2010 and N = 6, at Guana Tolomato 
Matanzas National Estuarine Research Reserve, 30.024833°N, 
81.329628°W, in 2011; Fig. 3). Crittercam units were on average 
1.9% of the total mass of an individual alligator (mean = 52 kg). 
A total of 102 hours of audio and video data was recorded dur-
ing deployments, 79.5 h (~78%) of which was usable footage for 
behavioral analyses (i.e., clear view of surrounding habitat and 
the alligator’s snout; Fig. 4). Four deployments ended early due 
either to units detaching prior to scheduled detachment (e.g., 
snagging on vegetation) or camera lenses becoming obstructed 

by vegetation and/or substrate. Only one individual displayed 
signs of discomfort or stress during deployments. That individu-
al, a large male (224 cm TL), was missing a large portion (~40 cm) 
of its tail from a previous injury and seemed to be disoriented 
for a portion of the Crittercam deployment. We hypothesize this 
was due to the added weight and movement of the Crittercam 
unit in heavy wave conditions in deep water, combined with the 
loss of stabilization from the missing portion of the tail. In two 
instances alligators were located using VHF radio signals and the 
Crittercam unit was manually removed due to the detachment 
apparatus malfunctioning. Because in our study systems salini-
ties were moderate to high (14–34 ppt) and ambient water tem-
peratures were high (21–25°C), in addition to the fact that units 
were not fully submerged throughout deployments, GTRs cor-
roded more slowly than anticipated: in 48 and 96 h for predicted 
24- and 48-h models, respectively.

The 79.5 h of unobstructed video and audio data collected 
during deployments generated clear point-of-view footage in 
most environmental conditions encountered (Fig. 4). Given the 
properties of the camera (horizontal field of view: 114 degree for 
Gen 5.7 SD model and 170 degree for Gen 6.0 HD Crittercam) 
and its position on the alligator, the field of view encompassed 
the upper portion of the head, snout, and nostrils as well as the 
surrounding environment. In three instances the Crittercam 
and harness was displaced producing a side-angle image of the 
head and snout. Image clarity and field of view were negatively 
affected by water turbidity and aquatic vegetation density. In all 
conditions the movement of the head could be observed. We ob-
served a variety of behaviors and species interactions and were 
able to record video footage during all times of the day and night, 
although the depth of view was reduced at night. Behaviors and 
interactions observed included inter- and intraspecific interac-
tions, prey capture and pursuit, diving behavior, body position, 
basking patterns, and habitat use (Table 1). 

Discussion.—Documenting and studying the behavioral 
interactions of living organisms, in particular aquatic species, 
can be difficult due to the constraints of technology, limitations 
of environmental conditions, and behavioral modifications 
brought on by the presence of human observers or equipment. 
To reduce bias and limitations in the study of animal behavior 
using observational techniques, researchers and technicians 
have developed animal-borne imagery as an effective means to 

tABle 1. Comparison of observable individual-based behavioral vari-
ables that can be recorded/documented using animal-borne imag-
ery compared to traditional direct observation techniques.

Observable variables Animal-borne Direct
 imagery observation

Night-time Images Yes Yes*

Acoustic data Yes Yes*

Body position Yes Yes*

Ambient temperature Yes Yes*

Individual identification Yes Yes*

Above-surface interactions Yes Yes

Below-surface interactions Yes Yes*

Point-of-view images Yes No

Depth Yes No

Acceleration Yes No

*Observations are limited.  

fig. 3. A) Photo of Alligator mississippiensis with Crittercam attached 
in natural habitat, view from rear. B) Photo of A. mississippiensis with 
attached Crittercam, view from front.
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collect video and audio data from the perspective of the animal. 
Here, we demonstrate that animal-borne imagery devices can 
successfully be used to study the habits of crocodilians with little 
to no adverse effects on natural behavior. In comparison to direct 
observation, animal-borne imagery markedly increases both the 
quality and quantity of certain observational data which can be 
collected from crocodilians (Table 1). However, animal-borne 
imagery also has its own limitations in crocodilian studies. While 
the POV video produced by Crittercam offers an up-close view 
of animal behavior and interactions, it is restricted by the field 
of view and position of the camera unit. Additionally, the short 
duration (~8 h) of video data produced by these units may limit 
the amount of data available to researchers. Furthermore, when 
attaching equipment to wild animals there is always the poten-
tial to lose or damage the equipment.

From the outcome of deployments performed thus far, we 
recommend special consideration be given to the size and con-
dition of individual crocodilians receiving Crittercams or similar 
types of devices. First, individuals smaller than 2 m in total length 
may be too small to support the added weight and drag of the 
Crittercam or similar data collection systems. Second, individu-
als in poor condition (e.g., emaciated, appearing ill or with large 
injuries) or physically handicapped may not be ideal candidates 
for camera deployments. With these limitations in mind, animal-
borne imagery devices can be useful tools for recording point-of-
view video and audio data of crocodilian behavior, ecological in-
teractions, daily activity patterns, and position in the habitat. In 
addition, when coupled with other data collection devices such 
as temperature and depth sensors, this data provides an avenue 
to perform in-depth analyses of the effects environmental con-
ditions have on behavioral and ecological interactions. Although 
we used a pre-manufactured audio/video recording device 

(Crittercam), we believe this method of attachment and fail-safe 
system could be used to deploy a variety of other devices (e.g., 
small cameras, depth sensors, accelerometers) on any crocodil-
ian species at relatively little cost to researchers. 

We suggest the following questions could potentially be ad-
dressed using Crittercams or similar equipment while studying 
crocodilians: What is the diel activity cycle (e.g., basking times, 
movement rates, den use, and social activities)? What are the 
rates of submergence? How often do crocodilians attempt to 
capture prey? What is the rate of success when attempting to 
capture prey? What foraging techniques are employed while 
capturing prey? Are certain foraging techniques more successful 
than others? How do crocodilian species differ in ecological and 
biological interactions? 
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fig. 4. Snapshots of video footage recorded during Crittercam deployments: A) Color video during day-time. B) Color video during sunrise. C) 
Color video during night-time. D) Side-angle view following shift in Crittercam position.
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A method for Surveying diurnal terrestrial reptiles with 
passive infrared Automatically triggered cameras

 The use of automatically triggered cameras (hereafter-
termed cameras) as ecological research tools has expanded con-
siderably in recent decades (Cutler and Swann 1999; Rowcliffe 
and Carbone 2008). Cameras were once film-based and triggered 
by mechanical devices such as trip-wires, but now most systems 
utilize digital technology triggered by active-infrared (AIR) or 
passive-infrared (PIR) sensors (Swann et al. 2011). Where re-
search questions do not require the physical capture of animals, 
cameras provide substantial ethical benefits over many tradi-
tional survey methods (Putman 1995) and have been shown to 
be superior to techniques such as live-trapping or hair-tunnels 
for mammals (De Bondi et al. 2010; Paull et al. 2012). Yet, while 
the use of cameras for understanding the distribution and ecolo-
gy of mammals is well advanced, their utility for surveying other 
vertebrate fauna is mostly unknown. Due to trigger limitations, 
the use of cameras for reptile research has been restricted to a 
few species-specific studies. As such, this paper documents a 
method for use of PIR-triggered cameras to detect multiple spe-
cies of diurnal terrestrial reptile. 
 Trigger sensitivity is a key limitation for some cameras. For 
reliable use, trigger mechanisms need to be sensitive enough to 
detect the target species, but not so sensitive that excessive false-
trigger events (triggering of the camera when an animal is ab-
sent) become a hindrance (Swann et al. 2011). Guyer et al. (1997) 
developed a pressure-plate trigger that was successfully used to 
study Gopher Tortoises (Gopherus polyphemus) (Boglioli et al. 
2003; Johnson et al. 2007), and Maier et al. (2002) developed a 
subterranean seismic trigger that was successfully used to study 
turtle nest predation (Marchand et al. 2002). However, as reptile 
communities include small species (< 100 g), these two types of 
trigger are not practical. Pressure-plates are limited by the mass 
of the target animal, and so a pressure-plate sensitive enough 
to detect small reptiles could easily become permanently de-
pressed by displaced vegetation or substrate. Similarly, a seismic 
trigger sensitive enough to detect small reptiles would be prone 
to a high level of false-triggers as any vibration in the environ-
ment, such as weather events, would trigger the camera.
 Active-infrared triggers are analogous to mechanical trip-
wires; an infrared beam is transmitted to a receiver and, when 
broken, signals the camera to capture an image. Trigger sensi-
tivity is generally not a problem with AIR systems but they are 
limited to where they can be positioned in the landscape (Rice 
et al. 1995). For example, animals will pass under the beam if it 
is placed too high, but placing it too low results in high levels of 

false-triggers from weather events or vegetation disrupting the 
beam (Rice et al. 1995; Sadighi et al. 1995; Swann et al. 2004). 
Consequently, AIR triggers would not be suitable for small rep-
tiles. Still, Timber Rattlesnakes (Crotalus horridus), Pig-nosed 
Turtles (Carettochelys insculpta), and Gopher Tortoises have all 
been monitored with cameras triggered by AIR sensors (Sadighi 
et al. 1995; Doody and Georges 2000; Alexy et al. 2003).
 Cameras triggered by PIR sensors are currently the dominant 
type used in ecological research (Swann et al. 2011). Passive-
infrared triggers work by measuring the surface temperature, in 
the form of infrared radiation, emitted by objects in a detection 
area and trigger the camera when a rapid change in the tempera-
ture occurs; for example, when an animal with a higher or lower 
surface temperature than the background enters the foreground 
(Swann et al. 2011). Triggering based on temperature in this 
manner is problematic for reptiles for two reasons. Firstly, while 
McGrath et al. (2012) successfully detected two Grassland Earless 
Dragons (Tympanocryptis pinguicolla) with PIR triggered cam-
eras, as reptiles can be similar in temperature to the substrate in 
the detection zone, they can easily avoid detection (Rovero et al. 
2010). Thorbjarnarnson et al. (2000) used PIR triggered cameras 
to study crocodile nesting behavior and found that a crocodile 
managed to open the nest while only triggering the camera once. 
 Secondly, because surface temperatures of objects in the en-
vironment vary, temperatures within the detection zones are not 
uniform (Fig. 1a). Given that the camera is triggered by a thermal 
change in at least one zone of the detection bands, the PIR sen-
sor requires a larger change in temperature to trigger the camera 
to overcome the thermal variation (Reconyx 2010). Alternatively, 
consider the reverse; if the temperature in the environment was 
homogenous, any difference in temperature becomes more pro-
nounced and therefore more easily detected by the PIR sensor 
(Fig. 1b). These problems can be overcome by implementing the 
Camera Overhead Augmented Temperature (COAT) protocol 
described here. By introducing a material to augment the tem-
perature in the detection area, in this case a cork floor tile, ther-
mal variation is removed.  Further, as the tile gets considerably 
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warmer than the surrounding substrate (DW, unpubl. data), 
reptiles will be relatively cooler, resulting in a temperature differ-
ence that triggers the camera. 
 Methods.—Ten ReconyxTM HC600 PIR cameras were deployed 
for 30 days between March 18 and April 23, 2012, to five transects 
(~100 m × ~2 m) on Beecroft Peninsula, Jervis Bay, Australia. The 

site is dominated by coastal heath; thus, each transect had previ-
ously been cleared to understory level and two camera stations 
established 30 m apart from a central position. Each station con-
sisted of a ReconyxTM HC600 camera set to the highest sensitivity; 
a 30 × 30 cm cork floor tile; a PVC bait holder containing oats 
and peanut butter; two 3 m drift fences; and a camera mounting 
pole and block. Each station was set with the camera oriented 
to take overhead images from 70 cm above the ground with the 
cork floor tile pegged directly beneath the camera, and the bait 
holder pegged on the edge of the cork floor tile at the base of the 
mounting pole (Fig. 2). Tiles of different materials were tested 
prior to deployment to assess thermal absorbance. Dark-colored 
roof tiles would also be suitable, as they too become warmer 
than the surrounding substrate, but cork was selected here as it 
weighs less and is less fragile. White ceramic tiles were also test-
ed; however, while cooler than the substrate the difference was 
not significant (DW, unpubl. data). 
 The PIR sensors of the ReconyxTM HC600 cameras have two 
parallel detection zone bands oriented left to right in the field of 
view (Reconyx 2010). To test whether the orientation of the de-
tection zone was significant, each site had one camera oriented 
with its detection bands parallel to the direction of the drift-
fence (Fig. 3b), and the other camera oriented with its detection 
bands perpendicular to the direction of the drift-fence (Fig. 3a). 
A Chi-square test was used to assess if trigger frequency varied 
between the detection band orientations for different groups of 
target species. For this analysis, species were grouped as reptiles; 
small mammals (< 500 g) consisting of the genera Antechinus, 
Cercartetus, Mus, and Rattus; and medium and large mammals 
(> 500 g) consisting of the genera Macropus, Perameles, and Wal-
labia (Van Dyck and Strahan 2008). One site was removed in the 
mammal analysis as the infrared flash of one camera failed, re-
sulting in unidentifiable night images. 
 Results and Discussion.—During the deployment, 3148 trig-
ger events occurred over the 300 trap days. Mammals accounted 
for ~92.3% (N = 2900) of triggers, reptiles ~3.8% (N = 118), birds 
~1.8% (N = 57), and false trigger events ~2.3% (N = 73).  Given 
the majority of trigger events occur through the night, program-
ming the camera to be active during daylight hours or subset-
ting the images pre-identification can reduce the image process-
ing time. For example, total trigger events for this deployment, 

fig. 3. Shown here is the position of the detection zone bands in ReconyxTM cameras. Picture A) has the drift fence oriented from top to bottom 
in the image, with detection bands oriented perpendicular to the fence. Picture B) has the drift fence oriented from left to right in the image, 
with detection bands oriented parallel to the fence.

fig. 1. Picture A) depicts the thermal variation of a 1 m2 patch of grass 
with the ReconyxTM PIR detection bands overlaid for reference. There 
are six detection zones split vertically between the bands. Picture B) 
shows the cork tile creating a higher and uniform thermal environ-
ment. 

fig. 2. The Camera Overhead Augmented Temperature protocol is 
set-up analogous to a pit-fall trap. Camera is oriented for detection 
zone bands perpendicular to the drift fence.
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between 0700 h and 1900 h, were 
616.  In the subsetted data, rep-
tiles account for ~19.2% (N = 118), 
mammals ~63.5% (N = 391), birds 
~9.3% (N = 57), and false triggers 
~8.1% (N = 50).
 Eight species of mammal 
and potentially seven species of 
reptile were detected (Table 1). 
The three smallest skink species 
(snout–vent length ~5 cm) on the 
study site were grouped together 
since, due to camera resolution, 
identification to species level was 
problematic (Fig. 4). This issue 
may be overcome by reducing the 
height of the camera above the 
ground. However, it will certainly 
be improved as new camera lens technology is incorporated into 
new models of automatically triggered camera. Despite this, this 
is an encouraging result for two reasons. Firstly, though future 
research will compare the use of this method against alternative 
reptile sampling methods, the COAT protocol is capable of de-
tecting the smallest reptile species on the study area (Wilson and 
Swan 2010). Secondly, recent reptile surveys from 40 sites on the 
study area, which employed active searches and artificial refug-
es, have only detected 11 species of reptile after concerted effort 
(C. MacGregor, pers. comm., 06 Jun 2012). It is reasonable to as-
sume therefore, that the lack of detection of other reptile species 
is due to the non-ubiquitous distribution of those reptiles across 
the site (C. MacGregor, pers. comm.). 
 Orientation of the detection zone bands was found to be a sig-
nificant factor of trigger frequency for reptiles with the perpen-
dicular orientation accounting for ~75% of reptile trigger events 
(Table 2). Orientation was also a significant factor of trigger fre-
quency for small mammals, but did not appear to be significant 
for large mammals (Table 2). Orientation was initially tested be-
cause of speculation that the drift fence may bias the direction of 
reptile movement into the detection zone, and therefore bias de-
tection events. Instead, the mounting-pole, bait holder, and drift 
fence all appeared to obscure part of the detection zone in the 

parallel orientation, and thereby reduced the effective detection 
zone. Smaller detection zones are inherently less effective at de-
tecting animals than larger detection zones (Damm et al. 2010) 
and, as shown here, this effect is compounded as the size of the 
target species reduces. Further work regarding the efficacy of the 
drift fence for this method will be carried out in future studies. 
Despite the fact that ReconyxTM cameras were used in this study, 
this is still relevant if implementing this protocol with a different 
brand of camera due to variations in detection zone position and 
shape between brands (Swann et al. 2004).
 Using cameras to survey reptiles provides a way to conduct 
capture-mark-recapture surveys without capturing the animal. 
Many ecological questions require animals to be identified to 
the individual level, and in the case of reptiles this often requires 
invasive marking techniques often in the form of toe-clipping, 
scale-clipping, or inserting subcutaneous tags (Sacchi et al. 
2010). Once an animal has been captured and marked, it must 
then be recaptured at some point in the future, further stressing 
the animal and requiring additional field time for researchers. 
Of the 44 Jacky Dragon (Amphibolurus muricatus) detections, 
at least 15 individuals were identified from ornamental scale 
patterns. By eliminating the need for invasively marking indi-
viduals, ethical concerns and questions of increased mortality or 
diminished individual fitness are removed (Sacchi et al. 2010). 
Alternatively, where individual marking is required due to a lack 
of or changing ornamental pattern, after the initial capture and 
marking of individuals the COAT protocol may provide future 
detections without the need to recapture the individual. 
 One potential limitation of the COAT protocol is the need for 
the cork tile to reach a sufficient temperature before detections 
can occur. If a reptile moves into the detection zone too early (or 
late) in the day, the tile will not have had enough time to heat (or 

fig. 4. Small skinks can be detected, though identification can be 
problematic if sympatric species look similar. 

tABle 1. Reptile species detected on Beecroft Peninsula, Jervis Bay, Australia, using ReconyxTM HC600 
PIR cameras. 

Species Groups Family Scientific Name Size  DetectionsB

   (SVL mm)A

 

Jacky Dragon Agamidae Amphibolurus muricatus 120 44

Mainland She-oak Skink Scincidae Cyclodomorphus michaeli  174 1

Small Skinks Scincidae Lampropholis spp.C 48–51 24

 Scincidae  Saproscincus mustelinus 55  

Eastern Blue-tongue Skink Scincidae Tiliqua scincoides  300–320 1

Red-bellied Black Snake Elapidae Pseudechis porphyriacus 1500–2000 12

A Snout–vent length according to Wilson and Swan 2010.
B Detection events occur when more than 2 minutes have elapsed since prior trigger of the same species; thus repeat 

triggers are considered the same event.
C Consists of Lampropholis delicata and Lampropholis guichenoti.

tABle 2. Trigger frequency and Chi-square analysis for each target 
group based on orientation of the detection zone bands of ReconyxTM 
HC 600 PIR cameras.

Group Parallel  Perpendicular  Chi-square 
   (d.f. = 1)

Reptile 29 89 30.51, P < 0.0001

Small mammal 698 965 42.87, P < 0.0001

Large mammal 104 111 0.23, P = 0.69
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will have cooled too much) and therefore reduce detection reli-
ability. In this study however, although the mean detection time 
of reptiles was 1213 h (± 131 minutes), the earliest detection was 
at 0846 h of a small skink with the latest detection occurring at 
1718 h of a Red-bellied Black Snake (Pseudechis porphyriacus). 
In a comparison of active searches and artificial refuges, Michael 
et al. (2012) stated “surveys were conducted on clear sunny days 
between 0900 hours and 1400 hours;” therefore, the times of de-
tection recorded for this study appear no more limiting than al-
ternative reptile survey methods. 
 In order to be an effective survey tool, cameras need to be 
capable of reliable detection of the target species while main-
taining field deployability. Even though PIR triggers are limited 
due to the fundamental workings of the sensor, the COAT pro-
tocol shown here is a simple way to make use of PIR triggered 
cameras to detect reptiles. While there is still further work to do 
to develop this method further, this is the first successful ac-
count of employing PIR triggered cameras to deliberately target 
multiple species of diurnal terrestrial reptile, which others may 
find useful. 
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the effect of temperature on Weight Gain in hatchling  
mexican Kingsnakes, Lampropeltis mexicana

Temperature is an important component of microhabitat se-
lection (Burger 1991) as well as influencing both behavioral and 
physiological changes in reptiles (Brattstrom 1965; Fitch 1968). 
Individuals within a species may seek various substrate temper-
atures based on sex, life stage, or reproductive status (Aldridge 
1975; Blazquez 1995). Growth of neonates often is associated 
with increased energy demands (Bronikowski 2000; Bronikowski 
and Arnold 1999; Bronikowski and Vleck 2010; Case 1978). Con-
sequently, neonates are thought to seek temperatures in the 
warmer extents of their range to facilitate more rapid growth 
(Dorcas 2004). However, evidence suggests both genetics and lo-
cality can both impact growth rate (Bronikowski 2000).

Thermal variation in high-elevation environments makes 
montane snake species an interesting group on which to con-
duct thermal studies. Such montane species can be found within 
the Lampropeltis mexicana complex, a popular animal in reptile 
husbandry where most successful breeders recommend a sub-
stantial thermal gradient (Lassiter 2012). Widely distributed, but  
comprised of locally isolated groups, the Lampropeltis mexicana 
complex is currently in a taxonomic state of flux with various 
species and subspecies designations often in contradiction with 
one another (Bryson et al. 2005; Bryson et al. 2007; Gartska 1982). 
In general, Mexicana populations are found in high-elevation 
environments where great fluctuations in temperature are com-
monplace (Bryson et al. 2007; Gartska 1982). 

Given the thermal characteristics of their habitats and their 
prevalence in reptile husbandry, we exposed hatchling Variable 
Kingsnakes, L. m. thayeri, to two temperature regimes to inves-
tigate the impact of temperature on feeding rates, growth rates, 
weight gain, and efficiency of biomass accumulation.

Materials and Methods.—Each snake was placed into a con-
tainer (33 L × 20 W × 12.7 cm H) containing an identical set-
up: a water dish, hide box containing approximately 2.5 cm of 
sphagnum moss (ZooMed Laboratories), and aspen cage bed-
ding (ZooMed Laboratories) approximately 2.5–5 cm in depth. 
The cages had four ventilation holes drilled through each side 
and three on the lid. Each cage was placed into a larger cage set 
up (Boaphile Plastics) that contained under-cage heating tape. 
Temperatures were maintained within 0.6°C using two ther-
mostats set for treatment specific temperatures (Ranco Model 
#ETC-111000). Data loggers (HOBO TEMP Loggers; ± 0.5°C) 
were used to ensure consistency within treatment groups and to 
quantify any variation from the programmed temperature.

Samples sizes totaled 11 hatchling snakes with 9 individu-
als from the same clutch and 2 from other captive clutches. 

Individual snakes were assigned to one of two groups (N
group1

= 5, 
N

group2
= 6) to minimize potential impacts of any differences as-

sociated with initial weights (± 0.04 g starting difference between 
treatments). Based upon recommended thermal gradients for 
the species in captivity (Lassiter 2012), we chose two treatment 
temperatures (23.3°C and 28.9°C). Once placed in the treatments 
the snakes were fed commercially obtained, frozen and thawed 
mice (Big Cheese Rodent Factory; 4.5 ± 3 g) twice a week, with a 3 
or 4-day period between feedings. Prior to the first feeding each 
week, the snakes were weighed (O’Haus Adventurer balance: ± 
0.002 g). Mice were left in the cages overnight and removed the 
next day if uneaten. Measurements were taken on the snakes 
from 1 Dec 2010 to 28 Mar 2011 (27 total feeding opportunities 
and 14 weight measurements). The process was repeated from 
28 Mar 2011 to 18 Jul 2011 (27 total feeding opportunities and 
15 weight measurements) with the animals switched between 
treatments (ex. 23.3°C is now 28.9°C, and vice versa) to minimize 
potential bias associated with inherent differences among indi-
vidual snakes.

Throughout the experiment, cages were spot cleaned and 
provided with fresh water as needed. Monthly bedding changes 
occurred with the cleaning of all cage materials (Chlorohexidine 
solution). 

Using repeated measures ANOVA, we evaluated the impact of 
both time series and temperature on weight gain. Using simple 
linear regression, we generated growth equations for each period 
and treatment and compared the slopes. Finally, we compared 
amount of prey refusals between treatments using a G-test while 
we compared the ratio of weight consumed to weight added be-
tween treatments. 

Results.—Data were collected on 11 hatchling kingsnakes 
from 01 Dec 2010 to 18 Jul 2011, resulting in a total of 927 weight 
measurements taken and 14 and 15 weighings per snake per 
treatment (Table 1). Initial and final hatchling weights did not 
differ for either period (Table 2). There is an risk associated with 
live prey capture that would impact wild populations. Similar 
growth rates with the observed fewer feedings in colder tem-
perature may better suggest optima. Growth rates for our study 
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are greater than those reported 
by Gartska (1982) over a 2.5-
year period for L. alterna fe-
males, suggesting a difference 
in growth rate over time, spe-
cies differences, or different 
feeding regimes. Furthermore, 
possible costs associated with 
increased growth rates have 
been documented in many ec-
totherms (Gotthard 2001; Sibly 
and Atkinson 1994).

Our results may also have 
implications for husbandry. No 
detectable differences between 
temperatures suggest reptile 
keepers of the Mexicana king-
snakes may be able to conserve 
financial and logistic resources 
without negatively impact-
ing growth rates of hatchlings. 
However, hatchling refusal of 
prey has been reported with this species and 
decreased temperature increased this propen-
sity in our study. Furthermore, it is unknown 
whether the increase in efficiency of weight gain 
in period 2 was a consequence of the physiology 
of the animals or a component of increased mass 
of the prey items.

The sample size of our study, as well as switch-
ing snakes between temperatures, merit caution 
when interpreting our results. We suggest future 
studies maintain snakes in the same temperature 
for the duration of the experiment. Although the majority of our 
snakes were from the same clutch, our study suggests individual 
variation was minimal among snakes despite the presence of an 
outlier. We feel a study or numerous studies could be conducted 
on captive populations to examine the impact of faster growth 
rates on other aspects of individual fitness and call for increased 
collaborative, large-scale experiments involving both scientists 
and those involved in reptile husbandry.
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tABle 1. Summary weight gain data on 11 hatchling Mexican Kingsnakes during a captive study. Tem-
perature, Initial Weight (g), Final Weight (g), Growth Rate (g/day), Ratio (grams of intake/1 g growth) for 
individual snakes in each time.

 Period 1 Period 2

Snake  Temp Initial Final Growth Ratio Temp Initial Final Growth Ratio
 ID (°F) Weight  Weight  Rate  (°F) Weight Weight Rate

 1  84  13.16  39.05  0.24  2.82  74  39.05  70.97 0.23 2.28

 2  74  17.74  35.48  0.14  3.01  84  35.48  88.90  0.48  2.46

 3  84  19.91  41.26  0.20  3.47  74  41.26  93.28  0.45  2.27

 4  84  19.65  46.15  0.23  2.82  74  46.15  102.80  0.45  2.21

 5  74  17.22  42.87  0.22  2.67  84  42.87  97.55  0.51  2.53

 6  74  20.50  45.66  0.21  2.69  84  45.66 106.06  0.57  2.21

 7  84  15.22  36.66  0.19  3.41  74  36.66  70.76  0.27  3.04

 8  84  18.25  45.43  0.23  2.95  74  45.43  105.28  0.57  2.43

 9  84  14.95  40.77  0.22  2.87  74  40.77  83.11 0.37  2.85

 10  74  14.38  43.64  0.26  2.86  84  43.64  88.65  0.42  2.97

 11  74  14.67  20.07  0.05  6.03  84  20.07  63.13  0.43  2.54

tABle 2. Summary weight data (mean ± std. dev.) at the beginning and end of treatments 
in a study of hatchling growth rates at different temperatures for a six-month period.

 Period 1 Period 2

 Temperature Begin End Begin End

 28.9°C 16.86 ± 2.79 g 41.55 ± 3.66 g 39.58 ± 12.13 g 87.70 ± 15.21 g

 23.3°C 16.90 ± 1.12 g 37.54 ± 10.50 g 43.71 ± 4.09 g 88.86 ± 16.07 g
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The inclusion of the Diamondback Terrapin (Malaclemys 
terrapin), or saltwater terrapin, as a New World dietary staple 
dates back to the arrival of European colonists in the United 
States in Maryland and Virginia in the late 1500s. In the 
United States’ early years, Diamondback Terrapins were so 
abundant and inexpensive they were purportedly fed to pigs 
and, in the Chesapeake Bay region, to servants and slaves to 
such excess that this practice led to a slave rebellion in the 
1700s. But by the 1800s, the Diamondback Terrapin became a 
staple in the well-to-do’s larder, attaining a gourmet status in 
such dishes as Terrapin Maryland and Terrapin Philadelphia. 
The culinary status of the diamondback was brought to 
life in an illustrated plate prepared for the article “Canvas-
Back and Terrapin,” featured in an 1877 issue of Scribner’s 
Monthly. The illustration in question, In the Larder, depicts 
two terrapins—one balanced atop the foot of a wine glass, the 

other upside-down—surrounded by the finer things in life: 
oysters, canvas-back ducks, a box of Flor Fina cigars, a case of 
Bordeaux wine from the Château Pontet-Canet. To meet this 
demand for terrapins, diamondbacks were collected all along 
the Eastern Seaboard and the Gulf Coast. Those collected 
from northern waters were allegedly more flavorful and 
considered superior to their southern cousins. “Chesapeakes” 
(or “Delawares”) from the Delaware and Chesapeake bays 
commanded a higher price than did “Southerns” from North 
and South Carolina southward. That didn’t prevent shippers 
and their middle-men, however, from “relocating” southern 
Diamondback Terrapins to more northerly latitudes, mixing 
them with their Chesapeake stock, and then selling the 
ensemble as “Chesapeakes.”

—Contributed by Matthew Bettelheim 
e-mail: matthew.bettelheim@urs.com
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Amphibian chytrid fungus confirmed in endemic frogs and 
caecilians on the island of São tomé, Africa

Although the presence of the pathogenic fungus Batracho-
chytrium dendrobatidis (Bd) is confirmed on six continents, 
its origin is still undetermined (Kriger and Hero 2009). One of 
the oldest records of Bd in Africa is from a museum specimen 
collected in Cameroon in 1933 (Soto-Azat et al. 2010), and al-
though this region is a proposed source for Bd (Weldon et al. 
2004), the presence of the pathogen and its potential role in 
amphibian declines in West and Central Africa (a region that 
ranges from Mauritania to Democratic Republic of the Congo) 
are not well documented. In central Africa, the presence of Bd 
is confirmed in Gabon (Bell et al. 2011), Cameroon (Soto-Azat 
et al. 2010), Nigeria (Imasuen et al. 2011; Reeder et al. 2011), 
and Democratic Republic of the Congo (Greenbaum et al. 
2008); to date there are no records of Bd from West Africa de-
spite considerable sampling (Penner et al. 2013). In addition, 
recent surveys of Madagascar indicate that the chytrid fun-
gus may not be present there (Vredenburg et al. 2012), raising 
questions about the distribution of Bd on oceanic islands. Col-
lecting baseline data on the geographic and taxonomic extent 
of the pathogen in this region will help elucidate the extent of 
its distribution in Africa, and the degree of threat to local and/
or endemic species. 

We conducted this study on the island of São Tomé (Cen-
tral Africa), a volcanic island in the Gulf of Guinea located ap-
proximately 250 km off the coast of Gabon. This island has no 
historic connection to the mainland and hosts five endemic 
amphibian species—one caecilian (Schistometopum thomense) 
and four frogs (Hyperolius molleri, H. thomensis, Phrynobatra-
chus leveleve, and Ptychadena newtoni). Two of these species—
P. newtoni and H. thomensis—are listed as endangered on the 
IUCN Red List (www.iucnredlist.org). Because of the high level 

of endemism of this island amphibian community, determining 
whether the species are naïve to this pathogen is essential for 
evaluating disease risk and whether preventative measures for 
the island are necessary (Crottini et al. 2011). 

Amphibian surveys were opportunistic and conducted at 
night from 9–17 April 2012 on the island of São Tomé (during 
the wet season). Surveyed habitats include pristine forest, dis-
turbed forest, and agricultural fields, ranging in elevation from 
65 to 1424 m (Fig. 1). We captured amphibians by hand (without 
gloves) and placed them in individual plastic bags until process-
ing. We collected swab samples from 62 adults (Appendix 1) us-
ing sterile fine-tip swabs (MW113; Medical Wire & Equipment 
Co., Wiltshire, England). Swabs were stored in 95% ethanol and 
stored at 4°C until processing. All swabbed amphibians were eu-
thanized and prepared as voucher specimens, now accessioned 
in the collections of the California Academy of Sciences, San 
Francisco, California, USA (Appendix 1).

We followed established methods for sampling Bd in the 
field, and for DNA extraction and quantitative Bd detection in 
the laboratory (Boyle et al. 2004). We analyzed 1:10 dilutions of 
the DNA extract in 96-well plates on a real-time PCR machine 
(ViiA 7; Applied Biosystems, Carlsbad, California, USA). Samples 
that showed signs of inhibition were further diluted to 1:100 and 
re-analyzed and all samples were evaluated in duplicate plates. 
Standard curves were generated from templates of known zoo-
spore concentrations ranging from 0.1 to 1000 zoospores (Boyle 
et al. 2004). To evaluate fluorescence levels of the samples and 
standards we used ViiA 7 software (Applied Biosystems). Due to 
the overall low infection intensities in our samples, we deemed 
samples positive when significant sigmoidal amplification (GE ≥ 
1) occurred in one or both qPCR reactions. We calculated Clopper-
Pearson confidence intervals (a = 0.05) to estimate Bd prevalence 
for H. molleri (the sample sizes for the remaining species were too 
small to produce meaningful estimates of Bd prevalence).

We detected Bd infections on four of the five species sampled 
(Table 1) and our survey documents the first records of Bd infec-
tions in these species on São Tomé. We detected Bd in all surveyed 
habitats and at all elevations, indicating that Bd is widely distrib-
uted on the island. The infection load for all positive individuals 
was low, with a maximum infection intensity of 18.3 zoospores 
detected on one individual of H. molleri. We did not observe any 
dead individuals or symptoms of chytridiomycosis in the field. 

Our study raises questions about both the mechanisms 
and temporal scale of the spread of Bd to São Tomé and other 
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volcanic islands. Although Bd appears to be widespread among 
species throughout the island, individual infection loads ranged 
from 0.7 to 18.3 zoospores, which is much lower than the 10,000 
zoospores known to cause severe chytridiomycosis in suscep-
tible species (Vredenburg et al. 2010). We did not observe signs 
of chytridiomycosis in the field; however, our sampling is limited 
for four of the five species and does not address potential sea-
sonal variation in infection intensity (Longo et al. 2010). Further 
studies should focus on increasing sample sizes for H. thomensis, 
P. newtoni, P. leveleve, and S. thomense to obtain more precise es-
timates of Bd prevalence in these species and establish baseline 
conditions for future monitoring efforts. 

We detected Bd on one individual of S. thomense, which is one 
of the first records of Bd in a wild caecilian (Doherty-Bone et al. 
2013). Though we found Bd in only one individual—with an esti-
mated infection load of 3.5 zoospores—our study demonstrates 
that caecilians should be surveyed along with other amphibians 
when conducting field studies for Bd on São Tomé, and elsewhere. 
Bd is generally found on more aquatic anuran species (Kriger and 
Hero 2007), and though its presence on a more terrestrial amphib-
ian is not unprecedented, it poses unique challenges because Bd 
infection intensities tend to vary seasonally on terrestrial species, 
which can make diagnosis difficult (Longo et al. 2010; Weinstein 
2009). Thus, to increase the probability of detecting Bd in these 
terrestrial amphibians, surveys should include both wet and dry 
months (our surveys occurred during wet months). 
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fig. 1. Distribution of sampling localities (black circles) on São Tomé 
Island, Africa. Large star indicates the capital city and small stars 
indicate other major cities on the island. Sample site abbreviations: 
Caixueira, Ca; Monte Café, MC; Campo Grande, CG; Bom Sucesso, 
BS; Bom Sucesso Radio Tower, BSRT; Bem Posta, BP; Lagoa Amelia, 
LA; Terra Batata, TB; Contador Valley, CV. 

tABle 1. Distribution of Batrachochytrium dendrobatidis (Bd) across 
species sampled on São Tomé, Africa. NI = number of infected indi-
viduals; N = total number of individuals sampled; Clopper-Pearson 
confidence intervals for species level prevalence (a⎯ = 0.05); GE = ge-
nomic equivalents inferred from qPCR.
 
Species NI/N 95% CI Bd intensity
   (GE)

Phrynobatrachus leveleve 0/2 — N/A

Hyperolius molleri 12/50 0.13–0.38 3.52 (0.67–18.26)

Hyperolius thomensis 1/3 — 9.0

Ptychadena newtoni 1/2 — 4.3

Schistometopum thomense 1/5 — 3.5



Herpetological Review 44(2), 2013

256     AmphiBiAn diSeASeS

APPenDix i. Sampling localities, voucher information, and Bd infection intensities for specimens examined in this study.

Catalog No. Genus Species Locality Elevation(m) Northing Easting Average GE

CAS251574 Schistometopum thomense Contador Valley 616 00.28638 006.57027 3.52
CAS251575 Schistometopum thomense Contador Valley 616 00.28638 006.57027 (-)
CAS251576 Schistometopum thomense Contador Valley 616 00.28638 006.57027 (-)
CAS251577 Schistometopum thomense Contador Valley 616 00.28638 006.57027 (-)
CAS251578 Schistometopum thomense Contador Valley 522 00.29245 006.56730 (-)
CAS251579 Hyperolius  molleri Campo Grande 879 00.30585 006.61875 0.82
CAS251580 Hyperolius  molleri Campo Grande 879 00.30585 006.61875 0.84
CAS251581 Hyperolius  molleri Campo Grande 879 00.30585 006.61875 18.26
CAS251582 Hyperolius  molleri Campo Grande 879 00.30585 006.61875 (-)
CAS251583 Hyperolius  molleri Bemposta 848 00.30818 006.61673 5.70
CAS251584 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251585 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251586 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251587 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251588 Hyperolius  molleri Bemposta 848 00.30818 006.61673 0.67
CAS251589 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251590 Hyperolius  molleri Bemposta 848 00.30818 006.61673 (-)
CAS251591 Phrynobatrachus leveleve Bemposta 840 00.30913 006.61753 (-)
CAS251592 Phrynobatrachus leveleve Bemposta 840 00.30913 006.61753 (-)
CAS251593 Hyperolius  molleri Bom Sucesso 1156 00.28821 006.61307 (-)
CAS251594 Hyperolius  molleri Bom Sucesso 1156 00.28821 006.61307 (-)
CAS251595 Hyperolius  molleri Bom Sucesso 1156 00.28821 006.61307 0.90
CAS251596 Hyperolius  molleri Bom Sucesso 1156 00.28821 006.61307 (-)
CAS251597 Hyperolius  molleri Bom Sucesso 1159 00.28978 006.61162 (-)
CAS251598 Hyperolius  molleri Bom Sucesso 1159 00.28978 006.61162 (-)
CAS251599 Hyperolius  molleri Bom Sucesso 1159 00.28978 006.61162 (-)
CAS251600 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 (-)
CAS251601 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 (-)
CAS251602 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 0.97
CAS251603 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 (-)
CAS251604 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 (-)
CAS251605 Hyperolius  molleri Terra Batata 1020 00.28848 006.62404 (-)
CAS251606 Hyperolius  molleri Monte Café Water Tank 758 00.29613 006.63805 2.99
CAS251607 Hyperolius  molleri Monte Café Water Tank 758 00.29613 006.63805 (-)
CAS251608 Hyperolius  molleri Monte Café Water Tank 758 00.29613 006.63805 (-)
CAS251609 Hyperolius  molleri Monte Café Water Tank 758 00.29613 006.63805 (-)
CAS251610 Hyperolius  molleri Monte Café Water Tank 758 00.29613 006.63805 (-)
CAS251613 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 1.65
CAS251614 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 (-)
CAS251615 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 (-)
CAS251616 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 (-)
CAS251618 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 (-)
CAS251619 Hyperolius  molleri Lagoa Amelia 1424 00.28145 006.59080 2.77
CAS251620 Ptychadena newtoni Caxueira 65 00.30234 006.73228 (-)
CAS251621 Ptychadena newtoni Caxueira 65 00.30234 006.73228 4.26
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occurrence of Batrachochytrium dendrobatidis in 
Notophthalmus viridescens in northwestern virginia, uSA
 Batrachochytrium dendrobatidis (Bd) (Longcore et al. 1999), 
the causative agent of the amphibian disease chytridiomyco-
sis, has caused global amphibian population declines and ex-
tinctions (Berger et al. 1998; Fisher et al. 2009; Lips et al. 2005). 
Little is known about the occurrence of Bd in northwestern Vir-
ginia, USA, and continued efforts to sample for Bd are needed 
to provide a more complete understanding of its distribution 
and which species are infected (Gratwicke et al. 2011). Informa-
tion on the presence, prevalence, and abundance of Bd on host 
amphibian populations in this region will provide baseline data 
for Bd in local populations in order to form a basis for contin-
ued monitoring of the pathogen. In addition, if amphibians are 
surviving in this region despite Bd infection, it may suggest they 
possess adequate defenses, such as microbial defenses, that 
could be investigated to help conserve susceptible amphibians 
(Harris et al. 2006; Vredenburg et al. 2011). 
 Notophthalmus viridescens, the Red-spotted Newt, is found 
throughout the northeastern USA and is abundant in the George 
Washington National Forest (GWNF) in northwestern Virginia. 
Declines in newt populations have not been reported in any ar-
eas of its range, and given that this species is not cryptic and is 
present in ponds for several months each year, it is likely that 
major declines would have been detected (Hunsinger and Lan-
noo 2005). Therefore, this species is either not infected by Bd 
because Bd is not found locally, individuals are able to persist 
despite infection because they have adequate defensive mecha-
nisms, such as innate immunity or microbial defenses (Harris et 
al. 2006; Rollins-Smith 2009) or limited surveys assessing popu-
lation trends of this species have been conducted to accurately 
document population dynamics. Few studies have investigated 
Bd infection in N. viridescens, but they suggest that newts can 
be infected. One study in Alabama found two dead newts that 
were confirmed positive for Bd, and it was suggested that these 
individuals might have died as a result of chytridiomycosis 

(Bakkegard and Pessier 2010). In western Pennsylvania, a survey 
detected Bd infection in newts at six locations with varying prev-
alence (Groner and Relyea 2010), and in central Pennsylvania, 
infected individuals were found at 12 of 16 ponds (Raffel et al. 
2010). Rothermel et al. (2008) surveyed locations throughout the 
southeastern USA and found newts infected with Bd in eastern 
North Carolina, northern Mississippi, and southeastern Virginia. 
Only two newts were sampled in Virginia, and both were positive 
for Bd, but showed no signs of disease. An additional study con-
ducted in central Virginia sampled seven newts, all of which were 
negative for Bd (Pullen et al. 2010). Two additional studies in Vir-
ginia, one in the central Appalachians in Maryland and Virginia 
(Hossack et al. 2010) and one in Warren Co., Virginia (Gratwicke 
et al. 2011), surveyed different amphibian hosts, and found low 
infection prevalence across the sampled populations. Few stud-
ies have surveyed amphibian populations in Virginia and no 
studies to our knowledge have been completed in the GWNF in 
northwestern Virginia. We surveyed Bd infection status in N. viri-
descens populations in northwestern Virginia to determine if Bd 
was present and to assay the prevalence of infection. 
 Three populations of N. viridescens in the GWNF, including 
populations at Todd Lake, White Oak Flat Pond, and Mud Pond 
(Fig. 1), were surveyed between 27 February and 1 May 2012. 
Todd Lake, a medium-sized lake located at an elevation of 579 
m, was surveyed on 27 Feb 2012. White Oak Flat Pond, a pond 
located on top of Shenandoah Mountain at an elevation of 1034 
m, was surveyed on 5 March 2012 and 1 May 2012. Mud Pond, a 

APPenDix i.  Continued.

Catalog No. Genus Species Locality Elevation(m) Northing Easting Average GE

CAS251622 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-) 
CAS251623 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251624 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251625 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251626 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251627 Hyperolius  molleri Caxueira 65 00.30234 006.73228 2.64
CAS251628 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251629 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251630 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251631 Hyperolius  molleri Caxueira 65 00.30234 006.73228 4.00
CAS251632 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251633 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251634 Hyperolius  molleri Caxueira 65 00.30234 006.73228 (-)
CAS251635 Hyperolius  thomensis Bom Sucesso Radio Tower 1326 00.27568 006.60412 (-)
CAS251636 Hyperolius  thomensis Bom Sucesso Radio Tower 1326 00.27568 006.60412 9.02
CAS251637 Hyperolius  thomensis Bom Sucesso Radio Tower 1326 00.27568 006.60412 (-)
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natural pond located at an elevation of 864 m, was surveyed on 
27 March 2012. Other amphibian species, including Lithobates 
sylvaticus, Pseudacris crucifer, and Ambystoma maculatum were 
seen at the sampled locations.
 During each survey, adult newts were captured using a dip 
net, and the presence of Bd was assessed using established 
methods that involve swabbing the skin and conducting tradi-
tional PCR (Annis et al. 2004; Hyatt et al. 2007). Unique gloves 
were worn for capture and swabbing of each animal to ensure 
that Bd was not transferred between individuals. Nets were not 
cleaned between individual captures but were cleaned in 10% 
bleach solution in between sample locations. Boots were also 
cleaned between sampling locations. Each newt was rinsed two 
times in 20 ml of sterile Provasoli medium (Wyngaard and Chin-
nappa 1982) before swabbing and then swabbed 10 times (1 
swab = up and back) on the ventral body surface and one time 
on each foot using a Fine Tip MW 100 swab (Medical Wire and 
Equipment, Corsham, UK). Swabs were stored on ice until trans-
fer to a -80°C freezer. Captured newts were visually assessed for 
signs of chytridiomycosis, such as lethargy, hemorrhagic lesions, 

reddening of the ventral region, 
and skin sloughing (Berger et 
al. 2005). Newts from Mud Pond 
were returned to the pond im-
mediately following swabbing. 
Newts from the remaining sur-
veys were collected for laborato-
ry experiments (data not shown).

DNA was extracted from the 
swabs using Qiagen QiaAMP 
DNA micro kit (Qiagen, Valencia, 
California) following the manu-
facturer’s protocol for DNA ex-
traction from swabs with minor 
modifications. The volume of 
buffers ATL and AL were reduced 
to 200 µl. Conventional PCR was 
performed to detect infection. 
Twenty-five µl PCR reactions 
were completed containing the 
following: 2 µl of DNA extract, 2.5 
µl 10X Buffer A (Fisher Scientific, 
Pittsburgh, Pennsylvania), 0.7 
µl of 25 mM MgCl, 0.5 µl dNTPs 
(10 µM), 2.5 µl of each primer (10 
µM), 0.2 µl Taq DNA polymerase 
(Fisher Scientific), and 14.1 µl of 
PCR-grade water. Primers Bd1a 
(5'-CAG TGT GCC ATA TGT CAC 
G-3') and Bd2a (5'-CAT GGT TCA 

TAT CTG TCC AG-3'), as described by Annis et al. (2004), were 
used. Thermocycler parameters were as follows: 94°C for 4 min, 
followed by 29 cycles of 94°C for 30 sec, 58°C for 1 min, and 72°C 
for 2 min, and a final step of 72°C for 10 min. Positive and nega-
tive controls were completed during DNA extraction and PCR. 
All negative controls were negative for Bd, and all positive con-
trols were positive for Bd.
 Newts were infected with Bd, but infection prevalence varied 
based on location and time of survey. In the first survey at White 
Oak Flat Pond, 1 of 10 sampled newts was Bd-positive, whereas 
in the second survey, 33 of 39 newts were Bd-positive, showing 
an increased infection prevalence (Fisher’s Exact Test, p = 0.037) 
(Table 1). Twenty of 22 individuals sampled at Todd Lake were 
Bd-positive (Table 1). At Mud Pond, 3 of 10 sampled newts were 
Bd-positive (Table 1). The February Todd Lake sample and the 
May White Oak Flat Pond sample revealed variation in band in-
tensity, suggesting variable levels of infection. It was not possible 
to estimate variation for the March White Oak Flat Pond and 
March Mud Pond samples because of the low number of positive 
individuals. No newts showed prominent signs of chytridiomy-
cosis.
 Bd detection in these ponds expands the known distribu-
tion of Bd to northwestern Virginia. Differences in Bd prevalence 
between sampling times and locations suggest that Bd may be 
responding to differences in environmental conditions, such 
as temperature or habitat composition, changes in transmis-
sion frequency or variation in host susceptibility. Increases in 
the number of amphibians entering ponds, or the frequency of 
contact between individuals in ponds may increase Bd trans-
mission (Lips et al. 2006). For example, Bd prevalence increased 
during the time when P. triseriata congregated to breed in ponds 
in Arizona (Hyman and Collins 2012). Furthermore, newts have 

tABle 1. Prevalence of Batrachochytrium dendrobatidis (Bd) infection 
at three sampled locations in the George Washington National For-
est, Virginia, USA.

Location (date) Number sampled Prevalence
 (Bd-positive)

White Oak Flat Pond (5 March 2012) 10 (1) 10%

White Oak Flat Pond (1 May 2012) 39 (33) 84%

Todd Lake (27 Feb 2012) 22 (20) 90%

Mud Pond (27 March 2012) 10 (3) 30%

fig. 1. Topographic map of sampling locations for Batrachochytrium dendrobatidis on Notophthal-
mus viridescens in the George Washington National Forest in northwestern Virginia, USA.
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an elaborate courtship ritual involving periods of sustained am-
plexus; therefore, the onset of courtship is an additional expla-
nation for increased Bd prevalence at White Oak Flat that bears 
further consideration. Continued and repeated monitoring of 
these sites in northwest Virginia is an avenue of future research 
that can further investigate the possibility of temporal variation 
in Bd prevalence within these newt populations. This study, in 
tandem with other studies, documents Bd infection across the 
geographical range of N. viridescens with no signs of chytridio-
mycosis or striking population declines. This result suggests that 
newts may have a defensive mechanism, such as antimicrobial 
peptides or cutaneous antifungal symbionts (Harris et al. 2006; 
Rollins-Smith 2009). The potential defenses of newts against Bd 
warrant further investigation. 
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investigations into the life history Stages of the  
common frog (Rana temporaria) Affected by an  
Amphibian ranavirus in the united Kingdom

Ranaviruses are emerging infectious disease agents that af-
fect a wide range of ectothermic and poikilothermic vertebrates: 
fish, reptiles (including turtles and tortoises) and amphibians 
(Ahne et al. 1997; Chinchar et al. 2009; Miller et al. 2011). In the 
United Kingdom (UK), amphibian ranaviruses began to emerge 
in the late 1980s and early 1990s in southeast England (Cunning-
ham et al. 1996) and manifested as adult mass morbidity and 
mortality events (Cunningham et al. 1993; Cunningham et al. 
1996; Drury et al. 1995). 

Evidence for local ranavirus outbreaks in the UK have, to 
date, relied exclusively upon reports of moribund or dead adult 
common frogs (e.g. Cunningham et al. 1993; Cunningham et al. 
1996; Drury et al. 1995; Teacher 2009; Teacher et al. 2009; Teacher 
et al. 2010). In the majority of the cases, few frogs were collected 
from each site and these were usually in poor condition and thus 
uninformative for post mortem examinations. The sole focus on 
adults leaves open the question of whether earlier life history 
stages are susceptible to and involved in ranavirus outbreaks in 
the UK, as they are in North America. For example, an outbreak 
of the Regina Ranavirus (RRV) affected both larval and adult Ti-
ger Salamanders (Ambystoma tigrinum) in Saskatchewan, Can-
ada (Bollinger et al. 1999). Susceptibility to ranavirus infection 
also changes throughout development (e.g., Haislip et al. 2011; 
Warne et al. 2011). Therefore, it is not appropriate to assume that 
all life history stages are equivalent. 

In Common Frogs (Rana temporaria), it is unknown if rana-
virus infections occur naturally in eggs or tadpoles, even in loca-
tions where there is a known history of outbreaks in adults. We 
attempted to establish if ranavirus infections are present in the 
eggs and tadpoles of Common Frogs and to confirm the pres-
ence of ranavirus infections in adult Common Frogs using mo-
lecular methods. 

From April to June 2007, Common Frog tadpoles were col-
lected from 15 ponds (N = 20/pond) distributed over a 40 km2 
area around central London, UK. Eight of the ponds were known 
to have a history of repeated ranavirus infections in adult Com-
mon Frogs and six of the ponds were historically free of ranavirus 
(see Teacher 2009, Teacher et al. 2009, and Teacher et al. 2010 for 
pond selection). One additional site had an unknown ranavi-
rus infection history. No die-offs were apparent in any of these 
ponds during our collections. All of the sites are on privately 

owned land, so in order to maintain confidentiality we are un-
able to provide more detailed location information than is pro-
vided in Tables 1 and 2. 

Live tadpoles were transported in a common container in 
pond water to the Institute of Zoology, Zoological Society of 
London, London, UK. Upon arrival, tadpoles were euthanized 
using an overdose of MS-222 (1g/L tricaine methanesulphonate, 
Thompson & Joseph Ltd., Norwich, UK) buffered to pH 7.0 with 
sodium bicarbonate. Tissue samples were then dissected out 
and frozen at -80°C for ranavirus screening. In the case of larger 
tadpoles, tissues included the right anterior quarter of the body, 
and in smaller individuals, the central half was used. This sam-
pling method ensured that commonly used tissues (e.g., liver 
and kidneys) for ranavirus screening were contained in the sam-
ple. Instruments were disinfected with a Virkon solution (40%; 
Antec International Ltd, Suffolk, UK) then rinsed thoroughly in 
fresh water to avoid cross contamination.

In February and March 2008, portions of four freshly laid 
broods of eggs were collected from each of six locations (three his-
torically ranavirus infected sites, including Ealing and Deal, and 
three historically ranavirus infection free sites, including Eltham 1 
and Farham 1, as per Teacher 2009, Teacher et al. 2009, and Teach-
er et al. 2010). A sample of ≈ 120 eggs per clutch was taken and 
immediately preserved in 100% ethanol. From this, a subsample 
of 30 eggs per clutch was taken for screening for the presence of 
the major capsid protein (MCP) gene of frog virus 3. Egg jelly was 
removed from each egg prior to DNA extraction to remove poten-
tial surface contamination as per Duffus et al (2008).

Beginning in 2006 adult frogs from suspected ranavirus mor-
tality events were collected with the cooperation of pond owners, 
FrogLife (Registered Charity No. 1093372 in England and Wales), 
and the South Essex Wildlife Hospital. All animals received by 
A.L.J.D. underwent complete post mortem examinations, with 
hepatic tissue taken for molecular testing for the presence of the 
major capsid protein (MCP) of frog virus 3. The carcasses are ar-
chived at the Institute of Zoology. 

DNA from eggs, tadpole tissues and adult hepatic tissue 
were extracted using the Wizard SV96 Genomic DNA Purifica-
tion System (Promega, Southampton, UK) then screened for the 
presence of Ranavirus DNA using the polymerase chain reaction 
(PCR) primers and procedure of Pearman et al. (2004) and re-
agents from Multiplex PCR kits (QIAGEN, Crawley, UK). All sam-
ples were screened twice to ensure the repeatability and accuracy 
of the results. Any ambiguous results were re-screened. Positive 
PCR and negative extraction controls were used throughout. 
Originally, positive controls consisted of DNA extracts from 
known positive animals (Teacher 2009), but later were DNA from 
pure ranavirus cultures from UK frogs (Duffus 2010). The PCR 
products were visualized on a 1% agarose gel stained with ethid-
ium bromide and the presence of a 500bp band was considered 
diagnostic for the presence of ranaviral DNA. Confidence inter-
vals on the prevalence of infection were calculated using the cal-
culator at http://vassarstats.net. 
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tABle 1. Prevalence and infection rates of the ranavirus in Common Frog (Rana temporaria) tadpoles in the spring 
of 2007 in various locations in the south east of the United Kingdom. 

Location Gosner Site ranavirus  Number Number Prevalence CI
 stages history ranavirus tested
   positive

London, NW10 25–26 Negative 0 19 0 0–0.209

Fareham 1 30–32 Negative 0 20 0 0–0.201

Fareham 2 32 Positive 0 20 0 0–0.201

Fareham 3  33–36 Negative 0 20 0 0–0.201

Camden 27–34 Unknown 0 20 0 0–0.201

Eltham 1 26–27 Negative 0 20 0 0–0.201

Eltham 2 30–40 Positive 0 20 0 0–0.201

London, N12 27–40 Negative 0 20 0 0–0.201 

Worthing 36–38 Positive 0 20 0 0–0.201

Dagenham 36–40 Positive 0 20 0 0–0.201

Deal 28–33 Positive 1 20 0.05 0.003–0.269

Ealing 35–39 Positive 0 20 0 0–0.201

Ladywell 30–40 Positive 0 20 0 0–0.201

Isleworth* 38–40 Positive 0 8 0 0–0.402

Tooting 37–41 Negative 0 20 0 0–0.201

CI = Confidence Interval. * Only 8 tadpoles were found at this site.

tABle 2. Number of infections in adult Rana temporaria screened for the presence of the ranavirus from various 
location in the United Kingdom from 2006 to 2008. 

Year Location Site ranavirus Number Number Prevalence CI
  history ranavirus tested
   positive

2006 Unknown Site A Unknown 5 9 56% 0.227–0.847

 Unknown Origin Unknown 0 5 0% 0–0.537

2007 Uxbridge Unknown 0 20 0% 0–0.201

 Camden Unknown 0 11 0% 0–0.321

 Cowden Unknown 1 2 50% 0.027–0.973

 Barnet Unknown 0 1 0% 0–0.945

 Arylesy Unknown 0 13 0% 0–0.283

 Brighton Unknown 2 4 50% 0.092–0.908

 Charton Unknown 0 1 0% 0–0.945

 Unknown Origin Unknown 0 2 0% 0–0.802

 Ealing Positive 0 1 0% 0–0.945

 Bexhill-on-Sea Negative 0 2 0% 0–0.802

 Dagenham Positive 0 4 0% 0–0.604

 Eltham 2 Positive 0 2 0% 0–0.802

 Teddington Positive 0 2 0% 0–0.802

2008 Bristol Unknown 0 2 0% 0–0.802

 Lewes Unknown 0 1 0% 0–0.945

 Peterborough Unknown 0 1 0% 0–0.945

 Bournemouth Unknown 0 1 0% 0–0.945

 Plymouth* Unknown 2 2 100% 0.198–1

 Wokingham* Unknown 2 2 100% 0.198–1

 Carshalton Unknown 1 2 50% 0.027–0.973

 Preston† Unknown 7 11 64% 0.261–0.796

 Whitstable† Unknown 8 15 53% 0.274–0.777

 Unknown Origin Unknown 3 3 100% 0.310–1

 Southampton Unknown 1 1 100% 0.055–1

* Denotes that the positive result was done through isolation methods and confirmed with PCR.
† Denotes that the animals come from an unusual or mass mortality event.
CI = Confidence Interval.
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Only one of the 288 tadpoles collected and screened for the 
presence of the MCP of FV3 was positive (Table 1). This tadpole 
was collected from Deal, a historically positive site where the 
owners intensively manage the amphibian population (i.e. ac-
tively bring in eggs and/or animals from other populations). This 
infection was confirmed using virus culture techniques (Duffus 
2010). Unfortunately, no adult frogs were obtained from this site 
so we cannot ascertain whether adult frogs were concurrently or 
subsequently infected. No eggs screened positively for the MCP 
of FV3 (even those from historically positive sites such as Deal 
and Ealing) (N = 30 eggs/brood, 4 broods/site, 6 sites; 3 nega-
tive and 3 positive). In contrast, adult ranavirus infections were 
documented during all years of this study: 5 of 14 (36%) in 2006, 
3 of 65 (5%) in 2007, and 24 of 41 (59%) in 2008 (Table 2). None of 
the frogs obtained from historically ranavirus positive sites were 
positive for FV3, presumably because of small sample sizes (N ≤ 
4), and hence low power to detect infections (Table 2). Animals 
of all three life history stages that were tested from the site in 
Ealing were negative for the virus, even though this site has a 
long history of ranavirus infection (Teacher 2009), although just 
a single adult animal was screened. 

The extremely low prevalence of the ranavirus in Common 
Frog tadpoles was unexpected, as North American ranid popu-
lations seem to have persistent infections after a long history 
of ranavirus outbreaks (e.g., Duffus et al. 2008). Ranid tadpoles 
appear to be especially susceptible to infection with a variety of 
ranaviruses (e.g., several North American isolates; Hoverman et 
al. 2011; FV3 in Europe, Pearman et al. 2004; Pearman and Gar-
ner 2005). Since the susceptibility of ranid tadpoles to infection 
changes throughout development (e.g., Warne et al. 2011), it is 
possible that the sampling strategy of our study missed affected 
tadpoles. The tadpoles that were collected were Gosner stage 30–
40 and individuals affected by the virus may have already suc-
cumbed to ranaviral disease. Future studies would benefit from 
sampling across developmental stages. Alternatively, there may 
have been very few infected tadpoles because of minimal oppor-
tunities for viral transmission from adults to tadpoles or between 
tadpoles. The concentration of ranavirus particles in water may 
not be sufficient to result in infection under natural conditions. 
The infection rate for some amphibian species under experi-
mental conditions are known to be dose dependent (Brunner et 
al. 2005; Pearman et al. 2004). 

The absence of infections in eggs is not wholly unexpected 
because the prevalence of ranaviral infection in ranid eggs is 
thought to be very low (see Duffus et al. 2008). Therefore, it is 
plausible that vertical or pseudovertical (where the offspring are 
infected by the parents but not directly through infected gam-
etes) transmission occurs infrequently, if at all in Common Frogs.

Adult Common Frogs did test positive for infection in all years 
of this study. The apparent large increase in the number of infec-
tions in 2008 can be explained by an increase in sampling effort 
attributed to a joint campaign between the Zoological Society 
of London and FrogLife. The samples obtained were from frogs 
that had died and that pond owners themselves had submitted 
to the study. It is important to note that the number of ranavirus 
infected adults in this study does not necessarily represent the 
prevalence in the population where they had originated or of the 
true distribution of ranavirus infections in common frog popula-
tions in the UK. Although our samples of adults were small and 
unevenly distributed across the UK (primarily in the Southeast), 
it is clear that ranavirus infections are relatively common. More-
over, in many cases they were associated with unusual or large 

scale mortality events (e.g., Preston in the Northwest and Whit-
stable in the Southeast; unpubl. data). 

The majority of the Common Frogs examined in this study 
were from historically ranavirus positive sites or from unusual 
mortality events that were thought to be associated with a rana-
virus outbreak. However, the true extent of the distribution of 
ranavirus(es) in the UK needs to be determined with a structured 
and non-biased sampling regime that looks at multiple species 
and uses more sensitive molecular methods (e.g., quantitative 
real time PCR) to ensure that no infections are missed. 

Our study is the first to address the possibility of ranavirus 
infections in Common Frogs affecting life history stages other 
than adults. While further investigations into the transmission, 
maintenance, and alternative hosts are required to fully under-
stand viral dynamics, our results are consistent with the conclu-
sion that ranavirus infections in Common Frogs in the UK pre-
dominantly affect adults. This ranavirus continues to cause mass 
mortality events more than 20 years since it began to emerge. 
A detailed understanding of the ecology and dynamics of this 
pathogen are essential if any conservation or management plans 
are to be successful.
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A Ranavirus-related mortality event and the first report of 
Ranavirus in new Jersey

Members of the genus Ranavirus in the family Iridoviridae 
have been documented on all continents with native amphib-
ians except for Africa, though not always in amphibians (Gray et 
al. 2009). These viral pathogens can infect amphibians, fish, and 
reptiles. Infected animals typically exhibit skin lesions, organ 
and tissue swelling, and eventually die of organ failure (Gray et 
al. 2009 and references within). Ranavirus typically kills amphib-
ians within a few days to a week of infection (Harp and Patrenka 
2006), and can be transmitted via the environment, direct con-
tact with an infected individual, or consumption of an infected 
individual (Pearman et al., 2004). 

Although ranavirus has been detected throughout North 
America, including New York State (Johnson et al. 2008; Brunner 
et al. 2011) and the Delaware Water Gap of Pennsylvania (Glenney 
et al. 2010), there are currently no reports of ranavirus in New Jer-
sey. Here we document the occurrence of ranavirus in New Jersey. 

In May 2011 we were alerted to a Lithobates clamitans tad-
pole die off in Ocean County, NJ (Robert Zappalorti, pers. 
comm.). At the site we observed tadpoles that displayed signs 
consistent with ranaviral disease including lethargy, swelling, 
and red skin lesions. Additionally, we observed Anaxyrus fowleri 
tadpoles in the same area consuming the carcasses of dead L. 
clamitans tadpoles. Approximately one week after the initial L. 
clamitans die off, there was mass A. fowleri tadpole mortality. To 
assess whether ranavirus was the cause of this tadpole die off, 
we screened living and dead L. clamitans and A. fowleri tadpoles 
as well as other opportunistically sampled animals for the pres-
ence of Ranavirus DNA using Polymerase Chain Reaction (PCR) 
and quantitative PCR (q-PCR) at this and several nearby ponds 
(Table 1, Fig. 1). 

Animals were sampled from five ponds located in Ocean 
County, New Jersey (USA), within an area that is being managed 

for the benefit of Pine Snake (Pituophis melanoleucus) popula-
tions (Fig. 1). The first site, Mitigation Pond (MP), is a retention 
pond immediately adjacent to a capped landfill. One side of the 
basin is lined and retains water year-round. The remainder of the 
basin is unlined, and the water level rises and falls with the wa-
ter table seasonally. The second and third sites (MF Ponds) are 
located in close proximity to one another at the edge of a field 
that was artificially cleared for pine snake management (Man-
agement Field 2). Management Field 2 Breeding Pond (MF2BP2) 
is a small artificially constructed, unlined pond. MF2 Vernal Pool 
(MF2VP) is a small temporary pool covering a section of an un-
used unpaved road. The fourth site, Hay Pond (HP), is a large, 
heavily vegetated natural permanent pond. The final site, Costco 
Pond (CP), is a lined irrigation pond at the edge of the property 
near the roadside, across the road from a major shopping center. 
Sampling occurred on 17 May, 26 May, and 16 June 2011. Two 
other large permanent ponds (Beach Pond (BP) and Spotted 
Pond (STP)) were only sampled on 26 May. 

We retrieved dead and dying L. clamitans tadpoles and 
symptomatic A. fowleri tadpoles by net, stored them on ice for 
approximately three hours, and then froze them at -20° C for 24 
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h before DNA extraction. DNA has been shown to 
be present in the environment even when an or-
ganism is no longer present (Ficetola et al. 2008) 
so we attempted to determine if water containing 
asymptomatic A. fowleri tadpoles could test posi-
tive for Ranavirus DNA. We placed all apparently 
healthy (asymptomatic) A. fowleri tadpoles in 1.5 
ml eppendorf tubes and allowed them to “swim” 
in the tube for approximately 30 seconds. Healthy 
tadpoles were released back to the pond and the 
water in the eppendorf tubes they had been in (ap-
prox. 100 ml) was frozen until DNA extraction. 

We caught adult animals by net or hand and 
removed one toe for DNA extraction using scissors 
sterilized in 95% EtOH. Toes were stored at room 
temperature in 1.5 mL eppendorf tubes filled with 
Drierite desiccant to preserve DNA (Chase and 
Hills 1991). All adult frogs, with the exception of 
one dead L. sphenocephala (Table 1), appeared to 
be healthy and were released at the point of cap-
ture immediately after tissue removal. Addition-
ally, we removed a small piece of tail tissue that in-
cluded skin and muscle but no bone from a dead 
common Snapping Turtle (Chelydra serpentina) 
and collected a shed skin from a northern water 
snake (Nerodia sipedon) found at STP during the 
second sampling session. 

We extracted DNA from tissue and the water 
that had held asymptomatic A. fowleri tadpoles 
using the Qiagen QIAamp DNA Mini Kit following 
the manufacturer’s instructions. We digested the 
entire body of A. fowleri tadpoles and equivalent 
amounts of tail tissue from the L. clamitans tad-
poles. (Since the dead tadpoles displayed varying 
degrees of decay, harvesting of internal organs was 
not possible.) Tail tissue was removed using scis-
sors sterilized with 10% bleach. We extracted DNA 
from a rear leg of the A. fowleri metamorphs, and a 
toe for adult frogs. Additionally, we extracted DNA 
from the dead C. serpentina tail tissue and the shed 
skin from N. sipedon (Table 1).

We used Ranavirus-specific primers MCP4 and 
MCP5 designed by Mao et al. (1997) to amplify an 
approximately 530 bp fragment of the Ranavirus 
major capsid protein gene using both traditional 
and q-PCR. For traditional PCR we used 2 µl of 
DNA in 25 µl reactions that included the following 
components: 0.4 µM forward and reverse prim-
ers, 1.5 mM MgCl

2
, 0.2 mM dNTPs, and 0.1 U/µl 

taq polymerase. We ran PCR reactions under the 
following conditions: 1 cycle of 95°C for 5 min fol-
lowed by 30 cycles of 95°C for 30 sec, 60°C for 30 
sec, and 72°C for 30 sec, followed by a final 7-min 
extension at 72°C. All reactions were run in a Ge-
neAmp 9700 Thermocycler (Applied Biosystems). 
Appropriate negative controls using water in place 
of DNA were included with each PCR run. PCR 
products were checked for the presence of the 
Ranavirus-specific fragment on 2% 1XTAE gels by 
SYBR Safe (Invitrogen) staining and UV illumina-
tion. Samples were considered positive if there was 
a DNA fragment present at approximately 530 bp. t
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PCR product for six putative positive samples was sequenced on 
an ABI 3130 Genetic Analyzer and compared to known ranavirus 
major capsid protein DNA sequence to confirm the presence of 
ranavirus DNA. All six samples were identical to each other and 
shared 99% similarity to an isolate of Frog Virus 3, confirming 
their identity as a ranavirus. 

We used q-PCR to re-screen all samples. We used 4.6 µl of 
DNA in 10-µl q-PCR reactions that included the following com-
ponents: 0.4 µM forward and reverse primers, 5 µl of Brilliant II 
SYBR Green q-PCR Master Mix (Agilent Technologies), and H

2
O 

to a final volume of 10 µl. We ran positive control reactions using 
2 µl of L. clamitans tadpole DNA that tested positive for ranavi-
rus using traditional PCR and negative control reactions using 
water in place of DNA under the same conditions. PCR reactions 
were subjected to 1 cycle of 95°C for 10 min followed by 40 cycles 
of 95°C for 45 sec, 50°C for 30 sec, and 72°C for 30 sec. All q-PCR 
reactions were run on a StepOne Plus Real Time PCR System 
(Life Technologies). A sample was considered positive if the fluo-
rescence was at least as high as the positive control. 

Of the 114 animals sampled, 24 tested positive for the pres-
ence of Ranavirus DNA with traditional PCR and an additional 
eight (total of 32) tested positive with q-PCR (Table 1). The water 
from all 14 of the asymptomatic A. fowleri tadpoles from the first 
sampling session tested negative for ranavirus using traditional 
PCR, but eight tested positive with q-PCR suggesting q-PCR may 
be more appropriate for sampling when pathogen concentra-
tion is low. Ranaviral DNA was detected in three of the seven 
ponds tested, although low sample sizes prevent us from ex-
cluding its presence from the others (Fig. 1). No ranavirus was 
detected in the dead snapping turtle or skin shed of the water 
snake.

To our knowledge, this is the first published account of the 
presence of Ranavirus in the state of New Jersey. Our research 
demonstrates the need to sample during multiple time periods 
when a ranavirus outbreak is suspected of occurring. Our initial 
screening of A. fowleri tadpoles during the first sampling session, 
combined with their healthy physical form, gave the appearance 
they were not infected with Ranavirus. We only detected the 
presence of Ranavirus in multiple tadpoles of this species with 
traditional PCR after 10 days of exposure to known infected L. 
clamitans individuals in the same pond. Although we detected 
Ranavirus DNA using a non-lethal technique in asymptom-
atic A. fowleri tadpoles, further comparative tests between our 
non-lethal sampling (tadpole water) and tissue sampling will be 
necessary before we can determine if this non-lethal method is 
sensitive enough to consistently detect the presence of ranavi-
rus. Future work at this site should focus on continued monitor-
ing and screening for ranavirus over multiple seasons, and on 
increasing sampling effort, since for some sites where we had no 
positive results we did not have sufficient sample size to conclu-
sively say those areas are actually disease free. 
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Protection Division of Fish and Wildlife Scientific Collecting Permit 
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presence of Ranavirus in Green frogs and eastern tiger 
Salamanders on long island, new york
 Disease has been implicated as a factor in amphibian popu-
lation die-offs and declines worldwide (Berger et al. 1998; Blaus-
tein et al. 1994; Brunner et al. 2011; Daszak et al. 2000; Gray et 
al. 2009a; Green et al. 2010; Kiesecker et al. 2001; Laurance et 
al. 1996; Muths et al. 2006; Muths and Hero 2010; Russell et al. 
2011; Skerratt et al. 2007). One hypothesis for the emergence of 
diseases in amphibian populations is reduced amphibian im-
munity associated with increased incidence of natural and an-
thropogenic stressors. Natural stressors include drying ponds, 
weather variations, and the presence of predators (Gray et al. 
2009a), while the anthropogenic stressors include habitat loss 
and degradation, invasive species, pollution, agricultural land 
use, global climate change, and acid rain (Blaustein et al. 1994; 
Carey et al. 2003; Fellers et al. 2001; Forson and Storfer 2006; Gahl 
and Calhoun 2010; Gray et al. 2009a; Jaconovich et al. 2005; Kie-
secker at al. 2001; Knapp and Matthews 2000 ; Pechmann et al. 
1991).
 While amphibians are susceptible to many pathogens, vi-
ruses belonging to the genus Ranavirus appear to be respon-
sible for most amphibian die-offs in North America (Brunner et 
al. 2011; Collins et al. 2004; Gray et al. 2009a; Jaconovich et al. 
2005; Muths et al. 2006; Phillott et al. 2010; Russell et al. 2011). 
The first catastrophic die-offs from Ranavirus in the United 
States were reported in the mid-1990s and have occurred in all 
regions of the United States (Brunner et al. 2011; Converse and 
Green 2005; Green et al. 2002; Jaconovich et al. 1997; Jaconovich 
et al. 2005; Russell et al. 2011). Furthermore, the number of re-
ported mortality events in the United States from Ranavirus is 
3 to 4 times greater than that for the amphibian chytrid fungus, 
Batrachochytrium dendrobatidis (Muths et al. 2006). A variety 
of North American species have been affected in these mortal-
ity events, including several ranid species (Lithobates spp.), am-
bystomatid species (Ambystoma spp.), and plethodontid species 
(Bollinger et al. 1999; Brunner et al. 2011; Gray et al. 2009a; Gray 
et al. 2009b; Green et al. 2002; Greer et al. 2005; Jancovich et al. 
1997; Jancovich et al. 2005). Undoubtedly, additional die-offs 
have likely occurred but have gone unnoticed. 
 In New York State, declines in populations of several am-
phibian species have been documented in recent years. The ti-
ger salamander, Ambystoma tigrinum, once abundant in many 
wetlands throughout Long Island (Bishop 1941), is now listed 
as a New York State Endangered Species. Other species, such as 
the green frog, Lithobates clamitans, remain common, and their 
populations appear to be stable. While declines in green frog 
populations have not been reported, monitoring mortalities in a 

common species can be an indicator of potential threats to less 
common species. The purpose of this paper is to document ob-
served Ranavirus presence in mortalities of green frogs and tiger 
salamanders in a single wetland population at Brookhaven Na-
tional Laboratory, Long Island, New York in 2007 and 2008 (Due 
to the endangered status of the eastern tiger salamander in New 
York, we cannot report the exact locality on the BNL property). 
 In 2007, we collected 10 dead pre-metamorphic tiger sala-
manders at the study location. In 2008, an additional 5 dead 
juvenile green frogs between Gosner stages 39 and 45 (Gosner 
1960) and 4 dead pre-metamorphic tiger salamanders were col-
lected. The mortality event occurred between 6 July – 12 July in 
2007, and between 24 June – 3 July in 2008, both periods being 
very warm and dry (above 82°F during the hottest part of the day 
for over a week) and occurring just prior to the animals’ meta-
morphosis. Animals that were collected were very bloated, and 
their ventral surfaces were reddened. Additional carcasses were 
observed, but were not analyzed because of severe decomposi-
tion. We could not estimate the size of the population at this wet-
land, therefore we cannot provide an estimate of the percentage 
of the population affected.
 We extracted DNA from liver tissue using the DNeasy kit (Qia-
gen, Valencia, CA, USA). The Ranavirus major capsid protein was 
amplified using the sense primer (5'-GACTTGGCCACTTATCAC 
-3') and anti-sense primer (5'-GTCTCTGGAGAAGAAGAA-3'), 
as previously described (Green et al. 2000; Johnson et al. 2008). 
Using a Taq PCR Kit (New England Biolabs), we amplified mix-
tures containing the extracted DNA, primers, distilled water, 10x 
buffer, dNTP, Mg, and Taq in a thermal cycler (PTC-100, MJ Re-
search) with an initial denaturation at 94°C for 2 min., followed 
by 94ºC for 20 sec., 55°C for 30 sec., and 68°C for 2 min. Then after 
34 cycles of denaturation at 50°C, the mixture was annealed at 
68°C for 7 min. and finally extended at 4°C. PCR products were 
resolved in 2.0% agarose gels, and bands were examined. 
 The liver samples confirmed the presence of Ranavirus in 
all nineteen collected specimens from 2007 and 2008. While we 
cannot conclude that Ranavirus caused the mortalities, it is like-
ly that the other carcasses that were not analyzed suffered a simi-
lar fate because of the similar appearance, but more advanced 
decomposition, of those specimens.
 The pH of the water at the time of the die-offs in both years 
was around 10–11, whereas the pH of Pine Barrens ponds on 
Long Island are generally under 6. Our pond receives storm 
water runoff from surrounding buildings constructed with Re-
cycled Concrete Aggregate (RCA), which could have elevated the 
pH observed. It is possible that other runoff from surrounding 
areas (roadsides, athletic fields, buildings) might have also ac-
cumulated in this wetland. These areas are often treated for tick 
prevention, and salts are used in the winter on icy roads and 
sidewalks. While we cannot attribute the mortalities to Ranavi-
rus specifically, both pesticides and road salt chemicals appear 
to increase susceptibility to Ranavirus in amphibians (Forson 
and Storfer 2006; Gahl and Calhoun 2010; Gray et al. 2007). 
 Ranavirus was previously confirmed in eastern box turtles in 
late 2005 at a pond 2000 m northwest of this location (Johnson et 
al. 2008), and box turtles were observed consuming carcasses of 
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larvae that were not able to transform prior to this pond drying 
(pers. obs.). Larval amphibians were not tested for Ranavirus in 
the nearby ponds because we were not aware of the presence of 
this disease prior to the observations reported here. Due to the 
proximity of confirmed Ranavirus outbreaks in box turtles, it is 
possible that the virus was present at our site for some time prior 
to these events, but was not detected. 
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reviewers for their comments on this manuscript. Samples were 
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Herpetological Review publishes brief notices of new geographic distribution records in order to make them available to the her-
petological community in published form. Geographic distribution records are important to biologists in that they allow for a more 
precise determination of a species’ range, and thereby permit a more significant interpretation of its biology.

These geographic distribution records will be accepted in a standard format only, and all authors must adhere to that format, as 
follows: SCIENTIFIC NAME, STANDARD ENGLISH NAME if available (for the United States and Canada as it appears in Crother [ed.] 
2012. Scientific and Standard English Names of Amphibians and Reptiles of North America North of Mexico, with Comments Regarding 
Confidence in Our Understanding. 7th ed. Herpetol. Circ. 39:1–92 [available from ssarbooks.com], for Mexico as it appears in Liner 
and Casas-Andreu 2008. Standard Spanish, English and Scientific Names of the Amphibians and Reptiles of Mexico. Herpetol. Circ. 
38:1–162), LOCALITY (use metric for distances and give precise locality data, including lat/long coordinates in decimal degrees and 
cite the map datum used), DATE (day-month-year), COLLECTOR, VERIFIED BY (cannot be verified by an author; curator at an insti-
tutional collection is preferred), PLACE OF DEPOSITION (where applicable, use standardized collection designations as they appear 
in Sabaj Pérez [ed.]. 2010, Standard Symbolic Codes for Institutional Resource Collections in Herpetology and Ichthyology: an Online 
Reference, ver. 2.0, available at http://www.asih.org/) and CATALOG NUMBER (required), COMMENTS (brief), CITATIONS (brief and 
must adhere to format used in this section; these should provide a geographic context for the new record). Close with author name(s) 
in bold, capital letters (give name and address in full—spell out state or province names—no abbreviations, e-mail address after 
each author name/address for those wishing to provide it—e-mail required for corresponding author). Please include distance from 
nearest previously known record (provide a citation or refer to existing vouchered material to substantiate your report). If publishing 
specific locality information for a rare or endangered species has the potential to jeopardize that population, please consult with the 
Section Editor at time of record submission. If field work and/or specimen collection occurred where permits were required, please 
include permit number(s) and authorizing agency in the text of the note. 

Some further comments. The role of the “Standard Names” lists (noted above) is to standardize English names and comment on 
the current scientific names. Scientific names are hypotheses (or at least represent them) and as such their usage should not be dic-
tated by a list, society, or journal.

Additionally, this geographic distribution section does not publish “observation” records. Records submitted should be based on 
preserved specimens that have been placed in a university or museum collection (private collection depository records are discour-
aged; institutional collection records will receive precedence in case of conflict). A good quality photograph (print, slide, or digital 
file) may substitute for a preserved specimen only when the live specimen could not be collected for the following reasons: it was a 
protected species, it was found in a protected area, the observer lacked the necessary permit for collection, or the logistics of preser-
vation were prohibitive (such as large turtles or crocodilians). Photographic vouchers must be deposited in a university or museum 
collection along with complete locality data, and the photographic catalog number(s) must be included in the same manner as a 
preserved record. Before you submit a manuscript to us, check Censky (1988, Index to Geographic Distribution Records in Herpeto-
logical Review: 1967–1986; available from the SSAR Publications Secretary), subsequent issues of Herpetological Review, and other 
sources to make sure you are not duplicating a previously published record. The responsibility for checking literature for previously 
documented range extensions lies with authors. Do not submit range extensions unless a thorough literature review has been 
completed.

For reports concerning introduced species, it is important to note whether a population has become established or if the report 
represents an isolated occurrence, such as a released captive. Additionally, it will be helpful to include any information that estab-
lishes a timeline for the introduction, such as date of first observation.

Please submit any geographic distribution records in the standard format only to one of the Section Co-editors: David C. Black-
burn (Africa and Europe), Indraneil Das (Asia), Stephen Richards (Australasia, South Pacific) Jerry D. Johnson (Mexico and Central 
America, including the Caribbean Basin), Alan M. Richmond (USA & Canada), or Gustavo J. Scrocchi (South America). Short manu-
scripts are discouraged, and are only acceptable when data cannot be presented adequately in the standard format. Electronic sub-
mission of manuscripts is required (as Microsoft Word or Rich Text format [rtf ] files, as e-mail attachments). Refer to inside front 
cover for e-mail addresses of section editors.

Recommended citation for new distribution records appearing in this section is: Cabral, H., and A. Caballero. 2012. Geographic 
distribution: Paraguay, Departamento Central: Pseudoeryx plicatilis. Herpetol. Rev. 43:622.

cAudAtA — SAlAmAnderS

DESMOGNATHUS AENEUS (Seepage Salamander). USA: ALA-
BAMA: cooSA co.: First order seepage tributary of Hatchet Creek, 
50 m NW of U.S. Hwy 280 (33.03820°N, 86.86.12861°W; WGS 84). 

17 February 2013. S. Graham. Verified by David Laurencio. AUM 
40149. New county record (Mount 1975. The Reptiles and Am-
phibians of Alabama. Auburn Printing Co., Auburn, 347 pp.). 
This record fills a distribution gap for this species between Chil-
ton County to the southwest and Clay County to the northeast. 
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This location is about 10 km SW of the nearest known collection 
site in Clay County (Mount 1975, op. cit.).
 This specimen was collected under a special permit issued 
by the Alabama Department of Conservation and Natural Re-
sources.

SeAn p. GrAhAm, department of Biology, Pennsylvania state Uni-
versity, 508 Mueller lab, University Park, Pennsylvania 16802, Usa; e-mail: 
szg170@psu.edu.

EURycEA GUTTOliNEATA (Three-lined Salamander). USA: 
GEORGIA: cherokee co.: Reinhardt University Campus, 0.5 
km NNW of intersection of SR 140 and SR 108 (34.320915°N, 
84.554160°W; WGS 84). 22 October 2010. Z. Felix. UF 169265 
(Digital photograph). Verified by Kenneth Krysko.. New county 
record (Jensen et al. [eds], 2008. Amphibians and Reptiles of 
Geórgia. University of Georgia Press, Athens. 575 pp.). One adult 
found under cover near mucky creek

zAch i. feliX, Biology department, reinhardt University, Waleska, 
georgia 30183, Usa; e-mail: zif@reinhardt.edu.

HEMiDAcTyliUM ScUTATUM (Four-toed Salamander). USA: 
TENNESSEE: rheA co.: wetland north of Liberty Hill Road, 3.5 
miles E from intersection with Summer City Road (35.58824°N, 
85.01275°W; WGS 84). 11 March 2013. Brian Folt. Verified by Craig 
Guyer. Auburn University Museum of Natural History (AUM 
40178). Individual collected from under moss along periphery of 
wetland. New county record (Niemiller and Reynolds 2011. The 
Amphibians of Tennessee. University of Tennessee Press, Knox-
ville, Tennessee. 369 pp.).

BriAn folt, auburn University, department of Biological sciences, 
331 Funchess Hall, auburn, alabama 36849,Usa; e-mail: brian.folt@gmail.
com.

HEMiDAcTyliUM ScUTATUM (Four-toed Salamander). USA: 
WISCONSIN: ruSk co.: Rusk County Forest: ~0.5 mi SE of Skinner 
Creek Rd. at ~1.25 mi NE of jct Skinner Creek Rd., Hervas Rd., and 
Hackett Rd. (45.603390°N, 90.777320°W; WGS 84). 17 May 2012. 
Erik R. Wild (UWSP 4300). Verified by Joshua M. Kapfer. New 
county record that completes a gap in the species’ documented 
range (Casper 1996. Geographic Distributions of the Amphibians 
and Reptiles of Wisconsin. Milwaukee Publ. Mus., Milwaukee, 
Wisconsin. 87 pp.; Herpetological Review 1996–present). 
Specimen collected under Wisconsin Department of Natural Re-
sources Permit SCP-131-WCR-C-11.

eriK r. Wild, department of Biology & UWsP Museum of natu-
ral History, University of Wisconsin-stevens Point, stevens Point, Wiscon-
sin 54481, Usa, e-mail:ewild@uwsp.edu.

NEcTURUS MAcUlOSUS (Mudpuppy). USA: TENNESSEE: 
frAnklin co.: Beans Creek (35.127056°N, 86.309058°W; NAD83). 
29 May 2012. Joshua A. Miller. Verified by A. F. Scott. Austin Peay 
State University (APSU 19368 photographic voucher). First re-
cord for county and for Elk River watershed in Tennessee (Red-
mond and Scott 1996. Atlas of Amphibians in Tennessee. Misc. 
Publ. No. 12, The Center for Field Biology, Austin Peay State Uni-
versity, Clarksville, Tennessee. 94 pp. Internet version [http://
apbrwww5.apsu.edu/amatlas] accessed 18 January 2013; latest 
update 10 January 2013). Larva found underneath a small rock in 
the center of stream.

JoShuA A. miller, noAh flAniGAn, and BriAn t. miller, de-
partment of Biology, Middle Tennessee state University, Murfreesboro, 
Tennessee 37132, Usa (e-mail: Brian.Miller@mtsu.edu).

NEcTURUS MAcUlOSUS (Mudpuppy). USA: TENNESSEE: 
hickMAn co.: Big Swan Creek (35.681819°N, 87.428678°W; NAD 
83). 5 June 2012. D. Dodge, J. A. Miller, and T. Walls. Verified by A. 
F. Scott. Austin Peay State University (APSU 19370 photographic 
voucher). First record for county and extends known distribu-
tion of species into Big Swan Creek of the Duck River watershed 
(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. Internet version [http://
apbrwww5.apsu.edu/amatlas] accessed 18 January 2013; latest 
update 10 January 2013.). An adult female found with a clutch 
eggs underneath a large rock at edge of stream.

derec dodGe, noAh flAniGAn, JoShuA A. miller, tAylor 
WAllS, rAymond WriGht, and BriAn t. miller, department of Biol-
ogy, Middle Tennessee state University, Murfreesboro, Tennessee 37132, 
Usa (e-mail: Brian.Miller@mtsu.edu).

NOTOpHTHAlMUS viRiDEScENS viRiDEScENS (Eastern 
Newt). USA: GEORGIA: cherokee co.: Ball Ground, Flatbot-
tom Road 0.15 km S of intersection with Northridge Road 
(34.316960°N, 84.387238°W; WGS 84). 3 October 2012. Z. Felix. 
UF 169264. Digital photograph. Verified by Kenneth Krysko. One 
eft found on road on rainy night. New county record (Jensen et 
al. [eds] 2008. Amphibians and Reptiles of Geórgia. University of 
Georgia Press, Athens. 575 pp.).

zAch i. feliX, Biology department, reinhardt University, Waleska, 
georgia 30183, Usa; e-mail: zif@reinhardt.edu. 

NOTOpHTHAlMUS viRiDEScENS (Eastern Newt). USA: IN-
DIANA: MorgAn co.: Morgan-Monroe State Forest (39.34251°N, 
86.42096°W; NAD 83). 21 February 2012. Sarabeth Klueh and Ja-
son Mirtl. Illinois Natural History Survey (INHS 2012p). orAnge 
co.: Hoosier National Forest (38.65423°N, 86.67107°W; NAD 83). 
21 February 2012. Sarabeth Klueh and Jason Mirtl. INHS 2012e. 
Both are new county records (Minton 2001. Amphibians and 
Reptiles of Indiana, 2nd ed., revised. Indiana Academy of Science. 
vii–404 pp.). Verified by Chris Phillips.

SArABeth Klueh and JASon mirtl, Wildlife diversity section, in-
diana department of natural resources division of Fish and Wildlife, 553 e. 
Miller drive, Bloomington, indiana 47401, Usa (e-mail: sklueh@dnr.in.gov).

NOTOpHTHAlMUS viRiDEScENS (Eastern Newt). USA: WIS-
CONSIN: SAWyer co.: Chequamegon-Nicolet National Forest: 
~0.25 mi N Tower Rd. (=Forest Rd. 311) at ~0.25 mi W of jct with 
Forest Rd. 162. (45.95298°N, 90.76274°W; WGS 84). 20 April 2012. 
Erik R. Wild. UWSP 4282. Verified by Joshua M. Kapfer. New coun-
ty record begins to document the expected species occurrence in 
north-central Wisconsin (Casper 1996. Geographic Distributions 
of the Amphibians and Reptiles of Wisconsin. Milwaukee Publ. 
Mus., Milwaukee, Wisconsin. 87 pp.; Herpetological Review 1996–
present). The male individual was found swimming in shallows 
of forest pond. Three other individuals observed in same pond. 
Additional observations made at another pond ~0.15 mi to the 
SW (45.94999°N, 90.76351°W; WGS 84).
Specimen collected under Wisconsin Department of Natural Re-
sources Permit SCP-131-WCR-C-11.

eriK r. Wild, department of Biology & UWsP Museum of natu-
ral History, University of Wisconsin-stevens Point, stevens Point, Wiscon-
sin 54481, Usa; e-mail:ewild@uwsp.edu.

plETHODON ciNEREUS (Eastern Red-backed Salamander). 
USA: MICHIGAN: chArlevoix co.: S end of Hog Island, Eastern 
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Lake Michigan (Beaver) Archipelago (45.772911°N, 85.388231°W; 
WGS 84). 12 July 2011. Nancy E. Seefelt. Verified by Fred Janzen. 
Iowa State University Research Collection (ISUA201201; digital 
images. New record for Hog Island (Bowen and Gillingham 2004. 
Michigan Acad. 35:213–223). Salamander was found under a log 
in a coastal forest dominated by Northern White-cedar (Thuja 
occidentalis); other individuals of the same species were also ob-
served.

nAncy e. Seefelt (e-mail seefe1ne@cmich.edu), JAmeS c. Gill-
inGhAm, pAtricK d. fArrell, lorrin A. ortmAnn, and deSiree r. 
rASmer, department of Biology, Central Michigan University, Mt. Pleas-
ant, Michigan 48859, Usa; Kenneth d. BoWen, national Park service, 
great lakes inventory and Monitoring network, 2800 lakeshore drive east, 
suite d, ashland, Wisconsin 54806, Usa.

plETHODON GlUTiNOSiS (Northern Slimy Salamander). 
USA: INDIANA: SullivAn co.: Greene-Sullivan State Forest 
(39.00161°N, 87.25044°W; NAD 83). 25 April 2012. Sarabeth Klueh 
and Jason Mirtl. Verified by Chris Phillips, Illinois Natural His-
tory Survey (INHS 2012q). New county record (Minton 2001. Am-
phibians and Reptiles of Indiana, 2nd ed., revised. Indiana Acad-
emy of Science. vii–404 pp.). 

SArABeth Klueh and JASon mirtl, Wildlife diversity section, in-
diana department of natural resources division of Fish and Wildlife, 553 e. 
Miller drive, Bloomington, indiana 47401, Usa (e-mail: sklueh@dnr.in.gov).

AnurA — froGS

ANAXyRUS WOODHOUSii WOODHOUSii (Rocky Moun-
tain Toad). USA: CALIFORNIA: inyo co.: Amargosa River 
(35.815919°N, 116.214778°W, 360 m elev.; WGS84). 18 April 2012. 
Lacey Greene and Tammy Branston. Verified by S. Sweet. Natural 
History Museum of Los Angeles County (LACM PC 1602, 1603; 
photographic vouchers). New county record (Sullivan 2005. In 
M. Lannoo [ed.], Amphibian Declines: The Conservation Sta-
tus of United States Species, pp. 438–440. Univ. California Press, 
Berkeley). Loud and abundant calls emanated from this section 
of the Amargosa River at dusk.
 Historically, Rocky Mountain Toads were recorded in the 
Vegas Valley (Stejneger 1893. N. Amer. Fauna [7]:159–228) but 
more recently Rocky Mountain Toads have been observed near 
Las Vegas, approximately 35 km to the east (D. Bradford in Sul-
livan 2005, op. cit.). The nearest location in California is approxi-
mately 160 km to the southeast (Stebbins and McGinnis 2011. 
Field Guide to Amphibians and Reptiles of California, 2nd ed., 
revised. University of California Press, Berkeley. 538 pp.). Our re-
cord places A. woodhousii 130 km S and within the same river 
drainage as the Amargosa Toad (A. nelsoni). The Amargosa Toad 
is restricted to a ten-mile stretch of the Amargosa River in Oasis 
Valley, Nevada. Most of the intermittent Amargosa River channel 
is generally dry but water flows above ground after rainstorms 
(Tanko and Glancy 2001. Fact Sheet 036-01: Flooding in the Ama-
rgosa River Drainage Basin, February 23–24, 1998, Southern Ne-
vada and Eastern California, including the Nevada Test Site). 

lAcey Greene (e-mail: lgreene@wildlife.ca.gov) and tAmmy BrAn-
Ston, California department of Fish and Wildlife, 407 West line street, 
Bishop California 93514, Usa.

DENDROpSOpHUS MiyATAi (Hosteria La Selva Treefrog). 
COLOMBIA: CAQUETÁ: MuniciPio De SolAno: Resguardo Indí-
gena El Quince (0.803194°N, 75.199528°S; WGS84), ca. 204 m. 
elev. 6 September 2007. C. Malambo L., J. P. Nuñez, and L. Luna. 

Museo de Historia Natural Universidad de la Amazonia, Floren-
cia-Caquetá, Colombia (UAM 792–796). Verified by J. D. Lynch. 
First department record and the westernmost for the species. 
Extends known range 798 km N from the previous record. Pre-
viously, this species was known only from the department of 
Amazonas in Colombia (Lynch 2005. Rev Acad. Colomb. Cienc. 
29[113]:581–588); Ruiz-Carranza et al.1996. Rev. Acad. Colomb. 
Cienc. 20[77]:365–415) with the northernmost record in the Mu-
nicipio de Leticia (ca. 4.116°S, 69.95°W). 

céSAr mAlAmBo l. (e-mail: malambidae@gmail.com), mArio A. 
mAdrid-ordóñez (e-mail: mamadrido@unal.edu.co), AleXAnder 
veláSquez-vAlenciA, Julieth A. zApAtA-ortiz, and diAnA c. 
AriStizáBAl-vAlBuenA, Museo de Historia natural de la Universidad 
de la amazonía, Carrera 11 n° 6-69 Barrio Juan XXiii, Florencia, Caquetá, 
Colombia.

HypSibOAS cAiNGUA. BRAZIL: PArAnÁ: MuniciPAlity of ciA-
norte: 23.889626°S, 52.814711°W (SAD 69). 4 September 2012. 
V. G. Batista, I. P. Affonso, and F. H. Oda. Coleção Zoológica da 
Universidade Federal de Goiás, Goiânia, Goiás, Brazil (ZUFG 
7335–7337). Verified by R. P. Bastos. The distribution of Hypsiboas 
caingua encompasses Misiones (type locality), and Corrientes 
provinces in northeastern Argentina (Carrizo 1990. Cuad. Her-
petol. 5:32–39) and adjacent southeastern Paraguay (Brusquetti 
and Lavilla 2006. Cuad. Herpetol. 20:3–79) as well as isolated 
populations in São Paulo (Brassaloti et al. 2010. Biota Neotrop. 
10[1]:275–292; Condez et al. 2009. Biota Neotrop. 9[1]:157–185; 
Melo et al. 2007. Biota Neotrop. 7[2]:93–102; Araujo and Almei-
da-Santos 2011. Biota Neotrop. 11[3]:47–62), Mato Grosso do 
Sul (Souza Filho and Lima 2012. Check List 8[4]:800–801; Aoki et 
al. 2010. Herpetol. Rev. 41[4]:507), and Rio Grande do Sul states, 
Brazil (Garcia and Vinciprova 1998. Herpetol. Rev. 29[2]:117–118; 
Kwet 2001. Frösche im Brasilianischen Araukarienwald. Anuren-
gemeinschaft des Araukarienwaldes von Rio Grande do Sul: Di-
versität, Reproduktion und Ressourcenaufteilung. Münster. Na-
tur und Tier-Verlag. 192 pp.). First state record, extends known 
distribution ca. 160 km NW from the closest known locality (Na-
viraí municipality, state of Mato Grosso do Sul; Aoki et al. 2010, 
op. cit.), and fills distributional gap.

viniciuS GuerrA BAtiStA (e-mail: vinicius.guerra_@hotmail.com), 
iGor de pAivA AffonSo, and fABrÍcio hiroiuKi odA, Programa de 
Pós-graduação em ecologia de ambientes aquáticos Continentais, Univer-
sidade estadual de Maringá, nupélia - núcleo de Pesquisas em limnologia, 
ictiologia e aqüicultura – Bloco g-90, av. Colombo, 5790, CeP 87020-900, 
Maringá, Pr, Brazil.

liTHObATES AREOlATUS (Crawfish Frog). USA: OKLAHOMA: 
SeMinole co.: ca. 2.3 air km NW of jct State Hwy 56 and Interstate 
40; (35.40682°N, 96.46704°W; WGS84). 15 Mar 2013. Richard D. 
Butler. Verified by Jessa L. Watters. Sam Noble Oklahoma Muse-
um of Natural History (OMNH 43713). New county record and a 
range extension of 2.8 km from Okfuskee Co. to the east (Sievert 
and Sievert 2011. A Field Guide to Oklahoma’s Amphibians and 
Reptiles. Oklahoma Dept. Wildlife Conserv, 3rd ed. vi + 211 pp.). 
Calling males were abundant in a shallow vernal pool, air tem-
perature was 17.2°C. 

 richArd d. Butler, rr 4 Box 79, Okemah, Oklahoma 74859, Usa; 
e-mail: rdbutler@okherp.com.

pSEUDAcRiS cRUciFER (Spring Peeper). USA: INDIANA: giB-
Son co.: Patoka River National Wildlife Refuge (38.362506°N, 
87.379450°W; NAD 83). 22 March 2012. Sarabeth Klueh and Jason 
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Mirtl. Verified by Chris Phillips. Illinois Natural History Survey 
(INHS 2013a photo voucher). New county record (Minton 2001. 
Amphibians and Reptiles of Indiana, 2nd ed., revised. Indiana 
Academy of Science. vii–404 pp.). Calling male captured in veg-
etation approx. 2 m from a semi-permanent pond.

 SArABeth Klueh and JASon mirtl, Wildlife diversity section, in-
diana department of natural resources division of Fish and Wildlife, 553 e. 
Miller drive, Bloomington, indiana 47401, Usa (e-mail: sklueh@dnr.in.gov).

pSEUDOpAlUDicOlA cANGA. BRAZIL: PArÁ: MuniciPAlity of 
BrASil novo: 3.376°S, 52.576°W (datum WGS 84). 10 February 
2012. E. A. Oliveira, J. C. Carvalho, and E. J. Hernández-Ruz. Mu-
seu Paraense Emilio Goeldi, Belém, Pará, Brazil (MPEG 34545–
34553, MPEG 34584). Verified by M. S. Hoogmoed. Previously 
known only from the type locality: Serra dos Carajás, municipal-
ity of Marabá, State of Pará, Brazil (Giaretta and Kokubum 2003. 
Zootaxa 383:1–8). Northwesternmost record for the species, ex-
tends known distribution 260 km NW from Serra dos Carajás, the 
closest locality previously mentioned. 

elciomAr ArAuJo de oliveirA (e-mail: elcimoar.atractus@gmail.
com), emil JoSé hernández-ruz (e-mail: emilhjh@yahoo.com), 
Joyce celerino de cArvAlho (e-mail: joyce.celerino@gmail.com), 
and dAmireS SAncheS (e-mail: dsanx18@hotmail.com), laboratório de 
Zoologia, Faculdade de Ciências Biológicas, Universidade Federal do Pará, 
Campus de altamira, rua Coronel José Porfírio, 2515 - CeP 68372040 - al-
tamira – Pa, Brazil. 

RHAcOpHORUS SUFFRy (Suffry Red-Webbed Treefrog). IN-
DIA: ARUNACHAL PRADESH: PAPuMPAre DiStrict: Nirjuli, NER-
IST Block-G hostel campus, 27.131547°N, 93.750133°E (WGS 
84), 127 m elev. 15 August 2012. NERIST Block-P hostel campus., 
27.131319°N, 93.740599°E (WGS84), 139 m asl., 20 August 2012; 
NERIST Block-P hostel campus, 27.131568°N, 93.749794°E (WGS 
84), 140 m asl., 25 August 2012; P. C. Ray and B. Singha (ZSI/
APFS/A-084). Verified by Saibal Sengupta. All three adult indi-
viduals sighted between 1900 h and 0300 h, were mostly resting 
on plants such as Duranta sp., Begonia sp., and Chrysocephalum 
sp. Associated anuran species include Bufo stuarti, Polypedates 
megacephalus, and Duttaphrynus himalayanus. New state re-
cord for Arunachal Pradesh, extending range ca. 125 km SE of 
type locality at Suffry Tea Estate, Assam, India (Bordoloi et al. 
2007. Zootaxa 1653:1–20).

pArimAl chAndrA rAy (e-mail: parimalcray@gmail.com) and di-
AnA ethel AmonGe (e-mail: diana_amonge@yahoo.com), department 
of Forestry, north eastern regional institute of science and Technology, ita-
nagar 791 109, arunachal Pradesh, india; mouSumi rAJBonGShi, animal 
ecology and Wildlife Biology lab., department of Zoology, gauhati Univer-
sity, guwahati 781 014, assam, india (e-mail: rajmousumi19@gmail.com).

THElODERMA HORRiDUM (Thorny Bush Frog). MALAYSIA: 
SARAWAK: Miri (Fourth) Division: Lambir Hills National Park, 
vicinity of Borneo Tropical Rainforest Resort (04.176551°N, 
113.993948°E; WGS84). 16 February 2013. Photographic voucher, 
Raffles Museum of Biodiversity Research, National University 
of Singapore, ZRC [IMG] 1.42a–c. C. Lee. Inoue Trail, near Park 
Headquarters (ca. 4.300000°N, 113.66667°E). 24 September 2012. 
Photographic voucher, ZRC [IMG] 1.43a–b. Y. Emang and H. R. 
Kiprawi. Verified by Kelvin K. P. Lim. In both cases, found on 
trunks of live trees. Specimen on 16 February encountered ca. 
2100 h, ca. 2 m on tree trunk. No vocalization heard. First local-
ity record for Sarawak State, and second for Borneo, only known 
population on Borneo reported from Danum Valley (5.016667°N, 

118.05°E), Lahad Datu District, Sabah (Inger et al. 1995. Raffles 
Bull. Zool. 43:115–131), ca. 492 km to the northeast (linear dis-
tance calculated using Movable Type Scripts, http://www.mov-
able-type.co.uk/scripts/latlong.html). Known distribution out-
side Borneo includes southern Peninsular Thailand, Peninsular 
Malaysia, Pulau Tioman, Singapore, and the Mentawai Archi-
pelago (Dring 1979. Bull. Brit. Mus. Nat. Hist. Zool. 34:181–241; 
Figueroa and Selveindran 2011. Nat. Singapore 4:259–262).

ch’ien lee, Peti surat 2507, Kuching 93750, sarawak, Malaysia (e-
mail: mail@wildborneo.com.my); yAnee emAnG (e-mail: yanee1990@
gmail.com) and hAmir B. KiprAWi, lambir Hills national Park, Jalan Miri-
Bintulu, 98000 sarawak, Malaysia; indrAneil dAS, institute of Biodiver-
sity and environmental Conservation, Universiti Malaysia sarawak, 94300 
Kota samarahan, sarawak, Malaysia (e-mail: idas@ibec.unimas.my).

viTREORANA OyAMpiENSiS (Zidok Cochran Frog). BRAZIL: 
RONDÔNIA: Porto Velho (District of Vista Alegre do Abunã) 
BR-364 highway, km 265, Fazenda Presidente Prudente I e II 
(9.57656°S, 65.57098°W; datum WGS84). 03 November 2012. P. R. 
Melo-Sampaio, C. M. B. Oliveira, and K. R. Silva. Herpetological 
Collection, Universidade Federal do Acre, Rio Branco, Acre, Bra-
zil (UFAC 5751, male found calling on the branches and leaves, 
above small stream into forest 2200 h). Verified by J. M. Guayasa-
min. Species previously known from the Guianas (Guayasamin 
et al. 2008. Zootaxa 1815:25–34), Peru (Torres-Gastello et al. 2007. 
J. Natl. Mus. Prague, Nat. Hist. Ser. 176:11), Colombia (Flores 
1987. J. Herpetol. 21:185–190; Lynch 2005. Rev. Acad. Colomb. 
Cienc. Exact. Fis. Nat. 29:581–588), Ecuador (Guayasamin et al. 
2006. Check List 2[1]:70–75), Bolivia (Muñoz and Aguayo 2009. 
Cuad. Herpetol. 23[2]:97–99; Moravec et al. 2011. Bonn. Zool. 
Beit. 23[3]:47–56), and Amazonas state in Brazil (Lima et al. 2006. 
Guide to the Frogs of Reserva Adolpho Ducke, Central Amazonia. 
Instituto Nacional de Pesquisas da Amazonia-INPA, Manaus. 168 
pp.). First state record extends the known distribution ca. 275 km 
NE of San Antonio, Bolivia (Moravec et al., op. cit.) and 930 km S 
from Reserva Ducke, Amazonas state, Brazil (Lima et al., op. cit.).

pAulo roBerto melo-SAmpAio, União educacional do norte – 
Uninorte, alameda Hungria, 200, Jardim europa ii - CeP: 69.911-900 rio 
Branco, aC – Brazil (e-mail: prmelosampaio@gmail.com); cAmilA mon-
teiro BrAGA de oliveirA, T&a Consultoria agro Florestal ltda. ave-
nida avelino Chaves, galeria sena, sala 9-B, Bairro Centro, CeP: 69940-000 
sena Madureira, aC – Brazil.

ZAKERANA TERAiENSiS (Terai Cricket Frog). BANGLA-
DESH: DINAJPUR DISTRICT: Birgonj, Singra National Park 
(25.890786°N, 88.566706°E; WGS84; 79.08 m elev.). 16 March 
2013. Md. Abdur Razzaque Sarker. Adult male (MHLB-FT-03) at 
1900 h, on bank of Norto River. Museum of Herpetology Labo-
ratory, Ichamati College, Dinajpur, Bangladesh, and Kazi Zaker 
Hossain Zoological Museum, Department of Zoology, University 
of Dhaka, Bangladesh. Verified by Mohammad Sajid Ali Howlad-
er. First record from Dinajpur District. Previously recorded from 
Dhaka (Sarker 2012. Herpetol. Rev. 43:440); Moulvibazar (Sree-
mangol) (Rahman 2011. Herpetol. Rev. 42:562); Chittagong (Ha-
thazari); Cox’s Bazaar (Himchari); Noakhali (Hatia Island); and 
Barisal (Sundargaon), southeast Bangladesh (Rasel et al. 2007. 
Bannoprani- Bangladesh Wildl. Bull. 4:1–2). 

md. ABdur rAzzAque SArKer, Herpetology laboratory Bangla-
desh, society for research and development, House no. 28/5, shonatan-
gar, Jigatola, dhanmondi, dhaka 1209, Bangladesh; and department of Zo-
ology, University of dhaka, dhaka, Bangladesh; e-mail: razzaqsciencebd@ 
gmail.com.



Herpetological Review 44(2), 2013

272    GeoGrAphic diStriBution

teStudineS — turtleS

cHRySEMyS picTA MARGiNATA (Midland Painted Turtle) 
USA: MICHIGAN: chArlevoix co.: Southwest end of Hog Island, 
Eastern Lake Michigan (Beaver) Archipelago (45.775096°N, 
85.394518°W; WGS 84). 12 July 2011. Nancy E. Seefelt. Veri-
fied by Fred Janzen. Iowa State University Research Collection 
(ISUA201202; digital images). New record for Hog Island (Bowen 
and Gillingham 2004. Michigan Acad. 35:213–223). Turtle shell 
was found in a coastal wetland on the island; other turtles were 
observed in the area.

nAncy e. Seefelt (e-mail seefe1ne@cmich.edu), JAmeS c. Gill-
inGhAm, pAtricK d. fArrell, lorrin A. ortmAnn, and deSiree r. 
rASmer, department of Biology, Central Michigan University, Mt. Pleas-
ant, Michigan 48859, Usa; Kenneth d. BoWen, national Park service, 
great lakes inventory and Monitoring network, 2800 lakeshore drive east, 
suite d, ashland, Wisconsin 54806, Usa.

pElODiScUS SiNENSiS (Chinese Softshell Turtle). BRAZIL: 
BELÉM: Belém City (1.366°S, 48.392°W; datum WGS 84). Febru-
ary 2010. D. Félix-Silva, J. Pezzuti. MPEG 1214. Verified by Ma-
rinus Hoogmoed. Pelodiscus sinensis is a South Asian species 
that has been introduced in several localities outside its natural 
range, and was recently reported in Amazonia (Félix-Silva et al. 
2012 Herpetol. Rev. 43:616). Due to heavy exploitation for food 
and traditional medicine, natural populations are seriously de-
pleted and P. sinensis is now considered vulnerable in its native 
range (Asian Turtle Trade Working Group 2000. In IUCN 2012. 
IUCN Red List of Threatened Species. Version 2012.2. <www.iuc-
nredlist.org>. Accessed 3 November 2012). Here we report addi-
tional Brazilian specimens.
  The specimens reported here were found and captured in 
small bodies of water near densely inhabited neighborhoods 
in Belém City, Brazil (1.366°S, 48.392°W; datum WGS 84). Two 
hatchlings (about 20 mm carapace length) were found by chil-
dren in a sandy place next to an artificial lake in February 2010 
(MPEG 1214). One year later, three similarly-sized young animals 
were caught at the same locality. An adult male was caught in 
a hole near the same lake in November 2010 (MPEG 1215). In 
April 2011 an adult female was found nearly 1 km downstream 
from the first locality (MPEG 1216). This individual laid five small 
spherical eggs in the water 9 May 2011 and three more eggs on 31 
May 2011. After 60 days of incubation, none of the eggs showed 
any sign of embryonic development. It seems probable that 
there is a feral population of unknown size established in the 
streams and lakes of Belém City, and studies on the distribution 
and impacts of P. sinensis on local aquatic habitats and aquatic 
biodiversity are recommended. 

dAniely féliX-SilvA, núcleo de altos estudos amazônicos, Uni-
versidade Federal do Pará/UFPa, Belém, Pará, Brazil (e-mail: danyfelix30@
gmail.com); emil JoSé hernández-ruz, laboratório de Zoologia, Fac-
uldade de Ciências Biológicas, Universidade Federal do Pará/UFPa, Cam-
pus de altamira, rua Coronel José Porfírio, 2515 - CeP 68372040 - altamira 
– Pa, Brazil; mAnoelA WAriSS fiGueiredo and JuArez cArloS Bri-
to pezzuti, núcleo de altos estudos amazônicos, Universidade Federal 
do Pará/UFPa, Belém, Pará, Brazil. 

pSEUDEMyS cONciNNA (River Cooter). USA: GEORGIA: cher-
okee co.: Ball Ground, intersection of state highways 369 and 372 
(34.277379°N, 84.298898°W; WGS 84). 9 July 2011. Z. Felix. UF 
166972 (Digital photograph). Verified by Kenneth Krysko. One 

adult female found alive on road mid-afternoon. New county re-
cord (Jensen et al. [eds;] 2008. Amphibians and Reptiles of Geór-
gia. University of Georgia Press, Athens. 575 pp.).

zAch i. feliX, Biology department, reinhardt University, Waleska, 
geórgia 30183, Usa; e-mail: zif@reinhardt.edu.

TRAcHEMyS ScRipTA (Pond Slider). USA: NEVADA: WAShoe 
co.: Reno, Rancho San Rafael Regional Park, Peavine Pond 
(39.54606°N, 119.83107°W; NAD83). 3 June 2006. Photographed 
by Fredric F. Petersen. Verified by Jens Vindum. CAS-HPV 74 
photo voucher. First record for Nevada. Trachemys scripta has 
been introduced widely in the western USA through the pet 
trade (Rhodin et al. 2010. Chelon. Res. Monogr. No. 5: 000.85-
000.164). The species is known from many sites in the Central 
Valley of California (Thomson et al. 2010 Chelon. Conserv. Biol. 
9:297–302, and references therein), with the closest previous re-
cord (Thomson et al., op. cit.) being approximately 166 km WSW 
of this first Nevada record.
 Pond Sliders appear to be common in urban ponds and lakes 
in Reno and Sparks, Nevada (additional localities are document-
ed by CAS-HPV 72, 73, and 75. An individual photographed on 
19 June 2011 (CAS-HPV 72) with mud covering the hind limbs, 
tail, and rear edge of the carapace, suggesting it had been digging 
a nest provides circumstantial evidence of breeding in the area. 
Reports of this species (without vouchers) also exist for Clark 
County in southern Nevada (FFP, pers. obs.). 

fredric f. peterSen, 2080 King edward drive, reno, nevada 89503, 
Usa (e-mail: Fugle@aol.com); AlAn de queiroz, 826 delmar Way, reno, 
nevada 89509, Usa (e-mail: alandqz@yahoo.com); chriS r. feldmAn, 
department of Biology, University of nevada, reno, 1664 north Virginia 
street, reno, nevada 89557, Usa (e-mail: ophis@unr.edu); JoSeph r. 
mendelSon iii, Zoo atlanta, 800 Cherokee avenue southeast, atlanta, 
georgia 30315, Usa (e-mail: jmendelson@zooatlanta.org); roWAn J. 
feldmAn-mAtocq, 2900 sagittarius drive, reno, nevado 89509, Usa.

TRAcHEMyS ScRipTA ElEGANS (Red-eared Slider). USA: IN-
DIANA: lAWrence co.: approx. 7 mi SW of Bedford on Hwy 50 
(38.77892°N, 86.55451°W; NAD 83). 14 March 2012. Sarabeth 
Klueh and Jason Mirtl. Verified by Chris Phillips. Illinois Natural 
History Survey (INHS 2012r). This capture provides a new county 
record for Indiana (Minton 2001. Amphibians and Reptiles of In-
diana, 2nd ed., revised. Indiana Academy of Science. vii–404 pp.). 
 SArABeth Klueh and JASon mirtl, Wildlife diversity section, indiana 
department of natural resources division of Fish and Wildlife, 553 e. Miller 
drive, Bloomington, indiana 47401, Usa (e-mail: sklueh@dnr.in.gov).

SquAmAtA — lizArdS

AcANTHODAcTylUS MicROpHOliS (Persian Fringe-toed 
Lizard). IRAN: BUSHEHR PROVINCE: 20 km SE of Khoormouj, 
near Naseri village (28.489644°N, 51.473191°E), 10 m elev. Ka-
mran Kamali, Behzad Zadhoosh, and Shahrzad Malekzadeh. 
22 February 2013. Iranian Herpetological Institute (IHI0014: 
one adult female; IHI0015: one adult male). Verified by Ste-
ven C. Anderson. This is the first record of this species from 
Bushehr Province. Individuals were found among low hills 
on sandy riverbeds with scattered bushes and in narrow can-
yons on stream beds covered with small bushes and grass. 
The specimens fit the diagnosis and color pattern in Ander-
son (1999. The Lizards of Iran. SSAR Contrib. Herpetol., Ithaca, 
New York. 442 pp.). The nearest reported locality is 480 km E of 
the record noted here (27.016667°N, 55.716667°E), 109 km W 
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of Bandar-e-Abbas to Kerman road along road to Bandare-e-
Lengeh, 0–50 m elev (MMTT [Muze-ye Melli-ye Tarikh-e Tabii, 
Tehran] 813; Anderson 1999:205–206). This is the first record 
from Bushehr Province and for the southwestern part of Iran.  
KAmrAn KAmAli, iranian Herpetological institute, apt. #2, no. 19, 7th al-
ley, nima youshij st., shahran Blvd., Tehran, iran, 14788-54818; e-mail: ca-
nis58@yahoo.com. 

AlEXANDRESAURUS cAMAcAN (Alexandre’s Lizard, Calan-
guinho do Alexandre). BRAZIL: BAHIA: MuniciPAlity of AMAr-
goSA: Timbó Farm (13.11058°S, 39.6673°W; WGS 84), 800 m elev.; 
MuniciPAlity of JAguAriPe: 13.19238°S, 39.00191°W. 21 November 
2011. M. Matos. Museu de Zoologia, Universidade Federal da 
Bahia (UFBA 3019, 3033, 3034; adults collected in pitfall in pris-
tine tropical forests). Verified by M. Rodrigues. Previously known 
from five localities in Bahia (Freitas et al. 2007. Herpetol. Rev. 
38:481; Rodrigues et al. 2007. Amer. Mus. Novit. 3565:1–27). The 
new records fill a distributional gap in the range of the species. 
The Amargosa record extends the distribution 190 km SW from 
Municipality of São Sebastião do Passé and 177 km NW from 
Uruçuca, and represents the interiormost record known.

mArllA AlveS mAtoS (e-mail: marllamatos17@hotmail.com) and 
milenA cAmArdelli, department of Biology, Universidade Federal da 
Bahia, salvador, Bahia, CeP 40170-290, Brazil; euvAldo mArciAno-Jr., 
Programa de Pós-graduação em ecologia e Conservação da Biodiversida-
de, Universidade estadual de santa Cruz, ilhéus, Bahia, 45662-900, Brazil.

ASpiDOScEliS SEXliNEATA (Six-lined Racerunner). USA: 
GEORGIA: cherokee co.: Ball Ground, 1.30 km SE of intersec-
tion of Lower Dowda Mill Rd. and Soap Creek Rd. (34.365784°N, 
84.427675°W; WGS 84). 24 June 2012. Z. Felix. UF 169262. Digital 
photograph. Verified by Kenneth Krysko. One adult gravid fe-
male captured in funnel trap in middle of field. New county re-
cord (Jensen et al. [eds.] 2008. Amphibians and Reptiles of Geór-
gia. University of Georgia Press, Athens. 575 pp.). 

zAch i. feliX, Biology department, reinhardt University, Waleska, 
geórgia 30183, Usa; e-mail: zif@reinhardt.edu. 

cROTApHyTUS biciNcTORES (Great Basin Collared Lizard). 
USA: NEVADA: Washoe Co.: Hays Canyon Range (41.415183°N, 
119.978771°W; WGS84; elev. 1392 m). 7 July 2012. Verified by 
Jimmy A. McGuire. MVZ 20444–20457 (photo vouchers). First 
record from this mountain range (McGuire 1996. Bull. Carnegie 
Mus. Nat. Hist. 32:1–143; St. John 2002. Reptiles of the Northwest. 
Lone Pine Publ., Renton, Washington. 272 pp.; Stebbins 2003. A 
Field Guide to Western Reptiles and Amphibians. 3rd ed. Hough-
ton Mifflin Co., Boston, Massachusetts. 533 pp.). Specimen was 
an adult male. An adult female (MVZ 35933–35935 photo vouch-
ers) was also recorded.
 In Nevada this extends the distribution for this species in 
Washoe Co. ca. 89 km N from “Smoke Creek, 0.25 and 1 mi from 
Nevada state line” (MVZ 20444–20457) and 68 km W from Soldier 
Meadow, Humboldt Co. (MVZ 35933–35935). In Oregon the near-
est reported locality is from the Pueblo Mountains, Harney Co. at 
“14 mi N Denio” (OSUMNH 8817–8823), ca. 140 km to the NE.
Both specimens were observed basking on boulders along Co. 
Rd 37 in Surprise Valley at base of W slope of the Hays Canyon 
Range, 1.75 km E of California border. 
We thank Steve Arnold for providing catalogue data for vouchers 
of this species in the OSUMNH collection.

JAcKSon d. Shedd, The nature Conservancy, 11010 Foothill Blvd, 
los Molinos, California 96055, Usa (e-mail: jackson.shedd@gmail.com); 

JAcK GoldfArB, southern California edison, 1218 south 5th ave, Monro-
via, California 91016, Usa (e-mail: jackgoldfarb@gmail.com).

cTENOSAURA pEcTiNATA (Western Spiny-tailed Iguana). MÉXI-
CO: AGUASCALIENTES: MuniciPAlity of cAlvillo: Jaltiche de Abajo 
(21.77976°N, 102.81016°W; WGS84), 1545 m elev. 4 August 2011. 
Efraín López-Martínez. Verified by Víctor Hugo Reynoso-Rosales. 
UAA-CV-0330. First record for Aguascalientes (McCranie and Wil-
son 2001. Cour. Forsch.-Inst. Senckenberg 230:1–57), extending 
known range ca. 60.9 km NE from the closest known locality in SW 
Zacatecas (Baker et al. 1967. Amer. Midl. Nat. 77:223–226). Several 
lizards were found at this site in tropical deciduous forest. 

GuStAvo erneSto quintero-dÍAz, Universidad autónoma de 
aguascalientes, Centro de Ciencias Básicas, departamento de Biología, 
aguascalientes, aguascalientes. México 20131 (e-mail: gequintmx@yahoo.
com.mx); rArámuri reyeS-Ardit, Comisión nacional de Áreas natu-
rales Protegidas (COnanP); chriStiAn mArtÍn GArcÍA-BAlderAS, 
dAnielA vAldéz-Jiménez, cArolinA chávez-floriAno, Uni-
versidad autónoma de aguascalientes, Centro de Ciencias Básicas, de-
partamento de Biología, aguascalientes, aguascalientes. México 20131; 
mArtÍn muñÍz-SAlAS and cynthiA SoSA-vArGAS, Benemérita 
Universidad autónoma de Puebla, escuela de Biología, Blvd. Valsequillo y 
av. san Claudio, edificio 112-a, Ciudad Universitaria, Col. Jardines de san 
Manuel, 72570, Puebla, Puebla, México. 

HEMiDAcTylUS MAbOUiA (Wood Slave). USA: FLORIDA: Bre-
vArD co.: Eddy Creek (28.67568°N, 80.64768°W;WGS 84). 7 June 
2012. Nathan Byer, Kaite Anderson, and Richard Seigel. Verified 
by Walter Meshaka, Jr. Fort Hays State University’s Sternberg 
Museum of Natural History (FHSM 16500 photo voucher). First 
reported record from Canaveral National Seashore and a range 
extension of 24.22 km NE of neartest reported location: I-95 be-
tween SR 406 and 405 in Titusville (Criscione et al. 1998. Herpe-
tol. Rev. 29[4]:248.
 Found inside of storage shed at Eddy Creek Parking Area, 
Playalinda Beach, Canaveral National Seashore. In January 2013, 
two additional lizards were seen at this locality. One specimen 
was photographed, captured, preserved, and stored with the Na-
tional Park Service. 

nAthAn Byer (e-mail: nbyer1@students.towson.edu), KAite An-
derSon, and richArd SeiGel, department of Biological sciences, Tow-
son University, Towson, Maryland 21286, Usa.

HEMiDAcTylUS TURcicUS (Mediterranean Gecko). USA: 
TEXAS: chAMBerS co.: Anahuac National Wildlife Refuge 
(29.61377°N, 94.53398°W, WGS 84; elev. 2 m), on an exterior bath-
room wall near the entrance to the refuge. 27 July 2012. William 
L. and Limei T. Farr. Verified by Carl J. Franklin. UTADC 7639. 
First county record (Dixon 2013. Amphibians and Reptiles of 
Texas. Texas A&M University Press, College Station. 447 pp.). This 
record fills a gap in county records from east Texas for this inva-
sive species. Hemidactylus turcicus was also observed in abun-
dance (ca. 10–20 individuals on each date) and photographed in 
situ at this same locality, and on other small adjacent buildings 
including the visitor’s center and a kiosk on the evenings of 13 
July 2012, 24 Aug 2012, and 28 Sept 2012. This appears to be a 
well-established population. 

WilliAm l. fArr, 11019 Wainfleet lane, Houston, Texas 77096, Usa; 
e-mail: williamfarr@sbcglobal.net. 

lEpOSOMA pUK. BRAZIL: BAHIA: MuniciPAlity of AMArgoSA: 
Timbó Farm (13.11058°S, 39.6673°W; datum WGS 84), 800 m elev. 
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21 November 2011. M. Matos. Verified by M. Rodrigues. Museu 
de Zoologia, Universidade Federal da Bahia, Salvador, Bahia, 
Brazil (UFBA 3018 adult, collected in a pitfall in a pristine tropi-
cal forest). Previously known from three localities in southern 
Bahia State, Brazil: municipalities of Jussari, São Jose da Vitória, 
and Una (Rodrigues et al. 2002. Pap. Avulsos Zool. 42[14]:335⎯–
350). The new record extends the known distribution about 180 
km N of the nearest previous record (Municipality of São José da 
Vitória; Rodrigues et al., op. cit.).

milenA cAmArdelli (e-mail: milenacamardelli@yahoo.com.br ) 
and mArllA AlveS mAtoS, department of Biology, Universidade Fed-
eral da Bahia, salvador, Bahia, CeP 40170-290, Brazil; euvAldo mArciA-
no-Jr., Programa de Pós-graduação em ecologia e Conservação da Biodi-
versidade, Universidade estadual de santa Cruz, ilhéus, Bahia, 45662-900, 
Brazil.

MESAliNA bREviROSTRiS (Blanford’s Short-nosed Desert Liz-
ard). IRAN: HORMOZGAN PROVINCE: 5 km NW of Parsian, near 
Milaki village (27.234114°N, 52.990888°E), 18 m elev. Kamran Ka-
mali, Behzad Zadhoosh, and Shahrzad Malekzadeh. 25 February 
2013. Iranian Herpetological Institute (IHI0022: adult female). 
Verified by Omid Mozaffari. This species has been recorded from 
Khoozestan, Bushehr Provinces and Tonb-e-Bozorg and Qeshm 
Islands in Persian Gulf (Rastegar-Pouyani et al. 2008. Field Guide 
to Reptiles of Iran, Volume 1: Lizards. Razi University Press). 
This is the first record of this species from mainland Hormoz-
gan Province. Individual was found on a plain with alkaline soil 
covered with scattered small bushes and shrubs. The specimen 
fits the diagnosis and the color pattern in Anderson (1999. The 
Lizards of Iran. SSAR Contrib. Herpetol., Ithaca, New York. 442 
pp.). The nearest reported localities are Tonb-e-bozorg Island 
(WB [William T. Blanford] 74, 76) and Qesm Island (CAS 96153) 
(Anderson 1999:249–251), 250 and 300 km SE of the reported lo-
cality, respectively. Another nearby locality is Ahram in Bushehr 
Province (FMNH 141492; Anderson 1999:249–251), 250 km NW 
of the locality reported here.

KAmrAn KAmAli, iranian Herpetological institute, apt. #2, no. 19, 
7th alley, nima youshij st., shahran Blvd., Tehran, iran, 14788-54818; e-mail: 
canis58@yahoo.com. 

STENODAcTylUS AFFiNiS (Iranian Short-fingered Gecko). 
IRAN: HORMOZGAN PROVINCE: 5 km NW of Parsian, near Mi-
laki village (27.234114°N, 52.990888°E), 18 m elev. Kamran Ka-
mali, Behzad Zadhoosh, and Shahrzad Malekzadeh. 25 Febru-
ary 2013. Iranian Herpetological Institute (IHI0023: adult male). 
Verified by Omid Mozaffari. This is the first record of this species 
from Hormozgan Province. It was found on a plain with alkaline 
soil covered with scattered small bushes and shrubs. The speci-
men fits the diagnosis and the color pattern in Anderson (1999. 
The Lizards of Iran. SSAR Contrib. Herpetol., Ithaca, New York. 
442 pp.). The nearest reported locality is 2–3 km SSE Bushehr (KS 
[Karl P. Schmidt] 55) 300 km from the reported locality Anderson 
(1999:182–183).

KAmrAn KAmAli, iranian Herpetological institute, apt. #2, no. 19, 
7th alley, nima youshij st., shahran Blvd., Tehran, iran, 14788-54818; e-mail: 
canis58@yahoo.com. 

TROpiOcOlOTES lATiFi (Latifi’s Dwarf Gecko). IRAN: QOM 
PROVINCE: 2 km S of city of Qom (34.571972°N, 50.870742°E), 
1069 m elev. 17 November 2012. Seyyed Mehdi Mirghazanfari. 
Iranian Herpetological Studies Institute (IHSI0011: adult male; 
IHSI0012: juvenile). Verified by Kamran Kamali. First record for 

Qom Province. A suitable habitat for this species was found and 
one adult male and one juvenile were collected at 1600 h on a 
plain covered with gravel and small to medium-sized rocks near 
a mountain with scattered bushes. The specimens were inac-
tive beneath a rock. The nearest reported locality is center of Is-
fahan Province, 27 km S of Kashan (Zoological Museum of Razi 
University; GT.20.2, GT.20.3), 130 km from the locality reported 
here (Rastegar-Pouyani et al. 2009. Zoology in the Middle East 
47:105–1070.

Seyyed mehdi mirGhAzAnfAri, no. 4, 17th alley, ataran st., Qom, 
iran, 37167-45988; e-mail: s.mehdighazanfari@gmail.com. 

TUpiNAMbiS QUADRiliNEATUS. BRAZIL: MARANHÃO: Mu-
niciPAlity of riAchão: BR 230 (07.2526°S, 46.4012°W; SAD 69), 335 
m elev. 18 February 2003. M. Freitas. Coleção Herpetológica da 
Universidade Federal Rural de Pernambuco, Recife, Brazil (CHP 
– UFRPE 2620, killed on the road, in cerrado). Verified by M. Ro-
drigues. Previously known only from cerrado biome of Tocan-
tins, Minas Gerais, Goiás, Mato Grosso, Pará, and western Bahia 
states (Silveira 2009. Check List 5[3]:442–445; Ferreira et al. 2009. 
Bol. Mus. Emílio Goeldi Cienc. Nat., Belém 4[3]:355–361; Freitas 
et al. 2011. Herpetol. Rev. 42[3]:392). First state record, extends 
distribution ca. 350 km N from Mateiros municipality, Tocantins 
state (Silveira 2009, op. cit.).

mArco Antonio de freitAS, instituto Chico Mendes de Conser-
vação da Biodiversidade (iCMBio), Br 222, KM 12, Pequiá, açailândia, Ma-
ranhão, Brazil (e-mail: philodryas@hotmail.com); GerAldo JorGe BAr-
BoSA de mourA, Universidade Federal rural de Pernambuco (UFrPe), 
departamento de Biologia / laboratório de estudos Herpetológicos e Pa-
leoherpetológicos – leHP, Campus Universitário, Centro, CeP 81250-000, 
Brazil (e-mail: geraldojbm@yahoo.com.br). 

SquAmAtA — SnAKeS

AGKiSTRODON piScivORUS lEUcOSTOMA (Western Cotton-
mouth). USA: TENNESSEE: WAyne co.: Green River (35.42736°N, 
87.76688°W; NAD 83). 30 May 2012. Derec Dodge. Verified by A. 
F. Scott. Austin Peay State University (APSU 19367 photographic 
voucher). Adult found sunning on woody debris along bank of 
river, substantiates previous questionable county records (Scott 
and Redmond 2008 (latest update: 14 November 2012). Atlas of 
Reptiles in Tennessee. The Center for Field Biology, Austin Peay 
State University, Clarksville, Tennessee. Available at http://apsu.
edu/reptatlas/ (latest update 14 November 2012, accessed 18 
January 2013).

derec dodGe and BriAn t. miller, department of Biology, Mid-
dle Tennessee state University, Murfreesboro, Tennessee 37132, Usa (e-
mail: brian.miller@mtsu.edu).

cARpHOpHiS AMOENUS HElENAE (Midwestern Worms-
nake). USA: INDIANA: SullivAn co.: Greene-Sullivan State Forest 
(38.99930°N, 87.25631°W; NAD 83). 4 April 2012. Sarabeth Klueh 
and Jason Mirtl. Verified by Chris Phillips. Illinois Natural History 
Survey (INHS 2012s). New county record (Minton 2001. Amphib-
ians and Reptiles of Indiana, 2nd ed., revised. Indiana Academy of 
Science. vii–404 pp.). 

SArABeth Klueh and JASon mirtl, Wildlife diversity section, in-
diana department of natural resources division of Fish and Wildlife, 553 e. 
Miller drive, Bloomington, indiana 47401, Usa (e-mail: sklueh@dnr.in.gov).

cOlUbER FlAGEllUM TESTAcEUS (Western Coachwhip). 
USA: TEXAS: lAvAcA co.: 29.491879°N, 96.74353°W (WGS84). 5 
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May 2011. Eric C. Munscher. UTADC 7640, 7643 photo vouch-
ers). Verified by Carl J. Franklin. New county record (Dixon 2013. 
Amphibians and Reptiles of Texas. Texas A&M University Press, 
College Station. 447 pp.).
 One adult snake was hand captured at 1030 h as it tried to 
climb a live oak tree (Quercus virginia). This species is docu-
mented in the surrounding counties, of Fayette, Gonzales, De-
witt, Victoria, Jackson, Wharton, and Colorado (Dixon, op. cit.).

eric c. munScher (e-mail: e-munscher@swca.com) and Anthony 
BrAden, sWCa environmental Consultants, Houston, Texas 77040, Usa 
(e-mail: abraden@swca.com).

GONyOSOMA OXycEpHAlUM (Red-tailed Green Ratsnake). 
PHILIPPINES: ROMBLON PROVINCE: Sibuyan Island, Munici-
pality of San Fernando, Barangay Taclobo, Sitio Cabitangahan 
(12.610278°N, 122.925000°E; WGS84; 50 m elev.). Ernest Kurt Tan. 
5 January 2013. Photographic voucher, Raffles Museum of Bio-
diversity Research, National University of Singapore (ZRC [IMG] 
2.180a–b). Verified by Rafe M. Brown. Dead on bank of Cabitanga-
han River. Total length 170 cm. First record from Sibuyan Island. 
Widespread species in mainland and Southeast Asia (Das 2002. 
A Photographic Guide to Snakes and other Reptiles in India. New 
Holland Publishers [UK], Ltd., London. 144 pp.), and within the 
Philippines, from the islands of Luzon, Lubang, Balabac, Pala-
wan, Negros, Panay, Bohol, and Sulu Archipelago (Ferner et al. 
2000. Asiatic Herpetol. Res. 9:1–37; Leviton 1963. Proc. California 
Acad. Sci. 31[15]:369–416; Taylor 1922. The Snakes of the Philip-
pine islands. Bureau of Science, Manila. 312 pp. + 37 pls.).

emerSon y. Sy, Philippine Center for Terrestrial and aquatic re-
search, 1198 Benavidez st., Unit 1202, Tondo, Manila, Philippines (e-mail: 
emersonsy@gmail.com); erneSt Kurt tAn, Philippine native Plants 
Conservation society incorporated, 11 ipo street, salvacion, Quezon City, 
Philippines (e-mail: tablasisland@gmail.com). 

HETERODON plATiRHiNOS (Eastern Hognose Snake). USA: 
GEORGIA: cherokee co.: Ball Ground, north of Creighton Rd., 
0.45 km E of intersection with SR 372 (34.294587°N, 84.307530°W; 
WGS 84). 10 October 2012. Z. Felix. UF 169263. Digital photo-
graph. Verified by Kenneth Krysko. New county record (Jensen 
et al. [eds.] 2008. Amphibians and Reptiles of Geórgia. Univer-
sity of Georgia Press, Athens. 575 pp.). One juvenile captured in 
wooded lawn.

 zAch i. feliX, Biology department, reinhardt University, Waleska, 
geórgia 30183, Usa; e-mail: zif@reinhardt.edu. 

lAMpROpElTiS cAlliGASTER (Yellow-bellied Kingsnake). 
USA: TEXAS: cAlDWell co.: TX Hwy 80, 0.97 rd. km N jct. TX Hwy 
130 (29.79221°N, 97.79167°W; WGS 84). 19 June 2012. Drew R. 
Davis. Verified by Travis J. LaDuc. Texas Natural History Collec-
tions, TNHC 85239. New county record (Dixon 2000. Amphibians 
and Reptiles of Texas. Texas A&M University Press, College Sta-
tion. 421 pp.). A second individual (TNHC 85240) was also found 
the same night. Specimens were collected under a Texas Parks 
and Wildlife Scientific Collecting Permit (SPR-0511-126) to Drew 
R. Davis.

dreW r. dAviS, Texas state University, department of Biology, 601 
University drive, san Marcos, Texas 78666, Usa; e-mail: drewdavis@txstate.
edu.

lAMpROpElTiS ZONATA (California Mountain Kingsnake) 
USA: CALIFORNIA: SAn Benito co.: San Juan Bautista, 2.11 km 
ENE Fremont Peak on San Juan Canyon Road at intersection 

with undesignated road (36.7655°N, 121.4827°W; WGS 84), elev. 
825 m. 6 June 2009 at 1450 h. Snake found DOR. Nick Dana 
Waters. Verified by Carol Spencer. MVZ 269317. This is the first 
report within San Benito Co. and the Gabilan Range. Nearest 
localities are within the Santa Lucia Range 46 km SW near Carm-
el-By-The-Sea, Monterey Co. (MVZ 97822), and within the Santa 
Cruz Mountains 45 km NW at Uvas Canyon, Santa Clara Co. (CAS 
190482). This specimen most closely resembles the Santa Clara 
color morph (Mitch Mulks, pers. comm.). Dominant structural 
flora include Quercus chrysolepis, Q. agrifolia, Pinus sabiniana, 
and Arctostaphylos sp. in adjacent chaparral.

nicK d. WAterS, 5229 West spur drive, Phoenix, arizona 85083-1285, 
Usa; e-mail: nickdwaters@gmail.com.

licHANURA TRiviRGATA TRiviRGATA (Mexican Rosy 
Boa). USA: ARIZONA: PiMA co.: West Silver Bell Mountains 
(32.438219°N, 111.573397°W; WGS 84), elev. 686 m. 01 May 2010. 
Paul Lynum and Jason Pike. University of Arizona (UAZ PSV 
57458). Verified by A. T. Holycross. The nearest vouchered lo-
calities are from ca. 75 km to the WNW in the Sand Tank Moun-
tains and ca. 90 km to the NW in the North Maricopa Mountains 
(Holycross and Brennan 2006. A Field Guide to Amphibians and 
Reptiles in Arizona. Arizona Game and Fish Department, Phoe-
nix. 150 pp.). Subadult female collected at 1610 h in a dry wash 
surrounded by Sonoran Desertscrub (Arizona Upland Subdivi-
sion). 
 Two additional specimens (UAZ PSV 57459 and 57460) were 
photographed in the same location on 21 March 2012. 

pAul lynum, 2820 north Mohawk Trail, Chino Valley, arizona 86323, 
Usa (e-mail: paullynum@earthlink.net); JASon piKe, 641 Juanita street, 
la Habra, California 90631, Usa.

OpHEODRyS AESTivUS (Rough Green Snake). USA: TENNES-
SEE: WeAkley co.: Found dead on shoulder of TN Hwy. 43 approx-
imately 30 m S of intersection with University Street in Martin, 
Tennessee (36.3472°N, 88.8731°W; WGS 84). 05 May 2012. Tom 
Blanchard. Verified by A. Floyd Scott. Austin Peay State Univer-
sity (APSUMZ 19252). New county record (Scott and Redmond 
2008. Atlas of Reptiles in Tennessee. The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. Available at 
http://apsu.edu/reptatlas/, latest update 04 December 2012, ac-
cessed 18 January 2013).

tom BlAnchArd, department of Biological sciences, University of 
Tennessee at Martin, Martin, Tennessee 38238, Usa; e-mail: tblanch@utm.
edu.

RHADiNAEA FlAvilATA (Pine Woods Littersnake). USA: FLOR-
IDA: hArDee co.: 2.6 km N Gardner, Charles Creek at U.S. Hwy 17 
(27.37616°N, 81.79642°W; NAD 83). 20 October 1985. R. A. Mou-
lis, R. S. Redmond, and M. P. Wallace. Verified by Lance D. Mc-
Brayer. GSU 3195. New county record (Krysko et al. 2011. Atlas 
of Amphibians and Reptiles in Florida. Florida Fish and Wildlife 
Conservation Commission, Tallahassee. 524 pp.) 

dirK J. StevenSon, The Orianne society, indigo snake initiative, 
414 Club drive, Hinesville, georgia 31313, Usa (e-mail: dstevenson@ori-
annesociety.org); Kevin m. enGe, Florida Fish and Wildlife Conservation 
Commission, 1105 s.W. Williston road, gainesville, Florida 32601, Usa (e-
mail: kevin.enge@myfwc.com).

STORERiA DEKAyii (Dekay’s Brownsnake) USA: MICHIGAN: 
chArlevoix co.: Southwest end of Hog Island (Grape Spit), Eastern 
Lake Michigan (Beaver) Archipelago (45.777581°N, 85.407715°W; 
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WGS 84). 12 July 2011. Nancy E. Seefelt. Verified by Fred Janzen. 
Iowa State University Research Collection (ISUA202203; digital 
images). New record for Hog Island and the Beaver Archipela-
go (Bowen and Gillingham 2004. Michigan Acad. 35:213–223). 
Snake was found under a deflated rubber trampoline with other 
snakes, including Northern Water Snakes (Nerodia sipedon) and 
Eastern Garter Snakes (Thamnophis sirtalis). The voucher, a 
gravid female, was photographed and released at the site.

nAncy e. Seefelt (e-mail seefe1ne@cmich.edu), JAmeS c. Gill-
inGhAm, pAtricK d. fArrell, lorrin A. ortmAnn, and deSiree r. 
rASmer, department of Biology, Central Michigan University, Mt. Pleas-
ant, Michigan 48859, Usa; Kenneth d. BoWen, national Park service, 
great lakes inventory and Monitoring network, 2800 lakeshore drive east, 
suite d, ashland, Wisconsin 54806, Usa.

THAMNOpHiS bUTlERi (Butler’s Gartersnake). USA: WIS-
CONSIN: JefferSon co.: Town of Whitewater (42.84699°N, 
088.74271°W; WGS 84). 13 June 2012. Joshua M. Kapfer and Kerry 
Katovich. Verified by Erik Wild (University of Wisconsin-Stevens 
Point). University of Wisconsin-Stevens Point Collections (UWSP 
0162–0165 photo vouchers; tissue sample catalogued UWSP 
4534). New county record (Casper 1996. Geographic Distribu-
tions of the Amphibians and Reptiles of Wisconsin. Milwaukee 
Public Museum, 87 pp.). Extends the currently known range of 
this species in Wisconsin.
 The identification of these specimens as T. butleri was sup-
ported by genetic analyses with techniques previously devel-
oped by Sloss (2011. Genetic identity of Wisconsin gartersnakes 
[Thamnophis spp.] using microsatellite genetic markers. Wis-
consin Department of Natural Resources Research Report 192: 
PUB-SS-592-2011; http://dnr.wi.gov/topic/EndangeredRe-
sources/documents/SlossReport.pdf; accessed 15 February 
2013). The accessioned tissue sample represents an individual 
whose genetic profile was consistent with a pure Butler’s Gar-
tersnake (BGS) (mean STRUCTURE q-value of 0.8018% with a 
threshold of 80% for identifying pure BGS per Sloss 2011; BLS, 
unpubl. data).
 Several adult individuals were captured under artificial cover 
objects (photographed with tissue samples collected) on 13 June 
2012. Juveniles were also captured in the same manner during 
September 2012 surveys, indicating a reproductive population. 
Associated habitat consisted of an open grassland/prairie. Ad-
jacent habitats were primarily a mix of immature deciduous 
woodland and a shallow wetland dominated by Reed Canary 
Grass (Phalaris arundinacea) and Cattail (Typha sp.). This ob-
servation supplements specimens collected by R. Van Konings-
veld in 1971 from nearby locations in the town of Whitewater 
(Walworth Co.; HerpNet catalogue numbers MPM 18291, 18292, 
18294, and 18302; http://www.herpnet.org; accessed 6 February 
2013). Although Casper (op. cit.) mentioned that Walworth Co. 
populations may be comprised of T. butleri x T. radix hybrids 

and questioned the likelihood that they contained true BGS, our 
analyses suggest that the genetic composition of these popula-
tions should be re-assessed. Given the short distance between 
the site where our specimens originated and Van Koningsveld’s 
nearby Walworth Co. site (~ 1 km), future genetic research may 
lead to the inclusion of Walworth Co. in the known distribution 
for this species in Wisconsin. Thamnophis butleri is currently 
listed as “Threatened” by the state of Wisconsin and information 
that better refines its distribution in the state is particularly valu-
able for managing this species.

JoShuA m. KApfer (e-mail: kapferj@uww.edu) and Kerry KAto-
vich, department of Biological sciences, University of Wisconsin-White-
water, Whitewater, Wisconsin 53091, Usa; GreGor W. SchuurmAn and 
rori A. pAloSKi, Wisconsin department of natural resources-Bureau of 
endangered resources, 101 s. Webster st., PO Box 7921, Madison, Wiscon-
sin 53707-7921, Usa; BriAn l. SloSS, U.s. geological survey, Wisconsin 
Cooperative Fishery research Unit, College of natural resources, Univer-
sity of Wisconsin-stevens Point, stevens Point, Wisconsin 54481, Usa.

THAMNOpHiS SiRTAliS SiRTAliS (Eastern Gartersnake). 
USA: TENNESSEE: WeAkley co.: approx. 450 m E of TN Hwy 43 
along the Brian Brown Memorial Greenway in Martin, Tennessee 
(36.3492°N, 88.8672°W; WGS 84). 21 April 2012. Tom Blanchard. 
Verified by A. Floyd Scott. Austin Peay State University (APSU 
19253). New county record (Scott and Redmond 2008. Atlas of 
Reptiles in Tennessee. The Center for Field Biology, Austin Peay 
State University, Clarksville, Tennessee. Available at http://apsu.
edu/reptatlas/, latest update 04 December 2012, accessed 18 
January 2013).

tom BlAnchArd, department of Biological sciences, University of 
Tennessee at Martin, Martin, Tennessee 38238, Usa; e-mail: tblanch@utm.
edu.

TROpiDOclONiON liNEATUM (Lined Snake). USA: NEW 
MEXICO: eDDy co.: 14.5 km SW of Queen, 3.4 km E of Martine 
Ridge, 9.3 km N of Texas State Line, and 0.1 km SSW of El Paso 
Gap on New Mexico State Highway 137 in southwestern Eddy 
Co. (32.0843°N, 104.8359°W; WGS84), elev. 1677 m. 20 September 
2012. Christopher Newsom. Verified by J. Tomasz Giermakows-
ki. University of New Mexico Museum of Southwestern Biology 
(MSB 94444). New county record (Degenhardt et al. 1996. Am-
phibians and Reptiles of New Mexico. Univ. New Mexico Press, 
Albuquerque, New Mexico xix + 431 pp.).
 Extends the known range by approximately 87 km SSE from 
the nearest known specimen from Chaves Co., New Mexico 
(AUM 22798) and approximately 109 km SE of a recently verified 
locality near Mayhill, Otero Co., New Mexico (MSB 72651, Mur-
ray et al. 2010. Herpetol. Rev. 41:519–520.). The specimen was 
observed at night. 

chriStopher neWSom, 9820 Compadre lane ne, albuquerque, 
new Mexico 87111-1552, Usa; e-mail: herpsofnm@comcast.net.
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further range extensions for reptiles and Amphibians from 
papua new Guinea

The Papuan region—consisting of New Guinea, Bismarck 
Archipelago, the Solomon Islands, and associated islands—has 
one of the most speciose herpetofaunas on Earth, but much 
work remains to better understand the composition and dis-
tributions of its members. The region’s complex geological his-
tory, involving multiple waves of accretionary as well as vicariant 
events (Davies 2012; Pigram and Davies 1987), has resulted in 
many species being confined to local landforms such as offshore 
islands or peripheral mountain ranges. This has led to high lev-
els of narrow endemism in the area. Furthermore, the region’s 
steep terrain and difficulty of access have significantly retarded 
the pace of survey work. These factors have hindered detailed 
understanding of the geographic distributions of the local mega-
diverse herpetofauna. As one indication of the poverty of our 
knowledge, a large percentage of these species remain known 
only from their type localities. This is especially true among the 
frogs, for which this applies to approximately 25% of the species 
(cf., IUCN 2012). However, given the high proportion of narrow-
range endemics that inhabit the Papuan region, it is uncertain 
which of these species are truly narrowly endemic vs. merely 
poorly surveyed. Intensive survey work conducted in the past 15 
years or so has resulted in improved understanding of the geo-
graphic distributions of scores of Papuan species (Günther 2003; 
Kraus 2010; Kraus and Allison 2004, 2006; Kraus and Shea 2005). 
Herein I report additional significant range records for species 
collected by me in the past few years. In some of these cases it is 
obvious that the species in question ranges quite widely, and in 
several instances I present records indicating a species to range 
beyond the limits of the distinctive geological landforms (usu-
ally isolated mountain ranges) from which it was first described. 
However, in a few other instances I present evidence of a general 
distribution across the original massif from which the species 
was first described, but evidence for wider distribution outside 
that massif remains lacking. 

Politically, the records presented below include one new 
country record and 18 new provincial records. Biogeographi-
cally, they include five new island records and 16 records that are 
first reports for particular isolated mountain ranges. Four new 
records for higher-elevation species are important in that they 
show each species’ range to span the low-elevation habitat of the 
Musa Valley in the southern Owen Stanley Range, an expanse of 
terrain that is presumably unsuitable for these species at pres-
ent. Finally, four additional records are to new areas within the 
high-elevation habitats of the Suckling–Dayman Massif (south of 
the Musa Valley) for species that are likely to prove endemic to 
that massif and the adjacent high-elevation Mt. Simpson.

All specimen records are for Bernice P. Bishop Museum 
(BPBM) and use the WGS 84 datum. One photo voucher is at 
University of Michigan Museum of Zoology (UMMZ).

AnurA — froGS

AUSTROcHApERiNA bASipAlMATA. PAPUA NEW GUINEA: 
eASt SePik Prov.: Prince Alexander Mts., Mindangua Stream, 
3.6056°S, 143.4921°E, 410 m asl. 17–21 September 2009. F. Kraus 
and native villagers. BPBM 35476–85; 16.25 km W of Wewak, 

3.5788°S, 143.5003°E, 227 m. asl. F. Kraus and local villagers. 
BPBM 35486–87. New provincial record and range extension of 
approximately 150 km to E from nearest locality in Torricelli Mts. 
(Zweifel 2000).

bARyGENyS ATRA. PAPUA NEW GUINEA: northern Prov.: S 
slope Mt. Victory, along Ajoa River, 9.2388°S, 149.1356°E, 400 m 
asl. 29 September–4 October 2010. F. Kraus, J. Anamiato, and lo-
cal villagers. BPBM 37100–12, 37118–21; SW slope Mt. Trafalgar, 
9.2238°S, 149.1561°E, 187 m asl. 2–6 November 2011. F. Kraus, 
J. Anamiato, and local villagers. BPBM 39973–78. First record 
for Cape Nelson Range and range extension of 100 km to SE of 
Popondetta (Zweifel 1981).

bARyGENyS MAcUlATA. PAPUA NEW GUINEA: Milne BAy Prov.: 
W slope Mt. Dayman, vicinity Binigun, 9.7071°S, 149.2498°E, 900 
m asl. 17–19 March 2012. F. Kraus, E. Gagomin, B. Iova, and lo-
cal villagers. BPBM 38914–15. Second known locality and range 
extension approximately 25 km to NNW of type locality on the 
other side of Mt. Dayman (Menzies and Tyler 1977).

cAllUlOpS DORiAE. PAPUA NEW GUINEA: Milne BAy Prov.: 
Normanby Island, E end Sewa Bay, 10.0072°S, 150.9872°E, 52 m 
asl. 13 April 2011. F. Francisco. BPBM 38830–32. First record for 
any of the D’Entrecasteaux Islands (Zweifel 1972).

cOpHiXAlUS bAlbUS. PAPUA NEW GUINEA: eASt SePik Prov.: 
Prince Alexander Mts., Mindangua Stream, 3.6056°S, 143.4921°E, 
410 m asl. 16–19 September 2009. F. Kraus and local villagers. 
BPBM 35458–59, 35461–62, 35469. New record for mountain 
range and range extensions of approximately 125 km to NE and 
150 km to E from nearest localities in Hunstein Mts. and Torri-
celli Mts., respectively (Kraus and Allison 2006).

cOpHiXAlUS cRypTOTyMpANUM. PAPUA NEW GUINEA: 
Milne BAy Prov.: N slope Mt. Simpson, Etakaba Creek, 10.0290°S, 
149.5947°E, 1540 m asl. 1 March 2003. B. Uruwa. BPBM 17959–
74. Range extension of 40 km to SE from type locality (Zweifel 
1956) and only second certain locality for this species. Based on 
call information, other populations to the north (Menzies 2006; 
Zweifel 1962) are mis-assigned to this species.

cOpHiXAlUS DESTicANS. PAPUA NEW GUINEA: northern 
Prov.: S slope Mt. Victory, along Ajoa River, 9.2248°S, 149.1062°E, 
530 m asl. 20–22 September 2010. F. Kraus, J. Anamiato, and 
local villagers. BPBM 37153–70; S slope Mt. Victory, 9.2388°S, 
149.1356°E, 400 m asl. 27–29 September 2010. F. Kraus, J. Anami-
ato, and local villagers. BPBM 37171–72; SW slope Mt. Trafalgar, 
9.2238°S, 149.1561°E, 187 m asl. 2–9 November 2011. F. Kraus, 
J. Anamiato, and local villagers. BPBM 40020–21, 40024, 40028, 
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40030–36; SW slope Mt. Trafalgar, 9.2002°S, 149.1596°E, 700 m 
asl. 5 November 2010. F. Kraus, J. Anamiato, and local villagers. 
BPBM 40026–27. New provincial records and range extension of 
160 km to NW of nearest reported localities in southern Milne 
Bay Province (Kraus and Allison 2009a).

cOpHiXAlUS pipilANS. PAPUA NEW GUINEA: eASt SePik Prov.: 
Prince Alexander Mts., Mindangua Stream, 3.6056°S, 143.4921°E, 
410 m asl. 17–21 September 2009. F. Kraus and local villagers. 
BPBM 35842–43, 35845–56. New provincial record and range ex-
tension of 250 km to W of nearest reported locality in the Adel-
bert Mts. (Zweifel 1980).

cOpiUlA FiSTUlANS. PAPUA NEW GUINEA: MADAng Prov.: 
Adelbert Mts., Keki Lodge, 4.7048°S, 145.4042°E, 854 m asl. 
30 September–6 October 2009. F. Kraus and I. Haguna. BPBM 
35961–67, 35973–78, 35985; Northern Province: S slope Mt. Vic-
tory, 9.2388°S, 149.1356°E, 400 m asl. 4–5 October 2010. F. Kraus, 
J. Anamiato, and local villagers. BPBM 37223–31. The first locality 
is a new provincial record and range extension of approximately 
270 km to NW of nearest locality south of the Saruwaged Range; 
the second is the first report for Cape Nelson and a range exten-
sion of 100 km SE of nearest locality at Popondetta (Menzies and 
Tyler 1977).

HylARANA MilNEANA. PAPUA NEW GUINEA: Milne BAy Prov.: 
NW slope Mt. Dayman, Yamsiai, 9.6724°S, 149.2734°E, 120 m asl. 
7 April 2011. F. Kraus, E. Gagomin, B. Iova, and local villagers. 
BPBM 39304–05; Northern Prov.: S slope Mt. Victory, along Ajoa 
River, 9.2248°S, 149.1062°E, 530 m asl. 21–24 September 2010. F. 
Kraus, J. Anamiato, and local villagers. BPBM 37007–09; S slope 
Mt. Victory, 9.2388°S, 149.1356°E, 400 m asl. 27 September 2010. 
F. Kraus, J. Anamiato, and local villagers. BPBM 37010–24. Range 
extensions of approximately 100 and 160 km to NW of nearest lo-
calities near Alotau and 140 km from nearest locality on western 
side of intervening Owen Stanley Range; the localities on Cape 
Nelson are new provincial records (Kraus and Allison 2007).

HylARANA vOlKERJANE. PAPUA NEW GUINEA: eASt SePik 
Prov.: Prince Alexander Mts., Mindangua Stream, 3.6056°S, 
143.4921°E, 410 m asl. 15–21 September 2009. F. Kraus and local 
villagers. BPBM 34755, 35536–37, 35542–43; Madang Prov. Adel-
bert Mts., Keki Lodge, 4.7048°S, 145.4042°E, 854 m asl. 6 Octo-
ber 2009. F. Kraus and I. Haguna. BPBM 35549. New provincial 
records and range extensions of 150 km and 320 km to E from 
nearest locality in Torricelli Mts. (Kraus and Allison 2006).

HylARANA WAliESA. PAPUA NEW GUINEA: northern Prov.: 
S slope Mt. Victory, 9.2388°S, 149.1356°E, 400 m asl. 28–29 Sep-
tember 2010. F. Kraus, J. Anamiato, and local villagers. BPBM 
37038–41; SW slope Mt. Trafalgar, 9.2238°S, 149.1561°E, 187 m 
asl. 31 October – 5 November 2011. F. Kraus, J. Anamiato, and 
local villagers. BPBM 39920–27. First records for province and 
range extension of 160 km to NW of nearest known localities in 
mainland Milne Bay Province and 100 km from populations on 
Goodenough Island (Kraus and Allison 2007).

liOpHRyNE DENTATA. PAPUA NEW GUINEA: Milne BAy Prov.: 
Normanby Island, N slope Mt. Hobia, 10.0777°S, 150.9896°E, 555 
m asl. F. Kraus. 27 March–2 April 2012. BPBM 41916–23. First re-
cord for any offshore island in Milne Bay Province, and third re-
ported locality (Zweifel 2000).

liOpHRyNE MAGNiTyMpANUM. PAPUA NEW GUINEA: Milne 
BAy Prov.: E slope Mt. Suckling, 9.7580°S, 149.1822°E, 1860 m asl. 
23–28 March 2011. F. Kraus, E. Gagomin, B. Iova, and local villag-
ers. BPBM 39307–24. First provincial record and range extension 
of 130 km to east of type locality (Kraus and Allison 2009b).

liTORiA ARFAKiANA. PAPUA NEW GUINEA: northern Prov.: S 
slope Mt. Trafalgar, 9.1951°S, 149.1616°E, 833 m asl. 7 November 
2011. F. Kraus. BPBM 40124–26. First provincial record and first 
record for Cape Nelson Range (Menzies 2006).

liTORiA GAScONi. PAPUA NEW GUINEA: eASt SePik Prov.: 
Prince Alexander Mts., Mindangua Stream, 3.6056°S, 143.4921°E, 
410 m asl. 18–21 September 2009. F. Kraus and local villagers. 
BPBM 35422–31. First record for country, and range extension of 
approximately 570 km to the east of previous records in the Foja 
Mts. (Richards et al. 2009).

liTORiA HUNTORUM. PAPUA NEW GUINEA: WeSt SePik Prov.: 
Torricelli Mts.: Parkop, 6.5 km S Mt. Sapau summit, 3.4246ºS, 
142.5187ºE, 416 m asl. 14 May 2005. Local villager. BPBM 23243. 
New mountain range and range extension of approximately 100 
km to E of type locality (Richards et al. 2006).

liTORiA MicROMEMbRANA. PAPUA NEW GUINEA: Milne BAy 
Prov.: E slope Mt. Suckling, 9.7580°S, 149.1822°E, 1860 m asl. 23 
March 2011. F. Kraus, E. Gagomin, B. Iova, and local villagers. 
BPBM 39425–26; Biniguni Bunua, 9.7650°S, 149.2176°E, 1730 m 
asl. 21 March 2011. F. Kraus, E. Gagomin, B. Iova, and local villag-
ers. BPBM 39418–24. New provincial record and extends range 
130 km to E of nearest known locality (Kraus and Allison 2006).

liTORiA OllAURO. PAPUA NEW GUINEA: Milne Bay Prov.: 
Milne BAy Prov.: W slope Mt. Dayman, 9.7071°S, 149.2498°E, 900 m 
asl. 17 March 2011. F. Kraus and B. Iova. BPBM 39620–26. Second 
known locality and range extension approximately 25 km to NNW 
of type locality on the other side of Mt. Dayman (Menzies 1993).

NycTiMySTES pERSiMiliS. PAPUA NEW GUINEA: Milne BAy 
Prov.: E slope Mt. Suckling, Biniguni Bunua, 9.7650°S, 149.2176°E, 
1730 m asl. 21 March 2011. F. Kraus, E. Gagomin, B. Iova, and lo-
cal villagers. BPBM 39429–53; Sota, 9.7580°S, 149.1822°E, 1860 m 
asl. 23 March 2011. F. Kraus. BPBM 39454. Range extensions of 
approximately 15 km and 55 km to W of type locality on Mt. Day-
man (Zweifel 1958) and prior record on Mt. Simpson (Kraus and 
Allison 2004), respectively.

OREOpHRyNE GEiSlERORUM. PAPUA NEW GUINEA: 
northern Prov.: S slope Mt. Victory, along Ajoa River, 9.2248°S, 
149.1062°E, 530 m asl. 20–24 September 2010. F. Kraus, J. Anami-
ato, and local villagers. BPBM 37291–303; S slope Mt. Victory, 
9.2388°S, 149.1356° E, 400 m asl. 30 September 2010. F. Kraus, 
J. Anamiato, and local villagers. BPBM 37304–08; SW slope Mt. 
Trafalgar, 9.2238°S, 149.1561°E, 187 m asl. 1 November 2011. F. 
Kraus, J. Anamiato, and local villagers. BPBM 40148. First records 
from Cape Nelson Range and range extension of 100 km to SE of 
Popondetta (Zweifel et al. 2003).

SquAmAtA — lizArdS

cyRTODAcTylUS lORiAE. PAPUA NEW GUINEA: northern 
Prov.: S slope Mt. Trafalgar, 9.1951°S, 149.1616°E, 833 m asl. 11–13 
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November 2011. F. Kraus and local villagers. BPBM 39792–95. First 
provincial record (Bauer and Henle 1994) and range extension of 
130 km E of Mt. Obree, Central Province (FK, unpubl. data).

HypSilURUS DilOpHUS. PAPUA NEW GUINEA: Milne BAy 
Prov.: Normanby Island, E end Sewa Bay, 10.0072°S, 150.9872°E, 
52 m asl. 3 March 2011. F. Francisco. BPBM 39725. New island 
record (de Rooij 1915; Manthey and Denzer 2006).

HypSilURUS MAGNUS. PAPUA NEW GUINEA: East Sepik Prov.: 
Prince Alexander Mts., Huriak, 3.5846°S, 143.5007°E, 68 m asl. 
23 September 2009. Local villager. BPBM 34769. New provincial 
record and fills gap of approximately 530 km between nearest 
northern-versant localities in Madang and West Sepik provinces 
(Kraus 2010).

pRASiNOHAEMA pREHENSicAUDA. PAPUA NEW GUINEA: 
Milne BAy Prov.: E slope Mt. Suckling, Sota, 9.7580°S, 149.1822°E, 
1860 m asl. 29 March 2011. Local villager. BPBM 39096. New pro-
vincial record and range extension of approximately 380 km SE 
of Mt. Kaindi (Gressitt and Nadkarni 1978) for this poorly known 
arboreal lizard, indicating that it likely inhabits the entire length 
of the Owen Stanley Range at appropriate elevations.

vARANUS JObiENSiS. PAPUA NEW GUINEA: northern Prov.: S 
slope Mt. Victory, 9.2424°S, 149.1350°E, 320 m asl. 30 September 
2010. Local villager. BPBM 37714. New provincial record and 
range extension of approximately 160 km E of Port Moresby 
(Böhme et al. 1994).

SquAmAtA — SnAKeS

ASpiDOMORpHUS ScHlEGEli. PAPUA NEW GUINEA: eASt 
SePik Prov.: Prince Alexander Mts., 17.2 km W and 1 km S Wewak, 
3.5922°S, 143.4937°E, 270 m asl. 18 September 2009. Local vil-
lager. BPBM 35954. New provincial record and range extension 
140 km E of nearest record at Aitape (McDowell 1967).

cANDOiA cARiNATA. PAPUA NEW GUINEA: northern Prov.: S 
slope Mt. Trafalgar, 9.2340°S, 149.1541°E, 223 m asl. 2 November 
2011. Local villager. BPBM 39803. New provincial record, first re-
cord for Papuan Peninsula, and range extension of 360 km SE of 
nearest locality at Lae (Smith et al. 2001).

lEiOpyTHON AlbERTiSii. PAPUA NEW GUINEA: Milne BAy 
Prov.: S end Sewa Bay, 10.03858°S, 150.97345°E, 54 m asl. 4 March 
2011. Local villager. BPBM 39682; Northern Prov.: SW slope Mt. 
Trafalgar, 9.2238°S, 149.1561°E, 187 m asl. 9 November 2011. 
Local villager. BPBM 39805. Former is first verified record for 
D’Entrecasteaux Islands; latter is first record for Cape Nelson 
Range (Schleip 2008).

MOREliA bOElENi. PAPUA NEW GUINEA: Milne BAy Prov.: 
Gayari, W slope Mt. Dayman, ca. 1700 m asl. 3 April 2011. Local 
villager. Photographic voucher UMMZ Division of Reptiles and 
Amphibians digital image #972. First verified record for province 
and range extension of approximately 110 km to E of Mt. Brown 
(McDowell 1975), across the intervening low-elevation (maxi-
mum ca. 1000 m asl) Musa Valley. The source for a reported re-
cord from nearby Goodenough Island (O’Shea 1996) is uncertain 
(M. O’Shea, pers. comm.) and requires confirmation.

RAMpHOTypHlOpS bRAMiNUS. PAPUA NEW GUINEA: Milne 
BAy Prov.: Woodlark Island, Upper Muniai Creek, 9.1216°S, 
152.7486°E, 67 m asl. 17 October 2011. Local villager. BPBM 
39807. New island record and second record for province (Kraus 
and Allison 2004).
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noteworthy distributional records of Amphibians and reptiles 
from costa rica
 Costa Rica is known to support a diverse herpetofauna (Sav-
age 2002). According to the most recent checklist (Bolaños et al. 
2011), 196 species of amphibians and 239 species of reptiles are 
known to occur in that country. During several visits to Costa 
Rica during 2010 and 2011, GK and JV have collected several 
specimens that constitute extensions of their known distribu-
tions in either geographic or elevational range. Herein we report 
upon these noteworthy specimens. Locality and elevation data 
were recorded using a Garmin 60 CSx GPS receiver with integrat-
ed barometric altimeter; map datum WGS84.  Abbreviations for 
museum collections follow those of Sabaj Pérez (2010). Species 
determination was done using the keys in Köhler (2008, 2011) 
and Savage (2002), and all vouchers were verified by Sebastian 
Lotzkat and Andreas Hertz. 

AnurA — froGS

EcNOMiOHylA SUKiA. ALAJUELA: SAN CARLOS, CERRO 
CHATO (10.2632°N, 84.4052°W), 922 m elev. 16 May 2012. Jo-
seph Vargas. SMF 94578 (Fig. 1). First record for Alajuela Prov-
ince, extending the species’ known geographic distribution 
147 km NE of Guayacan, Limón Province (Savage and Kubicki 
2010).

iSTHMOHylA pSEUDOpUMA. ALAJUELA: Volcán Tenorio 
(10.7048°N, 85.0305°W), 1143 m elev. 5 March 2011. Gunther 
Köhler and Joseph Vargas. SMF 91989–92. GUANACASTE: Vol-
cán Miravalles (10.7060°N, 85.1107°W), 1225 m elev. 22 Octo-
ber 2011. Gunther Köhler and Joseph Vargas. SMF 94596. Vol-
cán Rincón de la Vieja (10.8362°N, 85.3284°W), 1340 m elev. 27 
October 2011. Gunther Köhler and Joseph Vargas. SMF 94597. 
First records for Volcán Tenorio and for Guanacaste Province, 
and also northernmost records for this species, extending its 
geographic range about 50 km NNW (Volcán Tenorio), 59 km 
NNW (Volcán Miravalles), and 82 km NW (Volcán Rincón de la 
Vieja), respectively, of Monteverde, Puntarenas (Duellman 2001; 
Savage 2002).

pHyllObATES viTTATUS. PUNTARENAS: Punta Burica, Río 
Coco (8.1807°N, 83.0149 °W), 390 m elev. 19 February 2011. Jo-
seph Vargas. SMF 93576. Southeasternmost record for the spe-
cies, extending its geographic range about 18 km S of previous 
southernmost record at Conte, 6 km E Puerto Pilon (UCR 9311) 
(Savage 2002; Savage, pers. comm., April 2013).
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fig. 5. Dendrophidion paucicarinatum (SMF 94576).
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fig. 6. Geophis zeledoni (SMF 92524).
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fig. 8. Tripanurgos compressus (SMF 93056).
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fig. 4. Ptychoglossus plicatus (SMF 94592).
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fig. 2. Pristimantis altae (SMF 94594).
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fig. 7. Sibon longifrenis (SMF 94598).
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fig. 3. Anolis woodi (Photo voucher F-SMF 238).
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fig. 1. Ecnomiohyla sukia (SMF 94578).
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pRiSTiMANTiS AlTAE. GUANACASTE: Volcán Miravalles 
(10.7084°N, 85.1180°W), 1400 m elev. 23 October 2011. Gunther 
Köhler and Joseph Vargas. SMF 94593–94 (Fig. 2). First record for 
Volcán Miravalles, filling the gap between Monteverde (ca. 59 km 
SSE), and Cerro Cacao (ca. 42 km WNW) (Savage 2002; Köhler 
2011). Also, this record increases the previously known elevation 
for the species 140 m (Sasa et al. 2010).

SquAmAtA — lizArdS

DiplOGlOSSUS bilObATUS. GUANACASTE: Volcán Miravalles 
(10.7044°N, 85.1136°W), 1215 m elev. 21–23 October 2011. Gun-
ther Köhler and Joseph Vargas. SMF 94583–85. First records for 
Volcán Miravalles, filling the gap between Monteverde (ca. 59 km 
SSE), and Cerro Cacao (ca. 42 km WNW) (Savage 2002).

ANOliS KEMpTONi. PUNTARENAS: N of Buenos Aires 
(9.2525°N, 83.2283°W), 1834 m elev. 6 February 2010. Gunther 
Köhler. SMF 92547. This record extends the species’ geographic 
range about 65 km WNW from Las Tablas, Puntarenas (Savage 
2002; Ponce and Köhler 2008).

ANOliS iNTERMEDiUS. SAN JOSÉ:  Río Blanco (9.6469°N, 
83.8876°W), 2110 m elev. 18 February 2010. Gunther Köhler.  
SMF 92597. This record increases the documented elevation of 
the species, which was previously known from as high as 1950 m 
(Sasa et al. 2010).
 
ANOliS WOODi. ALAJUELA: Volcán Tenorio (10.7056°N, 
85.0308°W), 1164 m elev. 6 March 2011. Gunther Köhler and Jo-
seph Vargas. Photo voucher F-SMF 238 (Fig. 3). GUANACASTE: 
Volcán Miravalles (10.7101°N, 85.1205°W), 1460 m elev. 25 Oc-
tober 2011. Gunther Köhler. SMF 94586. First record for Guana-
caste and northernmost records for this species, extending its 
geographic range about 50 km NNW (Volcán Tenorio) and 59 km 
NNW (Volcán Miravalles), respectively, of Monteverde, Puntar-
enas (Savage 2002).

ANOliS TROpiDOlEpiS. CARTAGO: Hotel Tapanti (9.6787°N, 
83.8927°W), 2520 m elev. 12 February 2010. Gunther Köhler. 
SMF 93627; HEREDIA: Cerro Chompipe (10.0978°N, 84.0729°W), 
2613 m elev. 23 March 2010. Gunther Köhler. SMF 93668-69; 
SAN JOSÉ: Road between Copey and Providencia (9.6101°N, 
83.9087°W), 2540 m elev. 21 February 2010. Gunther Köhler. SMF 
93642. These records increase the documented elevation of the 
species, which was previously known from as high as 2506 m 
(Sasa et al. 2010).

pTycHOGlOSSUS plicATUS. ALAJUELA: Volcán Miravalles 
(10.7459°N, 85.1116°W), 1200 m elev. 25 October 2011. Gunther 
Köhler and Joseph Vargas. SMF 94592 (Fig. 4). This record ex-
tends the species’ geographic range about 70 km NW of its closest 
known locality in the Cordillera de Tilarán, Alajuela (Savage 2002).

SpHENOMORpHUS cHERRiEi. ALAJUELA: Volcán Miravalles 
(10.7064°N, 85.1170°W), 1330 m elev. 21 October 2011. Gunther 
Köhler. SMF 94587. PUNTARENAS: Santa Elena, Sunset Hotel 
(10.3270°N, 84.8236°W), 1420 m elev. 28 October 2011. Gunther 
Köhler. SMF 94590. These records increase the documented el-
evation of the species in Costa Rica, which was previously known 
from as high as 1200 m (Sasa et al. 2010).

SquAmAtA — SnAKeS

DENDROpHiDiON pAUcicARiNATUM. GUANACASTE: Vol-
cán Miravalles (10.7060°N, 85.1168°W), 1220 m elev. 24 October 
2011. Gunther Köhler. SMF 94576 (Fig. 5). First record for Volcán 
Miravalles, filling the gap between Monteverde (ca. 59 km SSE), 
and Cerro Cacao (ca. 42 km WNW) (Savage 2002).

GEOpHiS bRAcHycEpHAlUS. HEREDIA: Volcan Barva, Las 
Tres Marias (10.1031°N, 84.1060°W), 2230 m elev. 28 February 
2010. Gunther Köhler. SMF 94577. This record increases the doc-
umented known elevation of the species, which was previously 
known from as high as 2115 m (Wilson and Johnson 2010).

GEOpHiS ZElEDONi. HEREDIA: Volcan Barva, Las Tres Marias 
(10.1029°N, 84.1034°W), 2230 m elev. 28 February 2010. Gunther 
Köhler. SMF 92528. Volcan Barva, Los Angeles de Paso Llano 
(10.1077°N, 84.1033°W), 2260 m elev. 24 February 2010. Gunther 
Köhler. SMF 92524–27 (Fig. 6). These records increase the docu-
mented elevation of the species, which was previously known 
from as high as 2100 m (Wilson and Johnson 2010).

RHADiNAEA DEcORATA. PUNTARENAS: Punta Leona, Sendero 
Gigante (9.702660°N, 84.649400°W), 70 m elev. 4 March 2010. 
Gunther Köhler. SMF 92535. This record extends the species’ 
geographic range along the Pacific versant about 159 km WNW 
from Boruca, Puntarenas (Myers 1974; Savage 2002).

pSEUSTES pOEcilONOTUS. PUNTARENAS: Las Tablas 
(8.926750°N, 82.785400°W), 1610 m elev. 18 March 2010. Gun-
ther Köhler and Joseph Vargas. SMF 92538. This record increases 
the documented elevation of the species which was previously 
known from as high as 1330 m (Wilson and Johnson 2010).

SibON lONGiFRENiS. ALAJUELA: Volcán Miravalles (10.7478°N, 
85.1095°W), 1030 m elev. 25 October 2011. Gunther Köhler. SMF 
94598 (Fig. 7). First record for Volcán Miravalles, filling the gap 
between Monteverde (ca. 59 km SSE), and Cerro Cacao (ca. 42 
km WNW) (Savage 2002), respectively, and highest documented 
elevation for the species, which was previously known from as 
high as 750 m (Wilson and Johnson 2010).

TRipANURGOS cOMpRESSUS. PUNTARENAS: Punta Banco, 
Cerro Incendio (8.3613°N, 83.1224°W), 300 m elev. 22 Februa-
ry 2011. Joseph Vargas. SMF 93056 (Fig. 8). Southeasternmost 
record of this species in Costa Rica extending its geographical 
range about 30 km of the previous southernmost record at Que-
brada Corosol near Golfito (UCR 11645) (Savage 2002; Savage, 
pers. comm., April 2013). 
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Amphibians and reptiles of Jasper county, mississippi, with 
comments on the potentially extinct Bay Springs Salamander 
(Plethodon ainsworthi)

The Bay Springs Salamander (Plethodon ainsworthi) is a 
plethodontid salamander known from only two museum speci-
mens collected in 1964 from a single locality in Jasper County, 
Mississippi, USA (Lazell 1998). Throughout the 1990s, numerous 
collection efforts were undertaken at the type locality and other 
nearby sites, utilizing diurnal searches, cover boards, and, on 
one occasion, a nocturnal search. To date, however, no searches 
have occurred during rainy nights or used drift fence arrays, the 
presumed optimal detection methods (Lazell 2005). Because no 
further individuals were found, the species is presumed to be ex-
tinct (Hammerson 2004).

Despite receiving considerable attention for P. ainsworthi, 
the amphibians and reptiles of Jasper County, Mississippi remain 
undersampled. Because no comprehensive county-by-county 
distributional lists or maps currently exist for Mississippi (Cli-
burn 1976; Lohoefener and Altig 1983), we compiled data from 
museum records and the published literature to address the his-
toric occurrence of species in the county.  We identified only 37 
species historically documented from Jasper County: 34 by mu-
seum specimens and three solely by literature records (Table 1).

We conducted a bioblitz of amphibians and reptiles of Jasper 
County. Bioblitz competitions are survey events in which biolo-
gists compete to document the most species of defined taxa in 
a particular area (e.g., Graham et al. 2007; Graham et al. 2010a, 
2010b). The objectives of the bioblitz were to: 1) search for the 
potentially extinct P. ainsworthi and 2) document new records 
to supplement the list of known species for the county. Because 
only a single effort has been conducted for P. ainsworthi at night 
to date, we aimed to utilize nocturnal searches to detect this spe-
cies (Lazell 2005).

From 19–22 April 2012, eight individuals in two teams 
searched suitable habitat in public and private lands (with land-
owners’ permission) throughout Jasper County. In particular, 
the Tallahala Wildlife Management Area provided a large area 
of diverse habitats. Situated in the transitional zone from upper 
to lower coastal plain (specifically, areas of the Pine Hills and 
Jackson Prairies physiographic provinces [Lowe 1921; Lohoefen-
er and Altig 1983]), characteristic vegetation in Jasper County 

includes mixed agricultural areas, pine, and hardwood forests. 
Extensive diurnal and nocturnal searches were undertaken at 
the Ainsworth spring, the type locality of P. ainsworthi. Amphib-
ian and reptile species were detected by visual encounter sur-
veys, searching cover objects, road driving, and call surveys. 

Extensive diurnal and nocturnal searches to locate P. ain-
sworthi were unsuccessful at the type locality and other nearby 
springs. During these searches, three salamander species were 
observed active at the surface of leaf-litter: Eurycea cirrigera 
(Southern Two-lined Salamander), Eurycea guttolineata (Three-
lined Salamander), and Desmognathus conanti (Spotted Dusky 
Salamander). Plethodon mississippi (Mississippi Slimy Salaman-
der) and Pseudotriton ruber (Red Salamander) were found under 
cover. No precipitation occurred during our searches (the most 
recent rain was three days prior), and the region was experienc-
ing a cold front. Daytime high temperatures reached only ap-
proximately 17°C and nighttime lows were around 9°C. This ef-
fort represents only the second documented attempt to locate 
P. ainsworthi by searching at night. Perhaps future nocturnal 
efforts in conjunction with wet weather conditions could redis-
cover this presumably extinct species (Lazell 2005). 
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The Ainsworth spring appears to be in poor condition. The 
stream channel is heavily incised, likely as a result of ridge top 
deforestation and subsequent topsoil deposition, and Chinese 
Privet (Ligustrum sinense) is abundant. We recommend future 
searches in areas other than the type locality, since, despite the 
persistence of other plethodontid salamanders there, it seems 
degraded.

However, during our survey we detected 19 species of am-
phibians and 26 species of reptiles in Jasper County. Of these 45 
species, 20 have not been collected from the county and repre-
sent new records. Two additional species were previously only 
represented by literature records, and we obtained the first mu-
seum specimens. Our bioblitz increases the list of amphibian 
and reptiles species known from Jasper County, Mississippi from 

tABle 1. Amphibian and reptile species historically documented from Jasper County, Mississippi, USA, as identified by a comprehensive 
search of museum and literature records. OMNH = Oklahoma Museum of Natural History, MMNS = Mississippi Museum of Natural Sciences, 
USNM = Smithsonian National Museum of Natural History, CM = Carnegie Museumof Natural History, FMNH = Field Museum of Natural 
History, MCZ = Museum of Comparative Zoology.
             
    Species Common name Museum records Literature records 

Amphibians    

 Anura    

  Acris crepitans Eastern Cricket Frog OMNH 39216 — 

  Acris gryllus Southern Cricket Frog MMNS 12968 — 

  Anaxyrus terrestris Southern Toad MMNS 7402 — 

  Gastrophryne carolinensis Eastern Narrow-mouthed Toad MMNS 14900 — 

  Hyla cinerea Green Treefrog MMNS 12063 — 

  Lithobates clamitans Green Frog MMNS 8261 — 

  Lithobates palustris Pickerel Frog MMNS 15113 — 

  Pseudacris feriarum Upland Chorus Frog MMNS 14701 — 

 Caudata    

  Ambystoma maculatum  Spotted Salamander MMNS 3179 — 

  Ambystoma opacum Marbled Salamander MMNS 8873 — 

  Desmognathus auriculatus Southern Dusky Salamander MMNS 11199 Lazell (2005) 

  Desmognathus conanti Spotted Dusky Salamander MMNS 3173 — 

  Eurycea cirrigera Southern Two-lined Salamander CM 134653 — 

  Eurycea guttolineata Three-lined Salamander MMNS 6472 — 

  Eurycea cf. chamberlaini Chamberlain’s Dwarf Salamander — Boyd & Vickers (1963)

  Necturus beyeri Gulf Coast Waterdog MMNS 1686 — 

  Plethodon ainsworthi Bay Springs Salamander MCZ A-125869, 126696 — 

  Plethodon mississippi Mississippi Slimy Salamander MMNS 12621 — 

  Pseudotriton ruber Red Salamander MMNS 149741 — 

Reptiles    

 Testudines    

  Graptemys gibbonsi Pascogoula Map Turtle — Selman & Qualls (2009)

  Kinosternon subrubrum Eastern Mud Turtle MMNS 9348  

  Terrapene carolina Eastern Box Turtle MMNS 2920 — 

 Lacertilia    

  Anolis carolinensis Green Anole MMNS 16976 Cliburn (1959)

  Aspidoscelis sexlineatus Six-lined Racerunner FMNH 247134-5 — 

  Plestiodon inexpectatus Southeastern Five-lined Skink FMNH 194412 — 

  Sceloporus undulatus Eastern Fence Lizard FMNH 15316 Cliburn (1959)

  Scincella lateralis Ground Skink — Cliburn (1959)

 Serpentes    

  Diadophis punctatus Ring-necked Snake MCZ R-176876 — 

  Farancia abacura Red-bellied Mudsnake MMNS 3428 — 

  Heterodon platirhinos Eastern Hog-nosed Snake MMNS 2563 — 

  Lampropeltis nigra Black Kingsnake MMNS 12059 — 

  Pantherophis guttatus Red Cornsnake MMNS 3129 — 

  Pantherophis spiloides Central Ratsnake MMNS 3232 — 

  Regina rigida Glossy Crayfish Snake MMNS 3029 — 

  Thamnophis sauritus Ribbon Snake CM 2562 — 

  Virginia striatula Rough Earth Snake MCZ 192989 — 

  Sistrurus miliarius Western Pygmy Rattlesnake FMNH 3074 — 
             
* Refer to literature records.
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37 to 57. Records were vouchered as specimens or digital photo-
graphs, and deposited in the Herpetological Collections of the 
Auburn University Museum (AUM/AHAP). All records were veri-
fied by Craig Guyer. The datum for all GPS coordinates is WGS 84.

cAudAtA — SAlAmAnderS

EURycEA cf. cHAMbERlAiNi (Chamberlain’s Dwarf Salaman-
der). Spring south of County Road (CR hereafter) 215 (31.89891°N, 
89.20602°W). 21 April 2012. S. Graham and B. Folt. AUM 39665. 
A literature record for Eurycea quadridigitata (Dwarf Salaman-
der) exists from “near Laurel” in Jasper County (Boyd and Vickers 
1963). We found an individual from this species complex which 
was morphologically consistent with the description of Eurycea 
chamberlaini (e.g., the animal has a completely yellow ventral 
surface). However, a recent molecular analysis of the E. qua-
dridigitata complex found support for an undescribed central 
lineage in Alabama and Georgia (Lamb and Beamer 2012), and 
this specimen likely belongs to that lineage. Tail tissue from this 
specimen was sent to D. Beamer, and future studies with more 
complete sampling are needed to resolve the taxonomy of the 
dwarf salamander complex.

NOTOpHTHAlMUS viRiDEScENS (Eastern Newt). Bienville 
National Forest, Tallahala Wildlife Management Area, floodplain 
east of W. Tallahala Creek and west of unnamed Forest Service 
road (32.17347°N, 89.31175°W). 20 April 2012. D. Laurencio and 
B. Folt. AUM 39844. Eft found surface active.

AnurA — froGS

HylA AvivOcA (Bird-voiced Treefrog). Pond off CR 16 near W. 
Tallahala Creek (32.09298°N, 89.28417°W). 20 April 2012. B. Folt 
and D. Laurencio. AUM 39863. Male collected calling along edge 
of swamp.

HylA cHRySOScEliS (Cope’s Gray Treefrog). Pond off CR 16 
near W. Tallahala Creek (32.09298°N, 89.28417°W). 20 April 2012. 
D. Laurencio and B. Folt. AHAP-C 0012. Calling male.

liTHObATES cATESbEiANUS (American Bullfrog). Bienville 
National Forest, Tallahala Wildlife Management Area, CR 24, east-
most bridge near Quarterliah Creek (32.20348°N, 89.25446°W). 
19 April 2012. B. Folt and D. Laurencio. AHAP-D 00507.

liTHObATES SpHENOcEpHAlUS (Southern Leopard 
Frog). Swamp off CR 16 near W. Tallahala Creek (32.09298°N, 
89.28417°W). 19 April 2012. B. Folt and D. Laurencio. AUM 39868.

teStudineS — turtleS

cHElyDRA SERpENTiNA (Snapping Turtle). Junction of SR 18 
& CR 1822 (32.12635°N, 89.02720°W). 21 April 2012. S. Graham. 
AHAP-D 00508. Dead on road.

cHRySEMyS DORSAliS (Southern Painted Turtle). Bienville 
National Forest, Tallahala Wildlife Management Area, Quarter-
liah Creek at CR 24 (32.20343°N, 89.25914°W). 22 April 2012. B. 
Folt and S. Graham. AHAP-D 00511. Adult basking on log.

pSEUDEMyS cONciNNA (River Cooter). Bienville National For-
est, Tallahala Wildlife Management Area, Quarterliah Creek at CR 

24 (32.20343°N, 89.25914°W). 19 April 2012. B. Folt and D. Lauren-
cio. AHAP-D 00512. Adult photographed basking on log in creek.

STERNOTHERUS MiNOR pElTiFER (Stripe-necked Musk Tur-
tle). Juncture of Tallahoma Creek and CR 8/SR537 (31.83338°N, 
89.15817°W). 22 April 2012. S. Graham. AHAP-D 00509.

TRAcHEMyS ScRipTA (Pond Slider). Cedar Creek at CR 24 
(32.20047°N, 89.30022°W). 20 April 2012. B. Folt. AHAP-D 00510. 
Juvenile hand captured in creek.

SquAmAtA — lizArdS

plESTiODON FASciATUS (Common Five-lined Skink). Bien-
ville National Forest, Tallahala Wildlife Management Area, forest 
south of CR 24 (32.20267°N, 89.27019°W). 21 April 2012. S. Goetz 
and J. Goessling. AUM 39840.

SciNcEllA lATERAliS (Little Brown Skink). Culvert off CR 
2414 (32.16584°N, 89.07288°W). 19 April 2012. B. Folt and D. Lau-
rencio. AUM 39869. Adult collected at night. A literature record 
exists for this species in the county (Cliburn 1959), but our col-
lection provides the first verifiable museum specimen.

SquAmAtA — SnAKeS

AGKiSTRODON cONTORTRiX (Copperhead). SR 503 near junc-
tion with CR 20 (32.13914°N, 89.06058°W). 19 April 2012. B. Folt 
and D. Laurencio. AUM 39901. Collected injured on road.

AGKiSTRODON piScivOROUS (Cottonmouth). Bienville Na-
tional Forest, Tallahala Wildlife Management Area, CR 24 at 
Quarterliah Creek (32.20348°N, 89.25446°W). 19 April 2012. B. 
Folt and D. Laurencio. AHAP-D 00518.

cOlUbER cONSTRicTOR (North American Racer). Bienville 
National Forest, Tallahala Wildlife Management Area, CR 24 at 
Quarterliah Creek (32.20348°N, 89.07288°W). 19 April 2012. D. 
Laurencio and B. Folt. AHAP-D 00515.

cOlUbER FlAGEllUM (Coachwhip). Rocky Mount Cemetery 
near CR 52814 (32.00931°N, 89.08140°W). 22 April 2012. S. Gra-
ham. AUM-S 0001.

NERODiA ERyTHROGASTER (Plain-bellied Watersnake). Bien-
ville National Forest, Tallahala Wildlife Management Area, CR 24 
at Quarterliah Creek (32.20348°N, 89.25446°W). 19 April 2012. B. 
Folt and D. Laurencio. AUM 39867.

NERODiA RHOMbiFER (Diamond-backed Watersnake). CR 24 
at Cedar Creek (32.19994°N, 89.31655°W). 22 April 2012. S. Gra-
ham and B. Folt. AHAP-D 00516.

STORERiA DEKAyi (DeKay’s Brownsnake). Bienville National 
Forest, Tallahala Wildlife Management Area, forest south of 
CR 24 (32.20325°N, 89.26417°W). 21 April 2012. J. Goessling, S. 
Goetz, and B. Folt. AUM 39852.

STORERiA OccipiTOMAcUlATA (Red-bellied Snake). Bien-
ville National Forest, Tallahala Wildlife Management Area, forest 
off CR 23 (32.17161°N, 89.26458°W). 21 April 2012. J. Goessling 
and S. Goetz. AUM 39861.
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viRGiNiA vAlERiAE (Smooth Earthsnake). Bienville National 
Forest, Tallahala Wildlife Management Area, forest off CR 23 
(32.17161°N, 89.26458°W). 21 April 2012. J. Goessling, S. Goetz. 
AUM 39862.
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new county records of reptiles and Amphibians from State 
managed properties in east-central illinois, uSA
 As part of an ongoing study examining the ecological integ-
rity of seasonal wetlands in the state of Illinois, we sampled 117 
wetlands for the presence of amphibians and reptiles on state 
managed properties in east-central Illinois. Since the publica-
tion of Phillips et al. (1999), multiple articles documenting new 

county records from our study region have appeared in Herpeto-
logical Review (Foster and Mullin 2007; Petzing et al. 1998, 2000, 
2002, 2007, 2008). These publications presented a large number 
of new county records for this once poorly sampled region. With 
the extensive sampling required by this new study, we were able 
to document some less commonly encountered species in the 
region. Herein we report 17 specimens that represent new coun-
ty records in the state of Illinois. All vouchered specimens are 
housed at the Illinois Natural History Survey (INHS) amphibian 
and reptile collection while unvouchered specimens are repre-
sented by a digital image in the Non-INHS Unvouchered Illinois 
Herps Database (Unvouch). County records were confirmed 
using the Illinois Herpetological Database at the INHS, which 
contains records of Illinois amphibians and reptiles from 30 
museums collections as well as a collection of digital images of 
unvouchered specimens and observations from herpetologists 
and state biologists, and by examining volumes of Herpetologi-
cal Review published since Phillips et al. (1999). Coordinates are 
presented in decimal degrees using map datum WGS84. Scien-
tific and common names follow Crother (2012).

cAudAtA — SAlAmAnderS

AMbySTOMA lATERAlE/JEFFERSONiANUM (unisexual allo-
triploid [JJL] combining genomes of A. jeffersonianum and A. 
laterale). crAWforD co.: Crawford County Conservation Area; 3.4 
km NW of Trimble (39.08635°N, 87.71039°W). 16 March 2010. A. 
R. Kuhns, T. L. Esker, W. J. B. Anthonysamy, J. Gillespie. Verified 
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by W. E. Peterman (University of Missouri-Columbia) by gel elec-
trophoresis using AjeD94, AjeD346, and AjeD212 microsatellite 
primers (Julian et al. 2003). INHS 21629. This specimen was one 
of six individuals captured in minnow traps from ponds created 
at the site in 2005. 
 Salamanders of the Ambystoma laterale/jeffersonianum 
complex are considered endangered and therefore are afforded 
protection by the Illinois Endangered Species Protection Board 
(Nyboer et al. 2006). Unisexual allotriploids were previously 
known from only a small handful of ponds in the Middle Fork 
Vermilion River drainage, northeast of Oakwood, Vermilion Co., 
Illinois. This new record is 120 km from the other known loca-
tion of known allotriploids in Illinois. Although extensive sam-
pling for ambystomatid salamanders has occurred in the region 
(Peterman et al. 2013), no allotriploids have been documented 
between these two locations in Illinois.

AMbySTOMA MAcUlATUM (Spotted Salamander). lAWrence 
co.: Red Hills State Park; 6.2 km WNW of Bridgeport (38.7181°N, 
87.83023°W). 7 March 2012. J. A. Crawford, E. J. Kessler, A. R. 
Kuhns, and C. A. Phillips. Verified by D. B. Wylie. INHS 22727. 
Adult captured in drift fence beside a recently created ephem-
eral pond. 

AMbySTOMA TEXANUM (Small-mouthed Salamander). ShelBy 
co.: Eagle Creek State Park; 3.5 km ESE of Findlay (39.50555°N, 
88.71979°W). 1 May 2012. J. A. Crawford, E. J. Kessler, A. R. 
Kuhns, and C. A. Phillips. Verified by D. B. Wylie. INHS 22809. 
Adult caught in pitfall trap.

AMbySTOMA TiGRiNUM (Tiger Salamander). crAWforD co.: 
Crawford County Conservation Area; 3.4 km NW of Trimble 
(39.08635 -87.71039). 16 March 2010. A. R. Kuhns, T. L. Esker, W. 
J. B. Anthonysamy, and J. Gillespie. Verified by D. B. Wylie. INHS 
21628. This specimen was one of four individuals captured in 
minnow traps from an ephemeral pond created in 2005. 

plETHODON GlUTiNOSUS (Northern Slimy Salamander). 
JASPer co.: Prairie Ridge State Natural Area; 3.6 km NNW of Bo-
gota (38.94819°N, 88.25375°W). 9 May 2012. E. J. Kessler and J. A. 
Crawford. Verified by D. B. Wylie. INHS 22834. Adult found under 
log in woodland.

SiREN iNTERMEDiA (Lesser Siren). JASPer co.: Simpson Prop-
erty; 2.1 km WNW of Yale (39.13012°N, 88.04545°W). 12 April 
2012. J. A. Crawford and E. J. Kessler. Verified by D. B. Wylie. INHS 
22777. Adult captured in minnow trap in ephemeral pond cre-
ated in 2010.
 WAyne co.: Sam Dale Lake State Conservation Area; 10.9 km 
SSE of Xenia (38.54289°N, 88.59354°W). 9 May 2012. C. A. Phil-
lips, E. M. Wright, and L. L. Jacques. Verified by D. B. Wylie. INHS 
22835. Adult caught in minnow trap in ephemeral pond.

AnurA — froGS

liTHObATES SylvATicUS (Wood Frog). fAyette co.: Ramsey 
Lake State Park; 1.9 km NW of Ramsey (39.15422°N, 89.12731°W). 
7 June 2012. R.S. Saffer and E.M. Wright. Verified by D. B. Wylie. 
INHS 22928. Juvenile captured in pitfall trap near ephemeral 
pond. 
 lAWrence co.: Red Hills State Park; 6.4 km WNW of Bridge-
port (38.71948°N, 87.83178°W). 7 March 2012. J. A. Crawford, E. 

J. Kessler, A. R. Kuhns, and C. A. Phillips. Verified by D. B. Wy-
lie. INHS 22728. Adult caught in a pitfall trap near an ephemeral 
pond. 

teStudineS — turtleS

STERNOTHERUS ODORATUS (Eastern Musk Turtle). WAyne co.: 
Sam Dale Lake State Conservation Area; 10.6 km SSE of Xenia 
(38.54539°N, 88.59484°W). 16 February 2012. J. A. Crawford, B. 
Daugherty, and A. R. Kuhns. Verified by D. B. Wylie. INHS 22638. 
Shell found by small pond. Gravid adult female was also found 
DOR near pond at entrance to park on 13 June 2012.
 clArk co.: Lincoln Trail State Park 6.1 km SSW of Marshall. 
(39.33798°N, 87.71184°W). 28 June 2011. E. M. Wright. Verified by 
D. B. Wylie. Unvouch 42631. Adult female found in campground 
on the edge of the state park presumably searching for nesting 
habitat.

TRAcHEMyS ScRipTA ElEGANS (Red-eared Slider). Moult-
rie co.: Whitley Creek Recreation Area; 7.3 km SSW of Sullivan 
(39.53607°N, 88.62716°W). 3 May 2012. E. J. Kessler, A. R. Kuhns, 
and C. A. Phillips. Verified by D. B. Wylie. INHS 22817. Juvenile 
found crossing park access road.

SquAmAtA — lizArdS

plESTiODON FASciATUS (Common Five-lined Skink). ShelBy 
co.: Eagle Creek State Park; 5.8 km SSE of Grandview (39.49142°N, 
88.70842°W). 3 May 2012. E. J. Kessler and A. R. Kuhns. Verified 
by D. B. Wylie. INHS 22818. Found under log in woodlands be-
tween ephemeral pond and golf course. 

plESTiODON lATicEpS (Broad-headed Skink). lAWrence co.: 
Red Hills State Park; 6.1 km WNW of Bridgeport (38.72425°N, 
87.82633°W). 17 May 2012. J. A. Crawford, A. R. Kuhns, and C. 
A. Phillips. Verified by D. B. Wylie. INHS 22925. Adult captured in 
drift fence beside ephemeral pond.

SciNcEllA lATERAliS (Little Brown Skink). MArion co.: Ste-
phen A. Forbes State Recreation Area, 10.3 km SE of Kinmundy 
(38.71153°N, 88.75856°W). 12 June 2012. E. J. Kessler and L. L. 
Jacques. Verified by D. B. Wylie. INHS 22923. Adult found under 
piece of silt fencing while removing drift fence.

SquAmAtA — SnAKeS

HETERODON plATiRHiNOS (Eastern Hog-nosed Snake). 
Moultrie co.: Whitley Creek Recreation Area, NW of Co. Hwy. 
19 and Co. Rd. 900N (39.53608°N, 88.62781°W). 3 May 2012. E. 
J. Kessler, A. R. Kuhns, and C. A. Phillips. Verified by D. B. Wylie. 
INHS 22819. Juvenile captured in funnel trap placed along a drift 
fence.

STORERiA DEKAyi (Dekay’s Brownsnake). JASPer co.: Sam Parr 
State Park; 5.8 km NE of Newton (39.02860°N, 88.11581°W). 22 
June 2012. A. R. Kuhns, R. S. Saffer, and E. M. Wright. Verified 
by D. B. Wylie. INHS 22912. Adult captured in drift fence beside 
ephemeral pond.
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new departmental records for Amphibians and reptiles in 
honduras

 From 30 June to 12 July 2011, we conducted a preliminary 
survey of the amphibians and reptiles on the islands in the Gulf 
of Fonseca, Department of Valle, in southern Honduras. McCra-
nie (2007, 2011) had previously demonstrated that Valle was one 
of several departments that had been understudied regarding 
its amphibian and snake faunas, respectively.  Two of us (JRM 
and LVO) also spent a week during April 2011 collecting in the 
Departments of Copán and Santa Bárbara in northwestern Hon-
duras. McCranie (2007, 2011) had shown that Santa Bárbara was 
also under-studied in regards to its amphibian and snake faunas. 
During those surveys we documented one species of snake new 
to Honduras (Tantilla vermiformis) and new department records 
for one frog, two lizards, six other snakes, and one turtle. Iden-
tifications of USNM specimens were verified by Steve W. Gotte, 
those deposited in MVZ were verified by Sean M. Rovito, and 

UNAH vouchers were verified by Gustavo A. Cruz. Coordinates 
and elevations were taken with a GPS device using map datum 
WGS84.

AnurA — froGS

TRAcHycEpHAlUS TypHONiUS (Veined Treefrog; Rana Trepa-
dora Lechosa). VALLE: Isla Garrobo (13.3169°N, 87.700126°W), 
25 m elev. 7 July 2011. USNM 579695. Closest known locality 
for this species is ca. 30 km SE at Cedeño, Choluteca (McCranie 
2006).  The frog was active at night in a tree ca. 3 m above the 
ground in second growth dry forest.

SquAmAtA — lizArdS

HOlcOSUS UNDUlATUS (Rainbow Ameiva; Lagartija Me-
tálica). VALLE: Isla del Tigre, near communications tower 
(13.26678°N, 87.633412°W), 783 m elev. 30 June 2011. USNM 
579690.  Closest known locality for this species is ca. 65 km ENE 
on Cerro Guanacaure, Choluteca (SDSNH 72693, 72696, USNM 
579539). The lizard was active on the ground at midday in an 
area denuded of its dry forest. 

iGUANA iGUANA (Green Iguana; Iguana de Ribera). VALLE: 
Isla de La Vaca (13.300024°N, 87.583562°W), 5 m elev. 9 July 
2011. UNAH 5653.  First published record from Valle, although 
Lovich et al. (2006) in an unpublished report, acknowledged a 
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photograph of this species from nearby Isla del Tigre. Nearest 
mainland records are from ca. 25 km SE at Cedeño, Choluteca 
(BYU 18289–300). The lizard was ca. 2 m above ground in a tree 
growing on a small cliff overlooking the Gulf of Fonseca.

SquAmAtA — SnAKeS

cONiOpHANES FiSSiDENS (Yellow-bellied Snake; Panza Ama-
rilla). SAnTA BÁrBArA: Quebrada Las Cuevas, Montaña El Jo-
conal (15.053444°N, 88.517056°W), 1150 m elev. 19 April 2011. 
MVZ 267178. Closest known localities are from ca. 50 km SW at 
Dolores, Copán, and ca. 35 km ESE in the vicinity of El Jaral, Cor-
tés (McCranie 2011). The snake was killed by a local resident on 
a coffee farm.

ENUliUS FlAviTORQUES (Pacific Long-tailed Snake; 
Coluda del Pacifico). VALLE: Isla Exposición (13.300212°N, 
87.66690°W), 20 m elev. 8 July 2011. USNM 579683. Isla Ingle-
sera (13.300248°N, 87.700033°W), near sea level to 15 m elev. 4, 
5, and 12 July 2011. USNM 579684–86. Closest known locality 
to both islands is ca. 30 km SE at Cedeño, Choluteca (McCranie 
2011). All snakes were active at night on the ground or in rock 
walls in denuded dry forest. 

iMANTODES cENcHOA (Blunthead Tree Snake; Cordelilla 
Manchada). SAnTA BÁrBArA: Quebrada Las Cuevas, Montaña 
El Joconal (15.053444°N, 88.517056°W), 1150 m elev. 19 April 
2011. MVZ 267184. Closest known localities are from ca. 60 km 
SW at Santa Rosa de Copán, Copán, and ca. 40 km ESE at Agua 
Azul, Cortés (McCranie 2011). The snake was active at night on 
low vegetation in an area of moderately disturbed broadleaf 
forest.

lEpTODRyMUS pUlcHERRiMUS. VALLE: Isla Comandante 
(13.283569°N, 87.616893°W), 2 m elev. 9 July 2011. USNM 579687. 
Closest known locality is ca. 80 km E at El Banquito, Choluteca 
(McCranie 2011). The snake was active at midday on the grounds 
of a resort previously covered by dry forest.

OXyRHOpUS pETOlARiUS (Calico False Coral Snake; Falsa 
Coral de Calico). COPÁn: San Isidro (15.116667°N, 88.933333°W), 
1100 m elev. 26 April 2011. MVZ 267202. Closest known Hondu-
ran locality is ca. 115 km ESE in the vicinity of Lago de Yojoa, Cor-
tés (McCranie 2011). The snake was under surface debris during 
the day in an area of highly disturbed broadleaf forest.

TANTillA iMpENSA. SAnTA BÁrBArA: El Cedral (14.916677°N, 
88.066884°W), 1700 m elev. 29 April 2011. MVZ 267219. Closest 
reported localities are ca. 100 km WNW at Quebrada Grande, 
Copán, and ca. 15 km E at Lago de Yojoa, Cortés (McCranie 2011). 
The snake was inside a large rotten log on a coffee farm.

TANTillA vERMiFORMiS. VALLE: Isla Exposición (13.300212°N, 
87.666901°W), 20 m elev. 8 July 2011. (USNM 579681). First re-
cord for Honduras and first record for any island. The locality 
bridges the gap between Lago de Ilopango, San Salvador, El Sal-
vador, ca. 160 km to the WNW (Köhler et al. 2005) and Chinan-
dega, Nicaragua, ca. 95 km to the SE (Köhler 2001).  McCranie 
(2011) had predicted that this species would eventually be found 
in Honduras as it was known from west and south of the country.  
The juvenile female (Fig. 1) was under a rock on a steep hillside 
surrounded by dry forest.

teStudineS — turtleS

lEpiDOcHElyS OlivAcEA (Olive Ridley Sea Turtle; Tortuga 
Golfina). VALLE: Isla Garrobo, small sandy beach on SW side of 
island (13.3169°N, 87.700126°W). 9 July 2011. UNAH 5654. Clos-
est recorded locality is ca. 20 km E at Punta Ratón, Choluteca 
(UF 34483–517, 69895–905). In this case, an egg shell was found 
exposed on the beach, and according to locals, the site is infre-
quently used for nesting by this species.
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fig. 1. Juvenile female Tantilla vermiformis (total length 73 mm) from 
Isla Exposición, Valle, Honduras (USNM 579681).
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GymnophionA — cAeciliAnS

ScHiSTOMETOpUM THOMENSE (São Tomé Caecilian). PRE-
DATION. The caecilian Schistometopum thomense is endemic to 
the island of São Tomé, Central Africa. Its unusual bright yellow 
coloration makes it a familiar animal, locally known as ‘cobra-
bobo’(Measey and Van Dongen 2006. Evol. Ecol. Res. 8:1049–
1059). This species has a wide distribution including anthropo-
genic habitats but little has been reported on the natural history 
of S. thomense in its natural environment (Nussbaum and Pfren-
der 1998. Misc. Publ. Mus. Zool., Univ. Michigan 187). Herein we 
report a direct observation of an adult domestic Muscovy Duck 
(Cairina moschata) predating on an adult S. thomense, the first 
predation record for this species. At 0630, 31 Oct 2012, we ob-
served a domestic Muscovy Duck attempting to swallow a bright 
yellow S. thomense at the entrance of the main group of houses 
of the locality of Água Sampaio (00.3513°n, 06.6049°W), district 
of Lobata, São Tomé Island. The duck had already approximately 
half of the body length of the caecilian in its beak and unsuc-
cessfully attempted to swallow it for about 30 seconds. The duck 
then carried the amphibian to a puddle of water where, with the 
help of this liquid, it finally managed to swallow the caecilian. 
We occasionally observed the duck during the next few hours in 
which it seemed to be unaffected and behaving normally. This 
report casts doubt on the hypothesis that the unusually bright 
coloration of S. thomense is aposematic and thus that the skin of 
S. thomense is toxic (Hofer 1998. Herpetozoa 11:37–46). 

The field work during which this observation was made was 
funded by a 2nd Rufford Small Grant (11388-2). We would like to 
thank R. Lima and L. Viegas for field support and K. Schillinger 
for technical support.
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cAudAtA — SAlAmAnderS

AMbySTOMA biSHOpi (Reticulated Flatwoods Salamander). 
EGG SURVIVAL AFTER FIRE. Reticulated Flatwoods Salaman-
ders are endemic to the fire-maintained Longleaf Pine (Pinus 
palustris)/Wiregrass (Aristida stricta) ecosystem of the South-
eastern Coastal Plain of the United States. Adults migrate to 
ephemeral wetlands during fall and early winter (Palis 1997. J. 
Herpetol. 31:71–78), and females lay eggs on the ground before 
the wetland basin fills with water. Larvae develop within terres-
trially deposited eggs, often for several weeks or months, and 
hatch upon inundation from winter rains (Anderson and Wil-
liamson 1976. Herpetologica 32:4–22; Pierson Hill, Florida State 
Univ., pers. com.; Kelly Jones, pers. obs.; Sylvia Powell, pers. 
obs.).

We observed live Ambystoma bishopi eggs in wetlands with dry 
basins from late December 2011 to late-February 2012 on Eglin Air 
Force Base, Okaloosa Co., Florida, USA. The fall-winter season was 
characterized by low rainfall, and the majority of the eggs we mon-
itored were not inundated and did not hatch successfully. Most, 
but not all, of the monitored eggs were dead by late-February.

On 3 January 2012, B. Rincon found a group of at least six live 
eggs on the ground sheltered above by herbaceous plants (in-
cluding the dead basal leaves of Eriocaulon compressum and a 
rosette of Dichanthelium sp.). Embryos visible within the eggs 
exhibited tails with bright skin coloration (Harrison stage be-
tween 35 and 45; Harrison 1969. Organization and Development 
of the Embryo. Yale Univ. Press, New Haven, Connecticut). Ad-
ditional eggs might have been obscured behind others, because 
the egg deposition site was a recess of soil and vegetation (< 5cm 
deep), and we tried not to disturb the eggs. 

nAturAl hiStory noteSnAturAl hiStory noteS

fig. 1. View of the area where Ambystoma bishopi eggs were laid as 
seen the day after a fire passed over the area. Living eggs were located 
here after the prescribed burn of the wetland, which occurred on 22 
February 2012 in Okaloosa Co., Florida, USA.
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On 19 February 2012, SDP again noted at least six eggs pres-
ent at the location, including a moving embryo with eyes, tail, 
and gills (stage 37–46) in a partially open egg sac. The wetland 
had some scattered small puddles of water at the time. On 20 
February, an embryo with forelimbs (stage 40–46) was moving 
within an intact egg; the soil was saturated with water but no 
standing water was present. Anticipating a prescribed fire at 
the location, a fire resistant marker (large bolt with washer) was 
placed ca. 10 cm from the eggs on the evening of 21 February. 
On the morning of 22 February, at least four live eggs were ob-
served. Later that day, the wetland was burned by a prescribed 
fire that burned through the entire wetland, but did not con-
sume all of the herbaceous plant material in areas with moist 
soil.

On the morning after the burn, two apparently healthy em-
bryos were visible and one moved, but some embryos were 
clearly dead. Charred vegetation was present immediately above 
the eggs, indicating that fire passed directly over the eggs (Fig. 
1). The dead embryos were closer to the charred vegetation at 
the surface, and their skins were grayish rather than brightly col-
ored. The dead embryos had fully formed mouths (stage 43–46); 
one was measurable and was ca. 11.3 mm total length. Live eggs 
were present at the site as late as 25 February, when two embryos 
moved in partially open egg sacs and an intact egg with an ap-
parently healthy embryo inside was nearby. All of the eggs were 
dead by 28 February. 

Prescribed fires in pine flatwoods are usually implemented 
during the winter months when wetlands typically retain water 
(Bishop and Haas 2005. Nat. Areas J. 25:290–294). However, this 
prescribed fire was in an uncharacteristically dry wetland, so the 
fire successfully carried through the wetland. Based on our ob-
servations it appears that in some cases eggs laid terrestrially can 
survive fire. Additional observations of eggs before and after fires 
would be necessary to determine how fire may affect egg survival 
rates or influence populations. 

SDP’s fieldwork on Eglin Air Force Base was funded by a 
grant (“Experimental Restoration of Pine Flatwoods”) from the 
Department of Defense Legacy Resource Management Program 
to Thomas Gorman and Carola Haas. We thank the field tech-
nicians and volunteers who assisted with locating and monitor-
ing eggs, Robert Powell who made editorial comments, and the 
natural resource staff of Jackson Guard, Eglin Air Force Base for 
their support. 

SylviA d. poWell (e-mail: sylvie@vt.edu), Kelly c. JoneS (e-mail: 
kcjones7@vt.edu), thomAS A. GormAn (e-mail: gormant@vt.edu), and 
cArolA A. hAAS (e-mail: cahaas@vt.edu), department of Fish and Wild-
life Conservation MC 0321, Virginia Tech, Blacksburg, Virginia 24061, Usa.

AMbySTOMA MAvORTiUM (Barred Tiger Salamander). BE-
HAVIOR UNDERNEATH THE ICE. Larval Ambystoma mavor-
tium in North Dakota spend the winter months (late October–
early April) restricted underneath a thick (0.5–1.3 m) ice sheet. 
During February and March 2012, we observed larval A. mavor-
tium in Swalls Lake, Ward Co., North Dakota, USA (48.1044°N, 
101.1644°W). We drilled holes in the ice using an ice auger 
equipped with 20.3 cm blade. We established three ice-hole 
grids. Each grid had nine holes in a 3 × 3 arrangement on a 20 
× 20 m square (i.e., four holes were the corners of the square). 
Thus, we established 27 observation holes over three locations 
on the lake. We could drill and observe nine holes during a four-
hour observation period. We completed four, four-hour observa-
tion periods before the ice became unsafe.

To make observations, we used an Aqua-Vu underwater 760 
color camera equipped with video recorder. When salamanders 
were viewed among vegetation, we used an average cattail stem 
diameter of 11.8 mm for calibration using ImageJ to estimate 
salamander size. Water temperatures ranged from 2.2 to 3.0oC. 
Observation depths ranged from 0.2 to 2 m.

Because each hole is 10 m from the nearest hole, we assumed 
that the number of individual salamanders observed more than 
once during a visit was minimal. Visibility was estimated as 0.7 
m in any direction, thus a full rotation of the camera covered a 
circular area with a radius of 0.7 m and a circular viewing area of 
1.54 m2. Given this viewing area at each hole, we observed 13.86 
m2 during each trip to the pond (i.e., nine holes, each 1.54 m2). 
We viewed a total of 224 salamanders during our four observa-
tion periods (i.e., an average of 56 salamanders observed in an 
area of 13.85 m2, or 4.04 salamanders/m2). Using a total lake 
area of 45,285 m2 provides a coarse winter population estimate 
of approximately 183,102 salamanders in Swalls Lake. This esti-
mate falls within our previous catch-per-unit effort and PIT-tag 
mark-recapture estimates (Poitra et al. 2007. Proc. NDAS 61:15). 
Salamanders measured (N = 11) averaged 128.1 mm SVL (stan-
dard deviation 17.2). All observed salamanders were large (range 
99.1–151.2 mm SVL).

The Amphibian Growth Project (AGP) has been monitoring 
Swalls Lake as part of a long term population monitoring pro-
gram since 2005. Metamorphosis of A. mavortium at Swalls Lake 
occurs during August and September at ca. 98 mm SVL. Swalls 
Lake is a semipermanent wetland that last dried completely in 
the late 1980s. This wetland is irregular in shape and is surround-
ed by farm fields maintained by the North Central Research Ex-
tension Office of North Dakota State University. When full of 
water, the maximal depth in this wetland is 2.8 m. In summer 
months, the Ambystoma population at Swalls Lake consists of 
a mixed population of immature larvae, sexually mature larvae 
(i.e., paedomorphs), immature transformed salamanders, and 
sexually mature transformed salamanders (Poitra et al. 2007. op. 
cit.). We did not observe any transformed salamanders and it is 
likely that these salamanders that we viewed consist of both im-
mature and mature larvae. Both salamanders with and without 
swollen cloacae were observed.

Most of the salamanders observed were active. No aggression 
among salamanders was observed. In several cases, the salaman-
ders are crowded such that they are nearly always in contact with 
another salamander. Movement up and down in the water col-
umn was very common. We often observed salamanders slowly 
ascending to the top of the water column (i.e., to the bottom of 
the ice cover) and then swimming rapidly downwards. This is a 
behavior seen when salamanders gulp air from the surface dur-
ing ice-free months. Lung deflation in amphibians occurs during 
long term restriction from surface area and can be a cause of sig-
nificant mortality (Ultsch et al. 2004. Comp. Biochem. Phys. Part 
A 139:111–115). However, the salamanders were able to maintain 
position in the water with no effort, i.e., were buoyant. Therefore 
we suggest that these salamanders are able to maintain inflated 
lungs during the winter. We are unable to determine at this time 
if the salamanders are gulping from pockets of air under the ice.

Amphibians often overwinter under the ice. For example, 
adult Northern Leopard Frogs (Lithobates pipiens) can spend 
winter months dormant in shallow pits on the pond bottom 
(Emery et al. 1972. Copeia 1972:123–126), and adult Red-spotted 
Newts (Notophthalmus viridescens) spend their lives in ponds 
that can freeze over (Berner and Puckett 2010. J. Exp. Zool. 
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313A:231–239). In these reports, overwintering amphibians are 
slow or dormant. Our observations indicate high activity levels 
on larval A. mavortium under the ice. This high activity is seen 
in the other organisms in Swalls Lake. Aquatic arthropods were 
also seen at high density and high activity. In addition, bubbles 
were constantly forming and releasing from the surface of cat-
tail stems that were covered with biofilms (presumably algae and 
cyanobacteria).

Our video recordings are archived at amphibiangrowthpro-
ject.org and at youtube.com/user/Kidbeachy. The AGP has been 
supported by grants from the National Center for Research Re-
sources (5P20RR016471-12) and the National Institute of Gener-
al Medical Sciences (8 P20 GM103442-12) from the National In-
stitutes of Health to CKB and D. Sens. Long term access to Swalls 
Lake is kindly provided by the North Central Research Extension 
Center of North Dakota State University and its director, J. Fisher.

AleXAnder rAdi (e-mail: alexander.radi22@gmail.com) and chriS-
topher K. BeAchy (e-mail: christopher.beachy@minotstateu.edu), am-
phibian growth Project and department of Biology, Minot state University, 
Minot, north dakota 58707, Usa.

cRypTObRANcHUS AllEGANiENSiS AllEGANiENSiS (East-
ern Hellbender). AGGREGATE BEHAVIOR. Cryptobranchus 
alleganiensis is a large, fully-aquatic salamander that resides 
beneath boulders and in bedrock crevices in cool, swift flowing 
streams throughout much of the eastern USA (Nickerson and 
Mays 1973. The Hellbenders: North American “Giant Salaman-
ders.” Milwaukee Public Museum, Milwaukee, Wisconsin. 106 
pp.; Smith 1907. Biol. Bull. 13:5–39). Hellbenders are typically 
described as a solitary and territorial species (Humphries and 
Pauley 2005. Amer. Midl. Nat. 154[1]:135–142; Nickerson and 
Mays 1973, op. cit.; Smith 1907, op. cit.). However, during the 
breeding season (late summer and fall) sexually mature adults 
are known to congregate briefly at rock nesting cavities and may 
aggressively defend rock shelters from conspecifics (Smith 1907, 
op. cit.). Rarely, more than one hellbender has been located be-
neath a single rock for reasons other than breeding (Hillis and 
Bellis 1971. J. Herpetol. 5[3-4]:121–126; Nickerson and Mays 
1973, op. cit.). Nickerson and Mays (1973, op. cit.) located three 
Ozark Hellbenders (C. a. bishopi) from beneath a single rock on 
two occasions, and two individuals from beneath a single rock 
on 14 occasions in North Fork of the White River, Missouri, USA. 
Hillis and Bellis (1971, op. cit.) found more than one Eastern 
Hellbender (C. a. alleganiensis) under a single rock once during 
a study in French Creek, Pennsylvania, USA. Because reports of 
hellbender cohabitation by Nickerson and Mays (1973, op. cit.) 
and Hillis and Bellis (1971, op. cit.) resulted from rock-lifting sur-
veys¸ it remains unclear whether cohabitants beneath a single 
rock may have been compartmentalized from each other and 
whether cohabitation may have been a short-term artifact of dis-
turbance caused by survey methods. For example, Hillis and Bel-
lis (1971, op. cit.) report that hellbenders being pursued would 
often crawl beneath a nearby rock sometimes occupied by an-
other hellbender. 

On 16 September and 27 October 2012, we observed an aggre-
gation of nine and four hellbenders, using a single bedrock cavity 
in a stream within the South Fork Holston River drainage (HUC 
06010102), Washington Co., Virginia, USA. Due to the current sta-
tus of C. alleganiensis (Fed. Register 2011a. 76[194]:61956–61978; 
Fed. Register 2011b. 76[194]:61978–61985) and threats of illegal 
collection we do not report the specific locality of our observa-
tions. The site consisted of an approximately 10-m long pool just 

below a large riffle. Though numerous large rocks occurred up-
stream of the adjacent riffle and downstream of the pool, suit-
able shelter for hellbenders within the immediate vicinity largely 
consisted of bedrock crevices. We used snorkeling gear and dive 
lights (Underwater Kinetics, Poway, California, USA) to peer into 
crevices and locate animals. On 16 September 2012 we observed 
eight hellbenders in a single cavity (85 cm long × 5.4 cm high) at 
ca. 1700 h (water temperature 17°C; air temperature 19.2°C). The 
cavity was located along a submerged bedrock face, and was ori-
ented horizontal to but ca. 30 cm below the water surface and 66 
cm above a rock ledge that was elevated 109 cm above the stream 
bed. While photographing the aggregation of hellbenders, we 
observed a ninth individual approach from upstream apparently 
intending to enter the cavity. We captured the ninth individual by 
hand and noted a lack of morphological characteristics indicat-
ing sexual maturity (lack of a swollen cloaca or gravid appear-
ance; Makowsky et al. 2010. Herpetol. Conserv. Biol. 5[1]:44–48). 
Upon release at the location of capture the ninth individual read-
ily entered the cavity without obvious protest from the crevice 
dwellers. All of the hellbenders we observed were facing the cav-
ity opening and were in physical contact with at least one other 
individual (http://youtu.be/xl-ErtfB1ug). To rule out the pos-
sibility that our observation represented an isolated aberration 
from normal behavior, we revisited the site on 27 October 2012 
at ca. 1300 h (water temperature 14.4°C; air temperature 17.2°C) 
and observed four individuals using the same cavity (Fig. 1). 

Though our observations occurred during the breeding sea-
son for hellbenders in Virginia (late August–October), we consid-
er it unlikely that the aggregation was an attempt to breed based 
on the lack of evidence of a nest within the cavity (i.e., no eggs 
were observed), entrance of an apparently immature individual 
into the cavity¸ lack of obvious aggression noted between con-
specifics, and observation of the behavior outside a single occa-
sion. Our observations indicate hellbenders may aggregate for 
reasons other than breeding, though the reason and commonali-
ty of such behavior across the range of C. alleganiensis is unclear.

c. m. Bodinof JAchoWSKi (e-mail: cjachowski@vt.edu) and W. A. 
hopKinS (e-mail: hopkinsw@vt.edu), 100 Cheatham Hall, Virginia Poly-
technic institute and state University, Blacksburg, Virginia 24061, Usa.

SiREN iNTERMEDiA (Lesser Siren). PREDATION. Confirmed 
predators of Lesser Sirens include snakes (Agkistrodon pi-
scivorus, Farancia abacura, Nerodia cyclopion, N. erythrogaster, 
N. fasciata), wading birds (Ardea herodias, Casmerodius albus), 
Red-shouldered Hawk (Buteo lineatus), Largemouth Bass (Mi-
cropterus salmoides), and American Mink (Mustela vison); An-
derson et al. 2006. Herpetol. Rev. 37:233–234; Dobbs and Dobbs 
2003. Herpetol. Rev. 34:47; Frese and Britzke 2001. Herpetol. Rev. 
32:99; Leja 2005. In M. J. Lannoo [ed.], Amphibian Declines: The 

fig. 1. Aggregation of four Eastern Hellbenders (Cryptobranchus alle-
ganiensis alleganiensis) on 27 October 2012 in a Virginia, USA, stream.
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Conservation Status of United States Species, pp. 910–912. Univ. 
California Press, Berkeley). Herein I provide evidence of Lesser 
Siren predation by a Coyote (Canis latrans).

On 2 March 2012, I found a dead adult male Lesser Siren (277 
mm SVL, 394 mm total length) in a shallow (<30 cm), seasonally-
inundated pond on Horseshoe Lake State Fish and Wildlife Area 
HLSFWA), Alexander Co., Illinois, USA. Bite marks and scratches 
on the siren’s head, body, and tail indicate it was killed by a mam-
mal. I compared a complete set of canine-teeth punctures on 
the siren’s body with skulls of carnivorous mammals that occur 
in southern Illinois. Upper and lower canines of Coyote skulls 
matched the puncture wounds in the siren.

Although Coyotes feed principally on terrestrial animals 
(Bekoff 1977. Mammalian Species 79:1–9), they have been ob-
served in water capturing aquatic prey (Grimm 1940. J. Mam-
mal. 21:458–459; Minckley 1965. J. Mammal. 47:137). Coyotes 
are common on HLSFWA (pers. obs.) and may be attracted to 
wetlands in late-winter and early spring by chorusing frogs. 
The Coyote did not eat the Siren. Copious mucous produced by 
Lesser Sirens (Reno et al. 1972. Copeia 1972:625–631) may be dis-
tasteful to Coyotes or may have facilitated the Siren’s escape after 
receiving mortal injuries.

I thank Robert Bluett for funding that made this observation 
possible, Erin Palmer for the loan of Coyote skulls, and Paul Frese 
for alerting me to a reference.

John G. pAliS, Palis environmental Consulting, P.O. Box 387, Jones-
boro, illinois 62952 Usa; e-mail: jpalis@yahoo.com.

AnurA — froGS

ElEUTHERODAcTylUS cOOKi (Coquí Guajón). NESTING 
SITE. Eleutherodactylus cooki is a threatened direct-developing 
frog endemic to southeastern Puerto Rico. Eleutherodactylus 
cooki is considered a habitat specialist that uses caves formed 
by large granodiorite boulders, crevices, and grottos in rocky 
streams for reproduction (Joglar 1998. Los Coquíes de Puerto 
Rico: Su Historia Natural y Conservación. Editorial de la Univer-
sidad de Puerto Rico, San Juan. 232 pp.). Males can attend up to 
four clutches with an average size of 17 eggs per clutch, which 
are laid on vertical surfaces or in crevices of these plutonic rocks 
(Burrowes 2000. Herpetologica 56:375–386). Herein we report 
two new E. cooki nesting sites that are not on the typical grano-
diorite substrate.

On 16 Nov 2012, we found an adult male (40.4 mm SVL; 4.93 
g) guarding one egg clutch laid on the surface of a green bam-
boo trunk (Fig. 1A). The bamboo (Bambusa vulgaris) was ca. 2 
m away from large granodiorite formations in a small stream in 
Patillas, Puerto Rico (18.050°N, 65.990°W). The egg clutch con-
tained 16 gray embryos corresponding to developmental stage 
VI: legs are visible and the white yolk is greatly reduced (Bur-
rowes 2000, op. cit.).

On 19 Nov 2012, we found an adult male guarding a double-
clutched nest in a muddy substrate located below a large boul-
der (Fig. 1B). The nesting site was located ca. 1 m away from the 
stream bank, which is part of a designated U.S. Fish and Wildlife 
Service critical habitat (Unit 2: Montones in Las Piedras, Puerto 
Rico; 18.148°N, 65.917°W). We observed five recently hatched 
juveniles from one of the clutches, and 14 embryos in develop-
mental stage V: pink coloration, frequent rapid movements (Bur-
rowes 2000, op. cit.).

Both of these localities were characterized by a high abun-
dance of calling E. cooki males. Thus, our observations suggest 

that when nesting sites on granodiorite surfaces are limited, E. 
cooki can select other substrates to lay and attend egg clutches.

AnA v. lonGo, Cornell University, ecology and evolutionary Biol-
ogy, e145 Corson Hall, ithaca, new York 14850, Usa (e-mail: avl7@cornell.
edu); AlBerto l. lópez-torreS (e-mail: al.lopeztorres@gmail.com) 
and cArloS A. rodrÍGuez-Gómez (e-mail: ca.rodriguezgomez@
gmail.com), University of Puerto rico, PO Box 23360, san Juan, Puerto rico 
00931-3360; JAn p. zeGArrA, UsFWs, PO Box 491, Boquerón, Puerto rico 
00622 (e-mail: jan_zegarra@fws.gov).

lEpTODAcTylUS bUFONiUS (Oven Frog). PREDATION. Ants 
have been documented as predators of juvenile anuran (Clerke 
and Williamson 1992. Austr. Zool. 28:64–67), and eggs (Dayton 
and Jung 1999. Herpetol. Rev. 30:164; Schalk 2012. Herpetol. Rev. 
43[4]:635). The following observation documents the predation 
of tadpoles of L. bufonius by ants. 

On 19 March 2012 at 2100 h, we came upon a pond that had 
recently dried (< 24 h) in the Yande Yari guard post (18.69181°S, 
62.30192°W; WGS 84), Kaa-Iya National Park, Cordillera Province, 
Santa Cruz Department, Bolivia. On the still-moist mud we ob-
served a total of 28 Leptodactylus bufonius tadpoles that were 

fig. 1. Photographs taken in the field of A) male Eleutherodactylus 
cooki guarding an egg clutch in a bamboo trunk; and B) double-
clutched nest with recently hatched juveniles on the left and 14 well-
developed embryos on the right.

PH
O

TO
s 

BY
 (a

) a
lB

er
TO

 l
. l

ó
Pe

Z-
TO

rr
es

, a
n

d
 (B

) C
a

rl
O

s 
a

. r
O

d
rí

g
U

eZ
-g

ó
M

eZ



Herpetological Review 44(2), 2013

294    nAturAl hiStory noteS

being attacked by black ants (ca. 10 mm in length; Formicidae). 
The tadpoles were still alive; as they were attacked they would 
flick their tails from side to side in an attempt to free themselves 
from the jaws of the ants. We observed the ants for ca. 20 minutes, 
during which time two tadpoles were carried off by several ants. 

The presence of breeding ponds across the Chacoan land-
scape is extremely dynamic; ponds can dry down and refill com-
pletely multiple times within a rainy season (pers. obs.). Many 
anurans of the Gran Chaco possess physiological or behavioral 
adaptations to cope with the xeric conditions of region (Schalk 
2012. Herpetol. Rev. 123–124, and references therein). With this 
observation, it appears that tadpoles of L. bufonius can persist 
outside of the water, at least for short periods of time, but it also 
exposes them to terrestrial predators they would not otherwise 
encounter. 

Funding for this research was provided by the National Sci-
ence Foundation’s Graduate Research Fellowship Program and 
the Applied Biodiversity Science NSF-IGERT Program at Texas 
A&M University (NSF-IGERT Award # 0654377).

mArco SenzAno, sección de Herpetologia, Museo de Historia natu-
ral noel Kempff Mercado, av. irala 565, Casilla 2489, santa Cruz de la sierra, 
Bolivia (e-mail: marco_23735@hotmail.com); chriStopher m. SchAlK, 
department of Wildlife and Fisheries sciences, Texas a&M University, Col-
lege station, Texas 77843-2258, Usa (e-mail: cschalk@tamu.edu).

lEpTODAcTylUS MElANONOTUS (Sabinal Frog). ENDO-
PARASITISM. Leptodactylus melanonotus is a small frog rang-
ing from NW Mexico to Central America and Ecuador, in arid 
and wet mountain woodlands. The species is nocturnal, semi-
aquatic, insectivorous, oviparous, and can persist in anthropo-
genically disrupted areas; it is indeed an indicator of impacted 
areas (Ramírez-Bautista and García 2002. In Noguera et al. [eds.], 
Historia Natural de Chamela, pp. 251–264. Universidad Nacional 
Autónoma de México). According to IUCN – the World Conserva-
tion Union, Leptodactylus melanonotus is listed in the category 
of Least Concern with populations considered as “stable” (Solís 
et al. 2010. In IUCN Red List of Threatened Species. Version 
2012.1, www.iucnredlist.org, accessed 28 June 2012).

During recent survey work on metazoan parasites of L. mela-
nonotus in the Chamela-Cuixmala Biosphere Reserve in Jalisco, 
west-central Mexico, 20 specimens of L. melanonotus were ex-
amined for parasitic mites. One frog (prevalence 5%) was para-
sitized with 10 chiggers Hannemania hylae (Leeuwenhoekiidae) 
from Chamela Creek (19.52738°N, 105.06994°W). Chiggers were 
found on the ventral skin, into the subdermal layer of the trunk 
and thighs of the host. Frogs were collected under permit FAUT-
0250 issued to Gerardo Suzán and will be deposited at Colección 
Herpetológica, Estación de Biología Chamela. Voucher chigger 
specimens are housed at the Colección nacional de Ácaros, Uni-
versidad Nacional Autónoma de México, Instituto de Biología, 
México, D.F., with accession numbers CNAC 007098–007102.

This is the first record of Hannemania hylae on Leptodactylus 
melanonotus. This chigger ranges from the southwestern USA 
to Argentina. It has previously been reported to parasitize Hyla 
arenicolor, Pseudacris cadaverina, and Eleutherodactylus guttila-
tus from several localities in the USA (Jung et al. 2001. Herpetol. 
Rev. 32:33–34; Loomis and Welbourn 1969. Bull. South. Califor-
nia Acad. Sci. 68:160–168). Also, it has been reported from Pseu-
dacris cadaverina, Lithobates berlandieri, Eleutherodactylus sp., 
Eleutherodactylus longipes, Lithobates sp., Scaphiopus couchii, 
and Incilius mazatlanensis from Mexico (Espino del Castillo et 
al. 2011. Int. J. Acarol. 37:427–440; Goldberg et al. 2002. Herpetol. 

Rev. 33:301–302; Hoffmann 1969. Rev. Latinoam. Microbiol. 
Parasitol. 11:209–216; Hoffmann and López-Campos 2000. Bio-
diversidad de los Ácaros en México. CONABIO, UNAM, México. 
230 pp.; Loomis and Welbourn 1969, op. cit.); and also known to 
infest Hypsiboas curupi from Argentina (Alzuet and Mauri 1985 
[1987]. Rev. Soc. Entomol. Argentina 44:111–116).

mónicA JAcinto-mAldonAdo, Facultad de Medicina Veterinaria 
y Zootécnia, Universidad nacional autónoma de México (UnaM), av. Uni-
versidad #3000, Coyoacán C.P. 04510, distrito Federal, Mexico (e-mail: aci-
nom_80@hotmail.com); ricArdo pAredeS-león, Colección nacional 
de Ácaros, instituto de Biología, UnaM, av. Universidad #3000, Coyoacán 
C.P. 04510, distrito Federal, Mexico (e-mail: rparedes@ibiologia.unam.mx); 
GerArdo Suzán, Facultad de Medicina Veterinaria y Zootécnia, UnaM, 
av. Universidad #3000, Coyoacán C.P. 04510, distrito Federal, Mexico; An-
dréS GArcÍA, estación de Biología Chamela, instituto de Biología, UnaM, 
Jalisco, México. apdo. Postal 21, san Patricio, la Huerta, Jalisco, 48980.

lEpTODAcTylUS SAvAGEi (Savage’s Thin-toed Frog). PREY. 
Leptodactylus savagei is a large species distributed in primary 
and secondary forests, forest edges, and deforested areas from 
Honduras, Nicaragua, Costa Rica, Panama, and scattered lo-
calities in both the Caribbean and Magdalena Valley regions 
of Colombia, from sea level to 1385 m (Heyer 2005. Arq. Zool. 
37:269–348; Heyer et al. 2010. Cat. Amer. Amphib. Reptiles 867:1–
19). This species is known to feed on diverse prey types from 
arthropods to small vertebrates (Savage 2002. The Amphibians 
and Reptiles of Costa Rica: A Herpetofauna between Two Conti-
nents, between Two Seas. Univ. Chicago Press, Chicago, Illinois. 
xx + 934 pp). Among vertebrate prey items, L. savagei is known 
to feed on adults of both Hypsiboas rosenbergi and Engystomops 
pustulosus (Kluge 1981. Misc. Publ. Mus. Zool., Univ. Michigan 
160:1–170; Ryan et al. 1981. Behav. Ecol. Sociobiol. 8:273–278). 
In Colombia, L. savagei and E. pustulosus occur sympatrically in 
the Middle Valley of the Madgalena River. Based on a stomach 
content analysis, herein we report the predation of L. savagei on 
E. pustulosus at an open area in the Reserva Rio Manso (5.666°N, 
74.7745°W, WGS84; ca. 220 m elev.), municipality of Norcasia, de-
partment of Caldas.

On 12 May 2010 at 1924 h, GGD collected an adult male L. 
savagei (SVL 58.7 cm; MHN-UC 460) on the border of a small 
pond about 1 m diameter, with a chorus of E. pustulosus. 
The stomach of the L. savagei contained two E. pustulosus, 
a mature female (26.8 mm SVL; MHN-UC 461) and other in-
dividual (24.7 mm SVL; not sexed due its state of decomposi-
tion). To our knowledge, this is the first record in Colombia 
of L. savagei feeding on E. pustulosus and the second report 
through its distribution range. The specimens are housed 
on Museo de Historia Natural of the Universidad de Caldas 
(MHN-UC), Manizales, Colombia.

We suggest that predation of E. pustulosus by L. savagei 
could be an opportunistic event or by convenience, because 
anurans that predate other anurans are not predators spe-
cialized on anurans, but feed on them with regularity (Tole-
do et al. 2007. J. Zool. 271:170–177). Because L. savagei often 
breeds near sites of activity of E. pustulosus (Ryan et al. 1981, 
op. cit.), the syntopic occurrence of these two species during 
reproductive aggregations can promote the predation of the 
latter species by an opportunistic predator like L. savagei.

We are grateful to A. M. Jaramillo for providing logistic 
help in the Reserva Privada Riomanso. PDAGC received Ph.D. 
grants from CAPES (bolsista da CAPES/CNPq – IEL Nacional 
- Brasil).
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liTHObATES bERlANDiERi (Rio Grande Leopard Frog). 
LEARNED FEEDING BEHAVIOR AND DIET. Primarily noctur-
nal, seeking shelter in thick vegetation and under rocks during 
the day, Lithobates berlandieri is generally found in clear flow-
ing streams or permanent pools that originate from springs (De-
genhardt et al. 1996. Amphibians and Reptiles of New Mexico. 
Univ. New Mexico Press, Albuquerque. 431 pp.). The species is 
a generalist, opportunistic predator whose diet is most strongly 
influenced by prey availability (Parker and Goldstein 2004. J. 
Herpetol. 38:127–130) and includes a variety of insects and in-
vertebrates (Degenhardt et al. 1996, op. cit.). Herein we docu-
ment a learned feeding behavior of L. berlandieri for a tempo-
rally specific prey, the honeybee.

On the night of 27–28 June 2005, we were netting bats over 
the pool at La Cienaga, a natural spring in the western quarter of 
the Chinati Mountains State Natural Area (CMSNA), Presidio Co., 
Texas, USA. Situated in typical Chihuahuan Desert, La Cienaga is a 
natural seep spring with a marshy drainage of dense grasses dom-
inated by Saltgrass (Distichlis spicata) and Alkalai Sacaton (Spo-
robolus airoides), the interior of the cienaga is covered by cattail 
(Typha latifolia) and bulrush (Scirpus sp.) (Jones et al. 2011. Occas. 
Pap. Mus. Texas Tech Univ. No. 300, 29 pp.). Before CMSNA was 
founded, ranch owners built a circular stone and concrete pool for 
human bathing with the cold water flowing into the pool under 
spring pressure. The ca. 1.27 m high pool has six steps, each ca. 21 
cm high, rising to a ca. 1 m wide concrete rim. Between first light 
and sunrise on 28 June, we observed two large L. berlandieri jump 
each of the six concrete steps and into the pool water, the first did 
so while SK was sitting on the steps, determined to reach the wa-
ter. We did not disturb their progress. Just after sunrise, hundreds 
of honeybees, Apis mellifera (Hymenoptera: Apidae), swarmed 
over the water and began to dip and short-rest on the water’s sur-
face. Desert honeybees must collect water for thinning of honey 
to feed larva and evaporative cooling of the hive (Nicolson 2009. 
J. Exp. Biol. 212:429–434). The two L. berlandieri swam underwa-
ter towards the resting honeybees and each took one honeybee, 
swam down into the dark detritus material at the bottom of the 
pool, and then intermittently returned to the surface. These leop-
ard frogs continued to take honeybees using this method until 
the swarm of honeybees nearly dissipated. We estimated that 6–8 
honeybees were taken by the two L. berlandieri during ca. 4–5 min 
of observations. Although not directly observed, the L. berlandieri 
were either consuming each bee while near the bottom or were 
inserting the captured bees into the detritus layer. If the latter is 
correct, this feeding behavior could be a strategy for food hoard-
ing and time management of a temporally restricted resource, and 
a practice to neutralize a dangerous prey.

In a comparison study of five populations of L. berlandieri 
from Texas, the population from Big Bend National Park in Brew-
ster Co., Texas (the nearest locality to CMSNA), had the least di-
verse spring diet, almost evenly distributed among Lepidoptera 

(33%), Coleoptera (27%), and Hymenoptera (33%), however only 
one prey item was identified to the family Apidae from 27 spring 
frogs sampled across three localities, including Big Bend (Parker 
and Goldstein 2004, op. cit.). Hymenoptera were listed in the 
diet of two species of eastern Texas leopard frogs, L. clamitans 
(10.7%) and L. sphenocephala (7.1%), although no discrimina-
tion was made to bee, ant, or wasp (Forester et al. 1998. Herpetol. 
Rev. 29:208–211). Examination of 31 Rana aurora indicated that 
each of three frogs had a single honeybee in their diet (Hayes and 
Tennant 1985. Southwest. Nat. 30:601–605). The limited number 
of prey items identified to Apidae in these studies infers that bees 
are not a regular component in the diet of Lithobates or Rana. 

Generally, leopard frogs appear to recognize potential prey by 
continuous movement that elicits a predatory response (Hayes 
and Tennant 1985, op. cit.), choosing prey from any moving ob-
ject that is of an appropriate size (Forester et al. 1998, op. cit.). 
Although some frogs may develop preferences, dietary studies of 
ranid frogs as a group tend to reflect habitat and prey availability 
(Forester et al. 1998, op. cit.). We found that these two L. berland-
ieri developed a prey preference defined on a temporal com-
ponent. It appears that these honeybees came to water around 
sunrise on a regular basis with the leopard frogs seemingly need-
ing to make a time appointment for prey, as evidenced by being 
undeterred by our direct presence. The water may be too cold 
to spend extended periods in the pool at night, and these two 
L. berlandieri learned a strategy to take a regular prey based on 
a sunrise schedule. Two subsequent visits to net bats at the site 
on 21 June 2007 and 9 July 2008 indicated the presence of L. ber-
landieri in the grasses at La Cienaga, however no leopard frogs 
or honeybees were observed in the pool around sunrise, possibly 
due to an extirpated prey source.

Stephen KASper, lake alan Henry Wildlife Mitigation area, City of 
lubbock, lubbock, Texas 79457, Usa (e-mail: skasper@mail.ci.lubbock.
tx.us); frAnKlin d. yAncey, ii, Oakhurst College Center, PO Box 1910, 
40241 Highway 41, Oakhurst, California 93644, Usa (e-mail: frank.yancey@
scccd.edu).

liTHObATES clAMiTANS MElANOTUS (Green Frog). UNUSU-
AL FOOD ITEM. Much is known about the food habits and feed-
ing behavior of Lithobates clamitans (Pauley and Lannoo 2005. 
In M. Lannoo [ed.], Amphibian Declines: The Conservation Sta-
tus of United States Species, pp. 549–552. Univ. California Press, 
Berkeley, California). This frog is an opportunistic “sit-and-wait” 
predator that will feed on various invertebrates and vertebrates 
during both day and night (Hamilton 1948. Copeia 1948:203–
207; Minton 2001. Amphibians and Reptiles of Indiana, 2nd ed. 
Indiana Academy of Science, Indianapolis, Indiana. 404 pp.). A 
summary of food items of L. clamitans was provided by Hamil-
ton (1948, op. cit.), Whitaker (1961. Herpetologica 17:173–179), 
Stewart and Sandison (1972. J. Herpetol. 6:241–244), and Forst-
ner et al. (1998. Herpetol. Rev. 29:208–211). Herein, we report an 
unusual food item of L. clamitans melanotus from the Ouachita 
Mountains of Arkansas.

On 25 July 2012, five juvenile Green Frogs (mean ± 1SD SVL 
39.8 ± 3.3, range 37–45 mm) were collected from 5.0 km N Mena, 
off St. Hwy. 88 at Blue Haze Vista Pond, Polk Co., Arkansas, USA 
(34.62605°N, 94.24444°W; WGS84). Specimens were placed in 
individual plastic bags on ice and transported to the laboratory 
within 48 h for necropsy. Frogs were anesthesized with a con-
centrated chloretone solution and an incision was made to ex-
pose the stomach contents. Contents were placed in a Petri dish, 
rinsed with 0.6% saline, and identified under a stereomicroscope 
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using Triplehorn and Johnson (2005. Borrer and Delong’s Intro-
duction to the Study of Insects, 7th ed. Thomson/Brooks Cole, 
Belmont, California. 864 pp.). Voucher specimens of L. c. mela-
notus are deposited in the Arkansas State University Museum of 
Zoology Herpetological Collection (ASUMZ) as ASUMZ 32392–
32396.

Two L. c. melanotus (41 and 45 mm SVL) were each found to 
contain a single adult walkingstick (Phasmatodea: Heteronemi-
idae) belonging to the genus Diapheromera in its stomach (Fig. 
1). These insects appear to be unusual food items of L. clamitans. 
Other insects reported as prey of L. clamitans includes coleopter-
ans, dipterans, ephermeropterans, hemipterans, lepidopterans, 
odonates, orthopterans, and trichopterans (Pauley and Lannoo 
2005, op. cit.). Walkingsticks are slow-moving and the best time 
to observe them is midsummer to late fall (Triplehorn and John-
son 2005, op. cit.). This is the first time, to our knowledge, that 
walkingsticks have been reported as prey items of L. clamitans.

We thank S. E. Trauth (ASUMZ) for expert curatorial assis-
tance, and the Arkansas Game and Fish Commission and USDA 
Forest Service (Ouachita District) for Scientific Collecting Per-
mits issued to CTM.

chriS t. mcAlliSter, science and Mathematics division, eastern 
Oklahoma state College, idabel, Oklahoma 74745, Usa (e-mail: cmcallis-
ter@se.edu); niKolAS h. mcAlliSter, lukfata Public school, West Choc-
taw street, Broken Bow, Oklahoma 74728, Usa.

liTHObATES pipiENS (Northern Leopard Frog). MALFORMA-
TION. On 13 September 2011, AR collected a single metamor-
phosed Lithobates pipiens, 37.8 mm SVL, from a farm field in 
Minot, Ward Co., North Dakota, USA (48.1044°N, 101.1643°W). 
This frog contained two supernumerary arms that emerged from 
the throat (Fig. 1A). Upon collection, AR kept the frog in a plastic 
container and successfully fed several crickets to the frog. These 
arms were fully formed, and responded to stimuli (i.e., they 
would move when pinched with forceps). This frog was capable 
of full locomotion (i.e., walking, hopping, and jumping). The 
frog was brought to the Amphibian Growth Project (AGP) and 
euthanized by prolonged immersion in a 10% solution of MS-
222, preserved in 10% formalin, and stored in 70% ethanol. The 

frog was shipped to ML who prepared radiograph images that 
revealed that these supernumerary limbs contained usual skel-
etal elements distal to the pectoral girdle (i.e., humerus, radius, 
ulna, metacarpals, carpels, phalanges). These arms were not ar-
ticulated to any other part of the skeleton (Fig. 1B).

 The AGP maintains a database of life history data for local 
amphibians that includes over 1250 capture records of L. pipi-
ens from 2005–2012 from several sites in northwestern and north 
central North Dakota. This is the first report of a malformed frog 
that we are aware of in this region. Metamorphosis in this region 
occurs during July at ca. 25 mm SVL. Given the timing of collec-
tion, the size of the frog, and the observation that this frog could 
capture and consume prey successfully, we are comfortable with 
suggesting that this frog was at least 16 months old.

The most likely wetland that produced this frog is ca. 500 
m away from the collection site. This wetland is surrounded by 
farm fields maintained by the North Central Research Extension 
Office of North Dakota State University. The wetland is generally 
oval in shape and is approximately 200 x 100 m. It has held water 
continuously since 2007, but would dry periodically prior to this. 
When full of water, the maximal depth in this wetland is 1.75 m.

The AGP has been supported by grants from the National 
Center for Research Resources (5P20RR016471-12) and the Na-
tional Institute of General Medical Sciences (8 P20 GM103442-
12) from the National Institutes of Health to CKB and D. Sens, 
and from the North Dakota Department of Game and Fish to K. 
Cabarle and CKB. AR has been a participant in the “Kids in Re-
search” program of the AGP.

AlliSon rABe, Minot High school - Central Campus, Minot, north da-
kota 58701, Usa; michAel lAnnoo, indiana University school of Medi-
cine, Terre Haute Center for Medical education, Terre Haute, indiana 47809, 
Usa (e-mail: mlannoo@iupui.edu); chriStopher K. BeAchy, amphibian 
growth Project and dept. Biology, Minot state University, Minot, north da-
kota 58707, Usa (e-mail: christopher.beachy@minotstateu.edu).

liTHObATES SylvATicUS (Wood Frog). DAVIAN BEHAVIOR. A 
breeding population of Spotted Salamanders (Ambystoma mac-
ulatum) has been monitored annually at Bat Lake, Algonquin 
Provincial Park, Ontario, Canada (45.5857°N, 78.5185°W) as part 
of an ongoing mark-recapture study. Minnow traps are deployed 
around the lake perimeter following spring thaw to capture adult 
A. maculatum during the breeding period. Traps are deployed at 
night and checked the following morning. On 2 May 2009 while 
checking traps we observed a male Lithobates sylvaticus in pec-
toral amplexus with a gravid female A. maculatum (86.0 mm 

fig. 1. Walkingsticks removed from stomachs of Green Frogs, Litho-
bates clamitans melanotus from Arkansas.

fig. 1. A) Ventral view of preserved Lithobates pipiens collected in 
Ward Co., North Dakota with two supernumerary arms. B) Radio-
graph of same individual.
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SVL, 20.5 g mass) (Fig. 1). Both individuals were found inside a 
submerged minnow trap ca. 1 m below the surface. The frog was 
tightly clasped around the pectoral girdle of the salamander, im-
mediately posterior to the forelimbs. After photographing, the 
pair was separated. The L. sylvaticus was released without mea-
surement and the A. maculatum was measured, weighed, and 
marked prior to release.

Interspecific amplexus is functionally equivalent to other 
well characterized Davian behaviors which include misdirected 
mating with conspecifics, necrogamy, or amplexus with inani-
mate objects. Observations of interspecific amplexus between 
anurans are recorded with some regularity (Meshaka 1996. Flori-
da Scient. 59[2]:74–75; Eaton et al. 1999. Can. Field Nat. 113:512–
513; Pearl et al. 2005. Am. Mid. Nat. 154:126–134; D’Amore et al. 
2009. Herpetol. Cons. Biol. 4:325–330). By contrast, reports of in-
terspecific pairings of salamanders are rare and restricted to spe-
cific species or well-characterized hybridization events (Verrell 
1990. J. Zool. Lond. 221:441–451; Verrell 1994. Evolution 48:921–
925). An exhaustive search of the formal literature revealed few 
observations of amplexus between an anuran and caudate, in-
cluding Bufo bufo and Salamandra salamandra (Marco and Li-
zana 2002. Ethol. Ecol. Evol. 14:1–8), although this phenomenon 
is likely underreported.

It has been proposed that Davian behaviors may result from 
the highly competitive nature of anuran reproduction character-
ized by seasonal (time sensitive) and explosive reproductive ag-
gregations (Meshaka 1996, op. cit.; Reading 1984. J. Zool. Lond. 
203:95–101). Given the shared breeding habitat and synchro-
nized breeding periods of L. sylvaticus and A. maculatum, mate 
misidentification seems a likely cause. While close confinement 
may have facilitated the Davian behavior reported here, previ-
ous observations of interspecific amplexus in other species af-
firm that this behavior is naturally occurring. The fact that the 
frog exhibited a pectoral girdle clasp further suggests that it was 
attempting to engage in normal amplexus rather than an acci-
dental or temporary effort.

Financial support provided by the Friends of Algonquin Park. 
Much thanks for in-kind support owing to the Algonquin Wildlife 
Research Station, Rory Eckenswiller, and Brad Steinberg.

pAtricK d moldoWAn (e-mail: pmoldowa@uoguelph.ca), Univ. 
guelph, guelph, Ontario, Canada n1g 2W1, dAvid l leGroS (e-mail: 
dl_legros@laurentian.ca), laurentian University, sudbury, Ontario, Canada, 
P3e 2C6, and Glenn J tAtterSAll (e-mail: gtattersall@brocku.ca), st. 
Catharines, Ontario, Canada, l2s 3a1.

liTORiA RANiFORMiS (Growling Grass Frog). LEUCISM. Lito-
ria raniformis is a large, semi-aquatic frog that occurs naturally 
across south-eastern Australia, including parts of New South 
Wales, Victoria, Tasmania, and South Australia (Pyke 2002. Austr. 
Zool. 32:32–48). Introduced populations also occur in New Zea-
land (Voros et al. 2008 Austral. Ecol. 33:623–629). Litoria rani-
formis is listed as endangered by the IUCN. On 24 January 2012, 
we caught a leucistic L. raniformis in a wetland in Bundoora, 
Melbourne, Victoria, Australia (37.7°S, 145.033°E). It was found 
in good physical condition, floating among emergent vegetation 
near the water’s edge. Two adult female L. raniformis, of typical 
green and brown coloration were also caught in the same wa-
ter body. The leucistic individual was an adult male (64 mm 
SVL) in breeding condition (Fig. 1). It was entirely yellow with a 
pink tinge, except for darkly pigmented eyes, and raised brown 
nuptial pads on its thumbs. The dorsal skin was translucent. 
We observed the leucistic L. raniformis on 22 February 2012 in 
the same wetland, ca. 30 m from the original point of capture. 
No attempt was made to recapture this individual. It has been 
suggested that incidences of leucism and albinism may occur 
with more frequency in nocturnal or cryptozoic animals, due 
to selection against these traits in diurnal species with visually 
orientated predators (Sazima and Di-Bernado 1991. Mem. Inst. 
Butantan 53:167–173). Interestingly, L. raniformis is partly diur-
nal, with individuals often observed basking in either direct or 
filtered sunlight (Heard et al. 2006. Wildl. Res. 33:557–564). To 
our knowledge, this is the first documented case of leucism in L. 
raniformis. A section of toe-web was deposited in the tissue col-
lection of Museum Victoria, Australia (NMVZ 17602).

We thank Geoffrey W. Heard for comments on this note. Our 
work was funded by an Australian Research Council Linkage 
Grant (LP0990161) with the Australian Research Centre for Ur-
ban Ecology, Growling Grass Frog Trust Fund, Melbourne Muse-
um, Melbourne Water, Parks Victoria, and Victorian Department 
of Sustainability and Environment.

clAire c. Keely, school of Botany, University of Melbourne, Victoria 
3010, australia (e-mail: c.keely@pgrad.unimelb.edu.au); SuSAnA p. mAl-
donAdo, department of sciences, Museum Victoria, Melbourne, Victoria 
3001, australia (e-mail: susimaldonado@gmail.com).

fig. 1. Wood Frog (Lithobates sylvaticus) in amplexus with a gravid 
female Spotted Salamander (Ambystoma maculatum), Bat Lake, Al-
gonquin Provincial Park, Ontario, Canada. 

fig. 1. Adult male leucistic Litoria raniformis from Melbourne, Vic-
toria, Australia.
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OOpHAGA pUMiliO (Strawberry Poison Frog). PREDATION. 
Bright coloration in dendrobatid frogs is presumed to function 
as an aposematic signal to natural predators with color vision 
(Saporito et al. 2007. Copeia 2007:1006–1011), thereby warn-
ing predators such as birds of the frog’s alkaloid-based chemi-
cal defenses. The known natural predators of dendrobatid frogs 
are based largely on anecdotal reports, and include an amphib-
ian, ant, fish, spiders, and snakes (Santos and Cannatella 2011. 
Proc. Nat. Acad. Sci. 108:6175–6180). Dendrobates auratus was 
reportedly preyed upon by an adult Baryphthengus martii (Ru-
fous Motmot) at the La Suerte Biological Station in northeast-
ern Costa Rica (Limon Province), representing the only known 
bird predator of dendrobatid frogs (Master 1998. Herpetol. Rev. 
29:164–165). Herein, we report an additional observation of pre-
dation by a Rufous Motmot on Oophaga pumilio.

Oophaga pumilio ranges from southern Nicaragua to western 
Panama (Guyer and Donnelly 2005. Amphibians and Reptiles of 
La Selva, Costa Rica, and the Caribbean Slope. Univ. California 
Press, Berkeley. 299 pp.), and falls well within the geographic range 
of B. martii (Garrigues and Dean 2007. In The Birds of Costa Rica, 
p. 146). On 15 May 2011, at the OTS La Selva Biological Station in 
northeastern Costa Rica (Heredia Province), between 1000–1100 
h, we observed two independent events in which one individual 
of a pair of adult B. martii landed on a branch carrying an adult 
O. pumilio in their beak (Sendero Tres Rios trail between 100–150 
m; Fig. 1). The pair of Rufous Motmots was observed carrying the 
captured O. pumilio to their nest of chicks only a few meters away, 
presumably feeding the frogs to their young. Motmots typically 
nest in deep cavities, and therefore we were not able to observe 
the chicks feed on the frogs; however, the pair of Rufous Motmots 
was also observed bringing to its nest spiders and fruits of Virola 
koschnyi (Myristicaceae). Rufous Motmots are reported to feed on 
the fruits of palms and members of the plant genus Heliconia, as 
well as insects, spiders, small frogs, lizards, fishes, and crabs (Stiles 
and Skutch 1989. In A Guide to the Birds of Costa Rica, p. 242). To 
the best of our knowledge, this represents only the second report 
of a Rufous Motmot feeding upon a dendrobatid, and the first re-
port of these birds feeding their young a dendrobatid poison frog. 
Further research is needed to determine the extent to which O. 
pumilio is preyed upon by B. martii, the importance of O. pumilio 
as a dietary source for developing chicks, and how B. martii are 
presumably immune to the alkaloid defenses of O. pumilio.

Joel B. AlvArAdo and AleX AlvArez, Organization for Tropical 
studies, la selva Biological station, Costa rica; rAlph A. SAporito, 
department of Biology, John Carroll University, University Heights, Ohio 
44118, Usa (e-mail: rsaporito@jcu.edu).

pElOpHRyNE MiSERA (Kinabalu Dwarf Toad). NOVEL MI-
CROHABITAT AND MAXIMUM SIZE. Pelophryne misera is a 
minute anuran (to 21 mm SVL in males, and 23 mm SVL in fe-
males) (Inger and Stuebing 2005. A Field Guide to the Frogs of 
Borneo. 2nd ed. Natural History Publications [Borneo] Sdn. Bhd. 
Kota Kinabalu. viii + 201 pp.) which is endemic to Borneo (Mount 
Kinabalu in Sabah and Mount Murud in Sarawak of Malaysia, 
and Upper Sulon in East Kalimantan of Indonesia) (Malkmus 
et al. 2002. Amphibians and Reptiles of Mount Kinabalu [North 
Borneo]. A.R.G. Gantner Verlag K.G. Ruggell. 424 pp.; Veith et al. 
2004. Tropical Zool. 17:1–13; Inger and Stuebing 2005, op. cit.). 
The species inhabits primary and old secondary mossy forests 
on the forest floor (breeding site) and sometimes in low vegeta-
tion 10–50 cm from the ground at 1450–3140 m elev. (Malkmus 
et al. 2002, op. cit.). The species is listed as Vulnerable in 2011 
IUCN Red List of Threatened Species primarily due to restricted 
distribution, but is deemed locally abundant (Inger et al. 2004. In 
IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2. 
<www.iucnredlist.org>. Accessed on 15 June 2012). There is still 
inadequacy in the natural history understanding on P. misera 
attributed to the scarcity of its record of occurrence, and thus, 
herein we report a novel microhabitat at an extended vertical di-
mension, and maximum size for P. misera.

On 11 December 2008, between 1900 and 2200 h, three P. 
misera were discovered via opportunistic examination at Geludu 
Trail (6°N, 116.5375°E; 1478 m elev.) on Geludu Hill, Bundu Tu-
han, Ranau District, West Coast Division, Sabah, Bornean Ma-
laysia. Air temperature was 17.3°C, and relative humidity was 
86%. The individuals were located among mosses covering a 
part of an old iron water pipe at 150 cm above the ground. Ap-
proximately 25 m of the 30-cm-diameter pipe was exposed from 
the ground caused by erosion that happened quite some time 
ago as indicated by surrounding thick leaf litter and compacted 
soil, while the rest of the pipe was still buried underground. The 
three P. misera were found close to one another about 5 m from a 
buried edge of the pipe. The pipe is utilized to supply clean water 
to nearby villages.

Intensive search did not find potential predators in proxim-
ity. The finding of three individuals, coupled with the absence of 
predators omit the causal factors of randomness and predator 
avoidance for the occurrence of P. misera at the novel microhabi-
tat. Moisture might have played a role in motivating P. misera to 
occupy the long patch of live mosses on the exposed water pipe 
as moisture is an imperative factor determining the selection 
of non-breeding microhabitats for anurans for foraging, ther-
moregulation, and dispersal (Blomquist and Hunter 2009. Her-
petol. Conserv. Biol. 4[2]:142–160). Documentation and under-
standing of non-breeding microhabitats are equally as crucial 
as of breeding sites and tadpole habitats in the conservation of 
anurans (Gillespie et al. 2004. J. Trop. Ecol. 20:439–448; Regosin 
et al. 2005. J. Wildl. Mgmt. 69[4]:1481–1493), particularly of non-
stream breeding species such as P. misera. 

The three adult P. misera were determined to be two females 
(27 mm SVL, mass 0.4 g and 27 mm SVL, mass 0.3 g) and one 
male (16 mm SVL, mass 0.3 g) based on the presence of a row of 
yellowish brown mandibular spines on the male (Malkmus et al. 
2002, op. cit.), and adult SVL ranges (Inger and Stuebing 2005, op. 

fig. 1. An adult Oophaga pumilio (Strawberry Poison Frog) being 
preyed upon by an adult Baryphthengus martii (Rufous Motmot) at 
La Selva Biological Station, Costa Rica during May 2011.
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cit.). SVL and weight were measured with a standard metric tape 
and an electronic balance. The individuals were photographed 
ex-situ indoors, and euthanized under the permission granted 
by the pertinent authority. The voucher specimens (Female 1: 
HEP00916; Female 2: HEP00917; Male 1: HEP00915) were de-
posited in BORNEENSIS, the Bornean reference collection of the 
Institute for Tropical Biology and Conservation, Universiti Ma-
laysia Sabah. The two females represent the new maximum SVL 
for P. misera.

We are grateful to Indraneil Das (Institute of Biodiversity 
and Environmental Conservation, Universiti Malaysia Sarawak) 
for verification of the species. We thank Agnes James Lintanga 
for field assistance, Paulus Abas for field transportation, and 
Haleluyah Retreat Centre for lodgings support. Sampling was 
conducted under the permission granted by the Jawatankuasa 
Pemegang Amanah Hutan Simpanan dan Tanah Perumahan Bu-
miputera Kg. Bundu Tuhan, Ranau, to KBH. We also thank the 
Institute for Tropical Biology and Conservation, Universiti Ma-
laysia Sabah for support.

Kueh Boon-hee (e-mail: kbhkelvin@hotmail.com), elAnGKumA-
rAn S/o SAGtiA SiWAn (e-mail: ela_jeevan@yahoo.com), norASmil 
iSmAil (e-mail: norasmilismail@yahoo.com.my), JuelBer AlBert (e-
mail: juelberalbert@gmail.com), cindy lAu en ShinG (e-mail: cindy-
enxi@hotmail.com), and vyner BAyAnG AnAK nGindAnG (e-mail: 
peace87fe@yahoo.com), institute for Tropical Biology and Conservation, 
Universiti Malaysia sabah, Jalan UMs, 88400 Kota Kinabalu, sabah, Malaysia.

PHYSALAEMUS GRACILIS (Graceful Dwarf Frog). DEFENSIVE 
BEHAVIOR. Many animal lineages independently developed 
different defensive behaviors in response to the presence of vi-
sually oriented predators (Bertoluci et al. 2007. Alytes. 25:38–44). 
Among anurans, defensive behaviors are divided into 30 catego-
ries (Toledo et al. 2011. Ethol. Ecol. Evol. 23:1–25), among them, 
the stiff-legged behavior (Sazima 1978. Biotropica 10:158). In 
this type of behavior the animal is motionless, with body flat-
tened and legs stretched out (Costa et al. 2009. Herpetol. Notes 
2:227–229). This behavior has been little reported anurans, com-
prising less than 5% of observations (Toledo et al. 2011, op. cit.). 
However, the behavior has been reported in Bufonidae (Den-
drophryniscus leucomystax, D. brevipollicatus, D. berthalutzae), 
Brachycephalidae (Euparkerella cochranae), Cycloramphidae 
(Proceratophrys boiei, P. appendiculata, P. melanopogon, Zachae-
nus parvulus), Leptodactylidae (Paratelmatobius poecilogaster, 

Scythrophrys sawayae) and Microhylidae (Arcovomer passarellii, 
Ctenophryne geayi, Stereocyclops parkeri, S. incrassatus) (Toledo 
et al. 2011, op. cit.; Tonini et al. 2011. Herpetol. Notes 4:435–444). 
Physalaemus gracilis is possibly a complex of more than one spe-
cies (IUCN 2012. IUCN Red List of Threatened Species. http://
www.iucnredlist.org/amazing-species). It dwells in forest bor-
ders and Cerrado grasslands in Brazil, Paraguay, Uruguay, and 
Argentina, and is strongly adapted to disturbed and polluted en-
vironments (Frost 2011. http://research.amnh.org/vz/herpetol-
ogy/amphibia/; IUCN 2012. IUCN Red List of Threatened Spe-
cies. http://www.iucnredlist.org/amazing-species). On 11 Jan 
2010 at 2000 h., we observed defensive behavior by a P. gracilis 
upon capture. After being manually captured and released mo-
ments after on the ground, the frog remained still with its legs 
stretched during more than 3 minutes (Fig. 1). The observation 
occurred in a temporary pool in an urban street in the town of 
Xangri-lá, north coast of the state of Rio Grande do Sul, Brazil 
(29.4712°S, 50.0143°W). Although other kinds of defensive be-
haviors have been observed in the Leiuperidae (Toledo et al. 
2010. J. Nat. Hist. 44:1979–1988), our report is the first case of the 
stiff-legged defensive behavior for this family.

SABine BorGeS dA rochA (e-mail: sabineborges@hotmail.com) 
and fernAndo iBAnez mArtinS, Universidade Federal de Mato gros-
so do sul, Programa de Pós-graduação em Biologia animal, 79070-900, 
Campo grande, Ms, Brazil.

RHiNEllA ScHNEiDERi (Rococo Toad). BREEDING SITE. 
Rhinella schneideri is a giant toad (210 mm maximum SVL) oc-
curring in the xeric regions of Bolivia, Argentina, Paraguay, and 
Brazil (Cei 1980. Zool. Ital. Monogr. 2:1–609). Relatively little in-
formation is available on its breeding site associations. In soy-
bean farmlands in Argentina, R. schneideri was found to occur 
around larger ponds that contained high diversity of vegetation 
along the pond’s shore (Peltzer et al. 2006. Biodiv. Cons. 15:3499–
3513). The association with vegetative structure is likely the re-
sult of its reproductive mode; it deposits its eggs in long gelati-
nous strings that are attached to aquatic plants (Cei 1980, op. cit.; 
Perotti 1997. Rev. Chil. His. Nat. 70:277–288). Observations on 
the reproductive biology of this species in other parts of its range 
are lacking. Here we describe a breeding site of R. schneideri in 
the Bolivian Gran Chaco. 

While crossing the Parapetí River on 29 January 2011, we 
heard a chorus of three R. schneideri calling from a temporary 
pond located within the riverbed outside the community of Ran-
cho Viejo, Cordillera Province, Santa Cruz Department, Bolivia 
(19.44055°S, 62.53694°W; WGS 84). This pond had most likely 
been formed by the floodwaters of the river, which had receded 
when we had crossed it. The next day we returned to the pond 
which was ca. 200 m from the nearest forest cover, and observed 
hundreds of R. schneideri tadpoles swimming within the pond. 
We did not observe any recently oviposited egg strands. The 
pond, which lacked both vegetative and woody debris structure, 
was ca. 13 m long, and 5 m wide with a substrate comprised en-
tirely of sand. We also observed larval odonates (Corduliidae) 
within the pond.

The breeding site used is not consistent with previous reports 
documenting R. schneideri’s high affinity for breeding ponds with 
high aquatic and shoreline vegetation, as any sort of habitat struc-
ture was absent in this pond. While habitat structure was lacking, 
the pond’s isolation may provide an amenable environment for 
the tadpoles of R. schneideri; the predator abundance and diver-
sity was reduced as compared to other temporary ponds in the 

fig. 1. Physalemus gracilis from Rio Grande do Sul, Brazil displaying 
the stiff-legged defensive behavior.
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region (Schalk, unpubl. data) and there were no other species of 
tadpoles co-occurring in the pond. Body size is generally positively 
correlated with vagility in amphibians (Duellman and Trueb 1986. 
Biology of Amphibians. McGraw Hill, New York. 610 pp.), thus the 
larger bodied R. schneideri may be able to make the long forays to 
these riverbed pools allowing them to exploit these ponds. 

CMS was supported by the National Science Foundation’s 
Graduate Research Fellowship Program and the Applied Biodi-
versity Science NSF-IGERT Program at Texas A&M University 
(NSF-IGERT Award # 0654377).

chriStopher m. SchAlK, department of Wildlife and Fisheries sci-
ences, Texas a&M University, College station, Texas 77843-2258, Usa (e-
mail: cschalk@tamu.edu); doriS ticonA, sección de limnilogia y recur-
sos aquaticos, Museo de Historia natural noel Kempff Mercado, av. irala 
565, Casilla 2489, santa Cruz de la sierra, Bolivia.

SciNAX FUScOvARiUS (Snouted Treefrog). PREDATION. Ver-
tebrates, invertebrates, and carnivorous plants are commonly 
documented as predators of anuran eggs, tadpoles, and post-
metamorphic individuals (Toledo 2005. Herpetol. Rev. 36[4]:395–
400). Most predation records by invertebrates upon anurans are 
credited to representatives of four classes of Arthropoda: Arach-
nida, Insecta, Crustacea, and Chilopoda (McCormick and Polis 
1982. Biol. Rev. 57[1]:29–58). In the Neotropical region, spider 
predation upon frogs is mainly attributed to five spider families 
(Ctenidae, Pisauridae, Lycosidae, Sparassidae, and Theraphosi-
dae; Menin at al. 2005. Phyllomedusa 4[1]:39–47), with the gen-
era Ctenus, Cupiennius, and Oligoctenus (all ctenids) the three 
most typically documented (reviews in Menin et al. 2005, op. cit.; 
Toledo 2005, op. cit.). By the year 2009, the genus Phoneutria, 
including the medically important Brazilian ctenid Phoneutria 
nigriventer (Eickstedt 1994. In B. Barravieira [ed.], Venenos Ani-
mais: uma Visão Integrada, pp.151–172. EPUC, Rio de Janeiro), 
had not yet been recorded in the literature as an invertebrate 
predator of frogs (Santana et al. 2009. Bol. Mus. Biol. Mello Leitão 
26:59⎯65). 

Herein, I report the spider P. nigriventer preying upon Scinax 
fuscovarius. During a herpetofaunal survey conducted on 30 
May 2010 in a riparian forest near the Mogi-Mirim River (mu-
nicipality of Conchal, state of São Paulo, southeast Brazil), I ob-
served an adult P. nigriventer (31.2 mm cephalothorax + abdo-
men length) capturing an adult S. fuscovarius (26.1 mm SVL) on 
a road (disturbed sandy soil, with some holes and roots mixed 

with the ground, for maintenance of a small dirt road), follow-
ing the edge of the riparian forest 10–15 m distant from the river 
margin. I observed the scenario just when the spider inserted its 
chelicerae into the frog’s body along the side. The frog attempted 
to escape but became paralyzed a few minutes later. The preda-
tion (Fig. 1) was observed at night (2005 h), during peak activ-
ity of both species, in secondary Atlantic Forest (22.273822°S, 
47.1866472°W; 579 m elev.). The weather was windy and cloudy; 
air temperature was 19.2°C; humidity 85.8%. I also observed ca. 
30 S. fuscovarius, randomly distributed around and near the pre-
dation site, although none were heard calling. Approximately 15 
P. nigriventer were also observed. I observed this event until the 
moment the spider started to handle the freshly dead frog and 
to walk in direction to a nearly hole/crevice in the soil, probably 
its shelter. To ensure vouchers, I then captured both individu-
als: S. fuscovarius was deposited at Coleção de Anfíbios “Célio 
F. B. Haddad” at UNESP, Rio Claro, Brazil - CFBH 32635, and the 
spider had been deposited at Butantan Institute, Brazil, but was 
unfortunately lost in an accidental fire in July 2010. Although this 
is the first predation record by P. nigriventer upon S. fuscovarius, 
considering the nocturnal habits and relatively high local densi-
ties for both species, the encounter and predation between these 
species is likely frequent.

I thank A. Brescovit for identification of the spider and Victor 
G. Dill Orrico for suggestions on the manuscript. Conselho Na-
cional de Pesquisa e Desenvolvimento (CNPq) and Fundação de 
Amparo à Pesquisa do Estado de São Paulo (FAPESP) provided 
financial support. A collecting permit was issued by IBAMA (pro-
cess number 02027.003149/2009-14).

rAfAel p. Bovo, departamento de Zoologia, iB, Universidade estad-
ual Paulista “Júlio de Mesquita Filho,” avenida 24-a, 1515, CeP13506-900 
rio Claro, sP, Brazil; e-mail: rpbovo@yahoo.com.br.

SciNAX SQUAliROSTRiS (Striped Snouted Treefrog). PREDA-
TION. Predation is an important cause of amphibian mortality, 
and many cases of predation by spiders are found in the litera-
ture (Menin et al. 2005. Phyllomedusa 4[1]:39–47). The neotropi-
cal hylid frog Scinax squalirostris occurs from central and south-
eastern Brazil to northeastern Argentina, including Uruguay and 
southeastern Paraguay. Herein, we report the predation on this 
species by a spider. On 22 June 2006, at 2130 h, in the Munici-
pality of Vacaria, State of Rio Grande do Sul, Brazil, a Phoneutria 
nigriventer (Ctenidae) was observed preying on an adult male 
Scinax squalirostris (24 mm SVL) on a 40-cm leaf of Paspalum 
exaltatum (Poaceae) at a permanent pond. The spider (cephalo-
torax 11.2 mm x 8.3 mm) held the hylid with the chelicerae pen-
etrated into its head, but released it when disturbed. The P. nigri-
venter is deposited in the spider collection of Museu de Ciências 
Naturais, Fundação Zoobotânica do Rio Grande do Sul (MCN 
42600), and the S. squalirostris is deposited in the herpetological 
collection of Departamento de Zoologia, Universidade Federal 
do Rio Grande do Sul (UFRGS 5676).

luiS fernAndo mArin dA fonte (e-mail: pulchella@gmail.com) 
and GABriele volKmer (e-mail: gabrielevolkmer@gmail.com), labo-
ratório de Herpetologia, departamento de Zoologia, instituto de Biociên-
cias, Universidade Federal do rio grande do sul (UFrgs), av. Bento gon-
çalves 9500, prédio 43435, sala 102, Porto alegre, rio grande do sul, Brazil, 
CeP 91501-970. 

SciNAX SQUAliROSTRiS (Striped Snouted Treefrog), SciNAX 
AROMOTHyEllA. MORBID EMBRACE. The neotropical hylid 
Scinax squalirostris occurs from central and southeastern Brazil 

fig. 1. Scinax fuscovarius being preyed upon by the spider Phoneu-
tria nigriventer (Aranae: Ctenidae).
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to northeastern Argentina, including Uruguay and southeastern 
Paraguay. Scinax aromothyella occurs in northeast Argentina, 
Uruguay, and southern Brazil. Herein, we report the occurrence 
of a morbid embrace at a permanent pond in the Municipality 
of Vacaria, State of Rio Grande do Sul, Brazil, on 22 June 2006, 
at 2140 h. An adult male S. squalirostris was found being preyed 
upon by a spider. When disturbed, the spider released the dead 
treefrog that fell to the ground. However, a few moments later 
another male S. squalirostris vocalizing in the area immediately 
amplected the corpse. On the same night, in the same pond, oth-
er cases of morbid embrace were observed among S. aromothy-
ella individuals. Five males were found embracing other recent-
ly-dead conspecifics (possibly accidentally killed by researchers 
trampling). At least two of all corpses found were males. The col-
lected individuals were deposited in the herpetological collec-
tion of Departamento de Zoologia, Universidade Federal do Rio 
Grande do Sul (UFRGS 5675, 5678). These observations occurred 
on the first rainy night after a long dry spell in that area. We sus-
pect that the animals were under intense reproductive pressure 
and, due to the desperate attempt at mating, they invested in 
dead partners and/or those of the same gender.

luiS fernAndo mArin dA fonte (e-mail: pulchella@gmail.com) 
and GABriele volKmer (e-mail: gabrielevolkmer@gmail.com), labo-
ratório de Herpetologia, departamento de Zoologia, instituto de Biociên-
cias, Universidade Federal do rio grande do sul (UFrgs), av. Bento gon-
çalves 9500, prédio 43435, sala 102, Porto alegre, rio grande do sul, Brazil, 
CeP 91501-970.

ScUTiGER bOUlENGERi (Xizang Alpine Toad). NESTING. 
While the development of S. boulengeri larvae has been previ-
ously reported (Song and Huang 1990. Acta Zootaxonomica Si-
nica 187–193), their nesting behavior is not yet described. From 
9–30 June 2012, we observed more than 30 nests across the Qin-
ghai Province of China. Gelatinous eggs were attached as a cir-
cular or globular mass to the bottoms of stones in small streams, 
along the edges of larger streams, and in ephemeral pools (Figs. 
1, 2). One average-sized nest was counted and found to contain 
323 eggs; some rocks contained multiple nests. Almost all nests 
were guarded by males, and of the few without male attendance, 
most appeared to be in various states of decay. Only one female 
was found underneath a stone with a nest, but a male was also 
present with the recently laid eggs. In areas where nests occurred, 
observed males—both with and without nests—outnumbered 

females more than twenty to one. These observations are consis-
tent with the nest site selection, clutch size, and paternal guard-
ing of nests described for another member of Megophryidae, 
Leptobrachium boringii (Zheng et al. 2011. Asian Herpetol. Res. 
2[4]:199–215).

todd W. pierSon, Odum school of ecology, University of georgia, 
athens, georgia 30609, Usa (e-mail: twpierso@uga.edu); yAn fAnG (e-
mail: yanfang_happy@163.com) and yunyu WAnG (e-mail: wang_yu-
nyu@126.com), Kunming institute of Zoology, Chinese academy of sci-
ences, China.

XENOpHRyS bRAcHyKOlOS (Short-legged Toad). DIET. 
Xenophrys brachykolos is endemic to Hong Kong with a SVL to 
6 cm (Karsen et al. 1998. Hong Kong Amphibians and Reptiles. 
Provisional Urban Council, Hong Kong. 186 pp.). Although the 
natural diet of this species is unknown, it has been reported to 
feed on earthworms, crickets, and termites in captivity (Karsen 
et al. 1998, op. cit.). At 2000 h on 15 October 2011, in Pokfulam 
Country Park (22.268°N, 114.141°E, WGS84; elev. 250 m), Hong 
Kong, we observed an adult, gravid female X. brachykolos (5 cm 
SVL) sitting on a rock in a stream with a partly ingested earth-
worm (total length = 26 cm) in its mouth (Fig. 1). The earthworm 
was still alive and slowly wriggled out of the frog’s stomach and 
eventually escaped. The earthworm appeared to be at least dou-
ble the body size of the frog by volume and it seemed impracti-
cal for the frog to accommodate the whole worm in the stomach 

fig. 2. Overturned Scutiger boulengeri nest (lower middle) in Qing-
hai, China.

fig. 1. Overturned Scutiger boulengeri nest, guarded by a male, in 
Qinghai, China.
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even if the earthworm was dead. To our knowledge, this is the 
first record of such unusual feeding behavior of this species. 

Foraging of frogs is stimulated entirely by prey movement 
(Lettvin et al. 1959. Proc. IRE 47[11]:1940–1955), and frogs will 
attempt to ingest any prey that fits within its gape width limit. 
Without the ability to masticate, frogs are sometimes prone to 
mistakenly tackle prey larger than they can handle. The theory 
of optimal feeding strategy suggests that prey size selection 
is governed by the balance between the cost of handling and 
the benefit of eating the prey (Schoener 1966. Annu. Rev. Ecol. 
Syst. 2:369–404); therefore predators should not attempt to con-
sume large prey if handling proves too costly, even if they can 
physically ingest it. Frogs are possibly one of the few taxa that 
defy this theory. Feeding behavior of this sort, although rarely 
reported, may occur more often than expected. 

hon-Ki chAn, school of Biological sciences, University of Hong 
Kong, Hong Kong (e-mail: honkichan@gmail.com); AleX fiGueroA, de-
partment of Biological sciences, University of new Orleans, new Orleans, 
louisiana 70122, Usa (e-mail: afigueroa21@gmail.com).

teStudineS — turtleS

cHElONOiDiS cHilENSiS (Argentine Tortoise). ECTOPARA-
SITE. Chelonoidis chilensis ranges from southwestern Bolivia 
and western Paraguay south to northwestern Argentina (Bonin 
et al. 2006. Turtles of the World. Johns Hopkins Univ. Press, Bal-
timore, Maryland. 416 pp.). It is listed as a vulnerable species 
on the IUCN Red List of Threatened Species (http://www.iuc-
nredlist.org. Accessed 10 December 2012). Herein, we report a 
new host record for a tick found on C. chilensis.

A hatchling C. chilensis (voucher retained by the Museo de 
Historia Natural, Asunción, Paraguay) was collected by PSF in 
February 1996, 15.6 km S of Filadelfia and 37.7 km NW on the 
Ruta Transchaco (Dr. Carlos Antonio López) Highway, Boquerón 
District, Paraguay (22.3475°S, 60.2545°W; datum WGS84). It was 
infested with a single tick, which was placed in a vial contain-
ing 70% ethanol and sent to CTM. It was later forwarded to LAD 
for processing and identified as a female Ambylomma dissimile 
Koch, 1844. The specimen is deposited in the U.S. National Tick 
Collection, Statesboro, Georgia, under accession number RML 
122343. 

Although A. dissimile has been reported previously from am-
phibians and reptiles in Paraguay (Nava et al. 2007. Ann. Trop. 
Med. Parasitol. 101:255–270) this is the first time, to our knowl-
edge, that it has been reported from C. chilensis. This tick is a 
common ectoparasite of various Neotropical reptiles and/or am-
phibians in Central America, the Caribbean, and South America 
(Guglielmone et al. 2003. Ticks [Acari: Ixodida] of the Neotropical 
Zoogeographic Region. International Consortium on Ticks and 
Tick-borne Diseases, Atalanta, Houten, Netherlands. 173 pp.; 
Voltzit 2007. Acarina 15:3–134). It also occurs in Florida (Keirans 
and Durden 1998. J. Med. Entomol. 35:489–495). 

chriS t. mcAlliSter, science and Mathematics division, eastern 
Oklahoma state College, idabel, Oklahoma 74745, Usa (e-mail: cmcallis-
ter@se.edu); lAnce A. durden, department of Biology, georgia south-
ern University, statesboro, georgia 30458, Usa (e-mail: ldurden@georgia-
southern.edu); pAul S. freed, 14149 s. Butte Creek road, scotts Mills, 
Oregon 97375, Usa (e-mail: herps2apes@peoplepc.com).

cHRySEMyS picTA MARGiNATA (Midland Painted Turtle). 
AVIAN PREDATION. While conducting road-cruising surveys 
and systematic transect surveys to estimate reptile abundance 
from 1 May 2012 to 31 August 2012 on the Magnetawan First 
Nation, Ontario, Canada, we observed a high number of reptile 
road mortality events and predation on Chrysemys picta mar-
ginata by birds (Common Ravens (Corvus corax) and American 
Crows (Corvus brachyrhynchos)). The road mortality data are be-
ing used for another study; here we report the details of the avian 
predation events.

A total of 10 successful avian predation events on Painted 
Turtles (6 females, 2 males, 2 sex unknown) occurred between 
27 May 2012 and 11 June 2012. These dates correspond with 
Painted Turtle nesting season at our site, and the time when 
males are moving among marshes in search of mates (pers. obs.; 
Ernst and Lovich 2009. Turtles of the United States and Canada, 
2nd ed., John Hopkins Univ. Press, Baltimore, Maryland. 827 pp). 
An unsuccessful predation event occurred on 5 June 2012, when 
researchers chased a murder of American Crows off an adult fe-
male Painted Turtle who was flipped onto her carapace on the 
roadside. As they approached, the researchers noted a bird peck-
ing at the legs of the turtle. The turtle was not injured, thus, it is 
presumed that the researchers interrupted the predation event.

All of the 10 bodies collected from the successful predation 
events indicated a consistent method used by the Corvus spp. to 
predate the turtles. Typically, the turtle would be found flipped 
onto its carapace, and had an open wound in the inguinal space 
of the hind limbs (Fig. 1). This opening would allow the birds’ 
access to both entrails and eggs within gravid females. We found 
that the predation event did not immediately kill the turtle, but 
rather the turtle remained alive for 2–6 h post-predation (tim-
ing estimated based on durations between surveys). We found 
that over half of the individuals with internal organs missing still 
retained muscular function in their jaws and eyelids; it has been 
reported that brain function in freshwater turtles can persist for 
upwards of three hours after blood flow stops (Milton 2008. In 
Proceedings of the Turtle Stewardship and Management Work-
shop. Toronto Zoo, Toronto, Ontario. 17 pp).  Turtles that were 
found predated but alive were euthanized to prevent further suf-
fering. 

As a result of the high intelligence and socialized problem-
solving behaviors of Corvus spp. (Seed et al. 2008. Proc. Royal 
Soc. B, 275:1421–1429), and the uncommon occurrence of this 
method of predation, we suspect that this is a learned behavior 

fig. 1. Adult female Xenophrys brachykolos feeding on an earthworm 
much larger than its size in Hong Kong. The earthworm was still 
alive and slowly wriggled out of the frog’s stomach and eventually 
escaped.
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seen in the Magnetawan First Nation population (and perhaps 
other populations) of Corvus spp. rather than a genus-wide trait. 
Corvids have previously been documented to predate freshwater 
turtle eggs and hatchings (Rollinson and Brooks 2007. J. Herpe-
tol. 41:174–176; Ernst and Lovich 2009, op. cit.), and to predate 
juvenile Desert Tortoises (Gopherus agassizii; Boarman and 
Kristan 2006. Evaluation of Evidence Supporting the Effective-
ness of Desert Tortoise Recovery Actions. USGS Scientific Inves-
tigations Report 2006–5143, 27 pp.), but we found no published 
records of corvid predation on adult freshwater turtles. Birds of 
prey have been documented as avian predators of adult C. picta 
(Ernst and Lovich 2009, op. cit.). All of the corvid predation events 
we recorded occurred during spring, when the turtles are moving 
terrestrially in search of nest sites (females) or potential mates 
(males), so presumably the birds are targeting turtles when they 
out of the aquatic environment and most accessible.     

Across North America, turtle populations are in decline (Gib-
bons et al. 2000. BioScience 50:653–666). Turtle populations rely 
on high adult survivorship to offset low juvenile recruitment and 
delayed sexual maturity (Gibbs and Shriver 2002. Conserv. Biol. 
16:1647–1652), and any new source of adult mortality observed 
deserves further investigation, whether the source is anthropo-
genic (road mortality or habitat destruction) or ecological (inva-
sive or adapting species).    

Financial support for this research was provided by Magne-
tawan First Nation, Laurentian University, the Ontario Ministry 
of Natural Resources and the Ontario Ministry of Transportation. 
Jenn Baxter-Gilbert, Sean Boyle, Ron Maleau, and Chris Neufeld 
are thanked for their field assistance. All research was conducted 
under an approved Laurentian University Animal Care Commit-
tee protocol, and authorized by Magnetawan First Nation’s Chief 
and Band Council and the Ontario Ministry of Natural Resources. 

JAmeS BAXter-GilBert (e-mail: jx_baxtergilbert@laurentian.
ca), JuliA l. riley (e-mail: jx_riley@laurentian.ca), and JAcqueline 
d. litzGuS, laurentian University, sudbury, Ontario, P3e 2C6 (e-mail: 
jlitzgus@laurentian.ca).

cHRySEMyS picTA MARGiNATA (Midland Painted Turtle), 
EMyDOiDEA blANDiNGii (Blanding’s Turtle). HATCHLING 
MORTALITY. From 1 May to 31 August 2012, road-cruising and 
systematic transect surveys were conducted to quantify reptile 

road mortality. Surveys were conducted in three areas along 
highways in Ontario, Canada ([i] 13 km of Highway 69/400 in 
Sudbury District; [ii] 13 km of Highway 69/400 in Parry Sound 
District; and [iii] 6 km of Highway 529 in Magnetawan First Na-
tion). A total of 173 Chrysemys picta marginata and 36 Emydoi-
dea blandingii were found on the roads, and of this total, 31 of 
the C. picta (18%) and 1 of the E. blandingii (3%) were hatch-
lings. Of these hatchlings, all but one (97%) were found dead on 
the road (DOR); the only live hatchling was a C. picta found on 
Highway 529 (the lower traffic road) on 8 June 2012. The DOR 
hatchlings were found between 3 and 30 May 2012, the time pe-
riod coinciding with spring nest emergence of C. picta in Central 
Ontario after overwintering within the nest chamber (Riley 2012. 
M.Sc. Thesis, Laurentian University, Canada), and the move-
ment period of E. blandingii hatchlings from upland, terrestrial 
overwintering sites to wetlands (Paterson et al. 2012. Wildl. Res. 
39:408–418). Female turtles are attracted to road-side gravel for 
nesting (Gibbs and Steen 2005. Cons. Biol. 19:552–556; Gibbs and 
Shriver 2002. Cons. Biol. 16:1647–1652). This behavior may not 
only increase the mortality risk to nesting females, but also in-
creases mortality risk to the hatchlings through increased depre-
dation and vehicle impact on roadways (Steen and Smith 2006. 
Herpetol. Cons. Biol. 1:9–15). 

Collisions with vehicles are a known source of mortality for 
adult turtles, and this mortality can have population-wide ef-
fects. For instance, road morality skews sex ratios within popula-
tions (Gibbs and Steen, op. cit.) and decreases population sizes 
(Gibbs and Shriver, op. cit.). There has been extensive research 
examining the negative effects of road mortality on turtle popu-
lations, particularly pertaining to mortality of breeding females 
during nesting (Steen et al. 2006. Anim. Cons. 9:269–273; Gibbs 
and Steen, op. cit.; Marchand and Litvaitis 2004. Cons. Biol. 
18:758–767). However, little research has documented the threats 
traffic and roads pose to the hatchling life-stage of turtles. Re-
search on sea turtles has demonstrated that vehicular traffic on 
nesting beaches can negatively affect hatchlings by compacting 
substrate and preventing emergence from the nest, by disorient-
ing hatchlings during migration from nest chamber to sea, and 
even killing hatchlings during collisions (Buckley 2004. Environ-
mental Impacts of Ecotourism. CABI Publishing, New York. 389 
pp.; Mann 1977. M.Sc. Thesis, Florida Atlantic University). For 
freshwater turtles, roads negatively affect eggs and hatchlings by 
increasing nest depredation (Steen and Smith, op. cit.); however, 
we are not aware of any documented cases of hatchling road 
mortality from vehicle impact. 

The presence and mortality rate of hatchling turtles found on 
roads in our study was likely an underestimation for two reasons. 
First, scavengers patrol roadways and quickly remove dead indi-
viduals, reducing the likelihood of their discovery (Hubbard and 
Chalfoun 2012. Herpetol. Cons. Biol. 7:150–156). Second, our 
methodology did not include road surveys during the fall nest 
emergence period. Although high hatchling mortality is likely 
common for turtles (Heppell et al. 1996. Ecol. Appl. 6:556–565), 
unnaturally high levels of hatchling mortality can exacerbate 
population declines (Crouse et al. 1987. Ecology 68:1412–1423; 
Crowder et al. 1994. Ecol. Appl. 4:437–445; Seburn 2007. Recovery 
Strategy for Species at Risk Turtles in Ontario. Ontario Multi-Spe-
cies Turtles at Risk Recovery Team, Canada). Roads are known to 
threaten turtle populations, and our observations demonstrate 
that these threats are present throughout all life stages of turtles. 

We thank Jenn Baxter-Gilbert, Sean Boyle, Ron Maleau, and 
Chris Neufeld for their field assistance. Financial support for 

fig. 1. Predation of Chrysemys picta marginata by Common Ravens 
(Corvus corax) and American Crows (Corvus brachyrhynchos). The 
avian predator would create an opening in the inguinal spaces of the 
hind limbs and then access the entrails and eggs of the turtle through 
that opening.
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and the Ontario Ministry of Transportation. All research was 
conducted under an approved Laurentian University Animal 
Care Committee protocol, and authorized by Magnetawan First 
Nation’s Chief and Band Council and the Ontario Ministry of 
Natural Resources. 

JAmeS BAXter-GilBert (e-mail: jx_baxtergilbert@laurentian.ca), 
JuliA l. riley (e-mail: jx_riley@laurentian.ca), and JAcqueline d. 
litzGuS (e-mail: jlitzgus@laurentian.ca), laurentian University, sudbury, 
Ontario, P3e 2C6, Canada.

cHRySEMyS picTA picTA (Eastern Painted Turtle). MOR-
PHOLOGY. Bicephaly, or having two heads, was known for Chry-
semys picta from at least as far back as the late 1800s (Barbour 
1889. St. Nicholas 16:525–527). Here we report the first observa-
tion of this morphological anomaly for Maine. 

On 26 April 2012, an immature C. p. picta was observed moving 
across the lawn of a residence in Alfred, York Co., Maine, USA. Due 
to the time of year and the turtle’s age (<1 yr old), it likely over-
wintered in the nest and had recently emerged (Fig. 1). The turtle 
was brought to a local wildlife rehabilitation center, and although 
it initially appeared healthy and fed normally with both heads, it 
died on 20 June 2012. Aside from possessing two heads the only 
other morphological anomaly observed is the presence of an extra 
marginal scute on each side of the carapace. The specimen has 
been deposited at the Yale Peabody Museum (YPM 18600). 

JonAthAn d. mAyS, reptile, amphibian, and invertebrate group, 
Maine department of inland Fisheries & Wildlife, 650 state st., Bangor, 
Maine 04401, Usa (e-mail: maysjd@gmail.com); trevor B. perSonS, 
206 Bigelow Hill road, norridgewock, Maine 04957, Usa (e-mail: trevor.
persons@nau.edu).

EMyDOiDEA blANDiNGii (Blanding’s Turtle).  FORAGING 
AND DIET.  Emydoidea blandingii is thought to be primarily 
carnivorous.  Although the majority of reported prey consists of 
invertebrates, a wide variety of vertebrate prey has been docu-
mented, including fish, anurans, turtles, and birds. Fish most 
likely comprise the bulk of vertebrate prey (Ernst and Lovich 
2009. Turtles of the United States and Canada, 2nd ed. Johns Hop-
kins Univ. Press, Baltimore, Maryland. 827 pp.).  

On 6 May 2010 an adult E. blandingii was observed swim-
ming in a roadside ditch adjacent to a mixed shrub-scrub and 
cattail (Typha sp.) wetland (44.666455°N, 75.229485°W; WGS 84) 
in St. Lawrence Co., New York, USA.  The turtle proceeded to dive 
below a floating mat of European Frogbit (Hydrocharis morsus-
ranae) and resurfaced grasping a still moving Central Mudmin-
now (Umbra limi) in its mouth.  The turtle then dove below the 
vegetation mat a second time, where it presumably consumed 
the U. limi.  This is the first documented instance of E. blandin-
gii preying upon U. limi.  This observation is significant due to 
the fact that both species occupy eutrophic, shallow water wet-
lands and are focally distributed around the Great Lakes region 
(Ernst and Lovich 2009, op. cit.;  Hubbs et al. 2004. Fishes of the 
Great Lakes region, rev. ed. University of Michigan Press, Ann Ar-
bor, Michigan. 276 pp.). Because of this, U. limi may be a food 
source for E. blandingii throughout a substantial portion of its 
range.  It is also significant that this predation event occurred in 
and around the exotic H. morsus-ranae, a fairly recent invader 
of the wetlands of north-central St. Lawrence Co. (Catling and 
Dore 1982. Rhodora 84[840]:523–545).  The presence of H. mor-
sus-ranae has been shown to functionally alter invaded wetlands 
(Catling et al. 1988. Nat. Can. 115[2]:131–137), and may also have 
unknown effects on the ecology of E. blandingii. 

JAmeS p. flAherty, Center of excellence for Field Biology, aus-
tin Peay state University, Clarksville, Tennessee 37040, Usa (e-mail: jfla-
herty1@my.apsu.edu); Glenn JohnSon, department of Biology, state 
University of new York at Potsdam, Potsdam, new York 13676, Usa (e-mail: 
johnsong@potsdam.edu). 

HOMOpUS FEMORAliS (Greater Padloper). REPRODUCTION. 
The reproduction of Homopus femoralis has not been systemati-
cally studied, but field guides report that the species produces 
clutches containing up to three eggs in spring (November) and 
summer, at egg lengths (EL) of 29–36 mm, and egg widths (EW) 
of 25–27 mm (Boycott and Bourquin 2000. The Southern African 
Tortoise Book. Privately printed, Hilton, South Africa. 228 pp.; 
Branch 2008. Tortoises, Terrapins and Turtles of Africa. Struik 
Publishers, Cape Town. 128 pp.). I radiographed wild females 
(SCL > 114 mm based on females reproducing in captivity, pers. 
obs.) from Beaufort West Municipality, South Africa, in Decem-
ber 2008, February 2010 (summer), and October 2011 (spring), 
and recorded SCL and shell volume (SV, Loehr et al. 2004. Her-
petologica 60:444–454) for each individual. I measured pelvic 
widths (PW), EL, and EW on radiographs to the nearest 0.5 mm, 
and corrected measurements to actual dimensions (Graham and 
Petokas 1989. Herpetol. Rev. 20:46) using a focus to film distance 
of 1000 mm, an egg radius of 13.54 mm, and an estimated dis-
tance between film and egg of 5 mm. Egg lengths of some eggs 

fig. 1. Bicephalic Chrysemys p. picta from Alfred, York Co., Maine, 
photographed on 19 May 2012.

tABle 1. Means, standard deviations, and ranges of pelvic widths 
(mm), clutch and egg dimensions (mm) and volumes (cm3), in three 
wild Homopus femoralis females.

 Mean SD Range N

Clutch size 3.0 1.73 1–4 3

Clutch volume 36.5 23.01 9.92–50.35 3

Egg length 31.3 2.93 28.0–33.6 3

Egg width 26.6 0.51 26.02–27.0 3

Egg volume 11.6 1.46 9.9–12.6 3

Pelvic width 31.7 1.24 30.4–32.9 3
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may have been underestimated when long axes of eggs were not 
parallel to the film plane. The corrected EL and EW was used 
to estimate egg volume (EV, Loehr et al. 2004, op. cit.). To avoid 
pseudoreplication, mean dimensions for all eggs in a clutch (i.e., 
eggs with the same level of calcification) were treated as single 
samples.

Six females (SCL 116.64–137.29 mm; SV 269.15–447.86 cm3) 
radiographed in summer did not contain calcified eggs. In spring 
all three individuals that were radiographed contained calcified 
eggs: one female (SCL 130.54 mm; SV 392.38 cm3) contained one 
egg, and two others (SCL 127.36 and 133.46 mm; SV 389.18 and 
393.16 cm3) each contained a clutch of four eggs (Fig. 1; Table 1). 
Clutch volume was 2.5–12.8% of SV.

Egg dimensions tended to fall within the range published 
previously, and their production did not appear to require pel-
vic kinesis. The recorded clutch size represents a new maximum 
for the species. Clutch volume relative to SV exceeded the ratio 
found for congener Homopus signatus that produces relatively 
large eggs (Loehr et al. 2011. Copeia 2011:278–284). The lack of 
females with calcified eggs in summer may indicate that the spe-
cies’ low activity level (Loehr 2012. Afr. Zool. 47:294–300) enables 
it to produce only a single clutch annually.

     Thanks are extended to Beaufort West Hospital (Marcel van 
Wyk in particular) for radiographing the tortoises.

victor J. t. loehr, Homopus research Foundation, Kwikstaartpad 
1, 3403ZH iJsselstein, netherlands; e-mail: loehr@homopus.org.

KiNOSTERNON FlAvEScENS FlAvEScENS (Yellow Mud Tur-
tle). ROAD-CARRION FEEDING. Kinosternon flavescens flaves-
cens is found in almost any quiet water within its range but read-
ily moves over land, occasionally migrating between bodies of 
water (Ernst et al. 1994. Turtles of the United States and Canada. 
Smithsonian Institution Press, Washington, D.C. 578 pp.). Stud-
ies from Oklahoma revealed that the diet of adult K. flavescens 
comprises, by volume, Insecta (27.8%), Crustacea (27.7%), Mol-
lusca (23.5%), Amphibia (9.2%), aquatic vegetation (8.5%), and 
carrion (3.2%) (Mahmoud 1968. Herpetologica 24:300–305). Giv-
en that carrion is such a limited part of the diet of K. flavescens 
and no records of road scavenging were found for any species in 
the genus Kinosternon, herein I describe K. f. flavescens scaveng-
ing on a dead-on-road (DOR) Striped Skunk (Mephitis mephitis). 

While driving on 3 July 2010, I noticed a small turtle near the 
carcass of a Striped Skunk on the shoulder of U.S. Hwy. 82, ca. 
1.5 km W of Crosbyton, Crosby Co., Texas, USA. Closer exami-
nation revealed that a male K. f. flavescens (carapace = 135 mm; 
plastron = 104 mm) was feeding on the extruded organs of the 
recently struck Striped Skunk. The turtle and skunk were subse-
quently moved to the grassy bar-ditch where the turtle began to 
re-feed on the entrails. Heavy rains occurred in the area during 
the previous two weeks and probably initiated the K. f. flavescens 
to move between local playa lakes found on either side of the 
highway. Rainfall is known to stimulate movement in K. flave-
scens (Ernst et al. 1994, op. cit.), a behavior also observed in K. 
subrubrum where a mass movement and mass road mortality 
followed a local “deluge of rain” (Crawford and Doyle 2010. Her-
petol. Rev. 41:71). The discovery of the skunk by the K. f. flaves-
cens was probably incidental to a post rainfall migration.

Many fully aquatic turtles are known to utilize carrion (Ernst 
et al. 1994, op. cit.) but most are spatially limited to DOR scav-
enging, whereas tortoises and terrestrial turtles have a more di-
rect access to scavenge DOR carrion. Examples include Gopher 
Tortoises (Gopherus polyphemus) scavenging a dry, flattened 
Great-horned Owl (Bubo virginianus) and an armadillo (Dasy-
pus novemcinctus) (Jackson and Ostertag 1999. Herpetol. Rev. 
30:40); an Eastern Box Turtle (Terrapene carolina) feeding on the 
entrails of a DOR Agkistrodon contortrix (Jensen 1999. Herpetol. 
Rev. 30:95); an Ornate Box Turtle (T. ornata) eating the entrails 
of a DOR Bufo cognatus (Hill and Wilcoxen 2005. Herpetol. Rev. 
36:443); and a Desert Box Turtle (T. ornata luteola) found on a 
road with a DOR Phrynosoma modestum in its mouth (Germano 
2009. Herpetol. Rev. 40:80). Opportunistic scavenging of DOR 
vertebrates by wandering turtles and tortoises is potentially a 
significant dietary resource. However, it also encourages turtles 
to loiter along roadways and is a potential source of mortality in 
these situations.

Stephen KASper, lake alan Henry Wildlife Mitigation area, City of 
lubbock, lubbock, Texas 79457, Usa; e-mail: skasper@mail.ci.lubbock.tx.us. 

KiNOSTERNON iNTEGRUM (Mexican Mud Turtle). ECTO-
PARASITES. Leeches (Hirudinea) are common ectoparasites of 
aquatic reptiles, especially of turtles and crocodilians, and can 
cause anemia, bacterial, and protozoal infections in their hosts 
(Lane and Mader 1996. In D. R. Mader [ed.], Reptile Medicine and 
Surgery, pp. 185–203. W. B. Saunders Co., Philadelphia, Pennsyl-
vania). In Mexico only 27 species of leeches are known, of which 
three belong to the genus Placobdella (Oceguera-Figueroa et al. 

fig. 1. Radiograph of a female Homopus femoralis containing four 
eggs.
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2010. Sanguijuelas. CONABIO. Biodiversitas 90:1–5). This genus 
is well represented in North America, with members that feed al-
most exclusively on freshwater turtles (Sawyer 1972. Illinois Biol. 
Monogr. 46:18–23).

Here we report a new host record and mean intensity data 
for Placobdella mexicana, which was previously recorded on 
Kinosternon hirtipes (Lamothe  Argumedo et al. 1996.  Catálogo 
de la Colección Nacional de Helmintos. Universidad Nacional  
Autónoma de México, México), and we document the first record 
of freshwater crayfish (Cambarellus montezumae) feeding on a 
K. integrum carcass.

 On 18 August 2012, during fieldwork around a pond’s edge 
in the Municipality of Chapala, Jalisco, México (20.323612°N, 
103.218758°W, datum WGS 84; elev. 1790 m), we found one dead 
adult specimen of K. integrum (JLB-R022: carapace length [CL] 
= 138.80 mm) at 2105 h. The specimen showed a perforation be-
tween the fourth and fifth vertebral scute of the carapace, sug-
gesting that death was caused by a gunshot. Upon examination 
of the carcass we observed adult individuals of crayfish feeding 
actively on the carcass (Fig. 1A); crayfish specimens were col-
lected and identified as Cambarellus montezumae (Saussure, 
1857) (Crustacea: Decapoda: Cambaridae). This feeding be-
havior can be related to their general and opportunistic habits, 
including cannibalism, previously reported (Gherardi 2002. In 
D. M. Holdich [ed.], Biology of Freshwater Crayfish, pp. 258–
290. Blackwell Science, Oxford, UK). Moreover, we found two 
parasitic leeches on the K. integrum carcass, both in soft tissue 
on the neck; these were collected and identified as Placobdella 
mexicana Moore, 1898 (Hirudinea: Rhynchobdellida: Glossi-
phoniidae). Additionally, we have five records of living speci-
mens of K. integrum parasitized by leeches (P. mexicana) found 

at Chapala’s lakeshore on 27 March 2012 (2 specimens) and 18 
November 2012 (3 specimens) (20.314078°N, 103.135139°W, da-
tum WGS 84; elev. 1530 m). In these five specimens the mean 
intensity of infection (mean number of leeches per infected 
turtle ± SD) was 11.2 ± 16.54 SD, range = 1–44. The affected body 
parts were the ventral surface of the plastron, and soft tissues 
of the neck, limbs (specially front and hind limb cavities), and 
tail (Fig. 1B, C, D).

All samples (crayfish and leeches) were deposited at the En-
tomological Collection, Centro de Estudios en Zoología, CUCBA, 
Universidad de Guadalajara (CZUG), and the Colección Nacio-
nal de Helmintos, Instituto de Biología, Universidad Nacional 
Autónoma de México (UNAM).  JLB-R was supported by a Schol-
arship from CONACYT for his Master degree.

JoSé luiS BArrAGán-rAmÍrez, (e-mail: barragan5478@yahoo.
com.mx), Centro Universitario de Ciencias Biológicas y agropecuarias 
(CUCBa), Universidad de guadalajara, Carretera a nogales Km. 15.5, la 
agujas, nextipac, Zapopan, Jalisco, México; AleJAndro oceGuerA-
fiGueroA, laboratorio de genética evolutiva, instituto Cavanilles de Bio-
diversidad y Biología evolutiva, Universidad de Valencia, españa; JoSé de 
JeSÚS AScencio-ArrAyGA, fidel rodriGuez-rAmÍrez and JoSé 
luiS nAvArrete-herediA, Centro Universitario de Ciencias Biológicas 
y agropecuarias (CUCBa), Universidad de guadalajara, Carretera a nogales 
Km. 15.5, la agujas, nextipac, Zapopan, Jalisco, México. 

MAlAclEMyS TERRApiN (Diamond-backed Terrapin). 
COASTAL EROSION AND NEST MORTALITY. Malaclemys ter-
rapin inhabits coastal salt and brackish marshes from Texas to 
Massachusetts along the Gulf and Atlantic coasts of the United 
States (Ernst and Lovich 2009. Turtles of the United States and 
Canada, 2nd ed. John Hopkins Univ. Press, Baltimore, Maryland. 
827 pp.). Terrapins usually nest in sandy or porous substrates 
along coastal beaches, sand dunes, sand spits, or shell islands. 
In these habitats, nesting usually occurs above mean high tide 
levels and in areas with little erosion (Burger 1977. Am. Midl. 
Nat. 97:444–464). However, Roosenburg (1992, Ph.D. disserta-
tion, Univ. of Pennsylvania) and Butler et al. (2004. Am. Midl. 
Nat. 152:145–155) noted that terrapin nests were sometimes 
“washed out” by high tides or buried by shifting sand, but nest 
loss due to large-scale, coastline erosion has not been reported. 
Herein we report on a terrapin nest that was destroyed by barrier 
island erosion in coastal Louisiana, with discussion on potential 

fig. 1. A) Individuals of Cambarellus montezumae tearing tissue from 
the Kinosternon integrum carcass. B) A leech individual on the hind 
right web foot. C) Two leeches on the plastron surface. D) Leech mass 
individuals inside of the left hind limb cavity.

fig. 1. Evidence of coastal erosion that has encroached into the nest 
cavity of a Diamondback Terrapin (Malaclemys terrapin) nest on the 
island of East Grand Terre (Plaquemines Parish, Louisiana).
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population-level consequences that coastal erosion may have 
on Louisiana terrapin populations.

On 15 May 2012, one of us (MC, U.S. Coast Guard) was on 
the island of East Grand Terre (Plaquemines Parish, Louisiana) 
and noted an exposed terrapin nest along the edge of an eroding 
shoreline (29.306541°N, 89.874788°W). MC took a photograph of 
the nest (Fig. 1) and sent it to the additional authors (BS, AW, JW, 
and WS), all biologists with the Louisiana Department of Wildlife 
and Fisheries (LDWF). This was almost certainly a terrapin nest 
as there is no other nesting turtle species recorded for the island 
(A. White, unpubl. data). Unfortunately, LDWF biologists could 
not arrange a boat trip to revisit the site for a month and there-
fore could not confirm the fate of the nest (i.e., nest failure direct-
ly or indirectly linked [nest desiccation] to shoreline erosion). BS 
searched the location on 13 June 2012 and found no exposed 
nest, but only an undercut beach shoreline in the nest location. 
This shoreline is known to be frequently subjected to high rates 
of erosion during times of unusually high tides and storms (Fig. 
2). This nest can be presumed lost, thus this observation repre-
sents the first reported terrapin nest destroyed, whether directly 
or indirectly, by landscape-level coastal erosion.

Unfortunately, the State of Louisiana is losing coastal marsh-
es and barrier islands at alarming rates due to coastal erosion 
and coastal conversion of land to water. The greatest land losses 
in coastal Louisiana occur in the Mississippi Deltaic Plain (Bar-
ras et al. 2008. USGS Sci. Inv. Map 3019), which also holds the 
most confirmed terrapin localities in the state (Dundee and 
Rossman 1989. The Amphibians and Reptiles of Louisiana. Loui-
siana State Univ. Press, Baton Rouge. 316 pp.). Land losses have 
also impacted many barrier island complexes which have been 
lost or highly degraded over the last few decades (e.g., Chande-
leur Islands, Isle Dernieres). 

With terrapins using “fringe” brackish and saline marshes 
that are being lost annually, as well as utilizing rapidly eroding 
barrier islands for nesting habitat, these factors could detrimen-
tally impact the long-term viability of Louisiana terrapin popu-
lations. These factors, along with a paucity of knowledge about 
terrapins in the state, have led to an increased interest in terrapin 
research in Louisiana (see Selman and Baccigalopi 2012. Herpe-
tol. Rev. 43:583–588). Current and future research will focus on 

documenting the distribution and abundance of the species in 
the state (Selman et al., unpubl. data), as well as documenting 
nesting beaches and nesting ecology of terrapins in coastal Loui-
siana (White et al., unpubl. data). 

We acknowledge the Office of Wildlife and Office of Fisher-
ies of LDWF for their support of current and future Diamond-
backed Terrapin research.

Will SelmAn, rockefeller Wildlife refuge, louisiana department 
of Wildlife and Fisheries, 5476 grand Chenier Highway, grand Chenier, 
lousiana 70643, Usa (e-mail: wselman@wlf.la.gov); Ben Stultz, Jon J. 
WieBe, and ArielWhite, louisiana department of Wildlife and Fisheries, 
102 Magnate dr., suite 201, lafayette, louisiana 70508, Usa; Me2 mArK 
cAmAcho, United states Coast guard, UsCg station apra Harbor, PsC 
455 Box 176, FPO aP 96540-1056, guam.

MAlAclEMyS TERRApiN (Diamond-backed Terrapin). 
DREDGING FORAGING BEHAVIOR. Diamond-backed Ter-
rapins are the only species of turtle specialized to inhabit the 
brackish coastal ecosystems along the Atlantic and Gulf coasts 
of North America. They show unique physiological and behav-
ioral adaptations that enable them to live within these saline 
environments (Cowan 1971. Can. J. Zool. 49:691–697; Cowan 
1990. Can. J. Zool. 68:1520–1524; Davenport and Macedo 1990. 
J. Zool. Lond. 220:487–496; Gilles-Baillien 1973. J. Exp. Biol. 
59:39–43; Hart and Lee 2006. Stud. Avian Biol. 32:206–213). Dia-
mond-backed Terrapins also inhabit Bermuda, a group of small 
islands (32.30889°N, 64.74599°W; WGS 84) situated 965 km ESE 
of Cape Hatteras, North Carolina, USA. This population, the only 
one outside the USA, is considered native (Parham et al. 2008. 
Biol. Lett. 4[2]:216–219) and is found only in four brackish water 
ponds located at the eastern end of the archipelago. All four bod-
ies of water are situated within a single square kilometer of area 
on a private golf course and are separated from each other by 
<380 m of land (MO, unpubl. data).

Diamond-backed Terrapins are carnivorous and feed primar-
ily upon a variety of marine molluscs and crustaceans (namely 
periwinkles, crabs, mussels, and clams) throughout their North 
American range (Tucker et al. 1995. Herpetologica 51:167–181; 
Spivey 1998. M.Sc. thesis, Univ. North Carolina. 80 pp.; Roos-
enburg et al. 1999. Chel. Cons. Biol. 3:425–429; Petrochic 2009. 
M.Sc. thesis, Long Island Univ. 66 pp; Butler et al. 2012. Chel. 
Cons. Biol. 11[1]:124–128; Erazmus 2012. M.Sc. thesis, Hofstra 
Univ. 46 pp). These studies indicate that there are geographic 
differences in the diet of terrapins that may reflect variations 
in prey availability and accessibility. This turtle appears to be a 
predator that normally uses visual cues while foraging, showing 
selectivity in the prey that it eats (Davenport et al. 1992. J. Mar. 
Biol. Assoc. U.K. 72:835–848; Tucker et al. 1995. Herpetologica 
51:167–181; Tucker et al. 1997. Amer. Midl. Nat. 138:224–229).

A study investigating the biology, including diet and feed-
ing ecology, of Bermuda’s Diamond-backed Terrapins was per-
formed between 2008 and 2012. One of the brackish ponds 
where the Bermuda population resides (South Pond) is small 
(0.44 ha), non-tidal, very shallow (mean depth 35 cm), and con-
tains a 0.27 ha grass-dominated marsh in its center. The annual 
salinity (measured with an optical refractometer) averaged 10.8 
practical salinity units during this period, and the water clarity 
was often very good, which presented excellent opportunities for 
observing the terrapins. South Pond has also been incorporated 
as a water hazard feature on the golf course for the past eight 
decades. The terrapins that reside in this pond have become ha-
bituated to the frequent presence of people and readily forage in 

fig. 2. An example of a rapidly eroding shoreline near the locality of 
the terrapin nest on East Grand Terre Island (Plaquemines Parish, 
Louisiana). Note the installed sand fencing—a dune formation and 
coastal erosion control measure—that is also being lost to coastal 
erosion.
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the presence of observers. During the five-year study period, ter-
rapins were commonly observed moving slowly along the bot-
tom of the pond taking successive mouthfuls of sediment during 
both diurnal and nocturnal surveys. The head was often buried 
within the sediment during this behavior. The benthic sediment 
in South Pond is gelatinous and sapropelic, consisting of highly 
organic mud and detritus. It also contains the deposit-feeding 
thiarid gastropod Melanoides tuberculata, a non-native burrow-
ing species that is known to reach densities <23,000 m-2 (Roessler 
et al. 1977. Florida Sci. 40[1]:87–94). Melanoides tuberculata is 
parthenogenetic and viviparous; breeding females (5+ mm shell 
length) release large numbers of juveniles (1–2 mm shell length) 
(Appleton et al. 2009. Zool. Meded. 83:525–536).

Such dredging-style foraging behavior has not been reported 
in the scientific literature before, possibly because the incon-
spicuous nature of Diamond-backed Terrapins, together with 
the turbid waters of the brackish coastal environments in North 
America where they feed, have precluded effective foraging ob-
servations in the wild. It is evidently a behavioral adaptation that 
has allowed terrapins in Bermuda to take advantage of the small 
benthic gastropods inhabiting the gelatinous pond sediment. 
Given the small size and burrowing habit of these gastropods, 
we propose that Bermuda’s terrapins are haphazardly consum-
ing the sediment (“deposit-feeding”) in a manner that increases 
the chances of incidentally ingesting the small gastropods found 
within it. In support of this hypothesis, we have conducted fecal 
analyses that confirm that Bermuda’s terrapins are consuming 
high numbers of small M. tuberculata, together with large quan-
tities of sediment (MO, unpubl. data). This foraging behavior is 
inevitably exposing them to harmful contaminants (particularly 
heavy metals, gasoline-range and diesel-range petroleum hy-
drocarbons, and polycyclic aromatic hydrocarbons) that have 
been found within this medium (Fort et al. 2006. Appl. Herpetol. 
3:143–172; J. Bacon, pers. comm.).

mArK e. outerBridGe, department of Conservation services, 17 
north shore road, Flatt’s Village, Fl04, Bermuda (e-mail: mouterbridge@
gov.bm); John dAvenport, school of Biological, earth and environmen-
tal sciences, University College Cork, north Mall Campus, Cork, ireland (e-
mail: j.davenport@ucc.ie).

pHRyNOpS GEOFFROANUS (Geoffroy’s Side-necked Turtle). 
ENDOPARASITE. Phrynops geoffroanus is a freshwater chelid 
turtle that occurs in South America from Colombian Amazo-
nia to the Brazilian state of Rio Grande do Sul, and from Uru-
guay to northern Argentina (Lema and Ferreira 1990. Acta Biol. 
Leopoldensia 12:125–164; McCord et al. 2001. Rev. Biol. Trop. 
49:715–764). It inhabits the shallow areas of both lakes and rivers 
(Pritchard and Trebbau 1984. The Turtles of Venezuela. Society 
for the Study of Amphibians and Reptiles, Oxford, Ohio. 403 pp.; 
Ernst and Barbour 1989. Turtles of the World. Smithsonian In-
stitution Press, Washington. 313 pp.). In Brazil, this species can 
be common in rivers in urban areas (Souza and Abe 2001. Stud. 
Neotrop. Fauna Environ. Ecol. Syst. 36:57–62.; Lisboa et al. 2004. 
Arq. Inst. Biol. 71:392–393). The trematode parasites of Brazilian 
P. geoffroanus are apparently poorly known. Between 2006 and 
2007, six specimens of P. geoffroanus that were already deposited 
in the Coleção Herpetológica of the Departamento de Zoolo-
gia, Universidade Federal de Juiz de Fora (UFJF) (CHLZ - UFJF 
564–568, 570) were necropsied. All specimens are from the mu-
nicipality of Juiz de Fora, Minas Gerais state, Brazil (21.68888°S, 
43.34444°W). Trematodes were collected from the small intes-
tine of two male adult host specimens (prevalence: 33.5%, mean 

intensity: 4 parasites per infected host). After collection, the 
parasites were fixed in AFA (70% ethanol, 93 parts; 37% forma-
lin, 5 parts; glacial acetic acid, 2 parts) for 48 h, and preserved 
in 70% ethanol. For identification, the parasites were stained 
in Delafield’s hematoxylin or Mayer’s carmalum and mounted 
in Canada balsam for examination as whole mounts. Voucher 
specimens (CHIOC 37838) were deposited in the Instituto Os-
waldo Cruz Helminthological Collection (CHIOC), Rio de Ja-
neiro, Brazil. All parasites were identified as Cheloniodiplostum 
sp. (Digenea, Proterodiplostomidae) according to Gibson et al. 
(2002. Keys to the Trematoda, Volume 1. CABI Publishing, Lon-
don. 544 pp.). In Brazil, previous publications have reported the 
trematode Cheloniodiplostomum testudinis (Dubois, 1936) in 
unidentified host turtles (Dubois 1936. Rev. Suisse Zool. 43:507–
515; Travassos et al. 1969. Mem. Inst. Oswaldo Cruz 67:1–886). 
Cheloniodiplostum brevis (MacCallum, 1921) is the only species 
of this genus that has been recorded in P. geoffroanus, from Co-
lombia (Dubois 1978. Rev. Suisse Zool. 85:607–615). Therefore, 
this report represents the first Brazilian record for parasitism by 
Cheloniodiplostomum sp. specifically in P. geoffroanus.

iArA AlveS novelli, núcleo de Pesquisa em Ciências Biológicas, 
Centro Universitário de lavras, rua Padre José Poggel, 506, Centenário, 
CeP37200-000, lavras, Minas gerais, Brazil (e-mail: iaranovelli27@gmail.
com); BernAdete mAriA de SouSA, laboratório de Herpetologia, 
departamento de Zoologia, Universidade Federal de Juiz de Fora (UFJF), 
Campus Universitário, s/n, Martelos, CeP 36036-900, Juiz de Fora, Mg, Bra-
zil (e-mail: bernadete.sousa@gmail.com); Sueli de SouzA limA, labo-
ratório de Taxonomia e ecologia de Helmintos, departamento de Zoologia, 
Campus Universitário, s/n, Martelos, CeP 36036-900, Juiz de Fora, Mg, Bra-
zil (e-mail: ssouzalima10@gmail.com); fABiAno mAtoS vieirA, labo-
ratório de Parasitologia de Peixes, departamento de Parasitologia animal, 
Universidade Federal rural do rio de Janeiro, seropédica, Brazil (e-mail: 
fmatosvieira@gmail.com).

pHRyNOpS TUbEROSUS (Cotinga River Toad-headed Turtle). 
BIFID TAIL. Axial bifurcation is the result of a mutation or devel-
opmental error in the embryonic development of organisms that 
may lead to the emergence of bizarre morphology such as two-
headed animals (Buffetaut et al. 2007. Biol. Lett. 3:80–81; Wallach 
2007. Bull. Maryland Herpetol. Soc. 43[2]:57–62). This phenom-
enon can also lead to bifid tails in chelonians (Kuchling 2005. 
Chelon. Cons. Biol. 4[4]:935–937). These animals do not demon-
strate true tail autotomy, but a case of regeneration of this body 
part and subsequent formation of a bifurcated tail is found in 
the literature (Kuchling 2005, op. cit.). Rahman (2011. Herpetol. 
Rev. 42[2]:265) also noted the occurrence of bifid tail in Chelydra 
serpentina, but the cause of the split was not determined. Here 
we report the occurrence of bifid tails in individuals of Phrynops 
tuberosus captured in field expeditions conducted in April, June, 
and July 2012. This is apparently the first record of bifid tails in 
South American chelids.

We captured four adult P. tuberosus (three males and one 
female) with bifid tails in the Banabuiu River, in the village of 
Laranjeiras, Ceará, Brazil. The animals had straight-line cara-
pace lengths of 21.05 cm, 24.06 cm, 23.8 cm, and 17.4 cm, respec-
tively. The bifid tails found in this study were of normal length 
and width, but their tips were duplicated in the horizontal plane. 
This pattern is very similar to that reported for C. serpentina by 
Rahman (2011, op. cit.). 

The lack of difference in size between the bifid tails and nor-
mal ones suggests that the cause of this phenomenon may be 
axial bifurcation. However, the repetition of the event (in four 
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animals) may raise doubt about this explanation, because the 
probability of such mutations is presumably low. The occurrence 
of cartilaginous regeneration of an injured tail can also lead tail 
bifurcation tails in chelonians (Kuchling 2005, op. cit.). However, 
we were unable to do X-ray examination of these turtles, prevent-
ing a more precise diagnosis. The regeneration pattern reported 
by Kuchling (2005, op. cit.) is similar to that found in lizards, 
wherein the missing part is replaced by fibrous or cartilaginous 
or calcified tissue (Zug et al. 2001. Herpetology: An Introductory 
Biology of Amphibians and Reptiles. Academic Press, New York. 
630 pp.). If the cases reported here were confirmed to be based 
on regeneration, it would be the second record of this ability in a 
chelid turtle. Studies on tail bifurcation in turtles could someday 
reflect on questions of the phylogenetic history of tail autotomy 
and regeneration in amniotes.

We acknowledge Djan Zanchi Silva and James Harding for 
providing valuable comments on the manuscript and the Con-
selho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq) for the scholarship that helped fund this study.

JoÃo fABrÍcio motA rodriGueS (e-mail: fabriciorodrigues303@
gmail.com) and JoSé roBerto feitoSA SilvA, Programa de Pós-grad-
uação em ecologia e recursos naturais, Universidade Federal do Ceará, 
Campus do Pici, Bloco 902, 60455-970, Fortaleza-Ceará, Brazil.

STAUROTypUS TRipORcATUS (Giant Musk Turtle; Guao de 
Tres Filas). PREDATION. Staurotypus triporcatus is a large fresh-
water turtle that occurs on the Atlantic versant from central Ve-
racruz, Mexico, to northwestern Honduras. Adults can reach 400 
mm carapace length (Iverson 1983. Cat. Amer. Amphib. Rept. 
328.1–328.2), and apparently have few documented natural 
predators. Pritchard (1979. Encyclopedia of Turtles. T.F.H. Pub-
lishing, Neptune, New Jersey. 895 pp.) wrote that the “massively 
constructed” shell of this species “lessens the likelihood of the 
turtle being cracked and eaten by the crocodiles with which it 
shares much of its habitat.” However, it is well known that hu-
mans use the meat of this turtle as a food source (Moll and Moll 
2004. The Ecology, Exploitation, and Conservation of River Tur-
tles. Oxford University Press, New York. 393 pp.). Here we provide 
evidence of natural predation on an adult S. triporcatus by a Jag-
uar (Panthera onca) in northwestern Honduras.

At 1431 h on 15 October 2011, a camera trap (Moultrie Game 
Spy I-65s) set by Panthera staff at “Cerro Agua Caliente,” Jean-
nette Kawas National Park, Atlántida (15.8622°N, 87.6838°W; 30 

m elev.) captured an image of an adult female Panthera onca 
carrying an adult Staurotypus triporcatus in its mouth (Fig. 1) in 
a seasonally flooded swamp forest. Jaguars can be individually 
identified by the shape and pattern of their marks (Silver 2004. 
Assessing Jaguar Abundance Using Remotely Triggered Cameras. 
Wildlife Conservation Society, Bronx, New York. 25 pp.). This fe-
male was first photographed during August 2010 and has been 
monitored in the park since then. During October 2011 she was 
again photographed several times in the “Cerro Agua Caliente” 
area in company with a cub of about 3 months age. It has been 
estimated that a jaguar can eat between 1.2 and 1.5 kg of meat 
per day (Sunquist and Sunquist 2002. Wild Cats of the World. 
University of Chicago Press, Chicago, Illinois. 452 pp.); a Giant 
Musk Turtle can weigh up to 10 kg, including the plastron and 
carapace (Vogt 1997. In González Soriano et al. [eds.], Histo-
ria Natural de Los Tuxtlas, pp. 494–495. Universidad Nacional 
Autónoma de México, Ciudad de México), thus having the po-
tential to be an important food item for Jaguars. Moreover, large 
prey species such as tapirs (Tapirus bairdii) and peccaries (Pe-
cari tajacu, Tayassu pecari) have been extirpated from Jeannette 
Kawas National Park, and White-tailed Deer (Odocoileus virgin-
ianus) are severely declining; all due to human hunting pressure 
and deforestation. Jaguars are known to prey on turtles, with sea 
turtles, freshwater turtles, and terrestrial turtles having been 
documented as part of the Jaguar’s diet (Emmons 1989. J. Herpe-
tol. 23:311–314; Wainwright 2002. The Mammals of Costa Rica, A 
Natural History and Field Guide. Cornell University Press, Ithaca, 
New York. 454 pp.). However, to the best of our knowledge, this 
is the first report of Jaguar predation on S. triporcatus. The pres-
ence of S. triporcatus in the Jeannette Kawas National Park has 
also been confirmed from two specimens collected there. The 
only other large freshwater turtle in the area is the snapping tur-
tle, Chelydra rossignonii; we identified the turtle in the picture 
as S. triporcatus due to the lack of a long tail and the presence of 
strong carapacial keels.  

frAnKlin e. cAStAñedA, Panthera, 3415, Bloque l, los robles, 
Tegucigalpa, Honduras (e-mail: fcastaneda@panthera.org); JAmeS r. mc-
crAnie, 10770 sW 164th street, Miami, Florida 33157–2933, Usa (e-mail: 
jmccrani@bellsouth.net); luiS A. herrerA, Panthera, 3425, Bloque M, 
Col. los robles, Tegucigalpa, Honduras (e-mail: lherrera@panthera.org). 

crocodyliA — crocodileS

AlliGATOR MiSSiSSippiENSiS (American Alligator). LONG 
TERM SURVIVAL OF FARM-RELEASED JUVENILE. The state of 
Louisiana has an alligator management program that includes a 
regulated harvest of wild alligators, a nuisance alligator removal 
program, and a commercial alligator farming program (Elsey 
and Kinler 2004. In Crocodiles. Proc. 17th Working Meeting Croc-
odile Specialist Group, pp. 92–101. IUCN—The World Conserva-
tion Union, Gland, Switzerland and Cambridge UK). An integral 
facet of the commercial alligator farming program allows for 
the collection of eggs from the wild, with mandatory release of 
a portion of juvenile alligators hatched from collected eggs, as a 
“head-start” program to ensure recruitment of the species (Elsey 
and Kinler 2011. In P. S. Soorae [ed.], Global Re-introduction Per-
spectives: 2011. More Case Studies from Around the Globe, pp. 
125–129. Gland, Switzerland: IUCN/SSC Re-introduction Spe-
cialist Group and Abu Dhabi, UAE: Environment Agency-Abu 
Dhabi). Each of the juvenile alligators released from alligator 
farms are measured, the sex is determined and recorded, and the 
alligators are marked with monel tags placed between the toes 

fig. 1. A camera trap image of a female Panthera onca carrying an 
adult Staurotypus triporcatus, Jeannette Kawas National Park, north-
western Honduras.
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of the hind legs and also marked by tail notching (Elsey and Kin-
ler 2011, op. cit.). The juvenile alligators (allowable size range of 
91.4–152.4 cm total length [TL] at release) are then released back 
to the wetlands from which the eggs were collected one or two 
years earlier. 

Over time, we have observed that many of the released juve-
niles grow to adult size and are subsequently caught by alligator 
trappers in the annual regulated harvest. On 7 September 2012, 
a tagged alligator was reported to our agency. The web tag was 
from a male alligator that was marked and released on 1 May 
1992 (then 124 cm TL) and harvested over twenty years, four 
months later (7434 days, now 244 cm TL). To our knowledge this 
is the longest time interval for a recovery of a farm-released al-
ligator from Louisiana’s egg ranching program, indicating long-
term survival after release to the wild.

The interval growth was somewhat below average for this 
species (Elsey et al. 1992. Comp. Biochem. Physiol. 103A:667–
672). However, coastal southeast Louisiana has been adversely 
affected by four major hurricanes in recent years (Hurricanes 
Katrina and Rita in 2005, and Hurricanes Gustav and Ike in 
2009); thus high salinity conditions post-hurricanes could have 
stressed some alligators and slowed normal feeding and growth 
(Lance et al. 2010. J. Exp. Zool. 313A:106–113; Lauren 1985. 
Comp. Biochem. Physiol. 81A:217–223). Confirmation was ob-
tained from the person reporting the harvest of the alligator that 
the alligator’s total length was accurate, and no portion of the tail 
was missing. 

We have recovered farm-released alligators that have grown 
longer than the case herein; the largest recovery we have ob-
tained that held the web tag over time was 381.0 cm when har-
vested on 10 September 2006 (Elsey 2006. Croc. Spec. Grp. News-
ltr. 25:16–17). This male alligator had been tagged and released 
4761 days earlier on 28 August 1993, at which point the TL was 
111.8 cm. Many alligators lose the monel tags placed in the web-
bing of the rear feet as they grow, thus precluding knowledge of 
exact time intervals between release and recovery. Use of year-
specific tail notches have been used in our program since 1994 to 
assist in providing some time interval data when marked alliga-
tors lose their foot/web tags.

The properties on which the alligator was released (Poverty 
Flats) in Terrebonne Parish, Louisiana and on which it was re-
covered (Rebecca) are in close proximity to each other, and 
are both irregularly shaped, thus the distance moved between 
release and recovery can only be estimated. Precise GPS loca-
tions are not available at either release or recovery sites, but the 
minimum distance between the two properties is approximately 
0.4 km, while the maximum distance is approximately 12.1 km. 
Although instances of long-distance dispersal have been docu-
mented in alligators, in many cases alligators do not move long 
distances over time (Lance et al. 2011. Southeast. Nat. 10:389–
398), and some females show evidence of strong nest site fidelity 
(Elsey et al. 2008. Southeast Nat. 7:737–743).

The egg ranching program in Louisiana, which allows for 
the collection of alligator eggs from privately owned wetlands 
began in 1986, with the first juvenile alligators being released 
to the wild in 1988 (Elsey et al. 1992, op. cit.). Thus it is possible 
that many alligators from that first cohort may still be surviving, 
and not yet recovered, as only a small portion of the population 
is harvested each year in the annual harvest. The recovery of a 
farm-released alligator having survived over twenty years (and 
presumably having fathered numerous clutches of eggs over that 
time interval, adding to population recruitment) lends support 

to the philosophy of sustained use management of this valuable 
resource. 

 I thank Dawn B. Ledet and staff at Daneco (Houma, Loui-
siana) for reporting the alligator described in this report, and 
Will Selman and Bruce Davis for review of an earlier draft of the 
manuscript. 

 ruth m. elSey, louisiana department of Wildlife and Fisheries, 
rockefeller Wildlife refuge, 5476 grand Chenier Highway, grand Chenier, 
louisiana 70643, Usa; e-mail: relsey@wlf.la.gov.

AlliGATOR MiSSiSSippiENSiS (American Alligator). INTER-
STATE MOVEMENT OF ALLIGATORS. The state of Louisiana has 
an alligator management program administered by the Louisi-
ana Department of Wildlife and Fisheries (LDWF) that includes a 
regulated harvest of wild alligators, a nuisance alligator removal 
program, and a commercial alligator farming program (Elsey 
and Kinler 2004. In Crocodiles. Proceeding of the 17th Working 
Meeting Crocodile Specialist Group, pp. 92–101. IUCN—The 
World Conservation Union, Gland, Switzerland and Cambridge, 
UK). Many other southeastern states also have significant alli-
gator populations, and most states conduct regulated harvests 
and nuisance control programs; some also allow commercial 
alligator farming. An integral facet of the commercial alligator 
farming program in Louisiana allows for the collection of eggs 
from the wild, with mandatory release of a portion of juvenile 
alligators hatched from collected eggs, as a “head-start” program 
to ensure recruitment of the species (Elsey and Kinler 2011. In P. 
S. Soorae [ed.], Global Re-introduction Perspectives: 2011. More 
Case Studies from Around the Globe, pp. 125–129. IUCN/SSC Re-
introduction Specialist Group Gland, Switzerland, and Environ-
ment Agency-Abu Dhabi, UAE). Each of the juvenile alligators 
released from alligator farms in Louisiana are measured, the sex 
is determined and recorded, and marked with monel tags placed 
between the toes of the hind legs and also marked by tail notch-
ing (Elsey and Kinler 2011, op. cit.). The juvenile alligators (allow-
able size range at release of 91.4–152.4 cm total length) are then 
released back to the wetlands from which the eggs were collected 
one or two years earlier. 

Over time, we have observed that many of the released juve-
niles grow to adult size and are subsequently caught by alligator 
trappers in the annual regulated harvest in Louisiana (Elsey et al. 
2001. In Grigg et al. [eds.], Crocodilian Biology and Evolution, pp. 
426–441. Surrey Beatty & Sons, Chipping Norton, NSW). Addi-
tionally, other farm-released alligators are captured occasionally 
as “nuisance” or problem alligators (Elsey 2007. Herpetol. Bull. 
102:11–14) causing human safety concerns. 

We herein report on five cases of alligators with interstate 
movement between Louisiana (LA) and Mississippi (MS), USA. 
The initial case involved a nuisance trapper in Mississippi har-
vesting an alligator released from a farm in Louisiana. On 17 July 
2008, a Warren Co., MS conservation officer trapped a 348.0 cm 
male alligator (Fig. 1) in Halpino Lake (just south of Eagle Lake, 
MS); capture site coordinates were 32.46070°N, 91.00877°W. The 
foot/web tag (LDWF 222285) was from a juvenile alligator re-
leased from a Louisiana alligator farm almost 12 years earlier on 
22 July 1996 at which time the total length was 116.8 cm; it was 
released at Lake St. Joseph in Tensas Parish, 48 km away. 

 On 11 April 2012, a tagged alligator caught by a licensed 
Louisiana nuisance alligator trapper was reported to LDWF. The 
web tag reported (07301) did not match any records of farm-
released alligators in Louisiana; nor did the tag match any re-
cords of native wild alligators caught and marked/tagged for 
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research purposes. The trapper reported the alligator had a num-
bered cattle tag in the tail as well as another tag with a series of 
numbers determined as possibly a telephone number; the first 
three digits were recognized as a Mississippi area code. LDWF 
staff (RME) then called the alligator program leader in Missis-
sippi (RF), who confirmed the alligator had been initially cap-
tured, marked, and released at Pervis Lake in Warren Co., MS 
(32.48384°N, 91.06619°W) as part of their research program. The 
male alligator’s initial total length was 232.4 cm when marked 
on 18 March 2009; it was 279.4 cm when captured in Louisiana 
near Lake Providence in East Carroll Parish in northeast Louisi-
ana, bordering Mississippi. The alligator thus moved at least 49 
km between Mississippi and Louisiana, and likely had traveled 
nearly 71 km by water between sites (Fig. 2). 

In September 2012, we documented three additional cases 
of alligators with interstate movement from harvest informa-
tion provided by licensed recreational alligator hunters in 

Mississippi. On 7 September, a 308 cm male alligator was har-
vested on the Big Black River near Grand Gulf/Port Gibson, MS 
with LDWF web tag 597115 in the foot. This alligator had been 
tagged at an alligator farm and released on Sunflower Plantation 
in Tensas Parish, LA on 17 August 2004 at which point the total 
length was 132.1 cm. The distance moved over the eight- year 
interval was approximately 23 km.

 On 7 September 2012, two Louisiana farm-released alliga-
tors were caught in Mississippi, north of Port Gibson (north of 
where the Big Black River enters the Mississippi River); both had 
been released by a Louisiana alligator farmer in nearby Tensas 
Parish. The alligators were harvested by a trapping team in the 
same location. The first alligator caught that evening was a 304.8 
cm male that had been released on Somerset Plantation at 172.7 
cm TL on 29 May 2003 (LDWF tag 529134). The alligator caught 
later that night was a female that measured 188.0 cm TL, and 
which had been released on Sunflower Plantation on 13 April 
2010 at 129.5 cm TL (LDWF tag 853250). The male was caught 
approximately 6–7 km from the release site in Louisiana, while 
the female was recovered some 5 km from the release location. 

 We are not aware of other cases documenting natural inter-
state movement of alligators; although in September 2008, Hur-
ricane Ike displaced an alligator released from a farm in south-
west Louisiana 489 km to Padre Island National Seashore in 
lower Texas (Elsey and Aldrich 2009. Southeast. Nat. 8:746–749). 
It may be that many alligator tag and release studies conducted 
by state or federal government employees are conducted within 
the confines of their state property; possibly within a given Na-
tional Wildlife Refuge or Wildlife Management Area, and thus the 
opportunities to live capture alligators that have moved off the 
study site are limited. It was fortunate that we were aware of alli-
gator tagging programs in the adjacent state and could advise ac-
cordingly when an alligator from the other state was recovered.

 Unusually high snowfall in the United States in 2010–2011 
and very high water levels in the Mississippi River during spring 
2011 may have allowed for increased movement of alligators over 
floodplains between Louisiana and Mississippi that year. Also, 
gradual expansion of Mississippi’s wild alligator harvest program 
from 30 alligators harvested in 2005 to 617 alligators harvested 
in 2012 has allowed additional opportunity for harvest and re-
covery of alligators that have dispersed from adjacent Louisiana. 

 Prior studies have documented alligator movement patterns 
that can vary widely. Although instances of long-distance disper-
sal have been documented, in many cases adult alligators do not 
move long distances over time (Chabreck 1965. Proc. Southeast. 
Assoc. Fish Wildl. Agencies 19:102–110; Lance et al. 2011. South-
east. Nat. 10:389–398), and some females show evidence of strong 
nest site fidelity (Elsey et al. 2008. Southeast. Nat. 7:737–743). In-
deed, in this report two alligators moved over 40 km; one moved 
approximately 23 km, while two others moved only 5–6 km. 

 Due to the magnitude of the farm-release program in Louisi-
ana (often 40,000 or more alligators released each year), precise 
GPS locations are not available for each alligator at release sites. 
Also, oftentimes the properties on which the alligators are re-
leased are irregularly shaped, thus the distance moved between 
release and recovery can only be estimated, thus distances dis-
cussed herein are minimum estimated dispersal distances. 

The relatively long time interval for several of the recoveries 
of farm-released alligators from Louisiana’s egg ranching pro-
gram described above (8, 9, and 12 years) indicates good survival 
after release to the wild. We recently described a case with an alli-
gator recovered over 20 years after release to the wild from a farm 

fig. 1. Adult male American Alligator (348 cm TL) captured in Missis-
sippi almost 12 years after release to the wild from a farm in Louisi-
ana. Tail notches are clearly evident.

fig. 2. Map showing release location of an American Alligator marked 
for research in Mississippi (M), and recovered by a nuisance trapper 
in Louisiana (L) over three years later. Eagle Lake, MS and Lake Provi-
dence, LA locations indicated for reference. 
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setting (Elsey 2012. Herpetol. Rev. 44:309–310). Additionally, the 
growth to the very large size classes of the male alligators in the 
cases described (279–348 cm TL) suggests they adapted well to 
the wild environment after release, and presumably added to 
population recruitment by having fathered numerous clutches 
of eggs over that time interval, lending support to the philosophy 
of sustained use management of this valuable resource. 

ruth m. elSey, louisiana department of Wildlife and Fisheries, rock-
efeller Wildlife refuge, 5476 grand Chenier Highway, grand Chenier, loui-
siana 70643, Usa (e-mail: relsey@wlf.la.gov); ricKy flynt, Mississippi 
department of Wildlife, Fisheries, and Parks, 1505 eastover drive, Jackson, 
Mississippi 39211, Usa (e-mail: rickyf@mdwfp.state.ms.us).

cROcODylUS NilOTicUS (Nile Crocodile). DIET. The diet 
of Crocodylus niloticus has been relatively well documented 
throughout its range on the mainland of continental Africa 
(Corbett 1959. Proc. R. Entomol. Soc. 34:17–22; Cott 1961. Trans. 
Zool. Soc. London. 29:211–356; Games 1990. Unpubl. D. Phil. 
manuscript. University of Zimbabwe; Hutton 1987. J. Anim. Ecol. 
56:25–38; Poole 1989. Ospreys: A Natural and Unnatural History. 
Cambridge University Press, New York; Shine et al. 2001. Oryx 
35:260–262; Wallace and Leslie 2008. J. Herpetol. 42:361–368; 
Whitfield and Blaber 1979. Copeia 1979:266–269). However, in 
stark contrast with the abundance of literature from the main-
land, this apex predator has been poorly studied in Madagascar 
and specific information on diet remains scarce from this region. 

At ca. 1730 h on 23 July 2011 at a lake adjoining our field 
camp in the Matsedroy Forest (15.48772°S, 46.64752°E, WGS 84; 
elev. 19.4 m), a 1.5–2 m Crocodylus niloticus was observed pre-
dating a Malagasy Jacana (Actophilornis albinucha). The croco-
dile attacked from below in a relatively shallow (<3 m) part of 
the lake that was densely covered by water hyacinth (Eichornia 
sp.). It took approximately five minutes for the crocodile to seize, 
drown, and consume the Jacana. 

While it stands to reason that Malagasy Jacanas and other 
species of wading birds present at these lakes should comprise 
part of the diet of the crocodiles that inhabit them, as far as we 
are aware this is the first record of C. niloticus predation on a 
Malagasy Jacana. Interestingly, this is also the first positive iden-
tification of a predator of Actophilornis albinucha. A. albinucha 
is a member of Madagascar’s endemic avifauna and therefore 
this observation also contributes to the known literature of pred-
ator-prey interactions of endemic fauna in this highly threat-
ened landscape.

We thank the Transitional Government of Madagascar, the 
Ministère de l’Environnement et des Forêts for allowing us to 
undertake this work (permit 54710/MEF/SG/DGE/DREF.BOE), 
Operation Wallacea for funding, Development and Biodiversity 
Conservation Action for Madagascar (DBCAM) for logistics, and 
our local guides and team at Mahamavo.

roBert GAndolA (e-mail: robertgandola747@hotmail.com), roG-
er polAnd, mAmy rABenoro, StuArt GrAhAm, and cAtrionA 
hendry, 27 ayrfield Park, dublin 13, ireland.

cROcODylUS pOROSUS (Saltwater Crocodile). FISHING BE-
HAVIOR. A form of fishing behavior not previously described 
for Crocodylus porosus was observed repeatedly on separate 
occasions at Cahill’s Crossing on the East Alligator River in Ka-
kadu National Park, Northern Territory of Australia (12.4844°S, 
131.7240°E) from August to October 2012. The behavior was 
witnessed most frequently around high springs tides, when in-
coming and then outgoing tidal flow crossed an artificial road 

barrage that fords the river. A number of fish species, primar-
ily Diamond-scale Mullet (Liza vaigiensis) take the opportunity 
to cross this barrier in relatively high densities, and crocodiles 
mass both upstream and downstream of the barrage to feed 
upon them. During our observations, many crocodiles adopted 
a distinctive body posture while floating at the surface: the back 
legs extended outwards in a loose R-shape on the same plane 
as the body; the front legs held out perpendicular to the body, 
with palms facing outwards and toes projecting upwards out 
of the water (Fig. 1); the jaws held partially open, with the up-
per jaw resting on the surface and the lower jaw hanging below 
the water. This posture could be clearly seen with sufficient wa-
ter clarity, which is the case immediately prior to the incoming 
tide flooding over the barrage. The primary mechanism of the 
posture appeared to be improved detection and capture of fish 
within striking range that were detected by sensitive mechano-
receptors (integumentary sense organs; ISOs). Fish that swam 
close to the crocodile’s head and touched the front legs or feet 
were immediately seized by a sideswipe of the head towards the 
touch. The small, tightly packed scales on the feet provide a high 
density of ISOs (Leitch and Catania 2012. J. Exp. Biol. 215:4217–
4230), which perhaps explains the outward extension of the feet 
and toes to maximize detection of fish passing within range or 
breaking the surface. This behavior has only previously been de-
scribed in the Paraguayan Caiman (Caiman yacare) (Olmos and 
Sazima 1990. Copeia 1990:875–877) and is a fishing strategy that 
is particularly effective with higher densities of fish.

AdAm Britton (e-mail: abritton@crocodilian.com) and erin Brit-
ton (e-mail: erin@crocodilian.com), Big gecko, PO Box 1281, Howard 
springs, northern Territory 0835, australia.

SquAmAtA — lizArdS

ANADiA bOGOTENSiS (Bogota Anadia Lizard). NESTING. Ana-
dia bogotensis is a common lizard endemic to Colombia and is 
distributed in areas of highland Andean scrubland and paramo 
throughout Cundinamarca, Boyacá, and Santander in Colombia, 
between 2500–3900 m altitude. Despite being common, little is 

fig. 1. Adult Saltwater Crocodile (Crocodylus porosus) in floating fish-
ing posture.
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known of the natural history of this species (Clavijo and Fajardo 
1981. Contribución al conocimiento de la biología de Anadia bo-
gotensis [Peters] [Sauria, Teiidae]. Tesis de pregrado. Universidad 
Nacional de Colombia, Bogotá D.C.; Moreno-Arias 2009. Final 
report project: Conservation status of highland lizards from Sa-
bana de Bogotá, The Rufford Small Grants Foundation, London, 
UK. 6 pp.; Sánchez et al. 1995. In J. O. Rangel [ed.], Colombia Di-
versidad Biótica I, pp. 277–325. Universidad Nacional de Colom-
bia, Instituto de Ciencias Naturales, Bogotá D.C.). Here I report 
communal egg-laying in A. bogotensis (Fig. 1) under rocks, low 
necromass and between clumps of grass in two areas within An-
dean scrubland paramo transition zone and rocks, the first area 
in the Vereda Las Moyas, municipality of La Calera, Department 
of Cundimanarca, Colombia (4.66267°N, 74.01615°W; datum 
WGS 84), and second area in the Vereda Santa Bárbara, Usme 
locality, rural area southeast of the city of Bogotá D.C., Depart-
ment of Cundimanarca, Colombia (4.40639°N, 74.14472°W; da-
tum WGS 84).
 At the first site, studied between 30 July and 5 November 2006, 
I found 21 nests averaging 12 viable eggs (range = 2–54 eggs) at 
different stages of development and I have found evidence of 
continuous use of these nests, as older eggs were found among 
26–578 eggs already hatched at different times (55 older eggs on 
average). Old eggs were qualified as dead eggs at different stages 
of decomposition (e.g., discolored, empty, crushed, or beneath 
new eggs). At the second site, studied between 2 March and 5 
May 2009, I found 15 nests more spatially separated averaging 
six viable eggs (range = 1–18 eggs) at different stages of develop-
ment. I also found evidence of continuous use of the nests at this 
site, as older eggs were found among 6–27 eggs that had already 
hatched at different times (nine older eggs on average). In lizards, 
communal nests have been observed in various families, but few 
studies report data for female individuals representing different 
ages depositing eggs in the same nest cavity simultaneously in 
highlands (Doody 2009. Q. Rev. Biol. 84:229–252; Magnusson 
and Lima 1984. J. Herpetol.18:73–75; Radder and Shine 2007. J. 
Anim. Ecol.76: 881–887). Communal oviposition in reptiles might 
result from scarcity of nest-sites offering suitable incubation 
conditions (direct fitness benefits accruing from the proximity of 
other eggs) (Doody, op. cit; Radder and Shine, op. cit.). The repro-
ductive ecology of highland Colombian lizards is poorly known 

and information on nests, laying, hatching, and hatchlings is 
not available; thus, this report provides the first data concerning 
highland lizard communal nesting in Colombia.

Guido f. medinA-rAnGel, instituto de Ciencias naturales, Univer-
sidad nacional de Colombia, apartado aéreo 7495, Bogotá d.C., Colombia; 
e-mail: guidofabianmedina@gmail.com.

ANOliS cAROliNENSiS (Green Anole). FEEDING BEHAVIOR. 
Anolis carolinensis is an animal that feeds largely on small in-
sects, spiders, and other arthropods (Losos 2009. Lizards in an 
Evolutionary Tree. Univ. California Press, Berkley, California. 507 
pp.). At ca. 1215 h on 5 Sept 2006 I observed a Green Anole exhib-
iting a novel feeding behavior in an area of the Tuskegee National 
Forest in Macon Co., Alabama, USA. On first observation the ani-
mal appeared to be trapped in a spider’s web, but upon further 
investigation, it was discovered that the animal had intentionally 
moved out onto the web in order to feed upon the resident spi-
der. The anole remained on the web while it consumed its prey, 
then moved off the web, onto the adjacent branch, and out of 
sight. To my knowledge there have been no previously reported 
instances of a Green Anole demonstrating this type of feeding 
behavior, which seems to imply that this could be a hunting 
strategy for this species that is rarely observed. 

dAvid BrotherS, department of Herpetology, Zoo atlanta, 800 
Cherokee ave se atlanta, georgia 30315, Usa; e-mail: dbrothers@zooat-
lanta.org.

ANOliS OXylOpHUS (Stream Anole). PECCARY WALLOWS 
AS NOVEL HABITAT. Over the course of two months (June–July 
2012), we surveyed six water-filled Collared Peccary (Pecari taja-
cu) wallows (places where peccaries roll that later fill with water) 
at La Selva Biological Station, Heredia, Costa Rica. All wallows 
were used by peccaries during the time of our surveys, as evi-
denced by fresh tracks and hair imprints in the mud. At two of 
the wallows, we noted the presence of Anolis oxylophus, which 
we identified using Savage (2002. The Amphibians and Rep-
tiles of Costa Rica: A Herpetofauna between Two Continents, 
between Two Seas. Univ. Chicago Press, Chicago, Illinois. 934 
pp.). At wallow #1, one A. oxylophus was positioned on a piece 
of submerged debris directly in the water. At wallow #2, one A. 
oxylophus was located on leaf litter under a small branch, ap-
proximately 0.5 m away from the wallow itself. Both A. oxylophus 
were stationary and were observed at midday. Wallow #1 has an 

fig. 1. Anolis carolinensis feeding on a spider by having moved out 
onto its web.

fig. 1. Eggs at different stages of development and one newly hatched 
young of Anadia bogotensis observed at a communal oviposition site 
under rocks in Colombia.
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area of approximately 1.5 m2 (assuming an elliptical shape) and 
is around 150 m from the nearest stream, while wallow #2 has 
an approximate area of 3.4 m2 and is about 50 m away from the 
nearest stream. In September 2012 we revisited both wallows and 
found a subadult female A. oxylophus (SVL: 56.1 mm) in standing 
water at wallow #2. Wallow #1 no longer contained water.

Historically, A. oxylophus has been observed living in and 
very close to streams, and has not been observed beyond the 
riparian zone (Savage 2002, op. cit.; Vitt et al 1995. Can. J. Zool. 
73:1918–1927). To our knowledge, our observations are the first 
of A. oxylophus using peccary wallows. Our observations sug-
gest that these tropical anoles are able to utilize a wider range 
of habitats than has previously been reported, which may have 
important implications for conservation efforts. In the Amazon, 
White-lipped Peccaries (Tayassu pecari) have been recognized 
as ecosystem engineers because of their habit of maintaining 
wallows, which amphibians use as reproductive habitat (Beck et 
al. 2010. J. Trop. Ecol. 26:407–414; Zimmerman and Bierregaard 
1986. J. Biogeog. 13:133–143). Some Central American amphib-
ian species have recently been observed using Collared Peccary 
wallows for breeding (Reider and Ream, ms. in review). The pres-
ence of A. oxylophus in and around Collared Peccary wallows 
indicates that wallows might be important, albeit temporary, 
habitat for aquatic reptiles in addition to amphibians. Our ob-
servations might imply that wallows serve as important stops for 
A. oxylophus moving between streams and warrant additional 
research to investigate the dispersal patterns of this species. Ad-
ditionally, future studies of the biology of A. oxylophus should 
consider that some individuals might be spending a portion of 
their time away from streams. 

We thank the staff at La Selva Biological Station for logistical 
support. These observations were made possible by funds from 
the Organization for Tropical Studies and the National Science 
Foundation Research Experience for Undergraduates program.

KelSey A. reAm, departments of Biological and environmental 
sciences, allegheny College, 520 north Main st., Meadville, Pennsylvania 
16335, Usa (e-mail: reamk@allegheny.edu); KelSey e. reider, depart-
ment of Biological sciences Oe167, Florida international University, 11200 
sW 8th st., Miami, Florida 33199, Usa (e-mail: reider.12@gmail.com).

ANOliS SAGREi (Brown Anole). NEST-SITE CHOICE. Anolis 
sagrei is native to Cuba and the Bahamas, and has been intro-
duced throughout many tropical and subtropical regions of the 
world (Kolbe et al. 2004. Nature 431:177–181). Although A. sagrei 
has served as a model for many ecological and behavioral stud-
ies (Losos 2009. Lizards in an Evolutionary Tree: Ecology and 
Adaptive Radiation of Anoles. Univ. of California Press. 528 pp.), 
relatively little is known about its oviposition behavior. Like all 
anoles, female A. sagrei produce a single egg clutch, for the dura-
tion of a breeding season lasting from April to October (Lee et al. 
1989. Copeia 1989:930–937). Despite their frequent egg produc-
tion, the lack of published information about their oviposition 
sites is largely attributable to difficulty in finding nests.
 During field work from 29 September to 9 October 2012, we 
documented five Anolis eggs on two spoil islands in the intra-
coastal waterway near Marineland, Florida, USA (29.640042°N, 
81.214419°W; WGS 84). All eggs were found in soil beneath 
wooden cover objects. On two occasions, two eggs were found 
under the same cover object (four eggs total). The fifth egg was 
found under a board that also contained hundreds of individu-
als of an unknown ant species. Two of the eggs (found under the 
same object) were empty shells that hatched earlier, desiccated, 

or were depredated; the other three eggs were intact and turgid 
(including the egg in the presence of ants). However, one of the 
intact eggs had disappeared less than one hour after discovery, 
possibly depredated upon by a fiddler crab at the study site (Uca 
sp.). Given the high densities of A. sagrei, it is unlikely that these 
eggs belonged to another lizard species (e.g., Anolis carolinensis, 
the only other lizard on these islands, which occurs at relatively 
low densities).
 To assess microhabitat characteristics of the oviposition 
sites, we took soil samples to measure moisture content and 
hemisperhical photos to measure canopy openness (meth-
odology of Doody et al. 2006. Herpetol. Rev. 37:49–52) at each 
oviposition site. The three intact eggs were in soil that had an 
average moisture content of 15.8% (range 15.0–16.5%), whereas 
the soil moisture content around the non-intact eggs was 63.0%. 
The intact eggs were found at relatively open sites (mean canopy 
openness = 46.7%, range: 43.7–51.2%) compared to the site with 
the non-intact eggs (14.8% canopy openness). Canopy openness 
from these five nests (mean = 33.8%) did not differ from canopy 
openness measured at 40 randomly selected locations on the 
islands (mean=34.9%), suggesting that female A. sagrei choose 
oviposition sites randomly with respect to canopy cover.
 Although nest-site information has been reported for other 
Anolis species (Andrews 1988. Oecologia 76:376–382; Rand 1967. 
Herpetologica 23:227–230), we are not aware of previously pub-
lished information for A. sagrei in the field. Laboratory-based 
studies have shown that females select relatively moist condi-
tions that enhance egg hatching success and offspring survival 
(Reedy et al. 2013. Behav. Ecol. 24:39–46). Although we do not 
know what moisture conditions were present at the time of ovi-
postion for the eggs reported here, we nonetheless provide some 
baseline data on moisture levels that eggs experience in the field. 
Our small sample suggests that female nest-site choice is not 
based on canopy cover—a finding that contrasts with other stud-
ies of reptiles (e.g., Angilletta et al. 2009. Ecology 90:2933–2939; 
Warner and Shine 2008. Anim. Behav. 75:861–870), and hence 
warrants focused studies on nest-site choice and egg ecology in 
Anolis sagrei.

dAvid m. delAney, department of Biological sciences, eastern il-
linois University, Charleston, illinois 61920, Usa (e-mail: dmdelaney3@eiu.
edu); AAron m. reedy, department of Biology, University of Virginia, 
Charlottesville, Virginia 22904, Usa; timothy S. mitchell, depart-
ment of ecology, evolution, and Organismal Biology, iowa state University, 
ames, iowa 50011, Usa; AndreW m. durSo, department of Biology, 
Utah state University, logan, Utah 84321, Usa; Kevin p. durSo and Al-
eXAndrA J. morriSon, College of natural resources, north Carolina 
state University, raleigh, north Carolina 27695, Usa; dAniel A. WArner, 
department of Biology, University of alabama at Birmingham, Birming-
ham, alabama 35294, Usa.

ASpiDOScEliS lAREDOENSiS × ASpiDOScEliS GUlARiS 
(Laredo Striped Whiptail × Texas Spotted Whiptail). HYBRID 
GYNANDROMORPH. We evaluate the identity and reproductive 
status of a whiptail lizard from a site of syntopy involving diploid 
hybrid-derived parthenogenetic Aspidoscelis laredoensis and its 
maternal progenitor A. gularis (Bickham et al. 1976. Herpetolog-
ica 32:395–399; McKinney et al. 1973. Herpetologica 29:361–366; 
Wright et al. 1983. Herpetologica 39:410–416) situated in Texas 
(Walker 1987. Texas J. Sci. 39:313–334). The specimen is unlike 
any other in color pattern among a combined total of >1000 
specimens of these species examined by us between 1984–2009 
from México and Texas. Consequently, it was hypothesized to be 
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a putative hybrid (i.e., via fertilization of an unreduced diploid 
egg [2n = 46] of A. laredoensis clonal complex A by a reduced 
sperm [1n = 23] of A. gularis) by Walker et al. (1989a. J. Herpe-
tol. 23:119–130). We have subsequently examined several live/
freshly killed male and female putative hybrids of A. laredoen-
sis × A. gularis from Texas and Mexico that were subjected to 
confirmational studies of their genealogies based on triploidy 
as verified by karyotypes (Walker et al. 1989a, op. cit.; Walker et 
al. 1989b. Copeia 1989:1059–1064) and skin histocompatibil-
ity experiments (Abuhteba et al. 2000. Can. J. Zool. 78:895–904; 
Abuhteba et al. 2001. Copeia 2001:262–266). Not surprisingly, 
morphological studies of these hybrids have also revealed the 
presence of dorsal and ventral color pattern, scutellation, and 
meristic variables that differ from the parental species. Herein, 

we use morphological characters and a detailed description of 
color pattern in support of our identification of a female hybrid 
deposited in the Arkansas State University Museum of Zoology 
(ASUMZ). The genealogical status of the animal is also correlated 
with an aberrant histological condition of reproductive organs 
that we describe. 

We made seven visits to the rural community of Artesia Wells 
(28.281274°N, 99.285796°W) in La Salle Co., Texas, USA, to collect 
and observe A. laredoensis and A. gularis in mesquite-invaded, 
overgrazed, and degraded sandy habitat along unpaved roads, 
and in adjacent pastures and fields near jct Texas 133-135 locat-
ed west of Interstate 35 and railroad tracks. This is one of only 
three known sites for A. laredoensis well-removed from the Rio 
Grande in La Salle and Dimmit counties, whereas A. gularis is 

fig. 1. Morphological characteristics of a hybrid gynandromorph of Aspidoscelis laredoensis × Aspidoscelis gularis (ASUMZ 6250) collected 
from Artesia Wells, La Salle Co., Texas, USA. A) Postantebrachial scales of right antebrachium; line = 1 mm. B) Dorsal coloration and pattern; 
line = 10 mm for B and C. C) Ventral coloration. D) Right gonadal structures; line = 1 mm. E) Longitudinal histosection of right oviduct and 
ovotestis; line = 100 µm.
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widely distributed in both of them (Walker et al. (2004. Texas J. 
Sci. 56:237–252). We collected 21 (51.2%) parthenogenetic A. lar-
edoensis [26 April 1986 (UADZ 1438–1440, N = 3); 16 July 1986 
(UADZ 19511–1953, N = 3); 7 September 1996 (UADZ 5764–5769, 
N = 6); 8 September 1996 (UADZ 5771, 5772, 5774–5776, N = 5); 
31 August 1997 (UADZ 5982–5985; N = 4)], 18 (43.9%) gonocho-
ristic A. gularis [26 April 1986 (UADZ 1630–1634, N = 5); 2 May 
1986 (UADZ 1626–1629, N = 4); 16 July 1986 (UADZ 1998, 1999, 
N = 2); 19 May 1989 (UADZ 3548, 3549, N = 2); 7 September 1996 
(UADZ 5761–5763, N = 3); 8 September 1996 (N = UADZ 5770, 
5773; N = 2)], and two (4.8%) hybrids of A. laredoensis × A. gularis 
[25 April 1986 (UADZ 1626, N = 1 male); 16 July 1986 (UADZ 2017, 
N = 1 putative female). 

The large distinctively patterned hybrid, UADZ 2017, became 
ASUMZ 6250 in preparation for this study. It has a SVL of 88 mm, 
head length of 26.5 mm, head width of 13.0 mm, and body mass 
obtained before preservation of 14.0 g. It is 9% and 21.5% larger 
in SVL and body mass, respectively, than the largest partheno-
gen from Artesia Wells (e.g., mean 69.3 ± 2.75; range 61–80 mm 
SVL, N = 12) collected on various dates. The large size of ASUMZ 
6250 apparently stemmed from hybrid vigor in what externally 
appeared to be a female of A. laredoensis × A. gularis. Its post-
antebrachial scales (Fig. 1A) are intermediate between the mod-
erately enlarged scales of A. laredoensis and the enlarged and 
plate-like scales of A. gularis, though being more like the latter. 
Similarly, the score for one meristic character in ASUMZ 6250 
(first number presented in the following list) is below (1), one is 
above (5), and three (2, 3, 4) are within the ranges of variation for 
the other specimens of A. laredoensis from Artesia Wells (mean, 
range, N): 1): granular scales around midbody, 83 (91.6 ± 0.54, 
88–97, N = 17); 2) granular scales from occiput to base of tail, 226 
(227.8 ± 1.00, 221–239, N = 17), 3) granular scales between the 
paravertebral stripes, 9 (11.1 ± 0.28, 9–14, N =17); 4) right and 
left femoral pores summed, 36 (32.6 ± 0.33, 30–36, N = 17); and 5) 
right and left circumorbital scale series summed, 15 (10.3 ± 0.31, 
8–12, N = 16).

In life, ASUMZ 6250 possessed a distinctive combination 
of ornate color pattern attributes that we have never observed 
in another female from either a site of allopatry or syntopy in-
volving A. laredoensis and/or A. gularis. This individual of A. 
laredoensis × A. gularis (notes made prior to preservation) has 
a dorsal pattern more similar to A. laredoensis and a ventral pat-
tern more similar to A. gularis. The dorsal pattern consisted of 
three pairs of moderately (lateral) to well-defined (dorsolateral 
and paravertebral) primary stripes and a single vertebral (traits 
of A. laredoensis; Fig. 1B). In life, the green-gray-white lateral and 
green-yellow dorsolateral and paravertebral stripes were posi-
tioned between green-brown-black fields; the stripes ended near 
the tail. Using the left side of the body for analysis, we noted nine 
gray-white vertical bars in the lower lateral field, and 19 distinct 
rounded gray-white spots in the upper lateral field. Some of the 
spots and bars of the upper and lower lateral fields, respectively, 
were fused to or superimposed upon the lateral stripes (Fig. 1B). 
The tail was olive-tan. The upper parts of forelimbs were brown 
with cream-white streaks. The hindlimbs were brown with gray 
to yellow spots/reticulations (Fig. 1B). Also included was a pink-
red throat and mesoptychium (the latter with a pale purple suf-
fusion), purple-black thoracic region, purple-blue abdominal re-
gion (scales with darker edges), cream-white thighs and femora, 
and cream-white-pink tail (Fig. 1C).

 We used standard histological techniques to prepare re-
productive tissues for light microscopy. Gonadal tissues were 

dehydrated in a graded series of ethanol, cleared in xylene, em-
bedded in paraffin, sectioned with a rotary microtome into 10 
µm serial sections, stained with Harris hematoxylin and coun-
terstained with eosin. 

 The genital anatomy of ASUMZ 6250 differed markedly from 
that found in a gynandromorph A. laredoensis (ASUMZ 4654) col-
lected in Reynosa, Tamaulipas, Mexico (Trauth et al. 2013. Herpe-
tol. Rev. 44:138–140). However, as in ASUMZ 4654, a pair of small 
regressed oviducts was observed lying laterally to equally small, 
oblong gonadal masses (Fig. 1D). The gonadal morphologies 
were unrecognizable macroscopically as ovaries; these gonads 
appeared slightly orange in coloration upon gross inspection. 
The right gonadal mass and oviduct were examined histological-
ly revealing a multipart anatomy including adrenal tissue, meso-
nephric duct and tubules, and rudimentary ovotestis along side 
of convoluted, regressed oviducts. The mesonephric tubules and 
duct were associated with the adrenal tissue. The ovotestis mass 
exhibited numerous regressed seminiferous tubules along its 
entire length. These tubules averaged 41.8 µm (range 30.0–55.0 
µm; N = 10) in diameter. No recognizable primordial follicles 
were observed within the ovotestis. A large translucent, oblong, 
cyst-like vacuole (follicle?) dominated most of the distal ovotes-
tis, a small segment of which is shown in Fig. 1E. This structure 
exhibited no distinguishing features characteristic of secondary 
or tertiary follicles, but appeared to retain a poorly-developed 
granulosa cell layer and some scattered ooplasm. The glandular 
middle region of the oviduct averaged 73.5 µm (range 54.8–90.3 
µm; N = 10) in height and exhibited regressed tubuloalveolar 
uterine glands (Fig. 1E) that averaged 27.5 µm (range 22.6–36.1 
µm; N = 10) at their greatest diameter. The surface mucosa of the 
glandular region was strongly basophilic.

This is only the third publication known to us in which gyn-
andromorphism has been described in specimens of whiptail 
lizard. Mitchell and Fouquette (1978. Copeia 1978:156–159) dis-
covered an adult individual of Cnemidophorus inornatus arizo-
nae (= Aspidoscelis inornata arizonae sensu Reeder et al. 2002. 
3365:1–61) from 7 km SE of Willcox, Cochise Co., Arizona, with 
male reproductive organs in the left side of the body cavity and 
female organs in the right side of the cavity. These authors, based 
on morphology, rejected the possibility that the specimen in 
question was a hybrid involving triploid A. uniparens, which was 
also present at the Arizona site. Cole et al. (2010. Am. Mus. No-
vitat. 3698:1–43) used the terminology “apparently female (but 
intersex) laboratory hybrid” to describe a genetically confirmed 
individual of A. inornata arizonae (♀) × A. tigris marmorata (♂). 
Lastly, we reported a gynandromorph of A. laredoensis in this 
journal (Trauth et al. 2013, op. cit.). 

StAnley e. trAuth, department of Biological sciences, arkansas 
state University, P.O. Box 599, state University, arkansas 72467, Usa (e-
mail: strauth@astate.edu); JAmeS m. WAlKer, department of Biological 
sciences, University of arkansas, Fayetteville, arkansas 72701, Usa (e-mail: 
jmwalker@uark.edu); JAmeS e. cordeS, division of sciences and Math-
ematics, louisiana state University eunice, eunice, louisiana 70535, Usa 
(e-mail: jcordes@lsue.edu). 

ASpiDOScEliS lAREDOENSiS × ASpiDOScEliS GUlARiS 
(Laredo Striped Whiptail × Texas Spotted Whiptail). SPER-
MATOGENESIS. Hybridization between each of the diploid 
hybrid-derived parthenogenetic species of Aspidoscelis in the 
United States and one or more syntopic gonochoristic species 
has been shown to occur often enough to be considered a fre-
quent occurrence under appropriate ecological conditions. We 
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base this statement on reports of multiple hybrids from New 
Mexico of A. tesselata × A. tigris (Taylor et al. 2001. Am. Mus. 
Novitat. 3345:1–64), A. neomexicana × A. inornata (Taylor and 
Walker 1996. Copeia 1996:945–954), and A. neomexicana × A. 
sexlineata (Manning et al. 2005. Am. Mus. Novitat. 3492:1–56), 
and hybrids from Texas of A. laredoensis × A. gularis (Walker et 
al. 1989a. J. Herpetol. 23:119–130). We evaluate the identity and 
reproductive status of two male whiptail lizards in the Arkansas 
State University Museum of Zoology from two sites of syntopy 
in Texas (Walker 1987. Texas J. Sci. 39:313–334) between A. lar-
edoensis and its maternal progenitor A. gularis (McKinney et al. 
1973. Herpetologica 29:361–366; Bickham et al. 1976. Herpeto-
logica 32:395–399; Wright et al. 1983. Herpetologica 39:410–416). 
Included are ASUMZ 31263 collected 17 July 1983 from 1.6 km S 
of Laredo and E of U.S. Hwy 83, Webb Co., and ASUMZ 31264 col-
lected 2 May 1986 from Artesia Wells, La Salle Co. In both speci-
mens, details of dorsal and ventral color pattern are in agree-
ment with characters of confirmed hybrids of A. laredoensis × A. 
gularis based on a triploid karyotype (Walker et al. 1989b. Copeia 
1989:1059–1064) and histocompatibility reactions (Abuteba et 

al. 2000. Can. J. Zool. 78:895–904; Abuhteba et al. 2001. Copeia 
2001:262–266). We also correlate the genealogical status of each 
animal with the first detailed histological analyses of spermato-
genesis and associated reproductive structures in A. laredoensis 
× A. gularis, which extends the preliminary treatment of Walker 
et al. (2008. Herpetol. Rev. 39:340). 

Neither ASUMZ 31263 (67 mm SVL, Fig. 1A–B) nor 31264 (69 
mm SVL; Fig. 1C–D) could be field identified as adult males of 
A. gularis, as both possessed dorsal patterns and colors similar 
to A. laredoensis. Moreover, each of them lacked the distinctive 
peach-pink-red throat, intense purple/almost black thorax, and 
checkered abdomen which characterize adult males of A. gularis. 
In addition, we deemed the size of the postantebrachial scales to 
be intermediate between the parental species and indicative of 
hybridity. 

We used standard histological methods to prepare repro-
ductive tissues for light microscopy. Gonadal tissues were dehy-
drated in a graded series of ethanol, cleared in xylene, embedded 
in paraffin, sectioned with a rotary microtome into 10 µm serial 
sections, stained with Harris hematoxylin and counterstained 
with eosin. 

ASUMZ 31263 and 31264 possessed well-developed testes, 
predisposing them as males (Fig. 2A and C). No female genital 
structures were observed. Histological examination of the right 
testis, attached epididymis and ductus deferens, and the sexual 
segment of the right kidney (SSK) indicated that these lizards 
were at or near the peak of spermatogenic activity. The seminif-
erous tubules of the testes of both specimens were characterized 
by a tall seminiferous epithelium 7–9 cell layers in thickness, and 
they contained what appeared to be functional sperm within ex-
panded lumina. The testis of ASUMZ 31263 measured 4.2 × 2.5 
mm, whereas the testis of ASUMZ 31264 measured 6.1 × 3.0 mm. 
The average diameter of the seminiferous tubules of ASUMZ 
31263 and ASUMZ 31264 was 132.3 µm (range 120.7–146.7 µm; N 
= 10) and 170.8 µm (range 141.3–196.8 µm; N = 10), respectively. 

fig. 1. Morphological characteristics of two hybrid male specimens 
of Aspidoscelis laredoensis × A. gularis. A. Dorsal coloration and pat-
tern of ASUMZ 31263; line = 10 mm for B and C. B. Ventral coloration 
of ASUMZ 31263. C. Dorsal coloration and pattern of ASUMZ 31264; 
line = 10 mm for C and D. D. Ventral coloration of ASUMZ 31264. 

fig. 2. Photomicrographs of the testicular and kidney histology of 
two hybrid male specimens of Aspidoscelis laredoensis × A. gularis. A. 
Right testis of ASUMZ 31263 exhibiting seminiferous tubules actively 
producing sperm; line = 200 µm. B. Right ductus deferens and adja-
cent kidney of ASUMZ 31263 exhibiting sperm and enlarged sexual 
segments (SSK), respectively; line = 200 µm. C. Seminiferous tubules 
of right testis of ASUMZ 31264; line = 100 µm. D. Right ductus defer-
ens of ASUMZ 31264 containing masses of sperm (Sp); line = 100 µm.
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Sperm and cellular debris were observed within the epididymal 
ducts of both males. The average diameter of the ductus deferens 
of ASUMZ 31263 and ASUMZ 31264 (Fig. 2B and D) in ductal seg-
ments adjacent to their respective kidneys was 140.2 µm (range 
124.0–168.0 µm; N = 10) and 145.0 µm (range 120.6–193.5 µm; N 
= 10). The SSK of the kidneys (Fig. 2B) were great hypertrophied 
and acidophilic in these individuals. These tubules averaged 
109.9 µm (range 96.0–128.0 µm; N = 10) in ASUMZ 31263 and 
102.6 µm (range 88.0–126.4 µm; N = 10) in ASUMZ 31264. 

Hybrid males of A. laredoensis × A. gularis are known to be 
triploid 3n = ~69 (Walker et al. 1989b, op. cit.), with XXY sex chro-
mosomes (sensu Cole et al. 1969. Am. Mus. Novitat. 2395:1–14) 
based on two genomes from A. gularis and one from A. sexlineata 
via two hybridizations (Walker et al. 1989b, op. cit.). This would 
seem to preclude meiotic development of genetically capable 
haploid sperm, a condition also inferred from histological sec-
tions from 12 males of A. tesselata × A. tigris (Taylor et al. 2001. 
Am. Mus. Novitat. 3345:1–64). However, assuming that adult hy-
brid males engage in mating behaviors, and even inseminations 
of females of A. laredoensis and A. gularis, there is no evidence 
that the existence of such rogue individuals is destabilizing to 
the reproductive success in either species. 

StAnley e. trAuth, department of Biological sciences, arkansas 
state University, P. O. Box 599, state University, arkansas 72467, Usa (e-
mail: strauth@astate.edu); JAmeS m. WAlKer, department of Biological 
sciences, University of arkansas, Fayetteville, arkansas 72701, Usa (e-mail: 
jmwalker@uark.edu); JAmeS e. cordeS, division of sciences and Math-
ematics, louisiana state University eunice, eunice, louisiana 70535, Usa 
(e-mail: jcordes@lsue.edu).

ASpiDOScEliS NEOMEXicANA (New Mexico Whiptail). HABI-
TAT. The main distribution area of diploid parthenogenetic 
Aspidoscelis neomexicana (= Cnemidophorus neomexicanus) 
encompasses areas essentially contiguous with the Rio Grande 
entrenchment from northern New Mexico to El Paso, Texas 
(Axtell 1966. Herpetologica 22:241–253). Although New Mexico 
Whiptail is abundant in parts of the city of El Paso (Cordes et 
al.1989. Texas J. Sci. 41:425–428), it has not been reported from 
south of the river in Ciudad Juárez, Chihuahua, or elsewhere in 
México (Cordes and Walker 2009. Southwest. Nat. 54:226–230). 
Subsequent to Axtell’s (1966, op. cit.) analysis of the geographic 
distribution of A. neomexicana, arrays of the species widely dis-
junct from the main distribution area have been reported as fol-
lows from New Mexico: Hidalgo Co. at sites northwest of Lords-
burg (Cole et al 1988. Amer. Mus. Novitat. 2905:1–38); San Miguel 
Co. at Conchas Lake (Leuck et al. 1981. Southwest. Nat. 26:72–74; 
Manning et al. 2005. Amer. Mus. Novitat. 3492:1–56; Walker et 
al. 1992. Southwest. Nat. 37:82–86); De Baca Co. at Fort Sum-
ner (Manning et al., op. cit.; Manning and Walker 2006. Amer. 
Midl. Nat. 155:411–416; Taylor 2002. Herpetol. Rev. 33:223–224); 
Lincoln Co. southwest of Carrizozo (Burkett et al. 2004. Herpe-
tol. Rev. 35:408), and Roosevelt Co. in the extreme western part 
(Cordes and Walker 2011. Herpetol. Rev. 42:568). The species also 
has been reported from Arizona in Apache Co. in Petrified Forest 
National Park (Persons and Wright 1999. Herpetol. Rev. 30:207–
209). It has been reported from Utah in Salt Lake Co. in Salt Lake 
City and Sandy City and from Utah Co. in Lehi (Oliver and Wright 
2007. Western North Amer. Nat. 67:461–467). Finally, it has been 
reported from Texas in El Paso and Hudspeth counties in the vi-
cinity of Hueco Tanks and Horizon Lake (Cordes et al., op. cit.) 
and in Presidio Co. south of Candelaria (Cordes et al., op. cit.; 
Cordes and Walker, op. cit.). We agree that the Utah and Arizona 

records for A. neomexicana are most likely based on the descen-
dants of lizards introduced by humans (Oliver and Wright, op. 
cit.; Persons and Wright, op. cit.). We do not concur with these 
authors that the apparently disjunct groups of A. neomexicana in 
New Mexico and Texas have resulted from human introductions 
(for reviews see Taylor, op. cit.; Manning et al., op. cit.; Cordes and 
Walker, op. cit.). 

In Texas, locality records for A. neomexicana are clustered in 
the El Paso metropolitan area, ca. 70 km NE of the city in the 
vicinities of Hueco Tanks State Park and Horizon Lake, El Paso 
and Hudspeth counties, and 200 km SE of the city at south of 
Candelaria, Presidio Co. Two of us have recently detailed aspects 
of the distributional ecology for the species and its congeners 
south of Candelaria (Cordes and Walker, op. cit.). We present 
observations on the habitats utilized by A. neomexicana in the 
Hueco Tanks-Horizon Lake area of El Paso and Hudspeth coun-
ties, the only records for the species well removed from the Rio 
Grande in Texas. The presence of A. neomexicana in this bi-coun-
ty area is vouchered by these specimens examined from the Sul 
Ross State University (SRSU) and University of Texas at El Paso 
(UTEP) herpetology collections, and pitfall trap records: El Paso 
Co.: Hueco Mountains of Fort Bliss (pitfall trapped/released by 
DWB), 31.913952°N, 106.152937°W, WGS84; Hueco Tanks State 
Park (UTEP 609, 10793, 10794, N = 3); Hueco Tanks on south side 
of first enclave or rocks east of entrance (UTEP 1695, 1696, N = 
2); Horizon Lake on west bank (SRSU 4162, 4195, N = 2); Hueco 
Mountains between Horizon Lake and El Paso National Com-
pressor Station (SRSU 4156, 4161, N = 2); Hudspeth Co.: between 
Horizon Lake and El Paso National Compressor Station (SRSU 
4185, 4186, N = 2).

The non-riverine occurrence of A. neomexicana in El Paso 
Co. is in the Hueco Bolson (i.e., a flat valley that drains to a cen-
tral evaporation pan or playa) of the Chihuahuan Desert near 
Horizon Lake. This bolson is characterized by a substratum of 
sandy to gravelly soil that has accumulated since Miocene time. 
During the Pleistocene the bolson was flooded by Lake Cabeza 
de Vaca, a huge body of water that extended southeasterly deep 
into Chihuahua, México, northward into central New Mexico, 
and westward to the Sierra Madre Occidental in Sonora, México 
(Axtell 1977. In R. H. Wauer and D. H. Riskind [eds.], Transactions 
of the Symposium on the Biological Resources of the Chihua-
huan Desert Region, United States and Mexico, pp. 493–512. U.S. 
Department of the Interior, National Park Service Transactions 
and Proceedings Series no. 3). Today, the edges of the Hueco Bol-
son contain gravel grading into alluvium and larger rock-debris 
from the Franklin Mountains to the west and the Hueco Moun-
tains to the east as aggradations of the mountains and filling of 
the bolson continues. 

Horizon Lake, now known as Shadow Mountain Lake, is a 
man-made impoundment created by the Horizon Corporation 
as a part of their development plan for the area. The soil in the 
area where the lake was created is aeolian sands overlaying the 
slope of an eroded karst which projects slightly above the bol-
son floor only a short distance to the west of the lake. Vegetation 
in the immediate vicinity consists of Sand Sagebrush (Artemisia 
filifolia), Spike Dropseed (Sporobolus contractus), and Broom 
Snakeweed (Xanthocephalum sarothrae); these are interspersed 
with Soaptree Yucca (Yucca elata) and Honey Mesquite (Prosopis 
glandulosa). The aeolian sands tend to accumulate at the bases 
of the mesquite and yucca clusters creating hummocks with 
blow-out open spaces nearby. Numerous small burrows were ev-
ident at the bases of the hummocks, and to a lesser extent, within 
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the open spaces. Species of lizards in addition to A. neomexicana 
at this locality were Aspidoscelis marmorata (= C. tigris marmo-
ratus; Marbled Whiptail) and Uta stansburiana (Common Side-
blotched Lizard).

The habitat for A. neomexicana at Horizon Lake was similar 
to the habitat for the species near Hueco Tanks State Park where 
the species was abundant. However, specimens of A. neomexi-
cana collected from Hudspeth Co. only a few miles to the east 
of Horizon Lake were on bajada slopes of the Hueco Moun-
tains with a gravelly to rocky substrate. Dominant plants here 
were Creosote Bush (Larrea tridentata), Fluff Grass (Erioneuron 
pulchellum), Viscid Acacia (Acacia neovernicosa), Prickly Pear 
(Opuntia sp.), Lechuguilla (Agave lechuguilla), and some Torrey 
Yucca (Yucca torreyi). Associated lizards at this locality in addi-
tion to A. neomexicana were Aspidoscelis exsanguis (Chihuahuan 
Spotted Whiptail), Aspidoscelis inornata (Little Striped Whiptail), 
Cophosaurus texanus (Greater Earless Lizard), and Phynosoma 
modestum (Round-tailed Horned Lizard). For collections via pit-
fall/drift fence trapping along the Hueco Mountain foot slopes 
and drainages, Coleonyx brevis (Texas Banded Gecko) was one of 
the most prominent lizard species present. 

The occupation of both playa and outwash habitats by A. 
neomexicana in the areas of El Paso and Hudspeth counties well 
removed from the Rio Grande fits in perfectly with Axtell’s (1966, 
op. cit.) description of the fidelity to playa habitats of the spe-
cies in the southern portion of its range. The syntopy of A. neo-
mexicana with other congeners at these sites also corroborates 
Axtell’s discussion. 

We thank Texas Parks and Wildlife Department for permis-
sion granted to JEC and DAB to collect specimens of A. neomexi-
cana in Texas. Much of the descriptions of habitats for A. neo-
mexicana presented herein were contributed by JFS.

JAmeS m. WAlKer, department of Biological sciences, University 
of arkansas, Fayetteville, arkansas 72701, Usa (e-mail: jmwalker@uark.
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state University eunice, eunice louisiana 70535, Usa (e-mail: jcordes@lsue.
edu); douGlAS W. BurKett, P.O. Box 399, White sands Missile range, 
new Mexico 88002, Usa (e-mail: doug.w.burkett.ctr@mail.mil); JAmeS f. 
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C-114, alpine, Texas 79832, Usa. 

ASpiDOScEliS vElOX (Plateau Striped Whiptail). BIFURCA-
TION. Aspidoscelis velox, a triploid hybrid-derived partheno-
genetic species (Moritz et al. 1989. Evolution 43:958–968), has 
a natural range extending from the four corners area into con-
tiguous parts of Colorado, New Mexico, Arizona, and Utah, and it 
has been introduced in Oregon (Stebbins 2003. A Field Guide to 
Western Reptiles and Amphibians, 3rd ed. Houghton Mifflin Co., 
New York, New York. 533 pp.). In a sample of A. velox (= Cnemi-
dophorus innotatus, sensu Wright 1993. In J. W. Wright and L. 
J. Vitt [eds.], Biology of Whiptail Lizards, pp. 27–81. Oklahoma 
Museum of Natural History, Norman, Oklahoma) from 11.5 km 
N of Kanab and west of US Hwy 89 in the vicinity (37.14726°N, 
112.57979°W; 1693 ± 2 m elev.) of Coral Pink Sands State Park, 
Kane Co., southern central Utah, are two preserved lizards (Uni-
versity of Arkansas Department of Zoology, UADZ 9168 of 87 mm 
SVL from 26 July 2012 and 9176 of 58 mm SVL from 27 July 2012), 
each with a with a caudal bifurcation. Unlike the very small 
representation of one branch of this anomaly in a specimen of 
Ameiva ameiva reported by Gogliath et al. (2012. Herpetol. Rev. 
43:128–129), both individuals of A. velox have conspicuously 
developed bifurcations. In the large third or fourth year adult 

(UADZ 9168), the supernumerary branch is ~ 29 mm in length; 
however, the original tail retains evidence of the initiating injury, 
being ~ 11 mm from bifurcation to a rigid angle indicating dam-
aged/healed vertebrae, ~ 15 mm to a semi-rigid angle, and ~ 6 
mm to the tip. The second year juvenile lizard (UADZ 9176) pres-
ents an amazing example of “twin” tails (Fig. 1). The original tail, 
as indicated by position and scalation, is 63 mm in length from 
the bifurcation; the supernumerary branch is 57 mm in length. 
We surmise that the bifid tail in the adult would have been in-
consequential to its biology, whereas the amount of energy di-
verted into the growth and maintenance of the structure in the 
juvenile could have affected its reproductive potential. These are 
the only specimens of A. velox with bifid tails among >200 speci-
men of the species that we have examined from Arizona, New 
Mexico, and Utah. 

We are grateful to the Utah Division of Wildlife Resources 
for issuing a license to JEC for collection of A. velox in Kane Co., 
Utah. The 2012 expedition to Utah and New Mexico was partially 
funded by an Endowed Professorship awarded to JEC by Loui-
siana State University Eunice and Opelousas General Hospital.

JAmeS e. cordeS, division of sciences and Mathematics, louisiana 
state University eunice, eunice, louisiana 70535, Usa (e-mail: jcordes@
lsue.edu); JAmeS m. WAlKer, department of Biological sciences, Univer-
sity of arkansas, Fayetteville, arkansas 72701, Usa (e-mail: jmwalker@uark.
edu).

bRONcHOcElA cRiSTATEllA (Crested Green Lizard). AT-
TEMPTED PREY. Bronchocela cristatella is a familiar agamid 
lizard in Southeast Asia, frequenting a variety of disturbed and 
pristine habitats, and especially common in open areas, such as 
parks and gardens, its diet is reported to be comprised mayflies, 
beetles, flies, and ants, in addition to skinks (Das 2010. A Field 
Guide to the Reptiles of South-east Asia. New Holland Publishers 
[UK], Ltd., London. 376 pp.; Diong and Lim 1998. Raffles Bull. 
Zool. 46:345–359).

On 21 October 2012, at 1128 h, an adult (ca. 110 mm SVL) 
male Bronchocela cristatella was observed at a patch of beach 
forest, adjacent to a mangrove creek at Teluk Penyuk (1.755833°N, 
110.320278°E, ca. 56 m elev.), at the foothills of Gunung San-
tubong, Sarawak, East Malaysia (Borneo). It had gripped the 

fig. 1. Noteworthy specimens of Aspidoscelis velox (= Cnemidopho-
rus innotatus [sensu Wright op. cit.]) from Kane Co., Utah: UADZ 9168 
(adult of 87 mm SVL) with short distorted original and supernumer-
ary branches distal to bifurcation of the tail; UADZ 9176 (subadult of 
58 mm SVL) with elongated original (63 mm) and supernumerary (57 
mm) branches distal to bifurcation of the tail. During collection, the 
tail of each lizard was inadvertently broken, following which a small 
section was removed from each for DNA extraction.
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posterior 5 mm of the abdomen of a ca. 130 mm long phasmid 
(or stick insect), Lonchodes jejunus (Phasmatida, Heteronemi-
idae, Lonchodinae) in its mouth (Fig. 1). For ca. eight minutes, 
the lizard struggled to subdue the stick insect, and finally re-
leased its hold, and moved back to the shrub vegetation at the 
edge of the beach, leaving the now nearly immobile insect. Still 
and video images were taken with a Sony HDR-XR 350E camera; 
these and additional still and video images have been registered 
with the Raffles Museum of Biodiversity Research, National Uni-
versity of Singapore (ZRC [IMG] 2.176a–c).

The phasmid genus Lonchodes includes long-bodied and 
slender species of uniform thickness; females may have ante-
riorly swollen mesonotum. Bragg (2001. Phasmids of Borneo. 
Natural History Publications [Borneo] Sdn Bhd., Kota Kinabalu. 
xi + 772 pp.) listed at least five species within the genus from San-
tubong and adjacent regions of western Sarawak, of the 19 spe-
cies known from Borneo (excluding two additional species er-
roneously recorded from the island). Phasmids have earlier been 
reported in saurian diets, although chiefly of the much larger va-
ranids (e.g., Pianka 1970. West. Aust. Natural. 11:141–144; Greene 
1986. Fieldiana Zool., n.s. [31]:i–iii; 1–12), and no Asian agamids 
have been reported to consume or attempt to predate on these 
large-growing insects.

I thank Francis Seow-Choen and Chan Chew Lun for identi-
fication of the phasmid, and Kelvin K. P. Lim for the ZRC voucher 
numbers. The Sarawak Forest Department issued a research per-
mit (No. NCCD.907.4.4 Jld.7–39) and the Fundamental Research 
Grant, number FRGS/07(04)787/2010(68), Ministry of Higher 
Education supported research on the herpetofauna of Sarawak.

indrAneil dAS, institute of Biodiversity and environmental Conser-
vation, Universiti Malaysia, 94300 Kota samarahan, sarawak, Malaysia; e-
mail: idas@ibec.unimas.my.

cERcOSAURA ScHREibERSii (Long-tailed Little Lizard). DE-
FENSIVE BEHAVIOR. Little is known about the natural history of 
Cercosaura schreibersii, a small gymnophthalmid lizard (Tedesco 
and Céspedez 2005. Bol. Asoc. Esp. Herpetol. 16:30–32). The few 
available data are related to taxonomic features (Cei 1993. Mus. 
Reg. Sci. Nat., Torino, Monogr. 14, 949 pp.; Doan 2003. Zool. J. 
Linn. Soc. 137:101–115; Tedesco and Cei 1999. Boll. Mus. Reg. 
Sci. Nat. 16:309–320) or reproductive mechanisms (Balestrini et 
al. 2010. Biota Neotrop. 10:131–139). Here we provide the first 

report on death-feigning behavior combined with caudal au-
totomy in this species.

On 15 July 2012 we collected two Cercosaura schreibersii spec-
imens, an adult and a juvenile, under a log in putrefaction in a 
xeric grassland at the Paraje Zapallo (27.845028°S, 57.866842°W), 
San Luis del Palmar Department, Corrientes province, Argen-
tina. The adult specimen (total length = 80.58 mm) responded 
aggressively by biting the collectors’ fingers upon initial attempt 
to lift it for examination. The lizard was put down and at which 
time it leaned backwards and began to rotate in a circular mo-
tion over its own body, causing autotomy of its tail. After this it 
placed its forelimbs stretched over the abdomen and arched its 
body and head back. It remained motionless for a couple of min-
utes, feigning death.

Caudal autotomy is a common method of antidepredatory 
behavior, reported in squamates, salamanders, and rodents (Ar-
nold 1988. In Gans and Huey [eds.], Biology of the Reptilia Vol. 
16. Defense and Life History, pp. 235–273. Alan R. Liss, New York; 
Brito et al. 2001. Herpetol. Rev. 32:43–44). But reports on caudal 
autotomy in conjunction with death feigning are scarce (Torres-
Cervantes et al. 2004. Herpetol. Rev. 35:384). In this case, the ani-
mal did not lose its tail via traditional autotomy, rather it twisted 
its own body in order to detach it.

mAriA eSther tedeSco (e-mail: tikytedesco@yahoo.com.ar), 
JuAn mAnuel céSpedez, JorGe A. céSpedez (e-mail: cespedez@
hotmail.com), and mAXi romero, laboratorio de Herpetología, Facul-
tad de Ciencias exactas y naturales y agrimensura, Universidad nacional 
del nordeste, Campus Universitario Corrientes, avenida libertad 5470, CP. 
3440, Corrientes, argentina. 

cHAlciDES OcEllATUS (Ocellated Skink). SPIDER PREDA-
TION. The spider genus Latrodectus has a worldwide distribu-
tion, with many species recorded as having a broad diet and 
as being occasional predators of lizards and mice (Garb et al. 
2004. Mol. Phylog. Evol. 31:1127–1142; e.g., Latrodectus hasselti 
in Knoflach and Van Harten 2001. Fauna of Arabia 19:321–361; 
L. pallidus and L. revivensis in Blondheim and Werner 1989. 
Brit. Herpetol. Soc. Bull. 30:26–27); this is likely the reason for 
the presence of a vertebrate-specific toxin (α-latrotoxin) found in 
their venom (Garb et al., op. cit.). In Europe, the diet of Latro-
dectus lilianae has been found to include the lizards: Acantho-
dactylus erythrurus, Psammodromus algirus, Psammodromus 

fig. 1. Bronchocela cristatella with the posterior end of a Lonchodes 
jejunus (Phasmatida, Heteronemiidae, Lonchodinae).

fig. 1. Female Latrodectus tredecimguttatus spider with a dead juve-
nile Chalcides ocellatus in its web; the spider’s egg sacks visible in 
upper left corner.
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hispanicus, Tarentola mauritanica (Hòdar and Sànchez-Piñero 
2002. J. Zool. Lond. 257:101–109). The only Italian species of Lat-
rodectus, L. tredecimguttatus, is reported as occasionally prey-
ing on small lizards in Romania (Duma 2006. Travaux du Mu-
séum d’Histoire Naturelle 49:75–81). Schwammer and Baurecht 
(1988. Herpetozoa 1:73–76) reported predation upon Podarcis 
melisellensis in Croatia. 

On 1 August 2011, near Maristella (Sassari province, Sardin-
ia, Italy) while inspecting some black widow spider webs under 
stones and bushes in a Mediterranean maquis for photographic 
purposes, a female L. tredecimguttatus was observed with a ju-
venile Chalcides ocellatus tiligugu entangled in its web, already 
dead. The skink clearly bore the bite of the spider on its right side 
(Fig. 1), showing necrosis of tissues around it. The prey was lo-
cated under the hunting platform as also observed for L. lilianae 
(Hòdar and Sànchez-Piñero, op. cit.) and not in the nest, where 
at least two egg sacks were present. It is possible that the reptile 
was either caught while moving under the web, or by falling in 
it from above, as the web was constructed in a corner of a rocky 
outcrop covered by sterpaglie (extensive growths of Graminace-
ae). The following day another inspection of the web confirmed 
that the spider had finished consuming its prey, leaving it on the 
ground under the web. It is possible, as proposed by Hòdar and 
Sànchez-Piñero (2002, op. cit.) for lizards, that the overlapping of 
daily activity of both skinks (diurnal) and spiders (nocturnal) in 
the first hours of the day and at sunset permits this kind of inter-
action, even more with juvenile skinks that have smaller bodies 
and better thermoregulation (considering that during summer 
months this skink’s activity is bimodal; Corti et al. 2011. Fauna 
d’Italia. XLV. Reptilia. Edizioni Calderini, Milan. 270 pp.). In the 
same area, L. tredecimguttatus has been observed preying upon 
several arthropods but never on vertebrates before (M. Colom-
bo and B. Manunza, pers. obs.); however, predation on reptiles 
could be more frequent than has been reported, as also stated by 
Hòdar and Sànchez-Piñero (2002, op. cit.). This record represents 
the first documented case of predation of a spider on a skink in 
Europe (a not-so-common kind of prey also in other parts of 
the world; McCormick and Polis 1982. Biol. Rev. Camb. Philos. 
57:29–58), and one of the few cases of predation by a spider on 
a reptile in Italy. This observation adds to the limited knowledge 
of trophic interactions between reptiles and spiders (an often 
overlooked phenomenon in food webs; McCormick and Polis, 
op. cit.) in Mediterranean environments, as C. ocellatus was al-
ready known to feed on arthropods including spiders (Corti et 
al. 2011, op. cit.).

I thank Bruno Manunza and Anna Cataldi for help dur-
ing searches in the field. I would also like to thank Cesar Ayres, 
Francesco Ballarin, David Bird, Francesco Ficetola, Iulian Gh-
erghel, Chis-Gleed-Owen, Barbara Knoflach, Bruno Manunza, 
Nicola Novarini, Stefano Scali, Benedikt Schmidt, Alessio Trotta, 
and Leonardo Vignoli for sharing useful references and personal 
observations.

mArco colomBo, via Biancardi 17, 21052 – Busto arsizio (Varese), 
italy; e-mail: oryctes@libero.it.

cOpEOGlOSSUM NiGROpUNcTATUM. ENDOPARASITES. 
Copeoglossum nigropunctatum occurs in parts of Brazil, French 
Guiana, Guyana, Venezuela, Isla Margarita, Trinidad, Tobago, 
Suriname, Bolivia, Peru, and Ecuador (Uetz [ed.] 2012. The Rep-
tile Database. http:www.reptile-database.org. Accessed 1 No-
vember 2012). It is the most common skink in Amazonia (Avila-
Pires 1995. Zoolog. Verh. Leiden 299:1–706). There are previous 

reports of nematodes in C. nigropunctatum (previously Mabuya 
nigropunctata) from Brazil, Oochoristica travassosi, Oswaldo-
cruzia sp., Physaloptera lutzi, Physaloptera retusa (Avila and da 
Silva, 2011. Comp. Parasitol. 78:129–139), Oochoristica sp. (Avila 
et al. 2011. Comp. Parasitol. 78:120–128), Physalopteroidea ve-
nancioi (de Albuquerque et al. 2012. Comp. Parasitol. 79:64–67) 
and Peru, Oswaldocruzia brasiliensis, Parapharyngodon sclera-
tus, Piratuboides zeae (McAllister et al. 2010. J. Parasitol. 96:444–
447). The purpose of this note is to add to the helminth list of C. 
nigropunctatum.

A sample of 15 C. nigropunctatum (mean SVL = 83.3 mm ± 
7.9 SD, range = 62–93 mm) collected in Pará State, Brazil in 1995 
and 2004, and deposited in the herpetology collection of the Sam 
Noble Museum (OMNH), Norman Oklahoma, USA as (OMNH 
36828–36842, 41807–41811) was examined. Lizards were fixed in 
10% formalin and stored in 70% ethanol. The stomachs had pre-
viously been removed and were not available for examination. 
The intestines were removed, opened, and the contents exam-
ined under a dissecting microscope. Nematodes were found in 
the small intestines, prevalence, number infected/number ex-
amined × 100 = 73%, mean intensity, mean number helminths 
= 3.8 ± 2.1 SD, range = 1–7. They were cleared in a drop of lac-
tophenol on a microscope slide, cover slipped, studied under 
a compound microscope and identified as Oswaldocruzia vitti. 
Voucher nematodes were deposited in the United States Nation-
al Parasite Collection (USNPC), Beltsville Maryland as USNPC 
106130.

We have assigned our specimens to Oswaldocruzia vitti be-
cause the spicule blade terminates in three bifurcated processes; 
the spicule blade of O. brasileinsis is spatulate. Oswaldocruzia 
vitti was originally described from Cercosaura eigenmanni (Bra-
zil) and C. oshaughnessyi (Brazil, Ecuador) (Bursey et al. 2004. 
J. Parasitol. 90:140–145). It was also found in Alopoglossus an-
gulatus (Brazil, Ecuador) and A. atriventris (Brazil) (Goldberg 
et al. 2007. Herpetol. J. 17:269–272), Anolis punctatus (Brazil, 
Ecuador) (Goldberg et al. 2006. Amphibia-Reptilia 27:575-579), 
Anolis fuscoauratus (Brazil, Ecuador) (Goldberg et al. 2006. Phyl-
lomedusa 5:83-86), Arthrosaura reticulata (Ecuador) (Goldberg 
et al. 2010. Herpetol. Rev. 41:349-350), Cercosaura eigenmanni 
(Peru) (Bursey et al. 2005. Comp. Parasitol. 72:50-68), Plica plica 
and P. umbra (Brazil) (Goldberg et al. 2009. Herpetol. J.19:49-52). 
Copeoglossum nigropunctatum represents a new host record for 
Oswaldocruzia vitti.

We thank Jessa L. Watters (OMNH) for facilitating the loan.
Stephen r. GoldBerG, Whittier College, department of Biol-

ogy, Whittier, California 90608, Usa (e-mail: sgoldberg@whittier.edu); 
chArleS r. BurSey, Pennsylvania state University, department of Biol-
ogy, shenango Campus, sharon, Pennsylvania, Usa (e-mail: cxb13@psu.
edu); lAurie J. vitt, University of Oklahoma, department of Zoology, 
norman, Oklahoma 73072, Usa (e-mail: vitt@ou.edu); JeAnette Arre-
olA, department of Biology, Whittier College, Whittier, California 90608, 
Usa (e-mail: jarreola@poets.whittier.edu).

cTENOSAURA HEMilOpHA (Baja California Spiny-tailed Igua-
na). DISPERSAL PHENOMENON. Ctenosaura hemilopha is en-
demic to Baja California Sur, Mexico, including Cerralvo Island 
located in the Sea of Cortez east of La Paz (Grismer 2002. Amphib-
ians and Reptiles of Baja California including its Pacific Islands 
and the Islands in the Sea of Cortés. University of California Press, 
Berkeley. 409 pp.; Stebbins 2003. A Field Guide to Western Reptiles 
and Amphibians, 3rd ed. Houghton Mifflin Co., New York. 560 pp.). 
This large lizard occurs in arid, sub-tropical scrub habitats where 
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most rainfall occurs during late-summer tropical storms. The iso-
lated occurrence of this iguana on the Baja California peninsula 
presumably results from dispersal over land originating from the 
Mexican mainland (Smith 1972. Great Basin Nat. 32:104–111) or 
from human introductions (Stebbins 2003, op. cit.). Here we de-
scribe a rare observation of a long distance dispersal phenom-
enon and natural mechanism for dispersal over water.

On 28 September 2012 tropical storm Norman moved north-
erly over the Sea of Cortez with reports of heavy rain and flooding 
in La Paz and other coastal towns. While boating on 2 October 
in the Sea of Cortez between La Paz and Cerralvo Island we ob-
served extensive debris carried by coastal floodwaters and wind. 
Tree trunks, large branches, and smaller woody debris were ob-
served. The debris field appeared to be moving from the La Paz 
area toward Cerralvo Island and the open waters of the Sea of 
Cortez. On the same day an adult Ctenosaura hemilopha was 
found floating on driftwood between La Paz and the northern tip 
of Cerralvo Island (Fig. 1). The lizard was approximately 7 km W 
of the island and 40 km E of La Paz (24 km E of the nearest shore). 
The driftwood log was approximately 90 cm in length and the 
size of the iguana was estimated at 22 cm SVL. The iguana was 
captured and appeared to be in good health. It was later released 
in the village of La Ventana, south of La Paz, Baja California Sur.

Evidently the stranded iguana, caught in flood waters, floated 
on debris for 24–40 km or more from the La Paz area and for a 
period of up to four days (i.e., from the time the storm began 
to the time observed in open water). It is plausible that this liz-
ard could have continued to drift at a rate of 5–10 km/day and 
reached Cerralvo Island within 1–2 days. Our observation docu-
ments a natural dispersal event rarely seen, and indicates that 
peninsular individuals of this species may still be colonizing the 
island today.

We thank Pangaro Yoni, La Ventana, Baja California Sur, Mexico.
dAvid G. cooK, sonoma County Water agency, 404 aviation Blvd, 

santa rosa, California 95403, Usa (e-mail: dcook@scwa.ca.gov); denniS 
hAuSSler, 1666 Maryland street, redwood City, California 94061, Usa. 

cTENOSAURA SiMiliS (Gray’s Spiny-tailed Iguana). NON-
NATIVE DIET. Ctenosaura similis is native to Central America, 
occurring from Mexico through to Panama (Traveset 1990. Am. 
Midl. Nat. 123:402–404), and has been introduced to several Car-
ibbean islands, and Florida, USA (Kraus 2009. Alien Reptiles and 
Amphibians: A Scientific Compendium and Analysis. Springer, 
[Dordrecht, Netherlands], 563 pp.; Krysko et al. 2003. Florida Sci. 
66:74-79). This species exhibits an ontogenetic diet shift, where 
juveniles are primarily carnivorous and adults are primarily her-
bivorous (Hirth 1963. Ecology 44:613–615; Krysko et al. 2009. 

Florida Sci. 72:48–58; Rand et al. 1990. J. Herpetol. 24:211–214). 
Diet has been documented for some introduced populations 
in southern Florida, particularly those on Gasparilla Island, 
Charlotte and Lee counties, and Key Biscayne, Miami-Dade Co. 
(Krysko et al. 2009, op. cit., Krysko et al. 2010. Herpetol. Cons. 
Biol. 5:132–142). Herein, we augment previously documented 
diet of C. similis on Key Biscayne. 

On 14 September 2012 between 1205–1220 h, a single adult 
female Ctenosaura similis was observed in beach coastal habi-
tat feeding on flowers of the native Baybean, Canavalia rosea 
(Fabaceae), at Crandon Park, Key Biscayne (25.706°N, 80.153°W, 
WGS84; elev. <1 m). The iguana periodically foraged through a 
large area (ca. 20 m x 20 m) of Baybean and ate 21 individual 
flowers; no other parts of the plant were eaten. This is the first 
documentation of C. similis consuming Canavalia rosea (Krysko 
et al. 2009, op. cit.; Krysko et al. 2010, op. cit.). Florida currently 
has the largest number of non-native herpetofaunal species in 
the world, and the impact of native/non-native interactions on 
ecosystem functioning remain poorly understood (Krysko et al. 
2011. Zootaxa 3028:1–64). The potential impacts of this feeding 
behavior on local plant survivability are not known and should 
be considered important in future monitoring. No sympatric 
reptile species were observed throughout the duration of the 
feeding behavior. 

JAmeS t. Stroud, department of Biological sciences, Florida inter-
national University, 11200 sW 8th st, Miami, Florida 33199, Usa (e-mail: 
JamesTstroud@gmail.com); Kenneth l. KrySKo, division of Herpetolo-
gy, Florida Museum of natural History, dickinson Hall, University of Florida, 
gainesville, Florida 32611, Usa (e-mail: kenneyk@flmnh.ufl.edu).

DipSOSAURUS DORSAliS (Desert Iguana). REPRODUCTION 
BAJA CALIFORNIA SUR. Dipsosaurus dorsalis ranges from 
southern Nevada to the tip of Baja California (Stebbins 2003. A 
Field Guide to Western Reptiles and Amphibians. Houghton Mif-
flin Co., Boston, Massachusetts. 533 pp.). Detailed information 
on D. dorsalis reproduction in southern California was reported 
by Mayhew (1971. Herpetologica 27:57–77). Previous informa-
tion on reproduction of D. dorsalis in Baja California Sur was 
reported by Asplund (1967. Amer. Midl. Nat. 77:462–475) and 
Grismer (2002. Amphibians and Reptiles of Baja California In-
cluding its Pacific Islands and the Islands in the Sea of Cortés. 
Univ. Calif. Press, Berkeley. 399 pp.). The purpose of this note is 

fig. 1. Ctenosaura hemilopha drifting on log in the Sea of Cortez, 
Mexico.

fig. 1. Ctenosaura similis eating Canavalia rosea flowers at Crandon 
Park beach.
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to report additional information on reproduction of D. dorsalis 
from Baja California Sur.

A sample of 51 D. dorsalis collected from 1949 to 1978 at the 
southern tip of Baja California Sur, Mexico (between 24.1666°N, 
110.3000°W and 22.8800°N, 109.9000°W), consisting of 27 adult 
males (mean SVL = 119.1 mm ± 8.3 SD, range = 105–134 mm), 14 
adult females (mean SVL = 107.0 mm ± 10.8 SD, range = 93–127 
mm), 8 subadult males (mean SVL = 93.1 mm ± 6.3 SD, range 
= 80–98 mm), 2 subadult females (mean SVL = 89.0 mm ± 0.71 
SD, range = 88–89 mm) was examined from the herpetology col-
lection of the Natural History Museum of Los Angeles County 
(LACM), Los Angeles, California, USA; LACM 17133–17136, 
17138, 17154–17156, 17159, 17161, 17163–17167, 17173–17175, 
17180–17191, 17193–17196, 17199–17201, 17204, 17205, 17207, 
127939, 127940, 127943, 127946–127950, 127952, 127955, 127956. 

A small incision was made in the lower part of the abdomen 
and the left gonad was removed for histological examination. 
Gonads were embedded in paraffin, sections were cut at 5µm, 
and stained with Harris hematoxylin followed by eosin counter-
stain. Oviductal eggs were counted. Histology slides were depos-
ited in LACM. 

Four stages were noted in the testicular cycle (Table1): 1) 
regressed, seminiferous tubules contain mainly spermatogonia 
and Sertoli cells; 2) recrudescence, proliferation of germ cells for 
the next period of spermiogenesis is in progress, primary sper-
matocytes predominate; 3) spermiogenesis, lumina of seminif-
erous tubules lined by clusters of sperm or metamorphosing 
spermatids; 4) late spermiogenesis, only a few rows of germi-
nal cells remain, fewer sperm present in comparison to stage 
3. Spermiogenesis occurred in May and concluded in July. Re-
crudescence was underway in July and August. The smallest re-
productively active male (LACM 127940) (undergoing spermio-
genesis), measured 106 mm SVL and was collected in May 1978. 
This is smaller than the minimum size (115 mm SVL) reported 
by Mayhew (1971, op. cit.) for reproductively active D. dorsalis 
males in California.

Three stages were noted in the ovarian cycle (Table 2): 1) qui-
escent, no yolk deposition; 2) early yolk deposition, basophilic 
vitellogenic granules are present; 3) oviductal eggs are present. 
Early yolk deposition occurs in May. Ovarian activity concludes 

by August. One July female (LACM 17201) contained six oviduc-
tal eggs. The smallest reproductively female (LACM 127946) ex-
hibited early yolk deposition, measured 93 mm SVL and was col-
lected in May 1978. This is smaller than the minimum size (110 
mm SVL) reported by Mayhew (1971, op. cit.) for reproductively 
active D. dorsalis females in California.

My findings support Asplund (1967, op. cit.) who reported 
reproduction in D. dorsalis had ceased in August in the Cape Re-
gion of Baja California Sur. It appears the reproductive cycles of 
D. dorsalis are in synchrony in both California (Mayhew 1971, op. 
cit.) and Baja California Sur. 

I thank Greg Pauley (LACM) for permission to examine D. 
dorsalis.

Stephen r. GoldBerG, Whittier College, department of Biology, 
PO Box 634, Whittier, California 90608, Usa; e-mail: sgoldberg@whittier.
edu.

GEKKO JApONicUS (Japanese Gecko). SAP FEEDING. Gekko 
japonicus is a small gecko (up to 73 mm SVL) occurring in Japan 
(Ota and Tanaka 1996. The Encyclopaedia of Animals in Japan 
5, Amphibians, Reptiles, Chondrichthyes. Heibonsha, Tokyo, Ja-
pan. 69 pp.). On the basis of anecdotal information, this species 
is believed to inhabit urban areas almost entirely (Ota and Tana-
ka 1996, op. cit.). Gekko japonicus gathers around artificial lights 
on buildings and other anthropogenic structures at night to for-
age on insects that are attracted by the lights, such as moths, leaf 
beetles, and mayflies (Ota and Tanaka 1996, op. cit.; Werner et 
al. 1997. Asiatic Herpetol. Res. 7:153 –165). Ota and Tanaka (1996, 
op. cit.) suggested coastal rocky areas and forests as the original 
habitats of G. japonicus. No ecological studies have shown the 
foraging behavior of G. japonicus in its natural habitat. Here, we 
report sap-feeding behavior by G. japonicus in a dark forest.

Our field survey was conducted in the coppice areas at 
the Kitashirakawa Experimental Station of the Field Science 
Education and Research Center, Kyoto University (35.0325°N, 
135.7855°E, datum WGS84; 67 m elev.) and Yoshidayama Moun-
tain (35.0227°N, 135.7838°E to 35.0286°N,  135.7886°E; 74 –110 m 
elev.), Kyoto, Japan. We observed geckos licking the sap of the 
Japanese Willowleaf Oak (Quercus salicina) in the Kitashirakawa 
Experimental Station on 10 days in July and August 2010. On Yo-
shidayama Mountain, similar behaviors were observed by the 
geckos on Sawtooth Oak (Quercus acutissima) on 9 July 2010, 15 
and 29 June 2012. During these surveys, we observed 14 G. japon-
icus individuals licking sap from trees. They usually did not move 
on the tree trunk or branches for several minutes and licked a 
small patch of tree sap. During the 2-min detailed observation 
on 29 June 2012, the gecko consumed sap for 19 sec by licking 
it 14 times. On one occasion (9 July 2010), we observed a G. ja-
ponicus consume a moth that was attracted by the sap from the 
Sawtooth Oak on Yoshidayama Mountain. After 1 min of tree-sap 
feeding by the gecko, a moth (Catocalinae) flew to the sap site 
of the tree trunk near the gecko. The gecko stopped licking the 
sap and captured the moth. Because we observed many moths 
and beetles attracted by the tree sap at night, we assumed that 
geckos might use the patch of tree sap as a sit-and-wait location 
to forage for insects attracted to the tree sap. However, further 
observations are required to evaluate the relative importance of 
sap feeding of G. japonicus in forest habitats. 

To our knowledge, this is the first study to show a Gekko spe-
cies using tree sap as a resource for direct ingestion of the sap and 
foraging for insect prey. However, in several species of lizards, 
it is considered that tree sap could be a valuable food resource 

tABle 1. Monthly stages in the testicular cycle of 27 Dipsosaurus dor-
salis from Baja California Sur, Mexico.

Month N Regressed Recrudescence Spermiogenesis Late 
                                             Spermiogenesis

May 9 0 0 9  0

June 1 1 0 0  0

July 9 2 4 1  2

August 8 1 7 0  0

tABle 2. Monthly stages in the ovarian cycle of 14 Dipsosaurus dorsa-
lis from Baja California Sur, Mexico. 

Month N Quiescent Early yolk Oviductal 
   deposition eggs

May 3 0 3 0

July 5 4 0 1

August 6 6 0 0
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because of the high concentration of sugars and nutrients (Greer 
1989. The Biology and Evolution of Australian Lizards. Surrey 
Beatty and Sons, Chipping Norton, Sydney, Australia. 264 pp.). 
Therefore, tree sap consumption by Gekko species may be more 
widespread than was previously considered, especially in several 
congeners that inhabit forest areas (e.g., Aowphol et al. 2006. 
Amphibia-Reptilia 27:491–503).

Syoichi murAi, department of Zoology, Faculty of science, Kyoto 
University, sakyo, Kyoto 606-8502, Japan (e-mail: ra25347@dj8.so-net.
ne.jp); teppei Jono (e-mail: mjusinondo@gmail.com) and yoShihito 
honGo, department of Zoology, graduate school of science, Kyoto Uni-
versity, sakyo, Kyoto 606-8502, Japan (e-mail: yhr08170@pl.ritsumei.ac.jp).

HElODERMA HORRiDUM cHARlESbOGERTi (Guatemalan 
Beaded Lizard). WILD REPRODUCTIVE ECOLOGY. Heloderma 
horridum charlesbogerti is an endangered venomous lizard en-
demic to the seasonally dry tropical forests of Motagua Valley 
in eastern Guatemala (Campbell and Vannini 1988. J. Herpetol. 
22:457–468). 

We conducted a four-year radio-tracking study from July 
2004 to September 2008 to determine the ecology and behavior 
of this species. Lizards were fitted with a radio transmitter (CHP-
5P by Telonics, Mesa, Arizona, USA) and tracked using an ATS 
FieldMaster FM100 Receptor. The transmitters were attached 
within the second and third tail ring of each lizard (approximate-
ly 20 mm posterior to the vent), and to improve the security of 
the transmitters, they were fixed using duct tape (Truper, USA), 
with care taken not to obstruct the cloaca. Each individual was 
also marked with PIT-tags (AVID microchips, Los Angeles, Cali-
fornia, USA) inserted at the level of the right forelimb. 

One of the radiotracked females (No. 094.519.273) was gravid 
at the beginning of November 2006. This was verified by detect-
ing egg masses in her belly by direct ventral palpation. During 
the second week of November 2006 this female entered a bur-
row probably made by an armadillo (Dasypus novemcinctus), in 
which she remained for 12 days at a depth of 2.5 m. After this 
time, the female emerged notably thinner (late November 2006) 
and a tactile exam revealed that eggs has been laid inside this 
burrow. Five months later (early April 2007) marks on the en-
trance of the burrow indicated that juveniles had left this under-
ground retreat. Internal inspection of the burrow revealed four 
hatched egg shell remains.

The nest described above was monitored with data log-
gers. Simultaneous data of relative humidity (%), temperature 
(°C), and dew point (°C) were recorded at a depth of 1 m in the 

underground shelter of female No. 094.519.273 nest. This was 
made using EL-USB-2 preprogrammed Lascar® data loggers. 
The data storage time was settled to record every 5 min. Means 
are given ± 1 SD.

The incubation period of this nest was 149 days. The aver-
age incubation temperature was 26.36 ± 1.09°C, average relative 
humidity was 82.16 ± 9.76%, and average dew point temperature 
was 22.97 ± 2.38°C. These data were taken from 24 November 
2006 to 21 April 2007.

The temperature range inside the nest was between 23–29°C. 
The relative humidity ranged from 58.5% to 95%, with the low-
est percentages occurring near the end of the incubation period. 
The dew point temperature varied from 16.8 to 27.6°C. There 
were no differences between the nest temperature and the dew 
point temperature inside the shelter during the first four months 
of incubation. This implies that for successful incubation the 
eggs of this species require a humidified or nearly saturated en-
vironment, but with no direct contact with water.

The incubation time of a monitored nest (149 days) agrees 
with previous reports on captive incubations of eggs of H. h. 
charlesbogerti at San Diego Zoo, which varied between 145 to 
164 days (Owens 2006. Iguana 13:212–215). These incubation 
periods are much less than those reported in captivity for oth-
er subspecies of H. horridum which vary from 201 to 215 days 
(Beck 2005. Biology of Gila Monsters and Beaded Lizards. Univ. 
California Press, Los Angeles. 211 pp.). The microclimate data of 
the nest monitored and presented in this note are the first ob-
servation and microclimate data gathering of a wild nest of any 
Heloderma species in nature (Beck 1990. J. Herpetol. 24:54–68; 
Beck 2005, op. cit.; Beck and Jennings 2003. Herpetol. Monogr. 
17:111–129; Beck and Lowe 1991. J. Herpetol. 25:395–406; Camp-
bell and Vannini, op. cit.; Jones 1983. Herpetologica 39:247–253). 
The data reported here will be of great relevance for further cap-
tive breeding programs on this endangered species, as captive 
incubation in H. h. charlesbogerti has been reported to be prob-
lematic (Owens, op. cit.).

Fieldwork was conducted under CONAP scientific research 
permits. Funding was provided by grants from Zoo Atlanta, IRCF, 
Eli Lilly Co., Disney Worldwide Conservation Fund, San Diego 
Zoo, Oklahoma City Zoo, Idea Wild, and The Nature Conservan-
cy. This work was part of a Master’s thesis of D. Ariano-Sánchez 
at Universidad de Costa Rica. Field assistance was provided by 
Erick Lopez, Cristian Beza, and Pablo Salazar. 

dAniel AriAno-Sánchez, Universidad del Valle de guatemala, 18 
avenida 11-95 zona 15 Vista Hermosa iii, ciudad guatemala, 01015, gua-
temmala (e-mail: dariano@uvg.edu.gt); GilBerto SAlAzAr, asociación 
Zootropic, 12 calle 1-25 zona 1, ciudad guatemala, guatemala. 

lEpOSOMA pARiETAlE. ENDOPARASITES. Leposoma parietale 
is known from the Amazonian slopes of the Andes in southeast-
ern Colombia, eastern Ecuador and northeastern Peru where it 
inhabits leaflitter (Avila-Pires. 1995. Lizards of Brazilian Ama-
zonia [Reptilia: Squamata]. Zoologische Verhandelingen 299:1–
706). We know of no reports of helminths for L. parietale. The 
purpose of this note is to establish the initial helminth list for 
this gymnophthalmid lizard.

Eleven L. parietale (mean SVL = 32.3 mm ± 3.1 SD, range = 27–
35 mm) from the herpetology collection of the Sam Noble Mu-
seum (OMNH, The University of Oklahoma, Norman, USA) were 
examined for helminths, all from Ecuador, including specimens 
from Napo Province, Jatun Sacha (OMNH 36379; 0.98333°S, 
77.81667°W, WGS 84; elev. 400 m) collected in April 1989, and 

fig. 1. Microclimatic parameters of the incubation period of a nest of 
Heloderma horridum charlesbogerti in the wild monitored from 24 
November 2006 to 21 April 2007.
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from Sucumbios Province, Reserva Faunistica Cuyabeno, Es-
tación Biología da Universidad Católica (Quito) (OMNH 36456–
36467; 0°S, 76.11667°W, WGS 84; elev. 260 m), collected in Febru-
ary, March, and April 1994. The stomachs had been previously 
removed and were not available for examination. The small and 
large intestines were removed, opened, and examined under a 
dissecting microscope. Cestodes were regressively stained in 
hematoxylin, mounted in balsam on a microscope slide, cover 
slipped, and studied under a compound microscope as a whol-
emount. Nematodes were removed, placed separately on micro-
scope slides, cleared in a drop of lactophenol, cover slipped, and 
studied under a compound microscope. One species of Cestoda, 
Tejidotaenia appendiculata (N = 3) was found in the small in-
testine of OMNH 36379. Two species of Nematoda were found, 
including Cosmocerca vrcibradici in the large intestine of OMNH 
36464 (N = 2) and OMNH 36467 (N = 1) and Oswaldocruzia vitti 
(1 each) in the large intestine of OMNH 36459 and 36460. Preva-
lence, number infected/number examined × 100 = 9.0% for T. 
appendiculata, 18.1% for both C. vrcibradici and O. vitti. Mean 
infection intensity (mean number infected individuals) was 1.50 
± 0.71, range: 1–2 for C. vrcibradici. Helminths were deposited in 
the United States National Parasite Collection (USNPC), Belts-
ville, Maryland, USA as Tejidotaenia appendiculata (USNPC 
106354), Cosmocerca vrcibradici (USNPC 106355), and Oswaldo-
cruzia vitti (USNPC 106356).

 Tejidotaenia appendiculata (originally Proteocephalus ap-
pendiculatus from Tupinambis nigropunctatus [currently T. te-
guixin] collected in Surinam) was redescribed from the same 
host collected in Brazil (Rego and de Chambrier 2000. Mem. 
Inst. Oswaldo Cruz 95:161–165). Leposoma parietale represents 
the second reported host for T. appendicualta; Ecuador is a new 
locality record. Cosmocerca vrcibradici was described from the 
gymnopthalmid Prionodactylus eigenmanni (currently Cerco-
saura eigenmanni) from Rondônia State, Brazil (Bursey and 
Goldberg 2004. J. Parasitol. 90:140–145). Other hosts are in Gold-
berg et al. (2010. Herpetol. Rev. 41:495–496). Oswaldocruzia vitti 
was described from P. eigenmanni from Amazonas State, Brazil 
by Bursey and Goldberg (op. cit.); a host list is in Goldberg et al. 
(2013. Herpetol. Rev. 44, in press). Tejidotaenia appendiculata, 
Cosmocerca vrcibradici and Oswaldocruzia vitti comprise the 
initial parasite list for L. parietale.

We thank Jessa L. Watters (OMNH) for facilitating the loan.
Stephen r. GoldBerG, department of Biology, Whittier Col-

lege, Whittier, California 90608, Usa (e-mail: sgoldberg@whittier.edu); 
chArleS r. BurSey, department of Biology, Pennsylvania state Univer-
sity, shenango Campus, sharon, Pennsylvania 16146, Usa (e-mail: cxb13@
psu.edu); lAurie J. vitt, University of Oklahoma, sam noble Museum 
and department of Biology, norman, Oklahoma 73072, Usa (e-mail: vitt@
ou.edu); JeAnette ArreolA, department of Biology, Whittier College, 
Whittier, California 90608, Usa (e-mail: jarreola@poets.whittier.edu).

lEpOSOMA pERcARiNATUM (Muller’s Tegu). ENDOPARA-
SITES. Leposoma percarinatum is known from northern South 
America east of the Andes where it inhabits leaflitter, frequently 
close to water (Avila-Pires. 1995. Lizards of Brazilian Amazonia 
(Reptilia: Squamata). Zoologische Verhandelingen 299:1–706). 
We know of no reports of helminths for L. percarinatum. The 
purpose of this note is to establish the initial helminth list for L. 
percarinatum.

Twelve L. percarinatum females (mean SVL = 29.2 mm ± 
5.1 SD, range = 23–37 mm) were examined for helminths from 
the herpetology collection of the Sam Noble Museum (OMNH, 

The University of Oklahoma, Norman, USA) collected July 1993 
(OMNH 36344–36355) in Roraima State, Brazil, 7.0 km E Rio Aja-
rani (1.55000°S, 61.26666°W, WGS 84; elev. 66 m). The stomachs 
had been previously removed and were not available for ex-
amination. The small and large intestine were removed, opened 
and examined under a dissecting microscope. The only nema-
tode found was from the small intestine of OMNH 36355. It was 
placed on a microscope slide, cleared in a drop of lactophenol, 
cover slipped and studied under a compound microscope. It 
was identified as an adult female Oswaldocruzia vitti. Preva-
lence (number infected/number examined × 100 = 8.3%). The 
helminth was deposited in the United States National Parasite 
Collection (USNPC), Beltsville, Maryland, USA as Oswaldocruzia 
vitti (USNPC 106357). 

Oswaldocruzia vitti was described from Prionodactylus ei-
genmanni (currently Cercosaura eigenmanni) from Amazo-
nas Province, Brazil by Bursey and Goldberg (2004. J. Parasitol. 
90:140–145). A host list is in Goldberg et al. (2013. Herpetol. Rev. 
44 in press). Leposoma percarinatum represents a new host re-
cord for O. vitti.

We thank Jessa L. Watters (OMNH) for facilitating the loan.
Stephen r. GoldBerG, department of Biology, Whittier Col-

lege, Whittier, California 90608, Usa (e-mail: sgoldsberg@whittier.edu); 
chArleS r. BurSey, department of Biology, Pennsylvania state Univer-
sity, shenango Campus, sharon, Pennsylvania 16146, Usa (e-mail: cxb13@
psu.edu); lAurie J. vitt, University of Oklahoma, sam noble Museum 
and department of Biology, norman, Oklahoma 73072, Usa (e-mail: vitt@
ou.edu); JeAnette ArreolA, department of Biology, Whittier College, 
Whittier, California 90608, Usa (e-mail: jarreola@poets.whittier.edu).

lEpOSTERNON SP. PREDATION. During the analysis of stom-
ach contents of a young female Crab-eating Fox (Cerdocyon 
thous) in the Laboratório de Ecologia of the Universidade Vei-
ga de Almeida, Rio de Janeiro, Brazil, we collected body parts 
of an unidentified species of Leposternon sp. The specimen of 
C. thous was a road kill, collected on 2 December 2009, on the 
BR-040 highway, at km number 97 (22.583°S, 43.260°W; datum 
SAD 69), in the locality of Xerém, Duque de Caxias, Rio de Ja-
neiro state, Brazil. The Crab-eating Fox is a medium-sized canid 
that is widely distributed in Brazil (Reis et al. 2011. Mamíferos 
do Brasil. 2ª edição. Londrina. 442 pp.), which has an omnivo-
rous diet, including plants (fruits), small mammals, arthropods, 
fishes, anurans, birds, carrion, and reptiles (turtle eggs, lizards, 
and snakes) having been reported in the literature (Bueno and 
Motta-Júnior 2004. Rev. Chil. Hist. Nat. 77:5–14; Gatti et al. 2006. 
Jour. Trop. Ecol. 22:227–230; Gomes et al. 2012. Herpetol. Notes 
5:463–466; Juarez and Marinho-Filho 2002. J. Mammal. 83:925–
933; Reis et al. 2011, op. cit; Rocha et al. 2004. Rev. Bras. Zool. 
21:871–876; Uchoa et al. 2004. Cad. Biodiv. 4:67–74; Pedó et al. 
2006. Rev. Bras. Zool. 23:637–641; Vieira and Port 2007. J. Zool. 
272:57–63). Prior to the report presented here, reptiles reported 
in the diet of this wild canid are the lizards Brasiliscincus agi-
lis, Ameivula littoralis, Ameiva ameiva, Vanzosaura rubricauda, 
Tropidurus sp., Anolis sp., Mabuya sp., and Ameiva sp.; and the 
snakes Typhlops brongersmianus and Bothropoides jararaca 
(Gatti et al., op. cit.; Gomes et al. 2012, op. cit. Juarez and Marin-
ho-Filho, op. cit.; Raíces and Bergallo, 2010. Neotrop. Biol. Con-
serv. 5:24–30; Rocha et al., op. cit.; Rocha et al. 2008. Rev. Bras. 
Zool. 25:594–600). 
 The head of Leposternon species are characterized by the 
presence of the rostral and nasals fused into a single shield, and 
by having nostrils with the openings on the ventral surface of the 
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snout (Perez and Ribeiro 2008. Check List 4:291–294; Peters and 
Orejas-Miranda 1970. Catalogue of Neotropical Squamata Part I. 
Snakes. U.S. Nat. Mus. Bull. 347 pp.), which was observed in the 
head of the specimen of the current study. Leposternon species 
are differentiated from each other by the size and position of the 
azygous, by the size of the pectoral shields, and the number of 
rows of postpectoral shields (Barros Filho and Valverde 1996. Si-
tientibus 14:57–68; Perez and Ribeiro, op. cit.; Peters and Orejas-
Miranda, op. cit.). According to Perez and Ribeiro (op. cit.) and 
Rocha et al. (2004. Publ. Avul. Mus. Nac. 104:3–23), Leposternon 
is represented by four species in the Rio de Janeiro state: L. infra-
orbitale, L. microcephalum, L. scutigerum, and L. wuchereri. In 
the current study, it was not possible to identify the Leposternon 
species because of missing body parts. Therefore, the present 
study is the first report of a Leposternon sp. as a food item in the 
diet of Crab-eating Fox from Brazil.

cecÍliA Bueno (e-mail: cecília.bueno@pobox.com), luciAnA BAr-
reto (e-mail: lucianabarreto18@yahoo.com.br), laboratório de ecologia. 
Universidade Veiga de almeida. rua ibituruna 108, Maracanã rio de Janei-
ro, rJ – Brazil; iArA AlveS novelli, Centro Universitário de lavras, rua 
Padre José Poggel, 506, Centenário, CeP37200-000, lavras, Minas gerais, 
Brazil (e-mail: iaranovelli27@gmail.com).

pHRyNOSOMA cORNUTUM (Texas Horned Lizard). PREDA-
TION. Despite the Texas Horned Lizard’s large protective horns 
and spiny scales, some species of snakes are able to successfully 
consume them. Common snake predators of Phrynosoma cor-
nutum include Coachwhips and Sonoran Whipsnakes (Masti-
cophis flagellum and M. bilineatus) and Western Diamondback 
Rattlesnakes (Crotalus atrox) (Sherbrooke 2003. Introduction to 
Horned Lizards of North America. Univ. California Press. Berke-
ley, California. 177 pp.; Sherbrooke et al. 2012. Herpetol. Rev. 
40:386–391). Here I report on another successful serpent preda-
tor on P. cornutum, the Broad-banded Copperhead (Agkistrodon 
contortrix laticinctus). 

A female P. cornutum was recently discovered in the stom-
ach of an A. c. laticinctus during a radio telemetry study. The 
captive-hatched, three-year-old P. cornutum was released on a 
private site in Parker Co., Texas, USA, on 08 September 2011 as 
part of a reintroduction project and had been tracked using ra-
dio telemetry for eight months. She was outfitted with a radio 
transmitter glued to her back and was last sighted near the edge 
of an oak motte on 2 May 2012. Six days later on 8 May 2012, a 
weak radio signal led to an A. c. laticinctus coiled under a tangle 
of bramble within the oak motte. The snake was captured and 
radiographed (Fig. 1). The radiograph confirmed suspicions that 
the horned lizard had been consumed. The transmitter was later 
passed safely through the snake’s digestive system on 30 May 

2012. The P. cornutum weighed approximately 46 g prior to being 
consumed and the A. c. laticinctus measured 69.2 cm total length 
and weighed 136.1 g after the horned lizard was digested and the 
transmitter was expelled. 

These observations were made while conducting research 
with permission of the Texas Parks and Wildlife Department and 
the private landowners. Assistance with the radiograph was pro-
vided by the Fort Worth Zoo veterinary staff and financial sup-
port for the radio telemetry work was granted through the Fort 
Worth and Phoenix Zoos. I thank all, including the FWZ herpe-
tology staff, for their continued support of this project. 

diAne m. BArBer, Fort Worth Zoo, 1989 Colonial Parkway, Fort 
Worth, Texas 76110, Usa; e-mail: dbarber@fortworthzoo.org.

pHRyNOSOMA cORNUTUM (Texas Horned Lizard). NOCTUR-
NAL ACTIVITY. On 20 May 2009, two of us (RALR and HG) ob-
served copulation in Phrynosoma cornutum (SVL 93 mm, male; 
73 mm, female) at 2130 h during a full moon in desert thorn-
scrub habitat in the Bolsón of Mapimí, Chihuahua, Mexico 
(26.843360°N, 103.860004°W, 1115 m elev.). This behavior was 
observed at a distance of 4 m from the lizards. After the copu-
lation ended, we collected data on body temperature for both 
individuals using a digital thermometer (29.1°C, male; 31.2°C, 
female). We also recorded substrate temperature (29.1°C) at the 
exact point of observation and air temperature (23.6°C) at 1 cm 
above the substrate where the lizards were found. That day, sun-
set had occurred at 1937 h and the temperatures recorded at the 
nearest weather station (25.53°N, 103.45°W; 1124 m elev.) were 
on average 24.4°C, maximum 33.5°C, and minimum 19°C.

According to Huey (1982. In Gans and Pough [eds.], Biology 
of the Reptilia, Vol. 12, Physiology C, pp. 25–91. Academic Press, 
New York) some diurnal reptiles voluntarily select relatively low 
T

b
 after sunset (e.g., Gopherus agassizii, Gambelia wislizenii; 

see also Martínez-Méndez et al. 2013. Herpetol. Rev. 44:148 
for Sceloporus clarkii), which may prolong potential foraging 
time by reducing the animals’ dependence on solar radiation 
for activity. Furthermore, previous studies (Dunham 1993. In 
Kareiva et al. [eds.], Biotic Interactions and Global Change, pp. 
95–119. Sinauer Associates, Sunderland, Massachusetts; Huey 
et al. 2010. Science 328:832–833; Sinervo et al. 2010. Science. 
328:894–899) have suggested that if diurnal lizards are exposed 
to environmental temperatures greater than their thermal pref-
erences, thus shortening activity time and forcing retreat, then 
the net energy gain becomes insufficient. In the case reported 
here, horned lizards were observed to be reproductively active 
almost two hours after sunset while remaining within their pre-
ferred body temperature range and above minimum voluntary 
temperatures (Prieto and Whitford 1971. Copeia 1971:498–504). 
This observation suggests the possibility that P. cornutum had 
fewer opportunities to complete their daily activities during 
daylight, due to high diurnal temperatures. Therefore, copula-
tions after sunset may increase their chances of reproducing, 
which may be an adaptive response for individuals that fail to 
perform their activities during the day (i.e., feeding, breeding, 
nesting, etc.).

In addition, we suggest that the full moonlight helps to pro-
long activity time at night, as long as the degree of voluntary hy-
pothermia does not fall below the level of the minimum volun-
tary temperature. Finally, more data are necessary to determine 
whether this behavior is common in Phrynosoma, and other di-
urnal desert lizards as well, to evaluate the thermal efficiency of 
P. cornutum and the thermal quality of its habitat.

fig. 1. Radiograph of an Agkistrodon contortrix laticinctus showing 
ingested Phrynosoma cornutum with radio transmitter.
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We thank UNAM PAPIIT/DGAPA (IN224208 and IN215011) 
for providing financial support for field work and Elizabeth Bas-
tiaans for helpful comments that improved the manuscript.

rAfAel A. lArA-reSendiz, Posgrado en Ciencias Biológicas, in-
stituto de Biología, laboratorio de Herpetología, Universidad nacional 
autónoma de México, a.P. 70515, C.P. 04510, distrito Federal, México 
(e-mail: rlara@ibiologia.unam.mx); hector GAdSden, instituto de 
ecología, a.C., Miguel de Cervantes no. 120, Complejo industrial Chihua-
hua, C.P. 31109, Chihuahua, Chihuahua, México (e-mail: hector.gadsden@
inecol.edu.mx); fAuSto r. mendez-de lA cruz, laboratorio de Herpe-
tología, departamento de Zoología, instituto de Biología, Universidad na-
cional autónoma de México, a.P. 70515, C.P. 04510, distrito Federal, México 
(e-mail: faustor@ibiologia.unam.mx).

pHRyNOSOMA HERNANDESi (Greater Short-horned Lizard). 
PREDATION. Greater Short-horned Lizards are known to be 
preyed upon by a variety of predators, including black widow 
spiders (Latrodectus mactans) (Painter and Kamees 2010. Her-
petol. Rev. 41:227), Striped Whipsnakes (Coluber taeniatus), Bur-
rowing Owls (Athene cunicularia) (Hammerson 1999. Amphibi-
ans and Reptiles in Colorado. Univ. Press Colorado and Colorado 
Division of Wildlife, Denver. 484 pp.), and Ferruginous Hawks 
(Buteo regalis) (Cartron et al. 2004. Southwest. Nat. 49:270–276). 
Here we report the first documentation to our knowledge of Chi-
huahuan Ravens (Corvus cryptoleucus) preying on P. hernandesi. 

Previous work establishes that Chihuahuan Ravens are om-
nivorous birds that are known to include lizards, including Phry-
nosoma sp. in their diet (Aldous 1942. The White-necked Raven 
in Relation to Agriculture. Res. Rep. 5. U.S. Fish Wildl. Serv.; Bed-
narz and Raitt 2002. In A. Poole [ed.], The Birds of North America 
Online. Cornell Lab of Ornithology, Ithaca, New York). However, 
most of the available dietary information on this bird species was 
provided by Aldous (1942, op. cit.), who examined the stomach 
contents of 827 ravens, the majority of them originating from ag-
ricultural regions in Texas. Though species-level information is 
not included for the horned lizards that were documented in ra-
ven diets for that study, the likely species would be Phrynosoma 
cornutum based on the origins of the birds dissected. 

On 21 July 2007, we observed the predated carcasses of 23 
adult P. hernandesi under a Chihuahuan Raven nest situated on 
a power-line pole in desert grassland ca. 700 m W of NM State 
Rd. 47 and 4.1 km N of US Route 60, Socorro Co., New Mexico, 

USA (34.468736°N, 106.570816°W, WGS84; 1616 m elev.). We ex-
amined several freshly killed (carcasses still supple with no deg-
radation) horned lizards (deposited into the Museum of South-
western Biology, Univ. of New Mexico as MSB 75695 and 75699) 
and noted that ravens had extracted the viscera through a single 
large cut on the ventral side, discarding the rest of the carcass 
(Fig. 1). Chihuahuan Ravens may have the potential to be locally 
important predators on Greater Short-horned Lizards. 

iAn W. murrAy, school of Physiology, Faculty of Health sciences, 
University of the Witwatersrand, Parktown, 2193, Johannesburg, south 
africa (e-mail: imurray@unm.edu); hilAry m. leASe, school of Physiol-
ogy, Faculty of Health sciences, University of the Witwatersrand, Parktown, 
2193, Johannesburg, south africa.

pHyllODAcTylUS TUbERcUlOSUS (Yellow-Bellied Gecko). 
BODY TEMPERATURE. Monitoring thermal requirements and 
thermoregulatory behavior of reptiles is crucial for understand-
ing effects of global warming on species (Sinervo et al. 2010. Sci-
ence 328:894–899; Paranjpe et al. 2012. Proc. Meas. Behav. 460–
462). Data on body temperature for Mexican nocturnal lizards is 
actually quite rare in the literature (Huey 1982, In C. Gans and 
F. H. Pough [eds.], Biology of the Reptilia, Volume 12, Physiol-
ogy C, pp. 25–91. Academic Press, New York; Supporting Online 
Material for Sinervo et al. 2010, op. cit.). Phyllodactylus tubercu-
losus is a nocturnal lizard that inhabits arid to semiarid regions 
of the Neotropics and occurs from southern Sonora, Mexico to 
southern Costa Rica, at elevations of 0 to 1230 m (Dixon 1964. 
New Mexico State Univ. Sci. Bull. 64:1–139; Blair et al. 2012. Cons. 
Genet. Resour. 4:807–810). The thermal biology of this species 
has received little attention. Hence, here we present data on P. 
tuberculosus thermal ecology.

During October 2012, we conducted field work in tropical 
dry forest habitat located in Alamos, Sonora, Mexico (27.0596°N, 
108.9465°W; elev. 439 m). The data presented are based on 21 
adults (> 40 mm; Dixon 1964, op. cit.) of P. tuberculosus captured 
by noose and hand, with SVL measured to 0.05 mm. Body tem-
perature (T

b
) was recorded using a digital thermometer. We also 

recorded substrate temperature (T
s
) at the exact point of obser-

vation and air temperature (T
a
) 1 cm above the substrate where 

the gecko was found. Sex was not determined in the field be-
cause obvious sexual dimorphism was lacking.

Mean SVL was 59.8 mm (SD = 12.07, range = 40–78 mm). Mean 
field T

b
 was 27.2°C (SD = 2.35°C, range = 24.2–31.1°C). Mean sub-

strate temperature was 24.1°C (SD = 1.79°C, range = 22–29.2°C) 
and mean T

a
 was 23.3°C (SD = 2.28°C, range = 21.3–32°C). Body 

size was unrelated to T
b
 (Spearman Rank Correlation: r = -0.36, P 

= 0.10, N = 21). A positive and significant correlation was found 
between T

b
 and the temperature of the microhabitat (Spearman 

Rank Correlation: r = 0.74, P < 0.0001, N = 21, based on substrate; 
r = 0.71, P = 0.0002, N = 21, based on air). Geckos were found ac-
tive from 1830 to 2200 h.

These results show that P. tuberculosus analyzed in this study 
were thermopassive, a mechanism where individuals do not 
need to invest time and energy actively selecting microhabitats 
for thermoregulation during night activity (Huey and Slatkin 
1976. Q. Rev. Biol. 51:363–384). Brattstrom (1965. Am. Midl. Nat. 
73:376–422) reported a mean T

b
 of 22.7°C (range = 16.5–30°C) 

for this species, but measurements were taken only during the 
morning (1000–1100 h). Previous thermal ecology studies of noc-
turnal geckos have demonstrated that T

b 
can vary between day 

(photophase) and night (scotophase) (e.g., Angilletta et al. 1999. 
Herpetologica 55:212–222; Dial 1978. Herpetologica 32:194–201; 

fig. 1. Two of 23 predated Greater Short-horned Lizards found below 
a Chihuahuan Raven nest in central New Mexico. 
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Sievert and Hutchison 1988. Herpetologica 44:266–273). There-
fore, we propose that future studies evaluate the thermal effi-
ciency of this gecko and the microhabitat thermal profile avail-
able in both phases.

We thank Christopher Blair for helpful comments that im-
proved the manuscript.

rAfAel A. lArA-reSendiz (e-mail: rlara@ibiologia.unam.mx), 
dieGo m. ArenAS-moreno (e-mail: daigo@ibiologia.unam.mx), Pos-
grado en Ciencias Biológicas, instituto de Biología, Universidad nacional 
autónoma de México, aP 70515, CP 04510, distrito Federal, México; fer-
nAndo i. vAlle-Jimenez, Universidad de sonora, CP 83000 Hermosillo, 
sonora, México (e-mail: bioisai@gmail.com).

pOGONA bARbATA (Eastern Bearded Dragon). DIET. Pogona 
barbata is a large agamid widespread on the coast and ranges 
of eastern Australia, with reported diet ranging from vegetation 
such as soft fleshy leaves, flowers, and fruit, terrestrial and flying 
arthropods, to small vertebrates. However there are few records 
of predation by any wild Australian lizard where arthropod prey 
items are identified to species level; for example, several authors 
of general references on Australian herpetology mention cicadas 
as one of the insect groups included in lizard diets but do not 
provide species identification or details of predator-prey interac-
tions. This note reports observations of an instance of predation 
by P. barbata on the endemic Australian cicada Henicopsaltria 
eydouxii (Hemiptera: Homoptera: Cicadidae), a medium- to 
large-sized insect species (~50 mm total length).

On 17 February 2007, ~0915 h, at Mount Kuring-gai (a north-
ern suburb of metropolitan Sydney), New South Wales, Austra-
lia (33.636639°S, 151.129778°E, WGS84; 213 m elev.), during the 
course of the field component of statutory ecological require-
ments of environmental assessment in connection with a pro-
posed residential development, TJH observed a small (probable 
subadult) P. barbata (27 cm total length) resting in diffuse sun-
light in a canopy-foliage-shaded area on yellow sand adjacent 
to a small Dillwynia retorta (Fabaceae) shrub ~0.8 m height on 
a sunny day (1/8 cloud cover). The P. barbata held in its jaws a 
freshly dead H. eydouxii; the lizard was motionless upon initial 
detection, despite the high temperature (30–32°C) and humid-
ity (70–80%). The cicada also did not display movement. Ap-
proached closer, the lizard remained motionless even when 
touched lightly by the observer along the back; it did not move 
the body or attempt escape or threat display, although move-
ment and orientation of the eyes indicated that the lizard was 
aware of the observer’s presence; neither animal was collected. 
Habitat in the area comprised a Hawkesbury Sandstone ridge 
with semi-cleared remnant Dry Sclerophyll Woodland dominat-
ed by Eucalyptus punctata, E. eximia, E. sclerophylla (Myrtaceae), 
Banksia ericifolia, B. serrata (Proteaceae), and Allocasuarina lit-
toralis (Casuarinaceae), and a heath understory of species of 
many plant taxa, principally Fabaceae, Epacridaceae, and Pro-
teaceae. Initiation of the interaction was not observed, however 
it is possible that the lizard had either captured the cicada on 
the trunk of a tree or on the ground, or scavenged a recently de-
ceased individual (cicada adults are very short-lived); whichever 
the case, H. eydouxii is undoubtedly a dietary inclusion of P. bar-
bata, a large single item that in the above case would have pro-
vided substantial nutrient resources for the lizard.

H. eydouxii is a widespread cicada in coastal areas from 
southeastern Queensland to southern New South Wales; adults 
are usually found resting on the trunks and main branches 
of large Eucalyptus spp. (Myrtaceae) but are also known to 

oviposit on the branches of dead Casuarina (sensu lato; prob-
ably includes Allocasuarina spp.) trees (Moulds 1990. Australian 
Cicadas. New South Wales University Press, Kensington. 216 pp.); 
although this author noted generally that lizards prey on cicadas, 
specific examples of lizard predation on any cicada and the iden-
tity of predators and prey were not provided. There appear to be 
no other relevant references, and the present record is therefore 
of interest, particularly the relatively large size of this single prey 
item.

deAn c. metcAlfe, PO Box 4056, Werrington, new south Wales, aus-
tralia 2747 (e-mail: dean_metcalfe@yahoo.com.au); trevor J. hAWKeS-
Wood, PO Box 842, richmond, new south Wales, australia 2753 (e-mail: 
hawkeswoodtj@hotmail.com).

ScElOpORUS GRAMMicUS (Mesquite Lizard). SELECTED 
BODY TEMPERATURE. Data on preferred body temperature 
is actually quite rare (Sinervo et al. 2010. Science 328:894–899) 
because measurement in a laboratory thermal gradient under 
standard conditions is required (Huey 1982. In Gans and Pough 
[eds.], Biology of the Reptilia, Vol. 12, Physiology C, pp. 25–91. 
Academic Press, New York). Sceloporus grammicus is a geograph-
ically widespread viviparous lizard that exhibits considerable 
variation in habitats occupied (Köhler and Heimes 2002. Stach-
elleguane. Herpeton. 174 pp.). There have been several reports 
detailing thermal ecology in S. grammicus in different environ-
ments (Andrews et al. 1997. Copeia 1997:108–115; Lemos-Espi-
nal and Ballinger 1995. Can. J. Zool. 73:2184–2191; Woolrich-Piña 
et al. 2006. Acta Zool. Mex. 22:137–150), but the selected body 
temperature has not been documented. Here, we describe ther-
mal preferences in S. grammicus under laboratory conditions.

During May 2012, we conducted field work in La Malinche 
Volcano, Tlaxcala (19.2379°N, 97.9770°W; 3030 m elev.) located in 
a forested area dominated by pine. The data presented are based 
on 15 adults (> 49 mm SVL; 9 females and 6 males) of S. gram-
micus captured by noose.

In the laboratory, the lizards were separated by gender and 
maintained at 25°C in plastic containers with soil, branches, and 
grass, and hydrated with a sprinkler. Laboratory experiments 
were conducted two days after capture using a thermal gradient, 
which consisted of a polycarbonate box (150 cm long x 150 cm 
wide x 70 cm high) divided into ten tracks of 15 cm each to pre-
vent interaction between lizards. The box was located in a room 
with a controlled temperature of 20°C and three 150 W lamps 
were placed at different heights over the box to offer the ther-
mal gradient (20–50°C). Body temperature data was collected 
manually using a digital thermometer in the thermal gradient 
each hour between 1330 and 1930 h. We applied a nonparamet-
ric Kruskal-Wallis one-way test to analyze differences between 
all measurements of body temperature in the laboratory and we 
used a Mann-Whitney Rank test to analyze the differences be-
tween gender. 

There were no statistically significant difference between 
measurements of temperature (H

6 
= 9.173, p = 0.164) or between 

gender (U = 1112.5, p = 0.169). Mean preferred body tempera-
ture was 32.9°C (SD = 2.64°C, range = 25.3–37.6°C). Interquar-
tile of 25% and 75% was 30.8°C and 35.0°C, respectively. These 
results suggest S. grammicus can be considered a eurythermic 
species due to the wide range of preferred temperatures in this 
species. Therefore, we propose to evaluate the thermal efficiency 
by monitoring mean thermal requirements and microhabitat 
temperatures across its distribution for understanding effects of 
global warming on this geographically widespread lizard.
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We thank Estación Científica La Malinche, Fausto Méndez 
de la Cruz, and Margarita Martínez Gómez for the economic re-
sources and the facilities.

rAfAel A. lArA-reSendiz (e-mail: rlara@ibiologia.unam.mx) and 
AnÍBAl h. dÍAz de lA veGA-pérez (e-mail: ahelios@ibiologia.unam.
mx), Posgrado en Ciencias Biológicas, instituto de Biología, laboratorio de 
Herpetología, Universidad nacional autónoma de México, aP 70515, CP 
04510, distrito Federal, México.

ScElOpORUS OcciDENTAliS lONGipES (Great Basin Fence 
Lizard). DIET. On 2 July 2012, an adult Sceloporus occidentalis 
longipes was observed and photographed ingesting a hatchling 
conspecific on a cement walkway outside of a residence in Pow-
ay, California. Although cannibalism has been documented in S. 
occidentalis through the analysis of stomach contents (Johnson 
1965. Herpetologica 21:114–117), to my knowledge there do not 
appear to be any photographs documenting cannibalism within 
this species in the wild.

tAylor S. henry, 13945 Chancellor Way, Poway, California 92064, 
Usa (e-mail: taylorshenry@yahoo.com)

TUpiNAMbiS MERiANAE (Argentine Giant Tegu); pANTHERO-
pHiS GUTTATUS (Red Cornsnake). NON-PREDATORY KILL-
ING. Tupinambis merianae is an established invasive lizard 
in Florida, USA, where a population was discovered initially in 
Balm Boyette Scrub Preserve, Hillsborough Co. (Enge et al. 2006. 
In Proceedings 28th Annual Gopher Tortoise Council Meeting. 
Valdosta, Georgia; Engeman et al. 2011. Curr. Zool. 57:599–612). 
The threats posed by this species to native species are undeter-
mined, although it has been observed using Gopher Tortoise 
(Gopherus polyphemus) burrows, where it potentially could 
have similar burrow usurpation and juvenile predation impacts 
as does another large invasive lizard in southern Florida, Gray’s 
Spiny-tailed Iguana (Ctenosaura similis) (Avery et al. 2009. Her-
petol. Rev. 40:435; Engeman et al. 2009. Herpetol. Rev. 40:84). We 
have been testing a variety of methods to detect and index pop-
ulations of T. merianae and to investigate their tortoise burrow 
usage in Balm Boyette Scrub Preserve (Kaiser et al. 2011. In Pro-
ceedings 33rd Annual Gopher Tortoise Council Meeting. Orlando, 
Florida). We report here evidence from these investigations that 
T. merianae may pose a threat to snakes. 

We used wildlife cameras to obtain still photographs and 
video recordings at 16 G. polyphemus burrow entrances (Kai-
ser et al., op. cit.). On 14 June 2011 at 0828 h EST, we obtained 
a video recording of a T. merianae (ca. 120 cm TL) attacking a 

Red Cornsnake (Pantherophis guttatus) (ca. 132 cm TL). The liz-
ard was observed carrying and shaking the snake violently as it 
entered a tortoise burrow being monitored by one of our video 
cameras. Within 4 sec, the lizard emerged (the tail of the snake 
remained visible the entire time) still carrying and shaking the 
less active snake. Within another 4 sec, the lizard disappeared 
from view carrying the snake. 

Adult T. merianae in Brazil occasionally feed on snakes (Mer-
colli and Yanosky 1994. Herpetol. J. 4:15–190), but this snake ap-
peared too large for the lizard to consume. We cannot explain the 
lizard’s behavior towards the snake, but a defense mechanism 
seems plausible, particularly since C. similis has been observed 
exhibiting this behavior in Florida (Engeman et al. 2009. Herpe-
tol. Rev. 40:84–85). Janzen and Brodie (1995. J. Herpetol. 29:132–
136) studied C. similis responses to color cues by using different 
color patterns on snake replicas and found that brightly colored 
replicas (red, yellow, black) elicited the most attacks. Engeman 
et al. (2009, op. cit.) observed a C. similis attack a Southern Black 
Racer (Coluber constrictor priapus) with a drab, monotone color 
and no pattern. The P. guttatus attacked by the T. merianae was 
a bright rust-red color, but we do not know whether its color-
ation was a contributing factor in the attack. The T. merianae was 
obviously willing to attack a snake, and more importantly, this 
agonistic behavior may have implications regarding its poten-
tial to impact snakes, including small individuals of the Eastern 
Indigo Snake (Drymarchon couperi), a federally threatened spe-
cies. An introduced population of the Gold Tegu (Tupinambis te-
guixin) on the island of San Andrés, Colombia, was suspected of 
adversely impacting an endemic snake species (Fitzgerald et al. 
2005. In Joint Annual Meeting of Ichthyologists and Herpetolo-
gists, Tampa, Florida). High-density populations of T. merianae, 
such as is apparently found in Balm Boyette Scrub Preserve, 
could negatively affect snake recruitment and numbers through 
such behavior. 

BernArd W. KAiSer and KimBerly J. oSorio, Conservation ser-
vices section, Hillsborough County Parks, recreation & Conservation de-
partment, 10940 McMullen road, riverview, Florida 33569, Usa; Kevin 
m. enGe, Florida Fish and Wildlife Conservation Commission, 1105 sW 
Williston road, gainesville, Florida 32601, Usa; richArd m. enGemAn, 
national Wildlife research Center, 4101 laPorte ave., Fort Collins, Colorado 
80521-2154, Usa (e-mail: richard.m.engeman@aphis.usda.gov).

cROTAlUS cATAliNENSiS (Santa Catalina Island Rattlesnake). 
DIET. Crotalus catalinensis is a poorly understood rattlesnake 
endemic to Isla Santa Catalina, BCS, Mexico. Potential prey items 
of C. catalinensis include approximately 44 species of reptiles, 
birds, and mammals that occur or visit Isla Santa Catalina (Case 
et al. 2002. A New Island Biogeography of the Sea of Cortés. Ox-
ford Univ. Press, New York. 669 pp.). However, only five species 
have been documented as prey items of C. catalinensis thus far: 
Amphispiza bilineata (Black-Throated Sparrow), Sceloporus lin-
eatulus (Santa Catalina Island Spiny Lizard), Peromyscus slevini 
(Santa Catalina Island Deer Mouse), Dipsosaurus catalinensis 
(Santa Catalina Island Desert Iguana), and Uta squamata (Santa 
Catalina Side-Blotched Lizard; Grismer 2002. Amphibians and 
Reptiles of Baja California, Including its Pacific Islands and the 
Islands in the Sea of Cortés. Univ. California Press, Berkeley. 409 
pp.; Avila-Villegas et al. 2007. Copeia 2007:80–84; Avila-Villegas 
et al. 2004. Herpetol. Rev. 35:60). Grismer (op. cit.) speculated 
that juvenile C. catalinensis probably also consumes other small 
lizards, especially Phyllodactylus bugastrolepis (Santa Catalina 
Island Leaf-Toed Gecko). 

fig. 1. Adult Sceloporus occidentalis longipes cannibalizing a hatch-
ling conspecific.
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While measuring specimens for another study, we recov-
ered the regenerated tail of an Aspidoscelis catalinensis (Santa 
Catalina Island Whiptail lizard) from the stomach of an adult 
male C. catalinensis (TTU 3540; SVL = 770 mm). Additional 
dissection of the rattlesnake did not produce additional piec-
es of the lizard. Through direct comparison to specimens of 
other lizard species from Isla Santa Catalina, we are confi-
dent of this identification based on both scalation and size. 
Our observation adds to the growing list of prey items for C. 
catalinensis and may indicate a more generalist diet. How-
ever, it does not support the hypothesis that rattle loss in C. 
catalinensis is for stealth when hunting avian prey in trees, as 
has been suggested by some authors (Greene 1997. Snakes: 
The Evolution of Mystery in Nature. Univ. California Press, 
Berkeley. 351 pp.; Grismer, op. cit.).

We thank the University of Louisiana at Lafayette Depart-
ment of Biology for providing funding.  

Ali rABAtSKy, Palmer College of Chiropractic Florida, 4777 City Cen-
ter Parkway, Port Orange, Florida 32129, Usa (e-mail: ali.rabatsky@palmer.
edu); trAviS lAduc, Texas natural History Collections, Texas natural sci-
ence Center, The University of Texas at austin, 10100 Burnet rd., PrC 176/ 
r4000, austin, Texas 78758, Usa; BrAd r. moon, department of Biology, 
University of louisiana at lafayette, lafayette, louisiana 70504, Usa.
 
HElicOpS ANGUlATUS (Brown-Banded Watersnake). DIET / 
SCAVENGING. Although snakes feed on a wide variety of prey, 
from small insects to large mammals, scavenging by snakes is 
poorly documented (DeVault and Krochmal 2002. Herpeto-
logica 58:429–436.; Sazima and Strüsmann 1990. Rev. Brasil. 
Biol. 50:463–468). Sazima and Strüsmann (op. cit.) hypothesized 
that scavenging by snakes is commonly practiced by opportu-
nistic species, and that low number of observations is probably 
due to sampling biases. Among the species of snakes known to 
scavenge dead prey are several aquatic and piscivorous species, 
but scavenging is not considered a common foraging behavior 
among neotropical snakes. Neotropical aquatic snakes in the 
genus Helicops are nocturnal and feed mostly on fish, tadpoles 
and adult frogs (Ávila et al. 2006. J. Herpetol. 40:274–279; Martins 
and Oliveira 1998. Herpetol. Nat. Hist. 6:78–150), but scavenging 
has only been documented for H. modestus in southern Brazil 
(Sazima and Strüsmann, op. cit.). Herein, we describe an H. an-
gulatus scavenging on a rotting Electrophorus electricus (Electric 
Eel) in Ajuruxi basin, Extractive Reserve of Rio Cajari, lower Ama-
zon river, state of Amapá, Brazil. 

At 1035 h on 19 December 2011, in aquatic vegetation on 
the bank of Pelaes stream (0.56218145°S, 51.89035590°W; datum 

WGS84), we observed an H. angulatus attempting to scavenge 
an E. electricus that had recently been killed by a local fisher-
man. The snake tried to swallow the fish headfirst (Fig. 1), but 
was unsuccessful, possibly due to the larger size of eel. With our 
approach, the snake moved into vegetation, leaving the eel on 
the creek bank. The observation of attempted scavenging by H. 
angulatus is consistent with the hypothesis that scavenging by 
aquatic and piscivorous species is often overlooked by research-
ers and may be more common than previously thought (DeVault 
and Krochmal, op. cit.; Sazima and Strüsmann, op. cit.).

rAimundo nonAto GomeS mendeS-JÚnior, instituto Chico 
Mendes de Conservação da Biodiversidade, rodovia JK, km 02, Universi-
dade Federal do amapá, Macapá, amapá, Brazil (e-mail: eelectricus@yahoo.
com.br); huAnn cArllo Gentil vASconceloS (e-mail: huann.vascon-
celos@unifap.br), thAyS SAncheS GonÇAlveS, laboratório de limno-
logia, rodovia JK, km 02, Universidade Federal do amapá, Macapá, amapá, 
Brazil; rAfAel de frAGA, Coordenação de Pesquisas em ecologia, insti-
tuto nacional de Pesquisas da amazônia (inPa), av andré araújo, 2936, 
Petrópolis, 69011-970, Manaus, aM, Brazil (e-mail: rdefraga@gmail.com).

lAMpROpElTiS cAlliGASTER (Prairie Kingsnake). DIET. 
Lampropeltis calligaster preys upon a variety of small burrow-
ing and surface dwelling mammals but also includes birds and 
their eggs, reptiles, amphibians, and insects in its diet (Werler 
and Dixon 2000. Texas Snakes. Univ. Texas Press, Austin. 437 pp.). 
The few snake species reported as prey items have included Car-
phophis amoenus, Coluber constrictor, Lampropeltis triangu-
lum, and Crotalus horridus (Fitch 1978. Trans. Kansas Acad. Sci. 
81:354–362). Here I report an attempted predation event, repre-
senting a new diet item for L. calligaster.

On the afternoon of 14 May 2012, I observed an adult L. cal-
ligaster (SVL = 98 cm; total length = 117 cm) attempting to sub-
due a much larger Pantherophis obsoletus (SVL = 138 cm; total 
length = 166 cm) on the edge of a grassland trail in Van Zandt 
Co., Texas, USA (Fig. 1). On closer examination, the L. calligaster 

fig. 1. Helicops angulatus attempting to swallow a rotting Electroph-
orus electricus (Electric Eel) in the Pelaes Stream, Amapá State, Bra-
zillian Amazon.

fig. 1. Lampropeltis calligaster (coiled) attempting to subdue a 
much larger Pantherophis obsoletus in Van Zandt Co., Texas, USA.
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appeared to be in the process of swallowing the lower jaw of the 
open-mouthed P. obsoletus, but was having difficulty proceed-
ing past the junction of the upper and lower jaw. After 20 min of 
observation, both snakes were separated and measured. To my 
knowledge, this predation attempt not only represents the first 
report of a P. obsoletus in the diet of a L. calligaster, but is also 
notable due to the size of the prey.

r. michAel BurGer, 510 VZ County road 2721, Mabank, Texas 
75147, Usa; e-mail: ungaliophis@gmail.com.

lAMpROpElTiS GETUlA cAliFORNiAE (California King-
snake). ELEVATION. On 5 and 6 May 2012, we observed two 
Lampropeltis getula californiae at elevations of 1852.3 m and 
1850.4 m, respectively, in Southern California. The first, a juvenile 
female, was found under a rock in pine woodland near Mount 
Laguna, San Diego Co., California, USA (32.839°N, 116.420°W, da-
tum WGS84). The second, a young male, was found under a rock 
in grassland sparsely populated by oak trees on Tejon Ranch in 
the Tehachapi Mountains, Kern Co., California, USA (34.958°N, 
118.568°W; datum WGS84). Both snakes were cataloged with 
photo vouchers at the San Diego Natural History Museum (fe-
male, SDSNH_HerpPC_05214; male, SDSNH_HerpPC_05215). 
Although L. g. californiae have been found as high as 2164 m in 
the eastern Sierra Nevada, they have not been documented above 
1676 m in the California mountain ranges south of the Sierra Ne-
vada (Hubbs 2009. Common Kingsnakes: A Natural History of 
Lampropeltis getula. Tricolor Books, Tempe, Arizona. 412 pp.). To 
our knowledge, our observations represent the highest maximum 
elevations reported for L. g. californiae in Southern California.

We thank Brian Hinds, the North American Field Herping As-
sociation (NAFHA.org), and the Tejon Ranch Conservancy for as-
sistance and support.

Jeffrey m. lemm, san diego Zoo institute for Conservation re-
search, 15600 san Pasqual Valley road, escondido, California 92027, Usa 
(e-mail: jlemm@sandiegozoo.org); Brett A GABorKo, 12753 9th street, 
Yucaipa California 92399, Usa; mAtthiAS c. lemm, 13966 Carriage road, 
Poway, California 92064, Usa.

lATicAUDA SPP. (Sea Krait). AVIAN PREDATION. Sea snakes 
are conspicuous and locally abundant in many Indo-Pacific 
coral reefs. The combination of their potent venom, aposematic 
coloration, and unpalatable taste presumably deters predation 
(Heatwole 1999. Sea Snakes. Univ. of New South Wales, Sydney. 
148 pp.). However, sea snakes (including amphibious sea kraits, 
Laticauda spp.) are susceptible to predation by some large fish 
species such as Tiger Sharks (Simpfendorfer et al. 2001. Environ. 
Biol. Fishes 61:37–46; Wirsing and Heithaus 2009. Mar. Ecol. Prog. 
Ser. 387:287–293). Some marine birds are considered predators 
of sea snakes (Heatwole 1975. In Dunson [ed.], The Biology of 
Sea Snakes, pp. 233–249. Univ. Park Press, Baltimore, Maryland; 
Aubret 2006. Herpetol. Rev. 37:93). Because of their reliance on 
terrestrial activity, Laticauda spp. are also considered to be com-
mon prey for Sea Eagles, Ospreys, and Reef Herons (Ineich and 
Laboute 2002. Sea Snakes of New Caledonia. IRD & Mus. Nat. 
Hist. Nat. Editions. Collection Faune et flore tropicales, Paris. 303 
pp.). However, this assumption is based on very few observa-
tions in the wild (Leach 1928. Emu 28:20–42; Bauer and Devaney 
1987. In Van Gelder et al. [eds.], Proceedings of the 4th Ordinary 
General Meeting of the Societas Europaea Herpetologica, pp. 
43–48. Radboud Universiteit Nijmegen, Mijmegen).

In the Maldives during August 2010, one of us (SP) observed 
a Grey Heron (Ardea cinerea) feeding on what appeared to be a L. 

colubrina (Yellow-lipped Sea Krait; Fig. 1). The bird was manipu-
lating the “snake” by the tail, apparently carefully avoiding the 
head (Fig. 1B). Overall, manipulation (including vigorous shak-
ing) of the prey lasted for a few minutes before the “snake” was 
swallowed tail first. 

However, sea kraits are absent from the Maldives. Careful 
examination of the photographs revealed that the prey eaten 
by the heron was actually a Myrichthys colubrinus (Harlequin 
Snake-eel) which is mimetic with sea kraits (Randall 2005. Zool. 
Stud. 44:299–328). Indeed, the similarity between moving (swim-
ming) snake-eels and sea kraits has already misled sea krait spe-
cialists (FB and XB, pers. obs.). Although correct identification of 
M. colubrinus is straightforward in still pictures (Fig. 1; see also 
Randall, op. cit.), differentiation between the mimetic fish and 
the sea krait is undoubtedly equivocal when the observation is 
done in the field from a distance. This is especially true if the prey 
is vigorously struggling to evade predation (Fig. 1B).

Long-term monitoring (2002–2011) of sea krait populations 
in New Caledonia suggests the absence of avian predation de-
spite the presence of numerous Reef Herons, Ospreys, and large 
colonies of sea birds (Brischoux and Bonnet 2009. Mém. Mus. 
Nat. Hist. Nat. 198:133–147). We have never collected any direct 
or indirect evidence of predation on sea kraits during intensive 
field work at more than 38 different sites, whereas the birds were 

fig. 1. A) A Grey Heron (Ardea cinerea) readies to strike a Myrich-
thys colubrinus (Harlequin snake-eel), which is mimetic with 
amphibious sea kraits (Laticauda spp.). B) The heron manipu-
lates the snake-eel before swallowing.
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regularly observed preying on fish. Consequently, our observa-
tions suggest reappraising avian predation records on sea kraits 
without a reliable identification of the “snake” prey.

frAnÇoiS BriSchouX, Centre d’etudes Biologiques de Chizé, CeBC-
Cnrs UPr 1934, 79360 Villiers en Bois, France (e-mail: francois.brischoux@
gmail.com); StuArt peAcocK, Citizen Watch, 19 Molly Millar’s lane, Wok-
ingham, rg41 2QY, United Kingdom; XAvier Bonnet, Centre d’etudes 
Biologiques de Chizé, CeBC-Cnrs UPr 1934, 79360 Villiers en Bois, France.

lEpTOpHiS AHAETUllA (Giant Parrotsnake). REPRODUC-
TION. Leptophis ahaetulla is widely distributed from Mexico 
to Ecuador and northern Argentina, from 0 to 2750 m elevation 
(Pérez-Santos and Moreno 1988. Ofidios de Colombia. Mono-
grafía VI. Museo Regionale di Scienze Naturali Torino. Torino, 
Italy. 498 pp.). In Costa Rica, L. ahaetulla is relatively common 
in all but the driest habitats and is often observed in bushes 
and trees in wetlands in tropical and subtropical forests (Solór-
zano 2002. Serpientes de Costa Rica, Distribución, Taxonomía e 
Historia Natural. Instituto Nacional de Biodiversidad. Heredia, 
Costa Rica. 792 pp.). Leptophis ahaetulla is known to be ovipa-
rous, laying clutches of one to five eggs that hatch during the 
wet season (May–Nov) after an incubation of approximately 
89 days (Solórzano 2002, op. cit.; Savage 2002. The Amphibians 
and Reptiles of Costa Rica: a Herpetofauna Between Two Conti-
nents, Between Two Seas. Univ. Chicago Press. Illinois. 934 pp.). 
However, little is known about courtship and mating behavior 
in this species.

On 22 January 2006, at 1535 h, we observed a L. ahaetulla 
on the ground in an open area of a private garden in a semi-
urban area of Matapalo, Osa Peninsula, Costa Rica (8.39823°N, 
83.28219°W, datum WGS84; elev. 240 m). A second individual 
(male) slowly approached from approximately 3 m away, aligned 
its body with the first individual (female), and began rolling over 
the female’s body with caudocephalic waves and moving forward 
across the garden. After 12 min of this behavior, both snakes as-
cended into a bush (Croton variegatum) located approximately 
3 m from the first encounter. Over the next 6 mins, the snakes 
climbed to a height of approximately 1.6 m, at which point they 
stopped in a position coiled around one another. Intromission 
occurred for nearly 6 min; afterwards both snakes made coor-
dinated tail-whipping movements with pausing lapses (three 
times), both in a single movement and always maintaining the 
same position allowing coitus. This process lasted nearly 8 min, 
after which a short pause occurred (3 min) and then both indi-
viduals dropped to the ground and departed in different direc-
tions. No coital neck biting was observed (Gillingham 1987. In 
Seigel et al. [eds.], Snakes: Ecology and Evolutionary Biology, pp. 
184–209. Blackburn Press, New Jersey). The entire process, from 
the first encounter to the drop-down to the ground, lasted nearly 
35 min. To our knowledge, this is the first detailed description 
of courtship behavior in L. ahaetulla. Also, our observation sug-
gests that the mating season for this species occurs at the start of 
the driest season in the region.

This study was supported by Sierra to Sea Institute and Pro-
CAT International. J.F.G.M. and A.H.E.G. thank the Posgrado en 
Ciencias Biomédicas, Universidad Nacional Autónoma de Méxi-
co, and Consejo Nacional de Ciencia y Tecnología for graduate 
study scholarships. 

iván cruz-lizAno, Proyecto de Conservación de aguas y Tierras, 
ProCaT internacional/Colombia / sierra to sea institute, las alturas Coto 
Brus, Costa rica; JoSé f. González-mAyA, Proyecto de Conservación de 
aguas y Tierras, ProCaT internacional/Colombia / sierra to sea institute, las 

alturas Coto Brus, Costa rica, & laboratorio de ecología y Conservación de 
Fauna silvestre, instituto de ecología, Universidad nacional autónoma de 
México, 04510 México d.F., México (e-mail: jfgonzalezmaya@gmail.com); 
ArmAndo h. eScoBedo-GAlván, laboratorio de análisis espaciales, 
instituto de Biología, Universidad nacional autónoma de México, 04510 
México d.F., México.

MASTiGODRyAS bODDAERTi (Boddaert’s Tropical Racer). 
REPRODUCTION. Mastigodrya boddaerti is a mid-sized snake 
(average length = 1.5 m) that occurs from Venezuela to Brazil 
and is common in the eastern region of Pará, Brazil (Cunha and 
Nascimento 1993. Ofídios da Amazônia. As cobras da região 
leste do Pará. Bol. Mus. Para. E. Goeldi 9:1–191). On 3 December 
2011, we actively searched for herpetofauna around and in the 
mouth of the Planaltina cave, Pará, Brazil (3.376°S, 52.576°W; da-
tum WGS 84). The area near the cave is secondary forest with a 
small stream and is surrounded by pastures. Inside the cave we 
found a nest of five M. boddaerti eggs (average length 33.6 mm; 
range 30.0–39.6 mm) in a wall cavity at 1.5 m above the ground. 
We visited this nest a month later and four eggs had hatched. We 
removed and dissected the unhatched egg, revealing a dead neo-
nate (SVL = 214 mm; tail length = 76 mm). This is the first record 
of M. boddaerti nesting inside a cave and provides some of the 
first reproductive data for the species.

elciomAr ArAuJo de oliveirA (e-mail: ramoiclebio@yahoo.
com.br); emil JoSé hernández-ruz (e-mail: emilhjh@yahoo.
com), Joyce celerino de cArvAlho (e-mail: joyce.celerino@
gmail.com), laboratório de Zoologia, Faculdade de Ciências Biológi-
cas, Universidade Federal do Pará, Campus de altamira, rua Coronel 
José Porfírio, 2515 - CeP 68.372-040 - altamira – Pa, Brazil; mArcoS 
dioneS ferreirA SAntAnA, laboratório de Microbiologia, Facul-
dade de Ciências Biológicas, Universidade Federal do Pará, Campus de 
altamira, rua Coronel José Porfírio, 2515 - CeP 68.372-040 - altamira 
– Pa, Brazil (e-mail: markosbio9@hotmail.com); leAndro WronSK 
dA SilvA (e-mail: leandrowronski@gmail.com), and Kleiton rABe-
lo de ArAÚJo (e-mail: bathory29@ymail.com), laboratório de Zoo-
logia, Faculdade de Ciências Biológicas, Universidade Federal do Pará, 
Campus de altamira, rua Coronel José Porfírio, 2515 - CeP 68.372-040 
- altamira – Pa, Brazil.

MicRURUS FUlviUS (Harlequin Coralsnake). DIET. Micrurus 
fulvius is known to take a variety of prey items, including lizards: 
Plestiodon fasciatus, P. inexpectatus, Neoseps reynoldsi, Ophis-
aurus ventralis, and Scincella lateralis (Ernst and Ernst 2011. 
Venomous Reptiles of the United States, Canada, and Northern 
Mexico, Volume 1, Johns Hopkins Univ. Press, Baltimore, Mary-
land. 352 pp.). Herein we report a novel prey item for M. fulvius.

On 30 March 2005 at 1530 h, JRL and TGJ captured a juvenile 
female M. fulvius (SVL = 470 mm; tail length = 76 mm; 25 g) in a 
box trap on the Camp Shelby Joint Forces Training Center, Perry 
Co., Mississippi, USA. The snake appeared to have recently fed 
due to a large bolus in its stomach and upon palpating, the snake 
regurgitated an adult male Anolis carolinensis. It is possible the 
A. carolinensis was consumed in the trap, and therefore it is un-
known how frequently M. fulvius will take this species as prey 
under natural circumstances.

tAnyA WAllin (e-mail: twallin@tnc.org), JAmeS r. lee (e-mail: 
jlee@tnc.org), The nature Conservancy, Camp shelby Joint Forces Train-
ing Center, CsJFTC-enV Bldg. 6530, Camp shelby, Mississippi 39407, Usa; 
thomAS G. JAcKSon Jr., 40585 sierra drive, Three rivers, California 
93271, Usa (e-mail: jacksontg@hotmail.com),.
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NERODiA SipEDON SipEDON (Northern Watersnake). FEED-
ING BEHAVIOR. Nerodia sipedon is a widely distributed, semi-
aquatic snake species that inhabits a variety of lotic and lentic 
habitats. The diet of N. sipedon has been evaluated elsewhere 
(e.g., Cundall and Pattishall 2011. J. Herpetol. 45:174–177; King 
1993. J. Herpetol. 20:90–94), and is known to include a variety 
of fish and amphibian species (Gibbons and Dorcas 2004. North 
American Watersnakes: A Natural History. Univ. Oklahoma Press, 
Norman. 437 pp.). Herein we describe a foraging event of N. s. 
sipedon on the Hiawassee River, Polk Co., near Reliance, Ten-
nessee, USA. At approximately 1100 h on 13 August 2011 we ob-
served an adult N. sipedon (ca. 1 m total length) retreating from 
the water with a large (ca. 15 cm total length) River Chub (No-
comis micropogon) grasped laterally in its jaws. After exiting the 
stream, the snake traveled nearly 10 m and retreated tail-first un-
der a small streambank burrow until its entire body was hidden 
from view. The snake maintained a grasp on the fish, which was 
folded partially into the burrow. 

Although N. sipedon has been documented previously as 
feeding on N. micropogon (Gibbons and Dorcas, op. cit.), detailed 
descriptions of prey acquisition have been lacking. Our observa-
tion suggests semi-aquatic snakes such as N. sipedon use the ad-
jacent streambank as a means to subdue aquatic prey. If a prey 
item were to escape initial predation attempts within the aquatic 
environment, it would likely decrease the snake’s foraging suc-
cess. Therefore, it may be advantageous for snakes to move to 
the terrestrial environment after seizing aquatic prey. Alterna-
tively, retreating to the streambank may serve as an antipredator 
strategy by which the snake is able to maintain possession of a 
food item while simultaneously protecting itself from potential 
predators during the vulnerable period of prey acquisition and 
processing. 

WilliAm B. Sutton (e-mail: billsutton.wv@gmail.com), thAn J. 
BoveS, department of Forestry, Wildlife, and Fisheries, The University of 
Tennessee, Knoxville, Tennessee 37996, Usa; n. emily BoveS, ijams na-
ture Center, Knoxville, Tennessee 37920, Usa. 

NERODiA TAXiSpilOTA (Brown Watersnake). DIET. Nerodia 
taxispilota are known to eat a wide variety of aquatic prey (Hol-
brook 2012. A Field Guide to the Snakes of Southern Florida. 
ECO Publ., Rodeo, New Mexico. 225 pp.). Though invasive spe-
cies have the potential to cause harm to some species, King et al. 
(2006. Can. J. Zool. 84:108–115) documented a case in which pro-
liferation of an invasive fish was beneficial for Lake Erie Water-
snakes (Nerodia sipeon insularum). Here we document a novel 
invasive fish species in the diet of N. taxispilota.

On 16 May 2012, at Grassy Waters Preserve, Palm Beach Co., 
Florida, USA (26.80244°N, 80.19479°W; datum WGS84), a small 
(approx. 25 cm total length) N. taxispilota was observed foraging 
in shallow (~15 cm) marsh habitat. The N. taxispilota proceed-
ed to capture and began to consume a Hoplosternum littorale 
(Brown Hoplo Catfish), an exotic species that is well-established 
in southern Florida (Fig. 1). The N. taxispilota consumed the H. 
littorale half way, and then released the meal; likely because it 
was unintentionally disturbed by the author, not because the 
food was unpalatable. 

JoShuA d. holBrooK, department of Biological sciences, Florida 
atlantic University, davie, Florida 33314, Usa; e-mail: JHolbro8@fau.edu.

pyTHON MOlURUS biviTTATUS (Burmese Python). HABI-
TAT USE / OCCURRENCE WITHIN GOpHERUS pOlypHEMUS 
BURROWS. Many native snake species use Gopherus polyphe-
mus burrows as a refuge against cold weather conditions, to pre-
vent desiccation, and to assist with shedding (Bogert and Cowles 
1947. Am. Mus. Novit. 1358:1–55; Dodd and Barichivich 2007. 
Florida Sci. 70:83–94; Stevenson et al. 2009. Herpetol. Conserv. 
Biol. 4:30–42). It has been speculated that the non-native Python 
molurus bivittatus might also use G. polyphemus burrows for 
the same reasons. The discovery of a live P. molurus and a shed 
skin in G. polyphemus burrows within Rookery Bay National Es-
tuarine Research Reserve (NERR), Collier Co., Florida, USA, con-
firms use of this unique habitat by the invasive snake.

On 20 May 2010, I observed a P. molurus shed protruding 
from the mouth of a G. polyphemus burrow and extracted ap-
proximately 1 m of the shed from outside the burrow and 0.8 m 
from inside the burrow before it broke off. On 23 Jan 2012, Rook-
ery Bay NERR volunteer Paul Allen tracked and then extracted 
a live P. molurus (total length = 429 cm; 44.4 kg) from a G. poly-
phemus burrow (Fig. 1) approximately 250 m from the previously 
found shed. The snake was facing towards the burrow entrance 
and was located approximately 2 m inside the burrow. Tracks in-
dicated that prior to capture, the snake had investigated several 
other burrows, which it did not enter, before it selected the bur-
row in which it was captured. The snake appeared to be ready 
to shed and its selection of this particular burrow, which was 
smaller than the other burrows, may have been based on size to 
assist with shedding (Stevenson et al., op. cit.). Both the shed and 

fig. 1. Nerodia taxispilota consuming a Hoplosternum littorale in 
Palm Beach Co., Florida, USA.

fig. 1. Capture of Python molurus bivittatus in a Gopherus poly-
phemus burrow at Rookery Bay National Estuarine Research Re-
serve (NERR), Florida, USA.
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the snake were located in palmetto scrub habitat near pine flat-
woods and several fresh to brackish water ponds.

The confirmation of burrow use by P. molurus raises several 
important questions. Do P. molurus habitually use G. polyphe-
mus burrows to prevent desiccation or while shedding (Dodd 
and Barichivich, op. cit.; Stevenson et al., op. cit.)? Do P. molurus 
seek underground refugia during cold weather conditions and 
might this influence their range expansion (Dorcas et al. 2011. 
Biol. Invas. 13:793–802; Mazzotti et al. 2010. Biol. Invas. 13:143–
151)? What effect does burrow use by P. molurus have on G. poly-
phemus and burrow commensals?

cheryl J. metzGer, 3635 Boca Ciega dr., naples, Florida 34113, 
Usa; e-mail: metzger_cj@yahoo.com. 

pyTHON MOlURUS biviTTATUS (Burmese Python). REPRO-
DUCTION / NESTING. Python molurus bivittatus are reported to 
nest in mammal burrows, under logs and rocks, and in crevices 
and vegetation; however, little data exist on their nest structure 
and characteristics (Snow et al. 2007. Herpetol Rev. 38:93). Here, 
I report an observation of an abandoned nest of P. m. bivittatus 
from a tea plantation in northeastern Bangladesh. 

On 13 May 2011, I found an abandoned nest of P. m. bivita-
ttus inside a mammal burrow near Lawachara National Park, 
Bangladesh (24.330963°N, 091.801120°E; datum WGS 84). Based 
on information provided by locals, the burrow likely belonged 
to a porcupine (Hystrix sp.). The burrow was located on an east 
facing slope of a hill (elev. 77 m) in a 12.9-ha cultivated reed 
(Imperata spp., Phragmites spp.) grassland, surrounded by tea 
plantation and tropical mixed-evergreen forests. There were ca. 
30 egg shells clustered together in the center. The eggs were un-
hatched and may have been destroyed by locals. The width and 
height of the burrow entrance were 44 cm and 30 cm, respec-
tively. The burrow was ca. 268 cm deep on the horizontal plane 
and the mean width and height were ca. 34 cm and ca. 18 cm, re-
spectively. Notably, on 27 January 2011, two adult P. m. bivittatus 
(female, total length = 414 cm; male, total length = 228 cm) were 
captured from mammal burrows within 200 m of the abandoned 
nest. Therefore, it seems that P. m. bivittatus in Bangladesh asso-
ciates with porcupine burrows for breeding and overwintering, 
similar to P. m. molurus in arid regions of western India (Bhupaty 
and Vijayan 1989. J. Bombay Nat. Hist. Soc. 86:381–387). Despite 
their tremendous popularity in the pet industry, little is known 
about the natural history of P. m. bivittatus in its native range. 
Our observation expands our knowledge of python reproduction 
in Asia.

I thank The Orianne Society and Center for Advanced Re-
search and Natural Management, for funding and logistical sup-
port. The field work was conducted under the forest department 
permit to S.M.A. Rashid (permit: 2M-47/11)

ShAhriAr cAeSAr rAhmAn, department of environmental sci-
ence, independent University, Bangladesh; e-mail: caesar_rahman2004@
yahoo.com.

RHiNOcHEilUS lEcONTEi TESSEllATUS (Texas long-nosed 
Snake). DEFENSIVE BEHAVIOR AND ATTEMPTED PREDA-
TION. Rhinocheilus lecontei tessellatus is a nocturnal constric-
tor of the dry prairies and deserts (Conant and Collins 1991. 
A Field Guide to Reptiles and Amphibians: Eastern and Cen-
tral North America, 3rd ed. Houghton Mifflin, Boston, Massa-
chusetts. 450 pp.). Defensive behaviors of R. lecontei include a 
shifting of coils, twisting of the body, concealment of the head 
beneath a body coil, and cloacal smearing of blood, feces, and 

musk gland secretions (Conant and Collins, op. cit.; McCoy 
and Gehlbach 1967. Texas J. Sci. 19:349–352). Here, I report an 
observation of attempted predation on R. lecontei by Coluber 
(=Masticophis) flagellum. The observation documents a novel 
predator species and the unusual defensive behavior of knot-
ting for R. lecontei. 

On 6 May 2001 at ca. 1045 h, I observed a C. f. testaceus (total 
length ca. 125 cm) attempting to prey on a female R. l. tessellatus 
(SVL = 74.7 cm; total length = 84.4 cm) at Lake Alan Henry Wild-
life Mitigation Area, ca. 6.5 km N and 14.5 km E of Justiceburg, 
Garza Co., Texas, USA. The C. flagellum had the posterior third 
of its body wrapped around the base of a prickly pear cactus 
(Opuntia sp.) and was biting the R. lecontei near the juncture of 
the head and neck. The R. lecontei was tightly constricted (knot-
ted) around a 26 cm tall clump of dry Broomweed (Amphiachyris 
dracunculoides) adjacent to the prickly pear. The entire C. fla-
gellum, except the wrapped tail, and all of the R. lecontei were 
suspended above the ground. This bridged tug-of-war continued 
without perceived movement for ca. 10 min until I approached 
and the C. flagellum released the R. lecontei and retreated. The R. 
lecontei exhibited bite damage dorsally and ventrally, but recov-
ered and was released one week later. 

The defensive behavior of knotting is described as a snake 
wrapping itself around an object or by forming a knot in its body 
(Yeatman 1983. Herpetol. Rev. 14:22). By knotting around vegeta-
tion, the R. lecontei established a stalemate and prolonged the 
predator-prey interaction, potentially increasing the possibility 
that the predation event would be interrupted and the R. lecon-
tei allowed to escape. Knotting may be a widespread defensive 
behavior in snakes (Hammerson 1988. Herpetol. Rev. 19:85) but 
has been reported in relatively few species: Virginia valeriae 
(Yeatman, op. cit.), Regina alleni (O’Brien 1998. Herpetol. Rev. 
29:46–47), Opheodrys aestivus (Hammerson, op. cit.), Thamno-
phis crytosis (Stitt and Swann 2007. Herpetol. Rev. 38:94), and 
Boa constrictor (Guyer and Laska 1996. Herpetol. Rev. 27:203). It 
is likely that the R. lecontei would have been consumed by the C. 
flagellum if the stalemate was not disturbed.

Stephen KASper, lake alan Henry Wildlife Mitigation area, City of 
lubbock, lubbock, Texas 79457, Usa (e-mail: skasper@mail.ci.lubbock.
tx.us).

SAlvADORA HEXAlEpiS (Western Patch-Nosed Snake). FOR-
AGING BEHAVIOR. Members of the genus Salvadora have an 
enlarged rostral scale; the function of this “patch” has not been 
well described, though it may be used to excavate buried lizard 
eggs (Ernst and Ernst 2003. Snakes of the United States and Can-
ada. Smithsonian Institution Press, Washington, DC. 668 pp.). 
On 08 May 1999, I observed a S. hexalepis at Fort Irwin, Califor-
nia, USA (35.1267ºN, 116.4962ºW, datum WGS84; elev. 650 m). 
The snake was seen moving slowly and tongue-flicking around 
the base of a Larrea tridentata (Creosote) bush. It stopped near 
the base of the bush, lifted its head above the ground and force-
fully rammed its head into the dirt several times. This movement 
opened a small hole in the ground. The snake went down into 
the hole, which apparently led into a subterranean tunnel, and 
disappeared from sight. As it did so, a small rodent, likely Perog-
nathus or Chaetodipus sp., emerged from a different hole on the 
far side of the bush and ran away. The snake eventually emerged 
from the hole where the rodent appeared. In this apparent forag-
ing attempt, the snake used its snout to directly ram into the soil 
to expose a likely rodent burrow. Having a larger, thicker rostral 
scale might be beneficial for this activity.
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liSA c. hAzArd, department of Biology and Molecular Biology, 
Montclair state University, 1 normal ave, Montclair, new Jersey 07052, Usa 
(e-mail: Hazardl@mail.montclair.edu).

STORERiA OccipiTOMAcUlATA (Red-bellied Snake). DIET. 
Although it is known that Storeria occipitomaculata feeds primar-
ily on slugs (Trapido 1944. Am. Midl. Nat. 31:1–84), there remains 
a paucity of information regarding the identification of the par-
ticular species of slugs involved. Gilhen (1984. Amphibians and 
Reptiles of Nova Scotia. Nova Scotia Museum, Halifax. 162 pp.) 
noted that S. occipitomaculata in Nova Scotia had preyed upon 
native Philomycus carolinianus (Carolina Mantleslug), as well as 
non-native slugs in the genera Arion and Deroceras. Herein, we 
identify a non-native species of slug in the diet of a S. occipito-
maculata from northwestern Pennsylvania, USA.

At 0830 h on 11 June 2012, at a site along Hwy 89, 6.2 km SE of 
Wattsburg, Erie Co., Pennsylvania (41.96156ºN, 79.76165ºW, da-
tum WGS84; elev. 434.3 m), we found a female S. occipitomacula-
ta (SVL = 231 mm; total length = 293 mm; 9.5 g) beneath a wood-
en panel in old field habitat. Upon being handled, the snake 
disgorged a live Arion circumscriptus (Brown-banded Arion), a 
non-native slug of European origin (Chichester and Lowell 1973. 
Sterkiana 51:11–42). The slug was 22 mm long, and had a mass 
of 0.5 g, representing a mass ratio (prey mass to snake mass) 
of 0.053. Arion circumscriptus was present underneath several 
pieces of debris at the Wattsburg site, and is likely an abundant 
food source for S. occipitomaculata there. Also observed at the 
site were non-native Deroceras reticulatum (Grey Field Slug). The 
S. occipitomaculata was released at the point of capture, while 
the A. circumscriptus was preserved and deposited in the inver-
tebrate collection of the Natural History Museum at the Tom 
Ridge Environmental Center, Erie, Pennsylvania.

Thanks to George Pisani for reviewing the manuscript.
BriAn S. GrAy (e-mail: brachystoma@hotmail.com), mArK le-

thABy (e-mail: mlethaby@verizon.net), natural History Museum at the 
Tom ridge environmental Center, 301 Peninsula drive, erie, Pennsylva-
nia 16506, Usa; ned mcAlliSter (e-mail: pondgazer@gmail.com), 148 
stonegate drive, erie, Pennsylvania 16505, Usa; Scott BloomStine, 
538 Kahkwa Boulevard, erie, Pennsylvania 16505, Usa. 

THAMNOpHiS pROXiMUS (Western Ribbonsnake). NECRO-
PHILIA. Mating or attempted mating with a dead conspecific has 
been reported in several species of squamates including Ameiva 
ameiva (Costa et al. 2010. Ecologia 3:79–83), Gambelia wislizenii 
(Fallahpour 2005. Herpetol. Rev. 36:177–178), Holbrookia macu-
lata (Brinker and Bucklin 2006. Herpetol. Rev. 37:466), Tiliqua 
rugosa (How and Bull 1998. Herpetol. Rev. 29:240), and Tachy-
mensis brasiliensis (Amaral 1932. Mem. Int. Butantan 7:91–94). 
Here, I provide a report of necrophilia in a North American snake 
species.

At ca. 0230 h on 14 June 2012, I observed what appeared to be 
a carcass of a dead snake on Navarro Co., Texas, road FM 1129. 
Upon closer examination, the entwined mass of two courting T. 
proximus became apparent. The smaller snake’s head was posi-
tioned immediately behind the larger snake’s head and appeared 
to be pressing on the larger snake’s dorsum at a downward angle. 
Caudocephalic waves as described by Gillingham (1987. In Seigel 
et al. [eds.], Snakes: Ecology and Evolutionary Biology, pp. 184–
209. McGraw-Hill, New Jersey) were observed being performed 
by the smaller snake, however, it was difficult to ascertain if there 
was actual cloacal alignment on the closely positioned bodies. 
As I attempted to move the two individuals off of the roadway, 

they separated, revealing a live male (total length ca. = 48 cm) 
and a dead female (total length ca. = 56 cm). The road killed fe-
male appeared freshly dead, yet no overt signs of trauma were 
evident.

r. michAel BurGer, 510 VZ County road 2721, Mabank, Texas 
75147, Usa; e-mail: ungaliophis@gmail.com.

THAMNOpHiS SiRTAliS (Common Gartersnake). OPEN SEA-
WATER SWIMMING. Thamnophis sirtalis is common in a myr-
iad of habitats throughout its extensive range in North America 
(Wright and Wright 1957. Handbook of Snakes of the Unites 
States and Canada, Vol. II. Comstock Publ., Ithaca. 1055 pp.). 
Eastern subspecies of T. sirtalis are thought to be less aquatic 
than western subspecies, but all are known to use habitats near 
or in standing and flowing fresh water (Rossman et. al. 1996. The 
Garter Snakes: Evolution and Ecology. Univ. Oklahoma Press, 
Norman. 332 pp.). Here we report the occurrence of T. sirtalis in 
cold open coastal seawater in Maine, USA. 

At 2000 h on 18 August 2009, one of us (EEM), while return-
ing to port aboard a nature cruise vessel, discovered a T. sirta-
lis actively swimming at the surface in Frenchman Bay, Maine. 
The snake was approximately 3.5 km from Bar Harbor, Hancock 
County, Maine USA and 150 m from the northern tip of Burnt 
Porcupine Island (44.24521°N, 068.10717°W; datum WGS 84), 
Hancock Co., Maine USA. Water depth and temperature were 
approximately 17 m and 13°C, respectively. Upon capture with 
a dip net, we noted that the snake (unsexed, total length = 479 
mm) was alert, exhibited coordinated body movement, and was 
free of injuries.

Thamnophis sirtalis are found on a number of offshore is-
lands in Frenchman Bay (Mittelhauser et. al. 1996. Technical re-
port NPS/NESO-RNR/NRTR/96-01, National Park Service, New 
England System Support Office, Boston. 118 pp.), suggesting 
that this individual may have dispersed from Burnt Porcupine 
Island. Whether this snake entered the water of its own volition 
or was forced in is unknown, but Lillywhite et. al. (2008. BioSci-
ence 58:947–955) reported that pit vipers living on Gulf Coast 
islands occasionally enter seawater, venturing as much as 100 
m offshore. Western subspecies of T. sirtalis are known to fre-
quent intertidal areas in search of fish prey (Batts 1961. Copeia 
1961:350–351), but to the best of our knowledge, this is the first 
report of T. sirtalis swimming in open seawater. Our sighting is 
also noteworthy from the perspective of snake thermal biology. 
Nelson and Gregory (2000. J. Herpetol. 34:32–40) found that T. 
sirtalis forage in freshwater as cold as 12.5° C when air tempera-
tures were between 27.0°C and 34.0°C. Although air temperature 
was not measured in our case, the combination of water temper-
ature, time of day (20 min past sunset), and distance from shore 
indicate a potentially more challenging thermal environment for 
snakes to sustain swimming in than that previously reported.

Stephen JoSeph reSSel, College of the atlantic, 105 eden street, 
Bar Harbor, Maine 04609, Usa (e-mail: sjr@coa.edu); edWArd edmond 
monet iii, 146 gilbert Farm road, Bar Harbor, Maine 04609, Usa (e-mail: 
ed@divered.com).
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In the first half of the 
19th century, with the Eu-
ropean discovery of the 
last of the continents 
and their colonization 
of most, natural history 
museum collections grew 
rapidly with material 
obtained from voyages 
of exploration and new 

settlements. With the competing colonial aspirations of Eng-
land and France, the natural history museums in London and 
Paris in particular rapidly expanded during this period. The her-
petological collections in both museums were actively curated 
and studied, by John Edward Gray in the former case, and An-
dré Marie Constant Duméril and his assistant, Gabriel Bibron, 
in Paris. Both groups commenced herpetological work at about 
the same time (Gray was first formally employed by the British 
Museum in December 1824 to prepare a catalogue of the rep-
tiles; Duméril replaced Lacepède as Professor on the latter’s 
death in October 1825, although he had been informally work-
ing in that role since 1803, and Bibron was officially employed 
as Duméril’s assistant in 1832, although he had been a student 
in the laboratory since 1818), and published extensively on their 
herpetological collections among other activities, but in very 
different ways. Gray published many of his more extended spe-
cies descriptions in appendices accompanying the narratives of 
various exploring expeditions, and restricted his encyclopaedic 
works, the various Catalogues of the Collection of the British Mu-
seum (turtles, crocodiles and amphisbaenians in 1844, lizards in 
1845, snakes, in part, in 1849), and an 1831 classification of rep-
tiles accompanying Griffith and Pidgeon’s English translation of 
Cuvier’s Animal Kingdom, to a more abridged style. Duméril and 

Bibron, however, largely left the reporting of the natural history 
collections of the French exploratory expeditions to the natu-
ralists accompanying those expeditions and instead, following 
a long tradition of French encyclopaedic works on natural his-
tory (Buffon’s Histoire Naturelle, Générale et Particulière, 7 vols, 
1785–1791; Cuvier’s Dictionnaire des Sciences Naturelles, 60 vols, 
1816–1830 and Le Règne Animal Distribué d’après son Organisa-
tion, 4 vols, 1817; the Nouveau Dictionnaire d’Histoire Naturelle, 
36 vols, 1816–1819; Bory de Saint-Vincent’s Dictionnaire Clas-
sique d’Histoire Naturelle, 16 vols, 1822–1830; Guérin Méneville’s 
Dictionnaire Pittoresque d’Histoire Naturelle, 9 vols, 1833–1840; 
and more specifically herpetologically, Sonnini and Latreille’s 
Histoire Naturelle des Reptiles, 4 vols, 1801 and Daudin’s His-
toire Naturelle, Générale et Particulière, des Reptiles, 8 vols, 
1801–1803), produced a nine-volume work, the Erpétologie Gé-
nérale ou Histoire Naturelle Complète des Reptiles, aiming to 
cover the entire knowledge of herpetology. The result was much 
more thorough than Gray’s work (and ultimately more extensive: 
despite the title mentioning only reptiles, amphibians were in-
cluded in the Erpétologie Générale, whereas Gray left the British 
Museum amphibians and colubroid snakes to his successor). 
While Gray covered, for example, the scincid lizards in 64 pages 
of his Catalogue of the Lizards, recognizing 130 species across 57 
genera and 6 families, Duméril and Bibron took over five times 
that space in 1839, covering the skinks in 326 pages, recognising 
96 species in 32 genera, with only one genus in a different fam-
ily. Not only were Duméril and Bibron’s descriptions much more 
detailed than those of Gray, but their accounts of each order and 
family were prefaced by extensive biological accounts and thor-
ough bibliographies of the previous literature on the topic, given 
alphabetically by author and, in the case of systematic studies, 
chronologically. It is this historical and bibliographic perspective 
that makes this work so valuable to modern herpetology. Howev-
er, the Erpétologie Générale is not just of value as a review of the 
older literature. With a large amount of the material being sent to 
Paris coming from the tropics, both in the Old and New Worlds, 
many new names were first proposed in these tomes, and as a 
compilation of knowledge, it formed the major baseline for the 
next half-century of herpetological systematic studies. Hence, 
the Erpétologie Générale is also an essential and frequently con-
sulted reference for any laboratory working in herpetological 
systematics.

The amount of work involved in producing the 6,600 pages 
and 120 plates of the Erpétologie Générale was enormous, even 
taking into account the lower known herpetological biodiver-
sity of the era, and Bibron was unable to see the completion of 
the project, dying of tuberculosis in 1848. With his death, his 
place as Duméril’s assistant was taken by Duméril’s son, Au-
guste Henri André Duméril, and volumes 7 and 9 of the Erpé-
tologie générale (the last two volumes published) carry all three 
names.

BooK revieWSBooK revieWS



Herpetological Review 44(2), 2013

BooK revieWS     337

The production of this much-awaited facsimile reprint of the 
Erpétologie Générale has similarly been a Herculean task. The larg-
est single facsimile project ever produced by the SSAR, the nine 
original tomes and atlas are here bound into six handsomely 
bound volumes (two tomes in most facsimile volumes, with the 
two parts of Tome 7 constituting a single volume). The first volume 
begins with an extraordinarily thorough biographical chapter (102 
pages) by Roger Bour that provides much new material on the au-
thors and their place in French society of the time, the history of 
publication of the work and its reception by others, and corrects 
a number of errors that have been perpetuated in earlier litera-
ture on the topic (including, surprisingly, Bibron’s date of birth). 
With Duméril senior in particular also having significant activities 
in botany, entomology, ichthyology, and medicine (he retained a 
private medical practice until he was 74, and taught generations of 
medical students anatomy and pathology), this material will be of 
broad interest to historians outside of herpetology.

This has clearly been a labor of love for Bour, with the lib-
eral scattering of quotations from contemporary sources, in-
cluding Duméril’s personal letters, and color reproductions of 
documents and illustrations, combining to give a very personal 
perspective on the authors’ lives. I was particularly struck by 
the suggestion that Duméril may have inadvertently passed on 
the smallpox that claimed Lacepède’s life through a handshake 
made after examining patients with the disease—possibly the 
only case in herpetology of career advancement through killing 
one’s superior. 

At the other end of the reprint, Mélanie Pérez, supervised by 
Bour, and with additional assistance from Kraig Adler, under-
took the equally valuable task of creating an extensive index to 
scientific names that concludes the last text volume, making the 
information much more accessible (the original largely lacked 
indices, concluding each tome with a contents listing; the only 
alphabetic listing, at the end of Tome 9, mixing vernacular and 
Latin names and only covering genera and higher groups). 

The reproduction of the facsimile is of excellent quality. 
The original text had occasional printing imperfections, vary-
ing between copies. These and the inevitable foxing and print-
throughs in old books have been fastidiously corrected in the 
facsimile, making the text as readable as possible, although the 
scanning is of slightly lower resolution than the original print. 
The many fold-out synoptic tables in the original are here slight-
ly reduced to fit on facing pages, and inserted (unpaginated, as 
in the original) in the text. The plates, reprinted here as a single 
Atlas (the original plates were issued separately in ten parts to 
accompany the original volumes, in both colored and uncolored 
versions) are reproduced in both formats on facing pages. This is 
to allow full details of the plates to be viewed, as the original col-
oring obscured some of the line details. Although there are some 
differences in the coloring, in shade, tint and detail, between the 
facsimile and online scans of two copies of the Atlas on the Bio-
diversity Heritage Library site (from the Harvard and Smithson-
ian libraries), these seem to largely reflect individual variation 
created by the hand coloring of the originals. The vibrant hues of 
the original plates remain in the facsimile.
 The production of a facsimile on this scale is a costly exer-
cise. Luckily, this facsimile was subsidized by a large donation 
to SSAR by Ronald Javitch, who must be profusely thanked for 
his generosity. The result is a high-quality facsimile at a bargain 
basement price for the size of the work. Given the high price of 
the original at recent sales (two uncolored sets currently avail-
able online are priced between US $8000–9000, and even cheap 

paperback print-on-demand copies cost about US $30 per vol-
ume), the limited print run (400 copies) will undoubtedly result 
in a rapid appreciation of the value of these facsimile sets, so get 
them while you can.

Herpetological Review, 2013, 44(2), 337–338.
© 2013 by Society for the Study of Amphibians and Reptiles

venomous reptiles of the united States, 
canada, and northern mexico (volumes 1 & 2)

by Carl H. ernst and evelyn M. ernst. 2012. Johns Hopkins University 
Press, Baltimore (www.press.jhu.edu/). xviii + 352, xiv + 391 pp. 
Hardcover. Us $75.00 each volume. isBn 978-0-8018-9875-4 and  
978-0-8018-9876-1. 

mArK o’SheA
School of Applied Sciences, University of Wolverhampton, Wulfruna 
Street, Wolverhampton, WV1 1LY, United Kingdom; West Midland Safari 
Park, Bewdley, Worcestershire, DY12 1LF, United Kingdom
e-mail: oshea@markoshea.info

There seems to be 
a long-standing tradi-
tion in North American 
herpetology, especially 
when it comes to writ-
ing books about snakes, 
for husband and wife 
co-authorships or pub-
lishing collaborations. 
Examples include Al-
bert and Anna Wright 
(1957a, b, 1962), Sher-
man and Madge Minton (1971, 1973), and Roger and Isabelle 
Conant (1958, 1975). Carl and Evelyn Ernst continued this trend 
with Snakes of the United States and Canada (2003), and they 
now present their two-volume Venomous Reptiles of the United 
States, Canada and Northern Mexico. 

This most recent twin-tome publication is effectively an 
expansion and update on Carl Ernst’s earlier, single-authored, 
Venomous Reptiles of North America (1992), the geographical 
scope now enlarged to include all “venomous reptiles from the 
northernmost distribution in southern Canada, through the 
United States, to 25°N in continental Mexico, the Baja California 
Peninsula, and those islands in the Gulf of California and off the 
Pacific Coast of Baja California where they occur” (p. xii). Defin-
ing the Baja Peninsula, the islands of the Sea of Cortez and the 
Mexican islands in the Pacific Ocean, is simple as they exhibit 
clearly defined natural boundaries, their coastlines, but more 
difficult must have been the decision how far south to extend 
the geographical scope of the books in continental Mexico, and 
how to delineate the southern-most boundaries when no natu-
ral feature, like the Rio Grande or a convenient national border, 
presents itself. The authors ended up using 25°N latitude, which 
brings all of Sonora, most of Chihuahua and Coahuila, and the 
northern parts of Sinaloa, Durango, Nuevo Leon, and Tamauli-
pas under the umbrella of their volumes. But this decision is not 
without its problems since this is an invisible line with no bear-
ing on the actual distribution of species. Fully 50% of the 34 spe-
cies included in these volumes have ranges that extend south of 
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the Latitude 25°N and two of these species (Agkistrodon taylori 
and Crotalus totonacus) occur almost entirely south of this line. 

Despite their latitudinal cut-off, the authors provide detailed 
range maps, with the Mexican state borders clearly indicated, il-
lustrating each taxon’s entire distribution, into southern Mexico 
and even Central American countries where necessary. Also in-
cluded in the species accounts are all the subspecies of these 34 
‘North American’ species whether those subspecies occur within 
the stated geographical area of the volumes or not. The result is 
that 13 subspecies with ranges entirely south of 25° N, are in-
cluded because their conspecifics occur to the north of that line: 
Heloderma horridum horridum, H. h. alvarezi, H. h. charlesbo-
gerti, Micruroides euryxanthus neglectus, Micrurus distans mi-
choacaensis, M. d. oliversi, M. d. zweifeli, M. tener fitzingeri, M. 
t. maculatus, M. t. microgalbineus, Crotalus molossus oaxacus, 
C. pricei miquihuanus, and C. scutulatus salvini. This is refresh-
ing given that many guides fall back on a phrase such as “four 
subspecies but only the nominate form is represented within the 
geographical area of this volume.” To their credit, Ernst and Ernst 
have gone to considerable lengths to include, where possible, as 
much detail for these extralimital subspecies as those occurring 
north of 25°N, and in so doing they have increased the value of 
these two volumes.

The systematic scope of Venomous Reptiles is greatly expand-
ed by both its increased geographic area and by taxonomic revi-
sions that have taken place in the twenty years since 1992. The 
geographical expansion allows the inclusion of northern Mexican 
species such as Heloderma horridum, Micrurus distans, Crotalus 
basiliscus, C. catalinensis, C. enyo, and C. tortugensis, and numer-
ous northern Mexican subspecies of US taxa, such as Crotalus 
lepidus, C. ruber, and C. willardi. The taxonomic revisions include 
the splitting of Crotalus viridis into three species (C. viridis, C. ore-
ganus, and C. cerberus), and the elevation of four former subspe-
cies (Agkistrodon bilineatus taylori, Micrurus fulvius tener, Crota-
lus mitchelli stephensi, and C. durissus totonacus) to species. The 
only taxonomic “loss” might be the synonymy of Crotalus hor-
ridus atricaudatus within Crotalus horridus, as no subspecies are 
now recognized (Allsteadt et al. 2006). Therefore, this two-volume 
set includes the same seven genera (Heloderma, Micruroides, Mi-
crurus, Pelamis, Agkistrodon, Crotalus, and Sistrurus) as the previ-
ous volume (Ernst 1992), but with 34 species and 86 subspecies, 
compared to 21 species and 49 subspecies in the earlier volume. 

Of course, taxonomy is an evolving process and field guides 
and volumes such as these quickly become out of date, albeit by 
small degrees. New species are described, others placed in syn-
onymy, old names are resurrected, and revisions split long-estab-
lished taxa. The first to affect the current volumes occurred in the 
same year as they were published, the resurrection of Crotalus 
ornatus for the Texan populations of C. molossus (Anderson and 
Greenbaum 2012). There is nothing authors can do about this, 
other changes will undoubtedly follow, but provided the reader 
keeps up to speed with such advances they do little to detract from 
the value of the volumes concerned and it will be a further twenty 
years before a new edition is required to update any changes.

The authors specifically omit the “Rear-fanged (opisthogly-
phous) snakes of the Family Colubridae” because North Ameri-
can rear-fanged species have caused only mild envenomings 
(Thamnophis, Diadophis and Heterodon), unlike species found 
in Africa (Thelotornis and Dispholidus) and Asia (Rhabdophis), 
which have caused fatalities. The authors’ decision to omit 
rear-fanged venomous snakes is completely understandable, it 
would create another invisible line in the sand, lacking a natural 

boundary, and to include all rear-fanged North American snakes 
would greatly expand the size of the volumes and dilute their 
original purpose. 

The content of these two volumes is detailed and compre-
hensive, as one would expect for two volumes on probably the 
most studied venomous snake fauna in the world. Volume One 
begins perfectly logically, not with a section on snake natural his-
tory, classification or distribution—a prior knowledge of which 
is presumably a given, but with sections (they are not numbered 
chapters) that go straight to the heart of the volumes. The first 
three sections are titled: Venom, Envenomation by North Ameri-
can Reptiles, and Treatment of Envenomation by Reptiles, so the 
reader is confronted immediately with the consequences of close 
encounters with the subjects of the two volumes. The next sec-
tion concerns itself with the other side of the fence, Conservation 
of  Venomous North American Reptiles, a concept many non-
reptile oriented members of the public find hard to comprehend.

There follows a Key to the Families of North American Ven-
omous Reptiles, which might be considered superfluous, as 
anyone with the slightest knowledge of reptiles can immediately 
distinguish between the three families represented in these vol-
umes. Surely, more helpful would have been the tools to enable 
an amateur to separate a milk snake from a coral snake, or a wa-
ter snake from a cottonmouth. True, as already stated, these vol-
umes are only concerned with front-fanged venomous snakes 
and venomous lizards, but surely that remit extends to determin-
ing whether the snake in the yard is actually a venomous spe-
cies. The inclusion of a short section explaining the importance 
of the loreal scale in elapid recognition, and heat-sensitive pits 
in the pitvipers, and the inclusion of the innocuous colubroid 
snake families in the key, might have enhanced this section and 
made it more useful to non-herpetologist readers. In this respect 
I commend Campbell and Lamar (2004), whose second volume 
contains an entire chapter on venomous snake mimicry and 237 
color plates illustrating venomous snake mimics.

From there the two volumes follow the usual arrangement, 
with Volume One containing Helodermatidae, Elapidae and the 
genera Agkistrodon and Sisturus from the Viperidae, and Volume 
Two containing the genus Crotalus. 

The species accounts are excellent, highly detailed and com-
prehensive, with sections devoted to Recognition, Geographic 
variation, Confusing species, Karyotype, Fossil Record, Distribu-
tion, Habitat, Behavior and Ecology, Reproduction, Growth and 
Longevity, Diet and Feeding Behavior, Venom Delivery System, 
Venom and Bites, Predators and Defense, Parasites and Patho-
gens, Populations, and Remarks. These species accounts are in-
tensively researched and I believe Ernst and Ernst will be the first 
port of call for anybody wishing to check an unusual prey spe-
cies, behavioral trait or longevity record for any of the 34 species 
included in these volumes. For information on North American 
venomous reptiles it is a one-stop shop, so expect it to be cited 
on a regular basis in the Natural History Notes section of Herpe-
tological Review.

Each species account is also illustrated with grayscale photo-
graphs of the species and subspecies concerned, most of them 
of extremely high quality, as one would expect considering the 
names in the credits. It is a shame these photographs could not 
be reproduced in color but the cost of including color images 
on many if not most pages may have been prohibitive, although 
the same authors do accomplish this in their earlier volume on 
the entire snake fauna of the United States and Canada (Ernst 
and Ernst 2003). Sometimes, however, a grayscale image is more 
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useful than a color photograph in that detail becomes more ap-
parent, so the fact these images are so reproduced does not de-
tract from the volumes. In fact, if I were to criticize the photogra-
phy it would be in reference to some of the color plates. 

Each volume contains a center section comprising 16 pages 
of color plates, with two to three plates per page. Some of these 
plates are excellent but others are of inferior quality, with speci-
mens poorly positioned, too dark with detail obscured, too soft 
(out of focus) with shallow depth of field, or badly illuminated 
with stark shadows or color hazes. Many of these images do not 
do justice to the rest of the books; they look dated and, when 
one checks back to the earlier volume, it is easy to see why. The 
1992 volume contained 32 pages of color plates, equal to the 
combined total for the 2012 volumes, with 55 individual plates, 
compared to a total of 76 in the current volumes. Fourteen of 
these are reused from the earlier volume, in some cases to lesser 
effect as if the image had been reproduced from a reproduction, 
rather than the original, with a subsequent loss of quality. This 
is a shame since some of the color photographs included are 
excellent, high in detail, well lit, with good depth of field, and 
with vibrant colors, but the inclusion of a few poor, tired photo-
graphs can go a long way to spoil the effect of such high quality 
images. Given that the North American herpetofauna is probably 
the most photographed in the world, surely it would have been 
possible to provide a complete series of new images to enhance 
these otherwise excellent volumes. 

Nit-picking about photography apart, these two volumes are 
a must-have for anyone interested in the North American her-
petofauna, or venomous reptiles and their venoms, and they are 
likely to grace the shelves of many private and public herpeto-
logical libraries. The back cover includes as quote from SciTech 
Book News: “Likely to remain the standard reference for the next 
20 years” and given the impressive content of these two volumes 
that prediction will probably be proven true.
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Rock iguanas (Cyclura) 
are among the most threat-
ened groups of lizards (Al-
berts 2000)—a fact much 
publicized in conservation 
media outlets. Despite this, a 
comprehensive, authoritative 
book on the genus, to which 
interested persons could be 
directed, has so far been lack-
ing. Cyclura—Natural History, 
Husbandry, and Conservation 
of West Indian Rock Iguanas 
is the refreshing and much-
needed response to this void, 
a book for the educated public 
noting the natural history and 
husbandry of the 16+ species in the genus Cyclura. As the great-
est threats to rock iguanas are anthropogenic in nature—habitat 
loss, hunting, mammal predation, etc.—the authors point out 
in the introduction that this book is intended “…to educate the 
public on the plight of rock iguanas and the unfortunate demise 
their populations have suffered at the hands of people and their 
feral animals.” For those interested in a more academic treat-
ment, Iguanas: Biology and Conservation (Alberts et al. 2004), 
stemming from the 1997 “Iguanas: Biology and Conservation” 
symposium and for which Alberts and Lemm were also key edi-
tor/contributors, treats diversity in many more iguanas, includ-
ing sections dedicated to ecology and conservation. 

Cyclura is the kind of book that people can spend hours por-
ing over line by line because it is great fun. I imagine that public 
libraries, schools, veterinary offices, and eco-lodges will derive 
great satisfaction from including this scholarly, yet accessible 
book in their collections.

This book has seven chapters, three of which are contributed 
(Chapter 1: “Evolution and Biogeography” by Catherine Ste-
phen; Chapter 5: “Nutrition” by Ann Ward and Janet Dempsey; 
Chapter 6: “Health and Medical Management” by Nancy Lung). 
The progression that the book makes is mostly natural—wild 
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rock iguanas and their evolution (Chapters 1–3) is followed by 
information about husbandry (Chapters 4–6), with a final word 
on conservation (Chapter 7). Accompanying photographs of 
species, morphology, and habitat are distracting in the most 
pleasant way.

Readers are treated in the first chapter, Evolution and Bioge-
ography, to a clear account of the complex island geology and 
biology of the Caribbean, which follows insular formation from 
the proto-Antillean landmass (~80–70 MYA) to the present. More 
than a quarter of the book is dedicated to the second chapter, 
“Species Accounts,” comprising 59 pages devoted to individual 
accounts for 15 living and one confirmed extinct species, as well 
as three possible species noted from the fossil record. Each spe-
cies account includes information on nomenclature, morphol-
ogy, behavior, and IUCN/CITES/USFWS conservation status. 
In the species accounts, ‘Natural History Notes’ synthesize the 
more important contributions to the scholarly literature. To 
note, the authors thoughtfully included three labeled diagrams 
of Cyclura scalation and body plan, and a well-planned glossary 
to guide lay readers through the technical terms in species de-
scriptions. 

In the third chapter, “Natural History,” the authors supple-
ment current literature with their own observations, providing a 
comprehensive overview of rock iguanas. For example, ‘Diet and 
Foraging’ contains a fascinating description of how rock igua-
nas use colic nematodes to digest food. The section ‘Predators 
and Defense’ builds on the mammalian predation motif from 
the first two chapters, and includes eye-opening photographs of 
predators.

The next three chapters (Chapter 4: “Husbandry”; Chapter 
5: “Nutrition”; Chapter 6: “Health and Medical Management”) 
could be a great resource for those who keep iguanas or even for 
those who manage head start programs to share with their vol-
unteers and staff. Importantly, these chapters highlight the pau-
city of species-specific information. For example, the contribu-
tors writing the fifth chapter explicitly state that the lack of diet 
information on wild rock iguanas is the reason they included 
fairly general sample diets and supplements appropriate for any 
Cyclura spp. (see Tables 5.3 and 5.4). These chapters also dispel 
husbandry myths that are not supported in the peer-reviewed 
literature, such as the belief that gout is induced by high protein 
diets.

I have just a few complaints with this attractive book. The first 
is actually a compliment to the authors—the seventh chapter, 
“Conservation,” is a fantastic resource with syntheses of threats, 
current conservation work, tables of population estimates, and 
relevant photographs. I believe that it should have been placed 
much earlier in the book because it shines. It also more appro-
priately transitions between the wild rock iguana accounts and 
husbandry content.

Second, wild rock iguana accounts are accessible and infor-
mative, but this section desperately needs a distribution map. 
Flipping back and forth between diagrammatic boxes (see figure 
1.3) representing the emergence of Caribbean islands is the only 
place to contextualize the distribution of Cyclura spp. I found 
myself scanning the whole book several times to see where a 
map was placed—only to be disappointed. A simple diagram will 
supplement and vastly improve the species accounts in future 
editions.

Last, I love glossaries. Everything about a glossary speaks 
of order and thoughtful preparation of a text. Accordingly, the 
glossary of ~ 90 terms (pp. 213–215) is well chosen with clear 

definitions. However, the terms don’t include page numbers or 
warrant space in the index. I recognize that this may be a deci-
sion that the publishers made. However, I would argue that it is 
unlikely a reader is going to make flashcards or study the glos-
sary before using the book. Indexing each term will increase ac-
cessibility in a book aimed at a general audience.

Ultimately, the conservation of one of our most lovely igua-
nid genera depends on exciting the younger generation of her-
petological enthusiasts and educating Caribbean tourists. This 
sort of book, so far outside of traditional books on single top-
ics—either husbandry, or biogeography, or a checklist of spe-
cies—exhibits the sort of synergy that captivates the public. 
Non-academics interested in, but unable to find, a soup to nuts 
account of these charismatic animals are going to be well served 
by Cyclura. 
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Another book. A different book. 
A must for all people interested in 
African anurans! There have been 
a couple of books published in re-
cent years dedicated to Afrotropi-
cal amphibians. While, on the one 
hand, there is a considerable need 
for new knowledge or summa-
ries of existing information in this 
field, several of these new books 
contribute little towards a better 
understanding of anurans from 
the African continent. This is cer-
tainly not the case with the book 
by Channing et al. in which the au-
thors have both comprehensively 
reviewed and organized current 
knowledge on tadpoles of sub-Saharan African frogs and toads 
and filled in existing knowledge gaps. As such, the book will be-
come a standard work which will be used for many years. To be 
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honest, I was initially skeptical about the feasibility of the book 
and was more than positively surprised how well it succeeds in 
reaching its goals. 

This book justifiably places Africa in a ‘pole position’ with re-
gard to our understanding of anuran amphibians at the global 
scale. Certainly, African amphibian diversity in general remains 
poorly understood and understudied. However, books describ-
ing all tadpoles in the same manner are still lacking for South 
America or Asia, regions similarly species-rich and, generally 
speaking, perhaps better studied.

I very much appreciate the book’s structure and how data 
are presented. Before the species accounts start on page 88, in 
which tadpoles (as far as this stage exists) of all African anuran 
genera are described, the authors comprehensively describe 
the environment in which larval habitats occur, summarize 
what is known about oviposition and development, and present 
the reader with an exhaustive chapter on the tadpole bauplan. 
This is followed by a very informative chapter on (African) tad-
pole ecology, including information on larval growth to meta-
morphosis and interactions (both abiotic and biotic) with the 
environment. The latter topic also encompasses conservation 
problems like climate change. In an additional chapter, for com-
pleteness, Channing et al. also discuss direct development. All 
chapters are accompanied by high-quality photographs, most of 
them in color.

In the species account section, about 300 pages long, 365 
tadpole descriptions are arranged by family and genus. For each 
genus, Channing et al. start with a brief introduction and a list 
of species for which larval stages are unknown. This is perhaps 
unusual but highlights remaining gaps very well. They then list 
and describe the known tadpoles, based on either literature in-
formation (which is mentioned) or new data. Detailed descrip-
tions are made in a standardized way and follow the following 
scheme: general information (if applicable), distribution and 
habitat, morphological description of body as well as of mouth-
parts. It must be mentioned that the majority of species entries 
are accompanied by excellent drawings which increase the sig-
nificance this book even more. Moreover, the authors provide 
photographs of many tadpoles and their corresponding adults. 
At the end of the book, the authors attempt to provide keys to 
aquatic tadpole stages of sub-Saharan African frogs and toads. 
I found very few errors or unjustified statements, such as the 
claim that Leptopelis mackayi occurs in the Ruwenzoris of Ugan-
da—there are no published and perhaps not even unpublished 
records of this species from Uganda. Also, even though literature 
information is provided in a species entry, it is most useful if the 
original material examined were also consistently listed (e.g., 
Werneria tandyi). Finally, allocation of larval stages to species is 
a difficult issue; perhaps the value of the book would have been 
even higher if the authors had mentioned in each case how tad-
poles were assigned to species. These issues, however, are minor 
and do not detract appreciably from this really impressive vol-
ume, which is destined to be a most useful tool for anyone work-
ing with African anurans. 
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After several years in the mak-
ing, this winter saw the publication 
of The Society for Northwestern Ver-
tebrate Biology’s Northwest Fauna 
monograph, Western Pond Turtle: 
Biology, Sampling Techniques, In-
ventory and Monitoring, Conserva-
tion, and Management (known in-
formally from its inception as “the 
western pond turtle handbook”). 
This handbook marks the culmina-
tion of more than 160 years of west-
ern pond turtle research since the 
species was first described (Baird 
and Girard 1852). It summarizes the 
state of the species to date, review-
ing surveying and sampling proto-
cols, and providing recommendations on species conservation, 
habitat restoration, and future research needs. Considering that 
the list of editors (Bury, Welsh, Germano, Ashton) and contribut-
ing authors is a veritable who’s who in the western pond turtle 
community, this handbook stands to become a “user’s manual” 
for the species.

The first two chapters are devoted to a brief history and natu-
ral history of the species, beginning with a review of nomencla-
ture and taxonomy, a species description, and documentation of 
the range and distribution between British Columbia and Baja 
California, followed by a comprehensive summary of western 
pond turtle biology. The distribution of the western pond turtle 
throughout its Pacific Coast range illustrated in Figure 1 is a great 
synthesis of regional distribution databases, including the Cali-
fornia Natural Diversity Database, Nevada Department of Wild-
life, Oregon Biodiversity Information Center, and Washington 
Department of Fish and Wildlife.

The bulk of the handbook, chapters 3 through 7 and the asso-
ciated appendices, are devoted to a review of surveying and sam-
pling protocols. First the authors begin by walking a would-be-re-
searcher through sampling design considerations to help identify 
the possible constraints and opportunities of a study. Then, the 
authors tap into standard survey methodologies loaded with a 
dose of their personal experience garnered collectively through 
untold years of experience to demonstrate how the techniques 
can be tailored to studying the western pond turtle. These include 
everything from visual encounter surveys (western pond turtles 
are particularly wary) to trapping and snorkeling (the best baits) 
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to nest searching and detecting hatchlings and young turtles 
(needles in a haystack). Turtle in hand, the authors next review 
standard field procedures on how to handle turtles and their data: 
equipment needs, sanitation, veterinary care, measurements 
(weight, size, age, sex), marking systems, and radiotelemetry.

In closing, the authors dedicate two chapters to the western 
pond turtle’s future. Under the banner of conservation and res-
toration, the authors describe the need for habitat preservation 
and restoration, the unknowns surrounding turtle relocation and 
head-starting, and the multitudes of threats that continue to put 
the species at risk: wetland and upland habitat loss, urban devel-
opment and roads, contaminant spills and pollution, and intro-
duction of predators (bullfrogs and largemouth bass) and compet-
itors (red-eared sliders). Recognizing the need for further studies, 
the authors conclude with a caution against gray literature and 
a call for additional peer-reviewed, published research. Answer-
ing the questions that remain unanswered—species abundance, 
population trends, geographic variation, habitat requirements, 
life-history traits, daily and seasonal activity patterns, diet—may 
be critical to conserving the species in the years to come.

A single misstatement is noteworthy. In describing the no-
menclature and taxonomy of the species in Chapter 1, the au-
thors mistakenly state (page 2): “The name ‘Western Pond Turtle’ 
appears to have been first used in the Field Guide to Western Rep-
tiles and Amphibians (Stebbins 1966).” In reviewing the early lit-
erature it would appear that Cooper (1859:292)—not Stebbins—
was the first, not only to use the name “western pond turtle” by 
more than a century, but also to designate any common name 
for the species. Earlier scientific literature referred to the species 
by various binomial names only: Emys marmorata (Baird and 
Girard 1852), Emys nigra (Hallowell 1854; Gray 1855; Hallowell 
1859), or Actinemys marmorata (Agassiz 1857; Baird 1858). Over 
the next century, several other authors referred to the species 
as the western pond turtle in advance of Stebbins, among them 
Lord (1866), Gray (1872), Ditmars (1907), Grinnell and Camp 
(1917), and Storer and Usinger (1963). Although trivial, this no-
menclatural precedence establishes the priority for “western 
pond turtle” (instead of “Pacific pond turtle”) as the oldest avail-
able name applied, thereby reinforcing its use consistent with 
recent convention.

This aside, the handbook is nothing short of thorough, con-
cise, and timely as interest in and threats to the species continue 
to grow, and the need for a coordinated study and census of the 
species becomes necessary. A 1992 petition to list the western 
pond turtle as federally Threatened or Endangered was rejected 
the following year, although today the species remains listed 
Endangered in Washington, Sensitive-Critical in Oregon, and a 
Species of Special Concern in California. Proactive research and 
conservation, as summarized and advocated in this handbook, 
are critical to prevent or mitigate the possible need to up-list the 
species in the future. 
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This small volume is the latest 
herpetological entry in the “Ani-
mal Series” from Reaktion Books, 
which includes the earlier titles 
Snake and Tortoise, as well as 48 
other, similarly-named books on 
assorted mammals, birds, fish, 
mollusks, and arthropods. All 
books in the series are similar in 
size, format, and organization. 
A suitable subtitle for this book 
might be “a social history of frogs” 
or “frogs and the human experi-
ence.” 

The Introduction provides a 
thumbnail sketch of what frogs 
are and how they live, touching 
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on feeding, locomotion, skin secretions, larval life, and other 
topics. It also chronicles the etymology of “frog” and other words 
used for anurans and notes the difficulty that humans have tra-
ditionally had in categorizing frogs among other vertebrates. 
Seven chapters follow, each examining a particular theme in the 
frog-human relationship. 

“Just a Kiss” considers the story of the Frog King and simi-
lar tales. “Warts and All” looks at the negative connotations of 
frogs, for example their image as “unclean” animals, plagues of 
frogs, and their role in witchcraft. “Them, Us, and Frogs” relates 
frogs and frog-eating to various concepts of national identity. 
Most English speakers will be familiar with the term “frog” as a 
derogatory term for the French, but readers may be surprised to 
learn that in England it was previously used as a slur against the 
Dutch—until William III, Prince of Orange, invaded England and 
took the throne, at which time it became politically expedient to 
apply the epithet elsewhere. This chapter also considers the cane 
toad and its successful invasion of Australia in light of both that 
country’s national psyche and biosecurity. 

“Under the Knife” extolls the role of frogs in medical and oth-
er research from Boyle and Swammerdam to the present. “Evo-
lution on Fast-forward” discusses frogs in evolutionary biology 
and related fields, touching on Ernst Haeckel’s biogenetic law, 
Wilhelm Roux’s embryology, the role of Xenopus in pregnancy 
tests, and the well-known “Case of the Midwife Toad” that ended 
Paul Kammerer’s career (and life). The sex life of frogs, and the 
association of frogs with fertility, rain, luck, and wealth in cul-
tures from ancient Egypt to modern China is the subject of “Of 
Frogs and Fruitfulness.” Lastly “Jumped Up” celebrates frogs as 
humorous or hapless characters in literature (e.g., The Celebrat-
ed Jumping Frog of Calaveras County, The Wind in the Willows) 
and popular culture (Michigan J. Frog, Kermit the Frog, the Bud-
weiser frogs) and contrasts this with the current plight of frogs 
and other amphibians due to a variety of causes, most notably 
chytridiomycosis. 

The book is rounded out by a Timeline of the Frog (with 23 
highlights from the origin of frogs to the making of the animat-
ed movie The Princess and the Frog in 2009), a listing of more 
than 100 References and a separate Select Bibliography, a list of 

Associations and Websites, Acknowledgements, and a four page 
Index to scientific names, people, and subjects. Oddly the “Ref-
erences” are numbered sequentially within chapters but these 
numbers do not correspond to specific locators in the text (they 
do in Snake and Tortoise).

Entertaining though the text is, what really makes this book 
appealing are its 100+ illustrations, most in color. These include 
images taken from illuminated manuscripts to classic printed 
works such as Roessel von Rosenhof’s Historia Naturalis Rana-
rum Nostratium with a smattering of magazine covers, political 
cartoons, television and movie stills, and photos of frog statues, 
textiles, and jewelry, as well as numerous portraits of photogenic 
frogs.

There are some oversimplifications regarding anuran sys-
tematics and biology and a few minor errors that may be forgiv-
en, since the author is a historian of science, not a herpetologist. 
Some names are inconsistently used (e.g., Rana instead of Litho-
bates for the American Bullfrog, but Pelophylax not Rana for the 
European pool and marsh frogs). The claim that frogs were in-
cluded among reptiles until the mid- to late 19th century is exag-
gerated. Although some herpetologists used the vernacular term 
“reptiles” (and others used “amphibians”) for both groups of 
organisms until late in the century, Henri de Blainville formally 
separated the classes from one another in 1816. On p. 29 an “un-
identified blue and yellow frog” is in reality Phyllomedusa bicolor 
and the work it is from is De Rana Bicolore by Peter Boddaert 
(1772). An image on p. 35 is stated to be from the 20th century, 
but it is from the early 19th century (the date 1825 is even visible 
on the plate itself). Images of dendrobatids on pages 23 and 24 
are transposed relative to their captions and a photo of a ranid 
on p. 137 is misidentified as Xenopus laevis. Finally, at least in 
my review copy, the text on p. 201 is a duplication of that on the 
lower two-thirds of p. 200.

The handful of minor complaints aside, this is an inexpensive 
and attractive little book that can be enjoyed by anyone with a 
soft spot for frogs, an interest in history, or a love of literature, art, 
or popular culture. Although herpetologists are unlikely to learn 
much about their study organisms, they will surely find some-
thing new and interesting in this book. 
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