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About Our Cover: Atropoides mexicanus

 The Central American 
Jumping Viper, Atropoides 
mexicanus, is one of fi ve 
species assigned to the genus 
Atropoides. Exceptionally 
stout snakes with heavily 
keeled scales, the taxonomy 
of this morphologically 
similar group of pitvipers 
is not well resolved. Recent 
phylogenetic analysis 
suggests undescribed 
taxonomic diversity within 
the genus (Castoe et al. 2005. 
Molecular Phylogenetics 
and Evolution 37:881–898). 
Ranging from southern 
Mexico to central Panama, 
A. mexicanus is essentially a 
sedentary, mostly terrestrial 
species inhabiting tropical 
moist to wet forests at 40–1600 m in elevation. Adults average 50–70 cm TL, 
but can occasionally reach lengths of over 90 cm.
 What’s in a name? Throughout Central America this species is commonly 
referred to as “Mano de Piedra,” in reference to its resemblance to a stout 
implement used in grinding corn in the making of tortillas. The vigorous 
striking ability of this species has led to grossly exaggerated claims that it is 
capable of launching itself a distance equal to or greater than to its own body 
length, hence the common English name of “Jumping Viper.” Even the late 
Raymond Ditmars suggested that this snake may be able to jump as much as a 
yard if given “good purchase to lurch its coils” (Ditmars 1931. Snakes of the 
World. Macmillan, New York. 270 pp.). In reality, the striking distance of this 
snake might possibly cover a distance of half of its own body length. 
 Solórzano (1989. Revista Biología Tropical 37[2]:133–137) found that 
A. mexicanus reproduction in Costa Rica was distinctly seasonal depending 
on geography. Females from the Pacifi c versant gave birth in the late dry to 
early rainy season (March–June), whereas females from the Atlantic versant 
and areas of the Central Plateau gave birth during the rainy season (August–
November). From fi ve to thirty-seven young have been reported in single 
litters, with the smallest gravid female being just 38 cm in total length (March 
1929. Bulletin of the Antivenom Institute of America 3[1]:27–29). 
 The 22 juveniles featured on the cover were born on 31 August 2007 from 
a captive 65 cm (TL) Honduran female. Considerable polymorphism exists 
even within single litters, as evidenced by the variation in color in these 
juveniles. Young are reported to feed primarily on orthopterans and lizards 
in the wild (Campbell 1998. The Amphibians and Reptiles of Northern 
Guatemala, Yucatán, and Belize. University of Oklahoma Press, Norman. 
367 pp.); however, captive born individuals will readily consume small mice. 
Although born with cream-to-yellow tail tips, caudal luring has not been 
reported in this species.
 The rather calm juveniles were photographed using a Nikon D50 digital 
SLR camera with a Sigma 90mm macro lens the day following their birth. 
The image was recorded using natural light with fi ll fl ash from the camera. 
Photographer R. Michael Burger has been involved with amphibians and 
reptiles for four decades. 
His articles have appeared 
in a variety of North 
American and European 
publications, including 
recent issues of Zoo 
Biology, Herpetological 
Journal, Reptiles 
Magazine, as well as in the 
recently published book 
Biology of the Boas and 
Pythons. Michael lives 
with his understanding 
wife on a small ranch in 
Mabank, Texas.
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SSAR BUSINESS

Kennedy Student Award Committee

 The Kennedy Award Committee (Carl Anthony, Bill Lutter-
schmidt, Terry Schwaner, Wayne VanDevender, Lynnette Sievert, 
Chair) has completed its work for Volume 41 of the Journal of 
Herpetology. The Committee has selected “Phylogenetic and 
Systematic Study of the Genus Bombina (Amphibia: Anura: 
Bombinatoridae): New Insights from Molecular Data” by Guo-
hua Yu, Junxing Yang, Mingwang Zhang, and Dingqi Rao (Vol. 
41:365–377). The Kennedy Award carries with it a cash prize of 
US $200 or the winner’s selection of any SSAR publications val-
ued at twice that amount.
 The committee invites all student members of the Society to 
submit their work to the Journal, and encourages regular mem-
bers who supervise the work of students to draw this award to the 
attention of those students.

Annual Report (2008)
Grants-in-Herpetology Committee

 An award in the amount of US $500 was made to each of the 
following individuals:

 Conservation.—Sara M. Maxwell, University of California, 
Santa Cruz.  Project title:  “Conservation of olive ridley sea tur-
tles in Central Africa.”

 Field Research.—Sarah Becker, Southern Illinois University.  
Project title: “Hanging out with cool frogs:  Microhabitat tem-
peratures’ effect on disease susceptibility.”

 Laboratory Research.—William T. McLamb, Florida Insti-
tute of Technology.  Project title:  “Molecular and physiological 
characterization of infrared thermosensation in boid and crotaline 
snakes.”

 Travel.—Kyna M. Hogg, University of North Dakota.  Project 
title: “Landscape level distribution and effects of landscape con-
fi guration and habitat on several anurans of three river drainages 
in North Dakota.”

 International.—Michael Hailu, Addis Ababa University, Ethi-
opia.  Project title:  “Status, social organization and conservation 
of the vulnerable African spurred tortoise, in East Rift Valley, 
Ethiopia.”

 Education.—Mike Hickel, Rolling Hills Wildlife Adventure, 
Salina, Kansas.  Project title:  “Public Herpetological Field 
Guide.”

 2008 Grants-in-Herpetology Committee.—Co-chairs: Erik R. 
Wild and Josh Kapfer. Reviewers: Jeffrey Parmelee, Rich Seigel, 
Vince Cobb, Brian Smith, Brian Greene, Matt Rowe, Rebecca 
Christoffel, Rich King, David Wake, Stephen Richter, Jerry Hu-
sak, Michael Pauers, Chirstopher Beachy. SSAR congratulates 
the 2008 GIH recipients and thanks the committee members for 
their efforts.
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NEWSNOTES

Amphibian Ark’s Amphibian Population 
Management Guidelines Released

In December 2007, a group of population biologists, amphibian 
husbandry experts, and software developers gathered for two days 
in San Diego, California. The goal of the workshop was to develop 
a series of population management guidelines that would cover all 
species of amphibians, and be useful for a wide-ranging audience, 
from population biologists to amphibian breeders.

The Amphibian Population Management Guidelines are now 
available for download at: http://www.amphibianark.org/

MEETINGS

Meetings Calendar

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

3–4 October 2008—Annual Meeting of the Gopher Tortoise 
Council, Jekyll Island, Georgia, USA. Refer to meeting announce-
ment above.

7–9 November 2008—35th Annual Meeting of the Kansas Herpe-
tological Society, Wichita, Kansas, USA. Information: http://www.
cnah.org/khs/AnnualMeetingInfo.html.

24–29 November 2008—VIII Latin-American Congress of Her-
petology (VIII Congreso Latinoamericano de Herpetologia), Topes 
de Collantes, Sancti Spiritus, Cuba. Information: Roberto Alonso 
Bosch (e-mail: 8voclah@fbio.uh.cu or ralonso@ecologia.cu).

CURRENT RESEARCH

 The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published 
by the American Society of Ichthyologists and Herpetologists, The 
Herpetologists’ League, and the Society for the Study of Amphibians 
and Reptiles. Limited space prohibits comprehensive coverage of the 
literature, but an effort will be made to cover a variety of taxa and topics. 
To ensure that the coverage is as broad and current as possible, authors 
are invited to send reprints to the Current Research section editors, 
Joshua Hale or Ben Lowe; postal and e-mail addresses may be found on 
the inside front cover. 
 The current contents of various herpetological journals and other 
publications can be found at: http://www.herplit.com/contents. 

Adaptive Signifi cance of Temperature-Dependent 
Sex Determination

 It has been known for some time that for many species sex is 

determined by the temperature that the eggs are exposed to during 
development. It has long been thought that temperature-dependent 
sex determination (TSD) is advantageous when the temperature 
experienced during development differentially infl uences the 
fi tness of males and females. However, experiments to test for the 
adaptive signifi cance of TSD have been elusive. By treating the 
eggs of Jacky Dragons (Amphibolurus muricatus) with hormones, 
the authors of this study generated males at temperatures that 
would normally produce females. Some males generated under 
typical male-producing temperatures were also treated with the 
hormones to ensure that the hormones themselves had no effect on 
fi tness. They then compared the fi tness (measured in reproductive 
output) of males generated under the different temperatures over 
the next 3.5 years. As predicted, males produced under typical 
male-generating conditions exhibited a signifi cantly higher fi tness 
than the hormone-treated males.
WARNER, D. A., AND R. SHINE. 2008. The adaptive significance of 

temperature-dependent sex determination in a reptile. Nature 
451:566–568.

Correspondence to: Dan Warner, 234 Bessey Hall, Department of 
Ecology, Evolution and Organismal Biology, Iowa State University, 
Ames, Iowa 50011, USA; e-mail: dwarner@iastate.edu. 

Impact of Saltcedar Removal on Lizards

 Saltcedar (Tamarax spp.) has invaded many riparian ecosystems 
in the American Southwest, often to the detriment of native 
fauna and fl ora. However, to date, no study has documented the 
effects of saltcedar removal on reptiles. In this study, the authors 
attempted to document the impact of saltcedar control methods 
on communities of lizards along the Rio Grande in central New 
Mexico, habitats historically dominated by cottonwood (Populus 
deltoides). The relative abundances of the six most frequently 
encountered lizard species was monitored at twelve sites for 
seven years. For every three sites that experienced saltcedar 
removal, one was left untreated as a control. Analyses revealed an 
increase in abundance for two species and no signifi cant decrease 
in abundance for any species after non-native plant removal. 
The authors suggest that removing non-native understory plants 
allows more opportunities for lizards to bask in areas where light 
penetrates the canopy.
BATEMAN, H. L., A. CHUNG-MACCOUBREY, AND H. L. SNELL. 2008. Impact 

of non-native plant removal on lizards in riparian habitats in the 
southwestern United States. Restoration Ecology 16(1):180–190.

Correspondence to: Heather Bateman, USDA Forest Service, Rocky 
Mountain Research Station, 333 Broadway SE, Suite 115, Albuquerque, 
New Mexico 87102, USA; e-mail: heather.bateman@gmail.com.

Effects of Thyroxine on Salamander 
Metamorphosis

 Many studies have examined amphibian metamorphosis; 
however little is known about the patterns of gene expression 
that transpire during salamander metamorphosis. In this study, 
the authors attempted to document how thyroxine (T4; a thyroid 
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hormone) concentrations affect metamorphosis and gene 
expression in the Mexican Axolotl (Ambystoma mexicanum), an 
obligate paedomorph that can be induced to metamorphose when 
exposed to thyroid hormones in the laboratory. Individuals were 
exposed to two different concentrations of T4 and the subsequent 
metamorphosis was observed. Different concentrations of T4 
were found to affect the timing of the onset of the metamorphosis 
but not the duration. While many of the genes found to be 
expressed during metamorphosis were also known to be activated 
during anuran metamorphosis, there were also some differences, 
highlighting the importance of studying metamorphosis in diverse 
amphibian taxa.
PAGE, R. B., S. R. VOSS, A. K. SAMUELS, J. J. SMITH, S. PUTTA, AND C. 

K. BEACHY. 2008. Effect of thyroid hormone concentration on the 
transcriptional response underlying induced metamorphosis in the 
Mexican axolotl (Ambystoma). BMC Genomics 9:78 (17 pp.).

Correspondence to: Robert Page, Deptartment of Biology, University of 
Kentucky, Lexington, Kentucky 40506, USA; e-mail: robert.page@uky.
edu.

Use of Forked Tongue for Edge Detection in 
Snakes

 It has been hypothesized that the deeply forked tongue of some 
squamates functions as a chemical “edge detector,” where cues 
gathered by each tine are kept separate to provide the central 
nervous system with two points of lateral odor assessment via 
the vomeronasal nerve. While following a chemical trail, one tine 
can be on the trail, the other off, and such differential information 
prompts the snake to turn back to the trail. It has been shown that 
in snakes, complete disruption of the vomeronasal nerve severely 
impairs the ability to track prey; however, no study has attempted 
to unilaterally disrupt the vomeronasal nerve to determine the 
impact on tracking ability. The authors of this study compared 
the tracking ability of Western Rattlesnakes (Crotalus oreganus) 
before and after severing one side of the vomeronasal nerve. The 
authors found no change in the seven separate trailing parameters 
measured. They suggest instead that deeply forked tongues 
may represent a chemosensory specialization to increase odor-
sampling area.
PARKER, M. R., B. A. YOUNG, AND K. V. KARDONG. 2008. The forked tongue 

and edge detection in snakes (Crotalus oreganus): An experimental 
test. Journal of Comparative Psychology 122(1):35–40.

Correspondence to: M. Rockwell Parker, Department of Zoology, 
Oregon State University, 3029 Cordley Hall, Corvallis, Oregon 97331-
2914, USA; e-mail: parkermi@science.oregonstate.edu.

Massive Scale Turtle Farming in China

 As the demand for turtle products has increased over the 
past 20 years, entrepreneurs in China have initiated large-scale 
commercial breeding facilities for profi t. However, due to the 
secrecy of these operations, it has been diffi cult to fully appreciate 
the magnitude of Chinese turtle farming, and it is often assumed 
that most turtles in food markets and the pet trade come from the 
wild. Therefore, understanding the scale and scope of Chinese 

turtle farms is an important step towards understanding China’s 
role in the Asian turtle crisis. The authors surveyed Chinese turtle 
farms with questionnaires in 2002 that included questions about 
which species were being farmed and their estimated annual 
yield. The results indicated that most native species of freshwater 
turtles are bred in Chinese turtle farms. Additionally, based on the 
responses and accounting for the percentage of farms that failed 
to respond, the authors estimate that the Chinese captive turtle 
trade generates annual revenue of US $1.3 billion. They stress 
that these extrapolations are conservative estimates because most 
farms operate illegally. Finally, the authors state that the farms do 
not serve as potential conservation resources and instead advocate 
the establishment of protected natural areas to preserve the few 
remaining populations of wild Chinese turtles.
HAITAO, S., J. F. PARHAM, F. ZHIYONG, H. MEILING, AND Y. FENG. 2008. 

Evidence for the massive scale of turtle farming in China. Oryx 
42(1):147–150.

Correspondence to: Shi Haitao, Department of Biology, Hainan Normal 
University, Haikou, 571158, Hainan Province, China; e-mail: haitao-
shi@263.net.

Amphibians Do Not Follow Bergmann’s Rule

 Bergmann’s Rule, the pattern where organisms tend to be 
larger in cooler climates, has historically been thought to apply 
to endothermic and possibly ectothermic vertebrates, including 
amphibians. The authors tested this hypothesis by measuring 
96,996 adult Plethodon salamanders from the eastern United 
States, belonging to 40 species, 3974 populations, and 3213 
geographic locations. Typical adult body size and mean climate 
metrics were generated for both species and populations within 
species. Relationships between latitude and size were examined at 
both the inter- and intraspecifi c levels. The authors accumulated 
data from other studies of salamanders, frogs, and caecilians to 
look for Bergmann’s Rule at higher levels. Of the 40 Plethodon 
species examined, only 3 exhibited a pattern concordant with 
Bergmann’s Rule. Additionally, no relationship was found 
between body size and temperature among species of Plethodon. 
Finally, the meta-analysis revealed no support for Bergmann’s 
Rule at either the order (Caudata) or class (Amphibia) levels.
ADAMS, D. C., AND J. O. CHURCH. 2008. Amphibians do not follow 

Bergmann’s Rule. Evolution 62(2):413–420.

Correspondence to: Dean Adams, Department of Ecology, Evolution, 
and Organismal Biology, Iowa State University, Ames, Iowa 50011, 
USA; e-mail: dcadams@iastate.edu.

Character Clines Across a Recent Secondary 
Contact Zone in a Hispaniolan Ameiva

 Within species, character clines at areas of secondary contact 
between morphologically differentiated lineages are maintained 
by the relative strengths of endogenous (selection against 
hybrid genotypes) and exogenous (differential selection across 
an environmental gradient) forces. While they superfi cially 
resemble each other, clines maintained by exogenous factors 
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should be strongly correlated with an ecotone (a transitional area 
between two ecosystems), while clines maintained by endogenous 
factors should be independent of the environment and instead 
display spatial clustering. The author examined a secondary 
contact zone in the teiid Ameiva chrysolaema that occurs near 
an environmental transition zone that runs east–west along the 
southern coast of Hispaniola. Morphological (measurements and 
scale counts; treated separately), mitochondrial DNA, nuclear 
DNA, and climactic data were collected from nine localities 
across the ecotone. A canonical variates analysis was performed 
on the measurement data and mean values were generated for 
all data types for each locality. The means were then plotted 
against distance along the transect and tested for concordance. 
The analyses revealed that the clines were not coincident, with 
the mitochondrial DNA cline being located quite far from 
the morphological and nuclear DNA clines. Additionally, the 
shape and location of the scale cline is coincident with the 
environmental data cline. Therefore, it is likely that the transition 
zone is primarily maintained by exogenous factors and there is 
little selection against hybrid genotypes.
GIFFORD, M. E. 2008. Divergent character clines across a recent 

secondary contact zone in a Hispaniolan lizard. Journal of Zoology 
274:292–300.

Correspondence to: Matthew Gifford, Department of Biology, Campus 
Box 1137, Washington University, Saint Louis, MO 63130, USA; e-
mail: gifford@biology2.wustl.edu.

Urosaurus nigricaudus Phylogeography

 Historically, maternally-inherited mitochondrial (mt)DNA has 
been relied upon to infer intraspecifi c relationships; however, 
a growing importance has been placed on incorporating 
bipaternally-inherited nuclear DNA in phylogeographic analyses. 
In this study, the authors compared a mtDNA phylogeny generated 
in this study to previously published allozyme data in an attempt 
to elucidate the historical biogeography of the Black-tailed Brush 
Lizard (Urosaurus nigricaudus), a species that ranges throughout 
Mexico’s Baja California peninsula. The existing allozyme data 
suggest moderate genetic divergences exist along the peninsula, 
with the deepest divergence occurring at mid-peninsula. Many 
researchers have attributed the various genetic breaks observed 
along the peninsula in this and other codistributed taxa to seaways 
that in the past have isolated northern and southern populations. 
The recovered mtDNA breaks were found to be discordant with 
respect to the allozyme data, with the deepest genetic break at the 
southern end of the peninsula. This incongruence is interpreted as 
ongoing gene fl ow following a past vicariant event, possibly in 
conjunction with sex-differential dispersal patterns.
LINDELL, J., F. R. MÉNDEZ-DE LA CRUZ, AND R. W. MURPHY. 2008. Deep 

biogeographical history and cytonuclear discordance in the black-
tailed brush lizard (Urosaurus nigricaudus) of Baja California. 
Biological Journal of the Linnean Society 94:89–104.

Correspondence to: Johan Lindell, Department of Evolutionary Biology, 
Evolutionary Biology Centre, Uppsala University, Norbyvägen 18D, 
SE-752 36 Uppsala, Sweden; e-mail: johan.lindell@ebc.uu.se.

Sphenodon Tail Autotomy

 Tail autotomy occurs in most major Squamata lineages as well as 
Rhynchocephalia (Sphenodon). However, relative to squamates, 
little attention has been paid to tail autotomy and regeneration 
in rhynchocephalians. In this study, the authors examined > 200 
preserved, skeletonized, and live Sphenodon in an attempt to 
characterize the nature of tail-loss and regrowth in this taxon. 
Their anatomical fi ndings regarding tail autotomy in general, 
and in particular tail loss via intravertebral autotomy, largely 
corroborate previous studies. Interestingly, unlike the typical 
condition in squamates, both the frequency of tail autotomy and 
the length of intact tail was found to be equivalent in both sexes. 
As is common in squamates, left-side dominant individuals 
showed statistically elevated injury rates, including rates of tail 
autotomy. While the precise cause of this difference between left- 
and right-side dominant individuals in injury rate is unknown, the 
authors suggest that it is potentially related to escape capacity, 
in particular, speed. Additionally, tail-keeping and tail-losing 
males exhibited morphological differences echoing the sexual 
dimorphism observed between males and females, with tail-
losing males resembling females. 
SELIGMANN, H., J. MORAVEC, AND Y. L. WERNER. 2008. Morphological, 

functional and evolutionary aspects of tail autotomy and regeneration 
in the ‘living fossil’ Sphenodon (Reptilia: Rhynchocephalia). 
Biological Journal of the Linnean Society 93:721–743.

Correspondence to: Yehudah Werner, Department of Evolution, 
Systematics and Ecology, The Hebrew University of Jerusalem, 91904 
Jerusalem, Israel; e-mail: yehudahw@vms.huji.ac.il.

Lungless Frog Discovered in Borneo

 Until recently, the only extant tetrapods known to have 
undergone a complete loss of lungs belonged to two salamander 
families and a single species of caecilian. The authors describe 
the fi rst species of lungless anuran, Barbourula kalimantanensis 
(Discoglossidae), recently discovered in the highlands of Borneo. 
This species, which inhabits cold, fast-fl owing streams, was 
initially known from two specimens collected in the 1970s and 
1980s. The original collection locality was subsequently rendered 
uninhabitable by illegal gold mining operations. A recent expedition 
rediscovered the species upstream from the original locality. 
Examination of the additional specimens led to the discovery of 
its lack of lungs. This loss of respiratory structures extends to the 
loss of the glottis, allowing for an enlarged esophageal opening. 
An anatomical examination of the only other member of the 
genus, B. busuangensis from the Philippines, revealed an intact 
and functioning respiratory system. As its habitat is rapidly being 
degraded, immediate actions must be undertaken to ensure the 
survival of this enigmatic aquatic frog.
BICKFORD, D., D. ISKANDAR, AND A. BARLIAN. 2008. A lungless frog 

discovered on Borneo. Current Biology 18(9):R374–R375.

Correspondence to: David Bickford, National University of Singapore, 
14 Science Drive 4, 117543 Singapore; e-mail: rokrok@nus.edu.sg.
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Dr. Rajkumar S. Radder, popularly known as ‘Raju,’ passed 
away on 31 May 2008 due to cardiac arrest at his home at 
Mulawad (India) at the age of 34. Raju was born in a small village 
in the Bijapur district of Karnataka State, India. He was the 
second of four children of Mr. Shivappa R. Radder, a retired high 
school Head-Master, and mother Anusuya. Raju was schooled at 
his village and obtained fi rst place in the fi nal secondary school 
public examination in the district. During his school days, Raju 
was active in a variety of extracurricular aspects that included 
participation in Scouts and Guides. Indeed, Raju received an award 
as the Best Scout, at state level. He was also an accomplished and 
enthusiastic cricketer.

Raju obtained his bachelor’s degree in science at Bijapur and 
joined Karnatak University, Dharwad, India in 1994 for his 
Master’s degree in Zoology. His professors recall Raju as a very 
impressive student, always eager to learn diverse aspects of 
biology. Raju completed his degree, with top ranking, in the year 
1996. He remained in the same department for his doctoral work, 
under the supervision of Prof. B. A. Shanbhag and with Prof. S. 
K. Saidapur as co-guide. Raju conducted original research on the 
garden lizard, Calotes versicolor and discovered many interesting 
phenomena. For example, he found embryonic diapause, and an 
ability for long-term oviductal retention of eggs (up to 6 months: 
Radder et al. 1998). Raju also identifi ed a possible mechanism 
for prolonged egg retention (maternal selection of lower body 
temperatures). He also explored and refi ned a wide range of 
methodologies, including manipulation of egg and clutch sizes 
by “allometric engineering” methods.

As well as his facility at laboratory studies, Raju enjoyed 
working in the fi eld—even under diffi cult conditions. He 
conducted pioneering demographic studies on the fan-throated 
lizard, Sitana ponticerana and the rock lizard, Psammophilus 
dorsalis (Radder et al. 2005; Shanbhag et al. 2003). Raju 
began publishing papers in major international journals, and 
soon achieved signifi cant national recognition as an upcoming 
herpetologist and evolutionary biologist. He was honored with 
the prestigious ‘Young Scientist Award’ by the Indian Science 
Congress (2002) and the ‘Young Scientist Medal’ by the Indian 
National Science Academy, New Delhi (2003). These are the two 
most prestigious such awards in India, and winning both was a 
remarkable achievement.

Raju rapidly built up an international as well as national 
reputation. In 2001 he approached Rick Shine at the University 
of Sydney about postdoctoral studies; and in 2003 Raju obtained 
a postdoctoral position funded by the Australian Research 
Council, to work on the adaptive signifi cance of sex-determining 
systems in lizards. Raju arrived in Sydney early in 2004, and was 
employed by that institution until his untimely death in 2008. 
During his time at the University of Sydney, Raju initiated a 
wide range of collaborative projects with many people and on a 
diverse array of topics. Although the central theme of his research 
was sex determination, he found time to collaborate in studies 
on embryonic heart rates, ovarian morphology, yolk steroids, 
sex-based hatching asynchrony, the role of residual yolk for 
hatchling lizards, and the evolutionary signifi cance of communal 
nesting (e.g., Radder 2007; Radder & Shine 2006, 2007a,b,c,d; 
Radder et al. 2007a,b,c, 2008a,b,c). All of these studies resulted 
in publications in major journals. Rick recalls a meeting of his 
research group, not too long after Raju fi rst arrived, where Rick 
asked his people to briefl y summarize their current projects. Just 
about everyone—students, postdocs, and research assistants—
fi nished their summaries with “And also, Raju and I are doing 
a small study on ….” The combination of Raju’s infectious 
enthusiasm, his creative thinking, his willingness to discuss any 
aspect of science, his superb technical skills, and his mastery of a 
diverse array of analytical techniques, made him an extraordinary 
collaborator.

Raju’s central project at the University of Sydney was to 
explore the complex sex-determination mechanism of a 
montane scincid lizard species. He showed that the conventional 
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division into “genetic sex determination” and “environmental 
sex determination” simply didn’t work. These lizards have 
heteromorphic sex chromosomes (males are XY, females XX) but 
remarkably, incubation temperatures also infl uence offspring sex. 
Using genetic markers developed in collaboration with researchers 
at the University of Canberra, Raju’s work demonstrated 
unambiguously that low incubation temperatures—temperatures 
often recorded in natural nests at high elevations—could turn 
genetically female offspring into phenotypic males (Radder et 
al. 2008c). He also pioneered methods for transferring yolk from 
one egg to another, and found strong evidence that such yolk 
transfer could determine the sex of the offspring: a truly novel 
sex-determination system. It is truly tragic that, having come so 
far on the path to understanding that system, Raju never had the 
chance to put the fi nal pieces of the puzzle into place.

Through his time in both India and Australia, Raju was a 
wonderful colleague. A truly gentle human being, always respectful 
and polite, Raju nonetheless had a delightful sense of humor. At 
one conference of the Australian Society of Herpetologists, a 
particular delegate insisted on tapping away noisily at his laptop 
computer during student talks. Raju was deeply offended by this 
rudeness, so arranged for he and several friends to bring their 
laptops to that delegate’s own talk—and to sit in the front row, 
all tapping away noisily, throughout the presentation. Raju had a 
superb skill at getting his point across without confrontation.

One of Raju’s most impressive qualities was his ability 
to transcend cultural barriers in the course of his career in 
international science. For a man who grew up in a small village in 
India, Raju’s ease in mixing on the international stage was truly 
impressive. During his time at the University of Sydney, Raju 
not only worked closely with people from many countries, but 
enthusiastically enmeshed himself in an Australian culture that at 
times must have seemed truly bizarre. During summers he spent 
many Sunday afternoons at a hotel near the University, watching 
cricket on TV and talking for hours with the local old-timers 
about their lives and experiences.

In his short life, Raju touched many of us very deeply. We have 
no doubt that he would soon have risen to be an international 
leader in his fi eld, and his death is a great loss to evolutionary 
biology in general, as well as to herpetology in particular. We are 
enormously saddened at his death, but feel privileged to have had 
the opportunity to learn and laugh by his side.

A more detailed account of Raju’s achievements, and a list of 
his publications (with downloadable PDFs) is available via the 
website http://www.bio.usyd.edu.au/Shinelab/.
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SSAR Grants-in-Herpetology 2009
Call for Proposals

Proposals are now being accepted 
for the 2009 SSAR Grants-in-Her-
petology program. This program is 
intended to provide fi nancial support 
for deserving individuals or organi-
zations involved in herpetological re-
search, education, or conservation. 
Application deadline is 31 December 

2008. Grant application details are available at:

http://www.ssarherps.org/pages/GIH.php

Erratum

 In the recently published article, “Analysis and Comparison of Three 
Capture Methods for the Eastern Hellbender (Cryptobranchus alle-
ganiensis alleganiensis),” by Foster et al. (2008. vol. 39, pp. 181–186), 
an incorrect version of Table 2 appeared due to a printing error. The 
correct version of this paper is available as a pdf from the correspond-
ing author, Amy McMillan (e-mail: mcmillam@buffalostate.edu).
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ZOO VIEW

Updating the Bookshelves
Part I: Chelonians, Snakes, Amphibians

. . . INTEREST IN ZOOLOGY IS ALMOST AS MUCH A PHYSICAL PART OF THE TOPOGRAPHY 
OF REPTILE KEEPERS’ WORK AS CLEANING AFTER ANIMALS.  ONE OF THE INGREDIENTS THAT 
TYPIFIES A REPTILE KEEPER IS NAGGING CURIOSITY, AND CURIOSITY IS SOMETHING THAT CANNOT 
BE TAUGHT.  ANSWERS TO QUESTIONS IN ZOOLOGY ARE TUCKED AWAY IN TONS OF TECHNICAL 
LITERATURE.  POPULAR SOURCES OF INFORMATION— TELEVISION, THE WARM GLOW OF THE 
INTERNET OR ENTERTAINING ARTICLES FOR THE LAY AUDIENCE WITH A GENEROUS DOSE OF 
LARGE COLOR PHOTOS— ARE OFTEN TOO INADEQUATE.  A SEARCH FOR HARD-CORE DATA 
REQUIRES A TRIP TO THE SCIENCE SECTION OF A MAJOR LIBRARY AND HOURS OF DIGGING 
THROUGH HUNDREDS OF JOURNALS AND VOLUMES, IN YOUR OWN TIME.  UNGLAMOROUS AND 
TEDIOUS NO DOUBT, BUT THAT IS EXPECTED OF PROFESSIONALS.

—KEN KAWATA, 2005

In William Shakespeare’s The Tempest (Act 1, Scene 2), Prospero 
told us about the importance of a library when he said, “Me, poor man, 
my library was dukedom large enough.” For anyone who dreams of 
building a working herpetological library, a number of books and papers 
have appeared in the past few years which will prove to be important 
references. I have selected some particularly useful ones below and 
paired them with historical images relevant to the publications. Part II 
will appear in the next issue.

Books and Papers on Chelonians
THEY SELECT DRY AND SANDY PLACES, ARE GENERALLY FOUND IN TROOPS, AND ARE 

VERY ABUNDANT IN PINE BARREN COUNTRIES.  THEY ARE GENTLE IN THEIR HABITS, 
LIVING ENTIRELY ON VEGETABLE SUBSTANCES.  THEY ARE FOND OF THE SWEET POTATO, 
(CONVOLVULUS BATATAS,) AND AT TIMES DO MUCH INJURY TO GARDENS, BY DESTROYING 
MELONS, AS WELL AS BULBOUS ROOTS &C. &C.  IN THE WILD STATE THEY ARE REPRESENTED 
AS NOCTURNAL ANIMALS, OR AS SEEKING THEIR FOOD BY NIGHT: WHEN DOMESTICATED, 
AND I HAVE KEPT MANY OF THEM FOR YEARS, THEY MAY BE SEEN GRAZING AT ALL HOURS 
OF THE DAY.   WHEN FIRST PLACED IN CONFINEMENT, THEY CHOSE THE LOWEST PART 
OF THE GARDEN, WHERE THEY COULD MOST EASILY BURROW; THIS SPOT BEING ONCE 
OVERFLOWED BY SALT WATER IN A HIGH SPRING TIDE, THEY MIGRATED TO THE UPPER PART, 
NEARLY EIGHTY YARDS DISTANT, AND PREPARED ANEW THEIR HABITATIONS.  THEY SELDOM 
WANDERED FAR FROM THEIR HOLES, AND GENERALLY SPENT PART OF THE DAY IN THEIR 
BURROWS.   THEY DELIGHTED IN THE SUN IN MILD WEATHER, BUT COULD NOT SUPPORT 
THE INTENSE HEAT OF OUR SUMMER NOONS; AT THOSE HOURS THEY RETREATED TO THEIR 
HOLES, OR SOUGHT SHELTER FROM THE SCORCHING RAYS OF THE SUN UNDER THE SHADE OF 
BROAD-LEAVED PLANTS.  A TANYER, (ARUM ESCULENTUM,) THAT GREW NEAR THEIR HOLES, 
WAS A FAVOURITE HAUNT.  THEY COULD NOT ENDURE RAIN, AND RETREATED HASTILY TO 
THEIR BURROWS OR TO OTHER SHELTER AT THE COMING ON OF A SHOWER.  AS WINTER 
APPROACHED THEY CONFINED THEMSELVES TO THE IMMEDIATE NEIGHBORHOOD OF THEIR 
HOLES, AND BASKED IN THE SUNSHINE.   AS THE COLD INCREASED, THEY RETIRED TO THEIR 
BURROWS, WHERE THEY BECAME TORPID; A FEW WARM DAYS, HOWEVER, EVEN IN WINTER, 
WOULD AGAIN RESTORE THEM TO LIFE AND ACTIVITY.  THE ADULTS ARE REMARKABLY 
STRONG, SUSTAINING AND MOVING WITH A WEIGHT OF TWO HUNDRED POUNDS OR MORE.  
THE FEMALE IS GENERALLY LARGER THAN THE MALE, WITH THE STERNUM CONVEX; THE 
STERNUM OF THE MALE IS CONCAVE, ESPECIALLY ON ITS POSTERIOR PART.  THE EGGS ARE 
LARGER THAN THOSE OF A PIGEON, ROUND WITH A HARD CALCAREOUS SHELL: THEY ARE 
MUCH ESTEEMED AS AN ARTICLE OF FOOD.

—JOHN EDWARDS HOLBROOK ON THE GOPHER TORTOISE, 1842

Zoo workers have implemented a number of tortoise conservation 
initiatives, both in their institutions and in the wild. In a new book by 
Ray E. Ashton and Patricia S. Ashton called The Natural History and 
Management of the Gopher Tortoise Gopherus polyphemus (Daudin) 
(2008, Krieger, Malabar FL, ISBN 13:978-1-57524-162-3; ISBN 10:1-
57524-162-5), the authors provide an excellent template as to how a 
thorough tortoise study should be designed and accomplished. They run 
the Ashton Biodiversity Research & Preservation Institute in Florida, 
where they are now comparing various savannah and semi-desert 
species from all over the world. In this book, the authors demonstrate the 
insights gained by studying tortoises for many years in the fi eld versus 

short term observations. The forage chapters are extremely important 
in understanding tortoise dietary needs and behavior, especially the fact 
that the animals eat not only selective plants each season but also eat 
only certain parts of the plants. Various age classes chose almost entirely 
different plants. Secondly, the book goes into great detail about natural 
history, including seasonal patterns. Chapter 10 defi nes an often ignored 
element in a successful conservation undertaking—the complexity of 
not just knowing the natural history but also economics, community 
support, and the need for a long-term commitment. This book will likely 
set a benchmark as to what knowledge is necessary about tortoises and 
other amphibian and reptile species if we are going to manage them over 
time and beyond that, also enter into any form of in situ conservation. 

In 1819–1821 Ludwig Heinrich Bojanus published Anatome testudinis 
Europaeae. Vols. 1, 2. This rare atlas was issued in an original edition 
of 80 copies, reprinted in 1902, and again in 1970 by SSAR. Written 
in Latin, the magnifi cent folio contains arguably the fi nest anatomical 
drawings of a turtle ever produced. The subject was the European Pond 
Turtle (Testudo europaea, now Emys orbicularis). There is no detailed 
text but extensive descriptions of the 30 numbered plates.

Drawing of Gopher Tortoise (Testudo polyphemus, now Gopherus 
polyphemus) in North American herpetology; or, A description of the 
reptiles inhabiting the United States by John Edwards Holbrook in 
1842. 

Imprint: Philadelphia, J. Dobson. [vol. 1, plate I]
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.
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Over a century later, J. Stuart Thomson studied the gross morphology 
of the Spur-Thighed Tortoise (Testudo graeca, now T. g. graeca) and 
Iberian Tortoise (Testudo ibera, now T. g. ibera). His contribution—
published in 1932 Scientifi c Proceedings of the Royal Dublin Society 
20(28):359–462, plates 19–43—was called The Anatomy of the Tortoise 
and appeared after his death.   This high-quality reprinted edition (2006, 
Bibliomania, Salt Lake City UT; ISBN 10:932871-10-1; ISBN 13:978-1-
932871-10-4) includes an introduction by Gabe S. Bever and Christopher 
J. Bell covering Thomson’s life, career, and importance to herpetology. 

A new book called Biology of Turtles, edited by Jeanette Wyneken, 
Matthew H. Godfrey, and Vincent Bels, provides the fi rst comprehensive 
review of the Testudinata in and out of the shell (2008, CRC Press, Boca 
Raton FL; ISBN 978-0-8493-3339-2). The book covers the turtle body 
plan in detail; physiological and ecological consequences, evolutionary 
novelties, and their importance. Some of the topics are of importance to 
veterinarians and pathologists: bone growth, bone strength and aging, 
cervical anatomy, skeletochronology, and cardiopulmonary structure.  
For the turtle keeper, the chapters on locomotion, feeding behavior, 
reproduction and mixed and uniform brood sex ratio strategy are 
important.     

Chelonian Research Foundation: Anders G. J. Rhodin has been 
the driving force in creating this organization dedicated to research 

and conservation. The Foundation has published four Chelonian 
Research Monographs—one on Galápagos tortoises, another on the 
horrifying Asian turtle trade, and a third called Biology and Conservation 

Exquisite rendition of anatomical features in the European Pond 
Turtle (Testudo europaea, now Emys orbicularis) in Anatome testudinis 
Europaeae. Vols. 1, 2 by Ludwig Heinrich Bojanus in1819–1821. 

Imprint: Wilno (Vilna, Lithuania), published by the author.    
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.

In his book, L. Lortet provided beautifully colored fi gures of the Spur-
Thighed Tortoise and other Mediterranean tortoises. 

Lortet, L. 1886. Observations sur les tortues terrestres et paludines du 
bassin de la Mediterranée. 

Imprint: Lyon, Libraire de la Faculté de médecine et de la Faculté de 
droit.

Credit: Collections of Ernst Mayr Library, Museum of Comparative 
Zoology, Harvard University.

George Shaw was the creator of the encyclopedic fourteen volume 
set called General Zoology. One important innovation by Shaw was the 
inclusion of common names, and his plates are labeled with common 
names throughout Volume 3 (part I). Here is plate 17 named Fierce 
Tortoise, now called Florida Softshell Turtle.  The taxon was designated 
Testudo Ferox by Shaw and is now Apalone ferox. The name Testudo 
rostrata, now suppressed, may be a variation of the Florida Softshell 
Turtle.

Shaw, George.  1800–1826. General zoology, or Systematic natural 
history . . .; with plates from the fi rst authorities and most selected 
specimens, engraved principally by Mr. Heath. 

Imprint: London, Printed for G. Kearsley . . .  
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.



Herpetological Review 39(3), 2008 265

of Florida Turtles, edited by Peter A. Meylan. Each species account in 
this latter monograph treats the following subjects: species recognition 
and taxonomic history, distribution, habitat relations, growth and 
reproduction, population biology, interspecifi c interactions, threats, 
status, and conservation options and solutions.

The fourth monograph is Defi ning Turtle Diversity. Proceedings of a 
Workshop on Genetics, Ethics, and Taxonomy of Freshwater Turtles and 
Tortoises. Cambridge, Massachusetts, 8–12 August 2005. This book was 
edited by H. Bradley Shaffer, Nancy N. FitzSimmons, Arthur Georges, 
and Rhodin and was published in 2007. There are several important 
chapters for captive managers: review of genetics studies during past 
70 years, taxonomy, genetic considerations for captive breeding and 
translocation for conservation, internet resources, and an annotated 
list of modern terminal taxa, with comments on areas of instability and 
recent change.

Twice a year, the Foundation also prints a peer-reviewed journal 
of the highest quality—Chelonian Conservation and Biology—and a 
newsletter.  In a recent issue, there is a review article by Dean Williams 

and Matthew Osentowski called, “Genetic considerations for the captive 
breeding of tortoises and freshwater turtles” (2007, 6[2]:302–313).
No zoo herpetologist should be without these publications. The journal 
is available by subscription from Chelonian Research Foundation, c/o 
Allen Press, P.O. Box 7065, Lawrence KS 66044 (phone: 785-843-1235, 
ext. 296; Fax: 785-843-1274; e-mail: crf@allenpress.com) or Chelonian 
Research Foundation, 168 Goodrich Street, Lunenburg MA 01462 
(phone: 978-582-9668; Fax; 978-582-6279; e-mail: RhodinCRF@aol.
com). Books may be ordered from the latter address.

 THE FLESH OF THIS TURTLE IS USED FOR FOOD, LARGE NUMBERS OF ANIMALS BEING SOLD 
IN THE MARKETS OF OUR LARGE CITIES. THERE IS A STRONG ODOR OF MUSK, HOWEVER, 
WHICH DETRACTS FROM ITS VALUE, FOR IT COMMANDS ONLY A SMALL PRICE. USED IN A 
SOUP THE FLAVOR IS SAID TO BE EXCELLENT. IT IS CAPTURED MOSTLY WITH A BAITED HOOK 
WHICH IT TAKES MOST READILY, OFTEN TO THE EXASPERATION OF FISHERMEN. FORMERLY IN 
COUNTRY DISTRICTS IT WAS A COMMON CUSTOM TO KEEP A SNAPPING TURTLE IN A SWILL 
BARREL, WHERE IN THE COURSE OF TIME, IT GREW EXCEEDINGLY FAT, VERY TENDER, AND 
LOST MOST OF ITS MUSKY ODOR. IT WAS THEN KILLED AND EATEN. MR. S. W. DENTON 
OF WELLESLEY, MASS., TELLS ME HE KNEW OF A TURTLE KEPT UNDER SUCH CONDITIONS 
WHICH REACHED A WEIGHT OF EIGHTY-SIX POUNDS.
 —HAROLD L. BABCOCK ON THE COMMON SNAPPING TURTLE, THE TURTLES OF NEW 

ENGLAND, 1919

 The Biology of the Snapping Turtle (Chelydra serpentina) is the fi rst 
broad biological treatment of the Common Snapping Turtle. Edited by 
Anthony C. Steyermark, Michael S. Finkler, and Ronald J. Brooks, 
this is the defi nitive reference for anyone working with or interested in 
this fascinating reptile. The book is published by The Johns Hopkins 
University Press (2008; The Johns Hopkins University Press, Baltimore 
MD; ISBN 13: 978-0-8018-8724-6 [hardcover]; ISBN 10:0-8018-
9724-0 [hardcover]) and in it a number of prominent turtle biologists 
synthesize all that is known about this chelonian by providing an up-to-

In plate 89 called Testudo by Ernst Haeckel, the somewhat stylized taxa 
appear to be (left top, clockwise): leatherback and hawksbill sea turtles, 
mata mata, giant tortoise, snapping turtle, star tortoise, and snake-necked 
turtle. From Kunstformen der Natur (Art forms in nature) by Ernst 
Heinrich Philipp August Haeckel in 1899–1904. 

Imprint: Leipzig, Wien, Verlag des Bibliographischen Instituts. 
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.

Heinrich Rudolf Schinz was professor of natural history in Zürich. 
Many illustrations in his book include a variety of herps: developmental 
series of newts, lizards in naturalistic poses, caecilians, breeding 
behavior and development of anurans, complete drawings and skulls of 
caimans, gavials, and crocodiles, and a large series on snakes. Shown 
here is Common Snapping Turtle (bottom). 

Schinz, Heinrich Rudolf. 1833. Naturgeschichte und Abbildungen der 
Reptilien. Nach den neuesten Systemen zum gemeinnützigen Gebrauche 
entworfen und mit Berücksichtigung für den Unterricht der Jugend 
bearbeitet, / von H.R. Schinz. Nach der Natur und den vorzüglichsten 
Originalien gezeichnet, von K.J. Brodtmann. 

Imprint: Schaffhausen, in Brodtmanns lithographischer Anstalt.
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University. 
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date comprehensive resource on the species’ evolution, taxonomy, and 
systematics; physiology, energetics, and growth; and life history and 
ecology. There are several chapters which are particularly relevant to 
captive managers working with other chelonians from temperate climates: 
thermal ecology and feeding, ecology and physiology of overwintering, 
embryos and incubation period, sex determination, physiology and 
ecology of hatchlings, and geographic variation in life history traits.

 The Johns Hopkins University Press published another important 
book on chelonians: Turtles of the World by Franck Bonin, Bernard 
Devaux, and Alain Dupré (2006, translated from French by Peter C. H. 
Pritchard, ISBN 0-8018-8496-9). Species accounts include distribution, 
description, natural history, and protection and all are accompanied by 
maps and excellent color photographs.

 ARCHIE FAIRLY CARR JR.: One of our most prominent turtle biologists, 
the late Archie Carr, is the subject of two recent books. The fi rst, by 
his former graduate student Peter C. H. Pritchard, is called Tales from 
the Thébaïde. Refl ections of a Turtleman (2007, Krieger, Malabar, 
Florida; ISBN 1-57524-277-X). In the fi rst chapter titled “The master 
turtler,” Pritchard provides an overview of Carr’s life, details his many 
contributions to science, and presents a moving account of the time he 
spent with Carr.  
 The second book is The Man Who Saved Sea Turtles. Archie Carr and 

the Origins of Conservation Biology by Frederick Rowe Davis (2007, 
Oxford University Press, Oxford, New York; ISBN 978-0-19-531077-1). 
Carr began writing about sea turtles in 1942 and was passionate about 

Photograph of Archie Carr with turtle shells was taken at Pie de la 
Cuesta, Guerrero, Mexico in 1951 by Charles M. Bogert. Credit: courtesy 
of Kraig Adler.

Archie Carr studied Green (plate 41), Hawksbill (plate 42), and 
Loggerhead (plate 43) Sea Turtles, beautifully pictured in Descripcion 
de diferentes piezas de historia natural las mas del ramo maritimo : 
representadas en setenta y cinco laminas / su autor don Antonio Parra 
by Antonio Parra (Parra y Callado) in 1787. 

Imprint: En La Havana : En la Imprenta de la Capitania General. 
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.
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their protection throughout his life. He was a gifted writer and author of 
many important books: A Contribution to the Herpetology of Florida 
(1940); Handbook of Turtles (1952); High Jungles and Low (1953); The 
Windward Road (1956); The Reptiles (1963); Ulendo (1964); Africa 
(1964); So Excellent a Fische (1967); and A Naturalist in Florida (1994). 
When Carr was asked why he liked turtles by a newspaper reporter a 
month before he died in 1987, he replied, “I just liked the looks on their 
faces. There is an old, wise, sort of durable aboriginal look about turtles 
that fascinates people.” (in Pritchard, 2007:10).

 Fines- Mundi Verlag has reprinted three classic works on chelonians 
of the highest quality. I have compared these reprinted plates with the 
originals and there is no essentially no difference between the two. 
 The fi rst is by Johann David Schöpf, a German medical doctor, 
zoologist and botanist whose only herpetological contribution was this 
atlas written in Latin and German —Ioannis Davidis Schoepff Historia 
testudinum iconibus illustrata and Naturgeschichte der Schildkröten. 
Schöpf died at age 48 before his contribution was completed. Shown 
here is the Mata Mata.

 Artist James de Carle Sowerby and lithographer Edward Lear mostly 
used living specimens as models to create 41 extraordinary plates which 
were fi rst published in Thomas Bell’s folio work A Monograph of the 

Testudinata in 1832–36. Forty years later, the plates were reissued, along 
with additional ones, and a short text by John Edward Gray from the 
British Museum of Natural History called Tortoises, Terrapins, and 
Turtles Drawn from Life, by James de Carle Sowerby and Edward Lear.
One of the most magnifi cent pictures in the Bell volume is the Nile 
Softshell Turtle pictured here.

 The Menagerie of the Museum of Natural History in Paris was created 
in 1793 and was the fi rst of the national menageries. It has a rich history 
as a center for experimental zoology.  Many French herpetologists used 

Drawing of Mata Mata called Testudo fi mbriata (now Chelus fi mbriatus) 
in Ioannis Davidis Schoepff Historia testudinum iconibus illustrata by 
Johann David Schöpf in 1792 [–1801].

Imprint: Erlangae [Erlangen], Sumtibus Ioannis Iacobi Palm. 
German edition Naturgeschichte der Schildkröten (Erlangen, J. J. 

Palm, 1792 [–1801]).
Credit: Collections of Ernst Mayr Library, Museum of Comparative 

Zoology, Harvard University.

Nile Softshell Turtle (Trionyx labiatus, now Trionyx triunguis) from 
Thomas Bell’s A Monograph of the Testudinata. London : s.n., in 1832–
36.

Credit: Collections of Ernst Mayr Library, Museum of Comparative 
Zoology, Harvard University.

Due to human impact, two of the rarest species on the planet are 
nearly extinct: Madagascan Big-Headed Turtle (Erymnochelys 
madagascariensis) and Northern Madagascan Spur Tortoise (Geochelone 
(Astrochelys) yniphora) pictured here from Histoire physique, naturelle, 
et politique de Madagascar. 

Credit: Collections of Ernst Mayr Library, Museum of Comparative 
Zoology, Harvard University.
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the Menagerie to observe living animals.  In addition to his regular duties 
in the museum, Léon Vaillant was in charge of the reptile menagerie 
and aquarium. He published Muséum d’histoire naturelle Guide à la 
ménagerie des Reptiles. Laboratoire d’Herpétologie, Paris in 1898. In 
1910, Vaillant and Guillaume Grandidier published Histoire physique, 
naturelle, et politique de Madagascar publiée par Alfred et Guillaume 
Grandidier. Volume XVII Histoire Naturelle des Reptiles, presenting 27 
of the most exquisite herpetological plates ever produced. 
 All of these superb facsimiles (and other rare herpetological tomes 
from the past) are available from Fines- Mundi GmbH, Die Lach 4, 
66121 Saarbrücken, Germany; info@fi nes-mundi.de; www.fi nes-mundi.
de.

Snakes
In a comprehensive and lavishly illustrated book called Biology of the 

Boas and Pythons (2007, Eagle Mountain Publishing, Eagle Mountain 
UT; ISBN 978-0-9720154-3-4), editors Robert W. Henderson and Robert 
Powell have solicited chapters covering a wealth of topics from many 
experts: ecology, natural history, and evolution; behavior; physiology, 
neurology, and reproductive biology; and conservation. One of the 
most interesting sections deals with the problems caused by introduced 
populations, now reproducing, of Boa Constrictors (Boa constrictor) 
and Burmese Pythons (Python molurus bivittatus) in southern Florida. 
Recently, there have been a number of sensational newspaper stories in 
response to a press release issued in mid-February 2008 by the United 
States Geological Survey (USGS) about invasive alien pythons in 
Florida and the possibility of this taxon extending its range to other parts 
of the United States. Two of the book’s authors, David G. Barker and 
Tracy M. Barker, were stimulated to write two subsequent articles in 
response: “Comments on a fl awed herpetological paper and an improper 
and damaging news release from a government agency.” (Bull. Chicago 
Herpetol. Soc. 43(3):45–47) and “Review: An ecological risk assessment 
of nonnative boas and pythons as potentially invasive species in the 
United States by Robert N. Reed. 2005. Risk Analysis 25(3):753–766.” 
(Bull. Chicago Herpetol. Soc. 43(4):63–67).

Amphibians
For the zoo professional working with living amphibians, Kentwood D. 

Wells has written a splendid book detailing their biology—The Ecology 
and Behavior of Amphibians (2007, The University of Chicago Press, 
London, Chicago; ISBN 13:978-0-226-89334-1 [cloth], ISBN 13:978-

Boa Constrictor (Boa constrictor) from Histoire naturelle de Lacépède, 
comprenant les cétacés, les quadrupèdes ovipares, les serpents et les 
poissons by Bernard Germain Etienne de La Ville sur Illon La Cépède 
(Count de Lacepède) in 1860.

Imprint: Paris, Furne, 1860. In his book, Kentwood Wells describes the diversity of amphibians 
including the Midwife Toad (Alytes obstetricans), European Olm 
(Proteus anguinus), and Ringed Caecilian (Siphonops annulatus). These 
beautiful plates are in A. E. Brehm’s Les Merveilles de la Nature. Les 
Reptiles et les Batraciens (Librairie J.-B. Baillière et Fils, Paris, 1883).
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0-226-89335-8 [paper]). Topics explained in detail include phylogeny, 
classifi cation, and morphological evolution; temperature relations, 
respiration, metabolism and energetics; movements and orientation; 
anuran vocal communication; mating systems and sexual selection in 
anurans; communication and social behavior of urodeles and caecilians; 
natural history of amphibian reproduction; parental care; ecology and 
behavior of amphibian larvae; complex life cycles and ecology of 
amphibian metamorphosis; predation upon amphibians; ecology of 
amphibian communities; and conservation. Wells describes the plight of 
amphibians in the last chapter and his words refl ect future challenges for 
the zoo community—“Clearly much more needs to be done. We cannot 
save all species of amphibians, and we are going to lose some pretty 
spectacular products of evolution, particularly in the tropics. Many frogs 
with strange and unusual breeding habits, especially those adapted to 
the interiors of tropical forests, are likely to be lost, as are some species 
equipped with arsenals of chemical weapons in their skins, some of 
which might be used to fi ght human diseases in the future. In many 
cases, we may lose species of amphibians before we even know they 
exist. Yet there is some hope.”

International Zoo Yearbook: In volume 42 (2008), there is a special 
section on amphibian conservation covering many topics—Conservation 
(role of zoos and aquariums, “Amphibian Conservation Action Plan,” 
“Amphibian Ark” and “2008 Year of the Frog Campaign,” status of Taipei 
Frog Rana taipehensis [=Hylarana], status of Farmland Green Tree 
Frog Rhacophorus arvalis in Taiwan, Axolotyl Ambysoma mexicanum 
at Lake Xochimilco, Mexico, Afrotropical anurans in zoos,  South Asian, 
South African, Panamanian, and Colombian amphibians); Captive 
management (disease, water quality, automatic waste-water disinfection 
system); Behavior and reproduction (Kingsbury’s Rocket Frog Allobates 
kingsburyi, Colombian Magdalena River Poison-Dart Frog Dendrobates 
truncatus, Rocket Frog Hyloxalus toachi, Romer’s Tree Frog Chirixalus 
romeri [=Chiromantis]). Although disquieting, Tim Halliday’s article 
on why amphibians are important is an excellent review of accelerating 
human effects threatening the global ecosystem.

Try to fi nd a copy of a spectacular picture book entitled Oo-sansho-
uo (Giant Salamander) showing the life history of the Japanese Giant 
Salamander (Andrias japonicus) throughout the four seasons in the wild 
by Ryu Uchiyama, published by Biburosu, Tokyo, 10 November 2003 
(ISBN4-8352-1498-6). The Japanese text is minimal but the photos are 
eloquent.

In 2006, Darrel Frost and 18 coauthors published The Amphibian 
Tree of Life (Bull. Amer. Mus. Nat. Hist. No. 297:1–370); the purpose 
was to construct a new taxonomy of living amphibians to correct the 
defi ciencies of the old one.  Such a massive undertaking was bound 
to generate criticism; for example—Wiens (2007, book review: the 
amphibian tree of life, Q. Rev. Biol. 82:52–55). In a subsequent paper 
titled “Is The Amphibian Tree of Life really fatally fl awed?” Frost et al. 
(2008, Cladistics 24:385–395) responded to the criticisms elucidated by 
Wiens. I mention these publications here, not to evaluate the evidence 
but rather to alert zoo biologists that change is coming. Are you ready 
to modify the scientifi c name on your American Bullfrog exhibit from 
Rana catesbeiana to Lithobates catesbeianus? 

Herps
In 2005, The University of Chicago Press published two books which 

covered reptiles as well as amphibians. The fi rst, by Marty Crump, was 
called Headless Males Make Great Lovers & Other Unusual Natural 
Histories (ISBN 0-226-12199-2 [cloth], ISBN 13: 978-0-226-12202-1 
[paper]), fi lled with charming descriptions of the behaviors of a host 
of creatures ranging from sponges to mammals. There is plenty here to 
entice the zoo herpetologist: unusual parental behaviors of poison dart 
and rocket frogs, marsupial frogs, gastric brooding frog, gladiator frogs, 
and other anurans; salamander courtship; snake and turtle mating and the 
production of eggs; snakebites and venom; American Alligator parental 
care, and many others.

The other book is the defi nitive treatment of the state of herpetological 
investigation in the tropics and it is fi tting that the remarkable 
achievements of our colleague Jay M. Savage were highlighted and 
celebrated throughout this volume. Edited by Maureen A. Donnelly, 
Brian I. Crother, Craig Guyer, Marvalee H. Wake, and Mary E. White, 
the book called Ecology & Evolution in the Tropics. A Herpetological 
Perspective (ISBN 0-226-15657-5 [cloth]; ISBN 0-226-15658-3 
[paper]), encompasses two parts—evolution and biogeography; ecology, 
biogeography, and faunal studies. Twenty-eight contributors, known for 
their expertise in tropical biology, authored eighteen chapters. Of the 
32 Savage students listed in Altig (2007), sixteen were involved in the 
production of this book—S.-H. Chen, B. I. Crother, M. A. Donnelly, S. 
B. Emerson, C. Guyer, W. R. Heyer, A. G. Kluge, K. L. Lips, R. W. 
McDiarmid, K. E. Nicholson, N. J. Scott Jr, J. B. Slowinski, D. B. 
Wake, M. H. Wake, S. D. Werman, and M. E. White. In the foreword, 
Luis D. Gómez summarizes the Savage impact beautifully, “After his 
monumental opus, The Amphibians and Reptiles of Costa Rica (2002), 
this low-profi le humble man with the textbook diastema and his perennial 
jovial disposition, precipitates a deluxe array of authors who celebrate 
his accomplishments by giving us, and several generations to come, the 
blue-print of what is known of the tropical herpetofauna and what would 
be desirable to know in the near future. That is Savage, the engine, at 
his best.”

—James B. Murphy, Section Editor

Japanese Giant Salamander (Andrias japonicus) from a lithograph 
drawn from life by the Dutch natural history artist, A. Saagmans Mulder 
(from Philipp Franz de Siebold’s Fauna Japonica, Reptilia part 3, 
Leiden, 1838). Credit: provided by Kraig Adler.



Herpetological Review 39(3), 2008270

ARTICLES

Herpetological Review, 2008, 39(3), 270–281.
© 2008 by Society for the Study of Amphibians and Reptiles

Diversity, Endemism, and Conservation of the 
Amphibians and Reptiles of Southern Peninsular 

Malaysia and its Offshore Islands

L. LEE GRISMER
Department of Biology, La Sierra University

4500 Riverwalk Parkway, Riverside, California 92515, USA
and

Institute for Environment and Development (LESTARI)
Universiti Kebangsaan Malaysia, 43600 Bangi 

Selangor Darul Ehsan, Malaysia
e-mail: lgrismer@lasierra.edu

and
PAN KHANG AUN

Forest Research Institute Malaysia, 52109 Kepong, Malaysia
e-mail: pankhangaun@frim.gov.my

 For many years, the Malay Peninsula has been a focal point 
for herpetological investigations (e.g., Berry 1975; Boulenger 
1912; Butler 1904; Cantor 1847; Chan-ard et al. 1999; Das and 
Norsham 2007; Kloss 1915, 1921; Lim and Das 1999; Denzer 
and Manthey 1991; Flower 1896, 1899; Manthey and Grossmann 
1997; Smith 1930; Tweedie 1983; Wood et al. 2008b) and the 
complex biogeographical history of its fauna has only recently 
begun to emerge (Inger 1999; Pauwels et al. 2003). It is one 
of the world’s longest peninsulas, extending roughly 1660 km 
from Samut Songkhram, Thailand in the north, southward to 
the southern coast of Singapore. Its topography is sculpted by a 
discontinous series of mountain ranges that begin in the highlands 
of central Indochina and run nearly its entire length (Fig. 1). In 
Peninsular Malaysia (= West Malaysia), these ranges trifurcate 

in the north, fan out, and extend southward as the expansive and 
fragmented Banajaran Timor in the east, the Banjaran Bintang in 
the west, and the longest and centrally positioned Banjaran Titi 
Wangsa (Fig. 2). Paralleling these mountain systems are a series 
of shallow-water archipelagos and islands whose geological 
origins are tied to those of the adjacent peninsular mountains. 
Despite the growing tourism industry generated by the aesthetic 
appeal of these insular systems, their mountainous interiors for 
the most part, remain covered with relatively unexplored, pristine 
rainforest. The Langkawi Archipelago and Pulau Pinang are the 
most prominent island groups along the west coast of Peninsular 
Malaysia, whereas Pulau Rendang, Pulau Perhentian and several 
smaller islands scattered in their general vicinity dominate the 
waters off the northeast coast (Fig. 2). Off the southeast coast 
of Peninsular Malaysia lies the extensive Seribuat Archipelago 
(commonly referred to as the Tioman Islands) with 62 islands 
extending along the northern and southern shores of the states of 
Johor and Pahang, respectively (Fig. 2).
 It has been known for many years that the mountain ranges of 
Peninsular Malaysia are regions of high herpetological diversity 
and endemism (e.g., Boulenger 1900; Das et al. 2004; Das and 
Norsham 2003; Dring 1979; Grandison 1972; L. L. Grismer 
et al. 2004a; Grismer 2006b, 2007a, 2008a; Hallerman and 
McGuire 2001; Leong and Lim 2003; Lim et al. 2002; Matsui 
and Ibrahim 2006; McLeod and Norhyati 2007; Norsham and 
Lim 2002; Sanders et al. 2004; Smedley 1931; Smith 1922, 1935; 
Vogel et al. 2004; Wood et al. 2008a). Recent studies are now 
beginning to reveal that an equally, if not more impressive degree 
of diversity and endemism occurs in the offshore archipelagos. 
This becomes germane as the results from ongoing expeditions 
on Pulau Langkawi (Grismer 2008b; Grismer et al. 2006b) and 
especially in the Seribuat Archipelago (see Grismer 2006c; 
Grismer et al. 2006a and references therein) continue to emerge 
and consistently report new island records and species previously 
unknown to science. With the exception of Singapore, which 
has a rich history of herpetological research (e.g., Leong and 
Chou 1997, 1999; Leong et al. 1996; Lim 1989a,b; Lim and 

FIG. 1. Location map showing the extent of the Malay Peninsula. 

FIG. 2. Map of Peninsular Malaysia showing its three major mountain 
ranges, its major archipelagos, and the extent of and topographical 
features of southern West Malaysia (SPM) discussed in the text. 
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Chou 1990; Lim and Lim 1992; Lim and Yang 1991; Sworder 
1922, 1924a,b, 1925), herpetological studies in the lowlands of 
southern Peninsular Malaysia—roughly that area from Endau-
Rompin National Park (Endau-Rompin) in southern Pahang and 
northern Johor, southward throughout the state of Johor (Fig. 
2)—have been few (Sworder 1925). Recent work, however, 
focused in Endau-Rompin and surrounding areas has signifi cantly 
increased the herpetofaunal diversity of southern Peninsular 
Malaysia (SPM) in both the number of newly reported species 
and the discovery of new species (Bhaarathyraja 2006; Daicus 
and Hashim 2004; Grismer 2006a, 2007b; Grismer and Leong 
2005; Grismer et al. 2007b; Juliana 2001; Kiew 1987; Lim, 
1989c; Norhayati and Dionysius 2004; Norhayati et al., 2004; 
Wood et al. 2008b). The same is true for the Seribuat Archipelago 
where recent studies have contributed to a tremendous increase 
in this region’s diversity and endemism (see Grismer 2006c; 
Grismer et al. 2006a and references therein). The intent of this 
essay is to 1) highlight the diversity and high levels of endemism 
of the herpetofauna of SPM; 2) establish the importance of this 
region in efforts to conserve tropical biodiversity; 3) indicate the 
major current threats to its herpetofauna; and 4) to underscore the 
urgent, ongoing need for fi eld-based, systematic research in this 
understudied region of the Malay Peninsula.

SOUTHERN PENINSULAR MALAYSIA

 As delineated here, SPM occupies approximately 1620 km2. 
It extends from the city of Melaka, Melaka (2.1991667°N, 
102.2544444°E) on the west coast to Kampong Leban Condong, 
Pahang (2.8719444°N, 103.4341667°E) on the east coast, and 
southward through Singapore (1.2513889°N, 103.8256667°E; 
Fig. 2). In Peninsular Malaysia, this is roughly the entire state of 
Johor and the southern section of the state of Pahang and includes 
all low-lying areas below 150 m as well as the mountainous areas 
encompassing Gunung Ledang (1276 m) in northeastern Johor; 
Endau-Rompin in southern Pahang and northern Johor, reaching 
1036 m at Gunung Besar; and a system of mountains in central 
Johor dominated by Gunung Berlumut (1010 m) in the north and 
extending southward ca. 57 km to Bukit Sisek (430 m) in the 
south (Fig. 2). Also, included in this region are the 62 islands of 
the Seribuat Archipelago lying off the east coast of SPM (Fig. 2) 
that extend ca. 100 km from Pulau Cebeh off the coast of southern 
Pahang, southward to Pulau Tokong Yu off the coast of central 
Johor. 
 Originally, continental SPM was an expansive region of 
lowland rainforest punctuated by isolated mountains and 
mountain ranges. Currently, the majority (~65%) of the lowland 
rainforest has been converted into agricultural fi elds supporting 
rubber tree and oil palm plantations. This is especially true of the 
western half and southern third. Continuous lowland rainforest 
remains in the northeastern third of continental SPM as well as a 
few scattered patches in the west. Peat swampforests are found in 
isolated patches in the east and west and freshwater swampforests 
dominate the southeastern corner. Fringing the coastal areas are 
isolated stands of mangrove swamps, which are particularly 
noteworthy in the south. Intact montane forest exists in all areas 
above 300 m, most notably in Endau-Rompin, Johor, the Gunung 
Berlumut system, and Gunung Ledang.

 The environmental diversity of the Seribuat Archipelago off 
the east coast of SPM is unparalleled by any other island groups 
of Peninsular Malaysia (Grismer 2006c, 2008b; J. L. Grismer 
et al. 2004; L. L. Grismer et al. 2006b; Tamblyn 2005). This is 
paramount to the generation and maintenance of its herpetofaunal 
diversity and its broad array of adaptive types (Grismer et al. 
2006a). The large islands (> 4.0 km2) such as Aur, Babi Besar, 
Pemanggil, Tinggi, Tioman, and Sibu generally maintain 
extensive tracts of primary dipterocarp forest (Fig. 3). The largest 
of these islands, Tioman and Tinggi, also maintain signifi cant 
sources of permanent fresh water in the form of streams, which 
harbor aquatic and riparian species not found on the other islands. 
Pulau Tioman even has a small river system, S. Mentawak (Fig. 
4) which serves as the only locality in the archipelago for the 
frog Rana picturata. Conversely, many of the very small islands 
(< 0.03 km2) such as the “Tokongs” are little more than wind-
blown, arid, rocky outcrops rising precipitously out of the ocean, 
supporting only grasses and low-growing shrubs (Fig. 5). But 
here too, potentially endemic species have been found which 
occur nowhere else in the archipelago (Grismer 2006a, b). The 
intermediate-sized islands may be barren (P. Layak), forested (P. 
Babi Hujong), or combinations of both such as in the Seribuat 
group (sensu Grismer et al. 2006a) and may or may not support 
ephemeral bodies of fresh water. Many of the islands in the 
archipelago, both large and small, are fringed with broad stands 
of mangroves.

THE HERPETOFAUNA

 Like other regions within tropical, megadiversity hotspots 
(Myers et al. 2000), the fl ora and fauna of SPM are extremely rich 
(Shaharuddin et al. 2004; Sham 1998; Yong 1998), and in regards 
to the herpetofauna, the documented diversity is experiencing a 
sharp increase as a result of recent and ongoing fi eld work (Table 
1). Focused efforts in continental SPM since 2005 have led to the 
discovery of at least four species previously unknown to science, 
the re-discovery of an extremely rare species (Daicus and Hashim 
2004; Grismer 2006a, 2007b, Grismer and Leong 2005; Grismer 
et al. 2007b; Wood et al. 2008b), and an increase in the diversity 
of the herpetofauna of Endau-Rompin by at least 33% (Wood et al. 
2008b). This trend has been particularly evident (not to mention 
surprising) in the Seribuat Archipelago where, since 2001, 186 
new insular species records were added (Grismer 2006c; Grismer 
et al. 2006a and references therein) and at least 13 new species 
were discovered and described (Table 1), increasing the total 
diversity of the archipelago by 60% since the major contributions 
of Lim and Lim (1999) and Hien et al. (2001). Such dramatic 
increases in diversity over such a relatively short period clearly 
indicate that these regions remain signifi cantly understudied and 
their actual diversity has yet to be realized.
 To date, fi ve families of frogs representing at least 53 species, 
and one family of caecilian representing an unknown number of 
species (see below), are confi rmed for SPM (Berry 1975; Grismer 
2006c; Wood et al. 2008b; Table 1). Not including caecilians, 
this represents ca. 59% of all the species of amphibians known 
from Peninsular Malaysia (based on Das and Norsham 2007) 
in less than 14% of the total area of the country. The reptilian 
fauna is even more diverse with three families of terrestrial and 
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freshwater turtles representing 11 species, eight families of lizards 
representing 60 species, eight families of non-marine snakes 
representing 90 species, and one crocodilian species (Table 1). 
Collectively, this represents ca. 65% of the reptilian fauna of 
Peninsular Malaysia (based on Das and Norsham 2007). 
 Perhaps of greater importance, however, is the role SPM plays in 
harboring endemic species. Since the description of Cyrtodactylus 
sworderi (Smith 1925), two new species of frogs (Grismer 2006a; 
Grismer 2007b) and a new species of lizard (Grismer and Leong 
2005) have been described from continental SPM. Additionally, 
there is another species of snake (Macrocalamus sp.) in the 

process of being described. This recent increase in the level 
of endemism has been particularly noteworthy in the Seribuat 
Archipleago. Prior to 1967, only one endemic species, Ansonia 
tiomanica Henderson 1966 (Hendrickson 1966a,b) was known 
and occurred only on Pulau Tioman. From 1999–2006, one new 
caecilian, one new frog, 10 new lizards, and four new snakes 
were described (see Grismer 2006c and references therein; Table 
1), increasing the level of endemism by a factor of 16. 

ENDEMIC SPECIES OF SOUTHERN PENINSULAR MALAYSIA

Apoda (Caecilians)
 Ichthyophiidae.—Most recently Ichthyophis monchrous 
Bleeker 1858, I. glutinosus (Linneaus, 1758), I. singaporensis 
Taylor 1960, and I. paucisulcus Taylor 1960 have been reported 
from SPM (Boulenger 1912; Daicus and Hashim 2004; Kiew 
1987; Lim and Lim 1992). However, there are several striped 
putative species known from the Malay Peninsula (Berry 1975; 
Manthey and Grossmann 1997, Lim and Lim 1992; Taylor 
1968) and all have an extremely conserved morphology, making 
it diffi cult to distinguish one species from another, resulting in 
a confusing and unstable taxonomy (Gower et al. 2002). Until 
the completion of ongoing molecular analyses (D. Gower, pers. 
comm. 2006), assignment of any population to species cannot be 
done with confi dence.

FIG. 3. Pulau Tioman, Pahang; a) dipterocarp forest canopy, b) 
understory vegetation, and c) rocky streamside habitat. 

FIG. 4. Sungai Mentawak, Pulau Tioman, Pahang. 

FIG. 5. Pulau Tokong Burong, Johor. 
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Anura
 Bufonidae.—There are at least 10 species of bufonids confi rmed 
for SPM, of which three are endemic (Table 1). Ansonia tiomanica 
Hendrickson 1966 (Fig. 6) is known only from Pulau Tioman in 
the Seribuat Archipelago. It was originally reported to occur at 
elevations above 800 m (Hendrickson 1966a) in close association 
with large boulders not associated with streamside habitat. Another 
population was subsequently discovered along a stream course 
below 300 m (Grismer et al. 2006a). This population, however, 
was extirpated with the modifi cation of the stream to form a water 
catchment basin in 2004. Ansonia endauensis Grismer 2006 (Fig. 
7) was recently discovered and described from Endau-Rompin, 
Johor. Specimens were found perched on leaves and rocks at the 
water’s edge in some of the small tributaries of the Sungai Endau 
in the Peta region. Ingerophrynus gollum Grismer 2007 (Fig. 8) is 
a small toad also recently discovered and described from the Peta 
region of Endau-Rompin. Three males were heard calling from a 
small, swampy area cloaked in thick vegetation beneath a closed-
canopy in lowland dipterocarp forest.
 Megophryidae.—There at least four species of megophryids 
confi rmed for SPM, one of which, Leptolalax kajagensis 
Grismer, Grismer, and Youmans, 2004 (Fig. 9), is endemic to 
Pulau Tioman (Table 1). L. L. Grismer et al. (2004b) reported this 
species to occur above 400 m on Gunung Kajang. On steep slopes 
at higher elevations where streams do not occur, L. kajangensis 
breeds in subterranean watercourses found beneath giant granite 
boulders. Tadpoles here develop in complete darkness and lack 
integumentary pigments (Grismer 2006c; Fig. 9).
 
Squamata (Lizards)
 Dibamidae.—There is only one dibamid confi rmed for SPM, 
Dibamus tiomanensis Diaz, Leong, Grismer, and Norsham 2004 
(Fig. 10), which is known only from Tulai and Tioman islands. 
Like most other dibamids, D. tiomanensis occurs beneath surface 
debris, leaf litter, and within loose soils (Grismer 2006c). Given 
the secretive, fossorial nature of dibamids in general and their 
widespread, fragmented occurrence throughout Southeast Asia 
(see Das and Lim 2005 for review), it would be unlikely for 
Dibamus not to occur in continental SPM.
 Gekkonidae.—Gekkonids have been very successful in SPM 
with at least 22 confi rmed species of which eight from the genera 
Cnemaspis Strauch, 1887 and Cyrtodactylus Gray, 1827 are 
endemic (Table 1). Cnemaspis is represented by four species in 
SPM, of which three are endemic to the Seribuat Archipelago. 
Cnemaspis baueri Das and Grismer, 2003 (Fig. 11) occurs only on 
Pulau Aur. Like many other species of Cnemaspis, it is scansorial 
but restricted to the shaded surfaces of large boulders and within 
cave-like situations formed by piles of large boulders (Grismer 
2006c). Cnemaspis limi Das and Grismer, 2003 (Fig. 12) is 
known only from Tulai and Tioman islands and has a lifestyle 
very similar to that of C. baueri. Cnemaspis pemanggilensis 
Grismer and Das, 2006 (Fig. 13) is endemic to Pulau Pemanggil. 
Its lifestyle is generally more restrictive than that of C. limi and C. 
baueri in that it rarely leaves the shelter of its cave-like habitats.
 The genus Cyrtodactylus is represented in SPM by eight 
species, of which fi ve are endemic. Three of these, C. aurensis 
Grismer 2005, C. seribuatensis Youmans and Grismer, 2005, 
and C. tiomanensis Das and Lim, 2000 are restricted to the 

Seribuat Archipelago, whereas C. semenanjungensis Grismer 
and Leong, 2005 and C. sworderi (Smith, 1925), are known 
only from the state of Johor. Cyrtodactylus aurensis (Fig. 14) 
is endemic to Pulau Aur and has a relatively restricted lifestyle 
in that it primarily occurs on large boulders and trees situated 
beneath closely overhanging vegetation (Grismer 2005, 2006c). 
Cyrtodactylus seribuatensis (Fig. 15) has the most extreme 
life style of any of Malaysia’s gekkonids. On the seven small 
islands on which it is found (Youmans and Grismer 2005), it is 
restricted to the hypersaline intertidal zone where it takes refuge 
and forages for food (Grismer 2006c). Cyrtodactylus tiomanensis 
(Fig. 16) is endemic to Pulau Tioman and is more typical in 
Cyrtodactylus behavior, being common on the trunks of trees and 
large boulders. Cyrtodactylus semenanjungensis (Fig. 17) is most 
likely widespread throughout Johor (Grismer and Leong 2005) 
in lowland forests where it is found on the sides of trees and on 
leaves. The newly re-discovered C. sworderi (Fig. 18) seems at 
this point, to be associated with lowland forest in the vicinity of 
central Johor (Daicus and Hashim 2004; Grismer et al. 2007b; 
Smith 1925). Here, lizards have been found on the ground, on 
leaves, 3 m above the ground on tree trunks, and in shrubs. All 
sightings in Endau-Rompin, Johor were in association with 
stream courses (Grismer et al. 2007b).
 Scincidae.—Like the gekkonids, skinks constitute a signifi cant 
portion of the lizard fauna of SPM, although endemism in this 
group is far less than that in gekkonids. There are 15 species of 
skinks confi rmed for SPM of which three—Larutia seribuatensis 
Grismer, Leong, and Norsham, 2003, Sphenomorphus ishaki 
Grismer, 2006, and S. sibuensis Grismer, 2006—are endemic to 
the Seribuat Archipelago (Table 1). Larutia seribuatensis (Fig. 
19) occurs on Tulai and Tioman islands where it is a leaf-litter 
specialist and emerges to forage above ground shortly following 
periods of rain (Grismer 2006c). Sphenomorphus ishaki (Fig. 
20) is a small, leaf-litter inhabitant endemic to the upper 
elevations of Pulau Tioman and emerges only on cool, overcast 
days. Sphenomorphus sibuensis (Fig. 21), conversely, is found 
at sea level in the vicinity of mangrove swamps where ambient 
temperatures are much higher. Both species are rare and virtually 
nothing is known of their life history (Grismer 2006c).

Squamata (Snakes)
 Colubridae.—Despite the relatively high diversity of colubrid 
snakes (~68 species) in SPM, they are represented by a 
surprisingly low number of endemics (Table 1), especially when 
compared to groups like geckos and skinks. Additionally, all the 
endemic species, except for perhaps one, are restricted to Pulau 
Tioman of the Seribuat Archipelago. Calamaria ingeri Grismer, 
Kaiser, and Norsham, 2004 (Fig. 22) is known from only two 
specimens. Both were collected from pitfall traps at 98 m in 
elevation in lowland dipterocarp forest. Gongylosoma mukutense 
Grismer, Das, and Leong, 2003 (Fig. 23) is a terrestrial, diurnal 
species that ranges from sea level to near 400 m in elevation 
in coastal vegetation and lowland dipterocarp forests (Grismer 
2006c). Oligodon booliati Leong and Grismer, 2004 (Fig. 24) is a 
terrestrial, leaf litter species that is both diurnal and nocturnal and 
found primarily in lowland dipterocarp forests (Grismer 2006c). 
Macrocalamus sp. is likely an undescribed species from Endau-
Rompin, Johor known only from two, high-quality photographs 
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given to me by park personnel. The specimen has a color pattern 
unique to all other known Macrocalamus, is the only lowland 
member of the genus, and represents a southern range extension 
for the genus of ca. 180 km (David and Pauwels 2004). Based on 
this, we believe it to be an undescribed species.
 Viperidae.—There are seven species of viperids in SPM but 
the only endemic species, Popeia buniana Grismer, Grismer, and 
McGuire 2006 (Fig. 25), is restricted to Pulau Tioman (Table 1). 
It is an arboreal, nocturnal species restricted to upland regions of 
the island above 300 m (Grismer 2006c). It is apparently unique 
among arboreal pitvipers in that it may be an active forager 
rather than an ambush predator as inferred from its morphology 
and anecdotal fi eld observations of its behavior (Grismer et al. 
2006c).

FIGS. 6–8, above, from top to bottom. FIG 6. Ansonia tiomanica, Pulau 
Tioman, Pahang. FIG. 7. Ansonia endauensis, Endau-Rompin, Johor. FIG. 
8. Ingerophrynus gollum, Endau-Rompin, Johor. 

FIG. 9. Leptolalax kajangensis, Pulau Tioman, Pahang. Adult and 
tadpole. 

FIG. 10. Dibamus tiomanensis, Pulau Tioman, Pahang. 

FIGS. 11–14, Opposite page, left column, from top to bottom. FIG. 11. 
Cnemaspis baueri, Pulau Aur, Johor. FIG. 12. Cnemaspis limi, Pulau 
Tioman, Pahang. FIG. 13. Cnemaspis pemanggilensis, Pulau Pemanggil, 
Johor. FIG. 14. Cyrtodactylus aurensis, Pulau Aur, Johor.
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FIGS. 15–18, above, from top to bottom. FIG. 15. Cyrtodactylus 
seribuatensis, Pulau Nangka Kecil, Johor. FIG. 16. Cyrtodactylus 
tiomanensis, Pulau Tioman, Pahang. FIG. 17. Cyrtodactylus 
semenanjungensis, near Jemaluang, Johor. Photo by Heok Hui. FIG. 
18. Cyrtodactylus sworderi, Endau-Rompin, Johor. 
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CONSERVATION

 As noted above, it is clear that the herpetofauna of SPM 
is understudied and the region incompletely surveyed as 
underscored by the recent addition of so many new records and 

the discovery of so many new species in such a relatively short 
period of time. Although the level of endemism (4%; 5 of 134 
species) for continental SPM is low, three of the fi ve endemics 
were discovered only within the last two years. On the other hand, 
endemism in the Seribuat Archiplelago is much greater (15%; 17 

Fig. 19 (above). Larutia seribuatensis, Pulau Tulai, Pahang.

Figs. 20–23, Opposite column, from top to bottom. FIG. 20. 
Sphenomorphus ishaki, Pulau Tioman, Pahang. Adult above, juvenile 
below. FIG. 21. Sphenomorphus sibuensis, Pulau Sibu, Johor. FIG. 
22. Calamaria ingeri, Pulau Tioman, Pahang. Photo by Wolfgang 
Grossmann. FIG. 23. Gongylosoma mukutense, Pulau Tioman, 
Pahang.  
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of 111) and like continental SPM, most of its endemics (14 of 17 
species) were described only within the last three years. 
 Based on the results of over a century of fi eld work in montane 
regions of central and northern continental Malaysia (Boulenger 
1900; Das et al. 2004; Das and Norsham 2003; Dring 1979; 
Grandison 1972; Grismer 2006b, 2007a, 2008a; L. L. Grismer et 
al. 2004a; Hallerman and McGuire 2001; Leong and Lim 2003; 
Lim et al. 2002; Matsui and Ibrahim 2006; McLeod and Norhayati 

FIG. 24. Oligodon booliati, Pulau Tioman, Pahang. Adult above, 
juvenile below. 

FIG. 25. Popeia buniana, Pulau Tioman, Pahang. Adult male above, 
adult female below (photo by P. Hien). 

 TABLE 1. Checklist of the herpetofauna of southern Peninsular 
Malaysia. E = endemic.

  Continental Southern Seribuat 
  Peninsular Malaysia Archipelago 

AMPHIBIA   
Apoda   
Ichthyophiidae   
Ichthyophis sp. X X 
Anura   
Bufonidae   
Ansonia endauensis  E  
Ansonia tiomanica   E 
Bufo asper X X 
Bufo melanostictus X X 
Ingerophrynus parvus X X 
Ingerophrynus gollum  E  
Ingerophrynus quadriporcatus X  
Leptophryne borbonica X  
Pedostibes hosii X  
Pelophryne brevipes X X 
Megophryidae   
Leptobrachium hendricksoni X  
Leptobrachium nigrops X  
Leptolalax kajangensis   E 
Megophrys nasuta X X 
Microhylidae   
Chaperina fusca X X 
Kalophrynus palmatissimus X  
Kalophrynus pleurostigma X X 
Kaloula baleata X X 
Kaloula pulchra X X 
Metaphrynella pollicaris X  
Microhyla annectens X  
Microhyla berdmorei X  
Microhyla butleri X  
Microhyla fi ssipes X  
Microhyla heymonsi X  
Microhyla mantheyi X X 
Micryletta inornata X  
Phrynella pulchra X  
Ranidae   
Amolops larutensis X  
Fejervarya cancrivora X X 
Fejervarya limnocharis X  
Limnonectes blythii X X 
Limnonectes kuhlii X  
Limnonectes laticeps X  
Limnonectes malesianus X  
Limnonectes paramacrodon X  
Limnonectes plicatellus X  
Occidozyga laevis X  
Occidozyga martensii X  
Rana erythraea X X 
Rana glandulosa X  
Rana hosii X X 
Rana laterimaculata X  
Rana miopus X  
Rana nicobariensis X  
Rana picturata X X 
Rana raniceps X X 
Taylorana hascheana X X 
Rhacophoridae   
Nyctixalus pictus X X 
Philautus petersi  X 
Polypedates colletti X  
Polypedates leucomystax X X 
Polypedates macrotis X  
Rhacophorus appendiculatus X
Rhacophorus cyanopunctatus X  
Rhacophorus nigropalmatus X
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 TABLE 1. Continued.

  Continental Southern  Seribuat 
  Peninsular Malaysia Archipelago

Rhacophorus pardalis X  
Rhacophorus tunkui X  
Theloderma horridum  X 
   
Reptilia   
Chelonia   
Bataguridae   
Callagur borneoensis X  
Cuora amboinensis X  
Cyclemys dentata X  
Heosemys grandis X  
Heosemys spinosa X  
Notochelys platynota X  
Orlitia borneensis X  
Siebenrockiella crassicollis X  
Testudinidae   
Manouria emys X  
Trionychidae   
Amyda cartilaginea X  
Dogania subplana X X 
Squamata (Lizards)   
Agamidae   
Acanthosaura armata X X 
Aphaniotis fusca X X 
Bronchocela cristatella X X 
Calotes versicolor X  
Draco blanfordii X  
Draco fi mbriatus X X 
Draco formosus X X 
Draco haematopogon  X 
Draco maximus X  
Draco melanopogon X X 
Draco quinquefasciatus X  
Draco sumatranus X X 
Gonocephalus abbotti X  
Gonocephalus chamaeleontinus  X 
Gonocephalus grandis X X 
Gonocephalus liogaster X  
Eublepharidae   
Aeluroscalabotes felinus X  
Dibamidae   
Dibamus tiomanensis  E 
Gekkonidae   
Cnemaspis baueri  E 
Cnemaspis kendallii X X 
Cnemaspis limi  E 
Cnemaspis pemanggilensis  E 
Cyrtodactylus aurensis  E 
Cyrtodactylus consobrinus X  
Cyrtodactylus pulchellus X  
Cyrtodactylus quadrivirgatus X X 
Cyrtodactylus semenanjungensis E  
Cyrtodactylus seribuatensis  E 
Cyrtodactylus sworderi E  
Cyrtodactylus tiomanensis  E 
Gehyra mutilata X X 
Gekko gecko X  
Gekko monarchus X X 
Gekko smithii X X 
Hemidactylus craspedotus X X 
Hemidactylus frenatus X X 
Hemidactylus platyurus X X 
Hemiphyllodactylus typus X X 
Lepidodactylus lugubris  X 
Ptychozoon kuhli X X 
Ptychzoon lionatum  X 

 TABLE 1. Continued.

  Continental Southern Seribuat 
  Peninsular Malaysia Archipelago

Scincidae   
Dasia grisea X  
Dasia olivacea X X 
Emoia atrocostata  X 
Eutropis longicaudatus X X 
Eutropis macularius X  
Eutropis rugiferus X  
Eutropis multicarinatus X X 
Larutia seribuatensis  E 
Lipinia surda  X 
Lipinia vittigera X X 
Lygosoma bowringii  X 
Sphenomorphus ishaki  E 
Sphenomorphus scotophilus X X 
Sphenomorphus sibuensis  E 
Sphenomorphus sp. X  
Leiolepididae   
Leiolepis belliana X  
Varanidae   
Varanus nebulosus X X 
Varanus rudicollis X  
Varanus salvator X X 
Squamata (Snakes)   
Typhlopidae   
Ramphotyphlops albiceps  X 
Ramphotyphlops braminus X X 
Typhlops muelleri X  
Cylindrophiidae   
Cylindrophis ruffus X  
Xenopeltidae   
Xenopeltis concolor X  
Pythonidae   
Python reticulatus X X 
Acrochordidae   
Acrocordus granulatus X  
Acrocordus javanicus X  
Colubridae   
Ahaetulla fasciolata X  
Ahaetulla mycterizans X  
Ahaetulla prasina X X 
Asthenodipsas laevis X  
Asthenodipsas vertebralis  X 
Bitia hydroides X  
Boiga cynodon  X 
Boiga dendrophila X X 
Boiga drapiezii X X 
Boiga jaspidea X  
Boiga nigriceps X X 
Calamaria albiventer X  
Calamaria ingeri  E 
Calamaria lovii X X 
Calamaria lumbricoidea X X 
Calamaria pavimentata  X 
Calamaria prakkei X  
Calamaria schlegeli X  
Cantoria violacea X  
Cerberus rhynchops X X 
Chrysopelea paradisi X X 
Chrysopelea pelias X X 
Coelognathus fl avolineatus X X 
Coelognathus radiatus X  
Dendrelaphis caudolineatus X X 
Dendrelaphis formosus X X 
Dendrelaphis hasi X X 
Dendrelaphis kopsteini X  
Dendrelaphis pictus X X 
Dendrelaphis striatus X X 
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2007; Norsham and Lim 2002; Sanders et al. 2004; Smedley 
1931; Smith 1922, 1935; Vogel et al. 2004; Wood et al. 2008a), 
it is almost certain that fi eld surveys in the montane regions of 
continental SPM will result in the discovery of additional species, 
many of which are likely to be endemic, and may raise endemism 
of these habitat-islands to levels comparable to those of the 

islands in the adjacent Seribuat Archipelago. What makes the 
need for fi eld work particularly urgent in continental SPM is that 
this area has only ca. 35% of its native lowland forest intact and 
some of this is currently threatened by agricultural expansion. 
Additionally, some of the islands in the Seribuat Archipelago are 
threatened by partial deforestation. Pulau Tioman, the largest and 
most environmentally diverse island in the archipelago, with the 
highest herpetofaunal diversity and endemism (Grismer 2006c), 
has suffered a loss of some of its coastal forests to support 
development of an increasing international tourism industry. The 
island also has been bisected by a wide, trans-island road that 
traverses the crest of the island from the west coast at Kampong 
Tekek to the east coast at Kampong Juara. The road cuts through 
large tracts of virgin rainforest, making the rainforest interior 
accessible to other potentially destructive activities. Plans are 
also in place to construct a runway on the west coast of Pulau 
Tioman long enough to accommodate large passenger jets. This, 
and its attendant infrastructure, will have a major negative impact 
on the coastal and offshore ecosystems. Other islands such as 
Rawa, Sibu, Tinggi, Aur, and Pemanggil also support a growing 
tourism industry and its associated environmental degradation.
 The herpetofauna of SPM is also under a growing threat of 
commercialization. Commercial dealers and collectors are hiring 
native Orang Asli in Johor to collect large quantities of amphibians 
and reptiles for export and sale abroad. They are also collecting 
endemics from Pulau Tioman which bring very high prices in the 
illegal pet trade. One of us (LLG) is often contacted by Malaysian 
and Indonesian commercial collectors trying to get information 
about the endemic pitviper Popeia buniana, specimens of which 
are sold for as much as US $400 each.
 The documented herpetofaunal diversity of SPM will 
undoubtedly increase as a result of the ongoing efforts of fi eld 
biologists working in this area. These increases will be most 
dramatic in the severely understudied areas of continental SPM 
as suggested by the recent fi ndings from Endau-Rompin, Johor 
(Grismer 2006a, 2007b; Grismer et al. 2007b; Wood et al. 2008b). 
Surveys will also begin in earnest in the upland areas of Endau-
Rompin, Gunung Berlumut, and Gunug Ledang and it is expected 
that many additional records and potentially new species will be 
discovered here as well. All these areas should be set aside for 
purposes of studying and preserving the biodiversity of SPM in 
an effort to protect the natural heritage of Malaysia. Importantly, 
protected areas such as these can be immensely useful for serving 
as model systems in evaluating the myriad of complex nuances 
involved in effi cient and cost effective ecosystem management 
which can subsequently be applied to other imperiled regions of 
Southeast Asia.

 Acknowledgments.—We wish to express thanks to Norhyati A., 
B. Stuart, Jokor I., and P. Wood for comments on early drafts of the 
manuscript.

LITERATURE CITED

BHAARATHYRAJA, T. 2006. Tinjuan Kepelbagaian Spesies Amfibia di 
Taman Negara Endau-Rompin, Johor. Unpubl. senior thesis. Universiti 
Kebangsaan Malaysia.

BERRY, P. Y. 1975. The Amphibian Fauna of Peninsular Malaysia. 
Tropical Press, Kuala Lumpur. 

 TABLE 1. Continued.

  Continental Southern Seribuat 
  Peninsular Malaysia Archipelago

Dryocalamus subannulatus X X 
Dryophiops rubescens X X 
Enhydris enhydris X X 
Enhydris plumbea X X 
Enhydris punctata X  
Fordonia leucobalia X X 
Gerarda prevostiana X  
Gongylosoma balodeirum X  
Gongylosoma mukutense  E 
Gonyophis margaritatus X  
Gonyosoma oxycephalum X X 
Homalopsis buccata X  
Liopeltis tricolor  X 
Lycodon albofuscus  X 
Lycodon capucinus  X 
Lycodon effraenis X  
Lycodon subcinctus X  
Macrocalamus sp. E  
Macropisthodon rhodomelas X  
Oligodon booliati  E 
Oligodon octolineatus X  
Oligodon purpurascens X X 
Oligodon signatus X  
Oreophis porphyracens X  
Orthriophis taeniurus X X 
Pareas margaritophorus X  
Psammodynastes pictus X  
Psammodynastes pulverulentus X X 
Pseudorhabdion longipes X X 
Ptyas carinata X X 
Ptyas fuscus X  
Ptyas korros X  
Rhabdophis chrysargos X X 
Sibynophis melanocephalus  X 
Xenelaphis hexagonotus X  
Xenochrophis piscator X  
Xenochrophis trianguligerus X  
Xenochrophis vittatus X  
Xenodermus cf. javanicus X  
Elapidae   
Bungarus candidus X  
Bungarus fl aviceps X X 
Calliophis bivirgata X  
Calliophis gracilis X  
Calliophis intestinalis X X 
Naja sumatrana X  
Ophiophagus hannah X X 
Viperidae   
Cryptyletrops purpureomaculatus X  
Parias hageni X  
Parias sumatrana X  
Popeia buniana   E 
Popeia fucata X  
Trimeresurus wiroti X  
Tropidolaemus wagleri X X 
Crocodilia   
Crocodylidae   
Crocodylus porosus X  
   



Herpetological Review 39(3), 2008280

BOULENGER, G. A. 1900. Descriptions of new batrachians and reptiles 
from Larut Hills, Perak. Ann. Mag. Nat. Hist. 6:186–193. 

________. 1912. A Vertebrate Fauna of the Malay Peninsula from the 
Isthmus of Kra to Singapore Including Adjacent Islands. Taylor and 
Francis, London. 

BUTLER, A. L. 1904. A list of the batrachians known to inhabit the Malay 
Peninsula, with some remarks on their habits and distribution. J. 
Bombay Nat. Hist. Soc. 15:193–205, 387–402. 

CANTOR, T. E. 1847. Catalog of reptiles inhabiting the Malay Peninsula 
and islands, collected or observed by Theodore Cantor, Esq., M.D. 
Bengal Medical Service. J. Asiatic Soc. Bengal 16:607–656, 897–952, 
1026–1078. 

CHAN-ARD, T., W. GROSSMAN, A. GUMPRECHT, AND K.-D. SCHULTZ. 1999. 
Amphibians and Reptiles of Peninsular Malaysia and Thailand. 
Bushmaster Publications. Wuerselen. 

DAICUS, B., AND R. HASHIM. 2004. Herpetofauna of the western region of 
Endau-Rompin, Johore, Peninsular Malaysia. Malay. J. Sci. 23:65–
72. 

DAS, I., AND K. K. P. LIM. 2005. New species of Dibamus (Squamata: 
Dibamidae) from Pulau Nias, Indonesia. J. Herpetol. 39:113–117. 

________, AND Y. NORSHAM. 2003. A new species of Dibamus (Squamata: 
Dibamidae) from Peninsular Malaysia. Raffl es Bull. Zool. 51:137–
141. 

________, AND ________. 2007. Status of knowledge of the Malaysian 
herpetofauna. In L. Chua (ed.), Status of Biological Diversity in 
Malaysia and Threat Assessment of Plant Species in Malaysia, pp. 
31–81. Forest Research Institute Malaysia, Kepong. 

________, ________, AND B. L. LIM. 2004. A new species of Calluella Stoliczka, 
1872 (Anura: Microhylidae) from Taman Negara, Pahang State, 
Peninsular Malaysia. Raffl es Bull. Zool. 52:257–260. 

DAVID, P., AND O. S. G. PAUWELS. 2004. A re-evaluation of Macrocalamus 
lateralis Günther, 1864 (Serpentes, Colubridae), with the descriptions 
of two new species. Raffl es Bull. Zool. 52:635–645. 

DENZER, W., AND U. MANTHEY. 1991. A nominal checklist of the lizards 
inhabiting peninsular Malaysia and Singapore. Raffl es Bull. Zool. 
39:309–322. 

DRING, J. C. M. 1979. Amphibians and reptiles from northern Trengganau, 
Malaysia, with descriptions of two new geckos: Cnemaspis and 
Cyrtodactylus, Bull. Brit. Mus. (Natural History) 34:181– 241. 

FLOWER, S. S. 1896. Notes on a second collection of batrachians made in 
the Malay Peninsula 1895–96, with a list of the species recorded from 
that region. Proc. Zool. Soc. London 1896:856–914. 

________. 1899. Notes on a second collection of reptiles made in the Malay 
Peninsula and Siam. Proc. Zool. Soc. London 1899:600–696, 885–
916. 

GOWER, D. J., A. KUPFER, O. V. OOMMEN, W. HIMSTEDT, R. A. NUSSBAUM, 
S. P. LOADER, B. PRESSWELL, H. MÜLLER, S. B. KRISHNA, R. BOISTEL, 
AND M. WILKINSON. 2002. A molecular phylogeny of ichthyophiid 
caecilians (Amphibia: Gymnophiona: Ichthyophiidae): Out of India 
or out of southeast Asia? Proc. Royal Soc. B 269:1563–1569. 

GRANDISON, A. G. C. 1972. The Gunong Benom Expedition 1967. 5. 
Reptiles and amphibians of Gunong Benom with a description of a 
new species of Macrocalamus. Bull. Brit. Mus. Nat. Hist. (Zoology) 
23:45–101. 

GRISMER, J. L., L. L. GRISMER, I. DAS, Y. NORSHAM, B. L. LIM, T.-M. 
LEONG, T. M. YOUMANS, AND H. KAISER. 2004. Species diversity and 
checklist of the herpetofauna of Pulau Tioman, Peninsular Malaysia 
with a preliminary overview of habitat utilization. 2004. Asiatic 
Herpetol. Res. 10:244–276. 

GRISMER, L. L. 2005. A new species of bent-toed gecko (Cyrtodactylus 
Gray 1827) from Pulau Aur, Johor, West Malaysia. J. Herpetol. 
39:424–432. 

________. 2006a. A new species of Ansonia Stoliczka 1870 (Anura: 
Bufonidae) from a lowland rainforest in southern peninsular Malaysia. 
Herpetologica 62:466–475. 

________. 2006b. A new species of Ansonia Stoliczka 1872 (Anura: 
Bufonidae) from central peninsular Malaysia and a revised taxonomy 
for Ansonia from the Malay Peninsula. Zootaxa 1327:1–21. 

________. 2006c. Amphibians and Reptiles of the Tioman Archipelago, 
Malaysia. Forestry Department of Peninsular Malaysia, Kuala 
Lumpur. 215 pp. 

________. 2007a. A new species of small montane forest fl oor skink (Genus 
Sphenomorphus Fitzinger 1843) from southern peninsular Malaysia. 
Herpetologica. 63:544–551. 

________. 2007b. A new species of Ingerophrynus (Anura: Bufonidae) from 
a lowland rainforest in southern Peninsular Malaysia. J. Herpetol. 
40:123–135. 

________. 2008a. On the distribution and identifi cation of Cyrtodactylus 
brevipalmatus Smith 1923 and Cyrtodactylus elok Dring 1979. Raffl es 
Bull. Zool. 56:177–179. 

________. 2008b. A new species of insular skink (Genus Sphenomorphus 
Fitzinger 1843) from the Langkawi Archipelago, Kedah, West 
Malaysia with the fi rst report of the herpetofauna of Pulau Singa Besar 
and an updated checklist of the herpetofauna of Pulau Langkawi. 
Zootaxa 1691:53–66. 

________, J. L. GRISMER, AND J. A. MCGUIRE. 2006c. A new species of 
pitviper of the genus Popeia (Squamata: Viperidae) from Pulau 
Tioman, Pahang, West Malaysia. Zootaxa 1305:1–19. 

________, ________, AND T. M. YOUMANS. 2004b. A new species of Leptolalax 
(Anura: Megophryidae) from Pulau Tioman. Asiatic Herpetol 
Res.10:12–16.

________, AND LEONG, T. M. 2005. New species of Cyrtodactylus (Squamata: 
Gekkonidae) from Southern Peninsular Malaysia. J. Herpetol. 39:64–
71. 

________, J. SUKUMARAN, J. L. GRISMER, T. M. YOUMANS, P. L. WOOD, JR., 
AND R. JOHNSON. 2004. Report on the Herpetofauna of the Temengor 
Forest Reserve, Perak, West Malaysia. Hamadryad 29:15–32. 

________, P. L. WOOD, JR., AND T. M. YOUMANS. 2007b. Redescription of 
Crytodactylus sworderi (Smith 1925) from Southern Peninsular 
Malaysia. Hamadryad 31:250–257. 

________, T. M. YOUMANS, P. L. WOOD, JR., AND J. L. GRISMER. 2006a. 
Checklist of the herpetofauna of the Seribuat Archipelago, West 
Malaysia with comments on biogeography, natural history and 
adaptive types. Raffl es Bull. Zool. 54:157–180. 

________, ________, ________, A. PONCE, S. B. WRIGHT, B. S. JONES, R. JOHNSON, 
K. L. SANDERS, D. J. GOWER, NORSHAM, S. Y., AND K. K. P. LIM. 2006b. 
Checklist of the herpetofauna of Pulau Langkawi, Malaysia, with 
comments on taxonomy. Hamadryad 26:61–74. 

HALLERMANN, J., AND J. A. MCGUIRE. 2001. A new species of 
Pseudocalotes (Squamata: Agamidae) from Bukit Larut, West 
Malaysia. Herpetologica 57:255–265. 

HENDRICKSON, J. R. 1966a. Observations of the fauna of Pulau Tioman 
and Pulau Tulai. 5. The reptiles. Bull. Nat. Mus., Singapore 34:53–
71. 

________. 1966b. Observations of the fauna of Pulau Tioman and Pulau 
Tulai. 6. The amphibians. Bull. Nat. Mus., Singapore 34:74–84. 

HIEN, P., W. GROSSMANN, AND C. SCHÄFER. 2001. Beitrag zur Kenntnis der 
landbewohnenden Reptilienfauna von Pulau Tioman, West-Malaysia. 
Sauria 23:11–28. 

INGER, R. F. 1999. Distribution of amphibians in southern Asia and 
adjacent islands. In: Patterns of Distribution of Amphibians a Global 
Perspective. Duellman (Ed.). pp: 445 –482. The John Hopkins 
University Press, Baltimore, Maryland. 

JULIANA, S. 2001. Kajian kepelbagian spesies amfibia di Sungai Jalir, 
Taman Negeri Endau Rompin, Johor. Unpubl. Master’s Thesis, 
Universiti Kebangsaan Malaysia. 

KIEW, B. H. 1987. An annotated checklist of the Herpetofauna of Ulu 
Endau, Johoree, Malaysia. Malayan Natur. J. 41: 413-424. 

KLOSS, C. B. 1915. On two snakes new to the fauna of the Malay 
Peninsula. J. Fed. Malay States Mus. 6:41–42. 



Herpetological Review 39(3), 2008 281

________. 1921. Some water snakes new to, or rare to the fauna of the Malay 
Peninsula. J. Fed. Malay States Mus. 10:201–202. 

LEONG, T. M., AND L. M. CHOU. 1997. New record of the narrow-mouthed 
frog Microhyla borneensis Parker (Amphibia: Anura: Microhylidae) 
from Singapore, with taxonomic notes and larval description. Raffl es 
Bull. Zool. 45:97–103. 

________, AND ________. 1999. Larval diversity and development in the 
Singapore Anura (Amphibia). Raffl es Bull. Zool. 47:81–137. 

________, B. Y. H. LEE, AND L. M. CHOU. 1996. New record of the treefrog, 
Theloderma horridum Boulenger (Amphibia: Anura: Rhacophoridae) 
from Singapore. Raffl es Bull. Zool. 44:475–477. 

________, AND LIM, B. L. 2003. A new species of Rana (Amphibia: Anura: 
Ranidae) from the highlands of the Malay Peninsula, with diagnostic 
larval descriptions. Raffl es Bull. Zool. 51:115–122. 

LIM, B. L., AND I. DAS. 1999. Turtles of Borneo and Peninsular Malaysia. 
Natural History Publications (Borneo), Kota Kinabalu, Malaysia. 

LIM, K. K. P. 1989a. First record of the swamp-forest frog Rana 
paramacrodon paramacrodon Inger, 1966 (Amphibia: Anura: 
Ranidae) from Singapore, with notes on its taxonomy, ecology, and 
biology. Raffl es Bull. Zool. 37:51–57. 

________. 1989b. Bufo quadriporcatus Boulenger, 1887, a toad new to 
Singapore Island. Raffl es Bull. Zool. 37:170–171. 

________. 1989c. The Amphibian Fauna of Ulu Kinchin, Pahang, Malaysia. 
Malayan Natur. Jour. 43:322-325. 

________, AND L. M. CHOU. 1990. The Herpetofauna of Singapore. In: Essays 
in Zoology. Chou, L. M. and P. K. L. Ng (Eds.). Pp. 49–59. Department 
of Zoology, National University of Singapore, Singapore. 

________, AND L. J. LIM. 1999. The terrestrial herpetofauna of Pulau Tioman, 
Peninsular Malaysia. Raffl es Bull. Zool. Supplement No. 6:131–156. 

________, T. M. LEONG, AND B. L. LIM. 2002. Herpetofaunal records from 
Cameron Highlands, peninsular Malaysia. J. Wildl. Parks 20:49–57. 

________, AND L. K. LIM. 1992. A Guide to the Amphibians and Reptiles of 
Singapore. Singapore Science Center, Singapore. 

________, AND C. M. YANG. 1991. An annotated checklist of the amphibians 
of Singapore, with emphasis on material in the Zoological Reference 
Collection. Raffl es Bull. Zool. 39:209–214. 

MANTHEY, U., AND W. GROSSMAN. 1997. Amphibien and Reptilien 
Südostasiens. Natur und Tier, Verlag, Münster. 

MATSUI, M., AND IBRAHIM J. 2006. A new cascade frog of the subgenus 
Odorrana from Peninsular Malaysia. Zool. Sci. 64:647–651. 

MCLEOD, D. S., AND N. AHMAD. 2007. A new species of Theloderma 
(Anura: Rhacophoridae) from southern Thailand and peninsular 
Malaysia. Russ. J. Herpetol. 14:65–72. 

MYERS, N., R. A. MITTERMEIER, C. G. MITTERMEIER, G. A. B. DA FONSECA, 
AND J. KENT. 2000. Biodiversity hotspots for conservation priorities. 
Nature 403:420–423. 

NORHAYATI, A., AND S. K. S. DIONYSIUS. 2004. Fauna amfibia di Taman 
Negeri Endau Rompin. In M. I. Shaharuddin, M. I., Mokhtar, W. A. 
Yusoff, M. Rahim, and A. Latiff (eds.), Taman Negeri Enadu Rompin: 
Pengurusan, Persekitaran Fizikal dan Biologi, pp.197–206. Jabatan 
Perhutanan Semenanjung Malaysia, Kula Lumpur. 

________, S. JULIANA, AND B. L. LIM. 2004. A Photograpic Guide to 
Amphibians of Endau-Rompin State Park, Pahang. The Forestry 
Department of Peninsular Malaysia. Forestry Department, Kuala 
Lumpur. 

NORSHAM, Y., AND LIM, B. L. 2002. A new species of mountain reed 
snake, Macrocalamus gentingensis, from Genting Highlands, Pahang, 
peninsular Malaysia. Hamadryad 27:83–89. 

PAUWELS, O. S. G., P. DAVID, C. CHIMSUNCHART, AND K. THIRAKHUPT. 2003. 
Reptiles of Phetchaburi Province, western Thailand: a list of species, 
with natural history notes, and a discussion on the biogeography at the 
Isthmus of Kra. Natur. Hist. J. Chulalongkorn Univ. 3:23–53. 

SANDERS, K. L., A. MALHOTRA, A. GUMPRECHT, R. S. THORPE AND U. KUCH. 
2004. Popeia inornata, a new species of pitviper from west Malaysia 
(Squamata: Viperidae: Crotalinae). Russ. J. Herpetol. 11:163-176.

SHAM, S. 1998. The Encyclopedia of Malaysia. Volume 1. The 
Environment. Archipelago Press, Singapore. 

SHAHARUDDIN, M. I., M. I. MOOKHTAR, W. Y. W. AHMAD, M. R. RAMLI, 
AND A. LATIFF. 2004. Taman Negeri Endau Rompin: Pengurusan, 
Persekitaran Fizikal dan Biologi. Jabatan Perhutanan Semenanjung 
Malaysia, Kuala Lumpur. 378 pp. 

SMEDLEY, N. 1931. Amphibians and reptiles from the Cameron Highlands, 
Malay Peninsula. Bull. Raffl es Mus., Singapore 6:105–123. 

SMITH, M. A. 1922. On a collection of reptiles and batrachians from the 
mountains of Pahang, Malay Peninsula. J. Fed. Malay States Mus. 
10:263–282. 

________. 1925. A new ground-gecko (Gymnodactylus) from the Malay 
Peninsula. J. Malay. Brit. Royal Asiatic Soc. 3:87. 

________. 1930. The Reptilia and Amphibia of the Malay Peninsula from 
the Isthmus of Kra to Singapore including the adjacent islands. Bull. 
Raffl es Mus. 3:1–149. 

________. 1935. On a collection of reptiles and amphibians from Perak, 
Malay Peninsula. Bull. Raffl es Mus. 10:61–63. 

SWORDER, G. H. 1922. A list of the snakes of Singapore Island. Singapore 
Natur. 2:55–73. 

________. 1924a. An addition to the list of Singapore snakes and a few notes 
on species already included. Singapore Natur. 3:22–23. 

________. 1924b. On a few reptiles and batrachians from the Singapore 
Islands. Singapore Natur. 3:15–20. 

________. 1925. The lizards of Singapore Island. Singapore Natur. 5:61–
68. 

TAMBLYN, A. 2005. Malaysia Tropical Conservation Project Report of the 
Perhentian Phase. 111 pp. Coral Cay Conservation Ltd., London. 

TAYLOR, E. H. 1968. The Caecilians of the World. University of Kansas 
Press, Lawrence. 

TWEEDIE, M. W. F. 1983. The Snakes of Malaya. Singapore Nat. Press., 
Singapore. 

VOGEL, G., P. DAVID, AND O. S. G. PAUWELS. 2004. A review of 
morphological variation in Trimeresurus popeiorum (Serpentes: 
Viperidae: Crotalinae) with the description of two new species. 
Zootaxa 727:1–63. 

WOOD, P. L., JR., L. L. GRISMER, A. NORHAYATI, AND S. JULIANA. 2008a. 
Two new species of torrent dwelling toads Ansonia Stoliczka 1872 
(Anura: Bufonidae) from peninsular Malaysia. Herpetologica: in 
press. 

________, ________, T. M. YOUMANS, B. N. NUROLHUDA, A. NORHAYATI, AND 
S. JULIANA. 2008b. Additions to the herpetofauna of Endau-Rompin, 
Johor, West Malaysia. Herptol. Rev. 39:112–121. 

YONG, H. S. 1998. The Encyclopedia of Malaysia. Volume 3. Animals. 
Archipelago Press, Singapore. 

YOUMANS, T. M., AND L. L. GRISMER. 2005. Description of a new species 
of Cyrtodactylus (Reptilia: Squamata: Gekkonidae) from the Seribuat 
Archipelago, West Malaysia. Herptol. Nat. Hist. 39:584–591. 

 Note added in proofs: LLG and associates recently discovered two 
additional undescribed species of the gekkonid genus Cyrtodactylus 
from SPM—one from central Johor and another from a small island off 
the coast of the state of Melaka. Both are currently being described as 
new species.



Herpetological Review 39(3), 2008282

Herpetological Review, 2008, 39(3), 282–283.
© 2008 by Society for the Study of Amphibians and Reptiles

The Hemipenis and External Morphology of a 
New Specimen of Calamodontophis paucidens 

(Amaral, 1935) (Serpentes: Colubridae, 
Dipsadinae, Tachymenini) from Uruguay

SANTIAGO CARREIRA
Secc. Zoología Vertebrados, Facultad de Ciencias,

Iguá 4225, CP 11400, Montevideo, Uruguay
e-mail: carreira@fcien.edu.uy

and
IGNACIO LOMBARDO

Secc. Zoología Vertebrados, Facultad de Ciencias,
Iguá 4225, CP 11400, Montevideo, Uruguay

e-mail: ilombardo@fcien.edu.uy

Calamodontophis paucidens (Amaral, 1935) is a rare, slug-eat-
ing snake of southern Brazil and Uruguay (Franco et al. 2006). 
Only twelve specimens were included in the generic summary of 
Franco et al. (2006). A detailed description of the hemipenis of 
C. paucidens has never been published. Franco (1999) described 
the species’ hemipenial morphology in his doctoral thesis based 
on one specimen from Cachoeira do Sul, Vila Barro Vermelho 
(Museu de Ciências e Tecnologia da PUCRS, Porto Alegre, RS, 
Brazil [MCP] 8607), and a cursory description, based on two 
males (MCP 7834, 8607), was used by Franco et al. (2006) to 
compare general characters among other genera of Tachymenini.

Calamodontophis paucidens is scarce throughout its distribu-
tion, and only two males are known (Franco et al. 2001; Carreira 
2006; Carreira and Meneghel 2004). A detailed description of 
the hemipenis is an important addition to the knowledge of this 
scarce species, and can provide useful data to support phyloge-
netic analyses examining the species’ taxonomic position in the 
Tachymenini.

MATERIALS AND METHODS

A new male specimen (ZVC-R 6303) from Departamento 
Rocha, Uruguay, made possible the fresh extraction the left hemi-
penis and measurements of the position of the right organ in situ. 
The left hemipenis was everted, extracted from the specimen, and 
injected with a 10% formalin solution. The base was tied off. The 
hemipenis was maintained in a 10% formalin solution. We used 
the methods of Zaher (1999) and Dowling (2002).

RESULTS

Specimen information.—Colección Zoología Vertebrados, 
Reptiles, Secc. Zoología Vertebrados, Facultad de Ciencias, 
Universidad de la República, Montevideo, ZVC-R 6303: Ruta 
109, Camino de las Sierras, 20 km from Rocha city, Departamento 
Rocha. 16-II-2005. Col.: Gerardo Feijóo (Rocha). Specimen ex-
ternal characters (left/right): supralabials 7(3,4)/7(3,4); preoculars 
1/1; postoculars 2/2; temporals 1+2/1+2; infralabials 7(1–3)/8(1–
4); ventrals 128; subcaudals 38/39; anal plate divided; scale rows 
15/15/15; SVL = 317 mm; tail length = 65 mm; head length = 

13.7 mm. Coloration identical to other specimens illustrated in 
Franco et al. (2001) and Carreira et al. (2005). 

Hemipenial description.—The in situ organ is 9 subcaudals 
long, counting from the anal plate. The muscle insertion is at the 
level of the 28th subcaudal. The organ is slightly bilobed, semi-
calyculate, and non-capitate, with a spinulate body (Fig. 1). The 
asulcate surface has spines, smallest on the apical region and 
slightly enlarged and homogeneous on the body and basal region. 
The lateral surfaces of the hemipenial body have enlarged lateral 
spines in the basal region. The sulcus spermaticus divides ap-
proximately in the middle of the hemipenial body. The intrasul-
car region is formed by calyces partially covered with spinulate 
fl ounces. These calyces extend outside the intrasulcar region, 
morphing to spines in the apical zone of the asulcate surface. 
Flounces weakly differentiated and without spines are observed 
in the sulcus spermaticus division. Calyces extend outside the 
arms of the sulcus on the lobes but never reach the lateral surface. 
Flounces weakly differentiated are observed in the upper region 
of the body, on the lateral sides of the sulcus spermaticus. The 
spines on the sulcate surface increase in size towards the basal 
region, with the exception of the homogeneous row parallel to the 
sides of the sulcus. In the region of the undivided sulcus, spines 
increase in size towards the lateral sides of the hemipenial body. 
The biggest spines are in the basal region.

DISCUSSION

In his doctoral thesis, Franco (1999) partially described and 
illustrated the hemipenial morphology of C. paucidens. From the 
drawing in Franco (1999), we can see that the organ in MCP 8607 
is not totally everted, because the lobes are largely in contact, 
and because of the presence of a deep constriction in the middle 
of the organ that we did not observe in our material. The capture 
of ZVC-R 6303, the third male known, makes possible the cor-
rect preparation and description of the hemipenis and its in situ 
examination.

Franco (1999) recorded 124, 127 (N = 2) male ventrals and 

Fig. 1. Hemipenis of Calamodontophis paucidens (ZVC-R 6303; 
scale = 5 mm). Asulcate (left) and sulcate (right) views. 
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131–137 (N = 9) female ventrals, 32, 39 (N = 2) male subcaudals 
and 29–32 (N = 9) female subcaudals. Because of only two males, 
he did not comment on sexual dimorphism. Franco et al. (2001) 
and Carreira and Meneghel (2004) have data from additional 
specimens. Carreira and Meneghel (2003) recorded 147 ventrals 
and 24 subcaudals in the female ZVC-R 5710; we reexamined the 
specimen and the correct information is 137 ventrals and 32/31 
subcaudals. With all of the additional information, we have the 
following ranges: males (N = 3), ventrals 124–128, subcaudals 
32–39; and females (N = 11), ventrals 131–137, subcaudals 29–
34. Actually the difference in subcaudal counts is proportionally 
greater (~12%) than in the ventral counts (~6%).

Acknowledgments.—We are grateful to Gerardo Feijóo for the 
specimen. We thank Norman Scott for revision of English text and 
suggestions. 
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The New World genus Kinosternon includes 19 species of 
small to medium-sized (< 300 mm) aquatic turtles, occurring 
from southern Canada to Argentina (Ernst and Barbour 1989). 
The biology of many species of Kinosternon has been studied 
(e.g., Frazer 1991; Gibbons 1983; Iverson 1991; Loben Sels et al. 
1997; Morales-Verdeja and Vogt 1997; Vogt and Guzman 1988), 
but little is known of the biology of K. scorpioides. Studies on 
this species have focused mostly on morphology and information 
on diet, behavior, and reproduction is limited (Acuña-Mesen 
1992; Cabrera and Colantonio 1997; Marquez 1995; Pritchard 
and Trebbau 1984; Moll 1990).

Current evidence suggests that K. scorpioides is a visually 
oriented omnivore that feeds on fi sh, amphibians (tadpoles and 
adults), dead vertebrates, invertebrates, algae and plant material, 
but with the exception of Moll (1990), most of these data are 
anecdotal (Cunha 1970; Vanzolini et al. 1980) or based on 
observation of captives (Monge-Nágera and Moreva-Brenes 
1987; Pritchard and Trebbau 1984). In this paper, we describe the 
diet of K. scorpioides at Serra Sul, Floresta Nacional de Carajás, 
eastern Amazonia.

Materials and Methods.—Serra Sul (6°20'S, 5°25'W) is a 
narrow plateau (600–800 m above sea level) developed upon a 
“banded iron formation” at Serra dos Carajás, eastern Amazonia, 
Brazil (Sifeddine et al. 1994). Climate is seasonal, with most 
annual rains (1500–2000 mm) falling from November to May. 
Mean annual temperature is 24°C. Vegetation on the plateau 
consists mostly of open and shrub savannas (“canga vegetation”), 
while the steep borders and surrounding lowlands are covered 
by rainforest. The plateau is covered with many shallow lakes at 
various stages of silting.

 We conducted our sampling in March and April 2005, at the 
end of the rainy season, when a large part of the study area was 
fl ooded. Turtles were captured in lakes, marshes and slow-moving 
streams, by hand or in Tomahawk live traps (model 202, 47 × 
15 × 15 cm) baited with meat and placed partially submerged in 
water. Traps were checked at 1–6 h intervals. Turtles were sexed, 
mass was measured with spring scales, and straight-line carapace 
length (CL) was measured with vernier calipers. All turtles were 
marked and kept in damp cloth bags for 6 h before release at their 
capture site. Turtles usually defecated in the bags and these fecal 
samples were collected and stored in 70% alcohol. We identifi ed 
each food item to the lowest possible taxon (usually order) and 
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counted the total number of each. The number of each prey type 
present in each sample was considered as the minimum number 
of individuals that could have contributed to the disarticulated 
parts (Lima et al. 1997).

Results and Discussion.—We captured 36 K. scorpioides a total 
of 42 times. Our sample included 17 males (mean CL = 123.4 
mm, SD = 8.4, range = 96–134 mm; mean mass = 262.7 g, SD = 
39.2, range = 150–320 g), 17 females (mean CL = 126.5 mm, SD 
= 5.8, range = 96.5–135 mm; mean mass = 284.4 g, SD = 62.2, 
range = 125–385 g), and two unsexed juveniles. 

Twenty-eight fecal samples were obtained from 23 turtles. Feces 
from the same individuals were pooled for the analysis (thus, N = 
23). Consistent with previous studies, K. scorpioides used a wide 
range of animal and plant resources (Moll 1990; Monge-Nágera 
and Moreva-Brenes 1987; Pritchard and Trebbau 1984; Vanzolini 
et al. 1980). We found 16 different prey taxa in the fecal samples 
including invertebrates, vertebrates and plant material (Table 1). 
The most common item was grass seeds (mostly Echinocloa sp.), 
followed by aquatic Hemiptera (Limnocoris sp.) and Odonata 
naiads and adults (Table 1). The most common prey types were 
aquatic, but some were terrestrial. However, terrestrial prey 

species were probably consumed in the water, after falling in and 
becoming trapped (e.g., adult dragonfl ies; Pritchard and Trebbau 
1984). Seeds and other plant material passed undigested through 
the digestive tract. We do not know if these food items were 
consumed accidentally or intentionally. However, aquatic plants 
have been reported in the diet of K. scorpioides from Belize (Moll 
1990). Captive K. scorpioides have been reported to consume 
vertebrates, including fi sh, reptiles, and rodents (Pritchard and 
Trebbau 1984). The rarity of vertebrates in our samples suggested 
opportunistic feeding, however, we were unable to determine 
if vertebrates were eaten alive or as carrion. Amphibians were 
recorded only in three samples, despite being very common 
within K. scorpioides habitat. But our results may have been 
misleading because amphibians, particularly tadpoles, are easily 
digested and leave few remains in feces (Daltry et al. 1998). 
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Mocquard (1904) explicitly included the following taxa 
in Liopholidophis: Leptophis lateralis Duméril, Bibron, and 
Duméril, 1854; Dromicus stumpffi  Boettger, 1881a; Dromicus 
sexlineatus Günther, 1882; Dromicus dolicocercus Peracca, 
1892; and the new species Liopholidophis grandidieri Mocquard, 
1904. Subsequent authors (e.g., Cadle 1996; Guibé 1958; 
Mocquard 1909; Parker 1925) have used Mocquard’s name 
Liopholidophis for this assemblage. Williams and Wallach (1989) 
designated L. grandidieri Mocquard (1904) as the type species of 
Liopholidophis; Glaw et al. (2005: 83) erroneously stated that the 
type species was L. sexlineatus (Günther).

Parker (1925) defi ned two species groups within Liopholidophis, 
which were amplifi ed by Cadle (1996): the sexlineatus group for 
the species having the exaggerated sexual dimorphism in tail 
length, and the stumpffi  group for the species lacking that extreme 
dimorphism. After accommodating subsequently described 
species and nomenclatural adjustments (Cadle 1996, 1998; Glaw 
et al. 2005), Parker’s sexlineatus group comprised the nominal 
species sexlineatus, dolicocercus, grandidieri, rhadinaea, and 
varius, whereas his stumpffi  group included the nominal species 
stumpffi , epistibes, infrasignatus, lateralis, and martae. Cadle 
(1996) found evidence to support the monophyly of each of 
the species groups but he suspected that Liopholidophis was 
non-monophyletic because he found no characters to support 
the monophyly of the genus as a whole. Several authors (e.g., 
Boulenger 1893; Cadle 1996; Domergue “1972” [1973]; Guibé 
1954, 1958; Williams and Wallach 1989), recognized the 
relevance of the name Thamnosophis Jan, 1863 (type species: 
Leptophis lateralis Duméril, Bibron, and Duméril, 1854) to the 
nomenclature of “Liopholidophis” by including the name in 
the synonymies of L. lateralis and L. stumpffi . Being the earlier 
name, Thamnosophis has priority over Liopholidophis when the 
two names are applied to the same taxon. However, because 
Cadle (1996) questioned the relationship of the two species 
groups of Liopholidophis to one another, and the type species of 
Liopholidophis and Thamnosophis are in different species groups 
(sexlineatus and stumpffi  groups, respectively), he chose to leave 
the generic nomenclature alone until stronger evidence bearing 
on the systematics of the species groups accrued.

Glaw et al. (2007) provided evidence for the partition of 
Liopholidophis in a molecular phylogenetic analysis of eight 
species of Liopholidophis (three species of the sexlineatus 
group and fi ve species of the stumpffi  group) along with other 
representative Malagasy colubrids. They found that each 
species group was monophyletic. However, species of the L. 
sexlineatus group were more closely related to several species of 
Liophidium than to species of the L. stumpffi  group, thus making 
Liopholidophis sensu lato non-monophyletic. In revising the 
nomenclature to conform to their phylogenetic hypothesis, Glaw 
et al. (2007) restricted the name Liopholidophis to the former 
sexlineatus group (which includes the type species, L. grandidieri) 
and described a new species, Liopholidophis dimorphus. Glaw et 
al. (2007) also named a new genus, Bibilava, to accommodate 
species of the former stumpffi  group and designated, as its type 
species, Leptophis lateralis Duméril, Bibron, and Duméril, 
1854.

Thus, Glaw et al. (2007) overlooked the available generic name, 
Thamnosophis Jan, for the stumpffi  species group. Its type species 

Herpetological Review, 2008, 39(3), 285–288.
© 2008 by Society for the Study of Amphibians and Reptiles

Nomenclatural Status of the Malagasy Snake 
Genus Bibilava Glaw, Nagy, Franzen, and Vences, 

2007: Resurrection of Thamnosophis Jan and 
Designation of a Lectotype for Leptophis lateralis 

Duméril, Bibron, and Duméril (Serpentes: 
Colubridae)

JOHN E. CADLE
Department of Herpetology, California Academy of Sciences

San Francisco, California 94117, USA 
e-mail: jcadle@calacademy.org

and 
IVAN INEICH

Departement de Systématique et Evolution
Muséum National d’Histoire Naturelle, USM 602 – Section Reptiles

75231 Paris CEDEX 05, France
e-mail: ineich@mnhn.fr

The new generic name Bibilava was recently applied to 
an assemblage of colubrid snakes from Madagascar that had 
previously been associated with the genus Liopholidophis (Glaw 
et al. 2007; Glaw and Vences 2007), but we here show that the 
earlier name Thamnosophis Jan (1863) is the appropriate name 
for this group. In addition, we designate a lectotype for Leptophis 
lateralis Duméril, Bibron, and Duméril, the type species of 
Thamnosophis, to resolve some ambiguity in the application of 
this name.

Mocquard (1904) erected the snake genus Liopholidophis to 
accommodate snakes from Madagascar placed in Tropidonotus 
by Boulenger (1893), primarily because the Malagasy snakes 
have hemipenes dissimilar to those of Tropidonotus with which 
Boulenger had associated them. Mocquard (1904, 1909) also 
recognized that several species he included in the genus had 
an unusually exaggerated sexual dimorphism in tail length 
(reviewed by Cadle 1996 and Glaw et al. 2007). Apart from the 
subset of species that shared this unusual sexual dimorphism, 
Liopholidophis came to include other generalized Malagasy 
colubrids that lacked derived characters linking them to other 
named Malagasy colubrid genera.
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(by subsequent designation: Wall 1923:604) is also Leptophis 
lateralis Duméril, Bibron, and Duméril, 1854. Bibilava Glaw, 
Franzen, Nagy, and Vences is thus an objective junior synonym 
of Thamnosophis Jan, which has nomenclatural priority. We 
resurrect this name, whose nomenclatural history is summarized 
herewith: 

Thamnosophis Jan, 1863

Thamnosophis: Jan 1863:79, 82. Included taxa: Leptophis 
lateralis Duméril, Bibron, and Duméril, 1854; Leptophis 
vertebralis Duméril, Bibron, and Duméril, 1854; Leptophis 
bivittatus Duméril, Bibron, and Duméril, 1854; Herpetodryas 
margaritiferus Schlegel, 1837; Thamnosophis delesserti Jan, 
1863. Jan and Sordelli 1869: Livr. 31, pl. VI, fi g. 3; 1879: Livr. 
49, pl. II, fi g. 2.

Ahaetulla Gray, part: Boettger 1879:33. Referred species: A. 
lateralis (= Thamnosophis Jan).

Philothamnus Smith, part: Boettger 1881b:526. Referred species: 
P. lateralis (= Thamnosophis Jan).

Tropidonotus Kuhl, part: Boulenger 1893:193. Referred 
species: Tropidonotus stumpffi  (= Thamnosophis stumpffi ) and 
Tropidonotus lateralis (= Thamnosophis lateralis).

Drymobius Fitzinger, part: Boulenger 1894:9, 15, 17. Günther 
1885–1902:125. Referred species: D. margaritiferus (= 
Thamnosophis margaritiferus) and/or D. bivittatus (= 
Thamnosophis bivittatus). See Smith and Smith 1976 for 
additional citations of Thamnosophis in connection with these 
Neotropical species.

Rhabdophis Fitzinger, part: Wall 1923:604. Referred species: R. 
lateralis (= Thamnosophis Jan). [Leptophis] lateralis Duméril, 
Bibron, and Duméril, 1854 designated as type species of 
Thamnosophis Jan.

Liopholidophis Mocquard, part: Guibé, 1954:243. Guibé 
1958:213. Domergue “1972” [1973]:1397. Williams and 
Wallach 1989:146. Cadle 1996:416, 421. Referred species: 
L. lateralis (= Thamnosophis lateralis) and/or L. stumpffi  (= 
Thamnosophis stumpffi ).

Natrix Laurenti, part: Romer 1956:579. Thamnosophis listed as 
a synonym.

Bibilava Glaw, Nagy, Franzen, and Vences, 2007:294. Glaw and 

Vences 2007: 438. New synonymy.

The name Thamnosophis has been used in the combination 
Thamnosophis lateralis (Duméril, Bibron, and Duméril) as a 
synonym of the Malagasy snakes Leptophis lateralis Duméril, 
Bibron, and Duméril and/or Dromicus stumpffi  Boettger by the 
following authors: Boulenger (1893:247–248), Cadle (1996:416, 
421), Domergue (“1972” [1973]:1397), Guibé (1954:243; 
1958:213), Jan (1863:82), and Jan and Sordelli (1879: Liv. 49, pl. 
II, fi g. 2).  

The resurrected genus Thamnosophis Jan (1863) has the 
following content (all endemic to Madagascar): Thamnosophis 
lateralis (Duméril, Bibron, and Duméril 1854) (type species); 
Thamnosophis epistibes (Cadle 1996), new combination; 
Thamnosophis infrasignatus (Günther 1882), new combination; 
Thamnosophis martae (Glaw, Franzen, and Vences 2005), new 
combination; and Thamnosophis stumpffi  (Boettger 1881a), new 
combination. Diagnoses of these taxa are found in Cadle (1996) 
and Glaw et al. (2005). Characters given by Cadle (1996:417 
[Table 2], 436–443, 450–452 ) for the “Liopholidophis stumpffi  
group” and Glaw et al. (2007:294) for “Bibilava” serve as a 
diagnosis and description of Thamnosophis. Thamnosophis is 
diagnosed by unique hemipenial characters, including unusual 
depressions at the tips of each lobe of the bilobed organs, and 
lobes set off from the base of the organ by a nude gap, giving the 
false impression of capitation (Cadle 1996:436–443). 

There has been ambiguity in the application of the name 
Leptophis lateralis Duméril, Bibron, and Duméril, the type 
species of Thamnosophis, owing in part to color variation in the 
type series and confusion about the identity of several nominal 
taxa we refer to Thamnosophis. Resurrection of Thamnosophis 
and reexamination of the syntypes of L. lateralis presents an 
opportunity to resolve this confusion by designating a lectotype 
for L. lateralis. Leptophis lateralis was originally described from 
four syntypes (three females and one male) with the catalogue 
number 7312 in the Muséum National d’Histoire Naturelle, 
Paris (MNHN). In a subsequent renumbering, one specimen 
retained “7312” and the other three were distinguished by letters: 
7312A, 7312B, and 7312C. Later, the three specimens with 
letter designations were given individual catalogue numbers, 
1999.8232–8234, corresponding to the letters A–C, respectively. 

TABLE 1. Scutellation characters and measurements of the four syntypes of Leptophis lateralis Duméril, Bibron, and Duméril. The current identity 
of each syntype is given below the MNHN number; data for the lectotype are in the fi rst column. Measurements are in mm.

 MNHN 1999.8232 MNHN 7312 MNHN 1999.8233 MNHN 1999.8234
 (Thamnosophis lateralis) (Thamnosophis (Thamnosophis (Thamnosophis
 Lectotype lateralis) lateralis) epistibes)
 
Sex Female Female Female Male
Total length (SVL) 791 (564) 688 (492) 643+ (503) 680+ (493)
Tail length 227 196 140+ 187+
Dorsal scale rows 19–19–17 20–19–17 19–19–17 19–19–17
Ventrals + Preventrals 165 + 1 158 + 2 158 + 2 164 + 2
Subcaudals 95 90 59+ 75+
Supralabials (touching eye) 8 (4-5)/8 (4-5) 8 (4-5)/8 (4-5) 8 (4-5)/8 (4-5) 8 (4-5)/8 (4-5)
Infralabials 10/10 10/10 11/10 10/10
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Hereafter, we refer to the specimens by the last numbers. Their 
scutellation and other traits are summarized in Table 1.

Since its description the name Leptophis lateralis has been 
universally applied to a Malagasy species having a diagnostic 
color pattern of vivid pale (yellowish to white in life) dorsolateral 
stripes from the neck to the tip of the tail against a primarily black 
dorsal ground color. Descriptions and/or illustrations of this form 
are found in Cadle (1996), Glaw and Vences (1994, 2007), Guibé 
(1954, 1958), and Jan and Sordelli (1879: Liv. 49, pl. II, fi g. 2), 
among others. However, Duméril et al. (1854:545) indicated 
that the stripes in one of the syntypes were not so extensive: 
“The most prominent trait in the disposition of the colors is the 
presence of a yellowish white band on each side which, in all our 
specimens with one exception, extend from the head to the tip of 
the tail.” The exceptional specimen is the male syntype (MNHN 
1999.8234), in which the dorsolateral stripes are evident on only 
the anterior quarter of the body. In addition, the male syntype has 
median black markings on many of the ventral scales (also noted 
by Guibé [1958:214]), which occasionally form more extensive 
irregular markings across the anterior edge of individual ventral 
scales. Neither incomplete dorsolateral stripes nor extensive 
black ventral markings are characteristic of T. lateralis. On the 
other hand, pale dorsolateral stripes on only the anterior half 
of the body and/or black ventral markings are characteristic of 
the other species referred to Thamnosophis (i.e., T. epistibes, T. 

infrasignatus, T. martae, and T. stumpffi ; see Cadle 1996, Glaw 
et al. 2005). 

The variation in the extent of the dorsolateral stripes among 
the syntypes of Leptophis lateralis has led to some nomenclatural 
confusion. Some authors have placed L. lateralis, in part, in the 
synonymy of the nominal species Dromicus stumpffi  Boettger or 
Ptyas infrasignatus Günther (e.g., Boulenger 1893; Cadle 1996) 
or have considered these species identical (e.g., Guibé 1954, 
1958; Mocquard 1904). Guibé (1954, 1958) placed these names 
and several other nominal taxa in the synonymy of L. lateralis, 
thinking that there was a single, wide-ranging species exhibiting 
extensive variation in color pattern. This confusion persisted 
until it was partially sorted out by Domergue (“1972” [1973]) 
and further resolved by Cadle (1996; see footnote 10). Until now, 
the syntypes have not been reexamined. 

Our study of the syntypes of Leptophis lateralis shows that 
three (MNHN 7312 and 1999.8232–8233) represent the taxon 
Thamnosophis lateralis as universally understood (diagnosis 
in Cadle 1996). The male syntype (MNHN 1999.8234) is T. 
epistibes, as suspected by Cadle (1996: footnote 10), and has 
the diagnostic characters of scutellation and color pattern of that 
species (e.g., ventral spotting, postocular and dorsolateral stripe 
confi gurations) (Cadle 1996:386). Although similar to T. martae, 
MNHN 1999.8234 has fewer ventrals than the only known male 
of T. martae (185; Glaw et al. 2005).

We select MNHN 1999.8232 as the lectotype of Leptophis 
lateralis because it is the largest specimen and apparently the one 
for which Duméril et al. (1854) gave measurements (Fig. 1). The 
specimen is an adult female in good condition with a midventral 
slit in the base of the tail. Scutellation and proportions are given 
in Table 1. The pale dorsolateral stripe of MNHN 1999.8232 
extends from the neck to the tail tip. Anteriorly, it is centered on 
dorsal row four but encompasses adjacent parts of rows three and 
fi ve; it broadens posteriorly, occupying row four, most of row 
three, and part of row fi ve. The venter of MNHN 1999.8232 is 
uniform whitish. Resolution of the identity of the syntypes of 
Leptophis lateralis Duméril, Bibron, and Duméril and selection 
of a lectotype clarifi es the application of this name. Accordingly, 
the name should be removed from the synonymy of T. stumpffi  
and T. infrasignatus (e.g., Cadle 1996) and placed, in part, in the 
synonymy of T. epistibes (Cadle).
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The genus Leptopelis includes many terrestrial species (Schiøtz 
1999), such as L. bocagii and L. bufonides. All species studied 
share a terrestrial breeding system with eggs deposited in nests 
away from water. The tadpoles wriggle to the water to continue 
development (Wager 1986, as Hylambates natalensis). The 
tadpoles of many species are found in shallow muddy water.

The Long-toed Tree Frog Leptopelis xenodactylus Poynton 
1963, is endemic to the midlands of KwaZulu Natal Province, 
South Africa. Although it was described from a single specimen 
(Poynton 1963), subsequent specimens (Burger 2004; Van Dijk 
1978) have increased the known range to about 120 × 150 km. 
The species has been placed in the Endangered category of the 
IUCN, based on its limited and fragmented area (Harrison et 
al. 2001). This study aimed to locate and describe the tadpole 
of L. xenodactylus, in order that further monitoring and range 
extensions could be undertaken based on larvae.

The description is based on three specimens collected at Mpur 
Forest, near Franklin in KwaZulu-Natal Province, South Africa 
(30°19'56"S, 29°31'04"E). They were collected from soft mud 
covered by a few mm of water, between grass polls, 15 January 
2007, by A. Schmitz and A. Channing. Adults of Leptopelis 
xenodactylus have been collected at this site (Burger 2004; Van 
Dijk 1978). The habitat was described as a hammock bog and 
was illustrated in color (Photo 30) by Minter et al. (2004). 

Tadpole identifi cation is based on the characteristic low fi ns 
and labial tooth row formula, as well as the muddy habitat, 
characteristic for Leptopelis tadpoles. There is only one species 
of tree frog known from the habitat.

I use the terminology of Altig and McDiarmid (1999), and the 
morphometric ratios proposed by Van Dijk (1966). Tadpoles were 
staged according to Gosner (1960). A digital caliper accurate to 0.01 
mm was used with a stereo microscope to take the measurements. 
Measurements were rounded to 0.1 mm. I measured total length, 
tail length, maximum height of fi ns, distance from highest point 
on fi n to tail tip, snout tip to spiracle distance, snout tip to nostril 
distance, internarial distance, distance between eyes, distance 
between lateral limits of eyes, head width at level of eyes, snout 
tip to eye distance, nostril to eye distance, width of oral disc, and 
head width at level of disc.

The three tadpoles were deposited in the Natural History 
Museum of Geneva, MHNG 2691.53. They have total lengths of 
40.2, 38.2, and 20.7 mm, the larger two representing Stage 38 and 
the smallest tadpole Stage 37. The largest specimen served as the 
model for the description (Fig. 1). Proportions are given as the 
range from smallest to largest.

The mouth is positioned ventrally. The oral disc is 59–68% of 
the width of the head at the level of the disc. The marginal papillae 
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are in a double posterior row, with the outer papillae longer, 
extending well clear of the disc when viewed from the front. The 
anterior gap in the papillae is 61–71% of the width of the oral 
disc. The papillae are about twice as long as wide, scattered in the 
angle of the jaw. The anterior and posterior jaw sheaths are heavy, 
fully pigmented in the larger specimens, but only the marginal 
half pigmented in the small tadpole. The jaw sheaths are fi nely 
serrated. The labial tooth row formula is 4(2-4)/3 in the larger 
specimens (Fig. 2), but 2(2)/3 in the small tadpole. The nostrils are 
rounded with the proximal margin forming a small protuberance. 
Internarial ratio: width of nostril/internarial distance = 0.17 
to 0.33. Longitudinal position of nostrils: rostronasal distance/ 
orbitonasal distance = 1.29–1.83. There is no orbitonasal line, 
but a small pineal spot is present midway between the anterior 
margins of the eyes. Extraocular proportion: width of head minus 
distance between lateral limits of eyes/distance between lateral 
limits of eyes = 0.16–0.32.

The spiracle opening is not attached to the body wall, rounded, 
smaller than the spiracular tube, positioned 70–74% posteriorly 
along trunk. The vent opening is dextral, confl uent with the 
ventral fi n margin. The tail muscle is two thirds as high as the 
body, with the low dorsal fi n only reaching half the height of the 
tail, and the ventral fi n about half the height of the dorsal fi n. The 
tail tip is acutely tapered. The dorsal fi n originates just anterior 

to the junction of the tail and body, rising gradually to a high 
point 41–48% posteriorly along tail. The extrapolated tail axis 
passes dorsal to the eyes. Tail length/ length of head and trunk = 
2.3–2.7. 

The tadpole is pale with translucent skin, on which very fi ne 
black stippling is present, forming irregular clumps over the tail, 
fi ns, and lateral and dorsal surfaces of the body. Dark pigment is 
present over the terminal 25% of the fi ns, where it forms a black 
margin on the dorsal and ventral fi n margins. The ventral surface 
of the body is unpigmented.

The measurements of the larger Stage 38 tadpole are: total 
length 40.2, tail length 29.2, maximum fi n height 5.5, highest 
point on fi n to tail tip 15.3, snout tip to spiracle 8.1, snout tip to 
nostril 2.3, snout tip to eye 3.8, internarial distance 1.7, interocular 
distance 3.6, width of oral disc 2.4.

Body shape is similar in all known Leptopelis tadpoles, which 
have long tails with low fi ns. The largest recorded tadpoles are 
found in L. gramineus (Schiøtz 1999) and are 64 mm long, while 
the smallest are those of L. hyloides which are only 34 mm in 
total length (Oldham 1977). 

The labial tooth row formula is known to change as the 
tadpoles grow, and more rows are added, as documented in L. 
calcaratus (Schiøtz 1999) and L. nordequatorialis (Perret 1966). 
This is apparent in the specimens of L. xenodactylus, with the 
smallest tadpole having two anterior rows of labial teeth, and the 
larger specimens four rows. The jaw sheaths of L. xenodactylus 
are heavy, resembling those of Kassina in build, suggesting that 
they are able to feed on the tough vegetation.

Previously described tadpoles of Leptopelis are all darkly 
pigmented, such as L. viridis (Rödel 2000) although the 
pigmentation in this species does not extend to the ventral surfaces 
of the head (Inger 1968). The ventral fi ns are unpigmented in 
other species of the genus (e.g., L. natalensis, L. mossambicus, 
and L. oryi (Inger 1968; Oldham 1977; Wager 1986).

The tadpole of Leptopelis xenodactylus can be distinguished 
from L. natalensis, the only other species in the genus likely to be 
sympatric, by the presence of the dark tail tip.

Tadpoles are useful for monitoring the presence of amphibians. 
The distinctive tadpole of L. xenodactylus is much easier to fi nd 
than the burrowing adults, which may even vocalize from below 
ground level. Searching for tadpoles would be an appropriate 
means of discovering additional localities of this highly cryptic 
and endangered species.
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assistance in the fi eld.
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Social communication in anuran amphibians is predominantly 
mediated by acoustic signals. However, visual displays have 
been observed in several species in variable behavioral contexts. 
Some visual displays were interpreted as part of courtship and/or 
territorial behavior, especially in diurnal stream dwelling frogs, 
where the noisy environment hampers acoustic communication 
(see Grafe and Wanger 2007; Haddad and Giaretta 1999; Hödl 
and Amézquita 2001; Lindquist and Hetherington 1996; Narvaes 
and Rodrigues 2005). The functional role of visual displays is 
so far not well understood, especially in cases where it occurs 
in nocturnal species and/or in forest dwelling species (e.g., 

Amézquita and Hödl 2004). As demonstrated recently by various 
authors (e.g., Giasson and Haddad 2006; Hartmann et al. 2004), 
visual signaling in nocturnal frogs seems to be more common and 
is found in many more species than previously thought. 

Within the Hylidae, visual displays have been observed in 
several nocturnal species (e.g., Amézquita and Hödl 2004; 
Hartmann et al. 2004; Toledo et al. 2007; Zina and Haddad 2007). 
Frogs of the genus Phyllomedusa engage in male-male combat 
(e.g., De Jesus et al. 2003; Matos et al. 2000; Wogel et al. 2004), 
and in some species visual signals were reported during combats: 
P. hypochondrialis has been observed to display “hand-waving” 
(Laurent 1973); leg signals and pedal luring were observed in 
P. burmeisteri (Abrunhosa and Wogel 2004; Bertoluci 2002; 
Haddad and Giaretta 1999), and foot fl agging was reported for P. 
distincta (Castanho 1994) and P. sauvagii (Halloy and Espinoza 
2000). Phyllomedusa boliviana occurs along the dry eastern 
slopes of the Andes and lowlands of eastern Bolivia to northern 
Argentina, western Mato Grosso and Rôndonia, Brazil, occupying 
an altitudinal range of approximately 200–2000 m elev. (Köhler 
2000). Its breeding biology has been reported in detail by Vaira 
(2001). We here report for the fi rst time on visual signaling in P. 
boliviana during male-male interaction and discuss the possible 
origin of leg stretching behavior in nocturnal anurans.

Materials and Methods.—Observations were made by MJ 
in an inter-Andean dry valley at Pampagrande (18°05.257'S, 
64°06.842'W, 1298 m elev.), Province of Florida, Department 
of Santa Cruz, Bolivia, on 29 November 2005 (2330 h, 19.7°C 
air temperature, 60% air humidity). For characters of the general 
study area see Azurduy et al. (2004) and Ibisch et al. (2004). 
Males of P. boliviana called at a small artifi cial pond within 
the small village. Photos and short movie sequences of the 
behavior, as well as recording of calls were taken with a Minolta 
Dimage X50 digital camera. A short video sequence was later 
analyzed on computers. We used the time scale of the Windows 
Media Player for counting of seconds of leg stretching behavior. 
Similar observations were done immediately before and during 
crepuscular light but without torch light. Due to lack of recording 
we were not able to analyze them adequately. 

Results.—Around the pond several males of P. boliviana were 
calling (together with Pleurodema cinereum). The behavior of two 
males observed in a shrub might be classifi ed by the following 
phases:

Approaching Phase: One male (here called resident, Male 
A) was calling ca. 150 cm above the water body. The apparent 
intruder (here called Male B) was sitting less than 10 cm distance 
from the fi rst, ca. 140 cm above the water body (Fig. 1-1). Male 
A continued calling, whereby the call type was in agreement with 
advertisement calls described for P. boliviana by Köhler (2000).

Signaling Phase: Nine visual displays were recorded. Male A 
stretched legs in an alternating manner, whereby stretch displays 
of one leg had a duration of 5–25 seconds (mean 12.75 ± 8.8; N = 
4). The signaling phase itself can be subdivided into four sections: 
lifting of leg (section I); stretching (section II); movement in an 
arc backwards and above the body (section III; Fig. 1-2); and 
bringing back the leg alongside the body (section IV). In the 
cases where all phases were realized, the total duration of the 
leg stretching behavior was 13–25 seconds (N = 2). Section III, 
in which the leg was kept fully stretched and then brought back 
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alongside the body, lasted for 12–19 seconds (N = 2). After a 
short interval of only 2–4 seconds (N = 2), the other leg was 
lifted. Calling of Male A continued during visual signaling. Leg 
movement did not always consist of all the sections described 
above. In some cases, Male A lifted and stretched the leg entirely 
without doing an arc, then brought the leg alongside the body 
(sections I + II + IV; N = 2). This movement was very slow and 
lasted for about 6 seconds from beginning of the movement to 
full stretching. Just before wrestling, Male A only lifted the leg, 
but did not stretch it entirely, then brought it alongside the body 
(section I + IV; 6 second duration; N = 1).

Wrestling Phase: As Male B slowly continued approaching 
Male A, the latter initiated a physical combat with a jump forward. 
This physical encounter consisted of a slow wrestling movement, 
each male trying to grab the opponent´s head and body with fore 
and hind limbs (Fig. 1-3). This wrestling lasted for 2:25 minutes, 
before Male A managed to climb on top of Male B. During 
wrestling, both males emitted a different call type consisting of 
short series of pulsed notes, much softer than the advertisement 
call. This call lasted 400–418 milliseconds (mean = 407 ± 96; N 
= 3).

Grasping Phase: Wrestling ended in an axillary amplexus with 
Male A on top (Fig. 1-4). Just after Male A reached the back of 
its opponent, it was stretching the left leg for 5 seconds, followed 
by three short, not totally stretched leg-movements, starting with 
the right foot. The fi rst of these movements lasted 3 seconds, the 
following were much shorter (about one second). Both males 
stopped calling, Male B did not try to escape. 

Release Phase: Unfortunately, observations ended before 
Male B was released, but obviously this phase has to follow 
the grasping phase. Loosening of the grip of the superior male 
might be triggered by emission of some kind of release call by the 
inferior male, as reported for P. sauvagii by Halloy and Espinoza 
(2000).

Discussion.—Territorial behavior has been documented 
for various species of nocturnal hylids, among them several 
species of the genus Phyllomedusa: physical combats appear in 
Phyllomedusa boliviana (Vaira 2001; this study), P. burmeisteri 
(Abrunhosa and Wogel 2004), P. hypochondrialis (M. Jansen, 
pers. obs.; Matos et al. 2000), P. sauvagii (De Jesus et al. 2003; 
Halloy and Espinoza 2000), and P. rohdei (Wogel et al. 2004). 
Our observations are most similar to those described for P. 

FIG. 1. Sequence of male-male interaction and visual display in Phyllomedusa boliviana (A, resident male; B, intruding male). 1) Approaching 
Phase; 2) Signaling Phase (showing leg stretching behavior); 3) Wrestling Phase; 4) Grasping Phase. Photos by M. Jansen.
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burmeisteri by Abrunhosa and Wogel (2004) or P. sauvagii by 
Halloy and Espinoza (2000). 

As stated by various authors (e.g., Haddad and Giaretta 1999; 
Hödl and Amézquita 2001), the selective pressures leading to the 
evolution of visual communication in nocturnal anurans are more 
diffi cult to understand than in diurnal species. Visual signaling 
may have evolved in order to avoid physical combat between 
males and could be as important for the maintenance of spacing 
among males, to assure well-positioned leaves or facilitate male 
location by females, as it occurs in the genus Hyalinobatrachium 
(see Hartmann et al. 2005). From our observation, it can be 
summarized that intraspecifi c visual signaling in Phyllomedusa 
boliviana occurred in the context of aggressive behavior, was 
used directionally and displayed toward a target individual, and 
was accompanied by acoustic signaling. It can be postulated 
that in a multimodal display of visual and acoustic signals, the 
acoustic part directs the receiver’s attention to the location of the 
subsequent more informative signal (compare Grafe and Wanger 
2007). Furthermore, it can be assumed that the presence of a 
conspecifi c competitor triggers the frequency of visual signaling 
displayed in a directed mode toward the target individual (see 
Lindquist and Hetherington 1998). These predicted functions of 
visual and acoustic signals have not been tested in P. boliviana.

In the case of Phyllomedusa species, such as P. burmeisteri, and 
P. sauvagii, visual signaling can be understood as an aggressive 
display to defend good calling positions and therefore is strongly 
related to high-quality territories (Abrunhosa and Wogel 2004; 
Halloy and Espinoza 2000). Defense of an advantageous calling 
position is known for many arboreal frogs and occurs in several 
families, e.g., Centrolenidae and Hyperoliidae (Bolivar et al. 1999; 
Guayasamin and Barrio-Amorós 2005; Passmore and Telford 
1981; pers. obs.). One common character in these male-male 
interactions is some kind of wrestling with close contact of bodies, 
connected with kicking movements of the hindlimbs, targeted at 
pushing the competitor from its position. In most of these cases, 
wrestling and kicking is connected with intense calling activity 
(e.g., Köhler and Böhme 1996). Thus, it might be postulated 
that the behavior of foot fl agging (sensu Hödl and Amézquita 
2001) used as visual signal in arboreal and nocturnal anurans is a 
derived behavior, originating from a more plesiomorphic kicking 
movement in male-male combats. It is possibly only a small step 
from trying to kick a competitor from the twig in direct body 
contact to “ritualized” leg stretching triggered by the visual and 
acoustic presence of a conspecifi c competitor. 
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Morelet’s Crocodile (Crocodylus moreletii) is a large crocodilian 
(total length [TL] to 416 cm; Perez-Higareda et al. 1991) 
inhabiting the Atlantic and Caribbean lowlands from northern 
Mexico southwards to Guatemala and Belize (Groombridge 
1987). The scalation of C. moreletii has previously been described 
(Brazaitis 1973; Fuchs 1974; King and Brazaitis 1971; Ross and 
Mayer 1983; Ross and Ross 1974; Ross and Ross 1987; Smith 
and Smith 1977), but these accounts are based on samples of 
specimens collected from widely scattered localities in various 
range countries, or of unspecifi ed (or unknown) provenance. 
Additionally, some descriptions are based on small numbers of 

specimens, perhaps refl ecting the overall paucity of large reptiles 
in museum collections (Barker and Barker 2008). Consequently, 
published descriptions of C. moreletii are of little use for assessing 
intraspecifi c geographic variation in meristic characters, such 
as scalation. This situation is not unique to C. moreletii as 
phenotypic variation in scalation remains undetermined for most 
species of crocodilians (Ross and Roberts 1979). Indeed, with 
a few notable exceptions (Hall 1989; Ross and Roberts 1979) 
there has never been a comprehensive systematic analysis of 
geographic variation published for any species of crocodilians 
(Busack and Pandya 2001). Such analyses may identify 
geographically distinct populations that qualify for taxonomic or 
legal recognition (Busack and Pandya 2001; Hall 1989; Smith 
et al. 1997). Furthermore, studies of intraspecifi c phenotypic 
variation are an essential prerequisite to our understanding of 
biogeography, evolution, and ecology (Storer 1982). 

Here we describe scalation in a large sample (N = 102) of C. 
moreletii collected in freshwater wetlands of northern Belize 
(Belize, Cayo, Corozal, and Orange Walk Districts) from 1994 
through 1997. Detailed descriptions of this region and our study 
sites are provided elsewhere (Johnson 1983; Platt 1996; Platt 
and Thorbjarnarson 2000; Rainwater et al. 1998). We captured 
crocodiles in conjunction with population surveys (Platt and 
Thorbjarnarson 2000; Rainwater et al. 1998), and studies of 
reproduction (Platt 1996), diet (Platt et al. 2002, 2006), and 
ecotoxicology (Rainwater 2003; Rainwater et al. 2007, 2008). 
Crocodiles were captured at night with the aid of a spotlight; 
smaller crocodiles (TL ≤ 100 cm) were taken by hand or dip-
net, and a noose-pole was used to capture larger individuals (TL 
> 100 cm). Each crocodile was permanently marked for future 
identifi cation by notching the dorsal edge of a unique series of 
caudal scutes (Jennings et al. 1991) and released at the site of 
capture within 12 to 24 hours. We also examined two crocodiles 
that were found dead from unknown causes. The crocodiles in 
our sample ranged from 34.5 to 260 cm TL. Crocodylus moreletii 
occurs sympatrically with the morphologically similar American 
crocodile (C. acutus) in coastal mangrove habitats of northern 
Belize and Mexico (Quintana Roo and Yucatán states) and the 
two species are known to hybridize (Cedeño-Vázquez et al. 2008; 
Hekkala 2004; Ray et al. 2004; Rodriguez et al. 2008). Although 
individuals with characteristics of both species have occasionally 
been reported (Abercrombie et al. 1980; Powell 1972; Schmidt 
1924), only crocodiles exhibiting the irregular subcaudal scale 
groups that are typical of C. moreletii (Platt and Rainwater 2005; 
Ross and Ross 1974) were included in our study. It is important 
to note that in reptiles, meristic characters such as the number of 
scales are determined during embryonic development (Ferguson 
1985; Kerfoot 1970; Ross and Mayer 1983), and other than 
increasing in size, scales do not exhibit postembryonic ontogenetic 
change (Busack and Pandya 2001). 

Scale counts and nomenclature follow Brazaitis (1973), King 
and Brazaitis (1971), and Ross and Ross (1987). We counted 
the following scale groups on each captured C. moreletii: post 
occipital scales, nuchal scales, dorsal scale rows (counted from 
posterior edge of nuchal cluster to posterior margin of hind limbs), 
continuous scales in each dorsal scale row, ventral scale rows 
(counted from the fi rst row posterior to the ventral collar to the 
last complete row anterior to the cloaca), double-crested caudal 
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whorls, and single-crested caudal whorls (Fig. 1). We calculated 
the mean number of dorsal scales for individual crocodiles as the 
sum of the scales in each row divided by the number of rows. 
To calculate the overall mean number of dorsal scales for our 
sample, we summed the total number of dorsal scales and divided 
this value by the total number of transverse rows. Mean values 
are presented as ± 1SD and results were considered signifi cant 
at P ≤ 0.05. 

We found little variation in the number of post-occipital scales 
among our sample of C. moreletii (mean = 4.0 ± 0.4; range = 
3–6); 92 (90.1%) crocodiles had four scales, while two (2.0%) 

were missing an element, and eight (7.8%) had either one (4) 
or two (4) extra elements. The range of post-occipital scales 
that we found is slightly greater than the range of four to six 
reported by others (Brazaitis 1973; Fuchs 1974; Smith and Smith 
1977). However, post occipital scalation was considerably more 
variable among a sample of 100 specimens from throughout the 
geographic distribution of C. moreletii; 64 crocodiles had four 
post-occipital scales, while 36 had additional elements (range 
= 4–7) (Ross and Ross 1987). Using data from Ross and Ross 
(1987), we calculated a mean of 4.5 ± 0.8 post-occipital scales 
for this sample. This value is signifi cantly greater than the mean 
number of post-occipital scales among C. moreletii from Belize 
(One-tailed t-test, t = 5.03, df = 152, P < 0.001).

With a single exception, the nuchal scale group in our sample 
of C. moreletii consisted of two tandem pairs of enlarged scales 
fl anked by a smaller scale on each side. One crocodile in our 
sample lacked the two smaller fl anking scales, and fl anking 
scales were present, although considerably reduced in two other 
crocodiles. The number and arrangement of nuchal scales in C. 
moreletii from Belize is consistent with most published accounts 
(Brazaitis 1973; Fuchs 1974; Ross and Ross 1987; Smith and 
Smith 1977). Ross and Ross (1987) report a slightly larger range 
(4–8) in the number of neck shield (= nuchal) scutes, although 
only 11% of their sample deviated from the modal value of 6. 

The mean number of transverse dorsal scale rows among C. 
moreletii from northern Belize was 15.9 ± 0.3 (range = 15–17). 
The same range is given by others (Brazaitis 1973; King and 
Brazaitis 1971; Smith and Smith 1977), but mean values are 
unavailable for comparison with our data. The mean number of 
dorsal scales in each transverse row ranged from 3.4 ± 0.6 to 5.0 
± 1.1 (N = 102 crocodiles). The overall mean number of dorsal 
scales in each transverse row was 4.3 ± 0.9 (N = 1624 dorsal 
scale rows). The minimum and maximum number of scales in 
any single dorsal row ranged from 1 to 4 and 4 to 6, respectively 
(frequency distribution in Table 1). The maximum number of 
scales in each dorsal row is given as 3–6 by others (Brazaitis 
1973; Ross and Mayer 1983; Smith and Smith 1977). To our 
knowledge, comparable data on the minimum number of scales 
in each dorsal row have not been published. 

The mean number of transverse ventral scale rows among the 
C. moreletii that we examined was 31.5 ± 1.5 (range = 28–37). 
Mean values for ventral scalation have not been previously 
reported for C. moreletii; however, the range that we found is 
somewhat greater and encompasses the range of 29–33 given by 
Brazaitis (1973). The mean number of double- and single-crested 
caudal whorls among C. moreletii from Belize was 17.3 ± 0.6 
(range = 16–19) and 20.0 ± 1.0 (range = 16–22), respectively. 

TABLE 1. Frequency distribution of the minimum and maximum number of scales in each dorsal scale row of 
Crocodylus moreletii (N = 102) collected in northern Belize (1994–1997). Number of crocodiles followed by 
percent of N in parentheses. 

 Number of scales

 1 2 3 4 5 6

Minimum 2 (1.9) 34 (33.3) 38 (37.2) 28 (27.4) 0 0
Maximum 0 0 0 1 (0.9)  13 (12.7) 88 (86.2)

FIG. 1. Generalized dorsal (left) and ventral (right) view of a crocodile 
showing major scale groups, ventral collar, and cloaca. Transverse dorsal 
scale rows are counted from the fi rst row posterior to the nuchal cluster to 
the posterior margin of hind limbs. Ventral scale rows are counted from 
the fi rst transverse row posterior to the ventral collar to last complete row 
anterior to the cloacal margin. (Drawing modifi ed from Brazaitis 1973). 
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Mean values for double- and single-crested caudal whorls are 
unavailable for comparison with our data. The range of 17–20 
double-crested caudal whorls reported elsewhere for C. moreletii 
(Brazaitis 1973; Smith and Smith 1977) is somewhat greater 
than we found in Belize. According to Brazaitis (1973), C. 
moreletii is characterized by 19 (range not given) single-crested 
caudal whorls, the median value of our sample. The distal-most 
single-crested caudal whorls appeared to be missing or deformed 
(probably as a result of past injuries; Webb and Messel 1978) in 
many of the C. moreletii that we examined making comparisons 
of this character among populations problematic.

In conclusion, our study constitutes the fi rst quantitative 
description of scalation among C. moreletii from a specifi c, well-
defi ned geographic region. A comparison of our data with the 
few published accounts suggest that interpopulational differences 
in scalation may exist among C. moreletii, although whether 
populations can be identifi ed on the basis of scalation remains 
to be determined. Differences between our data and published 
descriptions were noted among post occipital, dorsal, and ventral 
scale groups. Interestingly, a cursory examination by SGP and 
TRR of a small number of C. moreletii at a crocodile farm in 
Villahermosa, Mexico, suggests that at least in dorsal scalation, 
these animals differed from conspecifi cs in Belize. However, a 
complete analysis of geographic variation in scalation among 
C. moreletii must await the publication of comparable data from 
other range countries. 
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The limestone islands of the Pulau Banggi (ca. 07°14–19'N, 
117°5–10'E) group are situated off the northeast coast of the island 
of Borneo, and due south of the Philippines islands of Balabac 
and Palawan (Fig. 1). In geographical terms, they lie between the 
basins of the South China Sea and that of the Sulu Sea, and cover 
a total land area of 699 km2. Banggi, the largest of these islands, is 
ca. 700 km2 in area and has a coastline of 420 km (Teh et al. 2005). 
Other important islands of the group include Balambangan and 
Malawali, the former island with extensive limestone formation, 
with outcrops reaching 120 m (Tuen et al. 2002). Administratively, 
these islands fall under Kudat District of Sabah (East Malaysia), 
and are included in the proposed (in 2003) Tun Mustapha Marine 

Park, designated primarily to protect the rich marine life of the 
surrounding seas. The archipelago comprises about 70 islands, 33 
of which are inhabited by an estimated 80,000 people of various 
ethnic origins (Biusing 2001). 

The fi rst naturalist recorded to have collected on these islands 
is Francis Henry Hill Guillemard (1852–1933), in 1883, on 
board the 420-ton auxillary screw yacht ‘The Marchesa,’ which 
visited islands of eastern Asia and New Guinea on a natural 
history expedition. Although the purpose of the stop at Banggi 
was to obtain fresh water, Guillemard also made a collection 
of birds (Chasen and Boden Kloss 1930). In 1886, Alfred Hart 
Everett (1849–1898), then Resident of Trusan, Sarawak, and 
formerly with the British North Borneo Company, an important 
collector of Bornean fauna, visited these islands, and again made 
ornithological collections. The earliest herpetological collection 
took place on these islands in 1927, organized and led by Cecil 
Boden Kloss (1877–1949) of the Raffl es Museum, Singapore, 
in collaboration with Henry Maurice Pendlebury (1893–1945), 
systematic entomologist with the Federated Malay States 
Museum. Besides the archipelago, the Expedition also worked in 
adjacent mainland, in what was then the Residencies of Sandakan 
and Kudat. Material from these collections is extant in the 
collection of the ZRC. However, little has been published on the 
herpetofauna of the region, apart from the citation of a specimen 
of Bronchocela cristatella in Tan (1993).

We report here the results of two separate inventories, undertaken 
in 2003 by the fi rst author on Pulau Balambangan in the month of 
June, and by the second author on Pulau Banggi, in July. Lowland 
limestone forests characterize these islands, and include forests of 
tall trees of the Dipterocarpaceae, besides Calophyllum spp. and 
Ficus spp., growing sometimes on steep cliffs, besides limestone 
cliffs and coastal, sandy beaches (descriptions in Rahman and 
Abdullah 2002). As sampling periods were short (2–5 days), we 
employed opportunistic collection methods, such as collections 
along established trails and adhesive traps, rather than pit-
fall trapping, searches in leaf-litter plots, and time constrained 
searches. We also examined specimens in museum collections to 
augment our list.

Abbreviations used include:
BOR.– The Borneensis Collection of Universiti Malaysia 

Sabah (including collections of Universiti Kebangsaan Malaysia, 
UKMS), Kota Kinabalu, Sabah, Malaysia,

ID.– The fi eld collection number of the fi rst author,
SSM.– Sabah State Museum and Archives, Kota Kinabalu, 

Sabah, Malaysia, and
ZRC.– Zoological Reference Collection, Raffl es Museum 

of Biodiversity Research, National University of Singapore, 
Singapore (USDZ in Leviton et al. 1985). For one specimen, the 
voucher specimen (prefi xed with ZRC [IMG]) is a digital image.

Nomenclature of amphibians follows Frost et al. (2006) as 
revised by Frost (2007); that of the Pythonidae follows Rawlings 
et al. (2008).

AMPHIBIANS
FAMILY DICROGLOSSIDAE

Limnonectes kuhlii: BOR 12409–12411, BOR 12413–12418, 
Sungai Kepitan, Kampung Kalangkaman, Pulau Banggi (07°18'N, 
117°5.2'E), 27 July 2007.
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Limnonectes leporinus: BOR 12408, Sungai Kepitan, 
Kampung Kalangkaman, Pulau Banggi (07°18'N, 117°5.2'E), 
27 July 2007; ZRC 1.12152 (ex ID 7779), west coast of Pulau 
Balambangan (07°12'N, 116°45'E), 18 June 2003. 

FAMILY MICROHYLIDAE
Kalophrynus pleurostigma: ZRC 1.12151 (ex ID 7772), 

bank of an unnamed freshwater stream on west coast of Pulau 
Balambangan (07°12'N, 116º45'E), 18 June 2003.

Microhyla borneensis: BOR 12402, Kampung Kalangkaman, 
Pulau Banggi (07º18.5'N, 117º5.16'E), 26 July 2003.

FAMILY RHACOPHORIDAE
Polypedates macrotis: ZRC 1.10885, ex ID 7773, west coast of 

Pulau Balambangan (07º12'N, 116º45'E), 18 June 2003.
Rhacophorus appendiculatus: BOR 12405–07, BOR 12412, 

Forest path nr. Kampung Kalangkaman, Pulau Banggi (07º18'N, 
117º5'E), 27 July 2007.

Rhacophorus pardalis: BOR 12401, BOR 12404, Forest path 
nr. Kampung Kalangkaman, Pulau Banggi (07º18'N, 117º5.1'E), 
26 and 27 July 2007, respectively.

FAMILY RANIDAE
Hylarana raniceps: BOR 12403, BOR 12419, Sungai Kepitan, 

Kampung Kalangkaman, Pulau Banggi (07º18'N, 117º5.2'E), 27 
and 28 July 2007, respectively.

REPTILES
FAMILY AGAMIDAE

Bronchocela cristatella: BOR 02721, Pulau Balambangan 
(cited by Tan 1993:2) (no further sampling data).

FAMILY GEKKONIDAE
Gekko gecko: SSM 0383, Pulau Balambangan; ZRC 2.5732 (ex 

ID 7948), west coast of Pulau Balambangan (07º12'N, 116º45'E), 
19 June 2003; UKMS (at present BOR) Re. 443, ZRC 2.1018–
1023, “Pulau Banggi” (no further sampling data).

Gekko monarchus: ZRC 2.6557 (ex ID 7776) and ZRC 
2.6558 (ex ID 7778), west coast of Pulau Balambangan (07º12'N, 
116º45'E), 18 June 2003.

FAMILY SCINCIDAE
Apterygodon vittatum: ZRC 2.6559 (ex ID 7774), west coast 

of Pulau Balambangan (07º12'N, 116º45'E), 18 June 2003.

Emoia atrocostata: ZRC 2.1564, Pulau Banggi (no further 
sampling data); west coast of Pulau Balambangan (07º12'N, 
116º45'E; I. Das, fi eld sighting, 21 June 2003).

Eutropis multifasciata: UKMS (at present BOR) Re. 391, Wak 
Wak, Pulau Banggi, Kudat District (07º08'N, 117º06'E); UKMS 
(at present BOR) Re. 402, Selamat Darat, Pulau Balambangan, 
Kudat District (07º15'N, 116.56'E) (no further sampling data).

FAMILY ELAPIDAE
Laticauda colubrina: Tan (2008) recorded this species from 

Pulau Banggi.
FAMILY PYTHONIDAE

Broghammerus reticulatus: ZRC 2.3143–3147, Pulau Banggi 
(no further sampling data).

FAMILY COLUBRIDAE
Boiga dendrophila: ZRC [IMG] 2.64, west coast of Pulau 

Balambangan (07º12'N, 116º45'E), 20 June 2003. Tan (2008) 

FIG. 1. Maps (on left) of Borneo and (on right) of the Pulau Banggi group of islands, Kudat District, Sabah, off the northeast coast of Borneo, and 
the islands of southern Philippines. Broken lines indicate 40 m contour. 
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presented an image of this species from Pulau Malawali.
Chrysopelea paradisi: ZRC 2.3599, Pulau Banggi (no further 

sampling data).
Dendrelaphis caudolineatus: ZRC 2.6560 (ex ID 7777), west 

coast of Pulau Balambangan (07º12'N, 116º45'E), 18 June 2003.
FAMILY CROCODYLIDAE

Crocodylus porosus: Not collected, but reported by the 
local Bajau tribesmen as occurring off the waters of Pulau 
Balambangan.

Excluding marine turtles, for which no data are currently 
available, Pulau Banggi and adjacent islands are home to at 
least eight species of amphibians and 12 species of reptiles. All, 
save one (Gekko gecko), are widespread across the lowlands 
of Borneo, a distributional pattern similar to that shown by the 
island group’s avifauna (Chasen and Boden Kloss 1930). The 
sole reptile not known from Borneo is widely distributed in the 
Philippine Archipelago, and may either be a recent emigrant via 
the Palawan-Balabac corridor, or competitively excluded on the 
main island by the closely related and presumably ecologically 
similar Gekko smithii. The islands to the north of the Pulau 
Banggi group lie within the jurisdiction of the Philippines, and 
the herpetofaunas of Palawan and Balabac has been enumerated 
by Mocquard (1890) and Boulenger (1894).
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Tadpoles are studied in a variety of fi elds including husbandry, 
developmental physiology, toxicity testing, and basic biological 
and ecological research. In many instances it is necessary to use 
gloves when handling tadpoles or during water changes to protect 
the experimenter (e.g. teratology research) or to promote hygiene 
and prevent the transfer of pathogens between tadpoles (Retallick et 
al. 2006; Sobotka and Rahwan 1999). While investigating aspects 
of the virulent amphibian fungal pathogen Batrachochytrium 
dendrobatidis, we discovered that a variety of gloves can be 
lethal to tadpoles. We present here two case studies, one in the 
lab and one in the fi eld, and two experiments, all demonstrating 
the lethal effect of gloves on tadpoles. Following exposure to the 
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various glove treatments, all tadpoles were categorized as either 
fi ne, listless, or dead. 

Case Study 1: Laboratory
Batrachochytrium dendrobatidis infects the skin of frogs, 

but only the mouthparts of tadpoles (Knapp and Morgan 
2006; Marantelli et al. 2004). During a laboratory experiment 
investigating B. dendrobatidis infection in Litoria genimaculata 
and Litoria nannotis tadpoles, each tadpole was to be measured, 
weighed, and its mouthparts swabbed with a sterile cotton swab to 
test for B. dendrobatidis by diagnostic PCR (Boyle et al. 2004). A 
new pair of latex gloves (SuperMax, low powder) were worn when 
handling each tadpole to prevent transmission of B. dendrobatidis 
between individuals and to prevent DNA contamination of swab 
samples. Each tadpole was scooped out of its container with a 
gloved hand. The tadpole was secured, ventral surface up, in 
between the index and middle fi ngers by gently depressing the 
thumb to the base of the tail. A swab was gently passed over the 
mouthparts repeatedly to collect B. dendrobatidis DNA on the 
cotton fi bers. Each tadpole was in hand for approximately 30–90 
seconds before being returned to its container. 

Thirty-six L. genimaculata had been processed in this way 
when we observed that some of the earliest handled tadpoles 
appeared listless, could not remain upright, and had diffi culty 
using their tails for locomotion. Upon closer inspection, the 
tails of the listless tadpoles were gray and dead in appearance 
at the locations where gloved fi ngers held them in place during 
swabbing. At that time, we suspended tadpole handling. Within 
24 h, 26 of the 36 tadpoles died. The surviving ten tadpoles did 
not appear listless, showed no overt adverse effects and survived 
4–6 weeks to metamorphosis (Fig. 1A). Although care was taken 
to handle tadpoles gently, the observed mortality could possibly 
have been due to mechanical damage, so we initiated a series 
of experiments. Based on the results of these experiments (see 
below), we switched from latex to vinyl gloves for the remainder 
of the lab study. Ten unhandled L. genimaculata and L. nannotis 
tadpoles were processed as previously described except with vinyl 
instead of latex gloves. Following 24 h of observation, no mortality 
or ill effects were noted. Satisfi ed that vinyl gloves were safe for 
tadpoles of these species, the remaining 13 L. genimaculata and 
22 L. nannotis tadpoles were processed using vinyl gloves (Fig. 
1A). All tadpoles appeared unaffected after handling. In total, 
26/36 L. genimaculata died following handling with latex gloves, 
while 0/23 L. genimaculata and 0/32 L. nannotis died following 
contact with vinyl gloves. 

Experiment 1: Glove Soak
To determine the best gloves for handling tadpoles, we 

conducted an experiment testing the three most common glove 
types: latex (SuperMax, low powder), vinyl (Livingstone, clear, 
low powder), and nitrile (Livingstone, low powder). Forty non-
native Bufo marinus tadpoles were captured from a local pond 
and allowed to rest in individual 1000 mL containers with 500 
mL of collected rainwater and a pinch of powdered tadpole chow 
(3:1 alfalfa pellets:fi sh food, ground and passed through a 250 
μm sieve). After 24 h, one of each glove type was draped over the 
edge of the container for fi ve minutes so that the fi ve fi ngers of 
each glove were submerged. Ten control containers had no contact 

with a glove. The condition of each tadpole was recorded at 2, 12, 
24, and 72 h following removal of the glove, however, tadpole 
condition did not change beyond the two hour post-exposure 
point. One of ten tadpoles exposed to the latex gloves died 
and two more were listless and fl oating awkwardly within two 
hours of glove exposure. One of the tadpoles exposed to nitrile 
gloves was listless while all of the vinyl and control treatments 
appeared unaffected (Fig. 1B). The listless tadpoles remained in 
an impaired state for the full 72 h of observation and appeared 
permanently affected. These listless tadpoles were euthanized and 
preserved in 70% ethanol. Although three of the ten B. marinus 
tadpoles exposed to latex gloves experienced deleterious effects, 
the rate of mortality was lower than we expected given the high 
level of mortality we previously observed in L. genimaculata. We 
hypothesized this difference was related to the different methods 
of glove exposure. The L. genimaculata in “Case Study 1” were 
in direct physical contact with the gloves during measuring and 
swabbing while the B. marinus in “Experiment 1” were in water 
in which gloves were soaked. This indirect glove contact may 
have yielded a lower dose of the toxic compound(s).

Experiment 2: Glove Contact
To determine whether direct glove contact increases mortality, 

we ran a second experiment in which B. marinus tadpoles were 
handled in the same manner as previously described for L. 
genimaculata and L. nannotis. Each tadpole was gently held in 
place at the base of the tail between the thumb and index fi nger 
for 60 seconds with one of the three types of gloves as treatments 
or with an ungloved hand as a control. A new glove was worn 
for each tadpole and the treatments were interspersed, with each 
glove type and the bare hand treatment applied in succession. 
Prior to the no glove treatment, hands were rinsed in tap water 
and dried with a paper towel to remove any residual powder from 
the previous glove treatment. 

Within two hours of handling, all tadpoles that had been in 
contact with latex or nitrile gloves were dead or listless. Those 
that were listless died within 24 h (Fig. 1C). Listless tadpoles 
had little to no tail function and the usually dark black tail had a 
discolored, dead-looking, gray appearance. This discoloration was 
most pronounced where direct contact with the gloves occurred. 
Particles in the water soon began to attach to the epidermis of 
the dying tail, giving it a fuzzy appearance. None of the tadpoles 
handled with either vinyl gloves or bare hands suffered noticeable 
ill effects and all survived to metamorphosis (Fig. 1C).

Case Study 2: Field
We applied our conclusion that vinyl is the safest glove material 

to “Case Study 1: Lab” (described above) as well as a fi eld study 
monitoring B. dendrobatidis in the wild. Individual tadpoles were 
to be captured, handled with vinyl gloves, measured, swabbed for 
B. dendrobatidis infection, and returned to the stream unharmed. 
During initial fi eld sampling, individuals were processed and 
kept temporarily in a holding tray to monitor condition following 
swabbing. Unexpectedly, of the fi rst ten L. nannotis tadpoles 
processed, four became listless and died within one hour (Fig. 
1D). The remaining six tadpoles appeared normal and did not 
develop signs over the following 24 h. As a test, the next ten 
captured tadpoles were processed with bare hands and suffered 
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no ill effects, suggesting the gloves and not the handling were the 
cause of mortality. The next ten captured tadpoles were processed 
with vinyl gloves that were rinsed in a bucket of water prior to 
handling. All of these tadpoles survived and appeared normal 
suggesting that a substance on the outside of the vinyl glove was 
toxic and that rinsing successfully removed it. All tadpoles were 
held for 24 h for observation. From this point on we incorporated 
the rinsing of vinyl gloves into the standard fi eld protocol. Vinyl 
gloves were rinsed in a 10 L bucket of water which was changed 
after at most ten tadpoles. This was adequate to ensure the glove-
wash residue did not attain a high enough concentration to cause 
harm. To date over 2500 tadpoles have been handled with washed 
vinyl gloves with no ill effects. On a few occasions, the rinsing 
step was accidentally skipped and many of these tadpoles became 
listless and died. 

The fact that the same type and brand of vinyl glove did not 
cause mortality in L. nannotis tadpoles in the laboratory trials but 
did cause mortality in the fi eld suggests that the presence or level 
of the toxic compound(s) may vary among boxes of gloves. This 
may be a result of varying conditions during glove fabrication. 
During production of disposable gloves, a large number of 
chemicals are added including vulcanizers, accelerators, colorants, 
preservatives, stabilizers, and antistatic agents (Boman et al. 
2004). These chemicals are typically the cause of glove sensitivity 
in humans. The type and quantity of these compounds can vary 
widely among manufacturers and possibly even production runs 
(Boman et al. 2004). 

Our results show that unwashed latex, nitrile, and vinyl gloves 
can be toxic to tadpoles. Unwashed latex and nitrile gloves caused 
up to 100% tadpole mortality following only 30–90 seconds of 
direct contact (Fig. 1C). Rapid, localized necrosis of tissue at 
the point of contact was observed grossly. Even fi ve minutes of 
partial glove submersion was suffi cient to cause mortality in the 
latex and nitrile treatments (Fig. 1B). 

Despite a thorough literature search, only two references to 
the toxic effects of gloves on tadpoles were found and both of 
these were published in toxicological journals, likely to have low 
readership by herpetologists. In a letter to the editor, Sobotka 
and Rahwan (1999) reported that water from unwashed latex 
gloves (American Dental Association, Safeskin brand) and 
washed latex gloves (Baxter Pharmaseal Flexam) soaked for 24 
h caused mortality in Xenopus laevis tadpoles. However, water 
from washed vinyl gloves (Baxter Trifl ex) did not. Gutleb et al. 
(2001) reported 100% mortality in X. laevis and Rana temporaria 
tadpoles exposed to water from unwashed latex gloves (Becton-
Dickinson) soaked for 24 h. Even very dilute solutions of glove-
soaked water (0.29% for X. laevis and 0.15% for R. temporaria) 
caused 100% mortality. Gutleb et al. (2001) found that vinyl 
gloves (Becton-Dickinson) soaked for 24 h also killed tadpoles, 
but only at relatively high concentrations: 33% and above. 
Mortality was 100% at or above this concentration but 0% below 
this concentration. 

Our results, together with the results from these published 
studies, demonstrate the potentially high toxicity of latex gloves 
to tadpoles. Different brands of latex gloves, different exposure 
methods, and tadpoles of different species were used in each 
study. Sobotka and Rahwan (1999) tested washed and unwashed 
latex gloves. The end result, however, was the same: signifi cant 

tadpole mortality. This suggests that glove toxicity may be 
associated with many different brands of disposable latex glove 
and tadpoles of many different species are likely to be affected. 
Ours is the fi rst report that nitrile gloves can also be extremely 
toxic to tadpoles, producing 100% mortality in Bufo marinus 
following direct glove contact. 

We found that unwashed vinyl gloves can also cause mortality, 
however, at a lower rate than either latex or nitrile gloves. This 
fi nding is supported by Gutleb et al. (2001) who found that 
vinyl glove-soaked water caused mortality only at dilutions over 
110 times more concentrated than latex glove soaked water. 
Importantly, by rinsing the vinyl gloves in water we eliminated 
any obvious toxicity. 

As a result of the apparently more toxic nature of latex and 
nitrile gloves compared with vinyl, and the ability to eliminate 
toxicity in vinyl gloves through rinsing, we recommend the use 
of well rinsed vinyl gloves when handling tadpoles or cleaning 
aquaria. However, all glove brands and types are potentially toxic 
and should not be used until proven safe with tadpoles of the 
particular species being handled. Even then, handled tadpoles 
should be observed carefully as toxicity may vary between 
production runs. 

FIG. 1. A) Case Study 1: Laboratory. Number of Litoria genimaculata 
and Litoria nannotis tadpole deaths within 24 h following contact with 
latex or vinyl gloves for 30–90 seconds. B) Experiment 1: Glove Soak. 
Number of Bufo marinus tadpole deaths within 72 h following contact 
with water containing latex, vinyl, and nitrile gloves soaked for 5 
minutes. C) Experiment 2: Glove Contact. Number of B. marinus tadpole 
deaths within 24 h following direct contact with latex, vinyl, and nitrile 
gloves and bare hands for 60 seconds. D) Case Study 2: Field. Number 
of L. nannotis deaths within 24 h following direct contact with unwashed 
vinyl gloves, washed vinyl gloves, and bare hands for 30–90 seconds. 
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It is important to note that gloves have not been found to affect 
juvenile or adult amphibians negatively. The use of gloves to 
handle amphibians is widespread in the fi eld and lab. Changing 
gloves between amphibians remains an important hygiene 
measure to prevent transmission of infectious agents such as B. 
dendrobatidis and ranaviruses between individual amphibians and 
aquaria. However, given our tadpole results, it would be useful 
to investigate potential non-lethal effects of gloves on adult and 
juvenile amphibians to ensure that gloves really are entirely non-
injurious.
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Studies in population ecology require use of reliable marking 
techniques to estimate various parameters (e.g., population size, 
density, demographics, movement, or behavior; Penney et al. 
2001; Perret and Joly 2002; Walsh and Winkelman 2004; Woods 
and Martin-Smith 2004). However, it is imperative that marking 
techniques meet standard assumptions: 1) marks must remain 
visible for the duration of the experiment, 2) marks are correctly 
recorded, 3) marks do not affect the survival of the animal, 
and 4) marks do not affect the recapture probability of animals 
(Goldsmith et al. 2003; Otis et al. 1978).

Visible implant fl uorescent elastomer (VIE; Northwest Marine 
Technology, Inc., Shaw Is., Washington, USA) was initially 
developed for batch marking migratory fi sh, but has recently 
been used to mark amphibians and lizards (Bailey 2004; Losos 
et al. 2004; Nauwelaerts et al. 2000; Nishikawa and Service 
1988; Penney et al. 2001). Visible implant fl uorescent elastomer 
consists of a liquid polymer added to a curing agent to create a 
fl exible plastic mark. Color kits are available, capable of marking 
15,000 individuals depending on the number of colors used and 
marking design. Our objective was to determine if VIE was an 
appropriate marking technique for snake research based on the 
marking assumptions of Otis et al. (1978) and Goldsmith et al. 
(2003). We hypothesized that VIE would be a reliable marking 
technique for snakes. To our knowledge, our study is the fi rst to 
apply VIE to snakes. 

We conducted this empirical study in a laboratory setting at 
North Carolina State University, Raleigh, North Carolina, USA. 
We marked Red Cornsnakes (Pantherophis guttatus; N = 18) 
between 19 and 29 April 2006. Each snake received three doses 
(1, 2, and 3 μl) of yellow VIE randomized to the general area 
of three locations (neck, midbody, and pre-caudal). We injected 
marks subcutaneously and dorsolaterally on left sides using a 
graduated 1cc Luer-lok syringe with a 25-gauge needle (Becton-
Dickinson, Franklin Lakes, New Jersey, USA). We used 1cc 
syringes to better approximate volumes, which required the 25-
gauge needle for a secure fi t. We injected additional P. guttatus (N 
= 4) and Common Kingsnakes (Lampropeltis getula; N = 6) with 
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blue and red to examine VIE color, ground color, and species 
effects, but did not quantify results from these 10 snakes. 

All snakes were captive-raised and housed individually at 
a constant 26.6°C with food, water, and substrate provided 
regularly. We checked snakes for marks every two weeks using a 
UV-B light. We collected shed skins to record shedding frequency 
and expulsion of marks. Our study concluded on 4 May 2007 
after 370 days.

We calculated retention time as the number of days we 
detected a mark until the median date between when a mark was 
last detected and the following examination. We derived mean 
retention times for each mark volume (1, 2, and 3 μl). To discern 
the effects of mark volume or individual variation on retention 
time, we analyzed retention time as a dependent variable with 
mark volume and individuals as independent variables in an 
additive, 2-factor analysis of variance (ANOVA). Similarly, 
we employed two 1-factor ANOVAs with retention time as the 
dependent variable and shedding frequency (i.e., number of sheds/
individual) or mark location (i.e., neck, midbody, and pre-caudal) 
as independent variables. We performed analyses using PROC 
GLM (SAS 9.1, Cary, North Carolina, USA). We calculated the 
percentage of marks retained to demonstrate mark performance 
by volume.

All 18 P. guttatus used in the experiment were of similar length 
(mean = 990.39 ± 79.41 mm snout–vent length) and weight 
(mean = 370.33 ± 81.93 g). After 370 days, 94, 83, and 100% 
of low (mean = 354 days), medium (mean = 333 days), and 
high (mean = 370 days) mark volumes were retained. A 2-factor 
ANOVA revealed no differences in retention time between mark 
volumes (F2, 34 = 1.27, P = 0.2940) or individuals (F17, 34 = 0.88, P 
= 0.6045). Shedding frequency (mean = 5.05 ± 1.21 sheds/snake) 
did not have a signifi cant effect on mark retention time at low 
(F1, 16 = 0.79, P = 0.3860), medium (F1, 16 = 0.00, P = 0.9501), or 
high mark volumes (100% retention). Analysis of mark location 
revealed a 13% lower mean retention time for marks located pre-
caudally (mean = 321 days) compared to neck (mean = 366 days) 
and midbody (mean = 370 days) mark locations. However, we 
did not detect a signifi cant difference in mark retention among 
mark locations (F2, 51 = 3.00, P = 0.0588).

Our results indicated that VIE was a reliable marking technique 
for snakes, with 94, 83, and 100% retention for low, medium, and 
high volumes after 370 days and no mortalities recorded. Elastomer 
marks were easy to identify and record due to fl uorescent colors. 
We observed a lower retention time for pre-caudal marks. In fact, 
three of the four marks lost (1-low and 2-medium volume) were 
located in the pre-caudal region and were lost through expulsion 
within the fi rst few examinations. If we removed these early loses 
from our analyses, retention times would be 100, 94, and 100% 
for low, medium, and high volumes, respectively. 

Our results demonstrated that VIE marks last at least 370 days 
and satisfy the marking assumptions proposed by Otis et al. (1978) 
and Goldsmith et al. (2003). Branding and scale clipping have 
been reported to last ≥ 3 years (Brown and Parker 1976; Winne et 
al. 2006) and elastomer marks have been reported lasting well over 
a year in amphibians (Davis and Ovaska 2001) and are capable 
of permanence (Kinkead et al. 2006). We acknowledge our short 
study duration (370 days), but believe VIE satisfi es assumptions 
for correct recording, and survival and recapture effects (Davis 

and Ovaska 2001; Kinkead et al. 2006) and is a reliable marking 
technique for snakes. Equipment costs were initially higher for 
VIE (US $465) compared to scale clipping (i.e., scissors) or 
branding (i.e., cautery units ~US $20–25; Winne et al. [2006]), 
but marking costs per snake were small (~$0.10– $0.29 for marks 
of 1– 3 μl). Further, our retention of all mark volumes suggested 
the usefulness of VIE in snakes of any size; small marks can be 
applied to small-bodied species and individuals (≤ 26 cm), which 
may be too small for PIT tags or scale clipping (Spellerberg 
1977). However, problems were encountered with the technique. 
Pre-caudal marks had a 13% lower retention time and accounted 
for 75% of marks lost. Mark losses occurred from 23 days to 310 
days, and were likely due to expulsion from the site of injection. 
Similarly, fragmentation of marks into several pieces could cause 
detection problems. The application of a liquid bandage product 
would likely deter expulsion and pathogen introduction. 

We recommend future studies evaluate the use and effi cacy of 
VIE in snakes, both in lab and fi eld settings. Future studies should 
evaluate using VIE in different species of snakes with various 
ground colors and at various mark locations. Anecdotally, we 
can report that yellow, blue, and red VIE colors were detectable 
in Red Cornsnakes at all volumes, but blue VIE was diffi cult to 
detect in Common Kingsnakes due to the dark ground color of 
this species. Mark volume should be studied in the fi eld to better 
understand mark retention under natural conditions and fi eld and 
laboratory research should focus on survival and recapture rates 
for VIE over longer periods. Future research should evaluate the 
effects of growth on mark detectability and compare stress levels 
incurred by traditional and VIE marking techniques.
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Pond breeding amphibians require terrestrial habitat during 
the non-breeding season in addition to aquatic reproductive 
habitat. Ambystomatid salamanders such as spotted (Ambystoma 
maculatum) and marbled salamanders (Ambystoma opacum) have 
been previously studied to determine migration movements and 
terrestrial habitat requirements. Several migration studies have 
estimated the “life” or buffer zones required for terrestrial non-
breeding habitat. Estimates of habitat area that encompass 95% 
of the population have ranged from 159 m to 370 m (Faccio 2003;  
McDonough and Paton 2007; Rittenhouse and Semlitsch 2007; 
Semlitsch 1998; Semlitsch and Bodie 2003). Few studies have 
examined migration and non-breeding home range of Ambystoma 
species over multiple years because of the diffi culties of long 
term tracking and monitoring of these animals. Recent studies 

have shown that vertebrates with implanted passive integrated 
transponder (PIT) tags are detectable subterraneously (Cabarle et 
al. 2007; Kuhnz 2000). The purpose of this study was to examine 
the utility of PIT tags and a multidirectional radio frequency 
identifi cation (RFID) antenna system (FS 2001 Destron reader 
and Biomark triangle antenna) for tracking and monitoring 
ambystomatid salamanders during the non-breeding season.

Identifying and locating individual salamanders is important 
in determining terrestrial home range and migration. Several 
methods of identifi cation have been used including: photographs 
of spot patterns (Stenhouse 1985), toe clips (Ott and Scott 1999), 
radiotelemetry (Faccio 2003; Madison 1997; McDonough and 
Paton 2007), PIT tags (Blackwell et al. 2004; Gibbons and Andrews 
2004; Ott and Scott 1999), and subcutaneously implanted refl ector 
tags (Moseley and Castleberry 2005). Drift fences have been 
frequently used to monitor migrants to and from breeding pools 
(Kleeberger and Werner 1983; Sexton et al. 1990). Concentric 
circles of drift fences spaced at regular intervals allow researchers 
to determine the approximate area in which salamanders establish 
a home range. However, drift fences only capture salamanders 
moving on or just below the surface. Radiotelemetry studies can 
track animals underground, but transmitters have a short (< 5 
months) battery life and can have high cost (> US $150 each). 
Radioisotopes were used to determine the home range and summer 
movements of A. maculatum (Kleeberger and Werner 1983), A. 
talpoideum (Semlitsch 1983), Plethodon jordani (Madison and 
Shoop 1970), and Desmognathus fuscus (Ashton 1975), but do 
not allow for individual specifi c identifi cation. 

Materials and Methods.—In this study we attempted to locate 
and track ambystomatid salamanders using RFID antenna systems 
with animals that had been marked during previous reproductive 
seasons with PIT tags. The study area was a constructed vernal 
pool on the Tennessee Valley Authority’s (TVA) South Holston 
Weir Dam property (36.5239°N, 82.1100°W) in Sullivan County, 
Tennessee, USA. The fl oodplain forest at this location supports 
populations of both A. maculatum and A. opacum, with the 
population of A. opacum being distinct and disjunct in eastern 
Tennessee (Hamed et al. 2007). A two-lane paved road (Holston 
View Dam Road) bisects the property and salamanders living on 
the north side of the vernal pool must cross the road to reach the 
pool. The forested area (0.79 ha) north of the road consists mainly 
of Virginia Pine (Pinus virginiana), Boxelder (Acer negundo), 
and Sycamore (Plantus occidentalis). A mixed deciduous forest 
composed mainly of Sweetgum (Liquidambar stryacifl ua), 
Sycamore, White Oak (Quercus alba), and a 0.5 ha patch of non-
native bamboo (Phyllostachys aureosulcata) border the south 
side of the vernal pool. 

Previous studies have reported variable detection distances 
of PIT tagged vertebrates beneath the soil surface (12–22 cm) 
in both in situ (Kuhnz 2000) and experimental (Cabarle et 
al. 2007) conditions. The observed variability was a result of 
antenna sensitivity and environmental conditions. We fi rst used 
a preserved specimen of A. maculatum obtained from the East 
Tennessee State University teaching collection to determine 
the sensitivity of subterranean detection of PIT tags specifi c to 
our study site in a series of ten location accuracy trials. A TX-
1411-SST PIT tag (Biomark, Idaho) was injected into the body 
cavity of the preserved specimen anterior to the rear limbs. To 
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test detectability of location with the antenna we placed a PIT tag 
implanted preserved salamander on the forest fl oor in the leaf litter 
where it was not visible. The specimen was also buried 5 cm, 10 
cm, 15 cm, 20 cm, 25 cm, 27.5 cm, and 30 cm below the surface 
at the same location. All soil initially removed for burial of the 
specimen was replaced so as to maintain the naturally occurring 
soil density. The soil type at this location was well drained Pettyjon 
loam in a fl oodplain, derived from limestone and shale (USDA 
2008). A waterproof twelve inch triangular, multi-directional, 
RFID antenna with 10' pole and Destron FS 2001 PIT tag reader 
with attenuation control box (model AN-TN-04 Biomark) was 
used to locate the specimen. Biomark technical representatives 
reported that 25 cm was the maximum detection distance under 
factory conditions. In order to determine movement patterns of 
individual animals correctly, it was necessary to identify the actual 
position of the marked animal and to determine the accuracy of 
the detection system under the given soil and environmental 
conditions. The observer moved the antenna in a side to side 
motion at a rate of ca. 0.5 m/sec. Following initial detection of 
the transponder the observer then attempted to mark the correct 
position of the salamander by noting the location at which the 
specimen was fi rst and last detected as the antenna was moved 
horizontally across the forest fl oor. The middle of this range was 
marked as the location of the specimen. The specimen was then 
uncovered and the distance from the marked location determined. 
Ten successive trials at each depth were conducted. In four of 
these trials using a PIT tagged preserved specimen, the maximum 
distance above the ground that the antenna could detect the 
buried specimen was measured using a tape measure before the 
specimen was unearthed. In these four trials the antenna was held 
immediately above the identifi ed point and slowly raised until 
the signal was no longer detected. This measurement provided 
an estimate of the depth of the specimen below the surface by 
subtracting the measured height of the antenna above the soil 
surface from the antenna’s maximum detection depth (27.5 cm).

On 20 October 2006, 30 A. opacum salamanders were captured 
by hand as they crossed Holston View Dam Road during the 
return migration from the vernal pool, and in drift fences in the 
forest bordering the south side of the pool. On 28 February 2006 
and 16 March 2007, 18 and 94 A. maculatum respectively were 
captured along the Holston View Dam Road. On 16 March 2007, 
an additional 78 A. maculatum were captured in pitfall traps in 
an area south of the vernal pool. These 78 salamanders were 
not expected to be found in the PIT tag study area to the north 
of the vernal pool in subsequent surveys. Overall a total of 220 
individuals were tagged, of which 190 were A. maculatum. All 
animals were subsequently immersed in a 1% solution of MS-
222 (tricaine methanesulfonate) buffered to pH 7.0 at room 
temperature until anesthetized, and a 12-gauge sterile syringe 
was used to insert a TX–1411–SST PIT tag (Biomark) into the 
body cavity of the salamander just anterior to the rear limbs. The 
wound was sealed with VetBondTM. Animals were subsequently 
released in the center of the vernal pool. All animals appeared 
healthy at the time of release.

One-quarter of a hectare of the forested area north of Holston 
View Dam road was divided into a grid of 5 m × 5 m quadrats on 
27 July 2007. This area is 36 m from the release site at the center 
of the vernal pool and is bordered on one side by the road, on 

two sides by parking areas, and by the South Holston River on 
the fourth side. These barriers create a discrete patch of useable 
habitat. The entire search area falls within the terrestrial buffer 
zone of 164 m recommend for amphibians (Semlitsch 1998) 
and therefore all PIT tagged individuals were potentially present 
throughout the area. Each 5 m × 5 m quadrat was completely 
searched with overlapping sweeps of the antenna to insure that the 
entire 0.25 ha grid was covered. Surveys were conducted on fi ve 
separate dates resulting in a total of 11 h of effort. Downed logs 
were turned over and areas under the logs were searched. When 
PIT tags were detected the location and depth of the salamander 
was estimated by the same method used in the previous trails with 
a preserved specimen. Location was determined by noting the 
point at which the antenna initially detected the PIT tag and then 
the point at which the antenna no longer detected the PIT tag as 
the antenna was moved horizontally across the surface. Depth was 
estimated by measuring the maximum distance above the ground 
at which the antenna could detect the PIT tag and then subtracting 
this distance from the maximum 27.5 cm depth detection distance 
determined for the antenna under these conditions in the previous 
trials using a preserved specimen. Exact locations of individual 
animals were then marked with numbered surveyors fl ags. Each 
marked location of an identifi ed salamander was then checked 
during subsequent surveys and any change in position was 
marked and measured as a straight line distance relative to the 
most recent known position of that animal. Distance to the edge 
of the vernal pool was measured for each A. maculatum detected. 
Four PIT tag detection points were examined for the presence of 
a live salamander. The leaf litter was searched and a shovel then 
used to carefully remove soil at the detection point. The soil was 
scanned with the antenna until the salamander or transponder was 
found. Salamanders were returned to a small mammal runway 
adjacent to the disturbed area and covered with leaf litter after 
discovery. The remaining tag detection points were not examined 
because of the potential negative effects of stress and desiccation 
on animals disturbed during the then prevailing extreme drought 
conditions (NOAA 2008).

Results.—The PIT tag in the preserved A. maculatum was 
detected in all ten trials up to 27.5 cm below ground. One trial 
located the tag at 30 cm below the surface. The mean deviation 
between the actual location and the predicted location at different 
depths varied from 11.7 cm to 21.3 cm. In unobstructed, open-air 
conditions above the tag, the antenna detected the tag a mean of 
29.7 cm above the tag (range = 27.7–38.6 cm) (95% CI = 26.2–
33.3) (Table 1). 

Eleven percent (12 of 112) of the PIT tagged A. maculatum were 
detected in the study area. Eleven of the 12 A. maculatum were 
individuals that had originally migrated to the vernal pool from 
the north side of the pool. The twelfth individual was originally 
captured in drift fences to the south of the vernal pool. After being 
released in the pool this individual apparently migrated 142 m in 
the opposite direction (north) from its original capture location. 
For A. maculatum the recapture rate of marked salamanders was 
9.8% (discounting the twelfth individual that migrated from the 
south side of the vernal pool). For A. opacum the recapture rate 
of PIT tagged salamanders was 3.3% (1 of 30). A total of eleven 
hours of surveying time was expended in locating the 13 PIT 
tags recovered in the study area with a resulting detection rate of 
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1.18 individuals per hour of surveying effort. The mean distance 
from the edge of the vernal pool to non-breeding habitat traveled 
by A. maculatum was 58.7 m (range = 41.1–72.3 m; 95% CI = 
51.0–66.4). The mean estimated depth of A. maculatum was 6.8 
cm below the forest surface (range = 2.0–15.0 cm; 95% CI = 
4.02–9.61).

Three of four excavated PIT tags revealed a living A. maculatum. 
The fourth tag had been originally placed in a living A. opacum 
and was recovered without the salamander being found. The three 
excavated A. maculatum moved an average of 8.4 m from their 
original locations, after being excavated and then placed in a 
small mammal runway close to the point of capture. Tracking of 
A. maculatum with PIT tags over a seven-week period suggested 
a very limited home range in late summer (< 0.5m2) within the 
restrictions of PIT tag antenna location distance and within the 
confi nes of this study. The 12 A. maculatum observed within the 
0.25 ha surveyed were using a total of 0.24% of the available 
habitat. Eight of the 12 salamanders were found in two separate 
groups of four clustered in an area of 8 m2 each.

Discussion.—The FS 2001 PIT tag reader and triangle RFID 
antenna were shown to detect a preserved A. maculatum with a 
PIT tag 27.5 cm below the surface in 100% of the ten location 
accuracy trials. On only one occasion could the tagged preserved 
specimen be detected at 30 cm below the surface, so 27.5 cm was 
considered the maximum depth of PIT tag detection at the study 
site. Previous studies involving PIT-tagged fossorial vertebrates 
were able to locate the California Legless Lizard (Anniella 
pulchra) under fi eld conditions at depths of up to 12 cm with 
less sensitive RFID antenna systems (Kuhnz 2000), and Tiger 
Salamanders (Ambystoma tigrinum) under controlled conditions 
where specimens in cloth bags were covered with soil up to 22 
cm deep using the same RFID antenna system as in this study 
(Cabarle et al. 2007). Radioactive tags injected into Plethodon 
jordani have been detected at depths of up to 50 cm (Madison 
and Shoop 1970) but could only be detected in A. maculatum 
at depths of 25–30 cm using Cobalt 60 (Kleeberger and Werner 
1983). Radioactive tags do not allow for individual specifi c 
identifi cation of salamanders. The 27.5 cm maximum depth 
detected in this study would have located most A. talpoideum 
from a previous study, which ranged in depth from 2.5–7.5 cm 
(Semlitsch 1981). A. maculatum are thought to inhabit similar 
depths (Semlitsch and Bodie 2003). 
Studies using radio-implanted transmitters 
did not report a depth but salamanders 
were found in shallow small mammal 
runways underground and in leaf litter 
(Madison 1997). With the possible 
exceptions of deep winter burrows used 
by A. maculatum (Faccio 2003), PIT 
tagged ambystomatid salamanders seem 
to inhabit soil depths that can be surveyed 
throughout the summer and during 
breeding migrations.

In this study the “recapture rates” (i.e., 
detection of RFID signals) of PIT tagged 
A. maculatum was 9.8% and A. opacum 
was 3.3%. There were 1.18 captures per 
hour of effort in covering an area of 0.25 

ha during 13 h of surveying. Previous studies of ambystomatid 
salamanders using other marking techniques had recapture rates 
during the fi rst year of 35.7% for PIT tag studies using drift 
fence recapture (Blackwell et al. 2004), and 52.6% to 75% for 
radiotelemetry studies (Faccio 2003; Madison 1997; McDonough 
and Paton 2007; Montieth and Paton 2006) , and 17% after 100 
days for radioisotope based studies (Semlitsch 1981). The lower 
rates of detection of marked individuals in this study are likely 
attributable fi rstly to the diffi culty of detection in summer habitat 
without the use of drift fences and secondly to exceptional 
drought conditions present during the time of this study (NOAA 
2008) that may have driven the salamanders to unusually deep 
depths beneath the soil surface and beyond the range of the RFID 
antenna (> 27.5 cm).

The preserved PIT-tagged A. maculatum specimen was 
identifi ed a mean distance of 11.7–21.3 cm from its actual location 
in our location accuracy trials, depending on the depth at which 
the specimen was buried. This degree of accuracy would allow 
individual specifi c daily or weekly movements to be reliably 
observed. Radioactive tags allowed A. talpoideum to be detected 
with 10 cm accuracy (Semlitsch 1981) as could radio-implanted 
transmitters used to locate A. maculatum (Madison 1997). 

The cost of PIT tagging and tracking individual A. maculatum 
using the latest generation RFID triangular antenna may be more 
overall cost effective than other options for many applications. 
PIT tags cost ≤ US $5.00 each (Biomark, Idaho) when purchased 
in bulk. Radio tags used in other studies cost US $160 each (BD-
2 model Holohil Systems, Ontario, Canada). The triangular RFID 
antenna and tuning box for PIT tags cost approximately US $4,900 
(Biomark) compared to antennas for tracking radio transmitters 
that cost US $650 (Holohil). The total cost to tag and track 200 
A. maculatum with PIT tags would be about US $5,900, while the 
total cost to mark and track the same number of A. maculatum 
with radio transmitters would be about US $32,000.

Radioisotopes require an extensive regulatory infrastructure 
and have a limited effective lifespan compared to PIT tags. Radio 
transmitters typically have a battery life of 5–6 months which 
requires recapture, transmitter removal, battery replacement, 
and transmitter reimplantation (Faccio 2003; Madison 1997; 
McDonough and Paton 2007). However, PIT tags function for 
over 10 years and can be detected after the salamander dies 

TABLE 1. Mean linear accuracy from the point of detection of the PIT tagged preserved specimen 
to the actual location, and mean predicted depth below the soil surface of the PIT tagged preserved 
specimen based on the height above the identifi ed location that a PIT tag signal was detectable. 

Pit Tag Depth Mean Linear (95% CI)  Mean Predicted Depth (95% CI)
 Accuracy (cm) Below Surface (cm)

Leaf Litter 12.6 (10.7–14.4) +0.7 (+8.7–7.32) 
5 cm 13.1 (11.4–14.8) 2.9 (+0.7–6.5)
10 cm 13.2 (11.7–14.7) 7.6 (3.2–12.1)
15 cm 15.1 (11.9–18.4) 8.9 (2.4–15.3)
20 cm 11.7 (9.1–14.2) 14.1 (5.8–22.5)
25 cm 13.7 (11.4–16.0) 18.5 (15.7–21.3)
27.5 cm 16.7 (11.9–21.4) 19.6 (17.9–21.4)
30 cm 21.3 (10.9–31.6) 18.4 (16.4–20.4)
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(Gibbons and Andrews 2004).
The mean distance A. maculatum migrated from the breeding 

pond was 58.7 m. Movements greater than 150 m were not 
possible because of a barrier created by the South Holston River. 
Previous studies have produced variable estimates of mean 
post reproductive migration distances: 64 m (Williams 1973), 
92 m (Kleeberger and Werner 1983), 113 m (Faccio 2003), 118 
(Madison 1997), and 145 m (Montieth and Paton 2006). 

Based on the distance above the surface that PIT tagged A. 
maculatum were detected, the mean estimated depth occupied 
in summer habitat was 6.8 cm (range = 2.0–15.0 cm; 95% CI = 
4.02–9.61 cm). Other studies have shown that A. maculatum can 
be found as deep as 1.3 m (Gordon 1968) and at this depth these 
salamanders could not be detected by any current tracking method. 
A. talpoideum has been shown to inhabit burrows that averaged 
4.7 cm below the surface (Semlitsch 1981). The 12 salamanders 
we followed for seven weeks showed little detectible change in 
location or depth. This lack of activity could have been the result 
of extreme drought conditions (1.5 cm total rainfall) during the 
seven-week study period (NOAA 2008).

In our study A. maculatum has a non-breeding home range 
of less than 0.5 m2. This limited home range could have been 
because of drought conditions, but other studies have also shown 
limited movements in summer habitat with A. maculatum staying 
in the same location for several weeks (Madison 1997). However, 
one study of non-breeding habitat of A. maculatum estimated a 
home range of 16–20 m2 with frequent movements (Faccio 2003). 
Ambystoma talpoideum has been shown to have a variable home 
range (0.11–23.2 m2) and variable amounts of daily movement 
also (Semlitsch 1981). 

The results of this study show that PIT tags and new 
multidirectional RFID antenna technology can be a useful tool 
for tracking and individual identifi cation of Ambystoma species 
during fossorial periods of their yearly activity cycle. Because 
of the exceptional drought conditions present during this study 
(NOAA 2008) we feel that future work may yield higher recapture 
rates of marked individuals. PIT tags allow for individual 
identifi cation, have a lifespan of at least 10 years, are relatively 
affordable, can be detected up to 27.5 cm below the soil surface, 
have a linear accuracy equivalent to other methods, and have the 
potential for increased relative distance and depth detection based 
on further improvements in antenna technology.

Acknowledgments.___We thank Virginia Highlands Community 
College (VHCC) General Biology students 2006–2007, S. Bobo 
(VHCC), M. Snead (VHCC), and C. Akers (VHCC), for their assistance 
in the fi eld. This study was partially funded by the State of Virginia Tech 
Prep Initiative, Virginia Community College System National Science 
Foundation Grant (DUE 0402567), East Tennessee State University RDC 
grant #06-026 (TFL) and the Tennessee Wildlife Resources Agency. The 
procedures used in this study were approved by the ETSU animal care 
and use committee (P070902) and the Tennessee Wildlife Resource 
Agency (collection permits 1888, 1986). We thank two reviewers for 
comments on a previous draft which greatly improved this manuscript.

 LITERATURE CITED

ASHTON, R. E. 1975. A study of movement, home range, and winter 
behavior of Desmognathus fuscus (Rafi nesque). J. Herpetol. 9:85–91.

BLACKWELL, E. A., G. R. CLINE, AND K. R. MARION. 2004. Annual variation 

in population estimators for a southern population of Ambystoma 
maculatum. Herpetologica 60:304–311.

CABARLE, K. C. , F. D. HENRY, AND J. E. ENTZEL. 2007. Experimental 
analysis of RFID antennas for use in herpetological studies using PIT 
tagged salamander (Ambystoma tigrinum). Herpetol. Rev. 33:406–
409.

FACCIO, S. D. 2003. Postbreeding emigration and habitat use by Jefferson 
and spotted salamanders in Vermont. J. Herpetol. 37:479–489.

GIBBONS, J. W., AND K. M. ANDREWS. 2004. PIT tagging: simple technology 
at its best. BioScience. 54:447–454.

GORDON, R. E. 1968. Terrestrial activity of the spotted salamander, 
Ambystoma maculatum. Copeia:879–880.

HAMED, M. K., T. F. LAUGHLIN, P. D. GENTRY, AND J. W. COFFEY. 2007. 
Geographic distribution. Herpetol. Rev. 38:212.

KLEEBERGER, S. R., AND J. K. WERNER. 1983. Post-breeding migration and 
summer movement of Ambystoma maculatum. J. Herpetol. 17:176–
177.

KUHNZ, L. A. 2000. Passive integrated transponders as a method for 
relocating legless lizards in underground habitats. In J. H. Eiler, D. 
J. Alcorn, M. R. Neuman [eds.], Biotelemetry 15: Proceedings of the 
15th International Symposium on Biotelemetry, Juneau, Alaska, pp. 
509–518. International Society on Biotelemetry, Wageningen, The 
Netherlands.

MADISON, D. M. 1997. The emigration of radio-implanted spotted 
salamanders, Ambystoma maculatum. J. Herpetol. 31:542–551.

________, AND C. R. SHOOP. 1970. Homing behavior, orientation, and home 
range of salamanders tagged with Tantalum-182. Science 168:1484–
1487.

MCDONOUGH, C., AND P. W. C. PATON. 2007. Salamander dispersal across 
a forested landscape fragmented by a golf course. J. Wild. Mang. 
71:1163–1169.

MONTIETH, K. E., AND P. W. C. PATON. 2006. Emigration behavior of 
spotted salamanders on golf courses in southern Rhode Island. J. 
Herpetol. 40:195–205.

MOSELEY, K. R., AND S. B. CASTLEBERRY. 2005. Assessment of 
subcutaneously implanted refl ector tags for relocating mole 
salamanders (Ambystoma talpoideum). Georgia J. Sci. 63:91–96.

NOAA. 2008. Exceptional drought conditions. [http://www.nws.noaa.
gov/oh/hic/current/drought/mrx.htm] Accessed 1 February 2008.

OTT, J. A., AND D. E. SCOTT. 1999. Effects of toe-clipping and PIT-
tagging on growth and survival in metamorphic Ambystoma opacum. 
J. Herpetol. 33:344–348.

RITTENHOUSE, T. A. G., AND R. D. SEMLITSCH. 2007. Distribution of 
amphibians in terrestrial habitat surrounding wetlands. Wetlands 
27:153–161.

SEMLITSCH, R. D. 1998. Biological delineation of terrestrial buffer zones 
for pond-breeding salamanders. Conserv. Biol. 12:1113–1119.

________. 1983. Burrowing ability and behavior of salamanders of the genus 
Ambystoma. Can. J. Zool. 61:616–620.

________. 1981. Terrestrial activity and summer home range of the mole 
salamander (Ambystoma talpoidum). Can. J. Zool. 59:315–322.

________, AND J. R. BODIE. 2003. Biological criteria for buffer zones around 
wetlands and riparian habitats for amphibians and reptiles. Conserv. 
Biol. 17:1219–1228.

SEXTON, O. J., C. PHILLIPS, AND J. E. BRAMBLE. 1990. The effects of 
temperature and precipitation on the breeding migration of the spotted 
salamander (Ambystoma maculatum). Copeia. 1900:781–787.

STENHOUSE, S. L. 1985. Migratory orientation and homing in Ambystoma 
maculatum and Ambystoma opacum. Copeia. 1985:631–637.

USDA. 2008. Natural Resource Conservation Service soil survey. [http://
websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx] Accessed 1 
February 2008.

WILLIAMS, P. K. 1973. Seasonal movements and population dynamics of 
four sympatric mole salamanders, genus Ambystoma. Unpubl. Ph.D. 
dissertation. Indiana University, Bloomington.



Herpetological Review 39(3), 2008 307

Herpetological Review, 2008, 39(3), 307–310.
© 2008 by Society for the Study of Amphibians and Reptiles

Comparison of Two Diet Collection Methods in 
the Lizards, Sceloporus jarrovii and 

Sceloporus virgatus

JESSA L. WATTERS*
Zoology Department, University of New Hampshire

Durham, New Hampshire 03824, USA

* Present address: Biology Department, Earlham College
Richmond, Indiana 47374, USA
e-mail: watteje@earlham.edu

The diet of the Striped Plateau Lizard (Sceloporus virgatus) 
has been described as insectivorous (Cole 1963; Smith 1996, 
1999), although a conclusive diet analysis has not been done. 
Several experimental studies have shown the lizard’s willing-
ness to eat mealworms (Tenebrio), crickets (Acheta), and acridid 
grasshoppers in both laboratory and fi eld-based feeding experi-
ments (Ballinger and Holscher 1983; Phelan and Niessen 1989; 
Weiss 2001). A stomach content analysis on individuals from 
Sonora, Mexico showed a high percentage of the diet composed 
of Hymenoptera (ant: 52%, non-ant: 18%) and adult Coleoptera 
(14%) (G. R. Smith, unpubl. data). Smith (1999) noted anecdot-
ally that S. virgatus has also been observed attempting to eat a 
centipede (30–40 mm in length). 

The diet of the Yarrow’s Spiny Lizard (Sceloporus jarro-
vii) is much more extensively known than that for S. virgatus. 
Sceloporus jarrovii feeds on a wide variety of insects, spiders, and 
plant matter. Stomach content analyses have shown that adults 
eat more Coleoptera, large Heteroptera (formerly Homoptera), 
and Lepidoptera, whereas neonates feed predominantly on small 
Heteroptera and Hymenoptera (ants). Both age classes eat ap-
proximately equal amounts of Orthoptera, Heteroptera (formerly 
Hemiptera), Diptera, Hymenoptera, and Arachnida (Bursey and 
Goldberg 1993). In a separate study, Barbault et al. (1985) ob-
served that the bulk of adult stomach contents were made up of 
Coleoptera, Orthoptera, and Lepidoptera. There were also ob-
served differences in the size of prey items present between neo-
nates and adults; however, it has been suggested that this could 
result from differences in gape size and microhabitat use (Bursey 
and Goldberg 1993). These differences in prey size captures may 
help to reduce competition among different ages and sizes of S. 
jarrovii (Simon 1976).

A diet analysis based on behavioral observations has not been 
completed on either S. virgatus or S. jarrovii. All previous diet 
studies of S. jarrovii have been conducted by stomach content 
analysis via dissection (Ballinger and Ballinger 1979; Barbault et 
al. 1985; Bursey and Goldberg 1993; Goldberg and Bursey 1990; 
Simon 1975, 1976; Simon and Middendorf 1985). Diet studies of 
S. virgatus have not been completed by any method. Diet analy-
sis of other Sceloporus species have also only been completed 
using stomach contents (Barbault et al. 1985; Ballinger et al. 
1977; Rose 1976). In order to test the validity of determining diet 
through behavioral observations, I compared prey selection in 
observations with stomach contents as part of a long-term study 
of foraging behavior. 

METHODS

The foraging study was conducted at two sites (Herb Martyr 
and John Hands Campgrounds) near the American Museum of 
Natural History’s Southwestern Research Station (SWRS), locat-
ed outside Portal, Arizona (USA) inside the Coronado National 
Forest of the Chiricahua Mountains from May to July in 2004 and 
2005. Both sites are located in seasonally dry creek beds adja-
cent to two USDA Forest Service Campgrounds a few miles from 
SWRS and have ample sympatric populations of both S. jarrovii 
and S. virgatus.

The Herb Martyr (HM) site was located at 31.8724167°N, 
109.2352667°W (elev. 1787 m). This study area was 200 m long 
and spanned the width of the creek bed (3–7 m) and ca. 7 m on 
each side of the creek bank. The transect was demarcated at the 
northwest end by a barbed wire fence, delineating the end of the 
campground property, and on the southeast end by a dam. The 
John Hands (JH) study area was 320 m in length and was located 
at 31.8782333°N, 109.22295°W (elev. 1714 m). The site was bor-
dered by a 0.5 m tall concrete dam at the top and a 5 m tall dam at 
the lower end. The width of the creek bed varied between 10 and 
15 m, and up to 20 m of creek bed bank was also used. Within the 
fi rst few weeks of the study, the creek beds located at both sites 
were dry, with no water fl owing. Both sites had an upper canopy 
primarily of Alligator Juniper (Juniperus deppeana), Arizona 
Sycamore (Platanus wrightii), and Ponderosa Pine (Pinus pon-
derosa), with an understory of willow (Salix sp.), Yucca sp., and 
seedlings of the larger trees.

Behavioral Assays.—During the fi rst week of research in both 
2004 and 2005, up to 30 individuals of each age class and spe-
cies at both sites were caught by handheld nooses. Captured li-
zards were identifi ed to species, sexed, and placed into an age 
category (neonate or adult). Neonate and adult S. jarrovii were 
easily distinguishable based on size because the neonates were 
less than half the size of the adults. Lizards were individually ma-
rked using toe clips (Tinkle 1967) and paint markers (Jones and 
Ferguson 1980; Simon and Bissinger 1983) and then released.

Feeding behavioral assays were then conducted May to July. 
Lizards were observed daily from 0830 h to 1200 h, and often 
from 1400 h to 1600 h, in half-hour increments. Observations 
were conducted from at least a 1 m distance to avoid disturbing 
the lizards. I recorded the size and type (description and taxo-
nomic classifi cation) of prey captured. A total of 106 S. jarrovii 
adult, 70 S. jarrovii neonate, and 73 S. virgatus adult successful 
foraging observations were made. At least one observation was 
made per marked lizard, and in some cases, up to four observa-
tions were made per lizard.

Stomach Content Collection.—Stomach fl ushes, using the me-
thods of Legler (1977), Legler and Sullivan (1979), and James 
(1990), were performed on ten unmarked lizards of each group 
(S. jarrovii adults, S. jarrovii neonates, and S. virgatus adults) at 
each site to compare behavioral observations of prey choice with 
stomach content analysis. Lizards captured for stomach fl ushing 
were collected in creek beds, upstream and downstream of the 
boundaries of each site to avoid disrupting the study populations. 
All lizards were collected between 1100 h and 1200 h and retur-
ned to the sites by 1700 h the same day. Stomach fl ushing was 
done in a laboratory at the Southwestern Research Station.
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Stomach contents were collected using the following method. 
The lizard’s mouth was propped open using a stiff plastic ring. 
Then a thin catheter (inner diameter = 1.19 mm, outer diameter = 
1.70 mm) was passed down the esophagus until reaching the end 
of the stomach, as felt by external palpation (Legler and Sullivan 
1979). To further reduce the risk of over-insertion, the length of 
the tube was measured against the outside of the lizard body to 
just before the forelimbs, which corresponds to the midpoint of 
the stomach (James 1990). Once the tube was inserted it was 
connected to a 10cc hypodermic syringe and enough room-
temperature water was pumped into the stomach to enable the 
food to rise to the mouth. Early trials suggested that cold water 
was more likely to put the lizard into shock during stomach 
fl ushing. Food was removed either by forceps or by suspending 
the lizard upside-down over a fi ne mesh net to let the items fl ow 
out with the water (James 1990; Legler 1977; Legler and Sullivan 
1979). While the stomach was full of water, the abdomen was 
gently massaged to break up the food bolus (Middendorf 2005). 
This entire fl ushing process was repeated until no food came out 
of the stomach (2–4 times total). 

After stomach fl ushing completion, the lizards were held in 
small plastic terraria and monitored for any adverse effects for at 
least one hour. If the lizard stopped breathing after the procedure 
was completed, it was briefl y immersed in a bucket of ice water 
to “jump-start” its system (James 1990). Any lizards that did not 
survive the procedure were dissected to determine cause of death 
and any residual stomach contents were removed and preserved 
(N = 18). These contents were combined with the prey items ob-
tained through stomach fl ushing for analysis.

All food items were collected in a fi ne mesh net, transferred 
to a 45 ml sample vial, and stored in 75% ethanol until analy-
sis in Fall 2005. Stomach contents were sorted and identifi ed to 
the lowest classifi cation level possible, usually to the Order level 
(Bland and Jaques 1978; Jackman 1997; Milne and Milne 1980; 
Roth 1985). The abundance of prey items was identifi ed by coun-
ting the number of complete organisms or by using the number 
of heads, legs, or wings to estimate total number of items eaten 
of each prey type. 

RESULTS

Diet content in 2004 and 2005 foraging assays differed from 
that of stomach content analysis (Table 1). The predominantly 
observed prey types for S. jarrovii adults were Formicidae (2004: 
27%, 2005: 63%), Diptera (24%, 23%), and Isoptera (44%, 2004 
only). In contrast, the stomach contents for this lizard group pri-
marily consisted of Formicidae (55%) and Hymenoptera (16%). 
The stomach contents contained several taxa that were never ob-
served in the behavioral observations: Hymenoptera (as stated 
previously), Arachnida (3%) and Heteroptera (8%). Also, the 
high prevalence of Diptera in the observed diet was not confi rmed 
by stomach content analysis, as Diptera were not present in any 
stomachs of S. jarrovii (Table 1).

Neonates of S. jarrovii showed similar differences in diet based 
on the source of the data. The dominant prey taxa in behavioral 
assays were Formicidae (2004: 27%, 2005: 77%) and Diptera 
(2004: 62%, 2005: 16%). Diptera were not found in any neonate 
stomachs and the most prominent prey types were Formicidae 

(38%) and Heteroptera (35%), a taxon not observed in the for-
aging assays. Several additional taxa found in the stomach con-
tents, but lacking in the behavioral data were Arachnida (6%), 
Hymenoptera (non-ant; 6%), Scorpiones (1%), Isopoda (3%), 
and unidentifi able fl eshy larvae (4%) (Table 1).

Diet comparisons of stomach contents and behavioral obser-
vations for S. virgatus revealed similar differences to both adult 
and neonate S. jarrovii. The dominant prey items from behavioral 
observations were again Formicidae (2004: 54%, 2005: 52%) 
and Diptera (2004: 34%, 2005: 31%). Dipterans were notably ab-
sent from stomach contents. The dominant food items found in 
the stomachs were: Formicidae (36%), Heteroptera (19%), and 
Coleoptera (23%). Heteroptera was not present in the behavioral 
diet and Coleoptera were only present in small amounts in 2005 
(5%). Arachnida were not present in the behavioral diet, but made 
up 8% of the stomach content diet (Table 1).

DISCUSSION

Observations of prey attacked revealed that the dominant food 
items in the diet of adult S. jarrovii were Formicidae, Diptera, 
and Isoptera (Table 1). This contrasts somewhat with the stomach 
content diet, which consisted predominantly of Formicidae and 
Hymenoptera (non-ant) (Table 1). Previous stomach content anal-
yses have shown that the adult S. jarrovii eat mainly Coleoptera, 
Heteroptera, Lepidoptera, and Orthoptera (Barbault et al. 1985; 
Bursey and Goldberg 1993). Differences in dominant food items 
between this study and previous work may be due to the differ-
ences in study locations, which undoubtedly have differing avail-
able prey bases. The Bursey and Goldberg (1993) study occurred 
in Pima Co., Arizona (southwest of Tucson) and the Barbault et 
al. (1985) study occurred in northern Mexico, whereas this study 
was limited to the early summer in the Chiricahua Mountains 
(southeast of Tucson). In addition, the high incidence of Isoptera 
in the observational diet was an isolated incident in 2004. A single 
individual that I was observing found a hole in the ground from 
which reproductive termites were emerging, enabling the lizard 
to eat a large number of termites (32) with very little effort.

For neonate S. jarrovii, the diet was very similar to adult S. 
jarrovii in that it was dominated by Formicidae and Diptera in 
the behavioral observation diet (Table 1). The stomach content 
diet was high in Formicidae, but also Heteroptera (Table 1). For 
S. virgatus the dominant prey items in the observational diet are 
Formicidae and Diptera, similar to both age classes of S. jarrovii 
(Table 1). The stomach contents, however, are made up mainly 
Formicidae, Heteroptera, and Coleoptera (Table 1). 

Observed diet analysis discrepancies may be an artifact of the 
methodology surrounding stomach content analysis in general. 
The stomach fl ushing technique may not be as exhaustive as dis-
section, as some prey items may not be successfully removed 
from the lizard’s stomachs. It is possible that the items least like-
ly to be removed were large-bodied organisms that could not be 
washed out by water. Of the 18 individuals (3 S. jarrovii adults, 
11 S. jarrovii neonates, and 4 S. virgatus) that died during the pro-
cedure and were later dissected, only one individual (an adult S. 
virgatus) had a completely empty stomach, so it appears that this 
method did not disgorge all items. Although not all prey items 
were extracted from the stomachs, those items that were extracted 
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are still useful for comparison with the behavioral observations.
A second explanation for the diet discrepancy is that many 

prey items may have been partially digested due to the length of 
time since eating, resulting in an underestimate of easily digested 
organisms (Vitt and Zani 1998). All of the lizards in this study 
were kept for a minimum of two hours before stomach fl ush-
ing. Lepidopterans, which are known to be dominant in the diet 
of adult S. jarrovii (Barbault et al. 1985; Bursey and Goldberg 
1993), were not present in high numbers in the stomach samples 
(Table 1), possibly because these soft-bodied organisms are di-
gested fairly quickly (Bullock et al. 1993). The only evidence of 
Lepidoptera in the stomach contents were wings, which I count-
ed to get an estimate of the number of individuals eaten. This 
technique may have resulted in an underestimate of the number 
of Lepidoptera present in the diet, though behavioral observa-
tions were consistent with this low prevalence (Table 1). Perhaps 
completing stomach fl ushes immediately upon capture would al-
leviate some of these issues, however, it still does not resolve 
the problem of lizards that have been foraging for hours prior to 
capture.

Diptera were a major dietary component for all three lizard 
groups according to the behavioral observations, but were not 
present in any of the stomach contents (Table 1). Diptera are 
soft-bodied, with very little chitin, making them an easily di-
gested prey source. However, unlike the Lepidoptera, there was 
no evidence of Diptera wings or other identifi able body parts in 
the stomach contents. Unpublished data of S. virgatus stomach 
contents also show no evidence of Diptera eaten, though “uniden-
tifi able” organisms made up 9% of the diet and perhaps partially 
digested Diptera were contained therein (G. R. Smith, unpubl. 
data). Another alternative is that no Diptera were actually ingest-
ed, although this confl icts with the behavioral observations, and 
seems very unlikely due to heavy prevalence of Diptera at the site 
(pers. obs.). 

The contradiction between the diet sources within this study 
may also be an artifact of observer bias. Since behavioral ob-
servations occurred at a distance of over one meter, and often 
over two meters, it is entirely possible that what the observers 
thought was a “fl y” may simply have been another small fl ying 
insect that could not be distinguished at that distance. This bias 
may also explain why Heteroptera and Hymenoptera were either 
rare or completely lacking in the observational diet of all three 
lizards groups, yet are common in the stomach contents of this 
study (Table 1) and other previous studies (Bursey and Goldberg 
1993). However, I am confi dent that the behavioral methodology 
was sound and may need only further refi nement to improve ac-
curacy.

While both the stomach fl ushing method and behavioral ob-
servations provide valuable insight into the diet of S. jarrovii and 
S. virgatus, it is unclear which method is truly representative of 
their diets. Likely, both methods are only pieces of the whole pic-
ture, but by looking at the data from both methods together, we 
gain a much greater understanding of the diet of these two lizard 
species. Further research comparing behavioral observations and 
stomach contents will need to be conducted in order to determine 
if an observational method alone can be used as a representation 
of lizard diet. This experiment is also the fi rst time that this par-
ticular behavioral methodology has been used, so repetition of 
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the methodology may be necessary. Other than keeping lizards 
in enclosures and feeding them all possible prey items, the two 
methods in this study are our best hope of determining lizard diets 
while providing minimum impact. In addition, it is important to 
develop a method to determine diet through behavioral observa-
tions, since this is the only method by which we can also record 
prey species-specifi c data on pursuit time, search time, handling 
time, or prey capture success rate in the fi eld. 
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Large snake species are important predators in their ecosystems 
(Dodd 1987; Greene 1997; Lawson and Klemens 2001). 
Rhinoceros Vipers (Viperidae: Bitis rhinoceros, Schlegel, 1855) 
are among the biggest and most massive venomous snakes (Phelps 
1981). Taxonomically they are closely related to the Gaboon Viper, 
Bitis gabonica (Duméril et al. 1854), and were long considered 
to be only a subspecies of the latter. A sister species to these two 
taxa is the Nose-horned Viper, Bitis nasicornis (Calvete et al. 
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2007; Lenk et al. 1999; Lenk et al. 2001). Although there is no 
ecological study on the Rhinoceros Viper, they are likely to have a 
very similar ecological niche to the Gaboon Viper. Therefore, we 
herein compare our data to B. gabonica. Bitis rhinoceros occurs 
in Western Africa from Guinea to Togo (e.g., see Chippaux 2001), 
while B. gabonica ranges from Nigeria to central, eastern, and 
southern Africa (e.g., see Spawls and Branch 1995).

These two vipers can reach 1.80 m (Chippaux 2001; FitzSimons 
1962; Pitman 1974; Spawls and Branch 1995) and weigh up to 
10 kg (Greene 1997). Their size and strong venom enable them 
to kill and feed on a wide variety of prey, including medium-
sized mammals (Bodbijl 1994; FitzSimons 1962; Luiselli 2006b; 
Mallow et al. 2003; Marsh and Whaler 1984; Perrin and Bodbijl 
2001; Pitman 1974; Spawls and Branch 1995). Both viper species 
may be very abundant in some habitats (Ionides and Pitman 
1965, Luiselli and Akani 1998; Rödel and Mahsberg 2000); for 
example, Lawson (1993) documented especially high densities 
of B. gabonica in altered habitats like farms and plantations 
in Cameroon. In Côte d’Ivoire, Doucet (1963) found 282 B. 
rhinoceros on only a few km2. This indicates that these large forest 
vipers might play an important functional role in their ecosystems. 
Unfortunately, knowledge about abundances and ecology of this 
species is rather anecdotal and stems mostly from extrapolations 
of B. gabonica. In general, there are little data on the ecological 
role of huge vipers (Greene 1997; Schuett et al. 2002).

Because of their camoufl age coloration combined with a sit 
and wait hunting strategy, it is very time intensive to ascertain 
the presence of these snakes (even when radio-tracked, Lawson 
2006) and almost impossible to estimate exact abundances (see 
Kéry 2002). There are no studies that investigated the ecology of 
B. rhinoceros and few on B. gabonica. Research on B. gabonica 
was conducted in outdoor enclosures (Akester 1979; 1989) and in 
the wild. The latter was done by applying radio-tracking (Angelici 
et al. 2000; Bodbijl 1994; Perrin and Bodbijl 2001a; Lawson 
2006; Linn et al. 2006) and visual encounter surveys (Luiselli and 
Akani 1998, 2003; Luiselli et al. 1998; Luiselli 2006a, b; Perrin 
and Bodbijl 2001b). Numbers of snakes studied varied strongly 
between studies but were mostly low, ranging from two (Lawson 
2006), four (Angelici et al. 2000), six (Linn et al. 2006) to nine 
(Bodbijl 1994; Luiselli and Akani 1998; Luiselli et al. 1998; Perrin 
and Bodbijl 2001a) individuals. Numbers increased to 57 (Perrin 
and Bodbijl 2001a), 81 (Luiselli 2006a), 97 (Perrin and Bodbijl 
2001b), 524 (Luiselli and Akani 2003) and 586 (Luiselli 2006b) 
when i) search effort was strongly elevated (e.g., through high 
manpower, visiting bush meat markets), ii) secondary habitats 
were searched, and/or iii) data were pooled over several years, 
sites, habitats, or supplemented with museum specimens.

In addition to the diffi culty of detecting large forest vipers, they 
are also dangerous and diffi cult to handle. They have the longest 
fangs of all snakes (Pough and Groves 1983) and their large venom 
glands (Grasset 1946; Pezzano 1986) produce a huge amount of 
highly haemotoxic venom (Brown 1973; Broadley et al. 2003; 
Chippaux 2002; Grasset 1946; Phelps 1981; Wildi et al. 2001). 
Most untreated bites probably are fatal (Chippaux 2002; Mallow 
et al. 2003; Marsh and Whaler 1984; Marsh et al. 1997, 2007; 
Spawls and Branch 1995). Though these snakes are considered 
to be of a docile nature (e.g., Angelici et al. 2000; Broadley et 
al. 2003; Isenmonger 1962; Lawson 2006; Wildi et al. 2001), 

handling Bitis species poses a severe danger to researchers. This 
is an important point because medical services in many areas in 
Africa are generally not well prepared for dealing with snake bite 
victims (Chippaux 1998; Chippaux 2005; Theakston and Warrell 
2000; Theakston et al. 2003; Stock et al. 2007). Additionally, 
many research areas are too remote to reach proper medical 
services within an acceptable time span. Hence the personal risk 
while investigating these snakes has to be minimised.

In order to investigate the role and importance of these large 
predators in an undisturbed West African rainforest, we tested a 
new method of fi nding Rhinoceros vipers and developed a new 
secure handling method. 

Study site.—Our study site was situated in the Taï National Park, 
which is located in the southwest of Côte d’Ivoire (5°08'–6°07'N, 
6°47'–7°25'W), close to the southeastern border of Liberia. It is one 
of the largest remaining blocks of the Upper Guinean rainforest 
(Vooren and Sayer 1992). The study area comprised roughly 770 
ha of natural forest around the “Station de Recherche en Ecologie 
Tropicale” (SRET; 5°50'03"N, 7°20'536"W), maintained by the 
University of Abobo-Adjamé, Abidjan. Rainfall around the SRET 
is ca. 1800 mm annually, with peaks from March to July and from 
September to December (Rödel and Mahsberg 2000).

Methods.—Because of their cryptic coloration and secretive 
lifestyle it is very diffi cult to record Rhinoceros Vipers with 
methods like visual encounter surveys on transects, plots, or 
random searches in particular habitats. Other methods such as 
cover boards, artifi cial dens, or different kinds of traps are not 
applicable for this species, possibly because of their assumed 
high underground activity, as observed in Nigeria (Angelici et 
al. 2000) but not confi rmed for South Africa (Linn et al 2006; 
Perrin and Bodbijl 2001a), and presumed low daily movement 
rates (Alexander and Marais 2007; Linn et al. 2006; Mallow et 
al. 2003). Previous studies suggest that B. gabonica relies rather 
on its cryptic camoufl age than on shelters (Lawson 2006; Linn et 
al. 2006; Perrin and Bodbijl 2001a; Pitman 1974). Hence these 
methods could yield few vipers but not in a reliable manner.

The new method for tracking forest vipers we developed 
employs following monkeys habituated to humans, Sooty 

FIG. 1. Transparent Plexiglas tube used for handling Rhinoceros Vipers. 
a) and c) illustrate how the left side can be closed. The leather belt to fi x 
the snakes’ head was attached with a screw on the outside of the tube. a) 
View of the whole tube, indicating the window that can be opened on the 
tube’s side. b) Cross section of the tube, illustrating the attachment of the 
belt. c) The belt should be fastened around the neck of the snake. 
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Mangabeys (Cercocebus torquatus atys). During the day, 
these monkeys forage about 80% of the time on the ground 
(Berggmüller 1998; Rutte 1998). When encountering a snake, 
they usually seem to ignore it. However, snakes of the genus Bitis 
are treated differently. The monkeys jump aside and give loud, 
distinct alarm calls (Range and Fischer 2004), which attracts 
other monkeys to the site, facing the snake and giving alarm calls 
as well. In the Taï Monkey Project a habituated mangabey group 
was followed on a daily basis (Range and Noe 2002). This group 
consisted of 100–120 individuals of all age classes. Researchers 
and fi eld assistants followed the monkeys and marked all places 
with fl agging tape where vipers had been indicated. Subsequently, 
we located the snakes and took the geographic position of these 
places and photographs of the snake’s heads. The latter were used 
to ascertain individual identifi cation (see Ferner 2007). To assure 
long-term identifi cation some snakes were additionally marked 
with a PIT tag (Passive Integrated Transponder; Trovan©) injected 
subcutaneously, laterally in front of the tail on the right side of the 
body. For that purpose we had to capture and handle the snakes.

For handling the vipers safely we used custom-made transparent 
Plexiglas tubes (wall of the tubes 3–4 mm thick) which were open 
at one end and lockable on the other. Close to the lockable end 
a loop of leather belt was fed into the pipe. The leather belt was 
fi xed to the outside of the tube in one position and slides through 
a slot with a locking mechanism in the other (Fig. 1). We had 
six different sizes of tubes (diameters ranging from 5 to 30 cm; 
length ranging from 50 to 100 cm), which enabled us to handle 
various sizes of vipers. If the snake was covered with leaves and/
or wood, the cover was fi rst removed. The snake was then gently 
lifted or pushed into an open area with a long hook (1.80 m) and 
the head subsequently pinned to the ground using the same hook. 
The open end of the tube was then placed over the snake’s head 
by a second person. Either the snake started crawling further into 
the pipe on its own or was still pinned down by the fi rst person, 
while the second was pushing the tube further ahead. When the 
head fi nally passed through the leather belt, the belt was pulled 
and fi xed on the outside of the tube. Due to the triangular head 
shape, the snake subsequently was not able to move backwards, 
even when the belt was not too tight. A very tight belt has to 
be prevented in order to avoid strangulation and because it is 
suggested that the common procedure of gripping heavy-bodied 
venomous snakes (e.g., Lachesis muta) by their necks can cause 
serious injuries to the snakes (Ripa 2002). A removable lid on 
the side of the tube allowed us close examination of the snake’s 
body for detection of ectoparasites, counting scales, inserting PIT 
tags, etc. (see Fig. 1). After recording data (e.g., pattern, length, 
weight) the belt was loosened and the tube slowly lifted. The 
person holding the hook followed the movement of the tube so 
that the part of the snake outside the tube was always pinned until 
the head could be reached with the hook. The person holding the 
tube retreated and the hook was removed afterwards.

Results.—The handling method proved to be effective and safe. 
No snake under restraint got out of the tube (N = 5). However, 
the belt had to be fi xed at the locking mechanism because some 
snakes tried to squeeze themselves backwards through the belt. It 
was also necessary that one person was always holding the hind 
part of the snake’s body in order to prevent the snake from turning 
around. Both implementations are necessary because due to the 

large girth, the small neck and the ability of changing the girth 
dramatically by moving ribs or infl ating, no tube will prevent 
efforts of squeezing around the own axis backwards without 
injuring the skin. Afterwards these lesions might become entry 
points for parasites, infections, etc.

Sooty Mangabeys were followed during 429 days (3110 
observation hours) from October 2001 to September 2002. 
We recorded a total of 43 Rhinoceros Vipers (0.01 snake/h). 
Two snakes were encountered twice. The 41 individuals were 
registered in an area of 770 ha (1 snake / 18.8 ha). Viper locations 
were randomly spaced (Nearest Neighbor Analysis R = 0.75, 
Donnelly Modifi cation for Clark and Evans Test z = -3.44) within 
the mangabeys’ home range (770 ha). Most Rhinoceros Vipers 
were found between 1000 h and 1400 h (28 snakes). A seasonal 
peak was registered in October 2001 (12 snakes). During a parallel 
study on leaf litter anurans (Ernst and Rödel 2005; Rödel and Ernst 
2004), we employed 382.5 h of transect walks, thereby carefully 
investigating the forest fl oor. During this time, we recorded one 
Rhinoceros Viper (0.002 snake/h). During additional random 
visual encounter surveys for litter frogs (without accompanying 
monkeys, 1999–2002; total time not recorded), we found two 
more vipers. Unfortunately, we had to interrupt all studies in 
October 2002 due to the start of a civil war. 

Discussion.—To our knowledge our capture protocol is the 
safest method for the human observer and large vipers alike. 
The tubes prevent snakes from breaking free through violent 
and sudden head jerking as has been observed in other vipers, 
e.g., Bitis arietans (Visser and Chapman 1980). The tubes are 
easily fabricated and can be customized to any size and modifi ed 
for specifi c needs, such as the removable window on the side of 
the tube which we employed for the insertion of PIT tags (Lang 
1992).

Although the monkeys clearly showed fear of big vipers, the 
respective reasons remained unclear and were not addressed in 
our study. It is long known that various species of monkeys react 
with specifi c alarm calls (“conceptual semantics”) towards snakes 
(Coss et al. 2007; Crockford and Boesch 2003; Fichtel et al. 2005; 
Range and Fischer 2004; Struhsaker 1967; Seyfarth et al. 1980a, 
b), especially if the snakes are moving. However, we observed 
that they react towards stationary snakes and that reactions 
towards Rhinoceros Vipers (and Nose-Horned vipers, Bitis 
nasicornis) differ from those toward other snakes such as Forest 
Cobras (Naja melanoleuca). This is contrary to observations on 
Vervet Monkeys (Chlorocebus aethiops), where monkeys reacted 
with specifi c alarm calls towards Puff Adders (Bitis arietans) and 
Egyptian Cobras (Naja haje) (Struhsaker 1967). We hypothesize 
that large vipers are capable of killing and subsequently devouring 
such large prey (Angelici et al. 2000). Large prey items are rare 
(Luiselli and Akani 2003; Luiselli 2006b; Perrin and Bodbijl 
2001b), but a Royal Antelope (Neotragus pygmaeus) has been 
recorded for B. rhinoceros (Cansdale 1965). A Large Spotted 
Genet (Genetta tigrina) (Perrin and Bodbijl 2001b) and monkeys 
(Broadley and Cock 1975; Chlorocebus pygerythrus, J. Newby 
quoted in Broadley et al. 2003) have been noted for B. gabonica. 
We never observed any encounters with Rock Pythons (Python 
sebae), which do occur in the area and elicit alarm calls in three 
other monkey species (Starin and Burghardt 1992) and are easily 
capable of feeding on Sooty Mangabeys (e.g., see Cowlishaw 
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1994; Starin and Burghardt 1992; Struhsaker 1967). Other snakes, 
although capable of killing monkeys with their venom (Naja spp.), 
are smaller and their gape limitation does not allow them to feed 
on monkeys. An additional hypothesis assumes that the monkeys 
warn other members of their group when encountering vipers 
(Cheney and Seyfarth 1992; Struhsaker 1967) to not accidentally 
step on the snake, thereby avoiding a defensive bite. Neither of the 
two viper species will fl ee immediately when detected by a group 
of mangabeys, allowing the behavior of habituated mangabeys to 
be exploited to locate large forest vipers.

The peaks of snake records between 1000 h and 1400 h were 
most likely due to peaks in foraging activity of the monkeys during 
that same time period. Similarly, a seasonal peak of snake records 
was coincidental with fruiting (October–December and May–
June) of one major fruit tree used by the mangabeys (Saccoglottis 
sp.). During these periods the monkeys covered a larger foraging 
area than during other periods, therefore increasing the chance 
to encounter more snakes. The observed density of 0.053 snakes 
per hectare is at the lower limit known for comparable sized 
species (see review by Parker and Plummer 1987) and lower than 
modelled densities of the sister species B. gabonica in southern 
Nigeria (mean: 0.22/ha; min.: 0.014/ha; max.: 0.372/ha; Luiselli 
2006a). However, we would have needed a much higher recapture 
rate to calculate real densities. The monkeys did not equally use 
all parts of their home range and although a Nearest Neighbor 
Analysis of the Rhinoceros Viper records revealed a random 
distribution in the forest, we cannot exclude the possibility that 
the snakes could be much more abundant in parts were monkeys 
forage rarely.

Our results showed that, by using the monkey’s specifi c 
warning system, we have identifi ed a highly valuable method to 
detect large vipers in West Africa. Data from our study revealed 
more vipers per unit time compared to visual encounter surveys. 
Our refi ned method of tubing snakes is highly recommended for 
safe handling of large vipers.
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The amphibian fungal disease chytridiomycosis caused by 
Batrachochytrium dendrobatidis (Bd) has been found in several 
parts of the world including Africa, Australia, Europe, Central, 
South, and North America (e.g., Berger et al. 1998; Skerratt et al. 
2007), yet its geographic distribution is not fully known. Based 
on current patterns, the great majority of species and populations 
that have been affected have occurred in montane habitats or ar-
eas characterized by relatively moist climates (Stuart et al. 2004; 
Longcore et al. 2007). In North America, Bd has been reported 
from numerous species, with the earliest recorded incidence of 
infection dating back to 1961 (Ouellet et al. 2005; Longcore et 
al. 2007; AmphibiaWeb 2007). Bd is recorded from latitudes as 
far north as Alaska, USA (e.g., Adams et al. 2007; Reeves 2008), 
and at elevations extending from near sea-level at Point Reyes, 
California, USA, to 3550 m in the Sierra Nevada, California 
(Fellers et al. 2001; Morgan et al. 2007; Spatialepidemiology.net 
2008). 

Recently, Bd has been confi rmed in native, desert frog spe-
cies Lithobates [=Rana] yavapaiensis, L. chircahuensis, L. tara-
humarae and Hyla arenicolor in Arizona (Bradley et al. 2002; 
Hale et al. 2005) and is hypothesized to be a key factor in the 
extirpation of populations of these species. Locally in southern 
California, Bd is known to occur in the native species Anaxyrus 
[=Bufo] californicus (Mendelsohn et al. 2005), and Rana drayto-
nii (Ervin et al. 2001). Individuals from established populations 
of the introduced frog species L. catesbeianus and L. berlandieri 
in the southwestern United States have been reported to be in-
fected with Bd (Sredl 2002). Consequently, the concern now is 

that infected individuals from these populations, and other undi-
agnosed populations, may serve as vectors for Bd to naïve popu-
lations of native frogs (Hanselmann et al. 2004, Sredl et al. 2002). 
Lithobates berlandieri is native to Texas and New Mexico but has 
been introduced to Arizona and California within the last 35 years 
(Rorabaugh et al. 2002).

On 23 January 23 2007, one of us (BC) collected a dead L. 
berlandieri in Coachella Valley, California, USA (33.5352722°N, 
115.9883278°W), south of the town of Mecca, and ~1 km N of 
the Salton Sea. The animal was found in an agricultural ditch 
(~2 × 35 m) fi lled with 5– 20 cm of standing water and with lush 
emergent vegetation and a dense mat of green algae, at –58 m 
below sea level. The specimen was photo documented (LACM 
PC1457–1460), and examination revealed bright red coloration 
on the ventral surface of the legs that is uncharacteristic of the 
natural coloration for this species. Museum acronyms used fol-
low Leviton et al. (1985). Subsequent searches of the area were 
made, and on 13 March 2007 one of us (MJR) collected an ad-
ditional living specimen from the same agricultural ditch. Upon 
capture the frog was moribund and unable to right itself when 
placed on its back. The ventral surfaces of its legs were reddened 
similar to the frog that was found dead. The second frog perished 
within a day of capture, despite efforts to maintain it in captivity 
until it could be prepared as a museum specimen. It was pre-
served in 95% ethanol and a complete necropsy was performed 
on the fi xed carcass. Sections of the dorsal and ventral skin, heart, 
lung, liver, kidney, pancreas, tongue, stomach, small and large in-
testine, brain, eye, skeletal muscle, bone, and bone marrow were 
post-fi xed in 10% neutral buffered formalin and processed rou-
tinely for histology. When hematoxylin- and eosin-stained sec-
tions were examined by light microscopy, lesions were limited to 
the skin and other tissues were histologically normal. Histologic 
fi ndings included: near diffuse mild to moderate epidermal hyper-
plasia with multifocal epidermal erosion; scattered single cell ne-
crosis of keratinocytes; moderate to marked congestion of dermal 
capillaries: and a mild multifocal lymphohistiocytic dermatitis. 
Occasionally, within the superfi cial keratin layers (stratum cor-
neum) there were small numbers of spherical fungal thalli with 
evidence of internal septation (colonial thalli) morphologically 
typical of Bd (Berger et al. 2005; Longcore et al. 1999). Based on 
these fi ndings, death was attributed to chytridiomycosis. A swab 
obtained from the skin was processed following previously de-
scribed methods for a Taqman® polymerase chain reaction (PCR) 
assay to detect Bd DNA (Boyle et al. 2004; Hyatt et al. 2007). 
PCR results were positive, confi rming the morphologic identifi -
cation of Bd on histologic examination. The frog is vouchered as 
SDSNH 72858. 

This observation of Bd infection is notable for several rea-
sons. First, it represents the fi rst record of Bd in L. berlandieri in 
California. Lithobates berlandieri is expanding its range in the 
deserts of the American southwest (Rorabaugh et al. 2002), and 
also occurs in sympatry with other native aquatic amphibian spe-
cies such as Anaxyrus punctatus, A. woodhousei, and A. alvarius, 
Pseudacris hypochondriaca (pers. obs.). The determination that 
Bd is now known to occur in this region highlights the need for 
other local native species to be monitored to investigate the im-
pacts of this pathogen in a region otherwise characterized by ex-
treme heat and low humidity. Second, this is the fi rst incidence of 
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Bd below sea level in one of the hottest and driest locations in the 
western hemisphere (Klauber 1931). Occurrence of Bd in arid, 
desert environments is signifi cant because desert anurans tend to 
be reliant on water bodies more so than species of more mesic 
environments resulting in higher local densities (Degenhardt et 
al. 1996) which may allow Bd to more virulently move through a 
population (Rowley and Alford 2007; Ryan et al. 2008). Although 
the prevailing environmental conditions at the sampling locations 
seem unsuitable to survival of Bd, microhabitat use (water bod-
ies, retreat sites) and behaviors used by L. berlandieri (thermo-
regulation) could counteract the prevailing conditions by keeping 
the frog and thus the Bd at temperatures and humidities more 
conducive to both, because these frogs are obviously not expos-
ing themselves to the extremes of the environment. Lithobates 
berlandieri is known to tolerate high salinities (McCoid 2005), 
similar to those conditions along the Salton Sea where the speci-
mens were documented and collected. Interestingly, in laboratory 
culture Bd has been shown to survive, but grow poorly, at a pH 
of less than 6 (Piotrowski et al. 2004). The historically desert en-
virons of the Coachella Valley have undergone urban and rural 
development to such an extent that extremely widespread agri-
culture, golf courses, and residential and private artifi cial land-
scaping have resulted in an elevated humidity and the expansion 
of mesic spatial and temporal conditions. Humidity is also greater 
along the shores of California’s largest inland body of water, the 
Salton Sea, where the specimens were found. Bd is thought to 
be intolerant of extremely warm, dry conditions, and the occur-
rence of Bd in this type of environment is novel (Piotrowski et 
al. 2004).
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Batrachochytrium dendrobatidis (Bd) is a chytrid fungal 
pathogen of amphibians that has been implicated in numerous 
amphibian extinctions and declines (Berger et al. 1998; Lips et 
al. 2006). The geographic distribution of this novel pathogen, 
however, is poorly known. While a number of reports are 
available from Africa (Goldberg et al. 2007; Smith et al. 2007; 
Weldon et al. 2004), Australia (Berger et al. 1998; Woodhams and 
Alford 2005), Europe (Bosch et al. 2007; Garner et al. 2005) and 
the Americas (Lips et al. 2006; Ouellet et al. 2005), we are aware 
of only two published reports from Asia. The fi rst study (Garner 
et al. 2006) found no evidence of Bd in introduced populations 
of North American Bullfrogs (Lithobates catesbeianus, formerly 
Rana; Crother 2008; Frost et al. 2006) in Japan. The second 
study (Rowley et al. 2007) found no evidence of Bd in four native 
species or in frogs imported to Hong Kong, China. Herein, we 
provide preliminary data from surveys for Bd in Taiwan.

Methods.—On 3 October 2006, skin swabs were collected 
from 20 wild-caught adult frogs (representing 12 species in four 
families, taxonomy following Frost et al. 2006). Frogs were 
collected from ponds, streams, and roadside ditches in the vicinity 
of the Taiwan Forestry Research Institute’s experimental forest 
at Lien Hua Chih Station (23.92°N, 120.87°E, Nantou County, 
elevation range of collection sites 600–700 m). Skin swabs were 
obtained by running a sterile cotton swab along the skin of the 
captured frog for approximately 30 seconds, focusing on the 

hands, feet, and pelvic region. A new pair of sterile gloves was 
used when capturing and handling each frog. Frogs were released 
immediately after the swabbing procedure. During collection, air 
temperatures ranged from 17–21°C. Skin swabs were preserved 
in 70% ethanol in 2.0 ml screw-capped microcentrifuge tubes and 
stored at room temperature. All samples were transported to the 
University of Michigan where they were tested for the presence 
of Bd. 

The 20 swab samples and a total of 100 negative controls 
were randomized and tested for Bd using Taqman diagnostic 
quantitative PCR (q-PCR; Boyle et al. 2004). DNA was extracted 
from each sample and negative control following Hyatt et al. 
(2007) and q-PCR assays were performed in triplicate following 
Boyle et al. (2004). Samples containing PCR inhibitors were 
detected using VICTM Exogenous Internal Positive Controls 
(Applied Biosystems) and inhibition was overcome by dilution 
following Hyatt et al. (2007). Samples were considered positive if 
all three replicates indicated the presence of Bd. Samples testing 
positive in one or two replicates were re-assayed once.

Results.—One of the 100 negative controls tested positive for 
Bd, indicating a false positive rate for DNA extraction and Bd 
assay of 1%. All of the skin swab samples tested negative for Bd 
DNA in all three replicates except for one (from Huia swinhoana, 
Table 1). This sample initially tested positive for Bd in two out of 
three replicates. However, when this sample was re-extracted and 
three additional assays were performed, none of these replicates 
tested positive for Bd DNA. No dead or obviously diseased frogs 
were found at the study sites.

Discussion.—Taken together, the false positive rate of 1% for 
q-PCR and the lack of amplifi cation in a second assay, it seems 
likely that the amplifi cation of Bd DNA from the fi rst assay of 
the Huia swinhoana sample was a result of cross-contamination 
(i.e., a false positive). While these data are from a relatively small 
sample in a small geographic area, they suggest that either Bd is 
absent from these sites in central Taiwan or that it occurs at such 
a low frequency that it was not detected. 

Although we found no convincing evidence of Bd, it would 
be presumptuous to claim that it is absent from Taiwan. In fact, 
there have been unpublished reports of Bd from North American 
Bullfrog farms in southern Taiwan (L. Schloegel, pers. comm.). 
With relatively high levels of endemicity (27%; Yang 1998) 
and much of its land area at moderate to high elevations (where 
conditions for Bd would likely be optimal), Taiwan might be 
vulnerable to the kind of amphibian declines and extinctions 
that have been noted elsewhere. Additional surveys for Bd are 
urgently needed island-wide to assess the danger this pathogen 
may pose to Taiwan’s amphibian fauna.
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There is evidence that amphibian chytridiomycosis, caused by 
the pathogenic fungus Batrachochytrium dendrobatidis (Bd), is 
widespread throughout Mexico (Lips et al. 2004), New Zealand 
(Waldman et al. 2001), and South America (Ron and Merino 
2000). Additionally, reports have documented Bd in parts of the 
USA (reviewed in Longcore et al. 2007), yet the full extent of 
its current geographical distribution in the United States remains 
unclear. Bd infections can cause mortality in metamorphosed 
amphibians, however pathogenicity varies among species 
(Davidson et al. 2003). More information about the distribution 
and effects of Bd will impact current management strategies 
and assist in the understanding of how Bd is spread. These data 
are especially important for amphibian populations which are 
not currently undergoing disease-related declines. Herein, we 
document Bd infections of two adult Southern Leopard Frogs 
(Rana sphenocephala) collected from Shelby County, Tennessee, 
USA. 

During March 2008, multiple anurans (Acris gryllus, Pseudacris 
triseriata, Scaphiopus holbrooki, and R. sphenocephala) began 
breeding choruses following rain events in Tennessee. On 14 
and 31 March 2008, we surveyed six ponds throughout Shelby 
County, Tennessee, in search of R. sphenocephala egg masses for 
a separate research project. On 14 March, we found two dead/
moribund adult female R. sphenocephala within 2 m of each 
other along the east margin of one of the ponds (35.33861°N, 
90.03944°W). The fi rst specimen was heavily colonized by 
fi lamentous fungi and appeared to be dead for approximately 2–3 
days. The second specimen was extremely moribund and was 
found with its ventral side facing up, with petechial hemorrhaging 
on the venter and feet. In addition to the hemorrhaged tissue, skin 
sloughs were present on the venter and all four appendages of 
the individual. On 31 March, we found a moribund adult male R. 
sphenocephala at a second locality (35.36278°N, 90.02194°W). 
This individual was also found ventral side facing up with 
hemorrhaged tissue. At each locality, we collected the moribund 
frogs from the water with forked sticks and placed each frog into 
a clean plastic container and into a cooler for transport to the 
laboratory at The University of Memphis. During transport to the 
laboratory, both frogs died (ca. 3 h after collection). 

Batrachochytrium dendrobatidis can be diagnosed in fresh 
tissue by examining a piece of skin under a light microscope for 
Bd  thalli (Longcore et al. 2007). Using latex gloves and sterile 
equipment, we collected a sample of sloughed skin from the 
venter of each frog and prepared a wet-mount slide of the freshly 
sloughed tissue and viewed it under 40×. After determining that 

the frogs were heavily infected with Bd, we fi xed them in 10% 
formalin and preserved each entire specimen in 70% ethanol for 
additional photographs of the Bd infections. We then collected 
two additional, formalin-fi xed, skin sloughs from the pelvic 
portion of each leg of the frogs. These sloughs were examined 
and photographed under 40×. 

Throughout each of the skin sloughs, we found heavy 
infections of Bd (Fig. 1). Additionally, on each skin sample, we 
found multiple life stages of Bd, ranging from empty thalli with 
discharge papillae to thalli fi lled with zoospores. 

Transmission of Bd between individuals can occur by the 
spread of free-swimming zoospores (Pessier et al. 1999). 
Although data are lacking on how far zoospores can travel and 
infect a susceptible host, Johnson and Speare (2003) found that 
zoospores were viable after 3–6 weeks in water. Although it was 
not possible to determine the infection status of the other dead 
R. sphenocephala, we suspect that it was also infected with Bd 
because of the close proximity to the infected individual we 
collected. In addition, we did not perform necropsies on the Bd 
infected frogs and cannot say for certain that Bd infections were 
the cause of death of the two individuals. To our knowledge, this 
is the fi rst published account of an infected metamorph anuran in 
Tennessee. 
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The amphibian chytrid fungus Batrachochytrium dendrobatidis 
(Bd) has been associated with amphibian declines and mass 
mortality (Berger et al. 1998; Bosch et al. 2001; Daszak et al. 
2003; Lips et al. 2006). Infection is usually associated with the 
keratinized skin of post-metamorphic amphibians and keratin 
jaw sheaths of anuran tadpoles, however deaths have only been 
associated with post-metamorphic frogs (Berger et al. 1998; 
Daszak et al. 2003; Ouellet et al. 2005). Infections are sometimes 
associated with subtle skin lesions (Ouellet et al. 2005). 

To our knowledge, Bd has not been associated with salamander 
mortality, salamander skin lesions, or detected in salamander 
larvae (Davidson et al. 2003; Pasmans et al. 2004; Speare and 
Berger 2000), although Bd was detected in several species of 
adult salamanders (Crummer et al. 2005; Davidson et al. 2003; 
Frias-Alvarez et al. 2008; Ouellet et al. 2005; Padgett-Flohr and 
Longcore 2005; Pasmans et al. 2004; Speare and Berger 2000). 
Most salamander larvae, such as ambystomatids, do not have 
keratinized jaw sheaths and only develop keratin in the skin late 
in development. Here we report our detection of Bd in pond-
breeding salamander larvae with associated skin lesions.

 On 28 May 2007, a random sample of 20 Ambystoma 
jeffersonianum (Jefferson Salamander) larvae was collected by 
dip-net from a pond in Morgan-Monroe State Forest in southern 
Indiana, USA (39.328°N, 86.423°W). The larvae were transferred 
to Saint Joseph’s College in a single 8-L container fi lled with 4-L 
of pond water, for use in another study. The larvae were post-
Harrison Stage 46 (Harrison 1969) with four toes developed on 
the front limbs and 3–5 toes developed on the hind limbs. The 

mean ± SD of TL was 43.3 mm ± 6.4 mm (range 33.1–56.7 mm). 
Examination of the larvae in the lab under 10× magnifi cation 
revealed that 17 of 20 (85%) larvae had red skin lesions, usually 
on the hind limbs or the ventral surfaces of the jaw line, throat, 
body, or base of the tail; the two larvae with the largest lesions 
died during transit and were preserved in 70% isopropyl alcohol 
(Figs. 1a and 1b). The A. jeffersonianum larvae were kept in 
individual 500-ml containers with unchlorinated tap water that 
was changed twice weekly, at 13°C in an environmental chamber 
separated from other species in the lab. Larvae were maintained 
on brine shrimp nauplii and Tubifex worms following a protocol 
that has been successful in raising Ambystoma larvae (Brodman 
1999, 2004; Brodman and Jaskula 2002). The three larvae without 
lesions survived through metamorphosis. The other 15 larvae with 
lesions or hemorrhages died 6–16 days after collection and were 
preserved in 70% isopropyl alcohol. In the most extreme cases 
two larvae lost parts of their feet and limbs (Fig. 1c and 1d). 

PCR assay was used on fi ve randomly selected larvae that 
had lesions and died to test for the presence of Bd. Two of the 
samples were whole larvae (smallest larvae) and a piece of the 
tail and one foot was removed from the remaining three (larger 
specimens). A portion of the tissue of each larva was transferred 
with clean forceps to 2.0 ml microfuge tubes, and tissue lysis 
buffer of 70% ethanol was added. Samples were shipped to Pisces 

FIG. 1. Batrachochytrium dendrobatidis was detected in Ambystoma 
jeffersonianum larvae with skin lesions from southern Indiana, USA. 
Arrows indicate the following lesions: A and B show lesions on the 
upper and lower jaws, C shows foot and limb loss, and D shows lesion 
on hindlimb. 
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Molecular Laboratory (J. Wood, Boulder, Colorado, USA) for 
PCR (polymerase chain reaction) assay. Three of the fi ve samples 
were Bd positive. The voucher specimens are deposited in the 
Saint Joseph’s College zoology collection.

Annual larval surveys at the study site indicate that A. 
jeffersonianum and A. opacum (Marbled Salamander) populations 
have declined over the past ten years (R. Brodman, unpubl. data). 
Disease could be a cause of decline; however, we have not found 
dead or moribund larvae in previous years. To our knowledge, this 
is the fi rst published case of Bd on larval salamanders. It should 
be noted that we have not determined the direct cause of mortality 
of these larval salamanders, nor the cause of the physical lesions, 
and it is possible that Bd and/or the associated physical lesions 
could be the cause of mortality.
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Amphibian declines and extinctions have been reported 
across the world and infection by a pathogenic chytrid fungus, 
Batrachochytrium dendrobatidis (Bd), is one of the factors 
associated with this biodiversity loss (Berger et al. 1998; Stuart 
et al. 2004; Lips et al. 2006). Bd was fi rst diagnosed in the West 
Indies in 2000, from histological studies of skin from declining 
populations of Eleutherodactylus coqui and E. portoricensis at El 
Yunque, Puerto Rico (Burrowes et al. 2004). Histological studies 
on seven different species of Eleutherodactylus collected between 
1961 and 1978, revealed that 1976 was the earliest record of 
chytridiomycosis on the island, and this record corresponded to 
the last known individual of E. karlschmidti collected from El 
Yunque (Burrowes et al. 2004). 

The purpose of this paper is to provide a geographical and 
taxonomic overview of the current distribution of Bd in Puerto 
Rico. This type of information, with corresponding sampling 
dates, represents a baseline for further research on the pathogen’s 
origin, potential points of introduction, movement trends, and 
ecological requirements. In addition, it allows us to identify 
amphibian species that may be at greater risk from infection or 
extinction, and to develop appropriate management strategies. 

Methods.—Frogs sampled in the wild for Bd were captured in 
individual plastic bags worn as gloves and inverted to prevent 
cross contamination. All native Puerto Rican amphibians, with 
the exception of Bufo lemur, were sampled. Individuals were 
examined for physical condition and sampled for Bd by swabbing 
their ventrum, feet and toes as described by Kriger et al. (2006), or 
toe-clipped following a modifi cation of Twitty (1966) that allowed 
us to take tissue from different limbs of the frog. A fresh pair of 
powder-free nitrile gloves was worn every time a different frog 
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was manipulated. Survey sites were determined opportunistically 
according to other studies conducted by some of the authors. The 
number of frogs sampled per species and the timing in which 
species were sampled varied across this study (Table 1). Some 
species were sampled only once and Bd diagnosis is reported as 
positive or negative for that year only. Other species were sampled 
continuously during the dry and wet seasons in Puerto Rico, and 
for those, we use a dash next to the year to indicate ongoing Bd 
status until present (i.e., 2008; see Table 1). 

Bd diagnostics was done by one of the following methods: 
histology of the skin performed by D.E. Green at the U.S.G.S. 
National Wildlife Health Center on wild-caught animal tissues 
collected in the year 2000, and on museum specimens from prior 
dates obtained from the University of Kansas Natural History 
Museum, University of Puerto Rico at Mayagüez, and the private 
collections of Richard Thomas and Rafael Joglar; Polymerase 
Chain Reaction (PCR) performed by Pisces Molecular (Boulder, 
Colorado, U.S.A.), following Annis et al. (2004); and Taqman 
quantitative PCR according to Boyle et al. (2004) at Zoological 
Society of London and University of Puerto Rico facilities. PCR 
methods were used for tissues from wild-caught animals from 
2002 until present (Table 1).

Results.—A total of 2439 frogs were examined for Bd infection 
across Puerto Rico including two of its off-shore islands, Mona 
and Vieques. Bd was detected at seven of 17 locations sampled, in 
nine Eleutherodactylus species and one species of Leptodactylus 
(Table 1). Bd was not detected in another eight species of 
Eleutherodactylus, Bufo marinus, and Rana catesbeiana. For a few 
species that were examined from museum or private collections, 
geographic data was reported only as a region, or nature reserve. 
These species are reported within the closest locality sampled in 
our studies.

Discussion.—Previous studies suggested that Batrachochytrium 
dendrobatidis was introduced to Puerto Rico in the mid 1970s, 
in years characterized by cooler than average temperatures and 
a greater number of periods with more than fi ve consecutive 

days without rain (Burrowes et al. 2004). Considering the 
advanced road infrastructure on the island, the disease could 
have spread easily and rapidly by humans to all environments 
that were suitable for its growth. As an epidemic pathogen 
during 1976–1981, Bd probably drove to extinction two species, 
Eleutherodactylus karlschmidti and E. jasperi, that were more 
dependent on water than any of the other 15 congenerics. 
Eleutherodactylus karlschmidti was a stream-dweller with fully 
webbed toes (Rivero et al. 1963), and E. jasperi was an obligate 
bromeliad dweller, considered more aquatic because it occurred 
within the inner axils, always fl ooded with water (Drewry 1986). 
At present the pathogen seems to be endemic above 600 m, 
occurring from the eastern Luquillo Mountains (El Yunque), 
throughout the Central Cordillera up to Maricao (Table 1 and Fig. 
1). Species that are widespread in the island, such as E. coqui, E. 
antillensis, E. brittoni and Leptodactylus albilabris, are infected 
only at high elevations (Table 1). The absence of Bd from lower 
elevations in Puerto Rico may be explained by the high diurnal 
temperatures which are often above the thermal tolerance (17–
25°C) reported for this fungus (Piotrowski et al. 2004). This 
suggests that high ambient temperatures may serve as a limiting 
factor for this disease in terrestrial, direct-developing anurans of 
the genus Eleutherodactylus, and point conservation efforts to the 
more vulnerable highland endemics in Puerto Rico. Nonetheless, 
in Costa Rica some lowland amphibians seem to cope well with 
low-level Bd infections (Pushendorf et al. 2006), and in Dominica, 
Bd has been associated with the drastic decline of Leptodactylus 
fallax at sea level (García et al. 2007). This suggests that Bd can 
infect amphibians at higher ambient temperatures, and that other 
factors such as behavior (Rowley and Alford 2007), reproductive 
mode, (Lips et al. 2003), or strain virulence (Berger et al. 
2005) may infl uence vulnerability to chytridiomycosis among 
amphibian taxa. 

It is evident that the range of responses of amphibians to 
infection by Bd varies among taxa, environmental conditions, 
climatic regimes and Bd strains (Berger et al. 2005; Retallick and 

FIG. 1. Map of Puerto Rico showing locations of frogs sampled for Batrachochytrium dendrobatidis with the exception of Mona Island. Location 
numbers correspond to those described in Table 1. The light-shaded area represents the Central Cordillera and the dark-shaded area is The Sierra de 
Luquillo. 
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 TABLE 1. Geographical distribution of Batrachochytrium dendrobatidis in Puerto Rico.  Species names are followed by year of fi rst diagnosis and sample size; a dash 
after a year indicates persistence until present. An asterisk denotes species for which exact localities were not available and, thus, have been reported within closest 
locality in their geographical range. The number in the fi rst column corresponds to localities in the map (Fig. 1).

Map No. Location Coordinates Elevation (m) Bd positive (date, No.  Bd negative (date, No.  Method of
    detected/No. sampled) sampled) Detection
    
1  El Yunque (Palo 18.3006°N 671 E. coqui (1978, 2/9;  2000-, E. eneidae (1961-1965, 8) Histology
 Colorado Forest 65.785389°W  430/784)  E. hedricki (2006, 1) PCR
    E. portoricensis (2000-, 8/15)  E. locustus (1961-1965, 8) qPCR
    E. karlschmidti (1976, 2/2)* Leptodactylus albilabris 
    E. wightmanae (2005, 1/1) (2003-,5)
     
2 El Yunque (Elfi n  18.301867°N 850–907 E. coqui (2003-, 154/532) E. gryllus (2005-, 5)  Histology
 Forest) 65.794583°W  E. portoricensis (2003-, 204/375)   PCR
    E. unicolor (2007-, 3/6)   qPCR
     
3 Patillas (Casas de  18.079483°N 623  E. coqui (2004-, 19/95)  PCR
 la Selva) 66.034972°W  E. brittoni (2004-, 3/25)  qPCR
    E. wightmanae (2004-, 53/147)
    Leptodactylus albilabris (2004-, 
    4/6)
     
4 Carite  18.0916°N  686 E. coqui (2005-, 6/6) E. jasperi (1976, 3)* Histology
  66.034233°W   E. locustus (2005-, 17/18)  E. brittoni (2005, 5)  PCR
    E. portoricensis (2005-, 1/1) Leptodactylus albilabris  qPCR
    E. richmondi (2005-, 6/11)  (2005, 1)  
     
5 Toro Negro 18.172367°N 851–1178 E. coqui (2005-, 20/39) Bufo marinus (2005, 1) PCR
  66.358022°W  E. antillensis (2005-, 20/20)   qPCR
    E. brittoni (2005-, 3/3)
    E. wightmanae (2005-, 10/12)
    Leptodactylus albilabris (2005-, 
    6/6)  
     
6 Adjuntas 18.173231°N 733  E. coqui (2006, 4/10)   qPCR
  66.772531°W  E. brittoni (2006, 3/5)
     
7 Maricao 18.14455°N 800 E. coqui (2005-, 14/48)  E. wightmanae (2005-, 5)  PCR
  66.9801°W  Leptodactylus albilabris (2005-,   qPCR
    4/10)
     
8 San Juan (UPR) 18.406644°N  17   E. coqui (2005-, 107) PCR
  66.041414°W   E. cochranae (2007-, 5)  qPCR
     Leptodactylus albilabris 
     (2005-,11) 
     
9 San Juan (Bosque  18.411578°N 64  E. coqui (2005-, 6)  PCR
 San Patricio) 66.094417°W  
     
10 Bayamón 18.369414°N 45   E. coqui (2005-, 10)  PCR
  66.18205°W    qPCR
     
11 Toa Baja 18.431847°N 10   E. juanariveroi (2006, 5)  qPCR
  66.200644 °W   E. coqui (2006, 5)  
     
12 Mayagüez 18.210536°N 32  E. coqui (2004-, 6)  qPCR
  67.138144°W    Leptodactylus albilabris   
     (2004-, 4)
     
13 Juana Díaz 18.135083°N 215  E. coqui (2005-, 7)  PCR
  66.358022°W   Leptodactylus albilabris  qPCR
     (2006-, 8)
     
14 San Lorenzo 18.081281°N 407  E. cooki (2004-, 10) PCR
  65.989544°W    qPCR
     
15 Humacao 18.166667°N 3  Bufo marinus (2000, 4)  Histology
  65.766667°W   Rana catesbeiana (2000, 3) 
     
16 Vieques 18.116892°N 2.5  E. antillensis (2006, 10)  PCR
  65.560786°W   Leptodactylus albilabris 
     (2006, 2)
     
17 Mona Island 18.088508°N 10  E. monensis (2006, 8) qPCR
  67.935914°W
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Miera 2007; Morgan et al. 2007). Puerto Rico is not an exception 
to these observations. Species extinctions, population extirpations 
from certain geographical areas, and population fl uctuations 
in species that seem to resist the disease, have occurred on the 
island. Our data (Table 1) provides a valuable research tool to 
compare future changes in Bd spread, test for evolution of genetic 
strains, and study environment-specifi c variation in prevalence of 
this disease in amphibian communities. 
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The pathogen responsible for the disease chytridiomycosis is 
the fungus Batrachochytrium dendrobatidis (Bd) (Berger et al. 
1998), which has been detected in numerous localities around 
the world (Skerratt et al. 2007). In Italy, it has been detected 
in Bombina pachypus, Rana latastei, and Rana catesbeiana 
populations in the north (Stagni et al. 2004; Garner et al. 2006; 
T. Garner, pers. comm. 2008) and in a Rana kl. esculenta/Rana 
lessonae population in Umbria (Simoncelli et al. 2005; Di Rosa 
et al. 2007). Bd has also been detected on Sardinia (the second 
largest Italian island) in endemic populations of Euproctus 
platycephalus (Bovero et al. 2008). Here, we report surveys for 
the pathogen in 13 species of amphibian at 15 locations in Italy 
in 2007.

We hand captured individual amphibians and sampled them 
for Bd by rubbing a cotton-tipped swab over the body of each 
individual. Frogs were held separately prior to swabbing and 
technicians wore a new pair of gloves for each individual 
handled. As the frog was restrained, the swab was fi rmly rubbed 
back and forth 25 times over the drink patch and was also rubbed 
over the mouth and webbing between each toe. The swab was 
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immediately inserted, cotton side down, into a 2-mL screw-cap 
tube containing 1 mL of 70% ethanol and stored upright. Vials 
were shipped to the laboratory for analysis, and each swab was 
analyzed individually for the presence of Bd DNA using PCR. 

The PCR assay was based on Annis et al. (2004), but modifi ed to 
run for 45 cycles. Total DNA was extracted from swab samples 
using Qiagen DNeasy spin columns, amplifi ed with Bd-specifi c 
primers targeting the ITS1 and ITS2 regions of the ribosomal DNA 
locus, and visualized with agarose gel electrophoresis. Samples 
were scored as negative or positive for Bd based on the absence 
or presence, respectively, of the expected 296 base pair amplicon. 
Known Bd DNA was used as a positive control in all PCR runs ( 
J. Wood, Pisces Molecular, Boulder, CO, USA, pers. comm.). All 
fi eld gear was cleaned with a brush and water and then sterilized 
using a dilute bleach solution between each sampling location.

We swabbed 45 amphibians and of these, 4 were positive for 
Bd (Table 1). We found Bd on all 3 Rana catesbeiana captured 
in a small farm pond near Turin (Fig. 1, Study Area C). Rana 
catesbeiana is a North America species introduced to Italy 
more than 50 years ago (Lanza 1962). It is less susceptible to 
chytridiomycosis-induced mortality than some other species of 
amphibian and may serve as a reservoir for Bd (Daszak et al. 
2004; Garner et al. 2006). Out of 41 native amphibians tested, we 
only found one individual that was positive for Bd. The positive 
individual was 1 of 10 R. esculenta tested at 5 ponds in Study 
Area C. We did not fi nd any frogs that were dead or that appeared 
to be sick. While only a small haphazard sample, this is the largest 
survey for Bd in Italy reported to date.

 

FIG. 1. Location of six study areas (A–G) in northern Italy where we 
sampled amphibians for the presence of Batrachochytrium dendrobatidis 
in 2007. 

TABLE 1. Anurans that tested positive or negative for the presence of Batrachochytrium dendrobatidis in Italy in 2007. See Fig. 1 for 
the locations of the study areas A–G.

Study Area Latitude Longitude Species Stage No. negative No.  positive 

 A 46.319660 8.282630 Rana temporaria adult 2 0 
 B 44.742830 7.075300 Rana temporaria adult 1 0 
 B 44.742830 7.075300 Salamandra lanzai adult 3 0 
 C 44.864000 7.955000 Bufo bufo adult 1 0 
 C 44.885300 7.921520 Bufo viridis juvenile 1 0 
 C 44.885300 7.921520 Rana catesbeiana adult 1 0 
 C 44.901360 7.874620 Rana catesbeiana adult 0 3 
 C 44.864100 7.956000 Rana esculenta adult 2 0 
 C 44.868700 7.955700 Rana esculenta adult 1 0 
 C 44.874920 7.947880 Rana esculenta adult 2 1 
 C 44.864000 7.955000 Rana esculenta juvenile 1 0 
 C 44.864100 7.956000 Rana esculenta juvenile 1 0 
 C 44.868700 7.955700 Rana esculenta juvenile 1 0 
 C 44.891340 7.924450 Rana esculenta juvenile 1 0 
 C 44.864100 7.956000 Triturus carnifex adult 1 0 
 D 44.539290 8.516300 Rana ridibunda adult 2 0 
 E 44.602730 9.194440 Rana italica adult 2 0 
 E 44.605420 9.192030 Rana italica juvenile 3 0 
 E 44.606240 9.187160 Rana italica juvenile 1 0 
 E 44.602730 9.194440 Salamandra salamandra adult 1 0 
 E 44.606240 9.187160 Salamandra salamandra adult 1 0 
 E 44.602730 9.194440 Speleomantes ambrosii adult 2 0 
 F 44.436440 9.287520 Bombina pachypus adult 5 0 
 G 41.732778 12.376111 Rana kl. hispanica adult 5 0
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The holotype of Sauromalus ater (MHNP 813) was collected 
during a circumnavigational voyage of the French corvette, La 
Danaïde, and presented, without locality, to the Muséum National 
d’Histoire Naturelle in Paris by Lieutenant M. Jaurès (Brygoo 
1989). The lack of a type locality for S. ater has remained, 
ever since, a problem for taxonomists interested in Sauromalus 
(Hollingsworth 1998; Schmidt 1922; Shaw 1945). 

Unable to study the holotype due to political conditions in 
Europe, Shaw (1945) believed he had uncovered clues in the 
literature as to its provenance. The details in a redescription of 
the type by Duméril and Bocourt (1870) as well as reference to 
traces of an interbrachial band mentioned by Mocquard (1899), 
suggested that the holotype might have originated from one of 
the islands off the southern gulf coast of the Baja California 
peninsula. However, Shaw (1945:284) did not restrict the type 
locality, but stated: “Not defi nitely known but undoubtedly one of 
the several islands in the southern part of the Gulf of California 
where this species is known to occur.” Five years later, Smith and 
Taylor (1950) restricted the type locality to Isla Espíritu Santo 
without explicit justifi cation (de Queiroz 1995). Perhaps Smith 
and Taylor (1950) selected this island because it is the largest one 
close to the port settlement of La Paz.

In Hollingsworth’s (1998) systematic revision of the genus 
Sauromalus, he re-evaluated the meristic and color pattern 
characters of the holotype of S. ater, to determine its likely origin. 
Using a univariate statistical approach, Hollingsworth (1998) ruled 
out a number of populations as the potential source of the holotype 
because the holotype’s character value fell outside the range limits 
of each sample. He concluded that the holotype was most similar 
to individuals from southern Sonora. Hollingsworth’s (1998) 
also used multivariate approaches: a multivariate classifi cation 
analysis placed the type specimen with the sample from southern 
Sonora, but using a discriminant function analysis, the holotype 
fell within the dispersion polygon for Isla San Francisco, adjacent 
to the boundary for Isla San Marcos, and farther away from the 
southern Sonora sample. Hollingsworth (1998) considered that 
the weight of the evidence supported the conclusion that southern 
Sonora was the likely origin of the holotype and he restricted the 
type locality to somewhere between Guaymas northward to the 
southern extent of the Llanuras de San Juan Bautista at Estero de 
Tastiota. 

Montanucci (2000) reviewed Hollingsworth’s (1998) methods 
for determining the type locality of Sauromalus ater, citing the 
problem of small sample sizes of the reference samples, the 
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intrinsic weakness of the univariate approach, and contradictions 
in the results of the multivariate analyses (see Montanucci 2000 
for further discussion). Montanucci (2000) determined, using 
prediction intervals (Hahn and Meeker 1991), that most insular 
and southern coastal mainland sites dismissed by Hollingsworth 
(1998) could not be ruled out as the source of the holotype. He 
therefore argued that Hollingsworth (1998) had not conclusively 
demonstrated that southern Sonora was the type locality to the 
exclusion of the southern Baja California peninsula or adjacent 
gulf islands. Montanucci (2000) acknowledged that southern 
Sonora was a possible source for the holotype, but that without 
additional evidence, the question of the type locality remained 
unsettled.

Historical information has now come to light that provides 
convincing evidence as to the provenance of the holotype of 
Sauromalus ater. In 1945, noted historian Abraham P. Nasatir 
published a volume entitled French Activities in California: an 
Archival Calendar-Guide. According to Nasatir (1945), historians 
familiar with California history were well aware that in the mid-
1800s the Pacifi c Region was an area of rivalry for power and 
infl uence by several nations including England, Russia, Spain, 
and the United States. What was not generally appreciated was 
the extent of the role played by France in this ongoing rivalry. 
In the preface of his book, Nasatir (1945) states that in 1924 he 
was awarded a traveling fellowship by the Sons of the Golden 
West to examine and catalog documents pertaining to the 
activities of France in California prior to statehood. He spent four 
months in 1924, and one month in 1925, working in the libraries 
and archives of Paris, and discovered an “immense amount of 
material” pertaining to California.

In the Ministry of Foreign Affairs, Nasatir studied the series 
“Correspondence Politique” containing letters between French 
offi cials and those of several other nations including États-
Unis and Mexique. He also worked in the Archives du Service 
Hydrographique de la Marine, which contained reports of 
voyages, logbooks, and inventories. Relevant maps were stored 
in the Bibliotheque du Dépot des Cartes et Plans located in an 
adjacent building. Among the letters, manuscripts, reports, and 
maps listed by Nasatir (1945), I noted several that are relevant to 
the circumnavigational voyage (1839–42) of the French corvette 
La Danaïde under the command of Joseph de Rosamel. In early 
1840, La Danaïde reached the west coast of México where it 
conducted nautical and hydrographic investigations, much to the 
dismay of Mexican offi cials. A letter dated 18 May 1840, from 
M. Baron Alleye de Cyprey, French Ambassador to México, to 
Maréchal Duc de Dalmatie, French Foreign Minister, states that 
His Majesty’s corvette La Danaïde has raised the suspicions 
and fears of Mexican authorities by its work on that coast. De 
Cyprey further mentions that on the previous day, he received a 
note from M. de Cañedo, Mexican Minister of Foreign Relations, 
demanding an explanation for the activities of the corvette and 
expressing his astonishment that the ship is taking the liberty of 
charting the coasts of México without previously having obtained 
permission. 

A 10.5-page manuscript entitled “á bord La Danaïde” listed in 
Nasatir (1945:313) includes a table of latitudes and longitudes, 
and observations and notes made at many places including the 
west coast of México, Lower California (Cabo San Lucas), Upper 

California (Monterey), as well as localities visited after the ship 
left the Pacifi c Coast area (e.g., Honolulu, Manila). Information 
about the ship’s itinerary was found in the “Extrait du Journal 
de navigation de La Danaïde par de Rosamel.” For Mexican 
localities where the ship anchored, it lists Acapulco, San Blas, 
Mazatlán, and Guaymas (Nasatir 1945:313). These records 
indicate that with the exception of Guaymas, Sonora, none of the 
localities known to be inhabited by Sauromalus ater was visited 
by La Danaïde. 

The ship dropped anchor in the Bay of Guaymas during March 
of 1840, and two of the ship’s men, Fisquet (sub-lieutenant of 
the vessel) and Garnault (a naval cadet), conducted a detailed 
survey to map the bay and its vicinity. Nasatir (1945:338) lists 
the Guaymas map under Portefeuille 171 bis, Division Number 6, 
as follows: No. 18 “Plan de la Rade de Guaymas et ses Environs, 
Levée en Mars, 1840 by M. Fisquet, Enseigne de Vaisseau.” MS. 
Original “Voyage of La Danaïde” [Rosamel, rubric, — in Volume 
II of “Documents of La Danaïde.”]. Rosamel et al. (2005:23) 
provide a general itinerary for La Danaïde and indicate the date 
of arrival at Guaymas as 14 March 1840. Although Nasatir (1945) 
lists only Fisquet for the preparation of the map of the Guaymas 
area, other sources (e.g., Orozco y Berra 1871; Uricoechea 1860) 
credit the naval cadet Garnault as well. 

On the basis of offi cial correspondence as well as the abbreviated 
contents of manuscripts and other documents (e.g., maps) listed 
by Nasatir (1945), it can be inferred that the French were very 
interested in charting the west coast of mainland México, 
probably for strategic reasons. However, the peninsula of Lower 
California was apparently of little or no concern to the French at 
that time. There is no record of La Danaïde having visited any of 
the islands in the Gulf of California or the port settlement of La 
Paz. The only peninsular locality listed is Cabo San Lucas (see 
below). The itinerary depicted by Rosamel et al. (2005:23) shows 
that La Danaïde, after reaching and then departing Guaymas, 
backtracked southward along the Sonoran coast to Mazatlán. 

According to Shepard (1958), La Danaïde was stationed at 
Mazatlán from 19 April to 7 May 1840. While there and preparing 
to set sail for the Sandwich Islands (Hawaiian Islands), de 
Rosamel was informed by the crew of a schooner arriving from 
Santa Barbara that two Frenchmen had been killed and several 
others wounded during an incident (later known to historians as 
the “Graham Affair”) at Monterey, the capital of Upper California. 
The governor of Upper California, Don Juan Bautista Alvarado, 
fearing a plot to seize control of the country, had ordered the 
general arrest of all foreigners, including 47 alleged conspirators 
(Americans and Englishmen among them), led by Isaac Graham 
from Tennessee. With news of this incident, de Rosamel decided 
to set sail immediately for Monterey to ascertain the veracity of 
this report, and if necessary, to avenge the deaths and protect any 
remaining compatriots. It can be inferred that while en route to 
Monterey, La Danaïde anchored at Cabo San Lucas, but spent 
little time there due to the urgency of the matter. Alternatively, 
the cape area could have been visited earlier while the vessel was 
charting the west coast of México, but this seems less likely as 
it would have diverted the ship away from its northward route 
along the coast.

According to Shepard (1985), de Rosamel arrived in the Bay of 
Monterey on 11 June 1840; the French corvette trained its cannons 



Herpetological Review 39(3), 2008328

on the capital and was prepared to reduce the small settlement 
to “a pile of adobe dust and splinters.” But through discussions 
with local customs offi cials and a handful of French residents, 
de Rosamel quickly learned that the report of deaths and injuries 
to French citizens was erroneous. De Rosamel remained in 
Monterey for nearly a month to establish amicable relations with 
the residents and provision his vessel. On 8 July 1840, he drafted 
letters to Governor Alvarado and Baron de Cyprey recounting the 
circumstances of his visit to Monterey as well as related matters 
(Nasatir 1945:154–157). The following day (9 July 1840) de 
Rosamel set sail for Honolulu (Shepard 1985). 

On the basis of the aforementioned information, it is clear that 
de Rosamel had an interest in charting the west coast of mainland 
México. The extended reconnaissance of the Bay of Guaymas and 
its vicinity by the offi cers and crew of La Danaïde provided the 
opportunity to collect Sauromalus ater. As indicated previously, 
no other localities occupied by this species are listed among the 
ports visited by the French vessel. It is my conclusion that the 
type specimen of Sauromalus ater was collected near Guaymas, 
and I therefore further restrict the type locality to the vicinity of 
Guaymas Bay, with the date of collection being sometime in mid-
March 1840. 

The classifi cation analysis based on meristic data of the holotype 
of Sauromalus ater (Hollingsworth 1998) and the historical 
record presented here support the type locality restriction by 
Hollingsworth (1998) and its further restriction here. The specifi c 
epithet ater can now be assigned to the continental chuckwalla 
populations with confi dence, thereby negating the need to 
designate a neotype with an arbitrary type locality. With regard to 
future research directions, it is not clear that all continental and 
insular populations are conspecifi c (see Petren and Case 2002). 
Molecular genetic studies should focus on the populations from 
the Baja California peninsula (Vizcaíno region southward), and 
the southern gulf islands to reassess their taxonomic status.
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Early in 1960 several people came together in my offi ce at the 
American Museum of Natural History and discussed what we 
thought of as an impending crisis. An amateur herpetologist had 
announced his intention to publish an updated version of Karl P. 
Schmidt’s 1953 Check List of North American Amphibians and 
Reptiles, Sixth Edition. My feeling was that the proposal would be 
unlikely to yield a publication of high quality. Also, I had serious 
concerns about the form and content of any new checklist. The 
others present shared my concerns to a greater or lesser extent: 
Herndon G. Dowling (New York Zoological Society), William 
J. Riemer (University of Florida), and Philip W. Smith (Illinois 
Natural History Survey) were there, and possibly James Anderson 
(Rutgers University) and others whom I cannot now recall.

The Schmidt (1953) checklist had much the same format as the 
Fifth Edition (Stejneger and Barbour 1943), but with signifi cant 
additions. Accounts of genera included synonymies more inclusive 
than in the earlier checklists, species and subspecies accounts 
(rather than species alone) each comprised of a brief synonymy 
with type localities incorporated, a generalized statement of range, 
and a “Common Name.” Apart from some broad references cited 
in an opening section, bibliographic information was restricted to 
abbreviated citations in the synonymies. 

The Schmidt checklist was a personal and idiosyncratic 
document. He stated (1953:2)  “when [type localities] are vague, 
I have restricted them.” He dropped the second i of ii endings in 
species names, or substituted ei. Most inconvenient for subsequent 
taxonomists, he introduced 29 new name combinations “[New 
comb.],” throughout the publication without explanation 
and without a means for the reader to fi nd them other than by 
searching through the checklist. He dropped the convention of 
“enclosing the names of the authors of specifi c (trivial) names 
in parentheses when these names have been transferred from 
one generic combination to another” (1953:4). Apart from these 
technical matters, the range statements were often quite vague 
and occasionally erroneous, even given the state of knowledge 
when the manuscript was written. 

It was apparent (at least to most of us) that a new single-
authored checklist would suffer from many of the defi ciencies 
of the Sixth Edition, even allowing for more input from other 
herpetologists than had that edition. Multiple authorship had 
potential advantages, but these might be more than offset by 
communication and editorial complications that could increase 
exponentially with the number of authors. Also of concern was 
the “engraved-in-stone” aspect of a hard-bound volume revised 
only every decade or so. 

A possible solution that occurred to me was to publish a checklist 
incrementally in the form of individual accounts that could be 
assembled by the subscribers in a loose-leaf fashion. Among the 
many potential advantages were diversity of authorship, space to 
expand the sorts of information that had been restricted to a few 
lines of text in the earlier checklists, and room to add categories of 
information not previously covered. The loose-leaf format would 
have the additional virtue of permitting revisions of individual 
accounts without awaiting the production of an entirely new 
checklist. The suggestion was favorably received.

At the June 1960 annual meeting of the American Society of 
Ichthyologists and Herpetologists, I recommended to the Board 
of Governors that the Society consider replacing the hardbound, 
single-author checklist with a loose-leaf edition (Anon. 
1960:393). President Norman Hartweg appointed a Committee 
“to investigate the desirability of issuing a new checklist of North 
American amphibians and reptiles.” He instructed the Committee 
“to ascertain the support of the Society membership; to suggest 
the scope, content, and format of a new edition, if such is deemed 
desirable; and to determine the most economically feasible manner 
of producing a new checklist” (Anon. 1960:393). Subsequently, 
“Dr. Philip W. Smith presented a summary of comments from 
herpetologists on a proposed seventh edition of the check list of 
North American amphibians and reptiles. There were numerous 
opinions, but the consensus was that preparation should be made 
of a seventh edition or that a supplement, to be called a seventh 
edition, be made to the current sixth edition.” “[Subsequent to 
the meetings, President Hartweg appointed the following persons 
to serve as a Committee on a North American herpetological 
checklist: Philip W. Smith, Chairman, Herndon G. Dowling, Alan 
E. Leviton, William J. Riemer, Hobart M. Smith, and Richard G. 
Zweifel]” (Conant 1960:398).

Hence, we began designing a format for the individual accounts, 
keeping in mind the need to expand upon both the categories in the 
Checklist’s accounts and the variety of information provided. We 
decided that a typical species account should have the following 
eight sections: 1) Synonymy (incorporating type locality, catalog 
number of type specimen, deposition site, collector, and date of 
collection; 2) Content (names of subspecifi c taxa recognized); 3) 
Defi nition (descriptive statements characterizing the taxon); 4) 
Descriptions (citations to signifi cant morphological descriptions); 
5) Illustrations (citations to selected references with illustrations; 
6) Distribution (a statement more detailed than the generalized 
ones in earlier checklists, always accompanied by a map with 
individual localities plotted); 7) Pertinent Literature (citations to 
sources of information not covered elsewhere in the account; 8) 
Etymology (derivation of the scientifi c name); and, of course, 9) 
Literature Cited. If subspecies were recognized, each would have 
a synonymy, defi nition, and (if needed) a Remarks paragraph. 
Wherever possible, accounts of anuran taxa would include an 
audiospectrogram. This format could be adapted as needed 
for accounts treating higher categories. A strict condition to be 
imposed on authors would be that no novel taxonomic conclusions 
could be advanced in an account. Where controversy existed, 
however, this should be recognized and documented. 

We realized that such a publication would not be a checklist 
in the usual sense, but a catalog. The catalog would be made 
available by subscription in the hope that this would provide 
income to support the project. Initially a grant would be needed 
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as seed money. (The need for checklists of the less inclusive 
sort would eventually be fi lled by publications from the Society 
for the Study of Amphibians and Reptiles, The Herpetologists’ 
League, and other organizations.)

At the April 1961 annual meeting of the ASIH a sample 
species account (marked “NOT PUBLISHED” to avoid future 
bibliographic complications) was distributed to the attendees 
for their comments, acting on President Hartweg’s charge to 
the Committee in 1960. At this meeting, “The Committee of the 
Herpetological Check List, William Riemer, Chairman, received 
permission from the Board of Governors to proceed with plans 
for the check list, and was authorized to submit a proposal to 
the National Science Foundation for fi nancing the check list on 
a three-year basis” (Anon. 1961:511). In addition to William J. 
Riemer being appointed Chairman, Wilfred T. Neill was added 
to the Committee.

Committee Chairman William Riemer was the person most 
responsible for getting the project moving. From his base at 
the University of Florida, he wrote the grant proposal to the 
National Science Foundation, and at the June 1962 ASIH 
meeting, “President Conant announced that the National Science 
Foundation had approved a two-year grant to the society, 
designated for the purposes of publication of the Herpetological 
Catalogue” (Peters 1962:868). 

The fi rst six Catalogue accounts were published in December 
1963, followed by eight in September 1964, and eight in October 
1965—all edited by Riemer. At the June 1966 ASIH annual 
meeting he reported that 8 accounts were in press, 12 at the 
printers, 34 being edited or reviewed, and 80 in preparation by 
authors. Clearly, the tasks involved in preparing manuscripts 
for the printer had become too varied and time-consuming to 
be done effi ciently by one editor. In order to spread the work 
load, Richard Zweifel and James D. Anderson were appointed 
as Section Editors for Salientia and Caudata, respectively. The 
Section Editors would be responsible for editing manuscripts 
in their respective fi elds, leaving the Editor to see the accepted 
manuscripts through the press and distribution stages. These 
three edited 81 of the fi rst 100 accounts. As the need developed in 
subsequent years, additional Section Editors were appointed and 
in later years editorial functions were further dispersed. 

At the 1968 ASIH annual meeting Herndon Dowling, Chairman 
of the Herpetological Catalogue Committee, reported that the 
NSF grant supporting the Catalogue project was due to expire 
and that an extension of the grant period had been applied for. The 
extension was granted to 1970 but without additional funding. 
With about 600 subscribers by 1969 and 74 accounts published, 
the Catalogue was still not self-supporting. Although the ASIH 
Board of Governors was complimentary about the Catalogue 
project—“The Committee was highly commended for the work 
they have done on the Catalogue and were urged to continue this 
excellent project,” (Highton 1970:799)—they declined to devote 
ASIH funds to its continuance. 

Fortunately, the younger and more far-sighted board of the 
Society for the Study of Amphibians and Reptiles was willing 
to take a chance. “In 1970, the editors of the Catalogue of 
American Amphibians and Reptiles voted unanimously to request 
transfer to SSAR sponsorship from that of the American Society 
of Ichthyologists and Herpetologists which had supported the 

Catalogue since its beginning in 1963. That transfer was effected 
in 1971.” (Moriarty and Bartholomew 2007:6). 

William Riemer, who contributed so much to the establishment 
of the Catalogue, resigned his membership on the Catalogue 
Committee in 1969 and left the University of Florida for a position 
with the National Science Foundation in Washington. At that 
time Herndon Dowling became General Editor of the Catalogue 
and the editorial offi ces moved to the American Museum of 
Natural History, where his NSF-supported bibliographic project 
was quartered.1  This project, however, was unable to become 
self-supporting and was terminated by the NSF in 1972 (Myers 
2000:168). In 1974, I became General Editor of the Catalogue, 
while also keeping my position as Section Editor for Salientia. I 
continued as General Editor until 1981 and as Section Editor until 
1986 when I resigned with retirement on the horizon.

The Catalogue has continued to grow and prosper. The inclusion 
of “American” in the name was not done lightly but implied an 
intention of including all the Americas, indeed the entire Western 
Hemisphere, in its scope; this intention has been realized. The 
penny-pinching days of trying to restrict as many accounts as 
possible to a single sheet have given way to more liberal funding, 
allowing multi-paged accounts, often with color illustrations. 
The Catalogue has become the “fi rst stop” for anyone seeking 
information on the species and genera covered, with 840 accounts 
published by 2007. Itzchak Gilboa compiled a list (not published) 
of references cited in the fi rst 400 accounts (through 1986), with 
no titles duplicated. I estimate that this list includes nearly 15,000 
references. 
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In an effort to improve the care and management of exotic 
animals there has been an increased interest in applying training 
in captive animal facilities. The training of captive animals has 
many advantages and has recently become more widespread. In 
one survey, 139 AZA accredited institutions reported performing at 
least some training with their animals (Good 2000). Additionally, 
most institutions that had formal training plans had formed them 
within the 15 years prior to the Good study. 

Reinforcement training has been used successfully in captive 
animal facilities with such diverse groups as hoofstock (Phillips 
et al. 1998), marine mammals (Anderson et al. 2003), birds 
(Martin 2007) and even fi sh (Losey and Margule 1974). Despite 
the diversity of taxa in which these techniques have been found 
to be successful, the majority of published, objective training 
reports are focused on nonhuman primates (i.e. Laule et al. 
2003; Prescott and Buchanan-Smith 2003; Schapiro et al. 2003). 
Conversely, reptiles, though capable of learning tasks, as shown 
in the basic learning literature (for a review see Burghardt 1977), 
are rarely the subject of published, applied learning accounts (for 
an exception see Weiss and Wilson 2003). 

Training has been used to deal with various issues that arise 
with the management and display of captive exotic animals. 
Positive reinforcement training has been used successfully 
to increase animal activity (Myers 1977), facilitate breeding 
(Colahan and Breder 2003), decrease aggression (Bloomsmith et 
al. 1994), and even to elicit novel behaviors (Pryor et al. 1969). 
More commonly, animals have been trained to comply with basic 
husbandry and veterinary procedures (Basset et al. 2003; Laule et 
al. 2003). Some basic behaviors include “targeting” (the animal 
touches a target in response to a verbal cue), “shifting” from one 
place to another and “holding”. 

Training for these purposes has proven advantageous in several 
ways. For example, compliance training can decrease the stress 
of a procedure. In a study by Phillips et al. (1998) two groups of 
Bongo (Tragelaphus eurycerus) were subjected to a veterinary 
procedure. The group of Bongo that had been crate trained 
showed lower cortisol levels than the Bongos that were physically 
restrained for the procedure. Additionally, training can allow for 
other, more invasive, veterinary procedures to be performed 
without chemical or physical immobilization (Weiss and Wilson 

2003). Positive reinforcement training may be particularly 
important in large and/or skittish animals (Pryor 1995). Training 
an animal to comply with a procedure in response to a cue rather 
than physically forcing it to comply prevents stress and possible 
injury for both keeper and animal.

The two main objectives for this project were to maintain 
a behavior that had previously been trained “target” and to 
train a new behavior of “hold” in a group of Aldabra Tortoises 
(Geochelone gigantea). “Target” is defi ned as having the animal 
touch a target stick, often a rod with a ball on the end of it, with 
their nose. “Hold” is defi ned as having the animal follow the target 
stick onto a platform and stand there without shifting their weight 
for 30 seconds. Targeting training offi cially started a year prior 
to this project for the purpose of facilitating moving the tortoises 
between sections of their exhibit. Problems occurred when staff 
attempted to weigh the tortoises. The “target” behavior, that had 
been used successfully to move tortoises between parts of the 
exhibit, failed in this new context. The target was used to try 
and guide the tortoises onto the weighing platform but this met 
with limited success. One animal refused to participate, one was 
spooked by the platform and had to be manually lifted onto it, 
and two would walk over the platform but not stop on it correctly. 
Only one tortoise successfully stepped on the platform and held 
long enough to get an accurate weight. Weighing these animals 
without their cooperation is particularly diffi cult because not only 
they are hard to move physically (as they often weigh hundreds 
of pounds), but trying to coerce them to move can be hazardous 
(animal care staff have been injured in the past). By specifi cally 
training a “hold” behavior, it was hoped accurate weights could 
be safely, quickly, and reliably obtained for all fi ve tortoises. 

Materials and Methods.—Subjects were two male and three 
female Aldabra Tortoises (Geochelone gigantea) housed at Zoo 
Atlanta. The two males each weigh ca. 136 kg and the three 
females ca. 91 kg each. Exact ages of the tortoises are unknown 
but they are all estimated to be over 50 yrs old. The tortoise exhibit 
consists of two outside yards and a heated indoor solarium. 

Target sticks consisted of a dowel (1.07 m long, 6.4 mm 
diameter) attached to a blue-and-white pool fl oat. The blue-and-
white fl oat was chosen as a target because it was too large to 
be swallowed by the tortoises. Additionally, blue and white are 
colors not typically associated with tortoise food items. Times 
were recorded with a stopwatch, and a thermometer was used to 
track the temperature during training sessions. The scale platform 
used for the weighing was a 1.2 × 1.2 m piece of wood which 
was 8.9 cm thick. Primary reinforcers used were mostly sticks 
of carrot and sweet potato, but also included melon and banana. 
Carrot and sweet potato sticks were used most often because 
they would not stick to debris, could be easily administered, 
and the tortoises responded well to orange-colored food. Orange 
was a salient color for these subjects. This was illustrated by the 
tortoises’ repeated interest in orange colored items (e.g., colorful 
shoelaces) no matter how many times they encountered them and 
found them inedible. Although this species has not been tested 
for color vision, reports on related taxa show that color vision is 
likely (Liebman and Grada 1971; Ohtsuka 1985).

Design and Procedure.—Training sessions were held two or 
three times a week for three months. Sessions were ca. 45 min. 
in duration, and occurred at either 1400 or 1600 h. Training was 
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held indoors unless weather permitted the tortoises to be outside. 
Although the entire session was 45 min., each animal was worked 
with individually for only 5–10 min. Animals that were not being 
worked with individually had the behavior of “not interfering” 
reinforced. In this context, this consisted of placing food items 
that took longer for the animals to process (e.g., lettuces) at the 
edges of the exhibit. Thus, while the other tortoises were engaged 
with eating the freely available low preference items an individual 
could be worked with using the higher preference training food 
items. 

Training was conducted by DB while observations and times 
were recorded by DEG. Training consisted of maintaining the 
“target” behavior and shaping the behavior of “hold.” A clicker 
was used as a bridging stimulus during the training sessions; the 
clicker had been established as a secondary reinforcer prior to 
the initial target training. Training was initiated by placing the 
target in the subjects view and giving a verbal command in the 
form of “animal’s name, command.” Targeting was reinforced 
on a variable ratio schedule with an average ratio of two (VR2), 
meaning the behavior of targeting was reinforced after a random 
number, averaging two and with a range of one to three, of 
successful targets. Holding was reinforced for each successful 
hold of 30 seconds. The clicker was used when an animal 
successfully targeted or intermittently during the hold behavior.

Food items used for training were not part of the tortoises’ 
general diet; they were only given in the context of training. 
The tortoises were fed daily, although in an attempt to keep 
motivational levels constant the tortoises were generally not fed 
until after the training session had ended. All food items not used 
during training were given out after the session was completed.

Scoring.—Hold times were measured from the moment when 
the subject fi rst touched the target stick until it shifted its weight.

Results.—The criterion for successful training of the “hold” 
behavior was set at four consecutive successful holds of 30 
seconds each. All fi ve subjects achieved criterion within 25 trials 
with a mean of 15.8 (Fig. 1). At the end of the study, a mock 
weighing session was conducted. This procedure consisted of 
having the subjects step on the scale platform and hold there, 
without shifting their weight, for 30 seconds. The scale platform 
was novel to the tortoises when the weighing took place. Four 
of the subjects were successfully mock-weighed on a scale 
platform. The remaining subject, M2, was unavailable because 
of illness that caused him to cease eating and responding to the 
trainer. Before this project had taken place only one tortoise had 
been weighed successfully using a similar procedure.

Discussion.—This study demonstrates the practicality of 
training tortoises in compliance behaviors. All subjects were 
successfully trained to hold in a relatively short period of time 
(less than three months with only 10–30 min. a week of training 
per animal). The rapidity of the training was probably most 
attributable to the fact that the subjects had been target trained for 
the previous year. 

These results may support the hypothesis that training of 
new behaviors can proceed more rapidly if the subject has had 
experience with training previously (Pryor 1999). Although these 
tortoises initially took months before even approaching the target, 
much less reacting to it appropriately (unpubl. data), shaping the 
target behavior into a 30-second hold was accomplished in a much 

shorter period of time. The concept of “learning to learn” is a well 
established one (Harlow 1949). However, to conclusively support 
this idea, a similar set of subjects who are naïve to training would 
need to be trained on the “hold” behavior. It is also important to 
note that other variables such as trainer experience, the animal’s 
history and even temperature (especially for reptiles) can affect 
training results (Krekorian et al. 1968; Pryor 1999). However, 
institutions might consider training animals in the collection on 
at least one basic behavior, if not just for current purposes, but to 
possibly facilitate training of new behaviors in the future.

Additionally, it may be important to train fl exibility into new 
behaviors. Problems with weighing these animals stemmed from 
the static way in which the target stick had been used in past 
training. Prior to this study, while target training, the keeper was 
always moving with the target stick (pers. obs.). Additionally, 
the target had only been presented at a height of about 7–8 cm 
off the ground. Thus, the tortoises had a reinforcement history 
only at one height and would not respond if target was held in 
any other position. Accordingly, the tortoises had acquired a 
fi xed response of moving towards the target only when it was 
held at that height. They would not respond when the target was 
higher or lower and they would continue walking even if they 
had already encountered the target (they would push through the 
target instead of stopping). During this study, varying the height 
at which the target was presented and reinforcing the tortoises 
only for contacting the target, not walking through it, helped 
overcome these issues.

Reptiles can learn and this has implications in both applied 
and pure research areas. In the applied fi eld, training can prove 
helpful in areas of animal husbandry (Laule et al. 2003). Animals 
can be trained to endure veterinary procedures without potentially 
harmful physical restraint or the risks associated with chemical 
immobilization. Additionally, they can be trained to shift from one 
part of the enclosure to another, facilitating cleaning of the exhibit 
as well as isolating the animal should a potentially threatening 
situation arise. Resistance to the idea of training reptiles may 
exist due to misconceptions of the time required to train a reptile 
to a useful task. However, training in turtles and lizards, given 
daily sessions, can be accomplished in only a matter of weeks 
(Ishida and Papini 1997; pers. obs.). The current results further 
support the hypothesis of the feasibility of training reptiles.

In addition to teaching captive animals useful behaviors, 
the application of positive reinforcement training techniques 
may provide other, broader benefi ts for these animals (Laule 
1992). Training can also be considered a form of environmental 
enrichment (Laule 2003). Environmental enrichment can be 
defi ned as attempting to increase the mental and physical well-
being of a captive animal. Training accomplishes this aim by 
allowing the animal to have a choice in their daily routine. At the 
very least, the animal can choose whether or not to participate in the 
training. Having such a choice may be good for captive animals, 
improving physical, and potentially psychological, health (Coe 
1995; Mineka et al. 1986). Therefore, training animals presents 
an opportunity to increase an animal’s well-being while making 
physical examination of its condition by staff much easier. 

Training may have several other benefi ts. Positive reinforcement 
training may improve keeper-animal relationships and allow the 
animals to experience extra stimulation beyond that provided in 
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an otherwise highly static environment. 
Additionally, they have the opportunity to 
work for food, which may have benefi ts 
for animals as well by increasing a captive 
animal’s opportunities for choice and 
stimulation through interaction (Laule 
and Desmond 1998). Training may also 
function as an indicator of general health, 
or expose health issues which may not 
otherwise be obvious. Markowitz et 
al. (1978) describe one such example 
where a Serval (an African cat), which 
had been trained to leap to obtain food, 
suddenly stopped responding. Upon 
physical examination, it was found that 
the Serval had developed a hernia, which 
in other circumstances might have gone 
undiagnosed. In the current study, subject 
M2 stopped responding to training 
sessions prior to the mock weighing. 
Later, the subject was diagnosed with a 
bleeding gastric ulcer. 

Another possible benefi t of training 
concerns interactions between zoo staff and zoo visitors. 
Anderson et al. (2003) found that public animal training had 
several benefi ts. Visitors, after experiencing the public training, 
stayed at the exhibit longer and expressed more positive views 
on their zoo experiences when compared to visitors who only 
passively viewed the exhibit. In the current study, training 
sessions were often held during keeper talks where zoo visitors 
are encouraged to ask the keeper questions about the tortoises. 
This gave the keeper a chance to educate the public about positive 
reinforcement techniques, and their application in the zoo, while 
demonstrating those concepts fi rst hand. 

Having animals trained in basic husbandry behaviors can also 
be benefi cial for research. For example, animals can be trained 
to voluntarily comply with blood draws, which can facilitate 
tracking hormones such as cortisol in blood levels (Phillips et 
al. 1998). Additionally, researchers can shape previously learned 
behaviors to facilitate behavioral testing. Kelling et al. (2006) 
shaped a previously trained “present paw” behavior into a “push” 
behavior that allowed for the behavioral testing of color vision 
in Giant Pandas (Ailuropoda melanoleuca). While many of these 
possible benefi ts described above are untested, if even some are 
actually benefi cial, training should be considered as a valuable 
tool in captive animal management.

Although many examples of training have been published, 
rarely are they reported in a way that would allow for useful 
comparison. Several recent publications have noted this 
defi ciency (Schapiro et al. 2003; Young 2002). These studies 
called for quantitative reports on both training and the effect of 
training, including details about the individual animals as well as 
the trainers and the training sessions. Although knowing that it is 
possible to train a particular species to perform a certain behavior 
is useful knowledge, details about the time required to implement 
a specifi c training protocol are essential to allow animal staff to 
determine the feasibility and utility of such a course of action. 
This report has included this information in an attempt to facilitate 

future comparisons. Additionally this report can serve as a guide 
to other facilities in how they might begin implementing training 
programs for their reptiles. 
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NATURAL HISTORY NOTES
 Instructions for contributors to Natural History Notes appear in Volume 
39, Number 1 (March 2008).

CAUDATA — SALAMANDERS

EURYCEA LONGICAUDA MELANOPLEURA (Dark-sided 
Salamander). COLOR ABERRATION. On 8 Sept 1999 during 
a rainstorm, a single female Eurycea longicauda melanopleura 
displaying an unusual color pattern was collected along with 
two normally patterned male individuals, 10 normal Plethodon 
albagula and two normal Hyla cinerea as they crossed the access 
road to the Mammoth Spring State Fish Hatchery 5 km S of 
Mammoth Spring, Fulton Co., Arkansas. The percent of aberrant 
pattern was determined by cutting the animal out of the photograph 
(Fig. 1) then cutting the patterned and unpatterned portions apart. 
The clippings were weighed separately on an analytical balance 
and the percent distributions determined. The same procedure 
was performed with a normally patterned individual for 
comparison. The colors present were the usual black speckling 
with yellow background. The normally patterned individual was 
unpatterned on 11.9% of its body, being patterned on 88.5% of its 
body (total = 100.4%, there was a 0.4% error in weighing). The 
aberrant individual was 45.9% unpatterned and 54% patterned 
(total = 99.9%, there was a 0.1% error in weighing). The aberrant 
salamander had 35.4% less patterning than the normal individual. 
This cause of this color aberration is unknown. Observations 
such as this further solidify the importance of using an array 
of diagnostic characteristics in addition to color and patterning 
whenever possible to identify species and/or subspecies. The 
specimen was deposited in the Arkansas State University Museum 
of Zoology herpetological collection (ASUMZ 23406).

 Submitted by MALCOLM L. MCCALLUM, Biological 
Sciences Program, Texas A&M University-Texarkana, Texarkana, 
Texas 75501, USA (e-mail: malcolm.mccallum@tamut.edu); 
BENJAMIN A. WHEELER, Biological Sciences, University 
of Arkansas Community College at Batesville, Batesville, 
Arkansas, USA (e-mail: bwheeler@uaccb.edu); and STANLEY 
E. TRAUTH, Department of Biological Sciences. P.O. Box 599. 
Arkansas State University, State University, Arkansas 72467, 
USA (e-mail: strauth@astate.edu). 

 FIG. 1. Aberrant color pattern in a female Eurycea longicauda 
melanopleura from Fulton County, Arkansas, USA. Photograph by Stan 
Trauth.
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PLETHODON DORSALIS (Northern Zigzag Salamander). 
REPRODUCTION. Few accounts of the nesting activity of 
P. dorsalis exist and are limited to those of Mohr (1952. Natl. 
Speleol. Soc. Bull. 14:59–60) and Miller et al. (1998. Herpetol. 
Rev. 29:38–39). Mohr (1952, op. cit.) reported 12 nests during 
three visits over a nine-year period to Mammoth Onyx Cave in 
Kentucky. All nests were observed in small cavities associated 
with fl uted cave formations 1.5 m above the cave fl oor. Miller et 
al. (1998, op. cit.) found seven nests in a cave within the Central 
Basin of Rutherford County, Tennessee. Unlike the report of 
Mohr (1952, op. cit.), these nests were found in a series of fi ssures 
in the clay fl oor and not within cavities in the cave wall proper. 
Nests in both reports were found during the summer from 29 
June to 02 August. Here, we report a nest of the Northern Zigzag 
Salamander found in a cave located in the Western Highland Rim 
of Tennessee. 
 An aggregation of P. dorsalis was found on 22 July 2006 in 
association with a series of fi ssures and crevices in the limestone 
wall of Cave Branch Cave (Tennessee Cave Survey No. HI3) 
located in Hickman County, Tennessee. The aggregation consisted 
of at least 23 adults dispersed within the fi ssures and crevices and 
exposed on rock faces ca. 30.5 m from the cave entrance and past 
the twilight zone. A single female (89 mm SVL) was found in 
attendance of a lone egg within a cavity behind a loose rock in 
this area ca. 75 cm above the clay/mud fl oor (Fig. 1). The ca. 4–5 
mm egg was attached via the outer envelope to the fl oor of the 
cavity and the developing embryo lacked pigmentation and a tail 
bud indicating that oviposition occurred recently. Seven smaller 
adults including two males were in the immediate vicinity of the 
nest. The female and egg were transported to the laboratory to 
monitor development; however, the egg succumbed to a fungal 
infection eight days later.
 Our observation supports the claims that females move 
underground in late spring or early summer to nest (Mount 
1975. The Reptiles and Amphibians of Alabama. Auburn Univ. 
347 pp.; Petranka 1998. Salamanders of the United States and 
Canada. Smithsonian Institution Press, Washington, DC. 587 
pp.). Although clutch size is reportedly small in P. dorsalis, 

ranging from 2–5 eggs in Kentucky (Mohr 1952, op. cit.) and 
4–7 eggs in Tennessee (Miller et al. 1998, op. cit.), the single egg 
clutch reported here is unusually small. Enlarged ova were not 
visible through the abdomen of the attending female suggesting 
that all ova had been laid at the time of observation. If the clutch 
initially contained additional eggs, these eggs either succumbed 
to predation or infection.

 Submitted by MATTHEW L. NIEMILLER, Department of 
Ecology and Evolutionary Biology, University of Tennessee, 
Knoxville, Tennessee 37996, USA (e-mail: mniemill@utk.
edu); and BRIAN T. MILLER, Department of Biology, Middle 
Tennessee State University, Murfreesboro, Tennessee 37132, 
USA (e-mail: bmiller@mtsu.edu).

PLETHODON NETTINGI (Cheat Mountain Salamander). 
HABITAT USE AND OVIPOSITION. Plethodon nettingi is 
a federally threatened species endemic to high-elevation forests 
in the Allegheny Mountains of eastern West Virginia (Green and 
Pauley 1987. Amphibians and Reptiles in West Virginia. Univ. 
Pittsburgh Press, Pittsburgh, Pennsylvania. 241 pp.). Existing 
roads and trails are believed to serve as barriers to salamander 
movements and may fragment existing populations (USFWS 
1991. Cheat Mountain Salamander Recovery Plan. U.S. Fish 
and Wildlife Service, Newton Corner, Massachusetts. 35 
pp.). Presumably the microclimatic, vegetation, and structural 
characteristics that occur in and adjacent to trails during creation 
and maintenance (e.g., reduced overhead canopy and ground 
cover, higher soil temperatures) create unsuitable conditions 
for P. nettingi and other woodland salamanders. Moreover, 
individuals moving across trails are subject to disturbance from 
foot and mountain bike traffi c. Therefore, management guidelines 
in the species recovery plan (USFWS, op. cit.) include the 
“establishment of a buffer zone of at least 300 feet around known 
P. nettingi populations within which trees and other vegetation 
should not be removed,” and/or “re-routing of trails or other 
barriers to go around rather than through known populations.”
 On 9 June 2006 we observed a single P. nettingi under a 
small rock in the middle of the Railroad Grade Trail within the 
Monongahela National Forest near Davis, Tucker County, West 
Virginia, USA (39.0656ºN, 79.5239ºW; NAD 83). Similarly, on 
10 June 2006 we observed a single P. nettingi under a rock in the 
middle of the Pointy Knob Trail, also within the Monongahela 
National Forest near Davis, (39.0364ºN, 79.4894ºW; NAD83). 
On the same trail, ca. 30 m away, we observed another P. nettingi 
in the middle of the trail attending 7 eggs (mean diameter 4.3 
mm) attached to the underside of a small rock. At all locations, 
trail width was ca. 1–2 m and consisted of abundant small surfi cial 
rocks along with leaf litter, small woody debris, and moss/lichen. 
Dominant overstory vegetation included American Beech (Fagus 
grandifolia), Eastern Hemlock (Tsuga canadensis), Yellow Birch 
(Betula alleghaniensis), and Red Maple (Acer rubrum). Rosebay 
Rhododendron (Rhododendron maximum) and Red Spruce (Picea 
rubens) were present in the understory. Canopy closure at all sites 
was >75%. Our observations are signifi cant as they document not 
only the presence of three P. nettingi on recreational trails used 
for a variety of purposes (e.g., hiking, mountain biking, skiing), 
but also the use of surface rock on a recreational trail as an 

 FIG. 1. A female (89 mm SVL) Plethodon dorsalis in attendance of a 
lone egg within a cavity behind a loose rock in the wall of Cave Branch 
Cave, Hickman Co., Tennessee, USA.
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tongue with copious amounts of water, at which point the burning 
subsided. At this point, I continued to survey. Eight minutes later, 
I experienced a sensation of dizziness with such rapid onset 
that it felt as if someone had hit me in the head, causing me to 
stumble to the ground. The sensation was that of my surroundings 
spinning; I found it extremely diffi cult to coordinate my speech 
or form coherent thoughts. My eyelids drooped involuntarily, and 
my vision was blurry and unfocused (Brendan indicated that my 
pupils were fi xed dilated). This state of dizziness, coupled with a 
general loss of feeling (numbness over most of my body) lasted 
for a full 20 min. Thirty minutes after the event, I had regained 
some feeling in my body, and had enough muscle control to walk 
and talk, though I was still unable to coordinate my thoughts. My 
eyelids still drooped, and my vision was still blurry. Interestingly, 
I had previously sustained a signifi cant back injury and had 
been in considerable pain prior to the newt-licking event; as the 
dizziness passed, I noticed that my back was totally numb, and 
it remained so for almost an hour. Brendan also indicated that 
my eyelids continued to droop for ca. 90 min, and my vision 
remained blurry and unfocused (with dilated pupils) for ca. 2.5 
h. Following cessation of these symptoms, I had a headache that 
lasted several hours.
 The symptoms I experienced in this case, including dizziness, 
numbness, and dilated pupils, are similar to those previously 
reported (Bradley and Klika 1981, op. cit.), and thus appear 
representative of tetrodotoxin poisoning from T. granulosa. 
Besides illustrating its potentially serious consequences, this 
account provides clues to consider in cases where Taricha 
poisoning may be suspected.
 I thank Brendan Currey for his assistance in making observations 
and Marc P. Hayes for suggestions.

 Submitted by CHRISTOPHER J. ROMBOUGH, 
P.O. Box 365, Aurora, Oregon 97002-0365, USA; e-mail: 
rambo2718@yahoo.com.

TARICHA GRANULOSA (Rough-skinned Newt). 
REPRODUCTION.  Taricha granulosa, one of three salamandrids 
native to the Pacifi c Coast of North America, generally exhibits a 
biphasic life history, with aquatic larvae developing into terrestrial 
forms which return to the water to breed (Stebbins 2003. Field 
Guide to Western Reptiles and Amphibians. Houghton Miffl in, 
New York. 519 pp.; Nussbaum et al. 1983. Amphibians and 
Reptiles of the Pacifi c Northwest. Univ. Press of Idaho, Moscow. 
332 pp.). In lowland regions, such as the Willamette Valley of 
Oregon, the breeding period is reported as February through July 
(Chandler 1918. Oregon Ag. Coll. Exp. Bull. 152:1–24; Pimentel 
1960. Am. Midl. Nat. 63:470–496). In this note, we increase the 
known reproductive interval with an observation of breeding by 
T. granulosa in November from western Oregon. 
 At 1430 h on 8 Nov 2006, we collected six adult T. granulosa 
in the water-fi lled concrete fi sh ladder at the Alsea Fish Hatchery, 
Benton Co. (44.422°N, 123.551°W; WGS 84; elev. 116 m), 
Oregon, USA. Based on the presence of secondary sexual 
characteristics (well-developed tail fi n, smooth skin, swollen vent, 
and rough clasping patches on feet and limbs) in the males and 
a gravid condition (evidenced by a swollen abdomen, indicating 
the presence of well-developed eggs) in the females, fi ve of these 

oviposition site. Our observations suggest that recreational trails 
may not necessarily inhibit movements by P. nettingi, and in fact 
may serve as suitable habitat when abundant cover objects (e.g., 
small rocks) and shaded ground conditions exist. However, if use 
of trail habitats by P. nettingi is more widespread than previously 
believed, recreational activities on these trails may constitute take, 
which is prohibited under the Endangered Species Act. We urge 
the appropriate regulatory agencies, i.e., U.S. Fish and Wildlife 
Service and West Virginia Department of Natural Resources, to 
both review the current status of P. nettingi and work with the 
U.S. Forest Service to mitigate possible impacts from the use of 
recreational trails on this species. 
 Our work was conducted under West Virginia Department of 
Natural Resources permit 2006.219, and supported by the USDA 
Forest Service Monongahela National Forest [Participating 
Agreement 05-PA-11092100-011 (144-908934)], USDA Forest 
Service Northern Research Station, and the USDI Fish and 
Wildlife Service Canaan Valley National Wildlife Refuge.

 Submitted by LESTER O. DILLARD (e-mail: ldillard@mail.
ucf.edu), KEVIN R. RUSSELL (e-mail: krussell@uwsp.edu), 
College of Natural Resources, University of Wisconsin-Stevens 
Point, Stevens Point, Wisconsin 54481, USA; and W. MARK 
FORD, USDA Forest Service, Northern Research Station, 
Parsons, West Virginia 26287, USA (e-mail: mford@fs.fed.us).

TARICHA GRANULOSA (Roughskin Newt). SYMPTOMS 
OF POISONING. Taricha granulosa, a salamander endemic 
to the moist coastal regions of the Pacifi c states, is known to 
manufacture and store the neurotoxin tetrodotoxin as an anti-
predator defense (Stebbins 2003. Field Guide to Western Reptiles 
and Amphibians. Houghton Miffl in, New York, New York. 519 
pp.). Tetrodotoxin (C11H17N3O8), which is toxic to humans, blocks 
sodium-ion channels in nerve cells, causing hypotension and 
respiratory arrest (Torda et al. 1973. Med. J. Australia 1973:599–
602; Sims and Ostman 1986. Ann. Emerg. Med. 1986:1094–
1098). Symptoms of tetrodotoxin poisoning in humans as a 
result of puffer fi sh (Tetraodontiformes) ingestion are well-
known (Torda et al. 1973, op. cit., Sims and Ostman et al.1986, 
op. cit.), but only two accounts of tetrodotoxin poisoning from 
ingestion of T. granulosa have been reported (Brodie et al. 1974. 
Copeia 1974:506–511; Bradley and Klika 1981. J. Amer. Med. 
Assoc. 246:247). Alcohol consumption might have complicated 
symptoms in both cases, so accounts of newt poisoning in which 
tetrodotoxin acts alone are needed. Hence, I here provide a fi rst-
hand account of newt-induced tetrodotoxin poisoning.
 At 1600 h on 09 Aug 2006, an assistant (Brendan Currey) and 
I captured an adult male T. granulosa (76.5 mm SVL, 102.0 mm 
tail, 15.0 g) in a bedrock-bottomed pool along a western Oregon 
stream (44.22927°N, 122.38838°W, WGS 84; elev. 211 m). The 
newt exhibited typical aquatic morphology (smooth skin, well-
developed tail fi n, and dark sides) characteristic of breeding males 
of this species (Stebbins 2003, op. cit.). While Brendan took a gag 
picture of me pretending to lick the newt, the shutter click caused 
the newt to fl inch; as a consequence, its body just barely brushed 
the tip of my tongue, and I immediately noticed a bitter taste. 
Subsequently, I experienced a tingling, then burning sensation on 
the tip of my tongue. For the next 2 min, I fl ushed my mouth and 
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identifi ed, and preserved in 70% ETOH. We found Rhabdias 
fuelleborni (Nematoda: Rhabdiasidae) in the lungs of these 
toads. The overall prevalence was 81.1% (30/37) and the mean 
intensity of infection was 18.7 ± 25.9 (range: 1–97). There was no 
relation between SVL and intensity of infection (spearman rank 
correlation, rs = 0.15; t = 0.80; p = 0.43). Species of Rhabdias are 
common pulmonary parasites of bufonids (Vicente et al. 1990. 
Rev. Bras. Zool. 7[4]:549–626), however C. jimi represents a 
new host record for R. fuelleborni. Voucher specimens of the 
parasites were deposited as LZ-URCA 600–697.

 Submitted by LUCIANO A. ANJOS,  Universidade do Estado 
do Rio de Janeiro, Departamento de Ecologia, CP 20550-019, 
Rio de Janeiro, RJ, Brazil (e-mail: mabuyasp@yahoo.com.
br); LUISA ELISA MATOS SILVA (e-mail: luicilay@ig.
com.br), WALTÉCIO DE OLIVEIRA ALMEIDA (e-mail: 
walmeida@urca.br), and JOSÉ GALBERTO MARTINS DA 
COSTA (e-mail: galberto@urca.br), Universidade Regional do 
Cariri, Departamento de Ciências Físicas e Biológicas, CP 63105-
000, Crato, CE, Brazil; and ALEXANDRE VASCONCELLOS,  
Universidade Federal do Rio Grande do Norte, Departamento de 
Botânica, Ecologia e Zoologia, CP 59072-970, Natal, RN, Brazil 
(e-mail: avasconcellos@cb.ufrn.br). 

LEPTODACTYLUS DIPTYX (Tropical Bullfrog). 
ENDOPARASITES. Leptodactylus diptyx occurs in the Lower 
Chaco and oriental region of Paraguay, the eastern lowlands 
of Santa Cruz (Bolivia), and northern Argentina (IUCN 2007. 
Conservation International and NatureServe. Global Amphibians 
Assessment. http://www.globalamphibians.org. Accessed 22 
Oct 2007). To our knowledge, no previous reports of parasites 
exist for L. diptyx. Herein we report Catadiscus sp. (Trematoda) 
and Centrorhynchus sp. (Acanthocephala) in L. diptyx from 
Argentina. Two adult Catadiscus sp. were found in the large 
intestine and fi ve acanthocephalan larvae Centrorhynchus sp. 
in the coelomic cavity of a female L. diptyx (27.6 mm SVL) 
from the herpetological collection of Universidad Nacional del 
Nordeste (UNNEC 9000) collected 22 Nov 2006, Corrientes 
(city), Corrientes Province (27.466°S, 58.783°W, datum: WGS 
84; elev. 65 m). Leptodactylus diptyx is a new host record for 
Catadiscus sp. and Centrorhynchus sp.
 We thank L. Lunaschi for verifi cation of the identifi cation of 
the organisms.

 Submitted by VICTOR ZARACHO  (e-mail: victorza@exa.
unne.edu.ar) and MATIAS LAMAS (e-mail: lamasmatias@yahoo.
com.ar), Laboratorio de Herpetología, Facultad de Ciencias 
Exactas y Naturales y Agrimensura, Universidad Nacional del 
Nordeste, Av. Libertad 5470, (3400) Corrientes, Argentina.
 

LEPTODACTYLUS PODICIPINUS (Pointedbelly Frog). 
PREDATION. Amphibians are common prey for a great variety 
of vertebrates, arthropods, and even carnivorous plants (Duellman 
and Trueb 1986. Biology of Amphibians. McGraw-Hill, New 
York; Pough et al. 1998. Herpetology. Prentice-Hall, New 
Jersey). The fi shes known locally as “lambaris” or “tambiús” live 
strictly in fresh water, and have the greatest number of species 

were in breeding condition. Of these fi ve newts, four were two 
amplectic pairs (Pair 1: male 104.8 mm SVL, female 63.5 mm 
SVL; Pair 2: male 88.9 mm SVL, female 66.7 mm SVL), and 
the fi fth was an unpaired male (85.7 mm SVL). The portion of 
the ladder in which we observed the newts had no visible fl ow, 
was partially covered with duckweed (Lemna sp.), and ranged 
in depth from 45–60 cm. Water temperature was ca. 15°C. Both 
amplectic pairs were swimming slowly near the water’s surface 
when caught; occasionally, they would investigate a fl oating log 
or swim towards the bottom of the pool. The male of Pair 2 was 
observed “chin-rubbing” the snout of the female with which he 
was paired prior to capture. The male of Pair 1 had an extremely 
swollen vent, from which a whitish secretion was issuing when 
captured. Though actual egg deposition was not observed, the 
female newts’ abdomens were enlarged to a degree similar to that of 
others observed by CJR in the Willamette Valley which deposited 
eggs < 48 h after courtship (amplexus and fertilization).
 Notably, 14 recently transformed T. granulosa were also 
captured in the pool. Mean size of 3 of these metamorphs was 27 
mm SVL; most had stubby (1 mm) gill remnants. These animals 
were either resting on fl oating debris, attempting to climb the 
concrete sides of the outfl ow, or were swimming awkwardly, 
attempting to make contact with an object on which they could 
climb out of the water. The presence of these metamorphs is 
signifi cant because it indicates successful breeding earlier in the 
year (neither larvae or adults can overwinter in the fi sh ladder due 
to the high fl ow present in this structure during winter months).
 Taricha granulosa in montane situations (particularly in the 
case of neotenic forms) are known to breed in fall, depositing 
eggs as late as October (Marangio 1978. NW Sci. 52:343–350; 
Garber and Garber 1978. J. Herpetol. 12:59–64). However, this 
represents the fi rst record of lower-elevation breeding in western 
Oregon between July and February, possibly following breeding 
earlier in the year. Further investigation is needed to determine 
the extent of this phenomenon and its signifi cance to T. granulosa 
life history.

 Submitted by LAURA C. MILLS, P.O. Box 5034, Manning, 
Oregon 97125, USA (e-mail: stars7moon@yahoo.com); and 
CHRISTOPHER J. ROMBOUGH, P.O. Box 365, Aurora, 
Oregon 97002, USA (e-mail: rambo2718@yahoo.com).

ANURA — FROGS

CHAUNUS JIMI (NCN). ENDOPARASITES. Parasites may 
exert negative impacts on their hosts, such as morphological 
modifi cations, decrease in growth and fecundity, disturbance 
on feeding habits, even causing death of hosts (Marcogliese 
2004. Ecohealth 1:151–164). Chaunus jimi (Stevaux 2002. Rev. 
Bras. Zool. 19:235–242), occurs in northeastern Brazil (Frost 
2007. Online Reference. Version 5.0 http://research.amnh.org/
herpetology/amphibia/index.php). We examined 37 C. jimi from 
the Universidade Regional do Cariri: (LZ-URCA 469–500, 503, 
504. 506–508) from fi ve municipalities of Cariri region, Caririaçu 
(7.033°S, 39.283°W), Crato (7.233°S, 39.4°W), Mauriti (7.38°S, 
38.766°W), Várzea Alegre (6.783°S, 39.283°W) in the state of 
Ceará, and Exú (7.5°S, 39.716°W) in the state of Pernambuco. 
Body size (SVL) was measured to the nearest 0.1 mm, and the 
respiratory tract removed and examined for parasites under a 
stereomicroscope. The parasites were mounted on glass slides, 
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in the family Characidae. Astyanax is the most common genus 
in the state of São Paulo (Nomura 1975. Rev. Brasil. Biol., Rio 
de Janeiro, 35[4]:775–798). Many characids are nocturnal, have 
good visual acuity (Orsi 2001. Dissertação mestrado. Instituto 
de Biociências, Universidade Estadual Paulista, Botucatu), and 
forage in an opportunistic fashion (Bennemann et al. 2000. 
Peixes do Rio Tibagi: Uma Abordagem Ecológica. Londrina, Ed. 
Universidade Estadual de Maringá. 62 pp.). Here we report the 
predation of an adult female Leptodactylus podicipinus by a shoal 
of “lambaris” (Astyanax altiparanae).
 On 3 Oct 2007 at 1600 h, in a stream at the Parque Ecológico do 
Baguaçú, Araçatuba municipality, state of São Paulo, Brazil, an 
adult female Leptodactylus podicipinus was observed wounded, 
showing exposed intestines and eggs (Fig. 1). When the frog was 
disturbed by our presence, it jumped into the water. At the same 
instant, a shoal of A. altiparanae attacked and consumed the 
wounded frog.

 Submitted by FABRÍCIO H. ODA, Universidade Federal 
de Goiás, Laboratório de Comportamento Animal, Instituto de 
Ciências Biológicas, Campus Samambaia, Conjunto Itatiaia, 
74000-970, C.P. 131, Goiânia, State of Goiás, Brazil (e-mail: 
fabricio_oda@hotmail.com); THIAGO M. ODA,  Universidade 
Federal da Grande Dourados - UFGD, Caixa Postal 529, CEP 
79804-970, Cidade Universitária, Dourados, State of Mato Grosso 
do Sul, Brazil (e-mail: thiago_oda@hotmail.com); MARIANA 
F. FELISMINO, Universidade Estadual de Maringá - UEM, 
Departmento de Biologia Celular e Genética, CEP 87020-900, 
Maringá, State of Paraná, Brazil (e-mail: mariferrari_82@hotmail.
com).

LITHOBATES CATESBEIANUS (American Bullfrog) PREY. 
Lithobates catesbeianus is one of the most harmful invasive 
species in the world, being introduced in the Caribbean Basin, 
South America, Europe, and Asia (Lowe et al. 2000. 100 of the 
World’s Worst Invasive Alien Species. The Invasive Species 
Specialist Group, 12 pp.; IUCN, CI, and NatureServe 2006. 

Global Amphibian Assessment. <www.globalamphibians.org>, 
accessed on 09 April 2008). This species was introduced in 
Brazil in the 1930s for commercial breeding, where, due to poor 
management practices and high survival of individuals in wild 
habitats, feral populations became established in many regions, 
especially in the Atlantic Rainforest (Giovanelli et al. 2007. Biol. 
Invasions 9:1–6).
 There are few records of predation on snakes by L. catesbeianus 
and these mostly involve species that occur within the frog’s native 
range (but see: Silva et al. 2007. Herpetol. Rev. 38:443). On 12 
Jan. 2008, during fi eldwork in Ponte Nova municipality, Minas 
Gerais state, southeastern Brazil (20.3710667°S, 42.9250028°W; 
datum WGS 84; 412 m elev.), CBCF collected a L. catesbeianus 
(female, SVL 15.93 mm, 429.9 g), which contained in its 
stomach a juvenile Bothrops jararaca (305 mm SVL, 5.9 g), and 
a partially digested treefrog (Fig. 1), probably an adult Hypsiboas 
crepitans.
 The juvenile B. jararaca (MZUFV 1514) was deposited in the 
herpetological collection of Museu de Zoologia “João Moojen,” 
Universidade Federal de Viçosa, in Viçosa, Minas Gerais. We 
thank Universidade Federal de Viçosa for transport logistics, 
Jorge Dergam for English translation assistance, and Robert 
Hansen for suggestions on the manuscript.

 Submitted by CLÁUDIO BARBERINI C. FILHO (e-mail: 
claudiofi lho@vicosa.ufv.br), HENRIQUE C. COSTA (e-mail: 
ccostah@yahoo.com.br), EMANUEL T. DA SILVA (e-mail: 
etsbio@yahoo.com.br), OSWALDO P. RIBEIRO FILHO 
(e-mail: oribeiro@ufv.br), and RENATO N. FEIO (e-mail: 
rfeio@ufv.br), Departamento de Biologia Animal, Universidade 
Federal de Viçosa, 36571-000 Viçosa, Minas Gerais State, 
Brazil.

OSTEOCEPHALUS OOPHAGUS (NCN). TERRESTRIAL 
BEHAVIOR. Osteocephalus oophagus is one of seven 
Osteocephalus species known to occur in the Brazilian Amazon, 
and one of three found at the Biological Dynamics of Forest 
Fragments Project (BDFFP) in the state of Amazonas (Zimmerman 
and Simberloff 1996. J. Biogeog. 23:27–46). Osteocephalus 
oophagus is a phytotelm breeder with oophagous tadpoles; adults 
spend most of their time in the canopy. The breeding season for 

 FIG. 1. Adult female Leptodactylus podicipinus wounded, showing 
exposed intestines and eggs in a stream at the Parque Ecológico do 
Baguaçú, Araçatuba municipality, state of São Paulo, Brazil.

FIG. 1. Dissected stomach of Bullfrog (Lithobates catesbeianus) 
containing a juvenile Bothrops jararaca. 
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O. oophagus, as with other Osteocephalus, generally coincides 
with the rainy season (Jungfer and Weygoldt 1999. Amphibia-
Reptilia 20:235–249). Individuals of this species have only 
previously been observed near the ground when reproducing 
in terrestrial bromeliads (Jungfer and Weygoldt 1999, op. cit.). 
Here I report terrestrial behavior previously undescribed for O. 
oophagus, but that has been observed in two other Osteocephalus 
species in the Ecuadorian Amazon (Deichmann and Williamson 
2007. Herpetol. Rev. 38:189).
 While searching 5 × 5 m quadrats for leaf litter herpetofauna 
in continuous forest during the wet season at Fazenda Dimona 
(BDFFP), we found 2 O. oophagus females hidden in the leaf 
litter. The fi rst individual (56.8 mm SVL, 8.51 g) was found on 9 
May 2007 on the ground in terra fi rme forest at ca. 1030 h, buried 
well under the litter layer. The second female (56.7 mm SVL, 
9.81 g) was found the same day at 1400 h in a position similar to 
the fi rst. When encountered, both were seemingly asleep. Upon 
handling, they became aroused and attempted to escape. Both 
frogs were photographed and released on site later the same day. 
 The leaf litter habitat has largely been ignored in studies of 
Osteocephalus because of the traditional view that the genus is 
strictly arboreal. However, the observations presented here, as 
well as accounts of this same behavior in O. planiceps and O. 
yasuni (Deichmann and Williamson 2007, op. cit.), suggest that 
the leaf litter might be an integral habitat for females during the 
breeding season and should be searched by investigators. Further 
research is needed to determine why females of these generally 
arboreal species spend time on the ground, whether other species 
of Osteocephalus show similar behavior, and whether individuals 
utilize leaf litter habitat in the dry season as well as the wet 
season. 
 I thank the staff of the BDFFP for logistical support and João 
de Deus Fragata Farias for fi eld assistance. This observation was 
made during dissertation research supported by grants from the 
Conservation, Food, and Health Foundation, Louisiana Governor’s 
Offi ce of Environmental Education and Biograds. Work in Brazil 
was conducted with permits from CNPq (EXC 006-06-C) and 
IBAMA (n 222/2006).

 Submitted by JESSICA L. DEICHMANN, Department 
of Biological Sciences, Louisiana State University, 107 Life 
Sciences Building, Baton Rouge, Louisiana 70803, USA; e-mail: 
jdeich1@lsu.edu

OSTEOPILUS SEPTENTRIONALIS (Cuban Treefrog). DIET. 
Osteopilus septentrionalis is a large, invasive hylid in Florida, 
where it has become common throughout the central and southern 
portions of the peninsula. In Florida, O. septentrionalis is known 
to feed on squamates, including three species of introduced lizards 
(Meshaka 2001. The Cuban Treefrog in Florida. Univ. Press of 
Florida, Gainesville. 192 pp.) and the native Florida Brownsnake, 
Storeria victa (Maskell et al. 2003. Herpetol. Rev. 34:137). Here 
we report the predation of a native lizard by O. septentrionalis.
 At 1542 h on 4 Jan 2007, while checking PVC pipe refugia for 
a study at Wekiwa Springs State Park, Apopka, Florida, USA, 
we discovered a 40 mm SVL O. septentrionalis depredating a 39 
mm SVL adult male Anolis carolinensis (Green Anole). The frog 
was facing downwards within the pipe using its forearms to force 

the lizard head-fi rst into its mouth, while using its half-extended 
rear legs to support itself on the inside surface of the pipe. We 
removed the pipe from the ground to photograph the predation 
event from the end of the pipe to which the frog and lizard were 
closest. We used a “plunger” to chase the frog from the pipe, and 
upon capture it dropped the lizard, which appeared stressed but 
relatively unharmed. We released the Green Anole into palmetto 
adjacent to the pipe. 

 Submitted by KRISTINE E. HOFFMANN (e-mail: 
kehoffmann@comcast.net) and STEVE A. JOHNSON, Gulf 
Coast Research and Education Center, University of Florida, 
IFAS Plant City Campus, 1200 North Park Rd., Plant City, Florida 
33563, USA. 

PHYSALAEMUS CUVIERI (Dwarf Frog). ENDOPARASITES. 
Vicente et al. (1991. Rev. Brasil. Zool. 7:549–626), in an inventory 
of the nematode parasites of amphibians in Brazil, reported the 
occurrence of Cosmocerca sp. in the digestive tracts of Hylidae, 
Bufonidae, and Leptodactylidae. Between Sept 2002 and Feb 
2003, 286 individual Physalaemus cuvieri (mean SVL = 284 ± 
3.04 mm; range 157–354 mm) were collected in two areas of 
Brasília and were deposited in the Coleção da FTB (Brasília, DF). 
The body cavity was opened and the stomach, small, and large 
intestine were removed and examined; 17 adult nematodes were 
found (prevalence: 4.2% and mean intensity: 1.42). Only female 
Cosmocerca were found, thus making species determination very 
diffi cult. This note reports the fi rst occurrence of Cosmocerca 
sp. in Physalaemus cuvieri in Brazil. Nematodes were deposited 
in the Coleção Helmintológica do Instituto de Biociências de 
Botucatu, Botucatu, São Paulo, Brazil (CHIBB 1428).
 We thank Reinaldo J. Silva (Universidade Estadual de Botucatu, 
Brazil) for identifi cation of the nematodes, and Leonardo Inglês 
for help with fi eldwork.

 Submitted by ADRIANA BOCCHIGLIERI, Programa de 
Pós-graduação em Ecologia, Universidade de Brasília, 70910-
900, Brasília, DF, Brazil (e-mail: adriblue@hotmail.com); 
MARIA D. M. SILVA (e-mail: mary_mendes_df@hotmail.
com), KLARISSA T. R. MEIRA, and WELLINGTON ZAHN 
SILVA, Faculdades Integradas da Terra de Brasília, 72610-300, 
Brasília, DF, Brazil.

RANA CATESBEIANA (American Bullfrog). TADPOLE 
GIGANTISM and DEFORMITY. On 11 Dec 2007, individuals 
from Arizona State University (ASU) and Arizona Game and 
Fish Department (AZGF) harvested roundtail chub Gila robusta 
from a stock pond at Bubbling Ponds State Fish Hatchery 
(BPFH) in Cornville, Yavapai Co., Arizona, USA. The pond (0.7 
ha, 1.4 million gal.) was completely drained and seined for fi sh 
removal. Rana catesbeiana tadpoles also occupied the pond and 
were abundant (most were 40– 80 mm TL). One extraordinary 
specimen was discovered measuring 195 mm TL (197 mm prior 
to preservation in alcohol) (Fig. 1A) and was preserved for 
deposition into ASU Natural History Collections (ASU 35975). 
Bolek and Janovy (2004. Herpetol. Rev. 35:376–377) reported a 
190 mm specimen as the largest of its kind. 
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 The ponds at BPFH are fed from an artesian spring and pond 
temperature annually ranges from 11–22°C. Pond was stocked 
with 750 adult G. robusta on 26 Jul 2006. At harvest, the 
pond contained Chara (Chara sp.) and Eurasian Water-milfoil 
(Myriophyllum spicatum). Fish were fed pelleted catfi sh diet 
enriched with spirulina and krill (Rangen®) dispensed at a rate 
of 2.25 kg twice daily. Additionally, fi sh were curatively treated 
for illness once with potassium permanganate and twice with a 
copper sulfate / citric acid solution (independent treatments, each 
at 0.75 ppm). 
 The tadpole appears to have stalled at Gosner Stage 25, as no 
hind-limb buds are externally evident (Gosner 1960. Herpetologica 
16[3]:183–190; Fig. 1B). Subsequently, the specimen was x-
rayed to investigate any skeletal basis for deformities. Inspection 
of the lateral x-ray indicated possible hind-limb development 
(Fig. 2A), but inadequate resolution made it diffi cult to determine 
whether markings were real or an artifact of the superimposition 
of intestinal tissues. Additionally, the specimen is lacking a right 
eye and x-ray imaging shows that the tadpole’s skull, though not 
completely calcifi ed, appears asymmetrical in density (Fig. 2B). 
 Other investigators have shown that metamorphic deformities 
and gigantism in tadpoles are thyroid-related (Rocek et al. 2006. 
Paleobio. 32[4]:666–675; Rot-Nikcevic and Wassersug 2003. 
Dev. Growth Different. 45[4]:321–325). Thyroid hormone levels 
are subject to disruption by parasites, UV radiation, and chemical 
or metal contamination, among other stressors (Bridges et al. 
2004. Env. Sci. Pollution Res. 11[4]:233–239; McDaniel et al. 
2004. Water Qual. Res. J. Canada 39[3]:160–174). Specifi cally, 
copper contamination in both aqueous and solid forms has 
been implicated as contributing to deformities in amphibians 
(McDaniel et al. 2004, op. cit.). Given that that the pond was 
treated with copper sulfate, it likely represents a chemically 

unnatural environment for tadpole development. 
 We thank AZGFD staff F. Agyagos, D. Billingsley, C. Cantrell, 
C. Dunn, D. Fox, S. Penrod, B. Sisson, and D. Ward for aid in 
the discovery of this specimen. M. Bolek, O. Hyman, M. Sredl, 
R. Wassersug, and others provided valuable insight for this 
manuscript. X-rays were facilitated by S. Logan at the Phoenix 
Zoo. Digital images were provided by A. Karam. 
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michael.schwemm@asu.edu), and JUDITH M. BARKSTEDT 
(e-mail: jbarkstedt@gmail.com), School of Life Sciences, Arizona 
State University, PO Box 874501, Tempe, Arizona 85287-4501, 
USA.

RANA PRETIOSA (Oregon Spotted Frog). REPRODUCTION. 
Endangered in the state of Washington (Washington Dept Fish and 
Wildlife 2007. Sensitive species list. WDFW, Olympia), Canada 
(COSEWIC 2000. Assessment and Status Report on the Oregon 
Spotted Frog in Canada. Committee on the Status of Endangered 
Wildlife in Canada, Ottawa. 22 pp.), and a candidate for federal 
listing in the United States (USFWS 2001. Fed. Reg. 66:1295–
1300), Rana pretiosa has been a focus of recent study (Hayes 
et al. 2006a. Herpetol. Rev. 37:209–210; Rombough et al. 2006. 
Herpetol. Rev. 37:210). Despite signifi cant efforts at quantifying 
reproduction (Hayes et al. 2006b. Northwest. Nat. 87:171), 
reproductive behavior, particularly during oviposition, remains 
undescribed. Hence, we provide a preliminary description of 
oviposition in R. pretiosa from Washington State, USA.
 Observations were made during surveys for R. pretiosa egg 
masses on the Troh area of Conboy Lake National Wildlife Refuge 
(Klickitat Co.) during March 2007 (45.9873°N, 121.2665°W, 
WGS 84; elev. ca. 555 m). We provided general descriptions of 
this site elsewhere (Hayes et al. 2006a, op. cit.; Rombough et al. 

 FIG. 1A. Gigantic Rana catesbeiana tadpole taken from fi sh hatchery 
pond in Cornville, Arizona, USA, Dec 2007. 1B. Metamorphosis appears 
to have stalled at Gosner Stage 25, as no limb buds are evident.

 FIG. 2A. Lateral x-ray of gigantic Rana catesbeiana tadpole. Arrow 
indicates a suspected pelvic girdle calcifi cation. Further examination (via 
rotational x-ray; inset) provided some support that this apparent contrast 
was actually superimposition of intestinal coils. 2B. Dorsal x-ray.
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2006, op. cit.). The area where these observations were made is a 
historical oviposition site for R. pretiosa at Conboy Lake NWR; 
calling males and egg masses have been observed annually over 
the last 10 years.
 At 1315 h on 12 March 2007, CJR encountered two pairs of 
amplectic R. pretiosa (Pair 1: female ~88 mm SVL, male ~68 mm 
SVL; Pair 2: female 86.3 mm SVL, male ~67 mm SVL). Both 
pairs were on the bottom of 20-cm deep water among clumps 
of Carex in a seasonally fl ooded meadow, and were sitting next 
to a freshly laid (< 2 h old) egg mass. The two pairs were facing 
away from each other, < 8 cm apart. When fi rst encountered, Pair 
1 immediately swam beneath the sedges, presumably because of 
the appearance of CJR, and were not seen again. At the same 
time, the female of Pair 2 had just begun laying eggs, which were 
visible as they issued from her body as a mixed black-and-white 
mass. Based on subsequent observation, the female had extruded 
about 20% of her eggs when fi rst encountered. Over the next 
~2 min, this female laid her remaining eggs in one fl uid motion 
except for the fi nal 10%, which were expelled via a series of short 
pulses. Based on the rate of oviposition, the entire time required 
for egg deposition was likely < 3 min. Several seconds after the 
female had fi nished laying, the male frog released his hold and 
fl oated to the surface, at which point he spotted CJR and swam 
away. The female, which now had a distinctly baggy appearance, 
was captured, measured, weighed (37.0 g), and released at the 
capture site. 
 As fi rst laid, the egg mass measured ca. 45 × 15 × 15 mm. The 
embryos were randomly oriented, with the light (vegetal) pole of 
some eggs positioned upwards. After ca. 30 min, the mass had 
nearly doubled in volume, to ca. 75 × 30 × 30 mm, and most 
embryos were re-oriented so that the dark (animal) pole faced 
upward. After 75 min, the mass measured ca. 95 × 70 × 70 mm, 
and all of the embryos were now oriented with the animal pole 
up. By 90 min post-oviposition, the mass was roughly spherical, 
ca. 100 mm in diameter, and similar in size to the older (now ~3.5 
h old) egg mass next to it. 
 Observations were made within a group of calling male R. 
pretiosa; 12 males were visible within a relatively small (ca. 3 
m2) area. These male frogs were either fl oating quietly at the 
water’s surface or were calling from either fl oating or submerged 
positions. Audible calls consisted of a series of 3–7 (usually 5) 
note, “knocking” sounds, consistent with that described for the 
species (Nafi s 2006. Sounds of Rana pretiosa. online: http://www.
californiaherps.com/noncal/northwest/nwfrogs/pages/r.pretiosa.
html). At least two other unpaired females, both apparently gravid 
and measuring ca. 87 and 89 mm SVL, were also present. Unlike 
the males, which could be approached rather closely (within 1 m 
and hand captured), these females were wary and dove seconds 
after seeing CJR.
 Few descriptions of oviposition among ranid frogs in a fi eld 
setting exist. The process we describe here is similar to that seen 
in Rana boylii in that most eggs were extruded at a constant 
speed over a short time (ca. 1.5 min. for R. boylii; Rombough and 
Hayes 2005. Northwest Nat. 87:157–160) and overall oviposition 
duration was < 10 min (Wheeler et al. 2003. Herpetol. Rev. 
34:234). A brief oviposition interval might be related to deposition 
of all eggs in one mass (the method of all western North American 
ranids), as ranid frogs with smaller clutch sizes (than western North 

American species) which partition their eggs into several packets 
have longer oviposition intervals (Tsuji and Lue 1998. Copeia 
1998:769–773). Further, though the process of egg deposition in 
the laboratory is well known (Fankhauser 1948. Ann. New York 
Acad. Sci. 49:684–708; Sype 1975. Breeding Habits, Embryonic 
Thermal Requirements and Embryonic and Larval Development 
of the Cascade Frog. Ph.D. Diss., Oregon State Univ., Corvallis. 
113 pp.), the post-fertilization reorientation of embryos is almost 
never reported. Detailed observations are needed to understand 
variation in the timing of this phenomenon.
 Work, conducted under a programmatic permit from the WDFW, 
adhered to the guidelines for the care and handling of amphibians 
in the fi eld as detailed in Beaupre et al. (2004. Guidelines for 
Use of Live Amphibians and Reptiles in Field and Laboratory 
Research, 2nd ed. HACC, American Society of Ichthyologists and 
Herpetologists). This is a contribution from the Habitat Program 
of the WDFW.

 Submitted by CHRISTOPHER J. ROMBOUGH, 
P.O. Box 365, Aurora, Oregon 97002-0365, USA (e-mail: 
rambo2718@yahoo.com); and MARC P. HAYES, Washington 
Department of Fish and Wildlife, Habitat Program, 600 Capitol 
Way North, Olympia, Washington 98501-1091, USA (e-mail: 
hayesmph@dfw.wa.gov).

SCINAX EURYDICE (Maracas Snouted Treefrog). 
PREDATION. Aquatic invertebrates, especially belostomatids, 
are often cited as predators of tadpoles (Eterovick and Barata 
2006. Herpetologica 62:363–377; Eterovick and Sazima 2000. 
Amphibia-Reptilia 21:439–461) and adult frogs (Bastos et al. 
1994. Herpetol. Rev. 25:118; Brasileiro et al. 2003. Herpetol. 
Rev. 34:137; Haddad and Bastos 1997. Amphibia-Reptilia 
18:295–298; Toledo 2003. Phyllomedusa 2[2]:105–108). Scinax 
eurydice occurs in Brazil from the northern state of Bahia to São 
Paulo (Ribeiro et al. 2005. Biota Neotropica 5[2]:1–15). This 
species occurs in open, wet areas, being common in the Atlantic 
Forest fragments in the municipality of Mariana, Minas Gerais 
State, southeastern Brazil (43.50025°W, 20.24916°S; WGS 
84; ca. 900 m elev). On 24 Jan 2007 at ca. 2200 h we found a 
female S. eurydice (49.6 mm SVL), with eggs inside its oviducts, 
being preyed upon by the belostomatid, Lethocerus annulipes 
(62.4 mm body length, 25 mm body width). The adult male 
belostomatid was on the water surface of a temporary pond 
holding the frog with its raptorial forelimbs. We captured and 
preserved both animals. Scinax eurydice calls and lays it eggs 
on water bodies that usually have high densities of belostomatids 
and thus is vulnerable to these aquatic invertebrate predators. 
The S. eurydice (LZV 877) is deposited in the Laboratório de 
Zoologia dos Vertebrados of Universidade Federal de Ouro 
Preto, MG, Brazil; the belastomatid (IC 5052) is deposited in the 
Invertebrate Collection of Universidade Federal de Minas Gerais, 
MG, Brazil.

 Submitted by TIAGO LEITE PEZZUTI, Laboratório de 
Zoologia dos Vertebrados, Universidade federal de Ouro Preto, 
35400-000, Ouro Preto, MG, Brazil (e-mail: tizzuti@yahoo.com.
br); ALAN LANE DE MELO, Departamento de Parasitologia, 
Instituto de Ciências Biológicas, Universidade Federal de Minas 
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Gerais, 30123-970, Belo Horizonte, MG, Brazil; and FELIPE 
SÁ FORTES LEITE,Classe Construções e Meio Ambiente, Rua 
Almirante Tamandaré, 438, CEP 30430-120, Belo Horizonte, 
MG, Brazil.

SCINAX GRANULATUS (NCN). REPRODUCTION. The 
reproductive strategy described for the species of the genus 
Scinax agrees with the strategy of most species of Hylinae, which 
consists of laying egg masses adhered to submerged vegetation 
(Cei 1980. Amphibians of Argentina. Monitore Zool. Ital., N. S., 
Monogr. 2. 609 pp.; Gallardo 1987. Anfi bios Argentinos. Guía 
para su Identifi cación. Biblioteca Mosaico, Bs. As., Agropecuaria 
1. 98 pp.; Lavilla and Cei 2001. Amphibians of Argentina A 
Second Update, 1987–1997. Mus. Reg. Scien. Natur. Torino 28. 
177 pp.; Lavilla and Rouges 1992. Reproducción y Desarrollo de 
Anuros Argentinos. Asociación Herpetológica Argentina 5:1–61; 
Duellman and Trueb 1986. Biology of Amphibians. McGraw-Hill 
Book Co., New York. 670 pp.). This note describes egg deposition 
for Scinax granulatus in its natural environment.
 The observations were made in the vicinity of La Plata city, 
Buenos Aires province, Argentina (36.0182°S, 57.8591°W; WGS 
84) between September 2003 and February 2006 as part of a more 
comprehensive study of the reproductive behavior of this species.
The following description is based on four clutches observed in 
the fi eld. After oviposition we noted the spatial arrangement of 
eggs, and counted between 300–700 eggs in each clutch, with 
pigmented animal pole, 1.3 mm ± 0.04 diameter embryos and 
1.7 mm ± 0.05 capsules with jelly coat (mean ± 95% confi dence 
limits, N = 35).
 Scinax granulatus disperses its eggs on the bottom of water 
bodies, and the eggs adhere to submerged objects and/or the 
bottom individually or in small clusters of 2–3 eggs. The clutches 
observed were scattered over an average surface area of 3616 
cm2, which represented a small portion of the water body.  To our 
knowledge, this is the fi rst report of this egg deposition mode for 
a species of Hylinae.
 We thank Diego Antonio Rios Barrasso for help with 
fi eldwork.

 Submitted by DIAZ SEIJAS MARÍA EMILIA, NATALE 
GUILLERMO SEBASTIÁN (e-mail: gnatale@quimica.unlp.
edu.ar), and GANGENOVA ELENA, Centro de Investigaciones 
del Medio Ambiente, Departamento de Química, Facultad de 
Ciencias Exactas, UNLP, 47 y 115 (CP 1900), La Plata, Bs. As., 
Argentina. 

GASTROPHRYNE PICTIVENTRIS (Nicaragua Narrowmouth 
Toad), HYPOPACHUS VARIOLOSUS (Sheep Frog). 
ENDOPARASITES.  Herein we report endoparasites of 
two microhylid frog species from Costa Rica. Gastrophryne 
pictiventris is known from southeastern Nicaragua and the 
Atlantic slope of Costa Rica; Hypopachus variolosus occurs from 
southern Texas to Costa Rica (Savage 2002. The Amphibians and 
Reptiles of Costa Rica. A Herpetofauna Between Two Continents, 
Between Two Seas. Univ. Chicago Press,  Chicago, Illinois. 934 
pp.). We know of no reports on the helminths of these species. 
 Two G. pictiventris adult males (mean SVL = 27 mm ± 1.4 

SD, range: 26–28 mm) collected in 1966 from Heredia Province 
(LACM 155965, 155967) and four H. variolosus adult males 
(mean SVL = 36 mm ± 1.4 SD, range: 35–38 mm) collected 
in 1963 from Guanacaste Province (LACM 156792–156795) 
were examined for endoparasites. The frogs were opened by 
a mid-ventral incision and the lungs, stomach, small and large 
intestines, urinary bladder, liver, and body cavity were searched 
for endoparasites using a dissecting microscope. Each nematode 
was cleared in a drop of glycerol, coverslipped, and studied as a 
temporary wetmount. The pentastome was cleared in cedarwood 
oil and studied under a dissecting microscope. 
 Found in G. pictiventris were two species of Nematoda: four 
Cosmocerca podicipinus (mean: 2.0 ± 1.4 SD, range: 1–3) small 
and large intestines; one Oswaldocruzia costaricensis in the 
small intestine. One Pentastomida nymph was found in the body 
cavity. Found in H. variolosus were two species of Nematoda: 
17 Cosmocerca podicipinus (mean 5.7 ± 3.2, range: 2–8) in the 
small and large intestines; three Oswaldocruzia costaricensis 
(mean: 1.5 ± 0.7, range 1–2) in the small intestines. Voucher 
helminths were deposited in the United States National Parasite 
Collection, USNPC, Beltsville, Maryland, USA as: G. pictiventris, 
Cosmocerca podcipinus (USNPC 98743), Oswaldocruzia 
costaricensis (USNPC 98744), Pentastomida (USNPC 98745); 
H. variolosus, Cosmocerca podicipinus (USNPC 98758), 
Oswaldocruzia costaricensis (USNPC 98759). 
    Oswaldocruzia costaricensis was described from Rana cf. 
forreri from Costa Rica by Bursey and Goldberg (2005. J. Parasitol. 
91:600–605). It has also been found in Lithobates warszewitschii 
and Lithobates taylori  from Costa Rica (Goldberg and Bursey 
2007. Carib. J. Sci. 43:1–10; Goldberg and Bursey 2007. Carib. J. 
Sci. 43:65–72). Cosmocerca podicipinus is a generalist nematode 
with  a wide distribution in Central and South America and has 
been reported in bufonid, dendrobatid, hylid, leptodactylid, 
and ranid frogs as well as one bony fi sh (Goldberg et al. 2007. 
Comp. Parasitol. 74:327–342). Infection by Oswaldocruzia 
and Cosmocerca are direct with no intermediate host involved 
(Anderson 2000. Nematode Parasites of Vertebrates. Their 
Development and Transmission, CABI Publishing, Oxon, U.K. 
650 pp.). With few exceptions, pentastomids mature in reptiles; 
various vertebrates serve as intermediate hosts and when eggs 
ingested by an intermediate host hatch the larvae penetrate the 
intestine to migrate randomly in the body, fi nally becoming 
quiescent and metamorphosing into a nymph  (Roberts and Janovy  
2005. Gerald D. Schmidt and Larry S. Roberts’ Foundations 
of Parasitology, McGraw Hill, Boston.702 pp.) We consider 
G. pictiventris to be an intermediate host for the pentastome; 
Cosmocerca podicipinus and O. costaricensis represent new host 
records for G. pictiventris and H. variolosus.    
   We thank Christine Thacker for permission to examine frogs 
which are part of the Costa Rica Expeditions (CRE) collection 
donated to LACM in 1998 by Jay M. Savage. Sean Kirk assisted 
with dissections.

   Submitted by STEPHEN R. GOLDBERG, Whittier College, 
Department of Biology, Whittier, California 90608, USA (e-
mail: sgoldberg@whittier,edu); and CHARLES R. BURSEY, 
Pennsylvania State University, Department of Biology, Shenango 
Campus, Sharon, Pennsylvania 16146, USA (e-mail: cxb13@psu.
edu). 
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TESTUDINES — TURTLES

CARETTA CARETTA (Loggerhead Sea Turtle). DIGESTION 
TIME. Sea turtles feed on a wide variety of food items, 
depending on the turtle species, growth stage, and other factors. 
Digestive processes have been investigated largely in the 
herbivorous Green Sea Turtle, Chelonia mydas (Bjorndal 1997. 
In Lutz and Musick [eds.], The Biology of Sea Turtles. CRC 
Press, Boca Raton, Florida) and these studies are not necessarily 
applicable for other marine species. Determining digestion time 
(i.e., the time necessary for natural food items to pass through 
the gastrointestinal tract) would help in understanding feeding 
behavior and nutrition in wild turtles. Given the capacity of 
sea turtles for long-range movement, knowing time and spatial 
range of turtle feeding is important for interpreting results on 
diet composition. Further, knowledge of digestion time can help 
determine how long turtles should be kept in captivity for studies 
investigating diet through examination of fecal samples. 
 Until now, few studies have investigated digestion time of 
Loggerhead Sea Turtles (Birse and Davenport 1987. Herpetol. 
J. 1:170–175; Peiter 2005. Master’s thesis. Bremen University), 
and mostly in individuals just a few months old, using artifi cial 
diets. It is likely that turtle size and prey type can affect digestive 
functions. For this reason, the present study attempted to provide 
information on digestion time for medium-sized juvenile 
Loggerhead Sea Turtles feeding on wild prey.
 A total of 30 live turtles caught by trawlers were kept under 
observation at the WWF’s Turtle Rescue Center in Lampedusa 
Island, Italy (42.67°N, 16.83°E), during May–September 2005. 
Turtles captured by trawlers are usually healthy and without 
hooks or lines in the digestive tract (however all turtles were 
radiographed to ascertain the absence of hooks). Furthermore, 
bottom trawlers are assumed to catch turtles in the neritic stage, 
mainly feeding upon benthic prey, which tend to have hard, non-
digestible body parts easily recognized in the feces (in contrast 
to pelagic prey); thus, these turtles are particularly suitable for 
investigating digestion time by monitoring defecation. Turtles 
were kept in captivity for a variable period of time and their tanks 
were checked four times a day for presence/absence of feces. If 
present, feces were collected and examined to distinguish species 
ingested in the wild (e.g., gastropods, crabs, sea urchins) from 
those given as food in captivity (fi sh). Only feces assumed to be 
evidence of wild prey were considered in the analysis.
 For each turtle we recorded or calculated Curved Carapace 
Length notch-to-tip (CCL), number of defecations (ND), interval 
between the arrival at the center and the fi rst defecation (AFD); 
interval between the arrival at the center and the last defecation 
(ALD), defecation frequency (DF), calculated as ND/ALD, 
mean defecation interval (MDI), calculated as (ALD-AFD)/(ND-
1) (only for turtles with minimum two defecations), and water 
temperature.
 The mean ND was 2.7 (SD: 1.5; range: 1–6), AFD was 0.7 days 
(SD: 0.5; range: 0–1.8), DF was 2.6 days-1 (SD: 5.7; range: 0.6–
32.0), and MDI was 1.1 days (SD: 0.6; range: 0.3–2.2). The mean 
ALD was 2.4 days (SD: 1.5; range: 0–5.2), which is likely to 
be an underestimation due to the unknown time lag between the 
last feeding in the wild and the arrival at the center. For instance, 
considering the capture at 00.00, ALD would be 2.8 days. This 

indicates that digestion of benthic prey items such as those found 
in the corresponding feces (e.g. gastropods, crabs, sea urchins) 
takes around 2.5–3 days in turtles of the observed size (mean: 
60.2 cm CCL; SD: 9.4; range: 41–80.3) and at the observed 
temperature (mean 25.0°C; SD: 2.0; N = 21). 
 Result indicate that feces collected in captivity from turtles 
caught in the wild, and specifi cally turtles feeding upon 
benthic prey, probably correspond to several different meals 
spanning a period of 2–3 days. This is signifi cant for studies that 
investigate diet through fecal collection or necropsy, suggesting 
that such samples can provide good information on the diet 
covering multiple meals during movement among different sea 
bottom types. Moreover, maximum ALD suggests that studies 
investigating diet through fecal samples should keep turtles under 
observation for a period of at least six days to collect the entire 
gut content.
 This study was possible thanks to the fi shermen who 
collaborated with the WWF Italy’s Turtle Center in Lampedusa 
and to the volunteers who helped with the research.

 Submitted by PAOLO CASALE and GRAZIANA ABBATE, 
Department of Animal and Human Biology, University of Rome 
1 ‘La Sapienza’, 00185 Roma, Italy); DANIELA FREGGI, 
Sea Turtle Rescue Centre WWF Italy, Lampedusa Italy; and 
ROBERTO ARGANO, Department of Animal and Human 
Biology, University of Rome 1 ‘La Sapienza’, 00185 Roma, 
Italy.

CARETTA CARETTA (Loggerhead Sea Turtle). PREDATION. 
Sea turtle hatchlings are eaten by a variety of predatory fi shes while 
departing from natal beaches. However, observations beyond 
the near shore zone are sparse because post-hatchling stages in 
offshore habitats are cryptic while hiding among Sargassum rafts 
or in drift line debris at current boundaries. Herein, we report a 
predation event by an endangered fi sh species upon a threatened 
turtle species, which involved a juvenile Loggerhead Sea Turtle 
(Caretta caretta) eaten by a Goliath Grouper (Epinephelus 
itajara) off the southwestern Florida coast.
  On 14 December 2006, the crew of the R/V Eugenie Clark 
retrieved a drum line during surveys for large coastal sharks 
conducted by the Center for Shark Research at Mote Marine 
Laboratory. The drum line was 13 km offshore from Sarasota, 
Florida, USA (27.1470°N, 82.6150°W) in depths of about 12 m. 
Mid-water column temperature was 18.8°C and salinity was 36.0 
ppt. The retrieved line yielded a E. itajara (length = 1.7 m) which 
upon its ascent regurgitated a partly digested but intact C. caretta 
carcass. The turtle specimen was photographed from dorsal, 
ventral, and lateral aspects adjacent to a landing net of known 
diameter. The photos provided multiple diagnostic features 
(number and color of costal scutes, inframarginal pores, carapace 
shape, and cranial scales) even though the fl esh and muscle tissue 
were partially digested. Image measurements of the landing net 
compared to the turtle gave an estimate of 30–35 cm straight 
carapace length. Due to permit restrictions, the turtle carcass was 
not collected and was returned to the water. The grouper was de-
hooked and also released in good condition. 
 The event is noteworthy given the paucity of information 
regarding grouper predation on young sea turtles. Groupers 
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reportedly consume Hawksbill Sea Turtles (Eretmochelys 
imbricata) in the West Indies (Randall 1967. Studies Trop. Ocean., 
Univ. Miami No. 5:665–847) and Green Sea Turtles (Chelonia 
mydas) in Hawaii (Balazs 1984. Univ. Hawaii Sea Grant Misc. 
Rep. 84-01(Vol. II), 321 pp.), the Kingdom of Tonga (Witzell 
1981. Bull. Mar. Sci. 31:935–936), and the Great Barrier Reef 
in Australia (Gyuris 1994. Coral Reefs 13:137–144). However, 
studies of grouper species of the Florida Gulf coast have not yet 
reported sea turtles in the diet (Bullock and Smith 1991. Mem. 
Hourglass Cruises, Vol. 8, Pt. 2, 243 pp.) and studies of predators 
of Florida Atlantic coastal Loggerhead Sea Turtle hatchlings do 
not record this grouper species (Whelan and Wyneken 2007. 
Copeia 2007:745–754).
 Both E. itajara and C. caretta receive protection from state and 
federal agencies within the United States. Recent assessments for 
E. itajara have suggested that the Gulf of Mexico populations 
may be recovering. This predatory event raises a question as to 
whether recovery of one protected species might be impacting 
the recovery of its prey, also a protected species, since top-down 
trophic cascades can occur in marine ecosystems. The observation 
also suggests that E. itajara in Florida waters are, at the very 
least, opportunistic consumers of juvenile sea turtles. 
 We thank staff and interns aboard the R/V Eugenie Clark, and 
J. Schmid and J. Wyneken for species confi rmation.

 Submitted by BEAU. G. YEISER, JACK J. MORRIS, and 
ANTON D. TUCKER, Mote Marine Laboratory, Sarasota, 
Florida 34236, USA (e-mail: byeiser@gmail.com).

GOPHERUS POLYPHEMUS (Gopher Tortoise). COYOTE 
PREDATION. Hatchling and juvenile Gopherus polyphemus 
are known to have many predators, including mesomammalian, 
ophidian, raptor, and invertebrate species (see Epperson and Heise 
2003. J. Herpetol. 37:315–324, and references therein). However, 
known published accounts of predation on adult G. polyphemus 
are limited to Dog (Canis familiaris) attacks (Douglass and 
Winegarner 1977. J. Herpetol. 11:236–238; Causey and Cude 
1978. Herpetol. Rev. 9:94–95). Here I report an incidence of a 
Coyote (C. latrans) depredating an adult G. polyphemus.
 On 15 June 2007 at 1225 h, I arrived at artillery fi ring point 
136 on the Camp Shelby Joint Forces Training Center, Perry 
County, Mississippi, USA to search for Gopher Tortoise nests. 
Upon exiting the vehicle, I heard crunching noises coming from 
the edge of the fi eld, and approached slowly to investigate. When 
I got within ca. 30 m of the disturbance, I scared off an adult C. 
latrans that had been eviscerating an adult female G. polyphemus. 
The Coyote had ripped open a large hole in the plastron, and 
had removed the tail and most of the intestines (Fig. 1). The 
head, limbs, and carapace were all intact, and the damage was 
presumably done immediately prior to my arrival, since I could 
see the tortoise’s heart still beating. The tortoise died 10 minutes 
later. I examined all nearby burrows, and did not fi nd any signs 
of excavation, nor did I fi nd signs of attempted or interrupted 
oviposition; therefore I assumed that this tortoise had been 
attacked while out of its burrow. This supports observations by R. 
E. Ashton (unpubl. data, in Mushinsky et al. 2006. In P. A. Meylan 
[ed.], Biology and Conservation of Florida Turtles, pp. 350–375. 
Chelonian Research Monographs No. 3) that Coyotes will wait 

until a Gopher Tortoise leaves its burrow before attacking it. This 
particular tortoise had been measured the previous summer, and 
at 283 mm carapace length and a weight of 4.4 kg, it exceeded 
the averages for adult female G. polyphemus at Camp Shelby (ca. 
267 mm carapace length and 3.8 kg; N = 281).
 Coyotes have been expanding their range across the southeast 
for decades, partially due to releases by man and extirpation of 
native predators (Hill et al. 1987. Wildl. Soc. Bull. 15:521–524; 
Lovell et al. 1998. Wildl. Soc. Bull. 26[3]:552–556). An analysis 
of annual predator harvest data in Mississippi (Lovell et al., op. 
cit.) found that the numbers of Coyotes increased 7.5-fold from 
1980 to 1995 (unlike Bobcat, Red Fox, and Grey Fox numbers, 
which remained relatively unchanged during that same period). 
The increased numbers of Coyotes in the area represent a 
relatively new predation pressure for G. polyphemus, adding to 
the growing list of threats (including habitat conversion and fi re 
exclusion) already facing this federally-protected species. 

  Submitted by MATTHEW G. HINDERLITER, Camp 
Shelby Field Offi ce, The Nature Conservancy, CSJFTC-ENV 
Building 622, Camp Shelby, Mississippi 39407, USA; e-mail: 
mhinderliter@tnc.org.

HYDROMEDUSA MAXIMILIANI (Brazilian Snake-necked 
Turtle). HATCHLING SIZE AND BODY MASS. The chelid 
turtle Hydromedusa maximiliani is endemic to eastern and 
southeastern Brazil (Minas Gerais, Espírito Santo, Rio de 
Janeiro, and São Paulo states) and in parts of southern Bahia, 
and is associated with mountainous regions (Souza 2004. Reptilia 
53:51–55). On 30 May 2005 at 1100 h we hand-captured, 
measured, and released one post-hatchling juvenile H. maximiliani 
in Reserva Biológica Muncipal Santa Cândida (21.6888889°S, 
43.3444444°W; 770 m elev.), Juiz de Fora, Minas Gerais state, 
Brazil. The carapace length (CL) of this juvenile was 43 mm, 
plastron length (PL) was 28.5 mm, and the body mass was 7.8 g. 
Guix et al. (1992. Bol. Assoc. Herpetol. Esp. 3:23–25) reported 
the minimum CL of one (presumably post-hatchling) specimen 
as 40 mm, but did not provide data on body mass. The minimum 
body mass for a juvenile H. maximiliani previously reported was 

 FIG. 1. Remains of an adult female Gopherus polyphemus, eviscerated 
by a coyote (Canis latrans) at the Camp Shelby Joint Forces Training 
Center, Perry County, Mississippi.
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15 g (Souza. 1995. Herpetol. Rev. 26:34), though the CL of this 
specimen was 47.3 mm. The specimen here reported, probably a 
recent post-hatchling, represents a new record for minimum body 
mass and plastron length for a juvenile H. maximiliani. 
 This work was licensed by IBAMA (Process nº 02015.003546/04-
11), and was performed under the principles adopted by COBEA 
(Brazilian School of Animal Experimentation), which were 
approved by the Committee of Ethics in Animal Experimentation 
(Pro-Rectory of Research) of the Universidade Federal de Juiz de 
Fora, in a meeting which took place on 04/12/2004 (Protocol nº 
011/2005-CEA).
 We thank CNPq and Samuel Campos Gomides, Aline de 
Oliveira Santos, and Juliane Floriano Lopes for logistical 
support.

 Submitted by IARA ALVES NOVELLI (e-mail: 
iaranovelli27@gmail.com), and BERNADETE MARIA DE 
SOUSA (e-mail: bernadete.sousa@ufjf.edu.br), Laboratório de 
Herpetologia, Departamento de Zoologia, Instituto de Ciências 
Biológicas, Universidade Federal de Juiz de Fora, Campus 
Universitário, Bairro Martelos, Juiz de Fora, MG, Brazil, 36036-
330.

HYDROMEDUSA MAXIMILIANI (Brazilian Snake-necked 
Turtle). DIET. Adult Hydromedusa maximiliani are primarily 
carnivorous, feeding on aquatic invertebrates, including insect 
larvae and crustaceans (Souza 2004. Reptilia 53:51–55; Souza 
and Abe 1995. Chelon. Conserv. Biol. 1:320–322; Souza and 
Abe 1998. J. Herpetol. 32:106–112). This diet is complemented 
by terrestrial invertebrates that fall into the water, anurans, and 
carrion (Souza 2004, op. cit.). Here we report on H. maximiliani 
feeding on Trichodactylus fl uviatilis, a freshwater decapod native 
to South America. 
  We gathered data on the feeding habits of H. maximiliani from 
October 2004 to May 2005, in the Reserva Biológica Municipal 
Santa Cândida (21.6888889°S, 43.3444444°W; 770 m elev.), Juiz 
de Fora, Minas Gerais state, Brazil. The stomach contents of 10 
specimens of H. maximiliani were sampled by fl ushing (Legler 
1977. Herpetologica 33:281–284). The decapod was identifi ed 
in accordance with Magalhães (2003. In Melo [ed.], Manual de 
Identifi cação dos Crustáceos Decápodos de Água Doce do Brasil, 
pp. 143–287. São Paulo, Edições Loyola). Six samples of stomach 
contents revealed parts of the carapace, pereiopod, and cheliped 
of T. fl uviatilis. Freshwater decapods previously reported as prey 
of H. maximiliani are Aegla odebrechi, A. paulensis, and Hyalella 
pernix (Yashimita 1990. Herpetol. Rev. 21:19; Souza and Abe 
1995, op. cit.; Souza and Abe 1998, op. cit.; Souza and Abe 1997. 
Bol. Asoc. Herpetol. Esp. 8:17–20). This is the fi rst report of T. 
fl uviatilus being consumed by H. maximiliani.
  We thank Célio Magalhães Ubirajara Filho of the Instituto 
Nacional of Pesquisas of Amazônia (INPA) for confi rmation of 
the decapod species.
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KINOSTERNON SONORIENSE (Sonoran Mud Turtle). DIET. 
Kinosternon sonoriense is generally considered a carnivore, but 
occasionally consumes plant material when benthic fauna are 
limited (Hulse 1974. J. Herpetol. 8:195–199). Over the last decade, 
we have documented several observations of Sonoran Mud Turtles 
feeding on vertebrates in ephemeral canyon pools in the Peloncillo 
Mountains, Hidalgo Co., New Mexico (Ligon and Stone 2003. 
Herpetol. Rev. 34:241–242; Stone et al. 2005. Herpetol. Rev. 
36:312). Here, we add the House Finch (Carpodacus mexicanus) 
to the list of vertebrate species K. sonoriense has consumed in this 
setting. On 17 July 2007, ca.1200 h, we approached an isolated 
canyon pool (ca. 20 cm in depth and 1.5 m2 in area) and observed 
a dead House Finch fl oating near the edge. Just before we began 
to search the pool, we noticed the dead bird gently rippling on the 
surface. We examined the bird and noted its breast and belly were 
missing and much of the sides and fl anks had been picked clean 
of meat, with only the head, wings, and legs remaining intact. 
A female K. sonoriense (MCL = 100.8 mm) was found on the 
bottom of the pool directly underneath the bird. After identifying 
and measuring the turtle, we placed the turtle and bird back 
into the pool and then quietly waited and observed. After a few 
minutes the bird again began to gently ripple, presumably due to 
the turtle feeding on the carcass. 
 Stone et al. (2005, op. cit.) reported a similar observation 
involving a Mockingbird (Mimus polyglottus), and Ligon and 
Stone (2003, op. cit.) reported two instances of Sonoran Mud 
Turtles feeding on toads (Bufo punctatus). These are the only 
birds and only anurans we have found dead in canyon pools 
during a long-term fi eld study (Stone 2001. Southwest. Nat. 
46:41–53). Stone et al. (2005, op. cit.) also observed a Sonoran 
Mud Turtle kill and eat a garter snake (Thamnophis cyrtopsis). 
Although observations involving birds and anurans could 
represent instances of scavenging, the accumulated observations 
suggest that K. sonoriense opportunistically preys on vertebrates 
in canyon pools. Regardless, it is clear that canyon pools provide 
unique feeding opportunities for Sonoran Mud Turtles, and that 
vertebrates likely comprise a more signifi cant portion of this 
species’ diet than previously reported.
 We thank the College of Graduate Studies and Research at 
the University of Central Oklahoma for fi nancial support. This 
study was conducted under permits issued by the New Mexico 
Department Game and Fish (Permit No. 2905) and the U.S. Forest 
Service (Authorization ID: SUP0800). 
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CROCODYLIA — CROCODILIANS

CAIMAN CROCODILUS (Spectacled Caiman). 
OPPORTUNISTIC FORAGING. We document opportunistic 
foraging behavior by Caiman crocodilus in a post-inundation 
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forest at Estacíon Biologíca Caño Palma, Costa Rica. Estacíon 
Biologíca Caño Palma is a 40-ha reserve located on the northeast 
coast of Costa Rica, south of Barra del Colorado. This reserve 
and the surrounding area is lowland tropical wet forest (fi de 
Holdridge 1967. Lifezone Ecology, Tropical Science Center, San 
José, Costa Rica. 206 pp.) comprised predominantly of Manicaria 
swamp forest (Myers 1990. In Lugo et al. [eds.], Ecosystems of 
the World, pp. 267–278. Elsevier, Oxford, UK, 527 pp.). Bounded 
by large catchment rivers to the north, south, and west with a 
blackwater channel to the east, the forest inundates seasonally 
(November–December and May). Manicaria forests typically 
exhibit a prominent bi-annual polymodal inundation during the 
wettest season (Junk et al. 2000. The Central Amazon fl oodplain: 
Actual Use and Options for a Sustainable Management. Backhuys 
Publishers, Leiden, Holland. 584 pp.). The seasonal inundation 
event that engulfs Estacíon Biologíca Caño Palma is also coupled 
with local tidal fl ow patterns (Kelso 1967. A Contribution to 
the Ecology of a Tropical Estuary. M.Sc. Thesis, Univ. Florida, 
Gainesville. 156 pp.). Once inundation subsides, numerous 
temporal pools remain in the forest; these generally disappear 
during the warmer (and drier) months of the year.
 In December 2002 and again in January 2004, during three 
months of weekly diurnal visual-encounter transects of post-
inundation Manicaria forest, 5 adult and 7 juvenile caiman 
(2002) and 4 adult and 3 juvenile caiman (2004) respectively 
were located well into (often > 100 m) the forest. Once disturbed, 
they retreated terrestrially toward the channel associated with 
riparian habitat, rapidly slipping in and out of temporary pools as 
they headed in an easterly direction toward the main blackwater 
channel bordering the property. 
 Caiman reproduction, which generally occurs during the rainy 
season in this region of Costa Rica (November–February), involves 
construction of vegetation mounds in forested environments to 
incubate their eggs (Allsteadt 1994. J. Herpetol. 22:12–19.). As 
in other crocodilians, caiman exhibit well-developed parental 
care and will defend nests from predators, the primary threat to 
their eggs (Leenders 2001. A Guide to Amphibians and Reptiles 
of Costa Rica. Zona Tropical, Miami, Florida. 305 pp.). We 
detected no evidence of nests or nest-guarding behavior in the 
areas where we sighted caiman. However, these areas, still 
saturated by water, were found to frequently be full of suffocating 
fi sh trapped in desiccating fl ood pools or anurans utilizing these 
ponds for breeding. Fish species present included: Archocentrus 
nigrofasciatus and Parachromis managuensis (Cichlidae), 
Rhamdia guatemalensis and Rhamdia rogersi (Pimelodidae), 
and Astyanax aeneus (Characidae). Atractosteus tropicus (Order: 
Semionotiformes) were also hunting in these pools and may have 
constituted prey. That caiman were feeding on the diverse prey 
within these seasonally restricted environments seems likely. Fish 
are an important prey species for many crocodilians (Magnusson 
1987. J. Herpetol. 21:85–95) and can make up over 25% of total 
prey items in sub-adult and mature adult caiman (Thorbjarnarson 
1993. Herpetologica 49:108–117; Velasco et al. 1994. Crocodile 
Specialist Group Newsletter 13:20–21). In tropical blackwaters 
Cichlidae, Pimelodidae, and Characidae can make up 10–27% of 
the composition of fi sh species consumed (Thorbjarnarson 1993, 
op. cit.; Santos et al. 1996. Herpetol. J. 6:111–117) and possibly 
more when increases in water level like that which occurred 

along the Caño Palma allow more fi sh access to greater volumes 
of water and increased predation susceptibility (Silveira and 
Magnusson 1999. J. Herpetol. 33:181–192).
 Caiman now occur in diverse habitats such as marshes, rivers, 
channels, and lakes in both the Caribbean and Pacifi c lowlands of 
Costa Rica, particularly as a result of the now-diminished ranges 
of sympatric competitors (Crocodylus acutus) (Magnusson 1982. 
Proc. 5th IUCN/SSC Croc. Spec. Group, pp. 108–116. Gland, 
Switzerland). They are commonly found in the canals, dikes, and 
channel networks in forested fl oodplain habitats (Allsteadt and 
Vaughan 1992. Brenesia 38:65–69; Guyer 1994. In McDade et 
al. [eds.], La Selva: Ecology and Natural History of a Neotropical 
Rain Forest, pp. 210–216. Univ. Chicago Press, Chicago, Illinois; 
Guyer and Donnelly 2005. Amphibians and Reptiles of La 
Selva, Costa Rica and the Caribbean Slope. Univ. California 
Press, Berkeley, California. 299 pp.; Ouboter and Nanhoe 
1988. J. Herpetol. 22:283–294; Savage 2002. The Amphibians 
and Reptiles of Costa Rica: A Herpetofauna Between Two 
Continents, Between Two Seas. Univ. Chicago Press, Illinois. 
934 pp.). This species is known to establish territories in local 
channel networks where they exhibit high site tenacity (Savage 
2002, op. cit.), especially in areas that provide a sustainable food 
resource. Opportunistic seasonal shifts in habitat use has not been 
widely reported in Caiman crocodilus. Our observations imply 
that these habitat shifts provide enhanced feeding opportunities 
that might be unavailable the rest of the year. We present two 
models that might explain these habitat shifts. In the fi rst, caiman 
might periodically abandon their territories within the permanent 
channel network during episodic inundation to specifi cally forage 
for trapped fi sh within temporary pools in the forest. The second 
model proposes that caiman, along with other fauna, advance into 
the forest during inundation following the expanding shoreline. 
As the water recedes, some aquatic animals are trapped in pools 
where they are vulnerable to amphibious predators, such as 
caiman. Caiman are able to escape back to traditional channel-
margin habitat as the pools disappear. Which is correct provides 
an interesting question for further research.
 We thank The Canadian Organization for Tropical Education 
and Rainforest Conservation for permission to study at Caño 
Palma Biological Station, Xavier Guevara of the Ministerio de 
Recursos Naturales Energia y Minas for permitting licenses, and 
Farnborough College of Science and Technology for assistance.
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CROCODYLUS MORELETII (Morelet’s Crocodile). 
SALINITY TOLERANCE. Salinity and temperature are the 
major abiotic factors limiting crocodile distribution and abundance 
(Duson and Mazzotti 1989. B. Mar. Sci. 44:229–244; Mazzotti 
et al. 2007. J. Herpetol. 41:122–132; Richards et al. 2004. Ecol. 
Model. 180:371–394). Crocodylus moreletii lacks excretory (salt) 
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glands, so it is typically considered freshwater-dwelling (Platt 
and Thorbjarnarson 2000. Biol. Conserv. 96:21–29). Hence, here 
we provide observations indicating that C. moreletii may be more 
salinity tolerant than previously recognized.
 During nocturnal crocodile surveys of La Mancha Lagoon, 
Veracruz, Mexico (19.5689°N, 96.3872°W; datum: NAD27; elev. 
0 m.) in March 2007, we recorded the size range of C. moreletii 
in relation to water salinity. We measured salinity using a multi-
parameter YSI85. Following Platt and Thorbjarnarson (op. cit.), 
we classifi ed crocodiles based on total length (TL) as hatchlings 
(TL < 29.9 cm), yearlings (TL = 30–50 cm), juveniles (TL = 51–
100 cm), subadults (TL = 101–150 cm), and adults (TL > 150 
cm). We observed 10 crocodiles, four yearlings, three juveniles, 
two subadults and one adult. Hatchlings were observed in 3.4 
parts per thousand (ppt), juveniles in 10.8 ppt, subadults in 22.7 
ppt, and adults in 21.4 ppt. 
 Taplin (1988. Biol. Rev. 63:333–377) suggested that C. 
moreletii tolerantes heavily brackish water (> 20.0 ppt). However, 
in coastal Mexico and Belize where Morelet’s and American 
crocodiles (C. acutus) occur in macrosympatry, the former is 
generally confi ned to freshwater, whereas the latter is found in 
saline habitats (Cedeño-Vázquez et al. 2006. Herpetol. Nat. Hist. 
10:17–30). Our observations compliment the earlier report of 
Meerman (1992. Occ. Pap. Belize Nat. Hist. Soc. 1:1–5) from 
Chetumal Bay where fi sherman captured an adult C. moreletii 
in heavily brackish water (22 ppt). Collectively, these data 
suggest that C. moreletii is physiologically capable of tolerating 
moderately saline conditions. Hence, its general absence from 
brackish coastal habitats may arise from conditions other than 
a limiting saline environment, such as those resulting from the 
poorly understood interspecifi c interactions with C. acutus.
 We thank the Course of Ecología de Ecosistemas Costeros 
Tropicales 2007-19 supported by the Organization for Tropical 
Studies, Instituto de Ecología A.C., and Louisiana State 
University. We thank Steven Platt and Jesús Rivas for editorial 
assistance.  
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RHYNCHOCEPHALIA — TUATARAS

SPHENODON PUNCTATUS (Common Tuatara). PREY 
DETECTION. Sphenodon punctatus are generally regarded 
as nocturnal visual hunters that rely on movement to detect 
and capture prey (Dawbin 1962. Endeavour 21:16–24; Walls 
1981. New Zealand J. Ecol. 4:89–97). They feed primarily on 
orthopterans, beetles, and arachnids (Ussher 1999. New Zealand 
J. Zool. 26:117–125), but are also known to eat the eggs (Gaston 
and Scofi eld 1995. Notornis 42:27–41) and chicks (Walls, op. cit.) 
of Fairy Prions (Pachyptila turtur), small burrowing seabirds that 
occur at high densities on many S. punctatus-inhabited islands. As 
S. punctatus and P. turtur often use the same burrows (Newman 

1987. Herpetologica 43:336–344), S. punctatus are likely to 
occasionally encounter prion chicks when entering a burrow, and 
they may opportunistically consume them as well as any eggs 
present in the burrow. However, in the absence of movement 
cues, detection of certain food items such as carrion or isolated 
eggs may be more readily accomplished via olfaction (Walls, 
op. cit.). Here we report an observation of a male S. punctatus 
feeding on a P. turtur egg during which time it displayed behavior 
consistent with olfaction.
 At ca 1200 h on 28 November 2006, an intact P. turtur egg 
was observed on a concrete slab at the base of a small bank on 
Stephens Island, Cook Strait, New Zealand (40.67oS, 174.00oE; 
elev. 215 m). The egg had likely been laid in one of the burrows 
dug into the side of the bank, and may have been displaced by 
the burrowing activity of a S. punctatus or seabird, whereupon it 
rolled out of the burrow and onto the slab. Though the eggshell 
was intact, it had evidently not been viable for some time as its 
odor was easily detectable to human observers. Importantly, we 
observed no fl ies near the egg at this point. At 1400 h, a male S. 
punctatus was observed and video-recorded consuming the egg. 
He broke the eggshell in his jaws and then proceeded to chew 
up and swallow the shell fragments. During this process, yolk 
dripped onto the concrete slab and spread out in a thin layer over 
about 5 cm2, attracting numerous fl ies that swarmed around the 
yolk and the face of the S. punctatus. After having eaten all of 
the shell fragments, the S. punctatus proceeded to probe at the 
ground with his snout and the tip of his lower jaw and appeared 
to be searching for additional matter that could be consumed. He 
probed fi rst in the vicinity of the spilled yolk, and then moved 
in a zig-zag pattern, fi rst outward from the yolk and then down 
the side of the concrete slab, before returning to probe again 
at the site of the yolk. The nose-probes were interspersed by 
motions in which the S. punctatus dragged his snout along the 
ground without breaking contact with the substrate. At no point 
did he display any tongue-fl icking or mouth-opening behavior 
consistent with vomeronasal detection. In addition, the fl ies 
attracted to the broken egg were landing on the spilled yolk but 
not the surrounding area, and a search pattern by the S. punctatus 
based on the movement of the fl ies should have kept his attention 
on the fl ies at the spilled yolk. Instead, upon consuming the last of 
the eggshell, the S. punctatus searched the area independently of 
the location of the fl ies. Moreover, the S. punctatus immediately 
swatted with a forelimb at any fl ies that landed on his face, 
even during an agonistic encounter with an approaching male 
conspecifi c. The S. punctatus remained in the vicinity for ca. 35 
min.
 Although S. punctatus are active primarily at night, they spend 
much of the day basking at their burrow entrances (Goetz and 
Thomas 1994. New Zealand J. Zool. 21:473–485; Walls 1983. 
New Zealand J. Zool. 10:309–318). As sit-and-wait predators, 
it is not surprising that they would also feed during the day if 
the opportunity arose, as it did in this observation. The behavior 
displayed here is consistent with prey detection via olfaction 
because we could identify no movement cues at the time the prey 
item was fi rst detected by the S. punctatus; subsequent motion by 
fl ies was ignored; and the S. punctatus’s probing was consistent 
with olfactory, but not vomeronasal, detection.
 Thanks to C. Allen and J. DeVries for support on Stephens 
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for Molecular Ecology and Evolution for funding. Victoria 
University of Wellington Animal Ethics Committee in consultation 
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Zealand Department of Conservation provided ethics approval 
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SQUAMATA — LIZARDS

ANOLIS UNIFORMIS (Lesser Scaly Anole). DIET. Anolis 
uniformis is a small lizard widely distributed in wet tropical 
rain forests from southern Tamaulipas, México through northern 
Guatemala and Belize to northern Honduras. It occurs in forest 
understory from near sea level to about 900 m (Campbell 1998. 
Amphibians and Reptiles of Northern Guatemala, the Yucatán, 
and Belize. University of Oklahoma Press, Norman, Oklahoma. 
380 pp.; Campbell et al. 1989. Biotropica 21:237–243; Lee 
1996. The Amphibians and Reptiles of the Yucatan Peninsula. 
Comstock Publishing Associates. Cornell University Press, 
Ithaca, New York. 500 pp.). The most observable lizard at Los 
Tuxtlas tropical rain forest, Veracruz, México, A. uniformis is 
thought to be a diurnal insectivore across its geographic range 
(Duellman 1963. Univ. Kansas Publ. Mus. Nat. Hist. 15:205–
249; Villarreal 1997. In González et al. [eds.], Historia Natural 
de los Tuxtlas, pp. 495–500. Universidad Nacional Autónoma de 
México, México, D.F.; Villarreal and Heras 1997. In González et 
al. [eds.], op. cit., pp. 476–478). Here we report predation by A. 
uniformis on an anuran.
 At 2315 h on 3 September 2003 during a nocturnal 
herpetofaunal survey, we observed a young male A. uniformis 
(29 mm SVL) swallowing a very small (ca. 9 mm SVL) leaf 
litter frog (Craugastor sp.). The event occurred on the leaf of a 
medium-sized plant in a small bamboo and tropical rain forest 
remnant in the Los Tuxtlas region, Veracruz, México (18.6072°N, 
95.1437°W; datum: WGS84; elev. 650 m). The anole was 
collected and deposited in Colección Nacional de Anfi bios y 
Reptiles, Instituto de Biología, Universidad Nacional Autónoma 
de México (CNAR IBH 21138).
 From September 2006 to July 2007, we also collected and 
dissected 30 A. uniformis adults at the Laguna Escondida 
rainforest remnant at Los Tuxtlas region (18.5909°N, 95.0883°W; 
elev. 150 m) as a part of a parasitological study. Examination of 
stomach and intestinal contents revealed only arthropod remains, 
mostly terrestrial and fl ying insects (fl ying Diptera, Hymenoptera, 
Hemiptera; terrestrial Orthoptera) and a few spiders. We found no 
amphibian remains in this sample. 
 Previous diet records for Anolis uniformis (Stuart 1948. Misc. 
Publ. Mus. Zool. Univ. Michigan 69:1–109; Villarreal, op. cit.; 
Villarreal and Heras, op. cit.) indicate that it preys on insects and 
litter-dwelling invertebrates, especially soft-bodied arthropods. 

Our 2003 observation indicates that A. uniformis can prey on 
small amphibians and that it may sometimes feed at night.
 We thank to F. Bertoni, M. Márquez, R. Paredes, H. Reyes, and 
M. Sánchez for assistance in the fi eld. 
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CTENOSAURA PECTINATA (Spiny-tailed Iguana). 
POPULATION STATUS. Ctenosaura pectinata is native to 
the west coast of Mexico and ranges from mid-Sinaloa to south 
Oaxaca, at elevations below 1000 m (Burghardt and Rand 1982. 
Iguanas of the World: Their Behavior, Ecology, and Conservation. 
Noyes Publ., Park Ridge, New Jersey. 504 pp.). During the last 
century, C. pectinata was introduced into Brownsville, Texas as 
well as south Florida (Conant and Collins 1998. A Field Guide to 
the Reptiles and Amphibians, Eastern / Central North America. 
Houghton Miffl in Co., Boston, Massachusetts. 616 pp.). Both 
populations have been established for nearly 40 years (Smith 
and Kohler 1978. Trans. Kansas Acad. Sci. 80:1–24; Meshaka 
et al. 2004. Exotic Amphibians and Reptiles of Florida. Krieger, 
Malabar, Florida. 155 pp.). The population in south Florida has 
been discussed in the literature numerous times (see Meshaka et 
al., op. cit. for a review) but little has been published about the 
Brownsville population. Here, we document the persistence of C. 
pectinata in Brownsville and their use of artifi cial microhabitat.
 From 6–16 June 2007, we conducted eight searches for C. 
pectinata at the Gladys Porter Zoo (GPZ), Brownsville, Texas, 
USA (97.4952°W, 25.8831°N; datum: WGS84; elev. 6 m) and 
vicinity. Searches were conducted between 0800–1400 h, when 
iguanas would be basking. We searched the GPZ by slowly 
walking along exhibits, alleys, and buildings for ca. 3 h during 
each search. We also chose areas of the surrounding neighborhood 
that were within 0.5 km of the GPZ, and searched them by 
slowly walking along sidewalks and alleys for ca. 1 h. We used 
binoculars and digital photo equipment to fi nd, observe, and record 
observations of C. pectinata. Photos and videos were reviewed 
to distinguish multiple sightings of an individual from sightings 
of several individuals based on coloration, markings, and head 
shape. Captures could not be made due to facility restrictions. 
We used a Garmin eTrex Vista C GPS unit to georeference C. 
pectinata locations (accurate to within ~5 m). GPZ staff assisted 
us in locating areas where C. pectinata were known to occur.
 Though the GPZ staff has received reports of C. pectinata 
elsewhere in south Texas, the only known breeding population 
is centered at the GPZ in Brownsville. The GPZ (est. 1971) is 
a 10.5-ha facility dominated by open-area exhibits bordered 
by fences and artifi cial rivers and lagoons, and interconnected 
by artifi cial rock walls and sidewalks. Nine islands, some with 
artifi cial rock structures, have been built to exhibit zoo animals.
 Reviews of photographs, videos, and GPS waypoints revealed 
a total of nine adult (ca. 1 m TL) C. pectinata and one juvenile 
(ca. 20 cm TL) within the zoo grounds. These individuals were 
located near or inside exhibits that were bordered with artifi cial 
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rock walls (2–4 m in height); three adults were observed entering 
holes in these structures. On 8 June, we observed an adult perched 
3 m up on a rocky peak within an exhibit (Fig. 1, pt 1). On 9 
June, we observed an adult and a juvenile perched less than 3 
m apart on an artifi cial rock wall in the rear of the same exhibit, 
shaded by vegetation (pt 2). On 9 June, we also observed an adult 
entering a hole in the wall, behind an exhibit (pt 3). On 9 June, 
we observed an adult basking on a level rock surface that was 
elevated 2 m above an artifi cial lagoon within a different exhibit 
(pt 4). This adult was again observed on 15 June, emerging from 
a crack in the concrete surface of the exhibit fl oor, 20 m from 
where it was previously observed (pt 5). On 12 June, two adults 
were observed simultaneously occupying the same large (4 m × 
4 m × 7 m) rock structure on an island (pt 6). These iguanas were 
separately observed on 6, 10, and 15 June occupying the same 
structure. On 16 June, we observed two other adults, one missing 
half its tail, perched within 2 m of each other, on a rocky peak 
(2.5 m) that was shaded by vegetation (pt 7). This peak was part 
of a wall separating two exhibits. On 16 June, we observed an 
adult perched 4 m up on a rock wall within a different exhibit (pt 
8).
 Two individuals were also observed outside the zoo. One 
(ca. 0.5 m TL) was observed on Belvedere Drive, a road that 
separates the zoo from the surrounding neighborhood (pt 9). 
This individual fl ed into the zoo as our vehicle approached. The 
total length and bright green tail coloration indicated that it was 
a juvenile. The other individual (ca. 0.5 m TL) was observed in 
a grassy neighborhood alley, ca. 60 m from the zoo (pt 10). This 
individual was predominantly green, and due to the similarity 
between hatchling C. pectinata and Iguana iguana, could have 
been an I. iguana. GPZ staff have observed at least 5 juveniles in 
the zoo over the past three years, including an individual that was 
ca. 20 cm TL, seen on 30 June 2007 in an exhibit barn.
 Though the population at GPZ has been established for nearly 
40 years, we found few individuals (N = 12) despite intensive 
search efforts. Apparently, population growth has been limited, 
possibly by low overwinter survival, predation, or both. The 

lowest average annual minimum temperature (i.e., the coldest 
temperature experienced each winter) for extreme south Texas 
for the period 1960–1990 was –1.8°C to –3.8°C (Cathey and 
Jordan 2001. USDA Plant Hardiness Zone Map. U.S. National 
Arboretum, Agricultural Research Service, USDA, Washington, 
DC). In contrast, the lowest average annual minimum temperature 
for the native range of C. pectinata ranged from 1.7°C to about 
4.5°C during the period 1960–1990 (Cathey and Jordan 2001, 
op. cit.), thus, the colder temperatures in south Texas may have 
affected survivability. Some authors (e.g., Iverson 1978. Biol. 
Conserv. 14:63–73) have also suggested that predation by cats and 
dogs may cause populations of ground-dwelling iguana species 
to decline. Cats and dogs are infrequently encountered inside the 
GPZ, but their predation could potentially limit populations in 
surrounding neighborhoods. Besides these potential predators, the 
GPZ has a large, diverse avian community; birds such as egrets 
(free-ranging) and hornbills (exhibited) may also be potential 
predators.

 Submitted by KENNETH J. LOCEY (e-mail: klocey@ucok.
edu) and CHRISTOPHER J. BUTLER (e-mail: cbutler11@ucok.
edu), Department of Biology, University of Central Oklahoma, 
Edmond, Oklahoma 73034, USA; and DAVID L. MARTIN, 
Department of Herpetology, Gladys Porter Zoo, Brownsville, 
Texas 78520, USA (e-mail: dmartin@gpz.org).

GLAPHYROMORPHUS NIGRICAUDUS (NCN). PREY 
PIRACY. Prey piracy, the opportunistic theft of prey from another 
predator or another indirect source, is known for a broad range of 
diurnal reptilian taxa. In this note I report on an incidence of prey 
piracy in the skink Glaphyromorphus nigricaudus.
 Glaphyromorphus nigricaudus is a secretive species restricted 
to tropical northeast Queensland, Australia. Like most of its genus, 
it prefers shaded moist habitats and is reported to be nocturnal-
crepuscular, but is sometimes active during the day (Cogger 2000. 
Reptiles and Amphibians of Australia, Reed Publishing, Sydney, 
Australia. 808 pp.). While conducting fi eldwork at Trinity Beach 
in northeastern Australia (145.6978°E, 16.7861°S; datum: 
AGD66; elev. 0.9 m) at 1453 h EST on the 17 February 2001, I 
observed an adult G. nigricaudus patrolling 5–10 cm from a well-
established Green Ant (Oecotsylla smaragolia) column oriented 
in an eastward direction. Many of the ants were transporting prey 
back to a nest located in a nearby tree. Over a period of 18 min, 
I observed the lizard lunge quickly at individual ants carrying 
specifi c prey. Following each successful lunge, the lizard would 
retreat a short distance from the column (20–40 cm) to consume 
the prey. From a nearby vantage point, I determined that the 
majority of prey items targeted by the lizard were lepidopteran 
larvae.
 The cryptic nature and high diversity of Australian skinks 
(Cogger, op. cit.) implies that the frequency with which prey 
piracy occurs among Australian skinks may be substantially 
underestimated. Nonetheless, at least four other cases of skink 
species opportunistically stealing prey (directly or indirectly) 
from other predators have been reported. Three of these records 
involve cases of direct piracy from ant columns by the diurnal 
species Carlia munda (Bedford 1995. Herpetol. Rev. 26:99–
100.), Cryptoblepharus virgatus (Greer 1989. The Biology 

 FIG. 1. Map of the Gladys Porter Zoo. Numbered points correspond to 
sightings of Ctenosaura pectinata referred to in the text. 
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and Evolution of Australian Lizards. Surrey Beatty and Sons, 
Chipping Norton, Sydney. 264 pp.) and Morethia boulengeri (as 
Ablepharus lineoocelatus) (Chisholm 1923. Aust. Zool. 3:60–
71). A fourth observation was the theft of arthropod prey from 
eumenid mud-wasp nests involving Cryptoblepharus virgatus 
(Phillips 2005. Herpetofauna 35:120). Members of the genus 
Glaphyromorphus are almost entirely terrestrial, crepuscular, 
and secretive in habit (Greer, op. cit.), suggesting that high 
energy prey, such as lepidopteran larvae, might be available 
only infrequently. If this is the case, instances of prey piracy, as 
I report here, might provide such species with an additional and 
energetically favorable form of prey.

 Submitted by BRETT A. GOODMAN, James Cook 
University, Townsville 4811, Queensland, Australia; e-mail: 
brett.goodman@jcu.edu.au.

LEPIDOBLEPHARIS XANTHOSTIGMA (NCN). 
ENDOPARASITES. Lepidopblepharis xanthostigma is a small 
gecko that inhabits leaf litter and occurs from southeastern 
Nicaragua and northwestern Costa Rica to northern Colombia 
(Savage 2002. The Amphibians and Reptiles of Costa Rica: A 
Herpetofauna Between Two Continents, Between Two Seas. 
University of Chicago Press, Chicago, Illinois. 934 pp.). To our 
knowledge, only one report of an endoparasite from this species 
exists; Goldberg and Bursey (2004. Herpetol. Rev. 35:268) 
reported acanthocephalan (Oligacanthorhynchidae) cystacanths 
from this host. The purpose of this note is to add the nematode 
Porrocaecum sp. to the list of endoparasites of L. xanthostigma.
 The coelomic cavity of one mature female L. xanthostigma (28 
mm SVL) from the herpetology collection of the Natural History 
Museum of Los Angeles County (LACM 114228) collected in 
Puntarenas Province, Costa Rica (8.7167°N, 83.4667°W; datum: 
WGS84; elev. 38 m) in May 1971 was examined for helminths. The 
body cavity was opened and the visceral organs were examined 
under a dissecting microscope. Two larvae were found in cysts in 
the liver. They were cleared in a drop of undiluted glycerol on a 
glass slide, examined with a compound microscope and assigned 
to the genus Porrocaecum. The larvae were deposited in the 
United States National Parasite Collection, Beltsville, Maryland 
as (USNPC 100467).
  Adults of Porrocaecum live in the intestines of birds; eggs 
pass with the feces and are eaten by earthworms in which they 
hatch (Anderson 2000. Nematode Parasites of Vertebrates: 
Their Development and Transmission, 2nd ed. CABI Publishing, 
Oxfordshire, UK, 650 pp.). Vermivorous verebrates may act 
as paratenic (= transport) hosts; larvae mature when ingested 
by an appropriate host (Anderson, op. cit.). Lepidoblepharis 
xanthostigma represents a new paratenic host record for 
Porrocaecum sp. and can be added to the list of poikilothermic 
Costa Rican vertebrates serving as transport hosts: Amastridium 
veliferum, Chironius carinatus, Dendrophidion pericarinatus, 
Dendrophidion vinitor, Erytholamprus bizonus, Liophis 
epinephelus, Oxybelis brevirostris, Micrurus nigrocinctus 
(Goldberg and Bursey 2004. Carib. J. Sci. 40:62–69); Coniophanes 
fi ssidens, Rhadinaea decorata, Plicocercus euryzonus (Goldberg 
and Bursey 2007. Phyllomedusa 6:69–72); Lithobates taylori, 
Lithobates vaillanti (Goldberg and Bursey 2007. Carib. J. Sci. 

43:65–72); and Lithobates warszewitschii (Bursey and Goldberg 
2007. Carib. J. Sci. 43:1–10).
 We thank Christine Thacker (LACM) for permission to examine 
the L. xanthostigma that is part of the CRE collection donated in 
1998 by Jay Savage.
 

 Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 909608, USA (e-
mail: sgoldberg@whittier.edu); and CHARLES R. BURSEY, 
Department of Biology, Pennsylvania State University, Shenango 
Campus, Sharon, Pennsylvania 16146, USA (e-mail: cxb13@psu.
edu).

LIOLAEMUS CUYANUS (NCN). CLUTCH SIZE. Liolaemus 
cuyanus, a medium-sized sand lizard belonging to the “darwinii” 
complex (Abdala 2007. Zootaxa 1538:1–84), has a wide 
distribution, living in dunes in Neuquén, La Pampa, Mendoza, 
San Juan, La Rioja, and Catamarca provinces. This species occurs 
in habitats dominated by xerophyllous vegetation (primarily 
Larrea divaricata, Bulnesia retama, and Opuntia, Trichocereus, 
and Echinopsis cacti species). Other than a description of it being 
oviparous (Cei 1986. Reptiles del Centro, Centro-oeste y Sur 
de la Argentina. Herpetofauna de Zonas Áridas y Semiáridas. 
Monografi e IV. Museo Regionale di Scienze Naturali Torino, 
Italy. 527 pp.), few data exist regarding its reproductive 
biology (Blanco et al. 2002. XVI Reunión de Comunicaciones 
Herpetológicas. La Plata, Argentina. 32 pp.). Hence, we report 
the fi rst data on clutch size in L. cuyanus.
 On 4 November 2007, we captured a gravid female (71 mm 
SVL) L. cuyanus at Los Baldecitos, Valle Fértil Department, San 
Juan Province (30.22°S, 67.68°W; datum: WGS84; elev. 1239 
m) in the shade of a Larrea cuneifolia shrub on reddish sandy 
that matched its dorsal coloration. We placed this female in a 120 
cm × 60 cm × 40 cm terrarium with abundant sand and gravel, 
and provided larval beetles and water ad libitum. On 2 December 
2007, the female laid 7 eggs. We measured the length and width 
of each egg with Vernier calipers to the nearest 0.1 mm. The 
volume of each egg was calculated using the formula of an 
ellipsoid sphere (Dunham 1983. In Huey et al. [eds.], Lizard 
Ecology, pp. 261–280. Harvard University Press, Cambridge, 
Massachusetts). Eggs averaged 14.2 mm (s = 1.1) long; 8.3 mm 
(s = 0.2) wide; and 292.4 mm3 (s = 31.4) in volume. This clutch 
size may approximate what is typical for this species. L. cuyanus 
females from Médanos Grandes (Caucete Department), located 
178 km SW of the Baldecitos population were reported to have 
a mean clutch size of 7.9 (Blanco et al., op. cit.). These authors 
mentioned that L. cuyanus displays follicular activity over a 
lengthy season (September–March) and commonly lays two 
clutches annually.
 We deposited the eggs in the herpetological collection of the 
Instituto y Museo de Ciencias Naturales, Universidad Nacional 
de San Juan. We thank Y. Heredia and V. Pesce for help in the 
fi eld and G. Blanco for generously providing reproductive data 
on L. cuyanus.   

 Submitted by ALEJANDRO LASPIUR (e-mail: 
laspiursaurus@gmail.com) and JUAN CARLOS ACOSTA, 
Departamento de Biología e Instituto y Museo de Ciencias 
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Naturales, Facultad de Ciencias Exactas, Físicas y Naturales, 
Universidad Nacional de San Juan, Avenida España 400(n), 
Caixa Postal 5400, San Juan, Argentina.

LIOLAEMUS INACAYALI (NCN). MAXIMUM SIZE. 
Liolaemus inacayali, a recently described species, inhabits 
Provincia de Rio Negro, Argentina (Abdala 2003. Cuad. Herpetol. 
17:3–32). Available size data from the species description indicate 
that 10 individuals measured ranged from 57.3 to 75.3 mm SVL 
(mean = 63.7 mm). Here, we report on an additional L. inacayali 
that considerably exceeds the known maximum size.
 In the Juan Carlos Acosta (JCA) herpetological collection, we 
discovered an adult male L. inacayali (no number collection) 
collected by Graciela Blanco in December 1991 in Ingeniero 
Jacobacci, Departamento 25 de Mayo, Provincia de Río Negro 
(41.28°S, 69.57°W; elev. 894 m) with a SVL of 77.3 mm. This 
individual, like others of its species, was collected from a very 
arid habitat with high daily and seasonal temperature variation 
and low annual precipitation (< 200 mm.), principally as snow. 
The soil is composed of sand derived from interspersed volcanic 
and sedimentary rocks. Vegetation consists of low spiny shrubs 
typical of central Patagonia. 
 The specimen is deposited in the Universidad Nacional de San 
Juan herpetological collection (IMCN-UNSJ-3015). 

 Submitted by ALEJANDRO LASPIUR (e-mail: 
laspiursaurus@gmail.com) and JUAN CARLOS ACOSTA, 
Departamento de Biología, Facultad de Ciencias Exactas, Físicas 
y Naturales, Universidad Nacional de San Juan. Avenida España 
400 (N), Caixa Postal 5400, San Juan, Argentina.

SCELOPORUS OCCIDENTALIS (Western Fence Lizard). 
PREDATION. Invertebrate predators such as spiders, scorpions, 
and mantids occasionally feed on immature lizards (Jehle et al. 
1996. Herpetozoa 9:157–160; Pianka and Vitt 2003. Lizards: 
Windows to the Evolution of Diversity. University of California 
Press, Berkeley, California. 333 pp.; Prete et al. [eds.] 1999. The 
Praying Mantids. Johns Hopkins University Press, Baltimore, 
Maryland. 400 pp.). However, documentation of such events is 
sparse. Here, I report an observation of predation on Sceloporus 
occidentalis by the European mantid, Mantis religiosa, an 
introduced species previously reported to prey on lizards in 
Europe (Jehle et al., op. cit.), and that is now widespread in the 
United States.
 At 1220 h on 2 September 2006 (air temperature 25.3ºC), I 
observed a female M. religiosa (73 mm body length) feeding on a 
hatchling S. occidentalis (ca. 32–35 mm SVL, Fig. 1) 24.6 km SW 
of Idaho City, Boise Co., Idaho, (43.6367°N, 115.9975°W, datum: 
WGS84; elev. 995 m). When discovered, the mantid momentarily 
stopped feeding, but it had already consumed the head, neck, left 
foreleg, and some of the upper left trunk region of the lizard. 
Without further disturbance, the mantid resumed feeding another 
15–20 min, and photographs were taken during this time. After 
feeding, the mantid left the carcass remnant and climbed into 
adjacent Rudbeckia fl owers. The mantid was not collected, but 
was identifi ed as M. religiosa by the occurrence of a large black-
ringed spot on the anteroventral surface of the forecoxa, near the 

base (Helfer 1987. How to Know the Grasshoppers, Crickets, 
Cockroaches and their Allies. Dover Publications, New York, 
New York. 363 pp.).
 I made the observation in a ca. 60 ha unincorporated residential 
subdivision located in the foothill shrublands-grasslands 
ecoregion of Boise County (McGrath et al. 2002. Ecoregions 
of Idaho. USGS. Reston Virginia. U.S. Geological Survey map, 
scale 1:1,350,000) and surrounded by thousands of hectares of 
similar habitat. Sceloporus occidentalis have been observed in 
this subdivision for more than 25 years (pers. obs.). However, 
M. religiosa was likely introduced to the subdivision less 
than 15 years ago (DRB, unpubl. data) and has since become 
abundant; on 6 August 2007, I observed 14 mantids in ca. 66 m2 
of unmowed largely graminoid vegetation 106 m ENE from the 
aforementioned site of observation. Areas with high densities 
of generalist invertebrate predators, such as M. religiosa, may 
increase the likelihood of small vertebrates becoming prey.
 I thank Jack W. Sites, Jr. (Brigham Young University) for 
identifying the lizard. It was deposited in the BYU herpetological 
collection (BYU 4426). William H. Clark (Orma J. Smith Museum 
of Natural History, College of Idaho, Caldwell) provided helpful 
suggestions on this note.

 Submitted by DONALD R. BROTHERS, 80 Kirk Drive, 
Boise, Idaho 83716, USA; e-mail: probes@q.com.

TROPIDURUS ITAMBERE (Rock Lizard). SOCIAL 
INTERACTIONS. Visual signals are used in many different 
social contexts, incluing territory advertisement, courtship, 
and intrasexual interactions (Bradbury and Vehrencamp 1998. 
Principles of Animal Communication. Sinauer Associates, 
Sunderland, Massachusetts. 882 pp.). Nearly all lizard species 
display some form of intraspecifi c aggression ranging from 
specifi c site defense (e.g., basking sites or burrows) to home 
range defense (Stamps 1977a. In Gans and Tinkle [eds.], Biology 
of the Reptilia: Volume 7. Social Behavior and Spacing Patterns 
in Lizards, pp. 265–334. Academic Press, New York). Herein, we 
provide the fi rst description of courtship and territorial behavior 
for the saxicolous lizard Tropidurus itambere. This is a medium-
sized lizard (mean adult SVL = 71.8 mm) that commonly occurs 
in open, sometimes rocky, areas in central and southeastern Brazil 
(Rodrigues 1987. Arq. Zool. São Paulo 31:105–230). Females 

 FIG. 1. Mantis religiosa feeding on Sceloporus occidentalis, Boise 
Co., Idaho, 2 September 2006.
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have a seasonally distinct reproductive cycle from the end of 
the dry season to the end of the rainy season (October–March), 
whereas some males are reproductive year-round (Van Sluys 
1993. J. Herpetol. 27:28–32).
 We made fi eld observations in August and December 2007 
(end of the dry season and rainy season, respectively) in a rocky 
open area at Parque Estadual do Ibitipoca, state of Minas Gerais, 
southeastern Brazil (21.67°–21.73°S and 43.87°–43.92°W; elev. 
1200 m). We fi rst observed courtship behavior (Fig. 1) at 1330 h 
on 13 August on a rock substrate. An adult female (73.8 mm SVL) 
was on the rock raised up on four legs, arching her back with her 
tail raised when a large male (84.4 mm SVL) approached her and 
bit her neck just once (Fig. 1A). The female moved away from 
male while he remained in place and both lizards then infl ated 
their gular regions while head bobbing. The female arched her 
back and again presented her raised tail to the male (Fig. 1B) 
while he continued to perform head bobs with the gular region 
infl ated. The lizards remained this way for ca. 20 sec, then the male 
approached the female and pushed her cloacal region, sometimes 
successively, with his nose (Fig. 1C). Subsequently, the two 
lizards arched their backs and infl ated their gular regions while 
the female remained with her tail raised. The male then rushed 
the female once more, attempting to bite her neck twice, and the 
female again moved away. We did not observe copulation.
 At 1500 h on 16 August, we observed an aggressive interaction 
between two males. For a few seconds, a larger male (86.9 mm 
SVL) was on a rock with the gular region infl ated and head 
bobbing with the forelimbs extended toward a smaller male (75.8 
mm SVL). The larger male then jumped off rock and chased 
the smaller male, who fl ed to nearby vegetation. A few minutes 
later, the larger male was observed copulating with a smaller 
female (67.8 mm SVL) near to where the smaller male had been 
chased.
 At 1000 h on 1 December, we observed a similar agonistic 
interaction, but between two females. The larger female (76.8 
mm SVL) was on a rock when a smaller female (63.6 mm 
SVL) approached her. Soon after, the larger female arched her 
back and began to head bobbing with the forelegs extended. 
She then jumped off the rock and approached the other female 
with the gular region infl ated while head bobbing and chased 
smaller female, who fl ed to nearby vegetation. Subsequently, the 
aggressive female returned to the same rock. 

 Courtship behavior we describe for T. itambere was similar 
to that reported for others Tropidurus (Àvila and Cunha-Avellar 
2006. Herpetol. Rev. 37:473; Carpenter 1977. Herpetologica 
33:285–289). Tail raising has been attributed to play a role in 
courtship interactions and female rejection behavior (Carpenter 
1977. Herpetologica 33:285–289; Martins 1991. Anim. Behav. 
41:403–416; Martins 1993. Anim. Behav. 45:25–36). According 
to Stamps (1977a., op. cit.) and Fitch (1981. Misc. Publ. Mus. Nat. 
Hist. Univ Kansas 70:l–72) males and females in the Tropiduridae 
generally show home-range defense or are territorial. Van Sluys 
(1997. Copeia 1997:623–628) found that the overlap between 
home ranges within sexes in T. itambere is low and suggested 
that both sexes are territorial, but no descriptions of aggressive 
behaviors were provided. Our observations revealed that male and 
female T. itambere display aggressive behaviors when defending 
their areas, as has been observed for T. albemarlensis (Stebbins 
et al. 1967. Ecology 48:839–851) and T. delanonis (Werner et 
al. 1978. Z. Tierpsychol. 47:337–395). Field studies performed 
by Stamps (1977b. Ecology 58:349:358) using the lizard Ano1is 
aeneus as a model may indicate that females compete for food 
and males for mates.
 We thank the Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior (CAPES) for the fi nancial support, Ana Elisa 
Resgalla do Nascimento for suggestions on the manuscript and 
Sthefane D‘ávila de Oliveira e Paula for the illustration.

 Submitted by JULIANA VAZ E NUNES (e-mail: 
juvazenunes@yahoo.com.br), THIAGO ELISEI (e-mail: 
thiagoelisei@yahoo.com.br), and BERNADETE MARIA DE 
SOUSA (e-mail: bernadete.sousa@ufjf.edu.br), Programa de 
Pós-graduação em Ciências Biológicas – Comportamento e 
Biologia Animal, Universidade Federal de Juiz de Fora, Campus 
Universitário Martelos, CEP 36.036-900, Juiz de Fora, Minas 
Gerais, Brazil. 

SQUAMATA — SNAKES

ATRACTUS TORQUATUS (Rusty Earth Snake). DIET. Based 
on reports available in the literature, this Amazonian snake preys 
primarily on earthworms; however mites, beetles, and fl ies have 
also been reported as prey (Martins and Oliveira 1993. Zool. 
Meded. 67:21–40). Here we report the fi rst evidence of this 
species feeding on a vertebrate. On 20 November 2002, at 1414 
h, we collected an adult male Atractus torquatus (INPA-H 10932; 
472 mm total length, 28.29 g) at Reserve Adolpho Ducke, in 
the municipality of Manaus, Amazonas state, Brazil (2.950°S, 
59.917°W, WGS 84, 60 m elev.). We found a single amphibian—
the caecilian Rhinatrema bivittatum (INPA-H 16057; 238 mm 
total length; 8.3 g)—in the digestive tract. This observation gives 
evidence that A. torquatus is capable of feeding on caecilians and 
possibly other limbless, fossorial vertebrates and invertebrates of 
comparable sizes. Additional evidence of the ability to consume 
large, limbless prey is a report of an A. torquatus preying on a 
giant earthworm (180 mm total length; Martins and Oliveira 
1998. Herpetol. Nat. Hist. 6:78–150).

 Submitted by FABIANO WALDEZ (e-mail: fwaldez@yahoo.
com.br), ANDRÉ LUIZ FERREIRA DA SILVA (e-mail: silva_
f.andre@hotmail.com), and RICHARD C. VOGT (e-mail: 

 FIG. 1. Courtship behavior of Tropidurus itambere observed in a rocky 
open area situated at Parque Estadual do Ibitipoca, in Minas Gerais, 
southeastern Brazil.
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vogt@inpa.gov.br), Instituto Nacional de Pesquisas da Amazônia 
(INPA), Coleção de Anfíbios e Répteis, Campus II. Av. André 
Araújo, 2936. CP. 428. CEP 69.083-000 Manaus, Amazonas, 
Brazil.

BOTHROCOPHIAS HYOPRORA (Amazonian Hog-nosed 
Pit Viper). DIET. Bothrocophias hyoprora is a forest-dwelling 
terrestrial snake with a diet that includes centipedes, frogs, lizards, 
marsupials, and rodents (see Martins et al. 2002. In Schuett et 
al. [eds.], Biology of the Vipers, pp. 307–328. Eagle Mountain 
Publishing, Eagle Mountain, Utah; Cisneros-Heredia et al. 
2006. Herpetozoa 19:17–26). There are few specifi c reports of 
this species’ diet in the literature. On 11 March 2003 at 0700 h a 
juvenile B. hyoprora (298 mm SVL, 15 g after prey removal) was 
captured in a forest at Reserva Biológica do Jaru (10.1447222°S, 
61.9075°W), Ji-Paraná, Rondônia, Brazil. Upon dissection, 
we discovered a frog Allobates femoralis (Aromobatidae; 32 
mm SVL, 2.3 g) in the snake’s stomach that had been ingested 
head-fi rst. This is the fi rst report of A. femoralis in the diet of 
B. hyoprora. The snake was deposited in the herpetological 
collection of Universidade Federal do Acre, Campus Floresta 
(UFACF 216) in Cruzeiro do Sul, State of Acre, Brazil.
 

 Submitted by PAULO SÉRGIO BERNARDE, Universidade 
Federal do Acre – UFAC, Campus Floresta, Centro de Ciências 
Biológicas e da Natureza, Cruzeiro do Sul, AC, 69980-000, 
Brazil (e-mail: SnakeBernarde@hotmail.com); LUIZ SÉRGIO 
FERREIRA MARTINS (e-mail: sfmluiz@gmail.com), and 
JULIANO RODRIGUES OLIVEIRA, Reserva Biológica 
do Jaru – IBAMA, Rua São Cristóvão 903, Bairro Jardim 
Presidencial III, Ji-Paraná, RO, 78962-590, Brazil (e-mail: 
juliano.oliveira@ibama.gov.br).

BOTHROPS ATROX (Amazonian Lancehead). DIET. Bothrops 
atrox is a euryphagous pitviper that feeds on centipedes, fi shes, 
frogs, lizards, snakes, birds, and small mammals (see Martins 
et al. 2002. In Schuett et al. [eds.], Biology of the Vipers, pp. 
307–328. Eagle Mountain Publishing, Eagle Mountain, Utah 
and citations therein; Oliveira and Martins 2003. Herpetol. Rev. 
34:61–62; Macedo-Bernarde and Bernarde 2005. Herpetol. Rev. 
36:456). On 16 March 2006 at 2030 h we captured an adult B. 
atrox (620 mm SVL, 334 g after prey removal) in a pasture near 
Parecis (12.18°S, 61.60°W), Rondônia, Brazil. Upon dissection, 
we found a Taraba major (Aves: Passeriformes: Thamnophilidae; 
88 g) in the snake’s stomach that had been ingested head-fi rst. 
Birds are infrequent in the diet of this pitviper (Martins and Gordo 
1993. Herpetol. Rev. 24:151–152; Martins et al. 2002, op. cit.). 
This is the fi rst report of T. major in the diet of B. atrox. The snake 
was deposited in the herpetological collection of Universidade 
Federal do Acre, Campus Floresta (UFACF 215) in Cruzeiro do 
Sul, State of Acre, Brazil.
 

 Submitted by PABLO FACHIN NASCIMENTO, Faculdade 
de Ciências Biomédicas de Cacoal - FACIMED, Avenida 
Cuiabá nº 3.087, Jardim Clodoaldo, Cacoal, RO, 78976-005, 
Brazil (e-mail: pablo_bio21@hotmail.com); PAULO SÉRGIO 
BERNARDE, Universidade Federal do Acre – UFAC, Campus 

Floresta, Centro de Ciências Biológicas e da Natureza, Cruzeiro 
do Sul, AC, 69980-000, Brazil (e-mail: SnakeBernarde@hotmail.
com); and DANTE RENATO CORRÊA BUZZETTI, Centro 
de Estudos Ornitológicos, Rua Álvaro Rodrigues 163 sala 4, São 
Paulo, SP, 04582-000, Brazil (e-mail: dante@dantebuzzetti.com.
br).

CROTALUS RAVUS (Mexican Pygmy Rattlesnake). DIET. 
Crotalus ravus is a small rattlesnake restricted to the temperate 
montane regions of the Mexican Plateau southward to the Mesa del 
Sur in Oaxaca and the Sierra Madre del Sur in Guerrero (Campbell 
and Lamar 2004. Venomous Reptiles of the Western Hemisphere. 
Cornell Univ. Press, Ithaca, New York. 870 pp.). Crotalus ravus 
has been documented to consume a variety of vertebrate and 
invertebrate prey, including crickets, anurans, lizards, and rodents 
(Campbell and Armstrong 1979. Herpetologica 35:304–317; 
Sánchez-Herrera 1980. Bull. Maryland Herpetol. Soc. 16:9–18; 
Mendoza-Hernández et al. 2004. Herpetol. Rev. 35:63–64). Here 
we document the consumption of a snake by C. ravus. 
 On 21 July 2002 we collected a juvenile C. ravus in pine-oak 
forest near Colonia Zacamulpa, Municipality of Huixquilucan, 
Estado de México, Mexico (19.4141667°N, 99.3055556°W, 
elev. 2750 m). This snake was deposited in the herpetological 
collection of Instituto Tecnológico de Huejutla (ITAH 1412). 
Upon dissection, we found that the snake (SVL 308 mm, mass 
19.8 g) had ingested a medium-sized colubrid snake, Storeria 
storerioides (ITAH 1412b; SVL 225 mm, tail length 60 mm, mass 
10.7 g), head-fi rst (Fig. 1). The approximate prey/predator mass 
ratio was 0.54. This is the fi rst report of ophiophagy in C. ravus, 
and extends our knowledge about the diet of this rattlesnake.
 We thank Jonathan Campbell for reviewing the manuscript. 
Research and collecting were conducted under the authority of 
SEMARNAT scientifi c research permits OFICIO NÚM/SGPA/
DGVS/02100 issued to FMQ and RWB.

 FIG. 1. A juvenile Crotalus ravus and prey (Storeria storerioides); 
approximate prey/predator mass ratio 0.54.
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 Submitted by FERNANDO MENDOZA-QUIJANO, Instituto 
Tecnológico de Huejutla, Km. 5.5 Carr. Huejutla-Chalahuiyapa, 
Apdo. Post. 94, C.P. 43000, Huejutla de Reyes, Hidalgo, Mexico 
(e-mail: mendozaq2000@yahoo.com.mx); ROBERT W. 
BRYSON, JR., School of Life Sciences, University of Nevada, 
Las Vegas, Las Vegas, Nevada 89154-4004, USA (e-mail: 
brysonjr@unlv.nevada.edu); ESTRELLA MOCIÑO DELOYA, 
Museo de Zoología, Facultad de Ciencias, UANM, A.P. 70-275, 
Mexico D.F. 04510, México; ARISAY A. SALGUERO-MELO 
and RICARDO FERNANDO MENDOZA-PAZ, Instituto 
Tecnológico de Huejutla, Km. 5.5 Carr. Huejutla-Chalahuiyapa, 
Apdo. Post. 94, C.P. 43000, Huejutla de Reyes, Hidalgo, 
Mexico.

HETERODON NASICUS (Western Hog-nosed Snake). 
PREDATION. Although predation on H. nasicus by avian 
predators has been reported in the literature (Ernst and Ernst. 
2003. Snakes of the United States and Canada. Smithsonian 
Institution Press, Washington, D.C. 668 pp.) few instances have 
been documented, and we know of no accounts of predation 
on H. nasicus by Loggerhead Shrikes (Lanius ludoviscianus). 
Loggerhead shrikes are known to prey on a wide array of 
vertebrates including reptiles (Lefranc 1997. Shrikes. A Guide to 
the Shrikes of the World. Yale University Press, New Haven and 
London. 192 pp.). On 23 May 2005 we found a small male H. 
nasicus (171 mm SVL, 33 mm tail, 4.8 g) that was dead and draped 
over a branch at ground level under a soapberry tree (Sapindus 
saponaria) at the Caprock Wildlife Area, Chaves County, New 
Mexico, USA (33.4418653°N, 103.8165683°W, NAD 83). The 
snake had a 7 mm long by 3 mm wide wound on the right side of 
the body, between 43 and 50 mm from the snout near the snake’s 
heart. We presumed predation by a Loggerhead Shrike due to the 
nature of the wounds, the position of the snake on the branch, 
and the presence of shrikes in the immediate area for weeks 
before and after the incident described above. The specimen was 
deposited at the Texas Cooperative Wildlife Collection, Texas 
A&M University (TCWC 89794).

 Submitted by MICHAEL T. HILL and LEE A. 
FITZGERALD, Department of Wildlife and Fisheries Sciences, 
Texas A&M University, 2258 TAMU, College Station, Texas 
77843, USA.

LAMPROPELTIS CALLIGASTER (Prairie Kingsnake). 
ACTIVITY. At high elevations snakes are known to emerge from 
winter hibernacula to bask on warm winter days (Hansknecht 
et al. 1999. Herpetol. Rev. 30:104), but information on snake 
activity away from hibernacula during cold temperatures is rare 
or lacking. On 27 December 2006, I encountered a recently killed 
female Lampropeltis calligaster (864 mm SVL, 101 mm tail) on 
the center dividing line of East Clarksville Road (Clark County 
Road 8), ca. 3 km NW of Marshall, Illinois, USA (39.4136111°N, 
87.7275°W, WGS84; 180 m elev.). The cause of death was 
obviously by automobile, but the snake appeared in good physical 
condition otherwise. The temperature at the time of this encounter 
was ca. 1°C. It is possible that the snake was hibernating on a bank 
adjacent to or underneath the road, emerging to bask on the road. 

Because the snake was in the center of the road, however, it is 
likely that the snake was actively crossing the road. Furthermore, 
although December 2006 was warmer than typical Decembers 
(2006 mean high and low temperatures = 7.00°C and –1.94°C, 
respectively; normal mean high and low temperatures = 3.89°C 
and –4.61°C, respectively), days immediately prior to and the 
day of this encounter were not particularly warm. The mean high 
and low temperatures for the three days prior to encountering the 
animal were 4.07°C (± 0.19) and –0.56°C (± 0.64), respectively. 
On 27 December 2006, the high and low temperatures were 
2.22°C and –2.22°C, respectively.
 I thank J. Angel for providing climatological data from a local 
weather station.

 Submitted by C. DREW FOSTER, Lincoln Park Zoo, 
Regenstein Small Mammal and Reptile House, 2200 North Cannon 
Drive, Chicago, Illinois 60614, USA; e-mail: cucdf4@hotmail.
com. 

LICHANURA ORCUTTI (Rosy Boa). PREDATION. The most 
common natural source of mortality for snakes is predation by 
various vertebrates (Greene 1997. Snakes: The Evolution of 
Mystery in Nature. Univ. California Press, Berkeley. 351 pp.). In 
arid western North America, some bird species in particular are 
known to prey heavily on snakes (e.g., Roadrunners, Geococcyx 
californicus; Red-tailed Hawks, Buteo jamaicensis, Golden 
Eagle, Aquila chrysaetos; Terres 1991. The Audubon Society 
Encyclopedia of North American Birds. Wing Books, New 
York, New York. 1109 pp.; Steenhof and Kochert 1988. J. Anim. 
Ecol. 57:37–48). We report here evidence of raptor predation on 
Lichanura orcutti (= Lichanura trivirgata roseofusca, Coastal 
Rosy Boa; see Wood et al. 2008. Mol. Phylogenet. Evol. 46:484–
502) in southern California.
 On 7 May 1999, an adult male L. orcutti implanted with a 
transmitter was radiotracked at the Santa Margarita Ecological 
Reserve, Riverside County, as part of an ongoing telemetry study 
in southern California (Diffendorfer et al. 2005. J. Herpetol. 
39:24–36). On day fi ve of the tracking effort for this snake, we 
recovered the skeletal remains (along with transmitter) from a 
raptor nest ca. 400 m upstream from the last point of capture. Ten 
additional L. orcutti were radiotracked along San Pasqual Valley, 
San Diego County, California. On 07 February 2000 (after 214 
days of monitoring), an adult male implanted with a transmitter 
was found dead (with transmitter intact) within an agricultural 
fi eld ca. 300 m from the last point of capture. The snake bore 
several puncture wounds across the length of the body. The 
distance moved by this individual greatly exceeded distances 
traveled per move for individuals (N = 10) of this population 
(distance per move ranged from 15.8–63.2 m; Diffendorfer et 
al., op. cit.). We presume this incidence represents an attempted 
predation event by a raptor, but was subsequently dropped while 
in fl ight and never recovered. 
 Although we were not able to determine the species of raptor 
for either observation, Red-tailed Hawks (Buteo jamaicensis) and 
Golden Eagles (Aquila chrysaetos) occur at both of these study 
sites, although Red-tailed Hawks were observed more frequently. 
To our knowledge, these are the fi rst reports of predation on 
Lichanura by raptors, although we cannot rule out the possibility 
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of scavenging by raptors given that the act of predation was not 
observed.

 Submitted by DUSTIN A. WOOD, CARLTON J. 
ROCHESTER, and ROBERT N. FISHER, U.S. Geological 
Survey, Western Ecological Research Center, San Diego Field 
Station, 4165 Spruance Road, Suite 200, San Diego, California 
92101, USA.

MORELIA SPILOTA SPILOTA (Diamond Python). 
REPRODUCTION. Morelia spilota spilota is a medium-sized (up 
to 3 m and 6 kg) boid inhabiting rocky outcrops, scrub, woodland, 
and disturbed urban areas of coastal southeastern Australia (Shine 
and Fitzgerald 1996. Biol. Cons. 76:113–122; Slip and Shine 
1988a. Aust. Wildl. Res. 15:515–531). Sexual maturity is reached 
at 150 cm snout–vent length with breeding occurring in spring 
(late September to early November). Breeding aggregations of 
one female and several males are often formed which can last 
several months (Slip and Shine 1988b. Herpetologica 44:396–
404). Here we report an unusual reproductive event involving 
a captive female M. s. spilota and wild male M. s. spilota that 
occurred prior to the recognized breeding season.
 On 23 August 2007, a wild male M. s. spilota (1460 mm SVL; 
1691 mm TL; 1.30 kg) entered a house in Berry (34.7652778°S, 
150.6780556°E), NSW, Australia, through an open window at 
night. The male was discovered on the wire mesh screen top of a 
glass tank attempting to access a captive-born virgin female M. 
s. spilota (1525 mm SVL; 1890 mm TL; 1.79 kg) housed inside. 
The male was captured and released the following day ca. 500 m 
away on a nearby nature reserve (34.7616667°S, 150.6811111°E). 
On 28 August 2007, the same male M. s. spilota (identifi able by 
a distinctive missing tail tip) was again discovered on top of the 
tank attempting to access the captive female. At this time, CHB 
removed the screen top, the male python entered the cage, the 
screen top was replaced, and the pair began copulating within 
minutes. The pythons remained entwined and appeared to 
copulate multiple times until 6 September 2007, although it was 
often diffi cult to ascertain intromission depending on how the 
snakes were situated. On 6 September, the male appeared to lose 
interest and was released. 
 For a number of snake species, it appears that pheromones 
are substrate-bound substances (Aldridge et al. 2005. Amphibia-
Reptilia 26:576–582; Carmichael et al. 2007. In Henderson and 
Powell [eds.], Biology of the Boas and Pythons, pp. 227–240. 
Eagle Mountain Publishing, Eagle Mountain, Utah). This has 
also been suggested for M. s. spilota, with females depositing 
pheromone trails to attract males (Slip and Shine 1988b, op. 
cit.). However, this reproductive encounter between a captive 
female M. s. spilota and wild male M. s. spilota indicates that 
pheromones could perhaps be airborne in M. s. spilota. We do not 
discount the possibility that the male python entered the house 
following non-pheromonal cues as part of its normal activity 
range, or that the male used spatial mapping or some other form of 
orientation to return to the house after being relocated. However, 
we suspect that the male was following pheromonal cues when 
he gained his fi rst entry because: a) the window through which 
the male entered had been closed for three months during the 
winter and the male entered within three days of the window 

being opened; and b) no pythons had been seen previously in 
the vicinity of the house during > 7 years of occupancy by CHB. 
We suggest that more controlled investigations of the volatility of 
boid pheromones could have potential management applications, 
such as pheromone traps for invasive Python molurus or Boa 
constrictor in south Florida, USA.

 Submitted by MATTHEW L. BRIEN, Department 
Wildlife Ecology and Conservation, Fort Lauderdale Research 
and Education Center, University of Florida, 3205 College 
Avenue, Davie, Florida 33314, USA (e-mail: mbrien@ufl .edu); 
CHRISTOPHER H. BRIEN, Shoalhaven Campus, University 
of Wollongong, P.O. Box 5080, George Evans Road, West 
Nowra, NSW 2541, Australia (e-mail: cjb532@uow.com.au); 
and ROBERT N. REED, Invasive Species Branch, USGS Fort 
Collins Science Center, 2150 Centre Ave, Bldg C, Fort Collins, 
Colorado 80526, USA (e-mail: reedr@usgs.gov).

NERODIA CLARKII (Saltmarsh Watersnake). PREDATION. 
To our knowledge, there are no published observations of 
predation on Nerodia clarkii. Several authors have suggested 
that potential predators might include any large vertebrate or 
invertebrate such as fi sh, crabs, wading birds, snakes, alligators, 
or crocodiles (Ernst and Ernst 2003. Snakes of the United States 
and Canada. Smithsonian Institution Press, Washington D.C. 218 
pp.); Gibbons and Dorcas 2004. North American Watersnakes. 
University of Oklahoma Press, Norman, Oklahoma. 438 pp.). 
Nerodia clarkii is the most salt tolerant member of its genus 
and presumably is exposed to more marine predators than its 
congeners. Of these predators, Callinectes sapidus (Blue Crab) 
represents a more formidable invertebrate predator than those 
that would be typically encountered by most species of Nerodia. 
 During a herpetological survey of the Gulf Islands National 
Seashore, Mississippi District, Mississippi, USA, we observed an 
apparent predation attempt on N. c. clarkii on West Ship Island 
(30.2091667°N, 88.9783333°W [NAD83]). On 30 March 2006 
at 1226 h we captured a N. c. clarkii (404 mm SVL) in a small, 
isolated pool in a Juncus sp. saltmarsh. After processing, we 
released the snake onto the bank where it remained for about fi ve 
minutes. The snake then entered the pool where it was quickly 
grasped both at mid-body and just posterior to the head by a large 
female C. sapidus. With the N. c. clarkii fi rmly secured, the crab 
moved toward the deeper middle section of the pool pulling the 
snake’s head just below the water surface. Once the head was 
submerged, the crab remained motionless for approximately two 
minutes, while the N. c. clarkia fully extended its body, stretching 
toward the surface. While attempting to photo-document this 
event, we disturbed the crab, subsequently causing the release 
of the snake. However, it seemed unlikely that the snake would 
have escaped without this intervention. Although crabs have been 
hypothesized as a potential predator of N. clarkii (Gibbons and 
Dorcas 2004, op. cit.), this is the fi rst published report of crab 
predation on N. clarkii.
 We thank the National Park Service, Mississippi State Museum, 
and Mississippi Division of Marine Resources for permissions or 
assistance. 

 Submitted by THOMAS J. MOHRMAN (e-mail: Thomas.
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mohrman@usm.edu), JOSHUA R. ENNEN, CARL QUALLS, 
and BRIAN KREISER, Department of Biological Sciences, 
University of Southern Mississippi, 118 College Drive #5018, 
Hattiesburg, Mississippi 39406-0001, USA.

OPHEODRYS  AESTIVUS (Rough Green Snake). PREDATION. 
Known avian predators of O. aestivus include four species of 
hawks (Buteo), Cattle Egret (Bubulcus ibis), Loggerhead Shrike 
(Ludius ludovicisnus), Blue Jay (Cyanocitta cristata), Florida 
Scrub Jay (Aphelocoma coerulescens), American swallow-
tailed kite (Elanoides forfi catus), and two species of owls (Otus, 
Steotyto) (Hammerson. 1988. Herpetol. Rev. 19:85; Ernst and 
Ernst 2003. Snakes of the United States and Canada. Smithsonian 
Inst. Press, Washington, DC. 668 pp. and references therein). We 
report here an observation of yet another avian predator of O. 
aestivus. 
 On 15 May 2007, we observed an Osprey (Pandion haliaetus) 
catch an adult O. aestivus while the snake was swimming on the 
surface of Chickahominy Lake, about 3–4 m north of the southern 
shoreline, New Kent County, Virginia (37.4095°N, 76.9395°W). 
The Osprey carried the snake to the top of a cypress tree where 
it apparently killed and partially ate it before dropping the snake 
and fl ying off. The snake fell out of the tree and died. The only 
obvious external injury was a lesion at the snake’s midbody. 
Opheodrys aestivus has been observed swimming in fresh water 
(Raun 1965. A Guide to Texas Snakes. Texas Mem. Mus., Mus. 
Notes (9):1–85) making them easy targets for Ospreys that search 
for fi sh and other aquatic prey at or just below the surface. This is 
the fi rst report of an Osprey as a predator of O. aestivus. 
 Submitted by JOSEPH C. MITCHELL, Mitchell Ecological 
Research Service, LLC, P.O. Box 5638, Gainesville, Florida 
32627-5638, USA (e-mail dr.joe.mitchell@gmail.com); and 
SUSAN M. JOHNSON, Varina High School, 7053 Messer 
Road, Richmond, Virginia 23231, USA.

OXYBELIS    AENEUS (Brown Vine Snake). ENVENOMATION. 
On 1 June 2004 at 1205 h, I encountered an Oxybelis aeneus (ca. 
920 mm total length) swimming eastward in a freshwater canal 
ca. 80 m northeast from the port at Moin, Limón Province, Costa 
Rica. Diving attacks at a thread-like serpentine movement by a 
Pitangus sulphuratus (Great Kiskadee) initially alerted my group 
to the snake’s presence. The boat was driven to shore within 1 
m of the snake’s exit from the water. I grabbed the snake mid-
body and was bitten between my left thumb and index fi nger. 
The snake chewed vigorously for at least 1 min before I was able 
to gently release its mouth. After several photographs, it was 
released unharmed near its capture site. After 5 min, I experienced 
a slight to moderate burning sensation in the area of the bite. This 
subsided considerably after ca. 10 min. There was no evidence 
of swelling or excessive bleeding, but a slight dark discoloration 
began to appear at the site of the bite. After 20 min, my left 
thumb, left index fi nger, and the surrounding portion of my hand 
were completely numb but exhibited normal range of motion. 
Approximately 45 min later, feeling had returned to the entire left 
hand, but there was still slight pain at the point of envenomation. 
The pain was completely gone by the following morning. The 

discoloration at the area of the bite faded gradually and was 
completely gone by 6 July 2004. No further complications were 
experienced. 
 I thank C. Fielitz, C. Puttock, A. Riley, W. T. Heath, and C. C. 
Green for assistance.
 

 Submitted by GREGORY J. MCCONNELL, Department of 
Biology, Emory and Henry College, PO Box 947, Emory, Virginia 
24327, USA; e-mail: gjmcconn@ehc.edu.

OXYRHOPUS RHOMBIFER BACHMANNI (False Coral 
Snake). PREDATION/SCAVENGING. On 7 March 2004, 
HMC found an apparently road-killed Geoffroy’s Cat (Oncyfelis 
geoffroyi) with remains of a snake in its stomach. Based on 
coloration, pattern, and body shape, we identifi ed the snake as 
Oxyrhopus rhombifer bachmanni, a medium-sized colubrid. The 
snake was too digested to determine sex, but we estimate its size 
to be at least 480 mm SVL. The cat was found on Ruta Nacional 
3, 9 km S of junction Ruta Provincial 60, Biedma Department, 
Chubut Province, Argentina. The cat remains were discarded 
but the snake is deposited in Museo de La Plata herpetological 
collection (MLP.S 2597). We are unaware of any published 
accounts of predation on O. r. bachmanni by Geoffroy’s Cat. An 
interesting issue is the fact that O. r. bachmanni is not reported for 
northern Chubut Province (Cei 1986. Museo Regionale di Scienze 
Naturali Torino, Monographie 4:1–527). The nearest reported 
locality is in northern Rio Negro Province, ca. 450 airline km 
distant. Thus, our observation may constitute a new locality for 
O. r. bachmanni, which is infrequently encountered even within 
its known distribution. Alternately, this is a case of introduction 
by human activities (e.g., in a cargo truck), as has been reported 
previously in another region of Argentina (Gomez and Acosta 
1998. Multequina 7:73–75). We cannot be sure if the snake was 
dead or alive before the cat ate it, but its body was nearly fl at, 
suggesting that the cat scavenged the snake from the roadway. 

 Submitted by H. MARCELO CARRERA and LUCIANO 
J. AVILA (e-mail: avila@cenpat.edu.ar), CENPAT-CONICET, 
Boulevard Almirante Brown s/n, U9120ACV, Puerto Madryn, 
Chubut, Argentina.

PANTHEROPHIS GLOYDI (Eastern Foxsnake). BEHAVIOR. 
Pantherophis gloydi is a large constrictor found only in parts of 
Ontario, Michigan, and Ohio (Conant and Collins 1998. A Field 
Guide to Reptiles and Amphibians. Houghton Miffl in, New York. 
616 pp.), with adults usually growing larger than 910 mm TL 
(Wright and Wright 1957. Handbook of Snakes of the United 
States and Canada. Comstock Publishing Associates, Ithaca, New 
York. 564 pp.). Much of what we know about this species’ life 
history has been learned from radiotelemetry studies of adults (e.g. 
Willson and Brooks 2006. J. Herpetol. 40:285–289; MacKinnon 
et al. 2005. Can. J. Zool. 84:9–19). Because hatchlings and 
juveniles are seldom encountered in the wild (C. MacKinnon, A. 
Lawson, and R. Willson, pers. comm.), and because their small 
size precludes radiotransmitter implantation, relatively little is 
known about the life history of these younger age classes. Here, 
we report an elevated frequency of observation of young P. gloydi 
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on roads in the early fall in southern Ontario, Canada.
 Data from 72 hatchling P. gloydi (≥ 3 clutches) indicate that the 
length of Pelee Island hatchlings ranges from 210 to 305 mm SVL 
(mean = 265.1 ± 21.8 mm [SD], N = 72, mean TL = 314.4 mm, 
range 252–367 mm; R. Willson, pers. comm.). Other reported P. 
gloydi hatchling lengths range from 254 to 356 mm TL (Wright 
and Wright 1957. op. cit.). Although little is known regarding 
the size at which P. gloydi attains sexual maturity, the shortest P. 
gloydi observed courting, mating, or gravid in the wild (Georgian 
Bay) measured 928 mm SVL for females (N = 58) and 1000 mm 
SVL for males (N = 54; A. Lawson, pers. comm.). Based on these 
data, we refer to snakes < 370 mm TL as young-of-year (YOY), 
snakes between 370 and 980 mm TL as juveniles, and to snakes ≥ 
980 mm TL as adults (the presumed minimum adult total length 
assumes they have a tail length of at least 52 mm).
 During a bicycle survey of wildlife on roads (118 trips total) 
conducted between 7 May and 26 October 2005 in both Point 
Pelee National Park and Rondeau Provincial Park, Ontario, 
we recorded 23 P. gloydi on roads (N = 14 Point Pelee; N = 9 
Rondeau). Sixteen of these snakes (N = 10 Point Pelee; N = 6 
Rondeau) were found between 28 September and 21 October, and 

all were YOY and juveniles (250–440 mm TL; Fig. 1). Seven 
larger snakes were observed prior to 10 August, with one snake 
eluding capture and measurement, three snakes measuring 650, 
890 and 910 mm TL, and three adults exceeding 990 mm TL (Fig. 
1). Although some of these large snakes were shorter than our 
980 mm TL adult cutoff length, we believe that all were mature 
adults, given that their observed coloration was consistent with 
the pool of adults, rather than with the paler YOY and juveniles. 
In addition to our own observations, park staff and visitors at 
Point Pelee reported 10 P. gloydi on the road, including 6 small 
snakes (≤ 390 mm TL) found between 3 October and 17 October 
and four larger snakes found prior to 24 September (Figure 1; one 
adult unmeasured).
 Pooling our observations and the anecdotal observations, we 
observed a cluster of exclusively small snakes within a period 
roughly coincident with expected hatching times (mid-August to 
October; Wright and Wright, op. cit.). Nine of the 16 small (≤ 
440 mm) snakes formally observed during this time had lengths 
consistent with a YOY age class (< 370 mm). Our concurrent 
encounters with the remaining 7 slightly larger, but still sub-
adult snakes could indicate that rapid post-hatching growth 
occurs among neonates in the wild, or alternatively that there is 
an increase in activity by juvenile age classes at the same time 
as neonate hatching and movement. We recommend that more 
intensive surveys be conducted during the late summer and early 
fall to explore whether increased encounters with juvenile age 
classes are the result of a seasonal dispersal event.

 Submitted by ROBERT G. FARMER and RONALD J. 
BROOKS, Department of Integrative Biology, University of 
Guelph, 50 Stone Road East, Guelph, Ontario, N1G 2W1 (e-mail: 
farmerb@dal.ca). 

PITUOPHIS RUTHVENI (Louisiana Pinesnake). 
REPRODUCTION. There are almost no data available on 
reproduction in wild Pituophis ruthveni (Werler and Dixon 2000. 
Texas Snakes: Identifi cation, Distribution, and Natural History. 
University of Texas Press, Austin, Texas. 437 pp.). 
 On 4 July 2003 I observed an adult P. ruthveni in the possession 
of a private collector. The collector had captured the snake mid-
day on approximately 22 June 2003 crossing a sand road in 
Bienville Parish near Sparta, Louisiana, USA. The snake appeared 
gravid and manual palpation indicated the presence of six eggs. 
The snake had not undergone ecdysis since capture. Because egg 
deposition appeared imminent, the snake was offered a plastic 
box tightly packed with damp sphagnum moss. The snake 
immediately entered the plastic shoe box and hollowed out an area 
near the bottom of the container. During the night (approximately 
8–10 h after the plastic shoe box was made available), oviposition 
occurred. A total of six eggs were laid, but one was identifi ed as 
infertile and did not hatch. The six eggs were incubated at 26–
28ºC for ca. 9 weeks in a dampened mixture (3:2) of perlite and 
vermiculite. One male and four females hatched from the viable 
eggs. 

 Submitted by K. J. LODRIGUE, JR., Texas A&M University, 
Department of Wildlife & Fisheries Sciences, College Station, 
Texas 77843-2258, USA; e-mail: kjlodrigue@tamu.edu.

 FIG. 1. Total lengths of Pantherophis gloydi encountered on Point 
Pelee National Park and Rondeau Provincial Park area roads between 
7 May and 26 October, 2005. Black boxes correspond to sightings by 
the principal investigators and assistants; gray triangles correspond to 
anecdotal reports from park visitors and staff. Dotted lines defi ne the 
narrowest (most conservative) estimated boundaries for the total length 
of juveniles of this species.
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SENTICOLIS TRIASPIS (Green Rat Snake). MAXIMUM 
SIZE. The maximum size attained by Senticolis triaspis is 
1147 mm TL for females and 1213 mm TL for males (Lemos-
Espinal and Smith 2007. Amphibians and Reptiles of the State 
of Chihuahua, México. Universidad Nacional Autónoma de 
México–Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad. 613 pp.). However, Vázquez and Quintero (2005. 
Anfi bios y Reptiles de Aguascalientes. Comisión Nacional para el 
Conocimiento y Uso de la Biodiversidad. 318 pp.) comment that 
this species exceeds 1500 mm TL, though they do not provide an 
exact length or cite a specimen.
 On 29 June 2007 we captured an adult female Senticolis 
triaspis in Ejido El Tepeyac (18.4877°N, 96.8535°W; WGS84; 
94 m), Tlacotepec de Díaz, Puebla, Mexico. The snake was found 
above a rock in Tropical Semideciduous forest. The specimen 
was deposited in the Museo de Zoología, Facultad de Ciencias, 
Universidad Nacional Autónoma de México (MZFC 20574). 
The specimen measured 1500 mm SVL and 1830 mm TL and 
represents the maximum size recorded for this species.
 

 Submitted by URI OMAR GARCÍA-VÁZQUEZ, Museo 
de Zoología, Facultad de Ciencias, Universidad Nacional 
Autónoma de México, Apartado Postal 70-399, México, Distrito 
Federal 04510, México (e-mail: urigarcia@gmail.com); JOSE 
LUIS AGUILAR-LOPEZ, ROSAURA VALDEZ-LARES, 
Departamento de Biodiversidad y Ecología Animal, Instituto 
de Ecología A.C., CP 91070 Xalapa, Veracruz, México; and 
JONATHAN MACEDA-CRUZ, Laboratorio de Herpetología, 
Instituto de Biología, Universidad Nacional Autónoma de 
México, México, Distrito Federal 04510, México.

SISTRURUS CATENATUS CATENATUS (Eastern 
Massasauga). DIET. Several studies report an ontogenetic dietary 
shift in Sistrurus catenatus catenatus with young age classes 
consuming snakes and older classes consuming small mammals 
(Holycross and Mackessy 2002. J. Herpetol. 36:454–464, and 
citations therein). Shepard et al. (2004. Am. Midl. Nat. 152:360–
368) report that snakes were consumed by captive young of the 
year (YOY) S. c. catenatus in every case in which they were 
offered, but were not found in the stomach contents of free 
ranging YOY S. c. catenatus examined in southern Illinois. The 
following observations were made in the course of conducting 
a radio-telemetry study of YOY S. c. catenatus along the Upper 
Wapsipinicon River, Bremer County, Iowa, USA. 
 On 4 September 2007 at 1025 h, we captured a YOY male 
S. c. catenatus (188 mm SVL; 10 g) consuming a small snake, 
with only the tail still visible. The S. c. catenatus was retained 
for transmitter attachment and ca. three hours later it regurgitated 
an intact and undigested YOY Opheodrys vernalis (100 mm 
SVL; 2 g). On 15 September 2007, a second young of the year 
male S. c. catenatus (254 mm SVL; 35 g) was captured and also 
retained for transmitter attachment. Prior to release, it defecated 
and the feces contained snake skin, which we later identifi ed as 
O. vernalis based on the presence of smooth scales (O. vernalis is 
the only snake species present at the study site possessing smooth 
scales). On 9 May 2006 at 1535 h, we found a previously marked 
subadult female S. c. catenatus (434 mm SVL; 100 g) basking 
in full sunlight with a large bulge at mid-body. While collecting 

morphological data, she regurgitated an intact and undigested 
Microtus pennsylvanicus (155 mm total length, 55 g). The relative 
prey mass (RPM; prey mass/ snake mass) was 0.55, similar to the 
mean mass ratio of 0.47 reported by Shepard et al. (2004. op. cit.) 
for free-ranging YOY S. c. catenatus in Illinois. 
 Mauger and Wilson (1999. In Johnson and Wright [eds.] Second 
International Symposium and Workshop on the Conservation 
of the Eastern Massasauga Rattlesnake, pp. 110–124. Toronto 
Zoo, Ontario) previously reported O. vernalis in the diet of two 
subadult (50–150 g) S. c. catenatus from northeastern Illinois. 
Ours is the second report of O. vernalis in the diet of S. c. 
catenatus (Holycross and Mackessy 2002, op. cit.) and the fi rst 
in this size class. The observations reported here provide further 
evidence of an ontogenetic dietary shift in S. c. catenatus.
  We thank the U.S. Fish and Wildlife Service and the Iowa 
Department of Natural Resources for funding.
 

 Submitted by TERRY J. VANDEWALLE and WENDY L. 
VANDEWALLE, Natural Resources Consulting, Inc., 2300 
Swan Lake Boulevard., Suite 200, Independence, Iowa 50644, 
USA (e-mail: tvandewalle@nrc-inc.net) 

 
SISTRURUS CATENATUS CATENATUS (Eastern Massa-
sauga). LEIOMYOMA. Leiomyomas are benign, smooth 
muscle tumors usually arising from the gastrointestinal or 
female reproductive tract. We know of no report of this tumor 
in snakes although one of us has seen leiomyosarcoma in 
Bogertophis subocularis (Trans Pecos Ratsnake; ERJ, unpubl.). 
Leiomyosarcoma has been reported in a Drymarchon corais 
erebennus (Texas Indigo Snake) by Barten (1981. J. Amer. Vet. 
Med. Assoc. 179:1292–1295) and leiomyoma has been reported 
in a Chelonia mydas (Green Turtle) where it caused intestinal 
stricture (Helmick et al. 2000. J. Zoo Wildl. Med. 31:221–227). 
Here we report a large leiomyoma that appears to have caused 
the death of a captive Sistrurus catenatus catenatus (Eastern 
Massasauga). This appears to be the fi rst report of any form of 
leiomyoma in a crotalid snake. 
 This 11-year-old snake (Drake University Research Collection, 
DURC 3913) was born 12 August 1972 shortly after the mother 
(DURC 3912) was captured by JLC on 25 June 1972 in Bremer 
County, Iowa. The specimen ate well until two months before its 
death approximately 2 January 1983 and appeared to be robust. 
Upon its death, the snake was preserved and placed in the Drake 
University Research Collection. Upon examination (during the 
course of conducting a reproductive study) the snake (ca. 570 mm 
TL) was found to have a large (ca. 154 × 27 mm) mass paralleling 
the atrophied intestinal tract and had almost no fat.
 The mass was sectioned at both ends and routinely processed for 
light microscopy. Paraffi n embedded 7 μm sections were stained 
with hematoxylin and eosin and examined. The mass consisted of 
interlacing bundles of spindle-shaped cells with an eosinophilic 
staining cytoplasm; cells were oriented in different planes. The 
nuclei were often elongate and had round to blunt ends and a 
distinct nucleolus was present. Sections stained with Mallory’s 
trichrome stain did not show connective tissue (collagen) and 
no mitotic fi gures were seen. Scattered among the tumor cells 
were cross sections of blood vessels. There was no evidence of 
necrosis, invasion, or metastasis (Fig. 1). 
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 The presentation is consistent with a leiomyoma. Origin of 
the tumor is uncertain because of local tissue atrophy and poor 
tissue preservation in the region, but we suspect it arose from 
the gastrointestinal tract. Although the mass was submitted for 
immunohistochemical staining for actin to further confi rm the 
diagnosis, it was lost in shipment and special staining was not 
possible. We suspect that the tumor eventually disrupted passage 
through the intestine resulting in intestinal atrophy. 
 In addition to the tumor, scattered ovarian tissue was found 
attached to the coleomic wall in several places. This too was 
sectioned and found to consist of multiple vitellogenic and 
atretic follicles. The ovarian tissue was surrounded with a mix of 
macrophages, small round cells, and heterophils. This condition, 
yolk peritonitis, is not uncommon in reptiles and is seen when 
yolk is released from the reproductive tract or when follicles 
rupture and release yolk into the coelomic cavity (Mader 2006. 
In D. R. Mader [ed.], Reptile Medicine and Surgery, pp. 581–630. 
Sauders, Elsevier. St Louis, Missouri).

 Submitted by JAMES L. CHRISTIANSEN, Texas Natural 
History Collections, Texas Natural Science Center, The 
University of Texas at Austin, Austin, Texas 78705, USA (e-mail: 
james.christiansen@drake.edu); JOHN M. GRZYBOWSKI, 
Department of Pathology, Iowa Lutheran Hospital, 516 
East University Avenue, Des Moines, Iowa 50316, USA (e-
mail: grzybojm@ihs.org); and ELLIOTT R. JACOBSON, 
Department of Small Animal Clinical Sciences, College of 
Veterinary Medicine, University of Florida, Gainsville, Florida 
32610, USA (e-mail: Jacobsone@mail.vetmed.ufl .edu). 

THAMNOPHIS ELEGANS ELEGANS (Mountain Garter 
Snake). PREDATION. Thamnophis elegans has one of the 
largest geographic ranges of any Thamnophis (Stebbins 2003. 
Field Guide to Western Reptiles and Amphibians. Houghton 
Miffl in, New York, New York. 519 pp.). As a consequence, it 
takes a wide variety of prey, including mammals, birds, reptiles, 
amphibians, fi shes, and invertebrates, including annelids and 
mollusks (Ernst and Ernst 2003. Snakes of the United States and 
Canada. Smithsonian Institution Press, Washington, D.C. 668 
pp., and citations therein). Refl ecting this diverse range of prey 

are the methods used to procure it (Drummond and Burghardt 
1983. Behav. Ecol. Sociobiol. 12:43–48). Though T. elegans 
typically swallows its prey alive, as do other Thamnophis, 
alternate methods of killing prey, such as constriction, have been 
reported (Peterson 1978. Am. Zool. 18:649; Gregory et al. 1980. 
Herpetologica 36:87–93; de Queiroz and Groen 2001. J. Herpetol. 
35:450–460). One infrequently reported method of killing prey is 
envenomation. Here, we report the apparent envenomation of an 
Oregon Vole (Microtus oregoni; Ingles 1995. Mammals of the 
Pacifi c States. Stanford University Press, Stanford, California. 
506 pp.) by a T. e. elegans. 
 At 1200 h on 19 September 2007, we were searching the bank 
of the North Santiam River (Marion County, Oregon, USA; 
44.7580°N, 122.3927°E, 277 m elev.; WGS84) for snakes when 
we heard squeaking coming from a clump of sedges (Carex sp.) 
at the river’s edge. Investigation revealed an adult female T. e. 
elegans (564 mm SVL, 726 mm total, 90 g) attacking an adult (ca. 
90 mm) M. oregoni. At fi rst, the snake’s head and the vole were 
hidden, though movement of the sedges revealed their position. 
The snake’s body and tail were wrapped around stems, presumably 
to improve its grip. Within 90 sec, the squeaking stopped, and the 
snake pulled the now lifeless vole out of the sedges. The snake, 
which had a fi rm grip on the vole’s back, just above the hind legs, 
began swallowing it tail fi rst. Swallowing took 80 minutes and 
once it was completed, the snake was captured, measured, and 
held for six days. It then defecated and was released. Examination 
revealed the upper and lower mandibles (with teeth) to be the 
only undigested parts of the vole. 
 Besides documenting an unrecorded prey species for T. e. 
elegans, two aspects of this observation merit comment: 1) the 
way in which the snake captured the vole; and 2) the rapidity 
with which the vole succumbed. The fact that the snake’s body 
was stretched out during the capture and handling of the vole 
eliminates constriction as a possibility. The undisturbed condition 
of the vole’s fur suggests that the snake did not shift its hold 
during the encounter. In fi eld observations of Common Garter 
Snakes (Thamnophis sirtalis) capturing and consuming rodents 
(Microtus spp.) under similar situations, the rodents were simply 
swallowed whole and remained alive while being consumed (C. 
Rombough, pers. obs.). Therefore, considering the relatively 
rapid death (< 90 sec) of the vole in this situation, as well as 
the circumstances under which it was captured and consumed, 
it seems most likely that the snake’s saliva was the cause of 
mortality. T. elegans is known to produce toxic saliva (Kardong 
1980. Amer. Zool. 20:269–282; Vest 1981. Toxicon 19:831–
839; Jansen 1987. J. Herpetol. 21:81–83), and in at least one 
other instance, has been observed envenomating mammal prey 
(St. John 2002. Reptiles of the Northwest. Lone Pine, Auburn, 
Washington. 272 pp.). The diversity of prey taken, along with the 
regional variation in foraging and methods of prey capture by T. 
elegans, suggest that envenomation may be a locally important 
means of taking prey, although more observations are needed to 
clarify its signifi cance.
 We thank B. Coblentz, D. Knutsen, M. Hayes, and A. St. John 
for assistance.
  

 Submitted by CHRISTOPHER J. ROMBOUGH, Rombough 
Biological, 2545 Columbia Blvd., #64, St. Helens, Oregon 

 FIG. 1. Sistrurus catenatus catenatus, DURC 3912, with very large ex-
posed leiomyoma that apparently caused the death of the snake.
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GEOGRAPHIC DISTRIBUTION
 Instructions for contributors to Geographic Distribution appear 
in Volume 39, Number 1 (March 2008, p. 102). Please note that the 
responsibility for checking literature for previously documented range 
extensions lies with authors. Do not submit range extension reports 
unless a thorough literature review has been completed.

CAUDATA – SALAMANDERS

AMBYSTOMA MACULATUM (Spotted Salamander). USA. 
ARKANSAS: LEE CO.: Found under decaying log on hillside 
near Highway 44 at Bear Creek Lake Bridge (34.70547ºN, 
90.69319ºW). 18 April 2008. Jacob A. Sawyer. Verifi ed by 
Benjamin Wheeler. Arkansas State University Museum of 
Zoology Herpetological Collection (ASUMZ 31093). New 
county record (Trauth et al. 2004. The Amphibians and Reptiles 
of Arkansas. Univ. of Arkansas Press, Fayetteville. 421 pp.).
 Submitted by JACOB A. SAWYER, PHILLIP JORDAN, 
TRACY KLOTZ, ROBERT G. NEAL, COREY SHAFFER, 
and STAN TRAUTH, Department of Biological Sciences, 
Arkansas State University, State University, Arkansas 72467, 
USA (e-mail: jacob.sawyer@smail.astate.edu).

AMBYSTOMA MACULATUM (Spotted Salamander). USA: 
TENNESSEE: GIBSON CO.: Milan Army Ammunition Plant 
(35.9098°N, 88.7232°W). 29 February 2008. Eric Johansen 
and Joshua Ream. Verifi ed by A. Floyd Scott. David H. Snyder 
Museum of Zoology, Austin Peay State University (APSU 18895, 
color photo). Under cover object (roofi ng tin) near fi shless pond 
at 1155 h. New county record (Redmond and Scott 1996. Atlas 
of Amphibians in Tennessee. Misc. Publ. No. 12, The Center 
for Field Biology, Austin Peay State University, Clarksville, 
Tennessee. 94 pp. Hard copy and Internet [http://www.apsu.edu/
amatlas/versions, the latter accessed 25 March 2008]).
 Submitted by ERIC PAUL JOHANSEN and JOSHUA 
TAYLOR REAM, Center of Excellence for Field Biology, 
Austin Peay State University, Clarksville, Tennessee 37044, USA 
(e-mail: ejohansen14@apsu.edu).

AMBYSTOMA TALPOIDEUM (Mole Salamander) USA: 
TENNESSEE: FAYETTE CO.: Wolf River Wildlife Management 
Area, Mineral Slough (35.02878ºN, 89.26570ºW). 12 March 
2008. J. Ream and E. Johansen. Verifi ed by A. Floyd Scott. 
David H. Snyder Museum of Zoology, Austin Peay State 
University (APSU 18903, color photo). Two adults collected 
by minnow trap in a vernal pool adjacent to a water tupelo/
cypress swamp adjoining the Wolf River. One specimen, a 62-
mm SVL metamorphic female, photographed for voucher. New 
county record (Redmond and Scott 1996. Atlas of Amphibians 
in Tennessee. Misc. Publ. No. 12, The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. 37 pp. 
Hard copy and Internet versions, the latter [http://www.apsu.edu/
amatlas/ accessed 15 March 2008] containing links to data on 
amphibians in Tennessee that have appeared since 1996.) 
 Submitted by JOSHUA TAYLOR REAM and ERIC PAUL 
JOHANSEN, Center of Excellence for Field Biology, Austin 
Peay State University, Clarksville, Tennessee 37044, USA (e-
mail: jream14@apsu.edu).

97051, USA (e-mail: rambo2718@yahoo.com); and MARK V. 
LEPPIN, 1011 Parkway Drive NW, Salem, Oregon 97304, USA 
(e-mail: arborealboids@yahoo.com). 

THAMNOPHIS ELEGANS (Western Terrestrial Gartersnake). 
ELEVATION. The high elevation record for Thamnophis 
elegans is often reported as ca. 3990 m (13,100 ft) based on two 
specimens (MCZ 62473 and 62474), both collected 15 August 
1960 in San Miguel County, Colorado (Stebbins 2003. A Field 
Guide to Western Reptiles and Amphibians. 3rd edition. Houghton 
Miffl in Company, Boston, Massachusetts. 533 pp.; Hammerson 
1999. Amphibians and Reptiles in Colorado. University Press of 
Colorado, Niwot, Colorado. 484 pp.; Rossman et al. 1996. The 
Garter Snakes: Evolution and Ecology. University of Oklahoma 
Press, Norman, Oklahoma. 332 pp.). There are no fi eld notes 
associated with these specimens. However, catalog records 
indicate that the collector traveled through Utah, Colorado, 
Wyoming, and New Mexico during July and August of 1960. 
These two specimens are the only specimens he collected in 
Colorado. Although the catalog entry states “13,100 +/-,” the 
fairly explicit collection locality associated with both specimens 
is “Colorado: Old Ophir nr. Telluride.” The town site of Old 
Ophir (37.8566°N, 107.8319°W) is in a high valley at ca. 2974 
m (9756 ft) elevation. The only road through Old Ophir reaches 
its highest elevation in nearby Ophir Pass at 3593 m (11,789 ft). 
In our view, the elevation associated with these specimens is 
somewhat questionable. 
 Hendricks (Herpetol. Rev. 27:89) obtained a more reliable 
record than those above with his report of a T. elegans (Idaho 
Museum of Natural History Photofi le, IMNHP 001) at 3182 m 
(10,440 ft) on the Beartooth Plateau in Park County, Wyoming 
that was 155 m above tree line and within Alpine Tundra habitat. 
At 1612 h on 01 September 2007 we found a T. elegans at 3658 m 
(12,002 ft) on Humphrey’s Peak, San Francisco Peaks, Coconino 
County, Arizona, USA. The snake was found in Alpine Tundra 
(ca. 150 m above treeline) along the ridgeline (35.339056°N, 
111.683878°W) between Humphrey’s Peak and the saddle 
with Agassiz Peak. A photographic voucher is deposited at the 
University of Arizona (UAZ 56926-PSV). This observation might 
represent the high elevation record for T. elegans throughout its 
range and it is the highest elevation reported for any reptile in 
Arizona (A. T. Holycross, pers. comm.). 
 We thank J. Rosado for providing information on the specimens 
deposited in the Museum of Comparative Zoology at Harvard 
University.

 Submitted by CATHRYN J. WISE, 3230 E. Topeka Drive, 
Phoenix, Arizona 85050, USA (e-mail: cwise@audubon.org); 
PETER ALEXANDER BIEGEL, 11138 West Brittlewood 
Drive, Phoenix, Arizona 85037, USA; and DANIEL LINNELL, 
PO Box 07680, Flagstaff, Arizona 86011, USA. 
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HEMIDACTYLIUM SCUTATUM. (Four-toed Salamander). 
USA. TENNESSEE: HARDEMAN CO.: Chickasaw State Forest 
and Wildlife Management Area 1.2 miles W of Fire Tower road 
on north side of Highway 100 in the Medon Quad (35.37762°N, 
88.85367°W; NAD 83). 12 May 2008. Daniel Stanfi eld. Austin 
Peay State University Museum of Zoology (APSU 18906). 
Verifi ed by A. Floyd Scott. One juvenile captured in drift fence 
within bottomland hardwoods along Cypress Creek (Hatchie 
River drainage). New county record that extends the range of 
the species in Tennessee into the northeast portion of Hardeman 
County. Tennessee (Redmond and Scott 1996. Atlas of Amphibians 
in Tennessee. Misc. Publ. No. 12, The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. 94 pp. Hard 
copy and Internet versions, the latter of which includes links to 
information on Tennessee herpetology having appeared since 
1996, [http://www.apsu.edu/amatlas/] accessed 22 May 2008). 
 Voucher collection made under the authority of the Tennessee 
Wildlife Resources Agency; fi eld work supported by State 
Wildlife Grant (SWG) funding under the authority of the U.S. 
Fish and Wildlife Service. 
 Submitted by CHAD HARDEN, Tennessee Wildlife Resources 
Agency Region I, 200 Lowell Thomas Drive, Jackson, Tennessee 
38301, USA; e-mail: chad.harden@state.tn.us.

NECTURUS MACULOSUS MACULOSUS (Common 
Mudpuppy). USA: NORTH CAROLINA: MADISON CO.: 7.1 
km NW Hot Springs, French Broad River near Huff Island 
(35.9322°N, 82.8847°W; WGS84). 17 April 2008. Wayne C. 
Starnes and Stephen J. Fraley. Verifi ed by William M. Palmer. 
North Carolina State Museum of Natural Sciences (NCSM 
73916). New county record (NCSM fi les). Extends range ca. 11 
km E of nearest record in Cocke County, Tennessee (Redmond 
and Scott 1996. Atlas of Amphibians in Tennessee. Austin Peay 
State University, Clarksville, Tennessee. v + 94 pp.) and fi lls 
part of range hiatus shown in Petranka (1998. Salamanders of 
the United States and Canada. Smithsonian Institution Press, 
Washington, D.C. xvi + 587 pp.) and in Conant and Collins (1998. 
A Field Guide to Reptiles and Amphibians of Eastern and Central 
North America. Third Edition, Expanded. Houghton Miffl in Co., 
Boston, Massachusetts. xviii + 616 pp.).
 Submitted by JEFFREY C. BEANE (e-mail: jeff.
beane@ncmail.net) and WAYNE C. STARNES (e-mail: wayne.
starnes@ncmail.net), North Carolina State Museum of Natural 
Sciences, Research Laboratory, 4301 Reedy Creek Road, Raleigh, 
North Carolina 27607, USA; STEPHEN J. FRALEY (e-mail: 
fraleysj@bellsouth.net), North Carolina Wildlife Resources 
Commission, 50 Trillium Way, Clyde, North Carolina 28721, 
USA; and LORI A. WILLIAMS, North Carolina Wildlife 
Resources Commission, 177 Mountain Laurel Lane, Fletcher, 
North Carolina 28732, USA (e-mail: lori_williams@earthlink.
net).

TYLOTOTRITON VERRUCOSUS (Crocodile Newt). 
THAILAND: UTTARADIT PROVINCE: Nam Paad District: 
Phu Soi Dao National Park, Lan Son (17.44ºN, 100.60ºE), 
1594 m elev. Collected with a deep net by day at a small (ca. 
2.5 m width, 1.2 m depth) stream. Y. Chuaynkern, C. Inthara, 
and R. Songchan. 20 June 2006. USDZ photographic archive, 

ZRC (IMG).1.25a–c. Specimen released as species is protected 
by Thai law. Verifi ed by Jarujin Nabhitabhata. First provincial 
record. Previously known from northern and northeastern 
Thailand, in Chiang Mai, Chiang Rai, Loei, Mae Hong Son, Nan, 
and Phitsanulok provinces (Pomchote et al. 2008. Nat. Hist. J. 
Chulalongkorn Univ. 8[1]:35–43). 
 Field work conducted during the project “Biodiversity Hot 
Spot of Thailand” supported by funding from the Offi ce of 
Environmental Policy and Planning (OEPP) (Bangkok, Thailand) 
to PD. We especially thank Watcharapon Saejia (Phu Soi Dao 
National Park) for assisting in the fi eld.
 Submitted by YODCHAIY CHUAYNKERN, Thailand 
Natural History Museum, National Science Museum, Technopolis, 
Khlong 5, Khlong Luang, Pathum Thani 12120 Thailand (e-mail: 
ychuaynkern@yahoo.com); CHANTIP INTHARA, Department 
of Biology, Faculty of Science, Khon Kaen University, Muang, 
Khon Kaen 4002, Thailand (e-mail: ichant@kku.ac.th); 
RUTHAIRAT SONGCHAN (e-mail: pry_vana@hotmail.com) 
and PRATEEP DUENGKAE (e-mail: prateep.du@ku.ac.th), 
Department of Biology, Faculty of Forestry, Kasetsart University, 
Jatujak, Bangkok 10900, Thailand.

ANURA – FROGS

ANAXYRUS AMERICANUS (American Toad). USA: 
TENNESSEE: WHITE CO.: Cane Hollow, near Center Hill Lake. 
(36.03283°N, 85.61719°W). 11 April 2008. Ted M. Faust. 
Verifi ed by A. Floyd Scott. Austin Peay State University Museum 
of Zoology (APSU 18901, color photo). A group of more than 
fi ve calling individuals were found in a large puddle after a heavy 
rain between 2030 h and 2245 h. Many others were heard calling 
in the immediate area during this time period. New county record 
(Redmond and Scott 1996. Atlas of Amphibians in Tennessee. 
Misc. Publ. No. 12, The Center for Field Biology, Austin Peay 
State University, Clarksville, Tennessee. 94 pp. Hard copy and 
Internet versions, the latter [http://www.apsu.edu/amatlas/ 
accessed 13 April 2008] including links to data on amphibians in 
Tennessee that have appeared since 1996). 
 Submitted by TED M. FAUST, 11828 Couch Mill Road, 
Knoxville, Tennessee 37932, USA; e-mail: tmfaust21@gmail.
com.

BOKERMANNOHYLA CARAMASCHII (NCN). 
BRAZIL: BAHIA: Municipality of Camacan, Serra Bonita 
Reserve (15.3916667ºS, 39.5652778ºW) 850 m elev. 15 March 
2008. M. Solé. Verifi ed by J. Faivovich and A. C. C. Lourenço. 
Coleção Célio Fernando Baptista Haddad, Departamento de 
Zoologia, Universidade Estadual Paulista, Rio Claro, SP, Brazil 
(CFBH 19561–62) and Coleção Herpetologica do Museu 
Nacional, Rio de Janeiro, RJ, Brazil (MNRJ 51716). This species 
has only been previously recorded from the northern sector of the 
Serra da Mantiqueira in Espírito Santo and Minas Gerais States, 
Brazil (Napoli 2005. Herpetologica 61[1]:63–69). First record for 
the state of Bahia, extending the previously known distribution 
510 km N from Santa Teresa, Espírito Santo state (type locality) 
 Submitted by VICTOR GOYANNES DILL ORRICO, 
Departamento de Zoologia, Instituto de Biociências, Universidade 
Estadual Paulista, CEP 13506-900, Rio Claro, SP, Brazil (e-mail: 
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victordill@gmail.com); and MIRCO SOLÉ, Departamento 
de Ciências Biológicas, Universidade Estadual de Santa Cruz, 
Rodovia Ilhéus-Itabuna, km 16, CEP 45662-000, Ilhéus, BA, 
Brazil (e-mail: mksole@uesc.br).

CHIASMOCLEIS ALBOPUNCTATA (NCN). PARAGUAY: 
CENTRAL DEPARTMENT: Municipality of Mariano Roque 
Alonso, Surubií Urbanization (25.18667ºS, 57.513889ºW, WGS 
84). 07 March 2008. S. Vargas. Colección Biológica Arnoldo 
da Winkelried Bertoni-Instituto de Investigación Biológica del 
Paraguay (IIBP-H 600). Verifi ed by E. O. Lavilla. This is the fi rst 
record with voucher for the Central Department and southernmost 
locality for this species, which was previously known from the 
Department of Santa Cruz in eastern Bolivia (De la Riva et al. 
2000. Rev. Esp. Herpetol. 14:19–164; Frost 2007. Amphibian 
Species of the World: An Online Reference. V 5.1 [March 2008]. 
http://research.amnh.org/herpetology/amphibia/index.php); and 
from the states of Goiás, Mato Grosso, Mato Grosso do Sul, Minas 
Gerais, and São Paulo in Brazil (Frost, op. cit.). In Paraguay it has 
been registered in the Departments of Alto Paraguay, Amambay, 
Canindeyú, and Concepción (Brusquetti and Lavilla 2006. Cuad. 
Herpetol. 20[2]:3–79) in the northern part of the country. Two 
authors previously cited this species from Asunción in the Central 
Department as Engystoma albopunctatum, but without vouchers 
(Boulenger 1894. Ann. Mag. Nat. Hist. 13[6]:342–348; Bertoni 
1939. Rev. Soc. Cient. Paraguay 4[4]:42–43). The present locality 
is in the Humid Chaco ecorregion (following Dinerstein et al. 1995. 
Una Evaluación del Estado de Conservación de las Ecorregiones 
Terrestres de América Latina y el Caribe. WMF-Banco Mundial) 
and extends the range ca. 236 km SW from the previously cited 
southernmost locality in the Canindeyú Department, Estancia 
Rama III near Mbaracayú Reserve (Brusquetti and Lavilla, op. 
cit.).
 Submitted by FRANCISCO BRUSQUETTI (e-mail: 
franbrusquetti@gmail.com) and FLAVIA NETTO (e-mail: 
e-mail: fl anettosisa@gmail.com), Instituto de Investigación 
Biológica del Paraguay (IIBP) – Del Escudo 1607. 1429 – 
Asunción, Paraguay.

DENDROPHRYNISCUS CARVALHOI (Sapinho-arborícola; 
Carvalho’s Tree Toad). BRAZIL: ESPÍRITO SANTO: Ibitirama 
municipality: Santa Marta district: Fazenda Pico da Bandeira: 
Parque Nacional do Caparaó (20.467222°S, 41.733889°W; 
WGS84; elev. 1135 m). 07 November 2005. M. T. Rodrigues 
and J. Cassimiro. Museu de Zoologia da Universidade de 
São Paulo, São Paulo, Brazil (MZUSP 135662–64; M. T. 
Rodrigues fi eld number MTR 11565, 11584–85, respectively); 
01 November 2006. M. T. Rodrigues, J. Cassimiro, and V. K. 
Verdade. (MZUSP 139103; M. T. Rodrigues fi eld number MTR 
12622). Verifi ed by D. Pavan. Previously known only from the 
type locality: Santa Tereza municipality, Espírito Santo state, 
southeastern Brazil (Izecksohn 1994 “1993.” Rev. Brasil. Zool. 
10:473–488) and included in the IUCN Red List of Threatened 
Species as “endangered” (Silvano and Peixoto 2004. In IUCN 
2007. 2007 IUCN Red List of Threatened Species. Electronic 
database available at www.iucnredlist.org. Downloaded on 11 
April 2008). These are the most inland records for the species 
and extend known distribution ca. 130 km airline SW from Santa 

Tereza municipality, Espírito Santo state (Izecksohn, op. cit.).
 Submitted by JOSÉ CASSIMIRO (e-mail: geckoides@yahoo.
com.br), VANESSA KRUTH VERDADE (e-mail: 
vverdade@usp.br), and MIGUEL TREFAUT RODRIGUES (e-
mail: mturodri@usp.com), Departamento de Zoologia, Instituto 
de Biociências, Universidade de São Paulo, Caixa Postal 11.461, 
CEP 05422-970, São Paulo, SP, Brazil.

ELEUTHERODACTYLUS (= SYRRHOPHUS) CYSTIG-
NATHOIDES (Rio Grande Chirping Frog). USA: TEXAS: 
MONTGOMERY CO.: town of Montgomery. Airfield off Highline 
Dr. (30.33243°N, 095.61238°W; WGS 84). 11 April 2008. 
Christopher E. Smith and Erica P. Hoaglund. Verifi ed by Tony 
Gamble. Bell Museum of Natural History (JFBM P265), digital 
photographs. New county record (Dixon 2000. Amphibians and 
Reptiles of Texas, 2nd ed. Texas A&M University Press, College 
Station, Texas. 421 pp.).
 Submitted by CHRISTOPHER E. SMITH (e-mail: 
smit4155@umn.edu) and ERICA P. HOAGLUND, College 
of Food, Agriculture and Natural Resources, University of 
Minnesota, Saint Paul, Minnesota 55108, USA.

ELEUTHERODACTYLUS (= SYRRHOPHUS) MARNOCKII 
(Cliff Chirping Frog). USA: TEXAS CROCKETT CO.: 14.6 km E of 
Sheffi eld on State Highway 290. 05 June 2008. Brandon D. Pope 
and Robert Makowsky. The University at Arlington Amphibian 
and Reptile Diversity Research Center Collection (UTA A 58666). 
Verifi ed by Carl J. Franklin. First record for this county (Dixon 
2000. Amphibians and Reptiles of Texas. 2nd Edition. Texas A&M 
University Press. College Station, Texas. 432 pp.). The specimen 
was collected at 2130 h on the side of a vertical rock face. There 
were rainstorms immediately north of the area and conditions 
were windy.
 Submitted by BRANDON D. POPE, 1706 Nueces Trail, 
Arlington, Texas 76012, USA (e-mail: wahoo100@hotmail.
com); COREY E. ROELKE (e-mail: croelke@uta.edu), and 
ROBERT MAKOWSKY (e-mail: makowsky@uta.edu), 
Department of Biology, the University of Texas at Arlington, Box 
19498, Arlington, Texas 76019, USA.

ELEUTHERODACTYLUS (EUHYAS) PLANIROSTRIS 
(Greenhouse Frog). HONDURAS: CORTES: San Pedro Sula, 
(15.32164°N, 88.00348°W), 100 m elev. 28 August 2007. Franklin 
E. Castañeda, Juan Ramon Collart, James R. McCranie, and José 
Mario Solis. Verifi ed by Steve W. Gotte. USNM 565143–48. 
First record for Honduras (McCranie and Castañeda 2007. Guía 
de Campo de los Anfi bios de Honduras. Bibliomania, Salt Lake 
City, Utah. x + 304 pp). The presence of adults, including calling 
males, and juveniles of this exotic species indicate an established 
population in San Pedro Sula. Frogs reported herein were collected 
in and around potted plants in the yard of a private residence. 
Ancestors most likely arrived in potted plants imported from 
Miami, Florida, because information from the nursery where the 
potted plants were purchased indicated most come from Miami. 
 Submitted by JAMES R. MCCRANIE, 10770 SW 164th Street, 
Miami, Florida 33157–2933, USA (e-mail: jmccrani@bellsouth.
net); JUAN RAMON COLLART, San Pedro Sula, Honduras (e-
mail: jrcollart@gmail.com); and FRANKLIN E. CASTAÑEDA 
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(e-mail: franklin.castaneda@gmail.com) and JOSÉ MARIO 
SOLIS (e-mail: jm9biol@yahoo.es), Tegucigalpa, Honduras.

ELEUTHERODACTYLUS PLANIROSTRIS (Greenhouse 
Frog). USA: FLORIDA: CLAY CO.: Keystone Heights, near 
Keystone Lake (29.78324°N, 82.032246°W). 4 July 2008. J. M. 
Butler and B. K. Atkinson. Verifi ed by K. L. Krysko. UF 153148. 
New county record (Meshaka et al. 2004. The Exotic Amphibians 
and Reptiles of Florida. Kreiger Publ. Co., Malabar, Florida). 
Specimen collected under water spigot at private residence. 
 Submitted by J. MICHAEL BUTLER (e-mail: butlerj@ufl .
edu) and BENJAMIN K. ATKINSON (e-mail: bka@ufl .edu), 
Florida Museum of Natural History, University of Florida, 
Gainesville, Florida 32611, USA.

GASTROPHRYNE OLIVACEA (Great Plains Narrow-mouthed 
Toad). USA: TEXAS: VAN ZANDT CO.: Pasture along Van Zandt 
County Road 2721, 2.90 km N of jct with US 198. 24 May 2007. 
R. Michael Burger. Verifi ed by Carl J. Franklin. Color photo 
voucher. University of Texas at Arlington Amphibian and Reptile 
Diversity Research Center (UTA color images 1046–1047). 
Adult male 25 mm SVL located by vocalization after heavy rain. 
Several other calling males were in the immediate vicinity. New 
county record (Dixon 2000. Amphibians and Reptiles of Texas. 
2nd ed. Texas A&M University Press, College Station, Texas. 
viii+421 pp.).
 Submitted by R. MICHAEL BURGER, 510 VZCR 2721, 
Mabank, Texas 75147, USA; e-mail: mvburger@dctexas.net.

GASTROPHRYNOIDES BORNEENSIS (Long-snouted Frog). 
MALAYSIA: SABAH: TAWAU DIVISION: Tawau Hills Park: 
near km 10.3 Camp (04.45ºN, 17.9166667ºE). 16 February 2007. 
Boon-Hee Kueh and Ahmad Sudin. Institute for Tropical Biology 
and Conservation, Universiti Malaysia Sabah, Borneensis 
Collection (TBT025). Verifi ed by Indraneil Das and Alexander 
Haas. SVL 28 mm. Found inside a rotting log in a drying stream 
bed, at 878 m elev., by daytime. New record for Sabah. The 
species is known from Sarawak, at under 500 m elev. (Inger and 
Stuebing 2005. A Field Guide to the Frogs of Borneo. Second ed. 
Natural History Publications [Borneo] Sdn. Bhd., Kota Kinabalu, 
Sabah, Malaysia. viii + 201 pp.). 
 We thank the Institute for Tropical Biology and Conservation, 
Universiti Malaysia Sabah, and Sabah Parks for support.
 Submitted by KUEH BOON-HEE (e-mail: kbhkelvin@hotmail.
com), and AHMAD SUDIN (e-mail: ahsdin@hotmail.com), 
Institute for Tropical Biology and Conservation, Universiti 
Malaysia Sabah, Locked Bag 2073, 88999 Kota Kinabalu, Sabah, 
Malaysia.

LITHOBATES AREOLATA (Crawfi sh Frog). USA. 
TENNESSEE: HENDERSON CO.: Westwood Acres subdivision, 
Scotts Hill Quad (35.51663°N, 88.26262°W, NAD 83). 17 March 
2008. Chad Harden. Austin Peay State University Museum of 
Zoology (APSU 18893). Multiple individual Crawfi sh Frogs 
recorded as they called from streams and ponds along JoAnn 
Drive and Westwood Acres Road. New county record that extends 
the range in Tennessee into the southeastern portion of Henderson 
County (Redmond and Scott 1996. Atlas of Amphibians in 

Tennessee. Misc. Publ. No. 12, The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. 94 pp. Hard 
copy and Internet versions, the latter of which includes links to 
information on Tennessee herpetology having appeared since 
1996 [http://www.apsu.edu/amatlas/, accessed 28 March 2008]). 
GIBSON CO.: Holly Leaf community 3.8 miles ESE of Skullbone 
on Highway 105 in the Trezevant West Quad (35.029000°N, 
89.265350°W; NAD 83). 20 March 2008. Andy Rutherford. 
APSU 18894. Crawfi sh Frog recordings collected at farm pond 
north of Highway 105 and south of South Fork Obion River. 
Specimens verifi ed by A. Floyd Scott.
 Voucher recording collection made under the authority of the 
Tennessee Wildlife Resources Agency; fi eld work supported by 
State Wildlife Grant (SWG) funding under the authority of the 
U.S. Fish and Wildlife Service. 

 Submitted by CHAD HARDEN, Tennessee Wildlife Resources 
Agency Region I, 200 Lowell Thomas Drive, Jackson, Tennessee 
38301, USA; e-mail: chad.harden@state.tn.us.

LITHOBATES SPHENOCEPHALUS (= RANA 
SPHENOCEPHALA) (Southern Leopard Frog). USA: TEXAS: 
HAYS CO.: 1 km SW jct South Turnersville Road and Satterwhite 
Road, on Satterwhite Road (30.05649°N, 097.77151°W; WGS 
84). 20 February 2008. Vincent R. Farallo, Romey Swanson, Jeff 
Troy, and Glen Hood. Verifi ed by Toby Hibbitts, Texas Cooperative 
Wildlife Collection (TCWC 93002, 93003). Two individuals were 
captured by hand, representing the fi rst recorded occurrence of this 
species in Hays County (Dixon 2000. Amphibians and Reptiles 
of Texas: With Keys, Taxonomic Synopses, Bibliography, and 
Distribution Maps. Publ. Texas A&M University Press. 421 pp.). 
 Submitted by VINCENT R. FARALLO (e-mail:
VF1030@txstate.edu), ROMEY SWANSON, JEFF R. 
TROY, GLEN R. HOOD, and MICHAEL R.J. FORSTNER, 
Department of Biology, Texas State University, San Marcos, 
Texas 78666, USA.

PSEUDACRIS FERIARUM (Upland Chorus Frog). USA: 
TENNESSEE: JEFFERSON CO.: 12.7 km W of Jefferson City 
(36.107533°N, 83.625167°W). 22 March 2008. Ted M. Faust. 
Verifi ed by Floyd A. Scott. Austin Peay State University Museum 
of Zoology (APSU 18898, 18899 [color photo]). An amplexed 
pair was found in a drainage ditch in an open fi eld at 1245 h. 
Many others were heard calling in the immediate area. New 
county record (Redmond and Scott 1996. Atlas of Amphibians 
in Tennessee. Misc. Publ. No. 12, The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. 94 pp. 
Hard copy and Internet versions, the latter [http://www.apsu.
edu/amatlas/ accessed 23 March 2008] including links to data on 
amphibians in Tennessee that have appeared since 1996). 
 Submitted by TED M. FAUST, 11828 Couch Mill Road, 
Knoxville, Tennessee 37932, USA; e-mail: tmfaust21@gmail.
com.

PYXICEPHALUS SP. (NCN): REPUBLIC OF NIGER: 
AGADEZ REGION, Tasaouet Valley (17.40473ºN, 007.52751ºE), 
ca. 450 m elev. 15 March 2003. J. Sébastien Steyer. University 
of Washington, Burke Museum of Natural History (UWBM), 
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Seattle, Washington, USA. UWBM 2319. Verifi ed by Marc 
Hayes. Pyxicephalus is known from southern and central Africa 
(P. adspersus, P. edulis) and Somalia (P. obbianus). In western 
Africa, documented in northernmost Cameroon (Perret 1966. 
Zool. Jahr. Syst. 8:289–464; Amiet 1973. Ann. Fac. Sci. Cam. 
12:63–78), northern Nigeria (Schiøtz 1963. Vidensk. Medd. Fra 
Dansk Naturh. Foren. 125:1–92; Walker 1968. Copeia 1968:164–
167), northern Benin (Nago et al. 2006. Salamandra 42:93–108), 
Senegal (Böhme et al. 2001. Zeit. Köl. Zoo 44:117–131), Gambia 
(Emms et al. 2006. Herpetol. Bull. 94:6–16), and southernmost 
Mauritania (Böhme et al. 2001. Zeit. Köl. Zoo 44: 117–131; 
Padial and De la Riva 2004. Rev. Esp. Herpetol. 18:89–99). 
These records are attributed to P. edulis, but taxonomic status of 
western populations are unclear. UWBM (head length ca. 31.9 
mm) is a desiccated specimen and skeleton posterior to sacral 
vertebra missing, remaining skeleton mostly articulated with 
some associated skin and fl esh. Collected from sand at base of 
rock face at western edge of Aïr Mountains. Among African 
frogs, specimen identifi able as Pyxicephalus by well developed 
exostosis of the dermal skull bones and by tight articulation 
between anterior ramus of squamosal and dorsal surface of 
maxilla (Scott 2005. Cladistics 21:507–574). Record extends 
range of genus in three important ways. First record from Saharan 
Desert and suggests its occurrence in other areas of Sahara with 
permanent or somewhat regular seasonal precipitation, including 
Adrar des Iforhas in northern Mali or Adrar in northern Mauritania. 
Northernmost record for genus, surpassing record from Ayoûn El 
Atroûs (Wilaya Hodh El Gharbi) in Mauritania (Padial and De la 
Riva 2004). Nearest known population of Pyxicephalus in Rimi 
in northern Nigeria, and thus this record extends range of genus > 
500 km north at this longitude.
 Submitted by DAVID C. BLACKBURN, Department of 
Organismic and Evolutionary Biology, Harvard University, 26 
Oxford Street, Museum of Comparative Zoology, Cambridge, 
Massachusetts 02138, USA; e-mail: david.c.blackburn@gmail.
com.

RHACOPHORUS MAXIMUS (Nepal Flying Frog): VIETNAM: 
BAC GIANG PROVINCE: SON DONG DISTRICT: Thanh Luan 
Commune: Dong Ri (21..10665ºN, 106.47.950ºE, ca. 280 m elev., 
IEBR 3653), 10 May 2008; and Thanh Son Commune: Dong 
Thong (21.11131ºN, 106.43411ºE, 250 m elev., IEBR 3677–81), 
12–13 May 2008. T. Q. Nguyen, T. T. Tran, C. T. Pham and N. 
H. Vi. Found both on tree (ca. 1–2 m above ground) and in small 
ponds in secondary forest. Verifi ed by Thomas Ziegler. Outside 
of Vietnam, this species is known from northeastern India, Nepal, 
southern China, and western Thailand (Ahl 1931. Das Tierreich 
55:169; Inger 1966. Fieldiana Zool. 52:321; Zhao and Adler 
1993. Herptology of China. SSAR, Oxford, Ohio. 522 pp.; Chan-
ard 2003. Photographic Guide to Amphibians of Thailand: 144). 
First country record for Vietnam. Orlov et al. (2008. Russian J. 
Herpetol. 15[1]:78) include this species in the amphibian fauna 
of Vietnam, but without reference to precise locality or voucher 
specimens.
 Submitted by NGUYEN THIEN TAO, Vietnam National 
Museum of Nature, 18 Hoang Quoc Viet, Hanoi, Vietnam 
TRAN THANH TUNG, Education College of Vinh Phuc, Phuc 
Yen, Vinh Phuc, Vietnam; NGUYEN QUANG TRUONG and 

PHAM THE CUONG, Institute of Ecology and Biological 
Resources, 18 Hoang Quoc Viet, Hanoi, Vietnam (e-mail: 
nguyenthientao@gmail.com).

RHACOPHORUS RHODOPUS (Red-webbed Tree Frog): 
VIETNAM: BAC GIANG PROVINCE: SON DONG DISTRICT: 
Thanh Son Commune: Dong Thong (21.11131°N, 106.43411ºE, 
250 m elev., IEBR 3675–76), 12–13 May 2008. T. Q. Nguyen, 
T. T. Tran, C. T. Pham, and N. H. Vi. Found on tree (ca. 1–2 m 
above ground) near small pond in secondary forest. Verifi ed by 
Thomas Ziegler. Known from Lao Cai, Ha Tinh, Quang Binh, 
Quang Tri, Thua Thien-Hue, Kon Tum, Gia Lai, Lam Dong, and 
Dong Nai provinces of Vietnam; and extralimitally, northeastern 
India, southern China, Myanmar, Laos, northern Thailand, and 
Cambodia (Zhao and Adler 1993. Herptol of China. SSAR, Oxford, 
Ohio. 522 pp.; Inger et al. 1999. Fieldiana Zool. 92:33; Nguyen 
et al. 2005. Checklist of Amphibians and Reptiles of Vietnam. 
Agri. Publ. House, p. 39; Orlov et al. 2002. Russian J. Herpetol. 
9[2]:97; Ziegler et al. 2004. Hamadryad 28[1–2]:31; Stuart 2005. 
Herpetol. Rev. 36:478; Bain et al. 2007. Herpetol. Rev. 38:111; 
Bordoloi et al. 2007. Zootaxa 1653:5; Grismer et al. 2007. 
Hamadryad 31[2]:221). Bordoloi et al. (2007, op. cit.) proposed 
to used the name Rhacophorus rhodopus for the brown-backed 
form and  R. bipunctatus for frogs of green-backed populations. 
Therefore, previous records of R. bipunctatus in Vietnam should 
be referred to R. rhodopus. First provincial record.
 Submitted by NGUYEN THIEN TAO, Vietnam National 
Museum of Nature, 18 Hoang Quoc Viet, Hanoi, Vietnam; 
TRAN THANH TUNG, Education College of Vinh Phuc, Phuc 
Yen, Vinh Phuc, Vietnam; NGUYEN QUANG TRUONG and 
PHAM THE CUONG, Institute of Ecology and Biological 
Resources, 18 Hoang Quoc Viet, Hanoi, Vietnam (e-mail: 
nguyenthientao@gmail.com).

SCAPHIOPUS COUCHII (Couch’s Spadefoot). USA: 
COLORADO: PUEBLO CO.: 5 km N, 1 km W North Avondale. 26 
July 2006. K. Max Canestorp. UCM Ancillary Collection 164. 
Photograph verifi ed by Lauren J. Livo. Found AOR at ca. 0800 h. 
First record for county and northwesternmost record in Colorado, 
expanding the known range 38 km NW from the nearest records 
in Otero County (Hammerson 1999. Amphibians and Reptiles in 
Colorado, 2nd ed. University Press of Colorado, Niwot, Colorado. 
484 pp.). 
 Submitted by K. MAX CANESTORP, 1350 Sun Valley Lane, 
Manitou Springs, Colorado, USA.

SCAPHIOPUS HOLBROOKII (Eastern Spadefoot). USA: 
INDIANA: KNOX CO.: Vincennes (38.62542ºN, 87.55976ºW; 
WGS 84). 30 March 2008. Bethany Geboy and Angela Garcia. 
Verifi ed by Chris Phillips, Illinois Natural History Survey 
(INHS 2008.a). New county record for Indiana. (Minton 2001. 
Amphibians and Reptiles of Indiana. 2nd ed., revised. Indiana 
Academy of Science. vii+404 pp.) A full chorus of individuals was 
observed in a fl ooded residential area across from an agricultural 
fi eld. Several specimens were collected from the road. Numerous 
choruses of S. holbrookii were also heard ca. 5.25 km NW along 
the Wabash River. S. holbrookii is listed as a Species of Special 
Concern in Indiana.
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 Submitted by BETHANY GEBOY, ANGELA GARCIA 
(e-mail: agarcia@dnr.in.gov), NATHAN ENGBRECHT, 
and ZACK WALKER, Wildlife Diversity Section, Indiana 
Department of Natural Resources Division of Fish and Wildlife, 
553 E. Miller Drive, Bloomington, Indiana 47401, USA.

TESTUDINES – TURTLES

APALONE  SPINIFERA (Spiny Softshell). MEXICO: SONORA: 
Infl ow of Wellton Canal to the Ciénega de Santa Clara, ca. 46 km 
SSW San Luis Río Colorado (32.05503°N, 114.89667°W, WGS 
84), 5 m elev. 13 September 2007. Eduardo Soto Montoya, Martha 
Marina Gómez Sapiens, and James C. Rorabaugh. Verifi ed by G. 
Bradley. UAZ 56727-PSV and UAZ 56731-PSV. First verifi ed 
record for Sonora, although its range there is indicated on the 
map in Stebbins (2003. A Field Guide to Western Reptiles and 
Amphibians, 3rd Ed. Peterson Field Guide Series, Houghton 
Miffl in Co, Boston, Massachusetts. xiii+533 pp.), and it is well 
known in adjacent portions in the Río Colorado and delta region 
of Baja California Norte (Grismer 2002. Amphibian and Reptiles 
of Baja California: Including its Pacifi c Islands and the Islands in 
the Sea of Cortez. Univ. California Press, Berkeley. xii+399 pp.). 
These two specimens were captured in hoop nets at the terminus 
of the unlined Wellton Canal, which is surrounded by wetland 
and riparian vegetation. 
 Submitted by JAMES C. RORABAUGH, U.S. Fish and 
Wildlife Service, 201 N. Bonita Ave., Ste. 141, Tucson, Arizona 
85745, USA (e-mail: Jim_Rorabaugh@fws.gov); EDUARDO 
SOTO MONTOYA (e-mail: esoto@conanp.gob.mx), and 
MARTHA MARINA GÓMEZ SAPIENS, Reserva de la 
Biósfera Alto Golfo de California y Delta del Río Colorado, Av. 
Jalisco No. 903 entre Calle 9 y 10 Col., San Luis Río Colorado, 
Sonora, México. C.P. 83440 (e-mail: mmgomez@conanp.gob.
mx).

APALONE SPINIFERA PALLIDA (Pallid Spiny Softshell). 
USA: TEXAS: MARION CO.: Big Cypress Bayou, Jefferson, 
TX (32.7514056ºN, 94.3694389ºW). 02 August 2005. Thomas 
Rainwater. Verifi ed by Duke DeWare. Campbell Museum (CUSC 
2365), Clemson University, Clemson, South Carolina. County 
record (Dixon 2000. Amphibians and Reptiles of Texas. 2nd ed. 
Texas A&M University Press, College Station, Texas. 421 pp). 
Additional individuals are routinely captured in hoop nets at this 
locality. 
 Submitted by THOMAS R. RAINWATER, The Institute of 
Environmental and Human Health, Texas Tech University, P.O. 
Box 764, Jefferson, Texas 75657, USA (e-mail: trrainwater@gmail.
com); STEVEN G. PLATT, Department of Biology, Box C-64, 
Sul Ross State University, Alpine, Texas 79832, USA; STANLEE 
M. MILLER, Department of Biological Sciences, 132 Long Hall, 
Clemson University, Clemson, South Carolina 29634, USA.

KINOSTERNON FLAVESCENS (Yellow Mud Turtle). USA: 
TEXAS: CAMERON CO.: South Padre Island, 8.85 km N of the 
terminus of Park Road 100 (26.3248333ºN, 97.2060278ºW). 26 
March 2008. Frank W. Judd and Robert I. Lonard. Verifi ed by 
Frederick Zaidan III. University of Texas-Pan AmericanVertebrate 
Collection (UTPA 03081). Shell found adjacent to isolated, 
rainwater pool. Water depth 10 cm, salinity 10 ppt. Species 

is known from the adjacent Texas mainland (Dixon 2000. 
Amphibians and Reptiles of Texas, 2nd ed. Texas A&M University 
Press, College Station, Texas. 421 pp.) and on North Padre Island 
at Padre Island National Seashore (http://www.nps.gov/pais/
naturescienc/reptiles.htm) but has not been reported previously 
from South Padre Island.
 Submitted by FRANK W. JUDD and ROBERT I. LONARD, 
Department of Biology, University of Texas-Pan American, 
Edinburg, Texas 78541, USA (e-mail: fjudd@utpa.edu).

MACROCLEMYS TEMMINCKII (Alligator Snapping Turtle). 
USA: TENNESSEE: WAYNE CO.: Beech Creek and Tennessee 
River confl uence located in the Clifton Quad (35.41980°N, 
87.98018°W; NAD 83). August 2006. Mark Russell. Austin Peay 
State University Museum of Zoology (APSU 18868). Verifi ed by 
A. Floyd Scott. One adult M. temminckii found dead on the river 
bank at the mouth of Beech Creek. Carapace length 62.2 cm. 
First record for Wayne County (Redmond and Scott 2008. Atlas 
of Reptiles in Tennessee. The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. Available from 
http://apsu.edu/reptiles/) accessed 28 January 2008.
 Voucher collection made under the authority of the Tennessee 
Wildlife Resources Agency; fi eld work supported by State 
Wildlife Grant (SWG) funding under the authority of the U.S. 
Fish and Wildlife Service. 
 Submitted by CHAD HARDEN, Tennessee Wildlife Resources 
Agency, 200 Lowell Thomas Drive, Jackson, Tennessee 38301, 
USA; e-mail: chad.harden@state.tn.us.

MALACLEMYS TERRAPIN CENTRATA (Carolina Diamond-
backed Terrapin). USA: GEORGIA: BRYAN CO.: Demeries Creek, 
0.4 km W of Bryan Neck Rd. (31.7872056°N, 81.2560333°W, 
WGS 84). 09 April 2008. Andrew M. Grosse, Andrew Richard 
Ferreira, and Sean C. Sterrett. Verifi ed by John Jensen. UGAMNH 
(GMNH 50090). New county record (Spivey 2008. In J. B. 
Jensen et al. [eds.], Amphibians and Reptiles of Georgia, pp. 
485–487. University of Georgia Press, Athens, Georgia). Eight 
adults (7 males, 1 female) were captured by seining (11 m × 1.8 
m, 2.54 cm mesh, with bag) a tidally infl uenced creek at low tide 
(methods in Gibbons et al. 2001. Chel. Cons. Biol. 4:66–74). 
This location was revisited on 27 April 2008, and 8 additional  
terrapins (7 males, 1 female) were captured. Although only 16 M. 
terrapin were captured, observations of other individuals were 
made within the same creek. On 22 April 2008, nine individuals 
(8 males, 1 female) were captured in another tidally infl uenced 
creek in Bryan County (north of Dutchman Bay, 2.5 km SW 
of Belfast, Georgia; 31.8018694°N, 81.2974361°W, WGS 84) 
using the same methods. These fi ndings suggest that Carolina 
Diamondback Terrapins are permanent inhabitants of Bryan 
County and with this addition, their range extends along the 
entire coast of Georgia. 
 Submitted by ANDREW M. GROSSE (e-mail: 
grossea@warnell.uga.edu), ANDREW R. FERREIRA (e-mail: 
ferreiraa@warnell.uga.edu), KERRY L. HOLCOMB (e-mail: 
holcombk@warnell.uga.edu) , and SEAN C. STERRETT 
(e-mail: sterretts@warnell.uga.edu), D. B. Warnell School of 
Forestry and Natural Resources, University of Georgia, Athens, 
Georgia 30602, USA.



Herpetological Review 39(3), 2008366

MESOCLEMMYS DAHLI (Dahl’s Toad-headed Turtle). 
COLOMBIA: CESAR: Chimichagua, Quebrada San Fernandera-
Caracolí (9.28852ºN, 73.79328ºW; datum Bogotá WGS84). 14 
Febrary 2008. Guido F. Medina-Rangel and German Forero-
Medina. Instituto de Ciencias Naturales-Universidad Nacional de 
Colombia sede Bogotá. (ICN 11368). Verifi ed by: O. V. Castaño-
Mora. This Colombian endemic species was only known from the 
departaments of Córdoba, Sucre, Bolívar, and Atlántico (Rueda-
Almonacid et al. 2007. Las Tortugas y los Cocodrilianos de los 
Países Andinos del Trópico. Conservación Internacional. 538 
pp.) First state record, extending the range ca. 180 km SE from 
the nearest known population.
 Submitted by GUIDO F. MEDINA-RANGEL (e-mail:
gfmedinar@unal.edu.co), and GERMAN FORERO-MEDINA, 
Instituto de Ciencias Naturales-Universidad Nacional de 
Colombia, Bogotá, Colombia.

TRACHEMYS SCRIPTA ELEGANS (Red-eared Slider). 
USA: TEXAS: UPSHUR CO.: Lilly Creek at FM 2454 bridge 
(32.8965583ºN, 95.0252056ºW). 13 August 2007. Thomas 
Rainwater. Verifi ed by Ric Blevins and Beverly Allen. Campbell 
Museum (CUSC 2366), Clemson University, Clemson, South 
Carolina. County record. Fills distributional gap in northeast 
Texas (last county in this region from which the species was not 
recorded) (Dixon 2000. Amphibians and Reptiles of Texas. 2nd ed. 
Texas A&M University Press, College Station, Texas. 421 pp). 
 Submitted by THOMAS R. RAINWATER, The Institute of 
Environmental and Human Health, Texas Tech University, P.O. 
Box 764, Jefferson, Texas 75657, USA (e-mail: trrainwater@gmail.
com); STEVEN G. PLATT, Department of Biology, Box C-64, 
Sul Ross State University, Alpine, Texas 79832, USA; STANLEE 
M. MILLER, Department of Biological Sciences, 132 Long Hall, 
Clemson University, Clemson, South Carolina 29634, USA.

SQUAMATA –LIZARDS

ANOLIS (=NOROPS) SAGREI (Brown Anole). USA: 
FLORIDA: LEON CO.: Tallahassee. 28 May 2008. D. B. Means, 
R. C. Means, R. P. M. Means. Verifi ed by Kenneth L. Krysko, 
Florida Museum of Natural History. One male from 2121 NE 
Capital Circle (UF 152949); two males from 2748 NE Capital 
Circle (UF 152947–8); and one male from 3151 Capital Circle 
NE (UF 152950). New county record, extending the range about 
120 km NE from the closest known population on St. George 
Island, Franklin Co., Florida (Means 1996. Herpetol. Rev. 
27:151–152; Meshaka et al. 2004. The Exotic Amphibians and 
Reptiles of Florida. Krieger Publ. Co., Malabar, Florida). The 
voucher specimens were taken along a 1.5 km stretch of NE 
Capital Circle from the 2100 block (30.4813889ºN, 84.235ºW, 
24 m elev.) to the 3300 block (30.4986111ºN and 84.2466667ºW, 
59 m elevation) at the same time that 15 additional A. sagrei 
ranging from juveniles to adults of both sexes were seen basking 
in sunlight or facing downward on fence posts, trees, shrubs, 
and other structures. One of us observed A. sagrei at 2121 NE 
Capital Circle in 2004, but none was captured at that time. Local 
residents tell us that individuals are abundant more than two 
city blocks to the east and west of Capital Circle NE. Capital 
Circle NE is an urban commercial area with suburban residential 

streets paralleling it. Brown Anoles could have been imported in 
potted plants sold by three large nurseries along this street. One 
adult male Green Anole (A. carolinensis) was seen at the 2748 
NE Capital Circle locality on 28 May 2008. On 13 June 2008, 
DBM visited a fourth commercial nursery at 2911 Thomasville 
Road, Tallahassee, Florida, ca. 1.5 km SE of our 3151 Capital 
Circle NE record, and saw three A. sagrei on small trees. Nursery 
workers said that they have seen the Brown Anole there since 
1999. These records are important in determining the chronology 
of the geographic expansion of an invasive species. 
 Submitted by D. BRUCE MEANS, RYAN C. MEANS, 
and REBECCA PHARR MEEGAN MEANS, Coastal Plains 
Institute and Land Conservancy, 1313 Milton Street, Tallahassee, 
Florida 32303, USA; e-mail: means@bio.fsu.edu. 

ANOLIS (= NOROPS) SAGREI (Brown Anole). USA: 
LOUISIANA: CALCASIEU PARISH: Lake Charles, Green Gate 
Garden Center, 4226 Lake St. 24 April 2008. Jay Comeaux. 
Verifi ed by Jeff Boundy. Louisiana State University at Eunice 
Vertebrate Collection (LSUE 2841). New parish record. Single 
adult male was collected although juveniles were also observed 
on the grounds of the garden center in the vicinity of imported 
fruit trees. According to the management of the establishment, 
many of the fruit trees have been obtained from growers in 
southern Florida. It is likely that this population of Brown Anoles 
was introduced with the plant material from Florida; seemingly, 
this is a common mode of introduction into Louisiana for this 
species (see Thomas et al. 1990. Herpetol. Rev. 21:22; Platt and 
Fontenot 1994. Herpetol. Rev. 25:33; Boundy 2004. Herpetol. 
Rev. 35:194–196; and Wiley et al. 2007. Herpetol. Rev. 38:217). 
Boundy (op. cit.) reported the nearest recorded population in 
Louisiana from Lafayette Parish. 
 Submitted by AVERY A. WILLIAMS, Division of Sciences 
and Mathematics, Louisiana State University at Eunice, Eunice, 
Louisiana 70535, USA; and JAY COMEAUX, Department 
of Biological and Environmental Sciences, McNeese State 
University, Lake Charles, Louisiana 70609, USA.

BASILISCUS VITTATUS (Brown Basilisk). USA: FLORIDA: 
INDIAN RIVER CO.: Sebastian Inlet State Park, Coconut Point 
(27.8510667ºN, 80.453566ºW, WGS84). 09 May 2008. Philip 
L. Rand. Adult male observed at 0845 h in mangroves at a boat 
ramp on a barrier island S of Sebastian Inlet. Florida Museum of 
Natural History photographic voucher (UF 152851). Verifi ed by 
Kenneth L. Krysko. New county record and extends range ca. 
42 km N of a population in St. Lucie Co. (Krysko et al. 2005. 
Herpetol. Rev. 36:85–87). Another B. vittatus was later observed 
1 km NE.
 Submitted by PHILIP L. RAND, Department of Environmental 
Protection, Sebastian Inlet State Park, 9700 South A1A, Melbourne 
Beach, Florida 32951, USA; GRAHAM E. WILLIAMS, 
Department of Environmental Protection, Florida Park Service, 
1800 Wekiwa Circle, Apopka, Florida 32712, USA; and KEVIN 
M. ENGE, Florida Fish and Wildlife Conservation Commission, 
1105 SW Williston Road, Gainesville, Florida 32601, USA (e-
mail: philip.rand@dep.state.fl .us).
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CHAMAELEO CALYPTRATUS (Veiled Chameleon). USA: 
FLORIDA: HENDRY CO.: La Belle, 635 A Road (26.7061oN, 
81.4277oW, WGS84). 05 May 2008. Richard D. Bartlett. Four 
males and one female observed in trees during the daytime. 
Florida Museum of Natural History photographic voucher (UF 
152852). Verifi ed by Kenneth L. Krysko. New county record and 
extends range ca. 39 km E of a population in Lee County (Krysko 
et al. 2004. Florida Sci. 67:249–253), which is still extant despite 
heavy collecting pressure. Hundreds of specimens, mostly 
neonates, have been collected for the pet trade from the Hendry 
County population (R. D. Bartlett, pers. comm.).
 Submitted by KEVIN M. ENGE, Florida Fish and Wildlife 
Conservation Commission, 1105 SW Williston Road, Gainesville, 
Florida 32601, USA; e-mail: kevin.enge@myfwc.com

GERRHONOTUS LIOCEPHALUS (Texas Alligator Lizard). 
MÉXICO: MICHOACÁN: Municipality of Zitacuaro: Rancho la 
Carolina, 2 km W of Zitacuaro (19.2541°N, 100.2078°W; WGS 
84), 1997 m elev. 22 March 2007. A. Torres. Verifi ed by Oscar 
Medina. Colección Herpetologica, Instituto de Investigaciones 
sobre los Recursos Naturales, Universidad Michoacana (INIRENA 
645). First record for Michoacán, extending its known range ca. 
136 km (airline) NW of Jiutepec, Morelos (Castro and Bustos 
2003. Acta Zool. Mex. 88:123–142). The specimen was found in 
pine-oak forest.
 Submitted by JAVIER ALVARADO-DÍAZ and M. 
ALEJANDRA  SÁNCHEZ BELTRÁN (CIC, Univ. Michoacana 
Proj. 5.5), Laboratorio de Herpetología, Instituto de Investigaciones 
sobre los Recursos Naturales, Universidad Michoacana, Av. 
San Juanito Itzicuaro s/n, Col. San Juanito Itzicuaro, Morelia, 
Michoacán 58330, México (e-mail: jadiaz@zeus.umich.mx).

GONATODES ALBOGULARIS (Yellow-headed Gecko). USA: 
FLORIDA: MONROE CO.: Bahia Honda Key, 323 Whitehead 
Street (24.6551497ºN, 81.2792019ºW; WGS84; elev. <1 m). 05 
May 2008. Joseph Burgess, Kenneth L. Krysko, and Andrew P. 
Borgia. Verifi ed by Kevin M. Enge. Florida Museum of Natural 
History photographic voucher (UF 152847). New island record 
and fi rst verifi ed record of this species in Florida since 1989 
(Krysko 2005. Florida Sci. 68:272–280). Sub-adult male collected 
in leaf litter of Seagrape (Coccoloba uvifera). 
 Submitted by JOSEPH P. BURGESS, Florida Department 
of Environmental Protection, Guana Tolomato Matanzas 
National Estuarine Research Reserve, 505 Guana River Road, 
Ponte Vedra, Florida 32082, USA; KENNETH L. KRYSKO, 
Florida Museum of Natural History, Dickinson Hall, Division of 
Herpetology, University of Florida, Gainesville, Florida 32611, 
USA (e-mail: e-mail: kenneyk@fl mnh.ufl .edu); and ANDREW 
P. BORGIA, P.O. Box 4346, Key West, Florida 33041, USA.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). 
MÉXICO: SONORA: Municipio de Hermosillo: Bahía de 
Kino Nuevo, Prescott College and Casa del Mar buildings, 
respectively (28.86018°N, 112.02207° W; WGS 84), 10 m elev. 
4 September 2005 and 18 July 2006. A. Peralta-García and J. 
H. Valdez-Villavicencio. Verifi ed by Bradford D. Hollingsworth. 
Herpetological collection of Facultad de Ciencias, Universidad 
Autónoma de Baja California (UABC 1439, 1590). First records 

for Sonora (Álvarez-Romero et al. 2005.  Vertebrados Superiores 
Exóticos en México. Instit. Ecol., UNAM. Bases de datos SNIB-
CONABIO. Proyecto U020. México, D.F.). A breeding population 
has apparently existed in Bajía de Kino for several years (Miguel 
Durazo, pers. comm.). 
 Submitted by ANNY PERALTA-GARCÍA, Department 
of Biology, San Diego State University, San Diego, California 
92182, USA (e-mail: annyperaltagarcia@yahoo.com.mx); and 
JORGE H. VALDEZ-VILLAVICENCIO, Grupo de Ecología 
y Conservación de Islas, A.C. Ave. López Mateos 1590-3 Fracc., 
Playa Ensenada, Ensenada, Baja California, México. C.P. 22880.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
LOUISIANA: RAPIDES PARISH: Pineville, 217 Shady Crest Lane 
(31.346933ºN, 92.336072ºW). 29 April 2007. James Lind. LSU 
Alexandria R-85. ST. JAMES PARISH: Gramercy, 100 White St., 
(30.1454°N, 90.5966°W). 27 Sept. 2003. Brittany George. LSU 
Alexandria R-29. Both verifi ed by Avery A. Williams. New 
parish records (Meshaka et al. 2006. Herpetol. Conserv. Biol. 
1[1]:46–51). 
 Submitted by JERRY G. WALLS, 486 Highway 3041, Bunkie, 
Louisiana 71322 USA; e-mail: gyretes@prodigy.net.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
MISSOURI: CAPE GIRARDEAU CO.: Cape Girardeau. Two small 
juveniles (SVL = 23.9 and 24.2 mm) were collected in a basement 
of the Teamsters Local Union 600 building at 429 N. Broadview, 
63701 (37.3127667ºN, 89.5539333ºW). 06 September 2008. 
Jamie Tucker. Verifi ed by Chris Phillips of the Illinois Natural 
History Survey, INHS 20940 and INHS 20941. Both individuals 
were captured between 0930–1000 h on a wet, rainy day. A 
slightly smaller individual was observed in the basement on 13 
December 2007, but was not captured. This location is less than 
0.5 km from a commercial/industrial area, which may be the 
source of introduction to Cape Girardeau. This collection is the 
second reported occurrence of H. turcicus in Missouri; the fi rst 
was reported from St. Louis County by Bufalino (2004. Herpetol. 
Rev. 35:188).
 Submitted by MICHAEL S. TAYLOR and JAMIE L. 
TUCKER, Department of Biology, Southeast Missouri State 
University, Cape Girardeau, Missouri 63701, USA; e-mail: 
mtaylor@semo.edu.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
TEXAS: CALDWELL CO.: State Hwy 80, 3.07 km SE of County 
Line Road (29.862ºN, 97.8663611ºW). 25 February 2008. Romey 
Swanson, Vincent Farallo, Jeff Troy, and Glen Hood. Verifi ed by 
Toby Hibbitts, Texas Cooperative Wildlife Collection (TCWC 
93009–93012). Four individuals of various sizes were found under 
lights and caught by hand. These individuals represent the fi rst 
recorded occurrence of this species in Caldwell County (Dixon 
2000. Amphibians and Reptiles of Texas: with Keys, Taxonomic 
Synopses, Bibliography, and Distribution Maps. Texas A&M 
University Press, College Station, Texas. 421 pp.). 
 Submited by ROMEY L.  SWANSON (e-mail:   
rs56761@txstate.edu), VINCENT R. FARALLO, JEFF R. 
TROY, GLEN R. HOOD, and MICHAEL R. J. FORSTNER, 
Department of Biology, Texas State University, San Marcos, 
Texas 78666, USA.
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HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
TEXAS: GUADALUPE CO.: 950 m S jct FM 1978 and Hwy 123 
(29.78302°N, 097.94715°W; WGS 84). 25 February 2008. Vincent 
R. Farallo, Romey L. Swanson, Jeff R. Troy, and Glen R. Hood. 
Verifi ed by Toby Hibbitts, Texas Cooperative Wildlife Collection 
(TCWC 93004–93007). Four individuals of various sizes were 
observed under lights and captured by hand, representing the fi rst 
recorded occurrence of this species in Guadalupe County (Dixon 
2000. Amphibians and Reptiles of Texas: with Keys, Taxonomic 
Synopses, Bibliography, and Distribution Maps. Texas A&M 
University Press, College Station, Texas. 421 pp.). 
 Submitted by VINCENT R. FARALLO (e-mail:
VF1030@txstate.edu), ROMEY L. SWANSON, JEFF R. 
TROY, GLEN R. HOOD, and MICHAEL R. J. FORSTNER, 
Department of Biology, Texas State University, San Marcos, 
Texas 78666, USA.

LEIOCEPHALUS SCHREIBERSII (Red-sided Curlytail 
Lizard). USA: FLORIDA: MIAMI-DADE CO.: Homestead, 24305 
SW 142 Avenue (25.540744ºN, 80.420585ºW; WGS84; elev. 
4 m). 3 May 2008. Kenneth L. Krysko and Joseph P. Burgess. 
Verifi ed by Kevin M. Enge. Florida Museum of Natural History 
(UF 152827–28). New county record and extends range of this 
species 58 km S of closest verifi ed record in Hollywood, Broward 
County (Townsend et al. 2002. Herpetol. Rev. 33:75). Reports 
of this species at several sites in northern Miami-Dade Co. (e.g., 
Meshaka et al. 2004. The Exotic Amphibians and Reptiles of 
Florida. Krieger Publ. Co., Melbourne, Florida. 166 pp.; Wilson 
and Porras 1983. Univ. Kansas Mus. Nat. Hist., Spec. Publ. No. 
9, 89 pp.) have not been verifi ed nor supported by vouchers. Two 
adult males collected. Nine other individuals of all size classes 
observed, suggesting a reproducing established population. We 
have observed this species at this site since 2002, and it has 
expanded its range at least one block to the north and west.
 Submitted by KENNETH L. KRYSKO, Florida Museum 
of Natural History, Division of Herpetology, Dickinson Hall, 
University of Florida, Gainesville, Florida 32611, USA (e-mail: 
kenneyk@fl mnh.ufl .edu); and JOSEPH P. BURGESS, Florida 
Department of Environmental Protection, Guana Tolomato 
Matanzas National Estuarine Research Reserve, 505 Guana River 
Road, Ponte Vedra, Florida 32082, USA. 

LEPIDODACTYLUS LUGUBRIS (Mourning Gecko).
MALAYSIA: SARAWAK: Kuching: from grounds of Telang 
Usan Hotel (01.35ºN, 110.20ºE; WGS84), Photographed by 
Ruchira Somaweera. 04 May 2008. Adult female (showing lack of 
hemipenial bulge). USDZ photographic archive, ZRC (IMG) 2.93. 
First record from Sarawak, and a range extension southwestward 
on Borneo, ca. 1290 km from Kota Kinabalu. Previous Bornean 
records, based on presumed naturalized populations, are from 
Sandakan, Sandakan District (Tan 1993. Checklist of Lizards of 
Sabah. Sabah Parks Trustees, Kota Kinabalu. [2] + 18 pp., based 
on FMNH 63632) and Tanjung Aru Beach Resort, Kota Kinabalu, 
Kota Kinabalu District (ZRC 2.6583, ex-ID 8145) both in Sabah 
and Sintang, Kalimantan Barat Propinsi, Kalimantan, Indonesia 
(de Rooij 1915. The Reptiles of the Indo-Australian Archipelago. 
Vol. I. Lacertilia, Chelonia, Emydosauria. E. J. Brill, Leiden. xiv 
+ 384 pp.). Global distribution of species, as presently constituted 

(as a unisexual-bisexual complex), includes Maldives, the 
Andaman and Nicobar Islands, Sri Lanka, mainland Southeast 
Asia, Borneo, Riau Archipelago, Sulawesi, Halmahera, Lesser 
Sundas, Ternate, New Guinea, eastern Asia, Chagos Archipelago, 
Philippines, northern Australia, Micronesia, and Fiji. Several 
populations, believed introduced, are found in Brazil, Colombia, 
Costa Rica, Ecuador, Galapagos Islands, México, New Caledonia, 
Nicaragua, Panama, Peru, Suriname, and Hawai’i (Bauer and 
Henle 1994. Familia Gekkonidae [Reptilia, Sauria]. Part I Australia 
and Oceania. Das Tierreich 109. Walter de Gruyter, Berlin and 
New York. xiii + 306 pp.; Brown and Alcala 1978. Philippine 
Lizards of the Family Gekkonidae. Silliman University Natural 
Science Monograph Series No. 1, Dumaguete City. v + 146 pp 
+ [1] errata sheet; Ineich 1999. In H. Ota [ed.], Tropical Island 
Herpetofauna. Origin, Current Diversity and Conservation, pp. 
199–228. Elsevier Science B.V., Amsterdam; Zug 1991. Bishop 
Mus. Bull. Zool. 2: i–xii; 1–136). We thank Kelvin K. P. Lim for 
ZRC registration numbers.
 Submitted by RUCHIRA SOMAWEERA, Department 
of Zoology, Faculty of Science, University of Peradeniya, 
Peradeniya, Sri Lanka (e-mail: ruchira.somaweera@gmail.
com); and INDRANEIL DAS, Institute of Biodiversity and 
Environmental Conservation, Universiti Malaysia Sarawak, 
94300 Kota Samarahan, Sarawak, Malaysia (e-mail: idas@ibec.
unimas.my).

SAUROMALUS HISPIDUS (Spiny Chuckwalla). MÉXICO: 
BAJA CALIFORNIA: Isla Rasa: ca. 49 km ESE of Bahía de los 
Ángeles (28.8246178°N, 112.9806675°W; WGS 84), 3 m elev. 
17 May 2006. E. Velarde. Verifi ed by J. Angel Soto-Centeno. San 
Diego Natural History Museum Herpetological Photo Collection 
(SDNHM-HerpPC 5208–5216). First record from Isla Rasa 
(Hollingsworth 1998. Herpetol. Monog.12:38–191). It is unknown 
if this individual is an isolated record or part of an established 
population. Sauromalus hispidus however does occur on Islas 
Ángel de La Guarda, 15 km NW and on Isla Las Ánimas (= San 
Lorenzo Norte), 22 km S of Isla Rasa, respectively. The lizard 
reported herein was observed near the south shore of the island, 
among rocky boulders close to stands of Cardon (Pachycereus 
pringlei) and cholla cactus (Cylindropuntia sp.). 
 Submitted by ENRIQUETA VELARDE, Unidad de 
Investigación de Ecología de Pesquerías, Universidad 
Veracruzana, Hidalgo 617, Boca del Río, Veracruz, 94290, Mexico 
(e-mail: enriqueta_velarde@yahoo.com.mx); BRADFORD D. 
HOLLINGSWORTH (e-mail: bhollingsworth@sdnhm.org), 
and JON P. REBMAN (e-mail: jrebman@sdnhm.org), San 
Diego Natural History Museum, P.O. Box 121390, San Diego, 
California 92112-1390, USA.

TROPIDURUS PINIMA. BRAZIL: BAHIA: Rio de Contas 
(13.566667ºS, 41.8°W; SAD69). D. Vrcibradic. 06 January 2005. 
Museu de Zoologia da Universidade de São Paulo (MZUSP 98047–
8). Verifi ed by Miguel T. Rodrigues. This species was described 
(as Tapinurus pinima) by Rodrigues (1984. Pap. Avul. Zool., São 
Paulo 35:367–373) from Santo Inácio (11.1°S, 42.716667°W), 
in the state of Bahia, and was believed to be endemic to the type 
locality (Rodrigues 2003. In I. R. Leal et al. [eds.], Ecologia e 
Conservação da Caatinga, pp. 181–236. Universidade Federal 
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de Pernambuco, Recife, Brazil). The present record extends the 
distribution of this species ca. 290 km to the south.
 Submitted by DAVOR VRCIBRADIC, ANGÉLICA 
FIGUEIRA FONTES, THAÍS KLAION, ALINE S. DIAS, 
and MONIQUE VAN SLUYS, Departamento de Ecologia, 
Universidade do Estado do Rio de Janeiro, Rua São Francisco 
Xavier 524, Maracanã, 20550-011, Rio de Janeiro, RJ, Brazil.

TROPIDURUS TORQUATUS (Calango, Collared Lizard). 
BRAZIL: SÃO PAULO: Bertioga municipality: Praia de Itaguaré: 
Foz do Rio Itaguaré (23.779167°S, 5.968611°E; datum: WGS 84;  
sea level). 06 April 2008. M. A. Sena and J. G. Silva. Museu 
de Zoologia da Universidade de São Paulo, São Paulo, Brazil 
(MZUSP 98079, adult male; M. A. Sena fi eld number MA 3615). 
Verifi ed by Pedro M. S. Nunes. The range of this species includes 
Uruguay, Paraguay, Argentina, and Brazil. In Brazil, the species 
occurs in Cerrado core areas of Minas Gerais, Goiás, Mato 
Grosso do Sul, Mato Grosso, and Maranhão states; in Cerrado 
enclaves in the Atlantic Rainforest Domain of São Paulo, Rio de 
Janeiro, Espírito Santo, and Bahia states; an insular population 
in Abrolhos archipelago (Bahia state); in coastal sandy areas 
(“restinga” environments) from Rio de Janeiro to Bahia states; 
and in open areas of southern Brazil in Rio Grande do Sul and 
westernmost Santa Catarina and Paraná states (Rodrigues 1987. 
Arq. Zool., São Paulo 31:105–230; França-e-Souza et al. 2002. 
Herpetol. Rev. 33:149). T. torquatus is extremely abundant in 
open areas. Although there are numerous records south of Rio 
de Janeiro, these refer to interior populations which according 
to Rodrigues (1987, op. cit.) show signifi cant morphological 
differentiation from those occurring along the coast. Despite 
exhaustive searches performed for several years in “restingas” 
along the coast (see Rodrigues, op. cit.), the species was never 
recorded in this habitat south of Rio de Janeiro state. This new 
record extends the known distribution at coastal areas ca. 215 
km southwest from Restinga da Marambaia, Rio de Janeiro state 
(Carvalho and Araújo 2007. Rev. Bras. Biol. 24:786–792). This 
expansion of distribution, and recent occupation, appears to be 
the result of human expansion in areas along the coast where the 
species previously did not occur, or perhaps a consequence of the 
effects of global warming and climate changes. It is interesting 
to note that well established populations of this species now also 
occur near the city of São Paulo and surroundings where there 
were characteristically absent until a couple of years ago. These 
fi ndings are very important because this lizard is an aggressive 
colonizer that can adversely affect native species.
 Submitted by MARCO AURÉLIO DE SENA, Departamento 
de Genética e Biologia Evolutiva, Instituto de Biociências, 
Universidade de São Paulo, Rua do Matão, 277, sala 234, CEP 
05508-900, São Paulo, SP, Brazil (e-mail: mausena@yahoo.
com); JOSÉ CASSIMIRO, Departamento de Zoologia, Instituto 
de Biociências, Universidade de São Paulo, Caixa Postal 11.461, 
CEP 05422-970, São Paulo, SP, Brazil (e-mail: geckoides@yahoo.
com.br); CARLOS JOÃO DAVID (e-mail: david@uninove.
br); JULIANA GARCIA DA SILVA Universidade Nove de 
Julho UNINOVE, Rua Diamantina 302/310, Vila Maria, CEP 
02117-310, São Paulo, SP, Brazil (e-mail: jsilva@ispcorp.com); 
and MIGUEL TREFAUT RODRIGUES, Departamento de 
Zoologia, Instituto de Biociências, Universidade de São Paulo, 

Caixa Postal 11.461, CEP 05422-970, São Paulo, SP, Brazil (e-
mail: mtrodri@usp.br).

UROSAURUS GRACIOSUS (Long-tailed Brush Lizard). 
MÉXICO: SONORA: Municipio de Hermosillo: Km. 25.5, 
Calle 36 Norte, carretera a Puerto Libertad (29.05841° N, 
111.74275° W; WGS 84), 45 m elev. 16 September 2007. J. H. 
Valdez-Villavicencio. Herpetological collection of Facultad de 
Ciencias, Universidad Autónoma de Baja California, Ensenada, 
Baja California, México (UABC 1748). 12.5 km E of Bahía de 
Kino Viejo (28.81949°N, 111.80603°W; WGS 84), 5 m elev. 8 
October 2007. J. H. Valdez-Villavicencio. UABC 1757. Both 
verifi ed by Bradford D. Hollingsworth. UABC 1757 represents 
the southernmost record for the species in Sonora, extending the 
range ca. 107 km SSE from the closest previous locality, ca. 40 
km SE of Puerto Libertad (LACM 126607); UABC 1748 fi lls the 
gap between those two localities. Both lizards were found on a 
small mesquite tree (Prosopis sp.) in sparsely vegetated habitat 
with sandy soil. 
 Submitted by JORGE H. VALDEZ-VILLAVICENCIO, 
Grupo de Ecología y Conservación de Islas, A.C. Ave. López 
Mateos 1590-3 Fracc. Playa Ensenada, Ensenada, Baja California, 
México C.P. 22880 (e-mail: j_h_valdez@yahoo.com.mx); ANNY 
PERALTA-GARCÍA (e-mail: annyperaltagarcia@yahoo.
com.mx) and BEN LOWE (e-mail: systematist@gmail.com), 
Department of Biology, San Diego State University, San Diego, 
California 92182, USA.

SQUAMATA – SNAKES

AGKISTRODON BILINEATUS (Cantil). MEXICO: OAXACA. 
Municipality of Santiago Tamazola: Cerro del Ídolo, road from 
Santiago Tamazola to San Miguel (17.4049°N, 98.1456°W, 
estimated from map), 1672 m elev. 25 July 2003. Verifi ed by 
Edmundo Pérez Ramos. Museo de Zoología, Facultad de Ciencias, 
UNAM (MZFC 17893). New municipality record, extending 
range 126 km from the nearest locality in the Sierra de Huautla, 
Morelos (Aguilar et al. 2003. Anfi bios y Reptiles de la Sierra 
de Huautla, Estado de Morelos. CONABIO, UAEM, FMCN. 
32 pp.). The species is known elsewhere in Oaxaca from a few 
localities in the southeastern section of the state (Campbell and 
Lamar 2004. The Venomous Reptiles of the Western Hemisphere, 
Vol. 1. Comstock Publ. Assoc., Cornell Univ. Press, Ithaca, New 
York. 476 pp.). The snake was found in an oak forest located 
within the northwestern portion of the state. 
 Submitted by LUIS CANSECO-MÁRQUEZ (e-mail: 
lcanseco@gmail.com), and ANA LAURA NOLASCO VÉLEZ, 
Departamento de Biología Evolutiva, Museo de Zoología, 
Facultad de Ciencias, Universidad Nacional Autónoma de 
México, A.P. 70-399, C.P. 04510, México, D.F., México.

AGKISTRODON CONTORTRIX (Copperhead). USA: 
TENNESSEE: FAYETTE CO.: Wolf River Wildlife Management 
Area (35.02362°N, 89.24955°W). 17 July 2007. J. Ream and C. 
O’Bryan. Verifi ed by A. Floyd Scott. Austin Peay State University’s 
David H. Snyder Museum of Zoology (APSU 18919). Voucher 
specimen found dead, presumably crushed by automobile, at 
1900 h near intersection of Beasley and Yager roads. New county 
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record (Scott and Redmond 2008 [latest update: 1 May 2008]. 
Atlas of Reptiles in Tennessee. The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. Available 
from http://apsu.edu/reptatlas/ [accessed 30 June 2008]).
 Submitted by JOSHUA TAYLOR REAM (e-mail: 
jream14@apsu.edu), and CHRISTOPHER JOEL O’BRYAN, 
Center of Excellence for Field Biology, Austin Peay State 
University, Clarksville, Tennessee 37044, USA.

ATRACTUS SNETHLAGEAE. BOLIVIA: Departamento 
PANDO: MANURIPI: Chivé: 68.5333333ºW, 12.3833333ºS, 
elev. 200 m. 5 February 2002. L. Gonzales. Museo Historia Natural 
Noel Kempff Mercado, Santa Cruz de la Sierra (MNKR 3275). 
Verifi ed by P. Passos. Species previously known from Brazil, 
Surinam (Uetz, P. (2005). http://www.reptile-database.org) and 
Argentina (Giraudo and Scrocchi 2000. Herpetol. J. 10[3]:81–
90). First country record, extends known distribution 692 km 
SW from Santa Barbara, Brazil (Vanzolini 1986. Levantamento 
Herpetológico da Área do Estado de Rondônia sob Infl uência da 
Rodovia BR 364. Relatório de Pesquisa N°1). 
 Submitted by LUCINDO GONZALES, Museo Historia 
Natural Noel Kempff Mercado, Avenida Irala 565, Santa Cruz de 
la Sierra, Bolivia (e-mail: bichos10@hotmail.com); and DIRK 
EMBERT, Zoologisches Forschungsinstitut und Museum 
Alexander Koenig, Adenauerallee 150-164, 53113 Bonn, 
Germany (e-mail: dirkembert@hotmail.com).

BOTHRIECHIS LATERALIS (Lora). PANAMÁ: COCLÉ: 
Distrito de La Pintada: Río Tigrero (8.6020°N, 80.6816°W; WGS 
84), 500 m elev. 01 June 2003. Edgardo J. Griffi th. Museo de 
Vertebrados de la Universidad de Panamá (MVUP 1891). Distrito 
de San Carlos: Altos del María, Cerro La Gaita (8.6306°N, 
80.0736°W; WGS 84), 1023 m elev. 15 July 2006. Edgardo J. 
Griffi th. Círculo Herpetológico de Panamá (CH 6029). Both 
verifi ed by Alejandro Solórzano. New records for Coclé and 
Panamá provinces, respectively, extending the geographic range 
ca. 105 km (airline) ENE of the nearest locality in Veraguas 
(Campbell and Lamar 2003. The Venomous Reptiles of the 
Western Hemisphere, Vol. I, Comstock Publishing Associates, 
Ithaca, New York. xviii + 476 pp.).
 Submitted by EDGARDO J. GRIFFITH1, ROBERTO 
IBÁÑEZ D.1,2,3 and CÉSAR A. JARAMILLO A.2,3,4. 
1Departamento de Zoología, Universidad de Panamá, Panamá, 
Rep. de Panamá; 2Smithsonian Tropical Research Institute, 
Unit 0948, APO AA 34002-0948, USA; 3Círculo Herpetológico 
de Panamá, Apartado 0824-00122, Panamá, Rep. de Panamá; 
4Departamento de Histología, Facultad de Medicina, Universidad 
de Panamá, Panamá, Rep. de Panamá (e-mail: IBANEZR@si.
edu). 

CEMOPHORA COCCINEA COPEI (Northern Scarlet Snake). 
USA: MARYLAND: WORCESTER CO.: Millville Rd., 2.5 km SW 
junction with Rt. 12 (38.2174527ºN, 075.4811194ºW; NAD83), 
DOR 1300 h. 12 June 2004, William L. Grogan, Jr. and Matthew T. 
Close. Verifi ed by Ned S. Gilmore, Academy of Natural Sciences, 
Philadelphia (ANSP 36238). A second specimen (TL 57.8 cm) 
from same locality, DOR 26 July 2005, L. T. Biechele, deposited 
in the vertebrate collection at Salisbury University. Specimens 

confi rm two prior photographic records from Worcester County 
(Grogan 1985. Bull. Maryland Herpetol. Soc. 21:74–75; Grogan 
1994. Bull. Maryland Herpetol. Soc. 30:27–32), and are only the 
third and fourth museum records of this species from Delmarva 
Peninsula (White and White 2002. Amphibians and Reptiles of 
Delmarva. Tidewater Publishers, Centreville, Maryland. 248 
pp.). Both specimens are adult females, ANSP 36238 (TL 56.6 
cm) contained 9 fully developed eggs with soft shells. The two 
earlier Delmarva records were a specimen found ca. 1940 near 
Salisbury, Wicomico County, adjacent to the NW of Worcester 
County, commented on by Conant (1958. Copeia 1958:50–52) 
as there were some inaccuracies about its provenance, etc., in 
the original report by Fowler (1945. Proc. Biol. Soc. Washington 
58:89–90). The only other prior museum record was found in 
1963 at Trap Pond, W of Laurel, Sussex County, Delaware. This 
specimen is still the only record from that state that was fi nally 
documented by Arndt (1985. Bull. Maryland Herpetol. Soc. 
21:67–73) as it was the basis for the distribution maps of this 
species in Delaware in Conant’s second edition (Conant 1975. A 
Field Guide to Reptiles and Amphibians of Eastern and Central 
North America. Houghton Miffl in Co., Boston, Massachusetts. 
429 pp.) and later editons.   
 Submitted by WILLIAM L. GROGAN, JR., Department 
of Biological Sciences, Salisbury University, Maryland 21801, 
USA (e-mail: wlgrogan@salisbury.edu); and MATTHEW T. 
CLOSE, Maryland Department of Natural Resources, Wildlife 
& Heritage Services, P.O. Box 68, Wye Mills, Maryland 21679, 
USA (e-mail: mtc205@lehigh.edu).

COLUBER (= MASTICOPHIS) MENTOVARIUS (Neotropical 
Whipsnake). MEXICO: SONORA: Las Palomas, NW slope of 
Sierra Azul, Rancho El Aribabi, ca. 27 km ENE Imuris and 57 
km S of Arizona/Sonora border (32.82000° N, 110.56667° W, 
WGS 84), 1311 m elev. 08 September 2007. Sergio Avila and 
Carlos Robles Elías. Verifi ed by Jerry D. Johnson. UAZ 56736-
PSV. Northernmost locality for this species and extends range 
212 km NE of closest known locality, 37 km NE of Nacori Chico, 
Sonora (Lemos Espinal and Smith 2007. Anfi bios y Reptiles del 
Estado de Chihuahua, México. Universidad Nacional Autónoma 
de México y CONABIO). Specimen was observed along an 
ephemeral stream in a mesquite/oak grassland association. 
 Submitted by SERGIO AVILA, Sky Island Alliance, 
738 N 5th Ave, Suite 201, Tucson, Arizona, USA (e-mail: 
Sergio@skyislandalliance.org); CARLOS ROBLES ELÍAS, 
Rancho El Aribabi, Carretera Imuris-Cananea Km 131+900, 
Imuris, Sonora, Mexico (e-mail: elaribabi@telcel.blackberry.net.
mx); and JAMES C. RORABAUGH, U.S. Fish and Wildlife 
Service, 201 N. Bonita Ave., Suite 141, Tucson, Arizona, USA 
85745 (e-mail: Jim_Rorabaugh@fws.gov). 

CROTALUS ATROX (Western Diamond-backed Rattlesnake). 
USA: OKLAHOMA: MCCURTAIN CO.: Cedar Creek, 9.7 km 
N North Pole Store (34.18°N, 94.89°W). 30 May 2008. D. 
Arbour. Verifi ed by S. E. Trauth. Arkansas State University 
Herpetological Museum (ASUMZ photographic voucher 31207). 
First genuine record for the county; a much older record for 
McCurtain County [Kolb 1946. Oklahoma Game & Fish News 
2(10):22], presumably from somewhere near Broken Bow, is 
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considered questionable (L. J. Vitt, pers. comm.). However, Webb 
(1970. Reptiles of Oklahoma. Univ. Oklahoma Press, Norman, 
Oklahoma. 370 pp.) included the older record without actually 
examining the specimen. In addition, Secor and Carpenter (1984. 
Oklahoma Herpetol. Soc. Spec. Publ. No. 3:1–57) listed the 
same as a Distribution of Oklahoma Amphibians and Reptiles 
by Recorded Sightings (DOKARRS) record with it appearing 
online (http://www.biosurvey.ou.edu/dbsrch/dokalist.php). 
Interestingly, this snake has not yet been collected immediately 
eastward from adjacent Little River and Sevier counties, Arkansas 
(Trauth et al. 2004. Amphibians and Reptiles of Arkansas. Univ. 
Arkansas Press, Fayetteville. 421 pp.) nor has it been taken in 
Bowie, Fannin, Lamar, and Red River counties immediately 
southward along the Red River in northeastern Texas (Dixon 
2000. Amphibians and Reptiles of Texas. Univ. Texas A&M 
Univ. Press, College Station. 421 pp.; Werler and Dixon 2000. 
Texas Snakes: Identifi cation, Distribution, and Natural History. 
Univ. Texas Press, Austin. 437 pp.). 
 Submitted by CHRIS T. MCALLISTER, RapidWrite, 102 
Brown Street, Hot Springs National Park, Arkansas 71913, USA 
(e-mail: dtctmcallister@aol.com); HENRY W. ROBISON, 
Department of Biology, Southern Arkansas University, Magnolia, 
Arkansas 71754, USA (e-mail: hwrobison@saumag.edu); and 
DAVID ARBOUR, De Queen, Arkansas 69337, USA (e-mail: 
arbour@windstream.net).

FARANCIA ABACURA REINWARDTII (Western Mudsnake). 
USA: ARKANSAS: SEVIER CO.: off St. Hwy. 70, vic. Cossatot 
Community College, De Queen (34.025°N, 94.216°W). 30 
April 2003. D. Arbour. Verifi ed by S. E. Trauth. Arkansas State 
University Herpetological Museum (ASUMZ photographic 
voucher 31223). New county record fi lling a distributional gap 
in extreme southwestern Arkansas near previous records from 
Little River County (Trauth et al. 2004. Amphibians and Reptiles 
of Arkansas. Univ. Arkansas Press, Fayetteville. 421 pp.). This 
is one of the few records of F. a. reinwardtii from the Interior 
Highlands of the Ouachita foothills (Trauth, et al., op cit.).
 Submitted by CHRIS T. MCALLISTER, RapidWrite, 102 
Brown Street, Hot Springs National Park, Arkansas 71913, USA 
(e-mail: drctmcallister@aol.com); HENRY W. ROBISON, 
Department of Biology, Southern Arkansas University, Magnolia, 
Arkansas 71754, USA (e-mail: hwrobison@saumag.edu); and 
DAVID ARBOUR, De Queen, Arkansas 69337, USA (e-mail: 
arbour@windstream.net).

FARANCIA ABACURA REINWARDTII (Western Mudsnake). 
USA: TEXAS: VAN ZANDT CO.: DOR 59.2 cm SVL snake was 
found on Van Zandt County Road 2721, 1.28 km N of jct. with 
US 198, 05 June 2007. The closest permanent body of water to 
this specimen was a cattle tank within a pasture approximately 30 
m away. R. Michael Burger. Verifi ed by Carl J. Franklin. Voucher 
specimen deposited in University of Texas at Arlington  Amphibian 
and Reptile Diversity Research Center (UTA R 55370). New 
county record (Dixon 2000. Amphibians and Reptiles of Texas. 
2nd ed. Univ. of Texas A&M Press, viii+421 pp.). 
 Submitted by R. MICHAEL BURGER, 510 VZCR 2721, 
Mabank, Texas 75147, USA; e-mail: mvburger@dctexas.net.

FORDONIA LEUCOBALIA (Crab-eating Snake). THAILAND: 
RANONG PROVINCE: Kraburi District: mangrove forest near 
Tham Phrakhayang, Phrakhayang Cave (10.33ºN, 98.77ºE). 20 
October 2002. M. Sumontha. Chulalongkorn University Museum 
of Zoology, Bangkok (CUMZ R. 2003.16). Verifi ed by A. 
Aowphol. Freshly ingested adult male (SVL 409 mm, TL 60 mm) 
regurgitated by an adult female Bungarus fasciatus (released; TL 
ca. 900 mm) caught at 1930 h. First provincial record. Closest 
Thai record from Phuket Island (Nabhitabhata et al. “2000” 2004. 
Checklist of Amphibians and Reptiles in Thailand. Offi ce of 
Environmental Policy and Planning, Bangkok. 152 pp.; Murphy 
2007. Homalopsid Snakes. Evolution in the Mud. Krieger Publ. 
Co., Malabar, Florida. 146 pp.), ca. 100 km southwards. We thank 
A. Aowphol and K. Thirakhupt for providing working facilities 
in their institution. 
 Submitted by OLIVIER S. G. PAUWELS, Département 
des Vertébrés Récents, Institut Royal des Sciences naturelles 
de Belgique, Rue Vautier 29, 1000 Brussels, Belgium (e-mail: 
osgpauwels@yahoo.fr); and MONTRI SUMONTHA, Ranong 
Marine Fisheries Station, 157 M. 1, Saphan-Pla Rd., Paknam, 
Muang,  Ranong 85000, Thailand (e-mail: knotsnake2211@yahoo.
com).

HETERODON NASICUS (Plains Hognose Snake). USA: 
COLORADO: BOULDER CO.: Rabbit Mountain Open Space 
(40.248787°N, 105.224775°W; NAD83). 20 May 2008. Elijah 
Wostl and Tim Warfel. Photo verifi ed by Lauren J. Livo. 
University of Colorado Museum Ancillary Collection 166. New 
County Record (Hammerson 1999. Amphibians and Reptiles of 
Colorado. 2nd ed. University Press of Colorado, Niwot. 424 pp.). 
 Submitted by ELIJAH WOSTL; e-mail ewostl@gmail.com.

HYDROMORPHUS CONCOLOR (Serpiente Acuática). 
PANAMÁ: PANAMÁ: Distrito de Chimán: Pacifi c slope of 
Serranía de Majé (8.8664°N, 78.5871°W; WGS84), 505 m elev. 
17 March 2004. Marcos Ponce A. Verifi ed by Mahmood Sasa. 
Museo de Vertebrados de la Universidad de Panamá (MVUP 
1889). New district record, extending the geographic range ca. 98 
km (airline) SE of the nearest locality in central Panamá (Ibáñez 
et al. “1994”[1995]. Scientia (Panamá) 9:17–31).
 Submitted by MARCOS PONCE A.1, FRANK A. SOLÍS2,3, 
ROBERTO IBÁÑEZ D.2,3,4 ,and CÉSAR A. JARAMILLO 
A.2,4,5. 1Instituto de Ciencias Ambientales y Desarrollo 
Sostenible, Universidad Autónoma de Chiriquí, David, Rep. de 
Panamá; 2Círculo Herpetológico de Panamá, Apartado 0824-
00122, Panamá, Rep. de Panamá; 3Departamento de Zoología, 
Universidad de Panamá, Panamá, Rep. de Panamá; 4Smithsonian 
Tropical Research Institute, Unit 0948, APO AA 34002-0948, 
USA; 5Departamento de Histología, Facultad de Medicina, 
Universidad de Panamá, Panamá, Rep. de Panamá (e-mail: 
IBANEZR@si.edu).

LAMPROPELTIS ALTERNA (Gray-banded Kingsnake). 
MEXICO: DURANGO: Municipio de Santiago Papasquiaro: 
East slope of the Sierra Madre Occidental (25.087°N, 105.542°W, 
WGS 84), 2218 m elev. 31 July 2007. J. Reyes Velasco and M. 
J. Ingrasci. Verifi ed by J. A. Campbell. University of Texas 
Arlington Digital Collection (UTADC 1096). New municipality 



Herpetological Review 39(3), 2008372

record, third record for Durango, and fi rst record for Sierra Madre 
Occidental, extending the known range ca. 100 km W of the 
closest other known Durango record, 5 mi. S of San Antonio near 
El Banco; 26 mi. N San Juan del Río, 4700 ft. elev. (Tanzer 1970. 
Herpetologica 26:419–428 [as L. mexicana]). Garstka (1982. 
Breviora 466:1–35 [as L. alterna]) reported the same specimen 
using the 26 mi. N San Juan Del Río locality (TCWC 36892) 
and Gadsden et al. (2006. Bull. Chicago Herpetol. Soc. 41:2–9) 
reported another taken in the Sierra el Sarnoso, Municipio Lerdo 
(between 1100 m and 1350 m elev.) in the northeastern portion 
of the state. The other two records are from Chihuahuan Desert 
scrub vegetation, whereas the snake reported herein was found in 
Madrean woodland vegetation at a higher elevation. 
  Submitted by MATTHEW J. INGRASCI (e-mail: 
mingrasc@hotmail.com); KIRK SETSER, Departamento de 
Biología Animal, Universidad de Granada, 18071, Granada, 
Spain (e-mail: kwsetser@gmail.com); and JACOBO REYES 
VELASCO, Calle del Parque # 45, Colonia Chapalita, Zapopan, 
Jalisco, Mexico 45042 (e-mail: jackobz@gmail.com).

LEPTOTYPHLOPS  MAXIMUS (Giant Blind Snake). 
MÉXICO: OAXACA: Municipality of Huajuapan de León: 
4 km SE Huajuapan de León (17.4717°N, 97.4530°W; WGS 
84), 1671 m elev. 15 June 2007. Roberto Vargas. Verifi ed by 
Luis Canseco Márquez. Colección de Anfi bios y Reptiles de la 
Universidad Autónoma Metropolitana-Iztapalapa (CAR-I 266). 
First record for Oaxaca, extending the range 63 km S from the 
nearest locality in Tulcingo, Puebla (García-Vázquez et al. 2006. 
Publ. Soc. Herpetol. Mex. 3:152–169). The specimen was caught 
in xerophilic scrub vegetation close to an anthill (Pogonomyrmex 
sp.). 
 Submitted by MATÍAS MARTÍNEZ-CORONEL and 
ISAÍAS DANIEL LÓPEZ-HERNÁNDEZ, Departamento de 
Biología, Universidad Autónoma Metropolitana-Iztapalapa. Av. 
San Rafael Atlixco 186, Col. Vicentina, 09340. Iztapalapa, D.F., 
México (e-mail: marti17@hotmail.com).

MICRURUS  SURINAMENSIS (Surinam Coralsnake). 
BRAZIL: GOIÁS: Municipality of Aragarças, confl uence of 
Caiapó River with Araguaia River (15.9042ºS, 51.845ºW; datum 
SAD69 or 0409536, 8241455; 310 m elev.). 07 December 2007. 
I. Jr. Tonial. Museu de Zoologia da Universidade de São Paulo, 
São Paulo, Brazil (MZUSP 17211, juvenile male, 265 mm SVL). 
Verifi ed by H. Zaher. The species is known from a wide range west 
of Araguaia River and north reaching Mato Grosso, Eastern Pará, 
Amapá, and Roraima states in Brazil; also known from Guyana, 
Suriname, French Guiana, and southern Venezuela (Campbell 
and Lamar 2004. The Venomous Reptiles of the Western 
Hemisphere. 2 vols. Cornell University Press. Ithaca, New York. 
774 pp.; Strüssmann and Carvalho 1998. Herpetol. Rev. 29:183–
185). This is the southeastern most and fi rst state record (state of 
Goiás) for M. surinamensis, extending the known distribution ca. 
594 km SSE of Nova Olímpia (14.7833ºS, 57.2833°W; datum 
SAD69; Mato Grosso), the only locality offi cially recorded for 
this species in southern Mato Grosso to date (Strüssmann and 
Carvalho, op. cit.).
 Submitted by NELSON JORGE DA SILVA JR, HÉLDER 
LÚCIO RODRIGUES SILVA, Departamento de Biologia, 

Universidade Católica de Goiás, Ave. Universitária, 1440, Setor 
Universitário, 74.605-010, Goiânia, Goiás, Brazil; and ANITA 
DE MOURA PESSOA, Systema Naturae Consultoria Ambiental 
Ltda, Rua 58, nº 217 – Jardim Goiás, 74.810-230, Goiânia, Goiás, 
Brazil (e-mail: herp@terra.com.br).

NERODIA FASCIATA CONFLUENS (Broad Banded 
Watersnake). USA: TEXAS: MARION CO.: On the edge of a 
cattle pasture (Cypress River Ranch, FM 2208) and bottomland 
hardwood forest adjacent (ca. 100 m) to Big Cypress Bayou 
(32.7516306ºN, 94.3773056ºW) near Jefferson, Texas. 7 February 
2006. Thomas Rainwater. Verifi ed by C. Bob Sanders. Campbell 
Museum (CUSC 2363), Clemson University, Clemson, South 
Carolina. County record. Freshly dead from apparent head injury. 
Fills distributional gap of species in northeast Texas (Dixon 2000. 
Amphibians and Reptiles of Texas. 2nd ed. Texas A&M University 
Press, College Station, Texas. 421 pp).
 Submitted by THOMAS R.RAINWATER, The Institute of 
Environmental and Human Health, Texas Tech University, P.O. Box 
764, Jefferson, Texas 75657, USA  (e-mail: trrainwater@gmail.
com); STEVEN G. PLATT, Department of Biology, Box C-
64, Sul Ross State University, Alpine, Texas 79832, USA; and 
STANLEE M. MILLER, Department of Biological Sciences, 
132 Long Hall, Clemson University, Clemson, South Carolina 
29634, USA.

NINIA SEBAE (Culebrilla del Café; Coffee Snake). PANAMÁ: 
BOCAS DEL TORO: Distrito de Changuinola: Changuinola, 
Finca 8 (9.4388°N, 82.5155°W; WGS84), 5 m elev. 14 November 
2003. Marcos Ponce A. Verifi ed by Alejandro Solórzano. Museo 
de Vertebrados de la Universidad de Panamá (MVUP 1890). New 
record for Panamá and extends the geographic range ca. 110 km 
(airline) SE of the nearest locality on the lowlands of the Atlantic 
versant of Costa Rica (Savage 2002. The Amphibians and Reptiles 
of Costa Rica: A Herpetofauna between Two Continents, between 
Two Seas. University of Chicago Press, Chicago, Illinois. xx + 
934 pp.).
 Submitted by MARCOS PONCE A.1, FRANK A. SOLÍS2,3, 
ROBERTO IBÁÑEZ D.2,3,4 and CÉSAR A. JARAMILLO 
A.2,4,5. 1Instituto de Ciencias Ambientales y Desarrollo 
Sostenible, Universidad Autónoma de Chiriquí, David, Rep. de 
Panamá; 2Círculo Herpetológico de Panamá, Apartado 0824-
00122, Panamá, Rep. de Panamá; 3Departamento de Zoología, 
Universidad de Panamá, Panamá, Rep. de Panamá; 4Smithsonian 
Tropical Research Institute, Unit 0948, APO AA 34002-0948, 
USA; 5Departamento de Histología, Facultad de Medicina, 
Universidad de Panamá, Panamá, Rep. de Panamá (e-mail: 
IBANEZ@si.edu).

OXYRHOPUS RHOMBIFER RHOMBIFER (Coral-falsa). 
BRAZIL: BAHIA. Municipality of Paulo Afonso (9.4ºS, 
38.2ºW). May 1988. Collectors unknown. Coleção Científi ca 
de Serpentes do Museu de Zoologia da Universidade Federal 
da Bahia, Salvador, Bahia, Brazil (UFBA 182, 187, 196, 199, 
214). Verifi ed by F. L. Franco. Species previously known from 
“província de Buenos Aires to east of Rio Paraná in Argentina,” 
Uruguay, and in the Brazilian states of Rio Grande do Sul, Santa 
Catarina, Paraná, Minas Gerais, São Paulo, Rio de Janeiro, and 
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Bahia (Argôlo and Freitas 2000. Herpetol. Rev. 31:55; Peters and 
Orejas-Miranda 1970. Bull. U.S. Nat. Mus. 297:235). Second 
record of the species from northeastern Brazil, extends range 
ca. 350 km N from Lençóis, the previous northernmost locality 
(Argôlo and Freitas 2000, op. cit.). 
 Submitted by BRENO HAMDAN (e-mail: 
brenohamdan@gmail.com), and REJÂNE MARIA LIRA-DA-
SILVA, Núcleo Regional de Ofi ologia e Animais Peçonhentos da 
Universidade Federal da Bahia, Rua Barão de Geremoabo, 147 
- Campus de Ondina, CEP 40170-290, Salvador, Bahia, Brazil.

PARIAS SUMATRANUS (Sumatran Pit Viper). BRUNEI 
DARUSSALAM: Ulu Temburong National Park: nr. Sungai 
Sibut. 01 October 2006. Alexander Keller, Matthias Siegle, and T. 
Ulmar Grafe. Photo voucher, Staatliches Museum für Naturkunde 
Stuttgart, SMNS V-1-001. Verifi ed by Indraneil Das. Encountered 
coiled up within a rattan palm. On approach, showed aggressive 
behavior (hissing and directed extension). After several minutes 
of observation, disappeared into canopy of nearby tree. Length 
(ca. 1 m) and reddish tail suggest it was a juvenile. 
 Submitted by ALEXANDER KELLER, University of 
Würzburg, Department of Animal Ecology and Tropical Biology, 
Biocenter, Am Hubland, 97074 Würzburg, Germany; e-mail: 
info@biotopia.info.

PSEUDOLEPTODEIRA LATIFASCIATA (False Cat-eyed 
Snake). MEXICO: OAXACA: Municipality of Santiago 
Tamazola: road from Santiago Tamazola to Santa Rosa 
(17.4400°N, 97.5026°W, estimated from map), 1230 m elev. 
15 July 2003. Verifi ed by Edmundo Pérez Ramos. Museo de 
Zoología, Facultad de Ciencias, UNAM (MZFC 17890). First 
record from Oaxaca, extending its known range 58 km S of the 
nearest locality at Piaxtla, Puebla (Duellman 1958. Bull. Amer. 
Mus. Nat. Hist. 114:1–152). The specimen was found dead in 
oak forest.
 Submitted by LUIS CANSECO-MÁRQUEZ (e-mail: 
lcanseco@gmail.com), and ANA LAURA NOLASCO VÉLEZ, 
Departamento de Biología Evolutiva, Museo de Zoología, 
Facultad de Ciencias, Universidad Nacional Autónoma de 
México, A.P. 70-399, C. P. 04510, México, D. F., México.

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blindsnake). 
MÉXICO: TABASCO: Municipality of Centro, Municipality 
Palace of Villahermosa (17.5944°N, 92.5644°W, WGS 84), 10 m 
elev. 14 July 2007. José G. Paz Gutiérrez. Verifi ed by Ireri Suazo 
Ortuño. Colección Herpetológica del Instituto de Investigaciones 
sobre los Recursos Naturales, Universidad Michoacana de San 
Nicolás de Hidalgo (INIRENA 678). First record for Tabasco 
and a 345 km SE (airline) range extension from Playa Mocambo, 
Veracruz (Mendoza-Quijano et al. 1993. Herpetol. Rev. 24:110) 
and 352 km NE (airline) from Cuicatlán, Oaxaca (Mendoza 
Quijano et al. 1994. Herpetol. Rev. 25:34). These records suggest 
that this exotic species is well established on the Gulf lowlands 
of México in a similar fashion as on the lowlands of the Pacifi c 
versant (Mata-Silva et al. 2007. Herpetol. Rev. 38:356)
 Submitted by JOSÉ GIL PAZ GUTIÉRREZ, CARLOS 
SOTO ROJAS, and JAVIER ALVARADO DÍAZ, Laboratorio 
de Herpetología, Instituto de Investigaciones sobre los Recursos 

Naturales, Universidad Michoacana de San Nicolás de Hidalgo, 
Av. San Juanito Itzicuaro s/n, Morelia, Michoacán, México 58330 
(e-mail: kumo345@hotmail.com).

REGINA GRAHAMII (Graham’s Crayfi sh Snake). USA: 
ILLINOIS: MACON CO.: Decatur Lake at Reas Bridge Rd 
(39.88255ºN, 88.86804ºW). 19 May 2007. Collected by Leroy 
J. Walston Sr. Verifi ed by C. A. Phillips. Illinois Natural History 
Survey, University of Illinois. Color photograph voucher (INHS 
2008.12). One subadult (40 cm TL) captured along shoreline 
among rocks. First county record, fi lling the gap among central 
Illinois counties (Phillips et al. 1999. Field Guide to Amphibians 
and Reptiles of Illinois. Illinois Nat. Hist. Manual 8, Champaign, 
Illinois, 282 pp.).
 Submitted by LEROY J. WALSTON SR., 1835 N. Bender 
Rd., Decatur, Illinois, 62521, USA; and LEROY J. WALSTON 
JR., Argonne National Laboratory, 9700 S. Cass Ave., Argonne, 
Illinois, 60439, USA (e-mail: lwalston@anl.gov).

SALVADORA GRAHAMIAE LINEATA (Texas Patch-nosed 
Snake). USA:TEXAS: SHACKLEFORD CO.: Hwy 351 ca. 4.8 km S of 
jct. with Hwy180 (32.6239167ºN; 99.4716333ºW). Collected by 
Edwin L. Gainey. Verifi ed by Carl Franklin. University of Texas 
at Arlington Ampibian and Reptile Biodiversity Research Center 
(UTA R-55847). New county record. (Dixon 2000. Amphibians 
and Reptiles of Texas. Second ed. Texas A&M University Press, 
College Station, Texas. viii+421 pp; Dixon et al. 2007. Texas 
Herpetol. Soc. Publ. 2007:1–58). 
 Submitted by CHRISTIAN L. COX (e-mail: clcox@uta.
edu), COREY E ROELKE, University of Texas at Arlington, 
Department of Biology, 501 S. Nedderman Dr., Arlington, Texas 
76019, USA; and BRANDON POPE, 1706 Nueces Trl Arlington, 
Texas 76012, USA.

SIBON LAMARI (Caracolera). PANAMÁ: BOCAS DEL 
TORO: Distrito de Changuinola: Río Changuinola, El Guayabal 
(9.2104°N, 82.4699°W; WGS84), 150 m elev. 13 June 2007. 
Jhoana De Alba and César A. Jaramillo. Círculo Herpetológico 
de Panamá (CH 6214). COLÓN: Distrito de Donoso: La 
Sargenta, Río Toabré (8.9314°N, 80.5144°W; WGS84), 60 m 
elev. 22 March 2002. Roberto Ibáñez D. Círculo Herpetológico 
de Panamá (CH 5402). Punta Rincón (9.0210°N, 80.6862°W; 
WGS84), 5 m elev. 08 January 1983. Fidel E. Jaramillo A. Museo 
de Vertebrados de la Universidad de Panamá (MVUP 1892). All 
specimens verifi ed by Alejandro Solórzano. New records for 
Panamá, extending the geographic range ca. 355 km (airline) SE 
of the nearest locality in Costa Rica and elevational range from 
650 m to the lowlands (Solórzano 2004. Serpientes de Costa Rica: 
Distribución, Taxonomía e Historia Natural. Instituto Nacional 
de Biodiversidad, Santo Domingo de Heredia, Costa Rica. 791 
pp.).
 Submitted by CÉSAR A. JARAMILLO A.1,2,3, ROBERTO 
IBÁÑEZ D.1,2,4 FIDEL JARAMILLO A.1,5, and FRANK 
A. SOLÍS1,4. 1Círculo Herpetológico de Panamá, Apartado 
0824-00122, Panamá, Rep. de Panamá; 2Smithsonian Tropical 
Research Institute, Unit 0948, APO AA 34002-0948, USA; 
3Departamento de Histología, Facultad de Medicina, Universidad 
de Panamá, Panamá, Rep. de Panamá; 4Departamento de 
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Zoología, Universidad de Panamá, Panamá, Rep. de Panamá; 
5Departamento de Genética, Universidad de Panamá, Panamá, 
Rep. de Panamá (e-mail: IBANEZR@si.edu).

STORERIA O. OCCIPITOMACULATA (Northern Red-
bellied Snake). USA: MARYLAND: DORCHESTER CO.: 2.5 km 
NE of Blackwater near Barnes Landing on Blackwater Rd. 
(38.4166oN, 76.125oW). DOR adult, 05 November 1994. Arthur 
and Zack Meilhammer. Verifi ed by Ned S. Gilmore, Academy 
of Natural Sciences, Philadelphia (ANSP 36239). New county 
record, verifi es county record on distribution map in White and 
White (2002. Amphibians and Reptiles of Delmarva. Tidewater 
Publishers, Centreville, Maryland. 248 pp.).
 Submitted by WILLIAM L. GROGAN, JR., Department of 
Biological Sciences, Salisbury, Maryland 21801, USA; e-mail: 
wlgrogan@salisbury.edu.

XENODERMUS JAVANICUS (Rough-backed Litter Snake). 
BRUNEI DARUSSALAM: Ulu Temburong National Park: nr. 
Sungai Esu. 22 September 2006. Alexander Keller, Matthias 
Siegle, and T. Ulmar Grafe. Photo voucher, Staatliches Museum 
für Naturkunde Stuttgart, SMNS V-2-001. Verifi ed by Indraneil 
Das. Encountered three times (August–September 2006) within 
riparian areas with leaf litter. Nearby streams were small, < 5 m 
wide, and not deeper than 50 cm. In all cases, in hilly terrain with 
moderate vegetation. Encounters were > 1 km apart from each 
other, for which reason it is assumed the snakes were different 
individuals. 
 Submitted by ALEXANDER KELLER, University of 
Würzburg, Department of Animal Ecology and Tropical Biology, 
Biocenter, Am Hubland, 97074 Würzburg, Germany; e-mail: 
info@biotopia.info.
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New and Noteworthy Records of Snakes from 
Bolivia

MARTIN JANSEN
Forschungsinstitut und Naturmuseum Senckenberg

Senckenberganlage 25, 60325 Frankfurt am Main, Germany
and

Johann Wolfgang Goethe University
Institute for Ecology, Evolution & Diversity, BioCampus – Westend

Siesmayerstrasse 70, 60323 Frankfurt am Main, Germany
e-mail: martin.jansen@gmx.net

 The last comprehensive list of Bolivian snakes with information 
about their distribution was published by Fugler et al. (1995). 
Since then, several new species, new country records and revisions 
have been published (e.g., Harvey 1994; 1999; Harvey et al. 
2003; 2005; Reichle and Embert 2005; Embert et al. 2006; Jansen 
2006). The present note provides three new country records, four 
new departmental records and other noteworthy records of snakes 
in Bolivia. The fi eldwork was done during November 2004 and 
April 2005 and October 2005 and March 2006 predominantly in 
the eastern lowlands of Bolivia. The specimens were deposited 
in the Museo Noel Kempff Mercado (MNKR), Santa Cruz, and 

Museum Senckenberg (SMF), Frankfurt. The identities of the 
specimens were verifi ed by G. Köhler (except Thamnodynastes 
chaquensis verifi ed by F. L. Franco).

Clelia bicolor. BOLIVIA: SANTA CRUZ: Hacienda El Espinal, 
Pantanal, San Matias (17.0372167ºS, 58.5305667°W; 124 m). 
15 April 2004 and 23 January 2005. Martin Jansen. SMF 86639, 
MNKR 4255. First record for Bolivia. Clelia bicolor occurs in 
southern Mato Grosso, Brazil, south to Paraguay and northern 
Argentina, and inhabits lowlands of the Platine Plains, Chaco, 
Pantanal, and their boundaries (Franco et al. 1997; Zaher 1996). 
The next known locality is ca. 210 km SE, in the Pantanal at 
Poconé, Mato Grosso, Brazil (Strüssmann and Sazima 1993). 
Lystrophis pulcher (South American Hognose Snake). BOLIVIA: 
TARIJA: Villa Montes. 1 May 1927. F. Berg. SMF 32470. First 
departmental record. The species occurs in the Chacoan region 
of Argentina (Jujuy, Salta, Catamarca, Tucumán, Santiago del 
Estero, Formosa, Chaco, Córdoba, San Luis, Entre Dios, and 
Corrientes provinces), south of Paraguay and was known for 
Bolivia only from San Ignacio de Velazco, Department of Santa 
Cruz (Scrocchi and Cruz 1993). Nearest known locality is in 
Salta, Argentina, ca. 100 km S. 

Lystrophis mattogrossenis (South American Hognose Snake). 
BOLIVIA: SANTA CRUZ: Provincia Ñufl o de Chavez, Hacienda 
and RPPN San Sebastián (16.3624833ºS, 62.02195ºW, 537 m). 
08 November 2005. Martin Jansen and Arne Schulze. MNKR 
4257. Second record for Bolivia. The species was only known 
from Mato Grosso and Mato Grosso do Sul states, Brazil to 
lowlands of eastern Bolivia (Giraudo 1997; Scrocchi and Cruz 
1993). Extends the range about 350 km W from westernmost 
known locality in Sandoval, Department of Santa Cruz, Bolivia 
(Giraudo 1997).

Micrurus frontalis (Cerrado Coral Snake). BOLIVIA: SANTA 
CRUZ: Provincia Ñufl o de Chavez, Hacienda and RPPN San 
Sebastián. 29 November 2005 and 28 December 2005. Martin 
Jansen and Arne Schulze. MNKR 4253, SMF 86637. First country 
record. The species was only known from the Cerrado formations 
of Central Brazil (including Sao Paulo and Minas Gerais) west 
to the border of Bolivia and the Brazilian states of Mato Grosso 
and Mato Grosso do Sul. Extends the range at least 400 km W 
from westernmost known locality in Mato Grosso (Campbell and 
Lamar 2004; Silva and Sites 1999). Harvey et al. (2003) suspected 
M. frontalis to occur in Bolivia.

Phalotris nasutus. BOLIVIA: SANTA CRUZ: Provincia Ñufl o 
de Chavez, Hacienda and RPPN San Sebastián (16.3877167ºS, 
61.9997167ºW; 566 m). 26 October 2005. Martin Jansen and 
Arne Schulze. MNKR 4256. First country record. Phalotris 
nasutus was only known from the Cerrados in central Brazil 
to north and southwest (Lema 2002). Enlarges the range of P. 
nasutus substantially to the west. The nearest known locality in 
Mato Grosso lies ca. 850 km E (Lema 1999). 

Thamnodynastes chaquensis. BOLIVIA: SANTA CRUZ: 
Hacienda and RPPN El Espinal, Pantanal, San Matias. 17 
April 2005 and 24 January 2006. Martin Jansen. MNKR 4284 
(17.04ºS, 58.5189667ºW, 99 m), SMF 86332 (17.0372167ºS, 
58.5305667ºW; 124 m). Verifi ed by F. L. Franco from photographs 
and data of squamation. First departmental record. This species is 
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distributed from Paraguay, Uruguay, northeastern Argentina, and 
Brazil (Carreira 2003; Giraudo 1996; Giraudo and Scrocchi 2002; 
Franco and Ferreira 2002; Leynaud and Bucher 1999). In Bolivia 
it was only known from Tariquía, Department of Tarija (Lavilla 
and Scrocchi 1999). The nearest known locality is ca. 210 km SE, 
in the Pantanal at Poconé, Mato Grosso, Brazil [a photograph of 
Thamnodynastes sp. by Strüssmann and Sazima (1993) shows T. 
chaquensis according to Franco and Ferreira (2002)]. 

Xenodon rhabdocephalus. BOLIVIA: SANTA CRUZ: Hoyada 
(Prov. Florida, north of Aguaclara, at the southern limits of the 
Parque Nacional Amboro, 1650–1900 m) and RPPN Los Volcanes 
(18.1059ºS, 63.5977667ºW; 1051 m). 15 October 2004 and 09 
March 2005. Eduardo Mamani, Fray Andres Langer and Martin 
Jansen. First departamental record. In its large distributional 
area from Central America and South America south to Brazil 
and Bolivia (Paolillo 1984) the species was only known from 
sea level to about 1300 m (Wilson and Meyer 1982). The record 
from the locality Hoyada extends the vertical distribution from 
X. rhabdocephalus at least 300 m. The record from Los Volcanes 
extends the distribution at least 350 km SSE; the nearest known 
locality is at the Rio Mamoré, Beni, Bolivia (Fugler et al. 1995).

Acknowledgments. —I thank the Los Volcanes (A. Schwiening) and San 
Sebastian (L. Werding) for their invitation to conduct research on their 
properties. I am grateful to the Dominican Monk Fray Andres Langer, 
Pampagrande, who provided help whenever and however he could. I 
thank A. Schulze for invaluable fi eld assistance, and also the co-workers 
of the haciendas. Collecting and exportation permits were provided by 
the Ministerio de Desarrollo Sostenible, La Paz, and Servicio Nacional 
de Sanidad Agropecuaria e Inocuidad Alimentaria (SENASAG). P. 
Herrera and A. Justiniano, Museo Noel Kempff Mercado, Santa Cruz, 
provided valuable assistance with acquisition of these permits. I thank 
G. Köhler and F. L. Franco for verifying species identifi cations. G. 
Köhler provided many useful comments on the manuscript. Fieldwork 
in Bolivia was funded by a grant from the German Academic Exchange 
Service (DAAD).
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Godfrey, and Vincent Bels. 2008. CRC Press, Boca Raton, Flor-
ida (www.crcpress.com). Hardcover. xiii + 389 pp. US $149.95. 
ISBN 978-0-8493-3339-2.
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e-mail: eli.greenbaum@villanova.edu

In the Preface to 
Biology of Turtles 
(BOT) the authors 
explain that their 
book is the result 
of a turtle anatomy 
symposium at the 
Sixth International 
Congress of Ver-
tebrate Morphol-
ogy held at Jena, 
Germany in 2001. 
Given the mor-
phological focus 
of the conference, 
the book’s pur-
view encompasses 
several fi elds of 
biology within an 
anatomical con-
text, including de-
velopmental biology, functional morphology, behavior, physiol-
ogy, evolution and systematics. Thirty-fi ve contributors from the 
United States and Europe provided 13 chapters that are discussed 
in detail below.

The fi rst chapter (16 pages) by Scott Gilbert and colleagues 
explains the detailed process of ossifi cation of the shell in tur-
tles. The authors discuss how heterotopy and paracrine factors af-
fect formation of the carapacial bones in the well-studied genera 
Trachemys, Chelydra and Pelodiscus. These same genera are the 
focus of the authors’ discussion of neural crest cells and hetero-
chrony during plastron formation. A fi nal, brief section summa-
rizes the evolutionary implications of shell formation, including a 
discussion of the anapsid-diapsid debate, and how different kinds 
of data have been used to reach different conclusions about the 
origin and classifi cation of turtles. 

Chapter 2 (27 pages) by Melissa Snover and Anders Rhodin 
focuses on the application of skeletochronology (specifi cally 
LAG’s, or lines of arrested growth) to estimate age and growth 
rates in turtles. The two patterns of bone growth in turtles are 
discussed in detail in the next section, but the authors focus on 
chondro-osseous development in the leatherback sea turtle Der-
mochelys coriacea, which is unique among turtles—this fascinat-

ing section is richly illustrated with detailed photographs of fresh 
bone preparations, histological cross sections of bone, and elec-
tron micrographs of extant sea turtles, as well as joint surfaces of 
several extinct sea turtle genera. The evolution of vascularized 
cartilage in the superfamily Dermochelyidae is explored in the 
context of three competing hypotheses of phylogenetic relation-
ships. Finally, the authors explain how their results demonstrate 
that Dermochelys is unique among turtles in relation to rates of 
growth to sexual maturity.

Peter Pritchard is the author of Chapter 3 (39 pages), which 
discusses the origin of turtles within the context of fossils and 
morphology, and then explores variation in turtle shells (includ-
ing osteology, scutes and kinesis) in detail. Additional sections 
discuss sexual dimorphism, ankylosis, fontanels, plastral reduc-
tion, deformities (including “pyramiding,” kyphosis, scute ab-
normalities, and premature ankylosis of individual shell sutures), 
and geodesics. Finally, specialized and unusual shell morpholo-
gies are discussed in the families Cheloniidae, Dermochelyidae, 
and Trionychidae. This chapter includes 38 black-and-white pho-
tographs of shell variation in turtles.  

The brief Chapter 4 (12 pages) by Gustavo Llorente and col-
leagues is entitled “Long Bone Allometry in Tortoises and Tur-
tles.” The authors compare limb bone diameters and lengths 
across 11 families of turtles to test whether “limb scaling” differs 
among terrestrial and aquatic chelonians (possibly as a result of 
locomotor adaptations), and follows patterns described previ-
ously in other tetrapods. Their results are consistent with a “geo-
metrical similarity” hypothesis, and it seems that turtle bones are 
more similar to the shape of bird bones than the long bones of 
quadrupedal mammals.  Future directions to investigate the role 
of locomotor adaptation on the appendicular shape of turtles are 
discussed.

Sabine Renous and colleagues examine the relationship among 
morphological variation of extant and extinct turtle locomotor 
systems, their function, and diversity of aquatic and terrestrial 
habitats in  Chapter 5 (42 pages). The chapter includes a discus-
sion of environmental constraints and the origin of aquatic turtles, 
structural constraints on the chelonian body plan, and a detailed 
analysis of morphological variation in aquatic environments. The 
topic transitions to a section about locomotion in aquatic turtles, 
including different functions of the limb, propulsion, kinematics, 
and limb coordination.   

Chapter 6 (24 pages) by Richard Blob and colleagues is entitled 
“Hindlimb Function in Turtle Locomotion: Limb Movements and 
Muscular Activation across Taxa, Environment, and Ontogeny.”  
The authors compare aquatic and terrestrial patterns of hind limb 
kinematics and muscle activation (EMG) between aquatic, highly 
specialized spiny softshell turtles (Apalone spinifera) and gener-
alized, semiaquatic sliders (Trachemys scripta).  One section of 
the chapter compares adults of the two species, and although both 
species have largely similar modulation patterns, several interest-
ing contrasts in hind limb function are discussed. A similar inves-
tigation of Apalone and Trachemys juveniles notes that several of 
the interspecifi c differences of adults are not evident in juveniles. 
The chapter ends by discussing future directions for studies of 
turtle locomotion.

The aim of Anthony Herrel and colleagues in Chapter 7 (23 
pages) is to provide a detailed description of the cervical sys-
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tem in pleurodiran (horizontal plane head retraction) and cryp-
todiran (vertical plane head retraction) turtles, and to emphasize 
the functional consequences of differences in morphology in the 
two groups. The authors studied the preserved anatomy of Che-
lodina longicollis, C. reimani, Apalone ferox, and A. spinifera, 
and used live animals from each species to study the kinematics 
of snorkelling behavior. The cervical vertebrae and musculature 
are illustrated in detail for C. longicollis and A. spinifera.  Dif-
ferences in these structures and movement patterns are discussed 
for both groups.

Chapter 8 (26 pages) by Vincent Bels and colleagues provides 
the fi rst comparative analysis of feeding behavior in turtles, es-
pecially in marine and terrestrial species. An overview of turtle 
feeding and drinking behaviors is provided, and then the chapter 
focuses on the kinematics of terrestrial ingestion, the intra-oral 
transport cycle, swallowing, aquatic ingestion, and a specifi c case 
of feeding in Dermochelys coriacea. The chapter is illustrated 
with several schematic feeding diagrams, frames of video of 
feeding behavior, x-ray videofl uoroscopy, and high-speed x-ray 
fi lm sequences.  

A brief Chapter 9 (12 pages) by BOT’s lead editor Jeanette 
Wyneken explores the anatomy of the circulatory and pulmonary 
systems in turtles, including sections on the heart, great vessels 
and major tributaries, lungs and airways, cardiopulmonary circu-
lation, ventilation, cardiovascular shunts, and respiratory physi-
ology. Differences in these structures among turtles are generally 
correlated with ecology and behavior. The chapter ends with a 
comparison of turtle cardiopulmonary structures to other rep-
tiles.

BOT’s longest chapter (54 pages), by Jeffrey Miller and 
Stephen Dinkelacker, is a literature review entitled “Reproduc-
tive Structures and Strategies of Turtles.” The authors state that 
their focus is on the morphological diversity of chelonian repro-
ductive structures and the effects these have on the range of re-
productive strategies exhibited by turtles; an extensive references 
section (18 pages) is provided to stimulate further research. The 
authors discuss variation in reproductive structures in several sec-
tions including general morphology, gonads, the oviduct, cloaca 
and associated structures, hormonal changes during reproduction, 
and eggs. A second, ambitious section on reproductive strategies 
explores sexual dimorphism, mating behavior, seasonal timing of 
reproduction, insemination and sperm storage, fecundity (includ-
ing shape and number of eggs and clutches), nesting patterns and 
density, ovipositional site selection and oviposition, embryonic 
development and incubation, sex determination, developmental 
arrest, hatching and hatchling survivorship, overwintering, and 
growth.  The authors have synthesized an ambitious amount of 
information in this chapter, and although the authors state that 
their literature review is not meant to be comprehensive, I would 
be remiss if I didn’t point out that they omitted Apalone spinifera 
from the list of trionychid developmental stage studies (Green-
baum and Carr 2002). In the review of turtle development, it 
would have been nice to include several recent, detailed turtle 
development studies by Christopher Sheil that provide incubation 
data that are relevant to the discussion (e.g., Sheil 2003, 2005).    

Chapter 11 (22 pages) by Vincent Hulin and colleagues is en-
titled, “Mixed and Uniform Brood Sex Ratio Strategy in Turtles: 
The Facts, the Theory, and Their Consequences.” The authors 

have three goals in this chapter: (1) theoretically compare strate-
gies producing unisex or mixed-sex ratios within a nest and their 
contribution to the population; (2) assess the risk of extinction 
of turtle populations according to the brood sex ratio strategy 
(mixed or unisex nests) used by individuals; and (3) compare 
their theoretical predictions with real-world scenarios from the 
literature.  The authors discuss these aspects in detail and explain 
how they are related to the evolution of temperature-dependent 
sex determination (TSD) and its consequences to turtle evolution. 
One interesting section discusses global warming and the fate of 
TSD turtles, exploring different adaptive strategies that turtles 
might use to survive into the 22nd century. This chapter seems 
somewhat out of place with the rest of the contributions in BOT 
because it does not have an anatomical focus.

Sarah Milton is the author of Chapter 12 (44 pages) entitled, 
“The Physiology and Anatomy of Anoxia Tolerance in the Fresh-
water Turtle Brain.” The chapter begins with an introduction to 
the central nervous system and brain, and continues with sections 
on “the brain in crisis,” the anatomy and physiology of anoxic 
survival, energy supply and the enzymes of anaerobic glycolysis, 
ion channels, neurotransmitters and neuromodulators, excitatory 
neurotransmitters, nitric oxide, the visual system, antioxidants, 
and neurogenesis. The chapter concludes by saying that anox-
ia-tolerant turtles do not differ signifi cantly from mammals and 
most other vertebrates in brain structure, neuronal pathways or 
presence/absence of specifi c neurotransmitters, but rather in the 
expression of protective pathways that are expressed more ro-
bustly and successfully in turtles.

BOT’s shortest and last Chapter 13 by Olivier Rieppel (9 pag-
es) begins with a discussion of the unique morphology of turtles, 
a lack of intermediate fossils, and the resulting diffi culty with 
comparisons to other reptiles. Subsequent sections briefl y discuss 
the history of changing ideas regarding turtle origins and relation-
ships, the current status of the debate, and the ecological setting 
of turtle origins. Rieppel notes a general consensus has emerged 
that places turtles among the diapsid reptiles, but it is not yet clear 
whether they are more closely related to the lepidosauromorph or 
archosauromorph clades. A recent study of tetrapod RAG-1 se-
quences by Hugall et al. (2007) supports the latter choice, but the 
controversy is certain to continue for the foreseeable future.

In general, the quality of writing and illustrations in BOT are 
good, but I did note a few minor issues: pg. 1, “hardback turtles 
of the Emys [sic] and Chelydae families” instead of Emydidae 
and Chelydridae; pg. 2, “suprepygeal” instead of suprapygal; pg. 
47, “…spines on the long tail, not the mention the ones on the 
back…”; pg. 165, “A. spiniferus” instead of A. spinifera; pg. 201, 
“Trachymys” instead of Trachemys; pg. 345, omitted parenthesis. 
The formatting of the References for each chapter was not consist-
ent, and I noticed problems with switching the position of volume 
and publication years, and inconsistencies in how page ranges are 
provided. There also seem to be problems with consistent tax-
onomy among the chapters, especially with higher taxa—Chapter 
1 (pg. 1) refers to turtles as Chelonia instead of Testudines as 
used in Chapter 13; Chapter 8 (pg. 201) lists Cuora in the Family 
Emydidae, but it should be in the Family Geoemydidae. It would 
have been helpful to include generalized diagrams of the cara-
pace and plastron to guide the novice through scute terminology, 
especially because two chapters are devoted to shell morphology 
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and development. The price of US $150 seems expensive given 
the lack of color plates in most of the chapters, but the binding is 
sturdy and the book is printed on acid-free paper. These concerns 
aside, BOT is a useful reference for anyone interested in the mor-
phology and evolution of turtles.  

Acknowledgments.—John L. Carr provided comments on an earlier 
version of the manuscript.
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On the occasion of the 50th anniversary meeting of the SSAR 
in Saint Louis, Kraig Adler brought out the second volume of 
his important work Contributions to the History of Herpetology. 
This second volume, being conspicuously more lengthy than the 
fi rst (Adler 1989), again contains as its main part the biographies 
of “Herpetologists of the Past” sorted by time spans associated 
with the years 
of publication of 
their fi rst herpe-
tological work. 
These time in-
tervals start with 
centuries (1400–
1700), followed 
by one period 
of eight decades 
( 1 7 0 0 – 1 7 8 0 ) , 
then two periods 
of two-decades 
( 1 7 8 0 – 1 8 2 0 ) , 
followed by ten 
single decades 
( 1 8 2 0 – 1 9 2 0 ) , 
then shifting 
to six pentades 
from 1920–
1950. After that, 

two decades follow (1950–1970) and fi nally a span of 20 years 
(1970–1990) concludes this section. The varying length of these 
periods refl ects (1) that only few early herpetologists (or, more 
accurately, naturalists who have published on amphibians and 
reptiles) were not already treated by Adler (1989), and (2) that 
a large number of herpetologists who lived in the 19th and 20th 
centuries merited inclusion in this work. The shift to decade and 
two-decade periods at the end, in contrast, rather refl ects the fact 
that many herpetologists who started publishing after 1950, and 
especially those beginning publishing from 1960 or 1970 on-
wards, are largely still alive and, therefore, have to “wait” to be 
included in Volume 3! 

In the present volume the author was able to add no less than 
285 new biographies to those contained in Volume 1. They range 
from Leoniceno in the 16th century, over nearly fi ve centuries, 
to Joseph Slowinski who died only a few years ago (2001) in a 
tragic snake bite event. Not only was Adler successful in search-
ing for biographic data and obituaries for all these predecessors 
and former colleagues of our discipline, but he also was able to 
collect portraits and signatures for nearly every one of them. 

Considering the huge number of biographies, I approach this 
book as a curious, learning reader, and only in a few cases, can I 
provide a few additional details that might be useful, especially 
should the two volumes be fused into one new edition in the not-
too-distant future (Volume 1 is now out of print). Of course, due 
to my personal experience, my few comments refer mainly to 
German herpetologists and institutions, but certainly this book 
will also be reviewed in many other journals from countries that 
also produced prominent herpetologists featured in this volume, 
so that other reviewers will direct their focus on persons relevant 
to their respective experiences.

The fi rst point I should like to mention is the “Note” which 
follows the accounts on Johann Friedrich Blumenbach (p.31), 
Adolph Arnold Berthold (p. 69) and Wilhelm Keferstein (p. 87), 
three persons closely connected with the Zoological Museum of 
the University Göttingen which is, by the way, the oldest institu-
tional natural history museum in Germany (at that time Kingdom 
of Hannover, now federal state of Lower Saxony). The note after 
their biographies identically states: “In 1977 the entire Göttingen 
collection was transferred to the Museum Alexander Koenig in 
Bonn.” However, this is true only for the alcoholic collection of 
amphibians, reptiles and mammals (Böhme and Bischoff 1984; 
Hutterer 1984). For instance, the fi sh collection went to the Zoo-
logical Museum of the Hamburg University, the crustaceans were 
given to the Senckenberg Museum in Frankfurt am Main (Türkay, 
1988), and the ornithological collection (the so-called Kirchhoff 
collection: ca. 4000 mounted birds, including extinct species) 
went to the Niedersächsisches Landesmuseum in Hannover. Dry, 
mounted mammal and reptile specimens stayed in Göttingen, 
where only a small teaching collection and a collection for public 
display was retained.

In the case of Heinrich Rudolf Schinz (p. 51) it would be worth 
mentioning his long term scientifi c correspondence with Prinz 
Maximilian zu Wied-Neuwied (Vol. 1, p. 22). Schinz loaned 
books to Wied who prepared handwritten copies, e.g., of the fi sh 
part of von Siebold’s Fauna Japonica. In the latter case he even 
prepared more than 70 color plates, all personally redrawn from 
Schinz’s copy of this book, in order to save some 120 Thaler. This 
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work is still in existence in the familial archives of Neuwied Cas-
tle (near Koblenz, Germany). This interesting correspondence 
took place – with longer intervals – between 1821 and 1854 and 
is housed in the University Library of Zürich, Switzerland. 

The paragraph on Franz Leydig (p. 77) stresses the merits 
of this important anatomist in not only having created the term 
“Feinstruktur” but actually having discovered the fi ne structure 
of many glandular and sensory organs of amphibians and reptiles. 
I think it would be also worth while to mention here his discov-
ery and fi rst description (Leydig 1857, 1872) of the microscopic 
“stachliges” (= spiny) epithelium on the hemipenial surface in 
two lacertid lizard species, as this particular structure was subse-
quently found to be taxonomically relevant for lacertid systemat-
ics (Böhme 1971; Arnold 1973).

Gustav Tornier (p. 127) left us with a number of scientifi c 
herpetological names (e.g., Lacerta vauereselli – now Adolfus 
vauerereselli, Chamaeleon jacksoni var. vauerescecae – now C. 
j. jacksonii), and Geodipsas vauerocegae – now Buhoma vauer-
ocegae), the etymological derivation of which seems really im-
probable for those who have not heard the story. Fortunately, I 
learned it from one of Tornier’s successors in Berlin, Günther 
Peters. Tornier felt that it might be advantageous if a species 
name included information on the position of the respective spe-
cies in the zoological system. So he developed a naming system 
based on the initial letters of the higher categories the species 
belonged to. Thus, L. vauereselli was derived from the initial let-
ters V for Vertebrata, R for Reptilia, S for Sauria, and L for Lac-
ertidae, giving in (German) spoken form Vau, Er, Es, El, supplied 
with the masculine genitive singular ending -li. Accordingly, C. 
vauerescecae refers to a vertebrate reptilian saurian of the family 
Chamaeleonidae (VRSC), here supplied with the feminine geni-
tive singular ending -cae. Buhoma vauerocegae, accordingly, is 
a vertebrate reptilian ophidian colubrid (VROC), here equipped 
with the feminine genitive singular ending -gae. I think it would 
be a pity if knowledge of Tornier’s strange method of name con-
struction were to be lost.

A small correction is necessary in respect to the account on 
Heinz Wermuth (p. 216). He did not, as stated in this account, 
“initiate,” together with the paleoherpetologist and mammalogist 
Wolf Herre, the series Handbuch der Reptilien and Amphibien 
Europas which then was edited by myself from 1981 onwards. 
The fi rst initiative was made by the publisher who approached 
me in order to complement multi-volume series on the birds of 
Central Europe and the mammals of Europe, which had begun in 
1979. Rather, both Wermuth and my former doctoral supervisor 
Herre each agreed, at my request, to write a preface each for the 
fi rst volume of this series. 

Similar slight amendments, minor additions, and cross-ref-
erences could certainly be made on some other herpetologists 
forming part of this volume but their accounts will have to be 
evaluated by readers of their respective nationalities. Any such 
comments aside, however, Kraig Adler, is to be admired for the 
massive task of again compiling such a huge amount of herpeto-
biographical information.

Apart from the main part of the book discussed above, Kraig 
Adler again engaged Richard Applegarth and Ronald Altig for 
the two following chapters of the book. Applegarth compiled a 
second edition of his Index of Authors in Taxonomic Herpetol-

ogy which is an impressive list of nearly 60 pages with about 
60 names per page on average. Here, in contrast to the fi rst part, 
recent authors also fi gure alphabetically amongst their deceased 
predecessors and colleagues. Despite the large number of names 
with their dates of birth and death, there are some persons where 
the dates of birth are replaced by a question mark. Among them 
are even persons mentioned in the acknowledgements at the be-
ginning of the book, so that the search for at least some of these 
dates should have been rather easy. But again, so few omissions 
within so many data really seem a “quantité négligeable” to me.

The same is true for the fi nal part of the book, the second edi-
tion of the Academic Lineages of Doctoral Degrees in Herpe-
tology compiled by Ronald Altig. The lineages are arranged by 
country in alphabetical order, starting with Armenia and ending 
with Zimbabwe. Although several of these countries do not have 
their own lineages, they are nonetheless listed and readers are 
referred to other countries in which relevant herpetologists were 
trained academically. The information given concerns the year 
of the doctoral award and the university where it was achieved. 
Again, some question marks could have been easily replaced by 
hard data — one e-mail would have been enough in some cases! 
But here it is also true that the vast majority is complete so that the 
few omissions are insubstantial. Turkey is listed but only with the 
hint “see Germany.” Although it is correct that Muhtar Başoğlu 
was a doctoral student of Kurt Cosswig in Hamburg, the lineage 
founded by him at the Aegean University in Bornova-Izmir is 
so important and independent, not to mention the numerous aca-
demic “F2 generation” produced in Izmir, that it certainly merits 
listing under a Turkish, rather than German, signet. 

In the German lineages, I found some errors and omissions in-
cluding my own one which could easily be corrected or supple-
mented in a future edition: A nice, important starting point for a 
fi rst series in Germany would have been the famous J.F. Blumen-
bach, with his likewise important academic offspring Adolph Ar-
nold Berthold and Prince Maximilian zu Wied-Neuwied. Series 
2: 001. The doctoral supervisor of Wolf Herre was Bruno Klatt. 
003. My own former doctoral students S. Etti, J. Handwerk, K. 
Schmidt-Loske, and A. Schunke worked with topics other than 
herpetology, and Ronald Altig obviously got my list from some-
one else. Series 4: 004. Heinz Wermuth, student of Martin Eisen-
traut, did not establish his own university-related working group. 
Rather he co-supervised theses in cooperation with university 
professors; for example, that on New Guinean crocodiles by Di-
etrich Jelden. Günther Peters, however, who is listed here as his 
student, was in fact his successor at the Berlin Museum, but was 
himself a doctoral student of P. W. Terentyev in Leningrad (now 
St. Petersburg)! These few errors do not by any means lessen the 
great value of this important overview of academic genealogies. 

In conclusion, Volume 2 of Kraig Adler’s Contributions to the 
History of Herpetology is a monumental work and a landmark in 
this special discipline. Nevertheless, despite the admiration for 
this book and for all the great personalities included in it, the 
herpetological reader certainly still appreciates belonging to the 
“Herpetologists of the Present.”
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ledging that many topics are simply beyond the scope of a single 
volume, he frequently defers to more specifi c works. The result is 
a uncommon balance between depth and breadth of coverage.

For a volume of this scope and size, the book is surprisingly 
readable. Wells’ conversational writing style contributes to this 
readability, as do the abundant photos, line drawings, and fi gures. 
It is rare to see more than four consecutive pages without a visual 
aid. Full- or half-page photo spreads are distributed throughout 
the text and, while black-and-white, are generally of high quali-
ty. Figures have been reproduced in a consistent format and the 
book’s numerous line drawings (many by Mary Jane Spring) are 
excellent. Smaller aesthetic details should be appreciated, as well 
— for example, the matte-fi nish pages and clear printing. Edi-
torially, the book contains very few typographical errors, which 
should reduce unwanted distractions from the text for those prone 
to be grammar and spelling sticklers.

Certainly this book could serve as a reference volume for anyo-
ne working on ecological questions involving amphibians. Porti-
ons of the book could be used in upper-level undergraduate cour-
ses, although its full potential would be better realized in a class of 
graduate students possessing the background to decipher sections 
that might prove incomprehensible to many undergraduates (such 
as the discussion of functional morphology of tadpole feeding). 
In fact, any graduate student in amphibian biology would do well 
to spend the fi rst month of his or her graduate career immersed in 
this book. Students would emerge with a solid foundation in the 
discipline to which they plan to contribute and a fi stful of project 
ideas, as Wells concludes nearly every chapter with a description 
of fruitful areas of future research.

In Chapter 1, Wells discusses the evolutionary origins of am-
phibians and introduces two evolutionary trends in the group — 
miniaturization and large genome size. Profi les of all recognized 
families of anurans, urodeles, and caecilians follow. The photos 
accompanying these descriptions of amphibian diversity also in-
dicate where additional photos of members of each family can be 
found in the text. Some readers may criticize Wells’ decision not 
to incorporate the taxonomic revisions of Frost et al. (2006), but 
others will appreciate the continuity of the more traditional no-
menclature. The chapter ends — as does each subsequent chapter 
— with a “Summary and Conclusions” section.

Chapters 2 and 3 discuss two key infl uences on amphibian eco-
logy and behavior: 1) water relations and 2) temperature relati-
ons. As Wells points out with historical quotes, amphibians’ close 
association with moisture and ambient temperatures led some 
early naturalists to conclude that they were “little more than a 
peculiar type of fi sh which is capable of walking on land.” In 
fact, even in The Biology of the Amphibia (1931), G. Kingsley 
Noble remarked that they “remain slaves to their surroundings.” 
As these chapters illustrate, however, amphibians have developed 
unique ways to capitalize on temporally variable resources despi-
te physiological constraints.

The respiratory and metabolic characteristics of amphibians 
dramatically reduce their maintenance energy demands, allowing 
this “defeated group” (as described by yet another early natura-
list) to exploit niches unavailable to other vertebrates. These traits 
have even facilitated the evolution of the world’s largest known 
lungless tetrapod—a typhlonectid caecilian. Chapters 4 and 5 fo-
cus on these unique modes of respiration and metabolism, respec-
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In the preface to The Ecology and Behavior of Amphibians, 
Kentwood Wells muses that the book has resembled at times du-
ring its approximate 25-year development “one of those never-
ending scholarly endeavors...[like] writing the defi nitive multivo-
lume biography of Herman Melville.” In fact, the book does re-
semble Melville’s famous white cetacean in size, with a fi nal page 
count of 1148. Despite the rather intimidating size of the book, 
however, the text is enjoyable. Wells’ scholarly endeavor aims to 
be a single-volume synthesis of major themes in amphibian eco-
logy and behavior 
and, given the am-
bitious nature of the 
task, he is remar-
kably successful.

The book is or-
ganized into 16 
chapters, grouped 
roughly by topic. In 
each, Wells does a 
skillful job of dis-
cussing volumes 
of literature with 
clarity and a strong 
sense of historical 
perspective. The 
book’s strength also 
comes from what 
Wells chooses not 
to write. Acknow-
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tively. Wells celebrates the contributions of amphibians, and par-
ticularly anurans, to early experimental studies of gas exchange 
and energetics, although some readers may cringe at descriptions 
of frogs in vacuum chambers, frogs coated in paint, and frogs 
buried alive in stone chambers for years. On a less macabre note, 
the chapter also covers important aspects of amphibian ecophysi-
ology and ecology, such as relationships between oxygen demand 
and egg size. 

Chapter 6 discusses studies of amphibian movement and orien-
tation. The initial section of the chapter focuses on the problems 
of marking and adequately tracking amphibians, as well as the 
danger of overestimating home range sizes. And despite an ex-
tensive history of work on orientation behavior, Wells is forced to 
conclude that we do not have an adequate understanding of how 
amphibians integrate sensory information from various channels 
to navigate through the landscape. He does, however, summarize 
movement distances and home ranges reported in the literature 
for salamanders and terrestrial anurans in several tables, and dis-
cusses the relevance of movement behavior for genetic structure 
and amphibian conservation efforts.

Chapters 7 and 8 cover vocal communication, mating sys-
tems, and sexual selection in anurans. Beginning with a descrip-
tion of sound production, Wells moves on to vocal interactions 
within a chorus and between individual males, as well as female 
responses to calling behavior. Some sections (e.g., on the pro-
cessing of acoustic signals) may be compelling reading for a re-
latively narrow audience, but overall this chapter is a thorough 
treatment of some of the most intriguing behavioral interactions 
of anurans. In Chapter 8, Wells refers to his own (1977) review 
of anuran mating systems and explores three main mating strate-
gies — scramble competition, chorusing and leks, and resource 
defense. A particularly interesting section of this chapter covers 
the empirical evidence (or lack thereof) for the ability of females 
to detect differences in male quality and the likelihood of genetic 
benefi ts to offspring as a result of female choice.

Compared to that of anurans, the body of work on urodele and 
especially caecilian communication and social behavior is mo-
dest, although some species have been studied in detail (e.g., Ple-
thodon cinereus). Chapter 9 covers a stunning variety of urodele 
social behaviors and contains some of the book’s most impressive 
line drawings. In addition to describing elaborate courtship dis-
plays, pheromone delivery, and territorial aggression, Wells places 
many of these behaviors in a phylogenetic context. Throughout 
the book, the importance of phylogenetically controlled studies to 
support basic biological predictions is a recurrent theme.

Chapter 10 begins with a 17th-century description of amphibian 
mating, “…with croaking voices the male provoketh the female to 
carnal copulation,” which must be one of the most colorful quotes 
in the book. In this chapter Wells discusses the natural history of 
amphibian reproduction, including the segregation of fertilization 
and oviposition in space and time associated with internal ferti-
lization. He also contributes his own meta-analysis of data on 
the relationship between egg size, clutch size, and reproductive 
mode. Based on the results, he argues that the generally reported 
direct tradeoff between egg size and clutch size in amphibians 
does not necessarily apply to species within all reproductive mo-
des. Although he points out the limitations of sorting species into 
these defi ned reproductive modes, Wells does include descrip-

tions of the 39 modes of Haddad and Prado (2005), grouped by 
ecological similarity.

Chapter 11 then covers parental care, specifi cally the evolution 
of parental care and sex roles and what Wells argues are the dif-
ferent selective pressures giving rise to parental care in anurans 
versus urodeles. This chapter also contains some of the more ex-
traordinary photos in the book. One of my personal favorites is 
the series depicting a female African shovel-nosed frog digging 
out of a subterranean burrow and making her way down to the 
water, while a cluster of tadpoles clings to her back and the rest 
follow along behind in a mud channel of her own construction.

The following two chapters focus on the larval stage of amphi-
bian lifecycles, beginning with the ecology and behavior of larvae 
in Chapter 12. Much of this section is devoted to the ecological 
morphology of tadpoles, with detailed drawings of lateral views 
and mouthparts (and several scanning electron micrographs of 
the latter) illustrating frequent convergent evolution among dif-
ferent anuran families. A discussion of kin recognition and its 
signifi cance for social behaviors in both anuran and urodele lar-
vae is also included. Chapter 13 then moves into the adaptive 
signifi cance of complex life cycles and the ecology of amphibian 
development and metamorphosis. This is a particularly informa-
tion-rich chapter, dealing with classic models of amphibian me-
tamorphosis as well as paedomorphosis. Through Wells’ skills in 
synthesis, large numbers of relevant papers are condensed into a 
series of fi gures and concise descriptions.

Chapter 14 addresses the role that amphibians play as prey 
for many organisms, as well as the ways predation can infl uence 
both individual amphibians and amphibian community structure. 
Although the descriptions of predators run a bit long, the cle-
verly named section “Man the Frog Hunter” gives an intriguing 
history of frog consumption by humans, including an account of 
1,000 frogs served at a 16th-century banquet for Elizabeth of Aus-
tria. This section mentions the food-related exploitation of Rana 
draytonii and subsequent introduction of Rana catesbeiana in the 
western U.S., but could have also included issues associated with 
the importation and introduction of Rana ridibunda in western 
Europe.

The infl uence of predation on amphibian community structure 
is discussed further in Chapter 15, along with the infl uences of 
competition, hydroperiod, and canopy cover. This chapter is an 
invaluable reference for anyone interested in experimental eco-
logy (as well as a nice primer on work from the labs of Henry 
Wilbur and Earl Werner). Wells discusses the infl uence of ex-
perimental venue on outcomes of competition experiments and 
points out that knowledge of terrestrial anuran communities is 
almost entirely lacking.

One benefi t of a lengthy literary gestation period is the ability 
to incorporate emerging developments. Wells notes at the begin-
ning of Chapter 16 that as evidence accumulated for worldwide 
amphibian population declines, his original concept of the book’s 
fi nal chapter evolved into a chapter on amphibian conservation. 
He stresses that basic amphibian biology should be the founda-
tion of any research program on declines. In fact, he builds from 
this foundation in each of the main sections of the chapter — fi rst 
discussing amphibian traits that infl uence vulnerability to envi-
ronmental perturbations, then exploring causes of declines within 
a geographic context, and fi nally asking how ecosystems might 
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change if there were no amphibians. The concluding section 
addresses the future of amphibians. Wells’ emphasis in this sec-
tion on the intertwined needs of humans and wildlife in tropical 
hotspots is refreshing, given that the sociology of conservation 
could have easily been overlooked in a book of this sort. The 
chapter ends with a call for hope, outlining specifi c actions ne-
cessary to ensure the continued existence of frogs, salamanders, 
and caecilians.

In short, The Ecology and Behavior of Amphibians makes a 
weighty contribution to amphibian biology (in more than one 
sense of the word). Wells has distilled an amazing volume of li-
terature into a single publication. I can recommend this book wi-
thout reservation to anyone working with, or seriously interested 
in, the charismatic taxon that Linnaeus once famously dismissed 
as “loathsome animals.” 
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