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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 
www.ssarherps.org  

The Society for the Study of Amphibians and Reptiles, the largest international herpetological society, is 
a not-for-profit organization established to advance research, conservation, and education concerning 
amphibians and reptiles. Founded in 1958, SSAR is widely recognized today as having the most diverse 
society-sponsored program of services and publications for herpetologists. Membership is open to any-
one with an interest in herpetology-professionals and serious amateurs alike-who wish to join with us 
to advance the goals of the Society. 
All members of the SSAR are entitled to vote by mail ballot for Society officers, which allows overseas 
members to participate in determining the Society's activities; also, many international members attend 

the annual meetings and serve on editorial boards and committees. 

ANNUAL DUES AND SUBSCRIPTIONS: Annual membership dues for the year 2006 in the Society for the Study of Amphibians and 
Reptiles are as follows: REGULAR membership US$60 (Student $30)-includes Journal of Herpetology and Herpetologi-
cal Review; PLENARY membership US$80 (Student $45)-includes JH, HR, and annual subscription to the Catalogue of 
American Amphibians and Reptiles; INSTITUTIONAL SUBSCRIPTION $115-includes JH and HR. Additional fee for 
airmail postage outside USA $35 for one year. Additional membership categories available on the SSAR webpage: http:// 
www.ssarherps.org/pages/membership.html.  

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

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with Visa or MasterCard 
(account number and expiration date must be provided). Payment should be sent to: Breck Bartholomew, SSAR Membership 
Office, P.O. Box 58517, Salt Lake City, Utah 84158, USA. Fax: (801) 453-0489; e-mail: ssar®herplit.com . 

Future Annual Meetings 

2006 - New Orleans, Louisiana, 12-17 July (with AS/H, HL) 
2007 - Saint Louis, Missouri (with ASIH, HL) 



About Our Cover: Bungarus flaviceps 

The Red- (or Yellow-) 
headed Krait (Bungarus 
flaviceps) is one of the rarest 
species of Bungarus despite 
its extensive distribution 
which extends throughout 
Indochina and south through 
peninsular Thailand and Ma-
laysia to Singapore and onto 
the islands of Sumatra and 
Borneo. Snakes are found in 
both lowland and hilly for-
ested areas, and in peninsular 
Malaysia, seem to be associ-
ated with small watercourses 
provided that suitable cover is 
nearby. Adult B. flaviceps can 
reach nearly 2 m in length, and 
given the toxicity of their 
venom, this makes them quite 
dangerous. Although secretive 
and shy by nature, B. flaviceps can become extremely aggressive, quick, and 
agile when cornered and photographing this species can be rather nerve wrack-
ing. Like most elapids, B. flaviceps feeds on other reptiles, principally snakes 
and skinks. The foregoing is drawn largely from Manthey and Grossmann 
(1997. Amphibien & Reptilien Siidostasiens. Natur and Tier Verlag, Muster. 
512 pp.) and Stuebing and Inger (1999. A Field Guide to the Snakes of Borneo. 
Natural History Publications, Kota Kinabalu, Borneo. 254 pp.). 

The specimen illustrated on the cover is the first Bungarus flaviceps to be 
collected from Pulau Tioman, although reports of an early specimen exist 
(van Rooijen 2001. Lacerta 59:97-103). Pulau Tioman is a relatively small, 
landbridge island located 29 km off the southeastern coast of peninsular Ma-
laysia in the South China Sea. Pulau Tioman is just one of 62 islands in the 
Seribuat Archipelago (Grismer 2006. A Field Guide to the Amphibians and 
Reptiles of the Tioman Archipelago, Malaysia. Forestry Department, Penin-
sular Malaysia) and harbors at least 98 species of which 17% are endemic 
(see Grismer et al. 2006. Raffles Bulletin of Zoology 54:157-180 and refer-
ences therein). The high herpetofaunal diversity of Tioman Island is supported 
by the extreme environmental diversity of its pristine habitats ranging from 
mangrove swamps along the coast to lowland and hill dipterocarp rainforests 
inland. 

The cover specimen was collected at night along the Mentawak River on 
the eastern side of the island as it was moving across the leaf litter of the 
forest floor. It was placed in position the next day at the top of the Tekek-
Juara trail and photographed 
using a Nikon D100 with a 
20 mm lens at an ISO equiva-
lent of 200. The photogra-
pher, Lee Grismer, is Profes-
sor of Biology at La Sierra 
University in southern Cali-
fornia. Grismer's fieldwork 
since 2000 has been centered 
in Malaysia, but has recently 
expanded into Cambodia and 
will move into southern Viet-
nam this summer. He is cur-
rently working on a 
mongraphic revision of the 
lizards of peninsular Malay-
sia, Singapore, and associ-
ated islands. Much of this 
work involves collaborations 
with Malaysian scientists and 
students from Universiti 
Kebangsaan Malaysia (Na-
tional University of Malay-
sia). 

SSAR BUSINESS 

SSAR Herp Hotline is Up and Running 

The new SSAR Herpetology Education Committee has activated 
an on-line questionnaire form to facilitate communication and edu-
cation between the public and professionals. The hotline also frees 
the presidents of our societies, who historically took responsibil-
ity for answering many letters, phone calls, and emails from en-
thusiasts. Just since January, over 70 questions on many topics, 
including specimen identification and husbandry for pets, have 
been posted and answered, primarily by herpetologists at Zoo At-
lanta. We're especially grateful to Dr. Brad Lock (Zoo Atlanta) 
for his contributions. Gregory Watkins-Colwell of the Yale Peabody 
Museum of Natural History and Joseph Mendelson of Zoo At-
lanta have worked together to design and implement this impor-
tant interface. We also hope that professionals and experts in 
academia will participate by posting questions and serving as au-
thorities in answering queries on specific topics. The form is cur-
rently accessible from the SSAR web page. Check it out! 

http://www.peabody.yale.edu/collections/vz/herpform.html  

Dean E. Metter Memorial Award 2006 

The Dean E. Metter Memorial Award was established to en-
courage students to pursue field research in herpetology and to 
facilitate field research by providing funds for related expenses. 
The Metter Memorial Award Committee is pleased to announce 
that this year's winner is Ms. Cybil Nichole Smith, whose project 
is titled: "The Significance of the Distinctive Color Pattern and 
Behavior of Hatchling Great Plains Skinks (Eumeces obsoletus)." 
Ten proposals were submitted this year and the committee (Joe 
Beatty, Anne Maglia, and Brian Miller) was impressed with all, 
but had to choose a single awardee. 

Nikki Smith graduated with honors from Oklahoma State Uni-
versity in May 2006 with a B.S. in Wildlife and Fisheries Ecology 
(emphasis in Wildlife Management). Since 2003, she has worked 
in the laboratory of Dr. Stanley F. Fox, who will serve as her advi-
sor and mentor for this project. She has also participated in sev-
eral other research projects while completing her degree that in-
volved both laboratory and field work. Ms. Smith is the first un-
dergraduate to win the Metter Memorial Award. 

Her proposal will address the significance of the phenotypic 
(color and behavior) differences between juvenile and adult 
Eumeces obsoletus. She has designed a series of experiments to 
test whether or not the Giant Whipscorpion (Vinegaroon), 
(Mastigoproctus giganteus), might be a noxious model for the ju-
venile phenotype of E. obsoletus. 
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NEWSNOTES 

A. Stanley Rand Fellowship Established 

In recognition of Stan Rand's efforts to foster and promote the 
careers of Latin American biologists and his belief in the impor-
tance and value of organism-driven, field-based tropical research, 
the Smithsonian Tropical Research Institute has established an A. 
Stanley Rand Fellowship, to be awarded preferentially to a Latin 
American student who is studying animal behavior or ecology. 
This Fellowship fund, which has already grown to almost US 
$15,000, will honor Stan's memory and lifetime scientific achieve-
ments. 

Contributions or inquiries may be sent to: Lisa Barnett, 
Smithsonian Tropical Research Institute, 1100 Jefferson Drive, 
Suite 3123, MRC-705, Washington, DC 20013-7012, USA. 

Canadian Association of Herpetologists 

The Canadian Association of Herpetologists publishes The CAH/ 
ACH BULLETIN twice each year. The BULLETIN will print ar-
ticles and news of interest to herpetologists in Canada. These 
may be in the form of short announcements or letters, or may be 
written as longer articles (non-peer reviewed). The BULLETIN 
especially requests news of your research lab and current research 
activities, lists of your latest publications (up to one year old), 
travel plans, new students, grants, awards, fellowships, new books 
or book reviews, trivia or concerns. Please send your submissions 
to the Editor (Jackie Litzgus, jlitzgus@laurentian.ca ) as an MS 
Word document attached to an email. 

You can receive a free copy of the latest issue of the CAH/ACH 
BULLETIN by emailing Jackie (jlitzgus@laurentian.ca ) with a 
request. Please distribute the BULLETIN widely to all those that 
you may think would be interested in participating in the CAH/ 
ACH. The last page of the BULLETIN is a CAH/ACH member-
ship form—please join us! 

Extinction is Imminent for the Guatemalan 
Beaded Lizard 

(Heloderma horridum charlesbogerti) 

The Guatemalan Beaded Lizard is endemic to the arid, desert 
region of the Motagua valley in southeastern Guatemala and is 
one of the most endangered animals in the world. This animal was 
first seen by scientists in 1984, formally described in 1988 and a 
decade later was thought to be extinct in the wild. In 2002, a few 
individuals were found and limited natural history and ecology 
studies resulted in the first, but sparse, data on their lives in the 
wild. Most aspects of the lives of these creatures remain a mys-
tery. The Department of Herpetology at Zoo Atlanta is working 
closely with the Guatemalan organization ZooTropic to create a 
conservation plan for these lizards 

What Happened? 

What were the some of the factors that have led to the decline of 
the Guatemalan Beaded Lizard? First, beaded lizards live only in 
a tiny sliver of isolated desert habitat in the Motagua Valley of 
Guatemala; this area is isolated by massive cloud-forested moun-
tains and rainforest valleys. Thus, it seems these Guatemalan liz-
ards have had an historically limited range and have evidently 
existed in total isolation on this tiny island of desert habitat for 
many thousands of years. Further, land conversion for cantaloupe, 
tobacco, and corn farming has reduced the suitable habitat for this 
lizard to about 40,000 acres (roughly the size of Disney World in 
Orlando); best estimates have it that this area could support only 
150-200 individuals. These numbers are similar to some of the 
most endangered island iguanas. Being a venomous creature has 
not helped this lizard; many negative myths and attitudes surround 
this animal. For example, it is thought by the local inhabitants, 
that if your shadow crosses or touches a lizard you will begin to 
slowly waste away and eventually die. Due to these myths, until 
recently, lizards have been killed on sight. Lastly, the rarity of this 
subspecies in particular and the popularity of beaded lizards and 
gila monsters as captives in general has led to exploitation for the 
animal collection market. It has been estimated that approximately 
35 individuals were captured and sold abroad during the decade 
of the 1990s. 

Is There Any Hope? 

Because of the recent re-discovery of the species and the two 
natural history studies performed with support of Zootropic, the 
government of Guatemala has shown interest in protecting this 
animal and its habitat. In addition, Zootropic has launched an edu-
cation campaign working with villagers in the Motagua region. 
This program has already visited over 25,000 children and adults 
and, since 2004, there have been no reports of lizards being killed 
or sold. Studies are planned to answer basic questions concerning 
critical habitat needs. These will be the main data needed to guide 
land-preservation decisions to best help this creature. There are 
also about nine animals in captivity in Guatemala, spread among 
as many institutions. A breeding facility in the Motagua Valley is 
urgently needed to produce young animals for attempted reintro-
duction (and education) programs in protected areas. 

How You Can Help 

As stated, there are likely no more than 200 individual Guate-
malan Beaded Lizards left on Earth. Your help is desperately needed 
to save these unique creatures. Wayne Hill and the 2006 National 
Reptile Breeder's Expo have agreed to support the conservation 
effort for the Guatemalan Beaded Lizard. All proceeds from this 
year's annual auction will go to the "Project Heloderma" fund. 
This is hugely important, and we thank Wayne for his generous 
support of this project. To make this auction a success we request 
auction items of any sort. Monies collected for this fund will only 
go to efforts to save the Guatemalan Beaded Lizard. This fund 
will be specifically used to fund conservation research projects, 
raise public awareness in Guatemala, and establish a critically 
needed in-country breeding and conservation facility. Auction items 
should be sent so as to arrive by the first week in August. For 
more information on the auction please visit www.IRCF.org/Project  
Heloderma. 
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If you would like to help by contributing auction items please 
send these to: 

Wayne Hill 
621 Avenue M S.W. 

Winter Haven, Florida 33880, USA 
Attn: Project Heloderma 

Please e-mail a description and value of potential auction items 
to: Dr. Brad Lock, Assistant Curator of Herpetology, Zoo Atlanta 
(e-mail: block  @ zooatlanta.org ). 

MEETINGS 

Meetings Calendar 

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

12-17 July 2006-49th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' League 
and the American Society of Ichthyologists and Herpetologists. 
New Orleans, Louisiana, USA. Information: http://www.dce.ksu/ 
jointmeeting/. 

10-13 August 2006—Turtle Survival Alliance, Fourth Annual 
Conference, St. Louis Zoo, St. Louis, Missouri, USA. Joint meeting 
with IUCN Tortoise and Freshwater Turtle Specialist Group. 
Information: http://turtlesurvival.org/.  

6-9 November 2006-9th Reuni6n Nacional de Herpetologia 
Mexico, hosted by the Mexican Herpetological Society. Universidad 
Autonoma de Nuevo Leon, Monterrey, Nuevo Leon, Mexico. 
Information: http://www.sociedadherpetologicamexicana.com/.  

24-27 November 2006—Herpetological Association of Africa 8th 
Conference. Potchefstroom campus of the North-West University, 
South Africa. Information available from the conference website: 
www.wits.ac.za/haa/2006conf.htm.  

16-20 April 2007—First Mediterranean Herpetological Congress, 
Marrakech, Morocco. Information available from the Congress 
website: www.ucam.ac.ma/crnhl.  

Biogeography of West Indian Ocean 
Cryptoblepharus Lizards: An Example of 

Transoceanic Dispersal 

The genus Cryptoblepharus is composed of -36 morphologi-
cally similar forms considered to be subspecies within a single 
species, C. boutonii. The geographic distribution of the group in-
cludes the Indo-Pacific, Australian, and Malagasy regions. Ac-
cording to biogeographical theory, three different scenarios could 
result in this disjunct distribution: 1) evolution of the ancestral 
form at a time when the landmasses were connected, 2) natural 
long-distance transoceanic dispersal over a long period of time, 
and 3) recent human-mediated transportation. The authors used 
mitochondrial DNA (12S and 16S fragments) to reconstruct phy-
logenetic relationships between Cryptoblepharus subspecies of the 
Western Indian Ocean region, test alternative mechanisms to ex-
plain the present geographic distribution and evaluate the current 
taxonomic status. The previously estimated age of the group and 
the low genetic divergences found between Indo-Pacific/Austra-
lian and Malagasy sequences reject the ancient vicariance hypoth-
esis. In addition, the geographically structured genetic variation 
observed rejects the recent human-mediated transportation hypoth-
esis, supporting by process of elimination the transoceanic dis-
persal scenario as the origin of the Western Indian Ocean 
Cryptoblepharus. The authors also found that morphological varia-
tion (especially distinct coloration patterns) is not always concor-
dant with molecular variation, as some of the morphologically 
distinct forms share or have closely related haplotypes, and con-
siderable genetic variation is found in morphologically 
undistinguishable forms. Based on these findings the authors pro-
pose the maintenance of the subspecific status of all the forms as 
the most appropriate taxonomic arrangement for the group. 

ROCHA, S., M. A. CARRETERO, M. VENCES, F. GLAW, AND D. J. HARRIS. 2006. 
Deciphering patterns of transoceanic dispersal: the evolutionary origin 
and biogeography of coastal lizards (Cryptoblepharus) in the Western 
Indian Ocean region. Journal of Biogeography 33:13-22. 

Correspondence to: D. James Harris, Centro de Investigacao em 
Biodiversidade e Recursos Geneticos (CIBIO/UP), ICETA, Campus 
Agrario de Vairao, 4485-661 Vila do Conde, Portugal; e-mail: 
james@mail.icay.up.pt.  

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 Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. 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, Maria del Rosario 
Castaiieda or Michele Johnson; postal and e-mail addresses may be 
found on the inside front cover. 

The current contents of various herpetological journals and other pub-
lications can be found at: http://www.herplit.com/contents.  

Asynchronous Eye Closure as an Antipredator 
Strategy in Sceloporus Lizards 

Sleeping is a behavioral state in which an animal is highly vul-
nerable to predation. Some animals have developed mechanisms 
to reconcile the need to be vigilant and the need to sleep. Keeping 
one eye open while the other is closed, called asynchronous eye 
closure (ASEC), is a behavior associated with unihemispheric sleep 
(in birds and aquatic mammals), where the hemisphere opposite 
to the closed eye sleeps while the other hemisphere remains awake 
with its associated eye open and functional. In birds ASEC has 
been suggested to be an important antipredatory strategy; how-
ever, this association is poorly studied in other animals. The au- 
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thors studied ASEC behavior in the Western Fence Lizard 
Sceloporus occidentalis. Three different eye states were specified: 
both eyes open (synchronous eye opening, SEO), one eye open 
and the other closed (asynchronous eye closure, ASEC), and both 
eyes closed (synchronous eye closure, SEC). Using video record-
ings, the authors determined the eye state of the subjects under 
three different treatments: 1) an empty control, where the lizard 
was alone in a terrarium, 2) a movement control, where the lizard 
was presented with a moving object, and 3) the predator treat-
ment, where the lizard was presented with a living snake. The 
authors also determined the orientation of the open eye during the 
ASEC state. Results support the predictions based on the anti-
predator hypothesis: visual scanning increased in the presence of 
a possible predator (due to an increase of ASEC and a reduction of 
SEC, with SEO remaining invariable) and the opened eye was 
directed towards the threat. The authors also discuss alternative 
hypotheses of the purpose of ASEC considering their findings. 

MATHEWS, C. G., J. A. LESKU, S. L. LIMA, AND C. J. AMLANER. 2006. Asyn-
chronous eye closure as an anti-predator behavior in the Western fence 
lizard (Sceloporus occidentalis). Ethology 112:286-292. 

Correspondence to: John A. Lesku, Department of Ecology and 
Organismal Biology, Indiana State University, Terre Haute, Indiana 47809, 
USA; e-mail: jlesku@indstate.edu.  

Ultrasonic Communication in Frogs 

The authors report evidence of ultrasonic communication in the 
Concave-eared Torrent Frog Amolops tormotus from Huangshan 
Hot Springs in China. Experiments to detect communication in-
cluded acoustic playbacks in the frog's natural environment with 
1) the ultrasonic component of the call only, and 2) the audible 
component of the call only. Five out of eight experimental male 
subjects responded to the ultrasound signal with an increase in the 
calling rate. Additionally, to detect ultrasonic sensitivity in A. 
tormotus, electrophysiological recordings from the torus 
semicircularis (the portion of the midbrain where auditory pro-
cessing occurs) were used. Both auditory-evoked potentials (AEPs) 
and tone-burst responses revealed high ultrasonic sensitivity. Based 
on the acoustic spectrum of the background noise of A. tormotus 
environment, the authors suggested that ultrasonic sensitivity is 
probably an adaptation to prevent the masking of the calling by 
background noise. Two additional species were tested for ultra-
sonic sensitivity: Odorrana livida, which also inhabits Huangshan 
Hot Springs, and Pelophylax nigromaculata, which is common in 
rice fields. The former showed the ability to detect ultrasound, but 
the latter showed a limited upper hearing limit, supporting the as-
sociation between noisy environments and ultrasonic hearing. Fur-
thermore, to determine if ultrasound detection in A. tormotus oc-
curs by ear stimulation via bone conduction, the authors recorded 
the sound reception of the midbrain with the subjects' ears unob-
structed or obstructed with clay; results indicate that ultrasonic 
sensitivity is mediated by acoustic stimulation of the ear. Finally, 
the authors report unusual morphological features found only in 
the ear of A. tormotus males, which might help explain the capac-
ity to detect ultrasound. However, further experiments are required 
to test if females could also detect ultrasound or if the ultrasonic 
hearing in A. tormotus is sexually dimorphic. 

FENG, A. S., P. M. NARINS, C. H. Xu, W. Y. LIN, Z. L. Yu, Q. Qw, Z. M. 
Xu, AND J. X. SHEN. 2006. Ultrasonic communication in frogs. Nature 
440:333-336. 

Correspondence to: Albert S. Feng, Department of Molecular and Inte-
grative Physiology and Beckman Institute, University of Illinois, Urbana, 
Illinois 61801, USA; e-mail: afengl@uiuc.edu.  

Prey Size and Phenotypic Plasticity in Boa Snakes 

Diet studies in vertebrates have shown that type and size of food 
items could have a significant effect on morphological phenotypic 
plasticity. The authors manipulated the diet of Boa constrictor ju-
veniles to test whether prey size induces skull and jaw phenotypic 
plasticity early in ontogeny. Additionally, they studied the spe-
cific timing of expression of sexual size dimorphism (SSD; in B. 
constrictor adult females are significantly larger than adult males). 
Twenty-three neonates from a single-sired litter (reducing the ef-
fects of parental genetic variation) were maintained under two dif-
ferent diet regimens: 1) small-prey (mice), and 2) large-prey (rats) 
items. Individuals in both treatments received equivalent prey mass: 
the small-prey treatment was fed a larger number of smaller prey, 
while the large-prey treatment was fed a smaller number of larger 
prey. Morphological measurements were taken twice during the 
experiment, at 5 and 58 weeks, and included the premaxilla—ba-
sioccipital length and mandible length (using x-rays), snout—vent 
length, body length, tail length, and body mass. No statistical dif-
ference was found in the premaxilla—basioccipital length or man-
dible length between the two treatments, rejecting the hypothesis 
that large prey induces phenotypic plasticity of head elements early 
in ontogeny in B. constrictor. However, at 1-year of age, SSD was 
found in snout—vent length and body length (females > males) 
and tail length (males > females), suggesting a strong genetic com-
ponent early in ontogeny in the SSD, independent from environ-
mental factors (e.g., prey mass consumed). Finally, the authors 
comment on future directions of the study of ontogenetic growth 
and SSD expression. 

SCHUETT, G. W., D. L. HARDY SR., R. L. EARLEY, AND H. W. GREENE. 2005. 
Does prey size induce head skeleton phenotypic plasticity during early 
ontogeny in the snake Boa constrictor? Journal of Zoology 267:363-
369. 
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Tempo and Mode of Diversification in Plethodon 
Salamanders: A Non-Adaptive Radiation Case 

Clades that exhibit rapid divergence into a wide variety of 
adaptively dissimilar forms, called adaptive radiations, have been 
model systems to quantify rates of diversification. However, few 
studies have quantified the tempo of diversification in species-
rich clades that have negligible adaptive disparity (non-adaptive 
radiations). Plethodon salamanders form a specious Glade that 
exhibits extreme morphological stasis. Using mitochondrial DNA, 
the authors 1) reconstructed the phylogeny of eastern North Ameri- 
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can species (44 spp), 2) estimated diversification rates using the 
constant rate (CR) test (which tests for a significant departure from 
the null hypothesis of a constant rate of diversification), and 3) 
tested three alternative models for lineage accumulation using the 
program Diversi v.0.20. Additionally, the authors tested the ef-
fects of possible missing lineages on the diversification rates esti-
mations, and the assumption of equal probability of speciation and 
extinction among lineages. Results indicate that major Plethodon 
clades exhibit significant differences in rates of lineage accumu-
lation, and even within major clades the lineage accumulation has 
not been constant throughout its phylogenetic history. Southern 
clades showed higher lineage diversification than northern clades, 
which the authors suggested is related to areas unsuitable for oc-
cupation during Pleistocene glacial maxima. Furthermore, the au-
thors point out that diversification rates of Plethodon are compa-
rable with those classical examples of adaptive radiation, and that 
the temporal depth of this group is also notable since there has 
been a longer time for extinction, comparing with more recent 
adaptive radiation examples. The authors finally discuss charac-
teristics of the evolutionary history and probable causes of the 
particularly high rates of diversification within Plethodon. 

KOZAK, K. H., D. W. WEISROCK, AND A. LARSON. 2006. Rapid lineage ac- 
cumulation in a non-adaptive radiation: phylogenetic analysis of di-
versification rates in eastern North American woodland salamanders 
(Plethodontidae: Plethodon). Proceedings of the Royal Society: Bio-
logical Sciences 273:539-546. 
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Forest Fragmentation Effects on Phyllomedusa 
Reproductive Dynamics 

In the late 1970's and early 1980's a project was created to study 
fragmentation effects in Brazil, the Biological Dynamics of For-
est Fragments Project (BDFFP), which consisted of a series of 
forest patches of 1, 10 or 100 ha, surrounded by a matrix of pas-
ture and regenerating vegetation areas. In this fragmented land-
scape, the authors studied the reproductive dynamics of 
Phyllomedusa tarsius, a hylid frog that breeds in ponds located in 
continuous forest, as well as highly disturbed habitats. Body size, 
abundance, and movement patterns were measured/estimated in 
five different habitats: 1) pasture, 2) Vismia spp. regrowth (areas 
that have been cleared and burned), 3) Cecropia spp. regrowth 
(areas that have been cleared but not burned), 4) small forest frag-
ments (1-10 ha), and 5) continuous forest. Reproductive ponds 
were visited during three consecutive years, and capture-mark-
recapture techniques were implemented. The authors found dif-
ferences between habitats in number of frogs per pond (Cecropia 
spp. regrowth had the highest number) and pond area. They also 
found that the beginning of the reproductive season varied among 
habitats, initiating in November in continuous forest and in Janu-
ary in disturbed habitats. Rainfall was positively correlated and 
significant with number of captures in pastures, and Vismia and 
Cecropia patches. Movement patterns of frogs differed between 
habitats: Vismia spp. regrowth, pastures, and forest fragments had 
the highest proportion of male movements. No movements from  

disturbed habitats into the continuous forest were recorded, even 
though the longest journey observed was longer than the distance 
between forest and secondary growth ponds, suggesting that in-
terbreeding between habitats is possible, though is not occurring. 
The authors highlight the importance of studies that identify fac-
tors responsible for persistence of populations in different habi-
tats as a base to design areas for biodiversity conservation. 

NECKEL-OLIVEIRA, S., AND C. GASCON. 2006. Abundance, body size and 
movement patterns of a tropical treefrog in continuous and fragmented 
forests in the Brazilian Amazon. Biological Conservation 128:308-315. 
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Negative Effects of Natural Disturbances 
Disruption in Salamanders 

Human disturbances in native habitats have been associated with 
creating suitable conditions for invasive species establishment, 
contributing with the decline of local species. One type of human 
alteration results from changing the intensity and/or frequency of 
natural disturbances. In the San Rafael Valley, Arizona, cattle farm-
ers have replaced seasonal marshes with artificial ponds to main-
tain water available all year round. The Sonoran tiger salamander, 
Ambystoma tigrinum stebbinsi, a recently listed endangered spe-
cies whose range is restricted primarily to the San Rafael Valley, 
now breeds in the artificial ponds. These ponds have been invaded 
by bullfrogs (Rana catesbeiana) and several species of fishes that 
otherwise would not survive in the area due to their high suscepti-
bility to pond drying. The authors hypothesized that reduction in 
the natural drying frequency of the aquatic habitats has led to the 
invasion by bullfrogs and fishes, and that these species exclude 
native salamanders. Data was collected from 1979 through 1999; 
pond-drying frequency, permanence, and new colonization or re-
appearance of bullfrogs, fishes and salamanders were estimated. 
In addition, the effects of a range of drying frequencies on the 
distribution of fish, bullfrogs and salamanders were estimated us-
ing a variation of the Levin's (1969) metapopulation model. Re-
sults show that after pond drying both bullfrog and fish popula-
tions disappeared; salamander populations were also affected by 
drying, but to a lesser extent. Salamanders were more likely to 
recolonize a pond following drying, i.e. when fish and bullfrog 
populations were eliminated, and once salamanders were elimi-
nated from a pond the population rarely reappeared unless fishes 
were eliminated. The mathematical model predicted a community 
dominated by fishes and bullfrogs when pond drying was infre-
quent, but an increase drying frequency would also be detrimental 
for salamanders because it would restrict breeding. These results 
suggest that an adequate management of disturbance regimes is 
an important tool in controlling invasive species. 

MARET, T. J., J. D. SNYDER, AND J. P. COLLINS. 2006. Altered drying regime 
controls distribution of endangered salamanders and introduced preda-
tors. Biological Conservation 127:129-138. 
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Population Structure of Podocnemis expansa in a 
Conservation Context 

Podocnemis expansa, the giant Amazon River turtle, is distrib-
uted in the Amazon, Orinoco and Esequibo river basins east of the 
Andes. Once widely common in the area, this species has been the 
subject of intense poaching for meat and eggs, given their large 
size, high fecundity and gregarious nesting. The authors evalu-
ated broad-scale patterns of population genetic variation, and esti-
mated the extent of population declines and their effects on the 
loss of genetic diversity. Data included sequences from the com-
plete mitochondrial control region and nine nuclear microsatellite 
markers from eighteen localities, for a total of 453 samples. Sev-
eral analytical methods were implemented including equilibrium 
and nonequilibrium population genetic methods to account for 
possible model assumption violations given nonequilibrium con-
ditions expected in declining or expanding populations. Results 
show concordance between datasets and methods. Population struc-
ture reflects a pattern characterized by limited dispersal among 
sub-basins and high gene flow among populations within a sub-
basin. Populations within sub-basins appear to be panmictic, and 
there is a lack of natal homing to individual nesting beaches; how-
ever, a natal-river fidelity that maintains differentiation between 
rivers seem to exist, even when geographically close. Large dif-
ferences in haplotype and allele frequencies, as well as 
microsatellite data are consistent with the observation that popu-
lation size has been extensively reduced due to hunting over the 
past two centuries. The authors discuss the conservation implica-
tions of their results for the genetic management of this species. 

PEARSE, D. E., A. D. ARNDT, N. VALENZUELA, B. A. MILLER, V. CANTARELLI, 

AND J. W. SITES JR. 2006. Estimating population structure under 
nonequilibrium conditions in a conservation context: continent-wide 
population genetics of the giant Amazon River turtle, Podocnemis 
expansa (Chelonia; Podocnemididae). Molecular Ecology 15:985-
1006. 

analyzed with multiple regression and a model selection approach. 
Time since colonization was estimated in ARCVIEW using linear 
interpolation of locality and date of collection data from speci-
mens. Results show a significant effect of climate, latitude and 
time since colonization on toad morphology. Time since coloniza-
tion appears to be associated with reduction in body size and 
parotoid gland size, however, in areas of higher rainfall, the ef-
fects appear to be reduced or reversed. The authors suggest this 
change in morphology could be related with the detrimental effect 
of toads on the quality of the environment (e.g., reducing food 
resources), causing the attainment of large size more difficult or 
as an adaptive change to the new environment, where large body 
sizes or higher toxicity grants little or no selective advantage. For-
tunately, results indicate that B. marinus impact over native preda-
tors is maximal at first arrival and decreases over time. 

PHILLIPS, B. L., AND R. SHINE. 2005. The morphology, and hence impact, 
of an invasive species (the cane toad, Bufo marinus): changes with 
time since colonization Animal Conservation 8:407-413. 

Correspondence to: Ben L. Phillips, School of Biological Sciences A08, 
University of Sidney, NSW 2006, Australia; e-mail: 
bphi4487@mail.usyd.edu.au.  

OBITUARIES 

Herpetological Review, 2006, 37(2), 134-137. 
© 2006 by Society for the Study of Amphibians and Reptiles 

A. Stanley Rand (1932-2005) 

MICHAEL J. RYAN 
Section of Integrative Biology, 1 University Station C0930 

University of Texas, Austin, Texas 78712-0253, USA 
e-mail: mryan@mail.utexas.edu  

Correspodence to: Devon E. Pearse, NOAA Fisheries, Southwest Fisher-
ies Science Center, 110 Shaffer Rd., Santa Cruz, California 95060, USA; 
e-mail: devon.pearse@noaa.gov.  

Morphological Changes After Colonization in the 
Invasive Species Bufo marinus 

After colonization, invasive species are expected to suffer a re-
duction in their genetic variability as a result of strong founder 
effects. However, many invasive species show phenotypic lability 
as a response to new environments. Understanding the phenotypic 
changes that invasive species undergo after colonization might 
also help understanding the long-term effects of the colonization 
itself. The cane toad, Bufo marinus, is a very successful and highly 
toxic invader that affects native terrestrial predators that are naive 
to their toxicity and die trying to consume them. The authors stud-
ied changes in body size and parotoid gland size (as an index of 
toxicity level) of B. marinus with respect to time of colonization 
in Australia. Body size (snout—ischium length) and parotoid size 
(length and width) of museum specimens, in addition to climatic 
factors including temperature, precipitation, and humidity, were 

There is a hole in 
my chest where my 
heart used to be, and 
a chasm in tropical 
biology the size of 
the Panama Canal. 
Stan Rand died on 
November 14, 2005 
and we are all the 
worse off for it, per-
sonally and profes-
sionally. 

Dr. 	Austin 
Stanley Rand, Stan 
to all who knew 
him, was born on 
September 29, 
1932. Perhaps des-
tiny dealt him no 
choice but greatness 
in biology, as his 
father Austin was 
already a famous 

Stan Rand at the World Congress of Her-
petology in Prague, 1997. 
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ornithologist at Stan's birth. Stan was never far from field biology
or museums when he grew up- he published his first paper when
he was 12!

Stan began his graduate studies with Dr. Ernest Williams at
Harvard, where he became an early member of that awesome lin

eage of students of Ana/is biology under Williams' tutelage. He
received his Ph.D. in 1961, and remained at Harvard on a postdoc

for one year which included an intensive period of study of Jamai
can anoles at the University of the West Indies. He and his wife
Pat then relocated in Sao Paulo, Brazil, for two years while Stan

was a postdoc with Dr. Paulo Vanzolini. Initially, Stan was paid
from royalties from a song that "Vanzo" wrote which must have
been quite a hit in Brazil-maybe, Stan always lived modestly
and money was never a big issue to him. Regardless, the Rand's
first child, Hugh, was born there and it appears he didn't starve.

In 1964 Stan received an invitation from Dr. Martin Moynihan

to join a new cadre of impressive young scientists that Moynihan
was assembling at the Smithsonian Tropical Research Institute in
Panama. Stan joined the staff. He, Pat, and Hugh moved to Panama
and had two daughters, Margaret and Katherine, on STRI's Barro
Colorado Island (BCI), where the forest was inhabited by anoles
and iguanas during the day and the Rands were serenaded by cho
ruses of tungara frogs at night.

Stan published early and often- over 100 scientific papers in
60 years of publishing. (Note that he is not done yet. Tungara
Frog papers with his data will continue to bare his name for some
time, and I predict there will be one in 2014 which will mark Stan's
70th year in the scientific literature.) Much of Stan's scientific con
tributions can be partitioned into studies of Analis lizards, iguanas
and crocodiles, and, as a grand finale, his study of Tungara Frogs.
Stan explored many fascinating tidbits of nature in between these
projects but I will briefly review only these contributions here.

Stan published a series of studies on Ana/is biology in the 1960s
that had an immediate and lasting impact on tropical biology, ecol
ogy, and behavioral ecology. Prominent among those contribu
tions was his notion of the "ecomorph." The genesis of this con
cept originated with his data showing that on each island of the
Greater Antilles, different Ana/is species had diversified and
adapted to nearly identical niches among islands. During that time
Stan also investigated dominance interactions among lizards, show
ing that if the size difference between males was sufficient, the
larger male won, but if there were a smaller size difference the
resident won. He demonstrated the "residency effect" in 1967,
well before this became an important issue in behavioral ecology.
Stan also integrated physiological ecology into his studies. Criti
cal to the concept of the ecomorph was the climatic, not just the
structural, habitat the lizards occupied. At the behavioral level he
showed that lizards' response to predators was strongly influenced
by their body temperature. All of this foreshadowed Stan's con
tinuing emphasis on the organism's entire biology and the neces
sity of viewing in its natural context.

Stan made at least two other major contributions from his work
with Ana/is. One was a paper with Williams in 1970 on signal
redundancy in communication systems. They used information
theory to estimate the quantity of information about species iden
tity that could potentially be communicated in a lizard commu
nity.They calculated that the total amount far exceeded what was
necessary. This study was a wonderful demonstration of how ani-

mals use multiple aspects of their displays to reinforce the same
message, and it was one of the first uses of information theory
applied to animal communication in the wild. Stan also consid
ered the relationship between ecological space and predator-prey
interactions in the context of "aspect diversity," arguing that varia
tion among species could result from predator-driven selection
that causes species to diverge in the "escape space" available to
them. This concept greatly augmented studies of apostatic selec
tion and anticipated much of the work we see today in sensory
ecology. (Thanks to both Ray Huey and Jonathon Losos for their
thoughts on Stan's Ana/is work.)

Another stage in Stan's work dealt with social behavior in and
between green iguanas and crocodiles. Much of this work was
with Gordon Burghardt and his students, centered on the small
island of Slothia, a mere stone's thrown from Barro Colorado Is

land. Female iguanas swim to Slothia from BCI and communally
nest. Stan and his brother Will wrote an insightful paper on con
flict resolution. It analyzed the competition between female igua
nas over burrows they dug for nesting. The analysis combined
stochastic processes and energetic constraints and showed that
females took into consideration the amount of energy they had

expended in building the burrow. This study later lead to some
consternation among theoreticians interested in honest signals who
were convinced that the "Concorde Effect" (adding more invest
ment only because past investments have been made) should be
maladaptive. I remember one night on BCI when, over some rather
mediocre Panamanian rum, John Maynard Smith (who to me was
always the "Stan of theoretical biology"), asking Stan just how
this could be. Although Stan knew the theory about games, the
data reined supreme- this is what they do, he replied.

There were also some interesting interactions between crocs and
the female iguanas that few besides Stan had witnessed. A female
croc had earlier nested at the same site where the fecund iguanas
sought shelter for their eggs. The female croc, Natasha as the
several meter crocodile was affectionately known, rushed a nest
ing iguana, and grabbed the expectant mother in her mouth. In
stead of devouring her, or at least dismembering her as any pro
tective maternal archosaur should do, Natasha delicately carried
the iguana back to the water and released her. Crocodiles carry
their newly hatched young to the water, so Stan thought that hav
ing a small squirming baby reptile in her mouth released Natasha's
maternal instincts. Some of this crocodile work is published, and
much more is oral history on BCI. When great scientists such as
Stan pass, we marvel at the accumulation of knowledge they left
us, and we lament the untapped knowledge that went with them.

Stan began to study acoustic communication in frogs in the for
est of Boraceia in Brazil while conducting his postdoctoral re
search with Vanzolini. That interest continued when he moved to

Panama. He immediately set out to document the vocal diversity
of these gnomes of the Panamanian nights, but he also turned his
considerable nocturnal skills towards one species, the tungara frog,
Physa/aemus pustu/asus, which then had the more melodious
moniker of Engystamaps.

I went to BCI to begin my studies of sexual selection and com
munication in red-eyed tree frogs in 1978. These frogs proved
intractable for the study I had planned, and I quickly switched my
attention to tungara frogs. At this point Stan had published one
paper on their foam-nesting behavior, although nothing on their
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communication. But he gave me a manuscript that had been writ
ten in the late 1960's or early 1970's. It described the complex
calling of these frogs, a simple call, or "whine," that could be
produced alone or could be followed by one-to-many secondary
components, or "chucks". The manuscript was filled with incred
ibly interesting and detailed natural history as well as experimen
tal studies of female phonotaxis. Among other things, Stan was
interested in whether female frogs were more attracted to the com
plex call over the simple call. These experiments were conducted
when the emphasis of mate recognition was focused at the species
level and was concerned with how it contributed to speciation
through behavioral isolation. In frogs this work was being carried
out in exemplary fashion by such luminaries as Murray Littlejohn
and Carl Gerhardt both of whom were inspired by the earlier stud
ies of Frank Blair. So at that time, Stan was working in the intel
lectual shadow of the Modern Synthesis and its emphasis on spe
ciation, but instead he was addressing questions about female
choice and sexual selection. This was some time before Robert

Trivers (who also worked on Anolis and was advised by Williams
during his Ph.D. thesis) wrote his paper on parental investment
and sexual selection in 1972. I added some to that early manu
script of Stan's and we published it in 1981. I finished my thesis in
1982 while Stan was still concentrating on reptiles.

Stan and I remained in touch during the next few years while
neither of us worked on these frogs. In 1985 we met in the halls of
the Smithsonian's Natural History Museum in Washington D.C.
and I asked, why don't we start up a joint project with those little
beasts. In 1986 we began a now 20-year collaboration on what
became known to some as the "tungara frog project". Our initial
interests were modest as we began testing female phonotaxis in a
car port using a plywood and burlap testing chamber in Gamboa,
Panama. Stan and family had just moved from Panama City to
Gamboa, and STRI was figuring to have some laboratory facili
ties there soon. The first question we addressed was what aspects
of the mating call made it attractive to females, and the first stud
ies we published in 1990 argued that in this system sexual selec
tion was generated by sensory exploitation. That idea, convergent
with and inspired by others such as MJ West Eberhard at STRI,
has generated some interest. Our interests in sexual communica
tion in these frogs continued to expand in concert with the lab
facilities in Gamboa, which in turn accommodated a more sophis
ticated approach to our own research questions.

Stan was always interested in the entire biology of the animal
and our studies soon grew to embrace additional aspects of com
munication, comparative studies of populations and related spe
cies and, through our collaboration with Dr. Walt Wilczysnki, the
neural mechanisms that controlled mate choice. Memorable dur

ing those years was a 5000 km transect that Stan and I sampled in
which we collected tungara frog calls and tissues throughout the
entire range of this species. Most of the data were collected when
we departed from Austin, Texas after the meetings of the Ameri
can Society of Ichthyologist and Herpetologist (ASIH) that was
hosted there in 1993. We drove from Texas to Panama collecting
all the way. Those samples were supplemented by numerous trips
to South America, where we studied other populations of tungara
frogs and their relatives. The data from that transect has provided
the grist for at least four separate studies, and its uses are still not
exhausted.

In the year 2000, Stan, Walt Wilczynski, David Cannatella and
I were PI's on a multidisciplinary grant. This grant, which involved
collaborations among more than half-a-dozen labs, addressed is
sues from phylogenetics to molecular neurobiology, all emanat
ing from the basic biology of the tungara frog that Stan first
glimpsed in 1964. As the grant ended in 2004 we were asked to
organize a two-day symposium on "Sexual Communication in
Tungara Frogs" at the Animal Behavior Society meetings in
Oaxaca, Mexico. To kick off this symposium numerous attendees,
many with little or no interest in frogs, sexual selection, or com
munication per se, packed the room to hear Stan Rand present
what ended up being his last scientific presentation-"Natural
History of the Tungara Frog". When Stan finished that talk, there
was a sustained applause in which I detected a tone of reverence
and appreciation for someone special.

The work on tungara frogs will continue unabated, it will be a
scientific legacy to Stan, but more so. It will be a continuing col
laboration from the grave. Although no longer with us, we will
never outlive Stan's inspiration nor exhaust his insights.

Having now provided a most cursory summary of Dr. Rand's
scientific career, I would like to end saying more about Stan as the
person; this is the real reason why so many of us mourn his pass
mg

Above all Stan was a naturalist. His eyes, ears, and mind were
focused on the organism in its environment. He was well schooled
in theory but not terribly impressed by it. He was a great experi
menter, but was always a bit cynical about how such results might
apply in the wild. An anecdote. We were waiting out a drought in
a small dusty town in the bush in Brazil. We went to see a movie,
"Edward Scissorhands". An old woman narrates the story in which
as a youth she befriends a boy who has scissors for hands. After
wards, I asked Stan how he liked the movie. He said it was totally
unrealistic, the chronology didn't match, the old woman could not
have been a youngster when she first met Edward S. I said "Stan,
for chris-sakes, the boy had scissors for hands! How realistic is
that. So what if the chronology was off'. He wouldn't budge. The
opening of the movie was built on a house of cards and he could
contemplate no further.

For most Stan is intricately associated with STRI. The
Smithsonian Tropical Research Institute is a great institution, and
Barro Colorado Island is its crown jewel. We celebrated Stan's
retirement from STRI with a symposium in his honor at the 1998
meetings of the ASIH in Guelph, Canada, the proceedings of which
are published in "Anuran Communication" (Smithsonian Institu
tion Press, Washington DC, 2001). All of the more than 20 au
thors I first invited to participate said yes-so much for a back up
list! When I introduced the symposium I said that but perhaps for
BCI, Stan was STRI's most valuable resource. An institution's

greatness is defined, of course, not just by its physical facilities
but by its humanity. And it is here that Stan made by far his great
est contribution. Because of his immense knowledge of tropical
biology, Stan was often called upon for advice, especially to ini
tiate novices to this land of plenty. His generosity knew no bounds,
and his humor, warmth and enthusiasm were contagious. He readily
extended this generosity into the personal realm. He and Pat were
the social hub of Gamboa for the 'last 20 years and their house a
scientific salon. Pat's famous "frog dinners" for many of the visit
ing researchers in Gamboa (regardless of whether or not the sci-
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A typical day in the field for John Behler

wet, muddy, and smiling. Photo taken at Dela
ware Water Gap National Forest, November
2003. B~hler and other researchers were con
ducting a multi-year study of Wood Turtles.
Photographer unknown.

entists worked on frogs) were the social highlight of our summer.
These dinners were also an incubator of scientific ideas. Stan was

not a "science nerd," he was broadly informed and could enter
tainingly engage one with a broad array of topics, but his insights
and wit were always sharpened and ready to be administered to
the next scientific question.

I remember once bemoaning that because Stan was not at a uni
versity, numerous students missed out on all that he had to offer.

Wrong, wrong, wrong! STRI offers a wide array of fellowships
for researchers at all stages. They all need STRI sponsors. I have
counted more than 50 students that Stan sponsored before 1990;
surely I have missed many. In addition, since 1986 Stan has acted
as sponsor to more that 70 interns and associates who have worked
with us on the tungara frog project. He visited my lab in Austin
twice a year for a long time; those visits were so heavily booked
that I had to sequester Stan at a local pub to have time with him.
But that hiding place was found too soon. Finally, there are liter
ally hordes of students who owe Stan deeply. Two now rather fa
mous biologists, one who studies monkeys the other ants, told me
long before they were famous that Stan was crucial to the early
development of their research forays on BCI. When I informed by
mass e-mail numerous colleagues of Stan's death I received a
plethora of responses in which the word "love" was used much
more than one might associate with "macho" (and "macha") field
biologists.

So now we say goodbye, Stan. Thanks for all that you shared,
the family, the friends, the tropics, and the frogs. You will not be
forgotten. Next rum's on me.
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Many scientists achieve fame and immortality as a result of years
of dedicated research and productivity in their chosen field. John
Behler has achieved both, not only because of his dedication and
contributions to conservation and herpetology, but also as a warm
human being. He will be long remembered by many whose lives
he touched, careers he helped, and for the compassionate counsel
he gave when they needed it most.

John was born into a family of dentists. But it was not long
before his real passion for the outdoors was evident. He loved to
fish, hunt, catch and collect butterflies, and study insects, frogs,
snakes, and turtles. He was passionate about natural history. His
entry into dental school was abandoned when his father wisely
advised him to pursue a career in zoology instead. He majored in
zoology at the University of Miami and earned a Master's Degree

in Education at East Stroudsburg University in Pennsylvania.
During the summer months, John worked for the National Park
Service at Indian Town Gap National Park. He taught for a short
period at Hobart and William Smith College in upstate New York.
His interests, which remained with him throughout his life, soon
focused on turtles and salamanders.

John joined the Wildlife Conservation Society in 1970 as a cu
ratorial intern in the Department of Herpetology. He brought his
passions with him, and later, as the Curator of Reptiles, he be
came a conservation icon. He developed the first management plan
to save the American crocodile in Florida, and developed programs
for the conservation of endangered Madagascan tortoises, to name
only a few of his achievements. While Raymond L. Ditmars, the
first Bronx Zoo curator of reptiles, was the first to introduce the
public to herpetology through popular writings, John brought zoo
herpetology into the arena of international conservation. He was
particularly concerned with the plight of turtles, crocodilians, and
other reptiles around the world, a concern that took him traveling
to the far reaches of the globe. He created and administered the
first crocodilian Species Survival Program (SSP) for the Chinese
Alligator under the American Zoo and Aquarium Association, a
program that still stands as a model for the successful conserva
tion and management of an endangered species. He was instru
mental in developing captive breeding programs for reptiles at the
Society's Wildlife Survival Center on Saint Catherine's Island,
off the coast of Georgia. When John ran a program, it was, by
definition, going to be successful, despite the shambles he might
find it in when he inherited the task.

Yet, he never lost sight of the problems faced by species in his
own backyard. John worked tirelessly to save the rare and endan
gered Bog Turtle, and helped state agencies and local governments
in designating and
protecting critical
wetland habitats. He
was instrumental in
the creation of the

Bog Brook Unique
Area, in Putnam

County, New York, as
a New York State

sanctuary for all three
indigenous turtle spe
cIes.

While John might
sympathize with the
overzealous private
collectors who found

themselves running
afoul of the law for
some wildlife infrac

tion, he also worked

closely with state, na
tional, and interna
tional wildlife law en
forcement authorities

to provide expertise,
training, and advice.

His field guides and
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books on native and exotic reptiles can be found on bookshelves
throughout the US and abroad, and John's popular articles and
scientific writings continue to thrill and excite young people and
adults alike. His latest work, Frogs, a Chorus of Color, co-authored
with his wife Debbie Behler, highlights these beautiful and unique
creatures and stimulates public concern for amphibian populations,
which are declining worldwide. Unfortunately, John died before
seeing the publication of what may have been his greatest pride, a
book on the reptiles and amphibians of New York State, written in
collaboration with the New York State Department of Environ
mental Conservation.

John always credited his experiences at the Bronx Zoo for teach
ing him so much about the care and habits of the animals he loved.
But John could not imagine the wealth of knowledge and the in
sights he so casually shared with those around him, including his
professional peers.

John is survived by his wife Debbie, his mother Mildred, sister
Judy, his children Cindy Sibilia and David Behler, and five grand
children. Most of all, John is survived by a legacy of willingness

to help others in his profession, and a genuine care for the future
of all living creatures. We will all miss John and his counsel.

ZOO VIEW

Rarely is a zoo blessed with many prominent curators but New York's
Wildlife Conservation Society (WCS), headquartered at the Bronx Zoo,

enjoys a worldwide reputation in herpetology because of the writings and
diverse backgrounds of five men: Raymond L. Ditmars, James A. Oliver,
Herndon G. Dowling, F. Wayne King, and John L. Behler. Our dear friend
and colleague, Curator of Herpetology John L. Behler has passed away
after a lengthy illness (Fig. 1). The moving tribute to John in this issue
written by his co-workers at WCS for so many years-Peter Brazaitis
and Bill Holmstrom-clearly shows how an accomplished and effective
herpetologist can contribute to conservation outside zoo boundaries (see
2003 Herpetol. Rev. 34:192-193, for example).

John was a prolific writer and was always focused on public educa
tion. Here is one recent example-said to be the most successful travel
ing exhibit at the American Museum of Natural History in New York City
was FROGS! A CHORUS OF COLORS. This exhibit was created by the

staff at Clyde Peeling's Reptiland in Allenwood, Pennsylvania and fea
tured hundreds of living frogs and spectacular graphics. Behler and his
wife Deborah A. Behler, editor-in-chief of the Society's Wildlife Conser

vation magazine, produced a splendid companion volume to this exhibit
with the same name. Geared primarily to the layman, this lovely book
(Sterling Publishing Co., Inc., New York; ISBN: 1-4027-2814-X, 2005),
is filled with remarkable pictures, readable text on important aspects of
anuran biology, and a strong conservation message.

I have selected some of Behler's important books and papers below to
show his versatility across a wide range of herpetological subjects.

Reproduction and Captive Breeding

BEHLER,J. 1977. A propagation program for Chinese alligators (Alligator

sinensis) in captivity. Herpetol. Rev. 8(4):124-125.
BEHLER,J. 1978. Feasibility of the establishment of a captive-breeding

population of the American crocodile. National Park Service Report T
509:1-94.

BEHLER,1. L. 1980. The problem of success in reptile propagation. AAZPA
Annual Proc. 1980:135-141.

BEHLER,J. L, ANDP. BRAZAITIS.1974. Breeding the Egyptian cobra Naja

haje at the New York Zoological Park. Inter. Zoo Yearb. 14:83-84.

BEHLER,J., P. BRAZAITIS,ANDT. JOANEN.1982. The Chinese alligator (Al
ligator sinensis), its status and propagation in captivity. Zoo I. Gart.
(N.F.), Jena 52:73-77.

BEHLER,J. L., P. BRAZAITIS,K. GERETY,ANDB. FOSTER.1987. Propagation
of crocodilians at the Bronx Zoo. p. 63-73. In 11th International Her
petological Symposium on Captive Propagation and Husbandry. Chi
cago IL: International Herpetological Symposium.

BLANCO,S., J. L. BEHLER,ANDF. KOSTEL.undated. Propagation of the

batagurine turtles Batagur baska and Callagur borneoensis at the Bronx
Zoo. In K. R. Beaman, F. Coporaso, S. McKeown, and M. D. Graff
(eds.), Proceedings of the First International Symposium on Turtles
and Tortoises: Conservation and Captive Husbandry, pp. 63-65.
Chapman University, 9-12 August 1990. California Turtle and Tor
toise Club, Van Nuys, California.

MCCRYSTAL,H. K., ANDJ. L. BEHLER.1982. Husbandry and reproduction

of captive giant ameiva lizards Ameiva ameiva at the New York Zoo
logical Park. Inter. Zoo Yearb. 22: 159-163.

Behavior

CHISZAR,D., C. W. RADCLIFFE,T. BOYER, ANDJ. L. BEHLER. 1987.

Cover-seeking behavior in red spitting cobras (Naja mossambica

pallida): Effects of tactile cues and darkness. Zoo BioI. 6:161-167.
[clear snake hiding boxes are recommended.].

HOLMSTROMJR., W. F., ANDJ. L. BEHLER.1981. Post-parturient behavior
of the common anaconda, Eunectes murinus. Zoo I. Gart. (N.F.), Jena
51 :353-356.

Medical Management

NAPOLITANO,R. L., E. P. DOLENSEK,ANDJ. L. BEHLER.1979. Reptilian
amoebiasis. Inter. Zoo Yearb. 19:126-131.

OTIS,V. S., ANDJ. L. BEHLER.1973. The occurrence of Salmonellae and
Edwardsiella in the turtles of the New York Zoological Park. J. Wildl.
Dis.9:4-6.

Husbandry

BRAZAlTIS,P., ANDJ. L. BEHLER.1973. A durable housing facility for rep
tiles. Laboratory Anim. Sci. 23:866-868.

General

BEHLER,J. L. 1970. The bog turtle (Clemmys muhlenbergi) in Monroe
County, Pennsylvania. Bull. Maryland Herpetol. Soc., Sept.:52-53.

FIG. 1. John Behler (far left) holding tail of an enormous Reticulated
Python (Python reticulatus) named "Samantha," rescued from hide hunt
ers in 1993. The snake was 21 feet and 175 pounds when captured. She
grew to over 26 feet and 275 pounds at the Wildlife Conservation Society
(Bronx Zoo) until her death in November 2002. Her favorite food was
pigs. Peter Brazaitis is next to Behler on the tail end, and William
Holmstrom is holding the snake's head. Photograph courtesy of Wildlife
Conservation Society, headquartered at Bronx Zoo.
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BEHLER,J. L. ANDD. A. BEHLER.1998. Alligators & Crocodiles. Voyageur
Press, Inc., Stillwater MN.

BEHLER,J. L., ANDF. W. KING.1979. The Audubon Society Field Guide to
North American Reptiles and Amphibians. Alfred A. Knopf, Inc., New
York.

Behler, J. L., B. Winn, and R. H. Hayes Jr. 1997. Snake fauna of St.
Catherines Island, Georgia. Herpetol. Rev. 28(3): 152. [St. Catherines
Island was the satellite breeding site for the Wildlife Conservation So

ciety.].
Calle, P. P., J. L. Behler, J. McDougal, S. M. Lee, 1. Schumacher, and D.

R. Brown. 1998. Mycoplasma survey of captive and free-ranging east
ern box turtles (Terrapene carolina carolina) in New York. Proc. Amer.
Assoc. Zoo Vet.:285-287.

"Animal Kingdom" Magazine produced by WCS

BEHLERJR., J. L. 1970. Galapagos tortoise Geochelone elephantopus.

Anim. Kingdom 73(5):33.
BEHLER,].L. 1971. Coahuilan box turtle Terrapene coahuila. Anim. King

dom 74(5):33.
BEHLER,J. L. 1971. Pine BatTens treefrog Hyla andersoni. Anim. King

dom 74(5):33.
BEHLER,J. L. 1972. Toads. Anim. Kingdom 75(5):33.
BEHLER,J. L. 1975. To brew a deadly dose. Anim. Kingdom 70(5): 16-19.

[toxins].

Charles (Charlie) H. Hoessle

R. Marlin Perkins hired Charles (Charlie) H. Hoessle as a reptile keeper
at the St. Louis Zoo in 1963. Only two years later, he was elevated to
assistant general curator and by 1969, Charlie was general curator. Charlie

continued to rise and in 1972, he became deputy director. In 1982, he was

REPTILe: HOOSE. ST. LeUIS 'ZOOl.OGICAL PARI<, $T. LOUIS, MO,-78

FIG. 2. Postcards of St. Louis Zoological Park's reptile house in 1944.
Courtesy of Brint Spencer.

installed as permanent director, a post he held until he retired twenty years
later. He has stayed on as director emeritus.

It was fitting that Charlie received the prestigious R. Marlin Perkins
award, the highest honor bestowed to a zoo professional by the American

Zoo and Aquarium Association. In 2005, Charlie was recognized by zoo
supporters in St. Louis with a full-sized bronze statue of him with a Boa
Constrictor draped over his shoulders in front of the newly-named Charles
H. Hoessle Herpetarium. This historic building-built in 1927-with its
beauty and grace, has always been one of my favorites and it is wonderful
that he has been recognized for his many accomplishments in our field
(Fig. 2). Charlie joins a select list of directors in the United States who
specialized in herpetology-Arthur Brown, Roger Conant, Carl Kauffeld,
Edward Maruska, James Oliver, R. Marlin Perkins, George Rabb, and
John Werler.

HERPETOLOGICALPUBLICATIONSBYCHARLESH. HOESSLE

Husbandry

HOESSLE,C. 1969. Simple incubators for reptile eggs at St. Louis Zoo
logical Park. [nter. Zoo Yearb. 9: 13-14.

LENTZ,M. J. R., ANDC. H. HOESSLE.1971. Mite control at St. Louis Zoo.
Inter. Zoo Yearb. 11: 235. [account detailed the use of Shell No-Pest
Stripsll)].

Medical Management

WALLACH,J. D., ANDC. HOESSLE.1967. Visceral gout in captive reptiles.
J. Amer. Vet. Med. Assoc. 151:897-899.

WALLACH,J. D., ANDC. HOESSLE.1968. Steatitis in captive crocodilians.
J. Amer. Vet. Med. Assoc. 153:845-847.

WALLACH,J. D., ANDC. HOESSLE.1968. Fibrous osteodystrophy in green
iguanas. J. Amer. Vet. Med. Assoc. 153:863-865.

WALLACH,J. D., C. HOESSLE,ANDJ. BENNETT.1967. Hypoglycemic shock
in captive alligators. 1. Amer. Vet. Med. Assoc. 151:893-896.

General

HOESSLE,C. 1963. A breeding pair of western diamondback rattlesnakes,

Crotalus atrox. Bull. Philadelphia Herpetol. Soc. 11(3-3):65-66.
HOESSLE,C. 1969. Display oftuatara (Sphenodon punctatus) at St. Louis

Zoological Park. Inter. Zoo Yearb. 9:32-33.

Several Papers of Interest to Zoo Workers

DONLAN,J., ET AL. 2005. Re-wilding North America. Nature 436:913
914.

HELLY,1. J., ETAL.2002. Controlled publication of digital scientific data.
Communications of the ACH. May 2002. 45(5):97-101.

PARR,C. S., ANDM. P. CUMMINGS.2005. Data sharing in ecology and
evolution. Trends in Ecology and Evolution 20(7) July 2005:362-363.

-James B. Murphy, Section Editor
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The Brazilian Cerrado remains one of the most poorly under
stood habitats in that country. Among the little known anurans
from the Cerrado is a reclusive member of the genus Leptodactylus
which Peters (1870) described as Entomoglossus pustulatus, col
lected from Ceara, Brazil (Bokermann 1966). Boulenger (1882)
reassigned the species to the genus Leptodactylus. A number of
subsequent publications briefly mention the species by either in
cluding it in faunal, distributional, or nomenclatural listings, or by
providing short physical descriptions of preserved specimens
(Bokermann 1962, 1966; Duellman 1999; Frank and Ramus 1995;
Frost 1985; Heyer and Pyburn 1983; Liner 1992; Lutz 1926,1930;
Miranda Ribeiro 1926, 1927; Vanzolini and Heyer 1988), but little

else has been reported. The holotype was long believed lost, lead
ing Heyer (1970) to designate a neotype (MCZ 373). Subsequently,
the original type has been relocated in Berlin, Germany (ZMB
6951) (Bauer et al. 1995).

Habitat associations.-Little is known of the biology or ecol
ogy of this species. These frogs have been primarily associated
with Amazon, Cerrado, and Caatinga habitats south of the Ama
zon River; the four drainage systems for which reliable locality
records exist are the Xingu, the Paranafba, the Araguaia, and the
Tocantins in Central Brazil (Heyer 1970). The majority of the lo
cality records associate the species with Cerrado (Heyer 1994).
The type specimen was collected in Ceara, Brazil (Peters 1870),
an area dominated by Caatinga habitat. Bokermann (1962) reported
finding individuals beneath an old boat along the Xingu River.
The locality, Posto Jacare, is located in transitional forest between
Cerrado and Amazonian biomes (as are the localities for the new
specimens reported herein). Aside from association with riparian
habitat, frogs have also been found in patches of marsh-like wet
lands within the outlined habitat types, known in Brazil as "vereda."
No other habitat information for L. pustulatus has been published
(Heyer 1994, Heyer, pel's. comm.), except for male calling sites
(Brandao and Heyer, in press).

Habitat description (Locality 1).-In August 2000, we collected
two specimens and observed a third along the upper Tocantins

River in the state of Tocantins, Brazil. Vereda in the vicinity of the
city of Tocantin6polis ranges from mildly disturbed to completely
cleared for cattle grazing. We found our specimens in a heavily
disturbed clearing with a natural spring that maintains the small
wetland area, even in the dry season. During the wet season, the
entire cleared area, ca. 50 ha2, is inundated with water ranging
from 0.2-1 m in depth. During the dry season, the wetland is
reduced to small patches roughly one tenth the size of the wet
season habitat. Tall grass covers the clearing at roughly 0.6 m in
height. The ground is uneven and is arranged in a random series of
slightly elevated mounds. These mounds become small, soggy
"islands" in the wet season and are separated by shallow water.
All L. pustulatus from this locality were found on these mounds at
night. When approached, individuals crawl in a bufonid-like
fashion rather than hopping away in a typicalleptodactylid fashion.
The following anurans were found syntopically: Leptodactylus
ocellatus, L. podicipinus, Hypsiboas raniceps, Dendropsophus
minutus, Scinax sp., and Pseudis tocantins.

Habitat description (Locality 2).- The city of Peixe, Tocantins
State, is connected to the "Peixe Angical" hydroelectric
impoundment of the Tocantins River by a road that crosses the
Tocantins River before reaching the dam. That road is fringed by
area cleared for the grazing of cattle. Patches of vereda are common
along the road. On the right bank of the Tocantins River,
immediately after the road crosses it, is a patch of vereda. We
examined the habitat on 25 April 2005 at 2000 hand 17 June 2005
at 1900 h. The wetland is ca. 6 ha2 with water depths ranging from
.01 to 2.1 m depth. The vereda is maintained throughout the year
by springs and aquatic vegetation is present. The edges of the
wetland, and small islands within, are covered by grass 0.4 m in
height. All L. pustulatus at this locality were found on muddy banks
of the wetland, among clumps of grass. The following anurans
were found syntopically: Pseudis tocantins, Dendropsophus
anataliasiasi, D. minutus, D. cruzi, D. nanus, Hypsiboas raniceps,
Leptodactylus ocellatus, L.fuscus, L. labrynthicus, L. podicipinus,
L. troglodytes, Physalaemus cuvieri, and P.nattereri. We observed
Cuvier's Dwarf Caiman (Paleosuchus palpebrosus), a potential
predator, in the wetland.

Color in life.- The dorsal coloration of individuals range from
a dark, forest green, to dark brown, with darker brown or black
irregularly shaped and spaced spots. In contrast to other L.
pustulatus without dorsolateral ridges (Heyer and Pyburn 1983),
these specimens have six small, elevated dorsolateral ridges ex
tending along the dorsum to the vent with an uneven surface. A
maroon V-shaped pattern extends from behind each eye to the na
sal openings. A faint black line also extends from the base of each
eye to the nasal openings. The pupils are horizontal and black.
The iris is a faded copper color marked by inegularly spaced black
reticulations that extend to the edge of the eye. The ventral pattern
and coloration of L. pustulatus is a distinguishing character from
other anurans, save for L. podicipinus. The ventral ground color
ranges from charcoal gray to black and can change within 20 min
utes from gray to jet black or vice versa. Circular and ovoid spots
cover the ventral surface extending from the throat covering to the
groin and undersides of the legs and arms, as well as onto the
flanks. The spots wrap around the throat and onto the lower lip.
Syntopic L. ocellatus and "L. podicipinus" also have white spots
of similar proportion on their lower lip which confuses visual iden-
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FIG.!. The ventral surface of Leptodactylus pustulatus demonstrating ventral color in life and variation in color and pattern. From left to right:
HLR20 and HLR21 from outside "Paudo Chapinha:" wetland on the left bank of the Tocantins River: Tocantins State: Brazil; NAT1222, NAT1223,
and NAT1228 from the road connecting the town of Peixe, and "Peixe Angical" hydroelectric impoundment: wetland on the right bank of the Tocantins
River: Tocantins State: Brazil. Note, NAT1228 is a juvenile with only faint traces of the orange coloration filling spots on the outer thighs and arms.

tification when facing an individual from a distance. The ventral
spots on L. pustulatus do not connect and are white in the throat
and chin region. All of the spots near the groin and lower abdo
men range from a brilliant orange to canary yellow in adults. Indi
vidual variation exists in the relative number of colored versus

white spots, and in the progression of the orange spots up the ven
tral surface toward the animal's head (Fig. I). In most individuals,
orange colored spots can be found on the underside of the upper
arms, even if the orange spots don't extend far up the ventral sur
face. In a resting position, the spots are visible on the chest and
lower lip when approaching the animal from the front. Two juve
nile frogs were collected at the Peixe locality. The spots on their
ventral surface were primarily white. The orange coloration of the

spots on the thighs and groin area was faint (see Fig. I). This ob
servation suggests that either 1) juveniles do not have well de
fined orange colored spots early in life, or 2) that some individu
als never develop well defined orange or yellow spots. Because
all adults observed from this locality and elsewhere have had well
defined orange or yellow colored ventral spots, the first hypoth
esis is the likely condition. Accordingly, this increases the likeli
hood of confused identifications between juvenile L. pustulatus
and L. podicipinus (similarly sized and colored dorsally-also with
white spots on the ventral surface). One discriminating character
is that in L. pustulatus, the ventral surface of the tarsal units have
distinct white spots, whereas in L. podicipinus the surfaces are
mottled rather than clearly spotted (W. R. Heyer, pers. comm.).

TABLE1. Morphometric measurements for specimens of Leptodactylus pustulatus from (I) outside "Paudo Chapinha": wetland
on the left bank of the Tocantins River: Tocantins State: Brazil, and from (2) the road connecting the town of Peixe, and "Peixe
Angical" hydroelectric impoundment: wetland on the right bank of the Tocantins River: Tocantins State: Brazil. All measurements
taken using digital calipers, in mm: SVL = snout to vent length, HW = head width, HL = head length, IOD = inter-ocular distance,
END = eye to nostril distance, TD = tympanum diameter, FeL = femur length, TL = tibia length, FL = foot length, Juv. = juvenile.

All specimens deposited in the collection at the Universidade Cat6lica de Goias, Goias, Brazil.

Locality Field
Number

SVLHWHLIODENDTDFeLTLFLSex

Tocantin6polis Locality

HLR20

56.317.022.45.54.83.821.521.626.0Female

HLR21

49.016.720.25.35.02.814.116.924.7Female

Peixe Locali ty NAT1222

35.913.917.36.33.83.610.516.118.3Male

NAT1223

47.015.918.35.14.13.917.320.625.6Female

NAT1224

34.713.316.34.63.23.411.716.020.8Male

NAT1225

33.912.916.44.43.83.512.815.920.9Male

NAT1226

40.013.319.24.94.33.313.417.322.3Male

NAT1227

32.513.014.55.73.72.813.316.019.9Male

NATI228

24.89.610.35.53.11.89.511.515.0Juv. Male

NAT1229

24.49.39.94.72.62.110.012.414.1Juv.
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Reproductive output.-We collected one gravid female (field

number NATl223) at the Peixe locality. She had 1480 unyolked,

black eggs in her abdomen. All eggs were 1 mm in diameter. She

had a noticeably greater girth to her body relative to two non

gravid females collected at the Tocantopolis locality.

Acknowledgments.- We thank W. R. Heyer for his comments and con
siderable assistance throughout this project. We would also like to thank
J. P. Caldwell, S. R. Richter, and W. W. Lamar for their comments on the
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SYSTEMA NATURAE - Consultoria Ambiental Ltda.
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Mohave Rattlesnakes (Crotalus S. scutulatus) inhabit many of

the desert regions of the southwestern United States and

northcentral Mexico. Throughout much of the range of C. S.

scutulatus, the dominant plant is Creosote Bush (Larrea tridentata),
which is widely spaced, and the terrain is mostly devoid of rock

outcroppings and other significant topographic features. This habi

tat is also characterized by dry, porous soils that rapidly absorb

rainfall, creating little opportunity for surface water to accumu

late. Most precipitation in the Mohave Desert, where this study

was conducted, occurs during the winter. Summer monsoon rains

are less predictable and less significant than in the more southern

Sonoran and Chihuahuan Deserts (Jaeger 1957), where C. S.

scutulatus also occurs.

Several authors have described viperid snakes drinking water

from the external surfaces of their own skin. Bogert (1927) de

scribes a technique for captive husbandry of "rattlesnakes taken

on the desert miles from water" as requiring water to be "sprayed

upon them, as well as upon the rocks in their cage." He goes on to

describe the snakes "sucking the water off the rocks and some

times off their own backs." Also referring to captive animals,

Hediger (1964) describes "some rattlesnakes" as preferring to

"drink drops from the scales on their own bodies." Greene (1997)

describes watching a wild Terciopelo (Bothrops asper) "drinking

rain droplets off her own skin" in a Costa Rican rainforest. Andrade

and Abe (2000) report captive juvenile Brazilian Lanceheads

(Bothrops moojeni) coiling when sprayed with water, which was

trapped between body loops and ingested. Captive Peringuey's

Adders (Bitis peringueyi) from the Namib Desert have twice been

reported to flatten their bodies when sprayed with water, which

they then "drink" (Robinson and Hughes 1978) or "lick" (Louw

1972) from their own skin. Aird and Aird (1990) reported a cap

tive adult female Great Basin Rattlesnake (Crotalus oreganus
lutosus) in an outdoor enclosure flattening her body, forming con

centric coils, and drinking rainwater trapped between the coils. A

single observation of a wild xeric rattlesnake, Crotalus oregan us
concolor, drinking rainwater from its skin was reported by Ashton

and Johnson (1998).

Body posturing has been reported to enhance the collection of

water from the skin by some desert lizards, including

Phrynocephalus helioscopus (Schwenk and Greene 1987),

Phrynosoma cornutum (Sherbrooke 1990), P.platyrhinos (Peterson

1998), P. modestum (Sherbrooke 2002), and Trapelus pallidus, T
mutahilis, and T flavimaculatus (Vesely and Modry 2002). The

term "rain-harvesting" was first used by Sherbrooke (1990) to

describe the combination of integumental microstructure that en

hances capillary movement of ,,:ater and associated stereotypical

posturing by Phrynosoma cornutum to collect and ingest rainwa
ter.
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I herein use "rain-harvesting" to describe the behavior of wild 
C. s. scutulatus by which they adopt a stereotypical posture to 
collect rainwater, which they then drink from the surface of their 
skin. 

Methods.—Ten male and 10 female adult (> 180 g) Mohave 
Rattlesnakes were surgically implanted (Reinert and Cundall 1982) 
with temperature-sensing radio transmitters (model SI-2T, Holohil 
Ltd., Ontario, Canada) and radio-tracked for periods ranging from 
18 days to 32 months (mean = 16 months). 

Observations were made from August 2001 through April 2004, 
which involved > 2700 individual encounters with telemetered C. 
s. scutulatus and 84 chance encounters with 40 non-telemetered 
specimens. These observations were made in all seasons, at all 
times of day, and in a wide variety of weather conditions, includ-
ing rainfall. 

The study site is in the western Mohave Desert near Victorville, 
San Bernardino County, California, USA (ca. 34°36'N, 117°10'W) 
on a Creosote Bush-dominated bajada at a median elevation of 
about 975 m. 

Current and historical precipitation data were obtained from the 
National Oceanic and Atmospheric Administration for its 
"Victorville Pump Plant" station (COOP ID 049325), located 14 
km SW of the study area. 

Results.—Individual C. s. scutulatus were visible on 1633 oc-
casions. In 1097 of these observations (67%), they were found 
motionless in round "resting/ambush" coils, in which the anterior 
body was coiled on top of and covering the posterior body and 
tail. The head rested on top, oriented to face away from the center 
of the coil, with the axis of the head usually on a radius of the 
coils. The crown of the head was usually level or the nose was 
slightly elevated (Fig. 1). 

In 12 of 16 observations during rainfall, the snakes were ob-
served to be coiled with the body spiraling out from the tail in the 
center; the coils of the anterior body were adjacent to, rather than 
on top of, the coils of the posterior body. The abdominal area was 
extraordinarily flattened dorso-ventrally, maximizing the surface 
area exposed to the rain. Adjacent posterior abdominal coils were 
in contact, forming a shallow trough between them where rainwa- 

ter collected. The position of the head was adjusted to a nose-
down attitude, placing the rostral area in the trough formed by the 
adjacent abdominal coils (Fig. 2). This posture and behavior was 
also observed on six additional occasions shortly after rainfall had 
stopped but while the snakes were still wet. These 18 observa-
tions involved 12 different animals during 9 storms in 3 calendar 
years. 

In each case where rain-harvesting behavior was observed, the 
snake positioned its head so that the rostral area was within about 
2 mm of, or actually in contact with, the animal's skin. Slight rhyth-
mic movement could be observed in the temporal-mandibular 
musculature and the rostral area was moved every few seconds to 
different areas of the trough between adjacent coils. Although ac-
tual jaw movement could not always be seen, water could be ob-
served to disappear as it came into contact with the snake's rostral 
area. 

On 10 July 2002, an 828 mm SVL (snout–vent length) male C. 
s. scutulatus (Css25) was observed just as a summer evening thun-
derstorm struck. The snake was in a resting/ambush coil, under 
the edge of overhanging Mormon Tea (Ephedra nevadensis) foli-
age, when a few large scattered raindrops began to fall. In < 10 
seconds, he moved about 20 cm to a position that was not over-
hung by the shrub, assumed the rain-harvesting posture and began 
to search for water on his own skin in a very animated manner. 
This occurred even before he or the surrounding substrate was 
visibly wet. Immediately after this observation, I returned to a 
770 mm SVL female (Css20) that had been visited 22 minutes 
before and found her in rain-harvesting posture, having also moved 
from under foliage (Larrea), where she had earlier been in a rest-
ing/ambush coil. 

On three other occasions, Mohave Rattlesnakes were observed 
to move away from their rain-harvesting positions (usually to re-
treat from the observer) and the substrate under each snake was 
noted to be dry, contrasting with the adjacent soil that had been 
darkened by moisture. 

Study animals ignored large granite rock outcrops in parts of 
the study site where temporary puddles of rainwater can be ex-
pected to occur. In some areas frequented by the study animals, 

Fig. 1. Crotalus s. scutulatus (Css42, I May 2004) in stereotypical 
resting/ambush posture. 

Fig. 2. Crotalus s. scutulatus (Css03, 30 October 2001) in stereotypi-
cal rain-harvesting posture. 
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the ground is littered with cobble (stones 65-256 mm) that accu-
mulated rainwater on their surfaces in quantities that appeared at 
least comparable to the water that collected on the snakes' bodies. 
While other small creatures (e.g., Hadrurus scorpions) drank from 
these small rocks and from dripping vegetation, C. s. scutulatus 
were never observed to use water from these or any surfaces ex-
cept their own bodies. 

Crotalus s. scutulatus were observed harvesting rainwater in 
March, April, July, August, September, October, and November. 
Mean body and air temperatures during observed rain-harvesting 
were 18.2°C (range 12 - 32; N = 13) and 17.6°C (range 11- 30; N 
= 16), respectively. Fewer body temperatures were recorded than 
air temperatures because of transmitter failure (N = 1) and chance 
observations of non-telemetered snakes (N = 2). 

Study animals were visited on 22 occasions during rainfall events 
in November, January and March. With the exception of one mid-
March observation, there was no indication that the animals 
emerged from their winter shelters (mammal burrows) to drink. 

Discussion.-C. s. scutulatus are ambush predators and, in this 
study, 67% of their time above ground was spent in resting/am-
bush coils. By minimizing exposed skin, this position minimizes 
transdermal moisture loss in conditions of very low humidity 
(Cohen 1975). Compared to the resting/ambush coil, the rain-har-
vesting posture increases exposed skin surface (thereby intercept-
ing more rain), decreases the slope of the lateral skin surface 
(thereby slowing water runoff), and creates troughs between adja-
cent coils where water accumulates. Although water is also avail-
able on the surface of small stones and foliage during and imme-
diately after rain, the rain-harvesting posture is more efficient in 
that it does not require time to be spent during typically brief storms 
searching for a suitable surface from which to drink. 

Drinking snakes' core body temperatures were very close to the 
surrounding air temperatures (mean difference < 1°C) and revealed 
that they were willing to endure body temperatures as low as 12°C 
to harvest rainwater. Sherbrooke (1990) observed nocturnal emer-
gence, presumable at lower temperatures, of Texas horned lizards 
(Phrynosoma cornutum) to harvest rain during nighttime storms. 

Desert rattlesnakes, like other desert animals, depend on meta-
bolic water obtained from the food they consume. Nonetheless, it 
has been shown that reptiles cannot produce enough metabolic 
water to entirely compensate for water loss (Nagy 1987). Crota-
lus s. scutulatus appears to be adapted to efficiently exploit one of 
the rarest yet most important resources in xeric environments, es-
pecially considering that nearly 70% of annual precipitation in 
this study area occurs from December through March (National 
Climatic Data Center 2002), when cold temperatures apparently 
prevent C. s. scutulatus from taking advantage of it. 

Two observations of C. s. scutulatus moving out from under 
foliage at the first hint of rain suggest that these snakes take up 
rainfall-harvesting positions very early in a rainfall event. It should 
be noted, however, that these two observations were made during 
a storm season (October 2001-September 2002) that yielded 71% 
less precipitation than the 30-year mean for the area (National 
Climatic Data Center 2001-2002 and 2002). Observations of dry 
ground under other rain-harvesting specimens is consistent with 
such early movements but is equally consistent with those snakes 
being in suitable rain-harvesting locations before rainfall began. 
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Human transportation infrastructures, such as roads, can ad-
versely affect animal populations via fragmentation (Forman and 
Alexander 1998; Mader 1984) and habitat deterioration due to 
construction (Ritters and Wickham 2003), changes in predator/ 
prey concentrations (Dijak and Thompson 2000) and vegetation 
composition (Angold 1997), and the spread of invasive species 
(Tyser and Worley 1992) (for summary references see Forman et 
al. 2003). Direct mortality has been demonstrated for many ani-
mals, including mammals (Groot Bruinderink and Hazebroek 1996; 
Havlin 1987), and amphibians and reptiles (e.g., Ashley and 
Robinson 1996; Hels and Buchwald 2001; Smith and Dodd 2003). 
Other land transportation networks, such as railroads, can result 
in direct mortality due to collisions with trains, although this has 
been primarily documented for mammals (see Van Der Grift 1999 
for review). Although some lizards may benefit from railroad struc-
tures (Blanke 1999), the railroad bed itself may be lethal for smaller 
animals that can become trapped between the rails, where they 
may be susceptible to predation or physiological stress. Railroads 
can also form barriers, either physically (inability to cross) or be-
haviorally (avoidance), that can result in fragmented populations 
(Groot Bruinderink and Hazebroek 1996). For example, Van Der 
Grift (1999) points out that few Hedgehogs (Erinaceus europaeus) 
are killed by trains, but the structure of the railroad may act as a 
barrier to movement. 

Eastern Box Turtles (Terrapene carolina) are found throughout 
most forests of the eastern United States. In many regions, their 
habitat is traversed by railroads. Points where roads intersect rail-
roads (i.e., railroad crossings) likely increase the probability of 
turtles entering and becoming trapped between railroad rails. Ap-
parent railroad-induced mortality has been documented for T 
carolina due to individuals becoming trapped between the rails 
(Dodd 2001; Palmer and Braswell 1995). Anecdotal evidence of 
10-15 T carolina shells of varying sizes in a 5-km section of rail-
road in north Florida, suggests that turtles have difficulty crossing 
or escaping from between the rails (Pierson Hill, pers. comm.). 

In this study, we examine the potential impacts of railroads on 
T carolina by testing their ability to escape from between railroad 
tracks. Additionally, we estimate the temperatures that T carolina 
experience while trapped Finally, we use Geographic Informa-
tion System (GIS) data to determine the likelihood of a turtle en-
countering potential entry and exit points along railroads within 
our study area. 

METHODS 

We conducted our study near the town of Davidson in northern  

Mecklenburg and southern Iredell counties, North Carolina, USA, 
on a seldom-used stretch of railroad track typical of those in the 
region. The railroad rails are T-shaped and approximately 190 mm 
high and 70 mm wide at the top of the rail (Fig. 1). 

We tested 12 adult T carolina (8 male, 4 female) with a mean ± 
SE body mass of 383.1 ± 14.4 g). Mean ± SE measurements of the 
turtles we tested were: carapace length = 130.1 ± 1.7 mm, plastron 
length = 126.1 ± 1.4 mm, shell width = 103.4 ± 1.3 mm, and shell 
height = 62.3 ± 1.3 mm (Fig. 1). All turtles were captured by mem-
bers of the Davidson College Herpetology Laboratory or the 
Davidson community and tested between 4 September and 2 Oc-
tober 2004. Turtles were maintained in the laboratory for < 2 weeks 
prior to experiments and were provided with food and water ad 
libitum. No animals used in the experiments were injured or dis-
played signs of deteriorating health while in captivity. After 
completion of the experimental trials, we released turtles at their 
original capture locations. 

Experiment 1. Can box turtles climb over railroad rails? 

To examine the ability of T carolina to escape from railroad 
tracks, we placed turtles between the rails of a railroad at a pre-
defined common location (i.e., starting point) and oriented them 
in one of three randomly chosen directions: facing away from the 
observer or towards the observer's left or right. After releasing the 
turtle, the observer sat motionless on the track at least 20 m away 
and remained 20-40 m away from the turtle for the duration of 
each experiment. The turtle's movements and behavior were fol-
lowed using a spotting scope (Spacemaster, 15-45x zoom; Bushnell 
Corporation, Overland Park, Kansas). Trials started when the turtles 
emerged from their closed shells and began moving. Trials ended 
after 60 min or when the turtles escaped from the track. We re-
corded the frequency of the following behaviors during the trials: 
1) Exploring — when a turtle stopped and extended its neck, appar-
ently attempting to assess the surrounding environment and/or look 
over the tracks; 2) Climbing attempt — when a turtle was oriented 
perpendicular to and tried to climb over a rail; 3) Falling — when a 
turtle fell on its back after an attempt to climb; 4) Retraction —
when a turtle's limbs and head were drawn inside the shell; 5) 
Direction change — when a turtle substantially altered its course 
from a straight-line movement. 

Using a measuring tape, we recorded to the nearest 0.1 m, 1) the 
distance between the starting point and the furthest point that a 
turtle reached (referred to as "furthest distance"); and 2) the modal 
sum of the displacement vectors' lengths ("total distance"). Turtle 
walking speed was estimated at specified distances using pre-
defined markers not visible to the animals. 

We conducted the experiment on a 1 km section of railroad with 
adjacent forested land on either side of the tracks. Secondary growth 
mixed pine and hardwood forest on both sides of the railroad may 
have provided visual cues to the turtles that preferable habitat was 
available nearby. The forest also helped to reduce noise from nearby 
streets and provided shade, easing possible thermal stress to the 
turtles during our tests. 

Experiment 2. Will box turtles escape at railroad crossings? 

To test turtle behavior upon reaching a railroad crossing (i.e., 
intersection of a road with a railroad), we positioned all 12 sub-
jects between railroad tracks, facing a railroad crossing 5 m away. 
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This site (ca. 3 km N of the location of Experiment 1) was a sec-
tion of the railroad that ran between a large grass field and a two-
lane road with a moderate amount of traffic running parallel to the 
track. A second road with low traffic levels crossed the railroad 
and intersected with the two-lane road. The area between the tracks 
at the crossing was filled to the level of the road and rail with 
asphalt; large wooden beams separated the track from the asphalt. 
The asphalt sloped at ca. 45° up to the level of the road, which 
allowed turtles to climb up from the railroad bed. 

Observations began once the turtle started moving and lasted 
until one of the following events occurred: 1) the turtle turned 
around, walked away from the railroad crossing and passed the 
starting point; 2) the turtle climbed up on the asphalt, crossed the 
road, and continued traveling between the rails on the other side 
of the road; 3) the turtle moved from between the tracks towards 
the grass field, or 4) the turtle moved from between the tracks and 
traveled towards the two-lane road. The frequency of behaviors 
such as climbing attempts and falling (defined above) were also 
recorded. The observer stayed < 5 m from the turtle throughout 
the experiment to ensure that the turtle did not get hit by vehicles, 
but attempted to disturb the turtles as little as possible. 

To determine the likelihood that a turtle would encounter po-
tential entry and exit points along the railroads within our study 
area, we calculated the mean distance between railroad crossings 
using mile-marker data in a GIS for railroads passing through the 
towns of Davidson, Cornelius, and Huntersville, North Carolina 
(Mecklenburg County GIS files, Mecklenburg County Informa-
tion Services and Technology). 

Experiment 3. How long does it take a turtle to overheat 
between tracks? 

We experimentally measured the changes in turtle body tem-
perature (T b) when placed on a railroad tie equidistant from both 
railroad tracks. We conducted this experiment in an area of full-
sun exposure from late morning (ca.1000 h) to early evening (ca. 
1900 h) on three mild days (Taff  ca. 22°C) during late September 
2004. We used two turtles in this experiment and two different 
turtles during preliminary trials. All were collected after being re-
cently killed on the road but had minimal damage to the shell and 
body. They had similar dimensions to the living turtles used in our 
study, and were kept frozen until use. To estimate shell tempera-
ture, we glued a microdatalogger (Thermochron iButton, Dallas 
Semiconductor, Inc., Dallas, Texas, USA) to the top of each dead 
turtle's carapace (Grayson and Dorcas 2004). Because cloacal tem-
peratures of T carolina correlate well with core turtle tempera-
tures (Russo 1972), we recorded core body temperature by insert-
ing a thermistor attached to a datalogger approximately 7 cm into 
the cloaca (StowAway XTI Temperature Logger, Onset Computer 
Corp., Bourne, Massachusetts, USA). Both dataloggers were set 
to record every 5 min and had a resolution of ± 0.5°C (Grayson 
and Dorcas 2004; Onset Computer Corp.). We obtained data on 
air temperature from an automated weather station located ca. 2 
km from the test site. 

RESULTS 

Experiment I. Can box turtles climb over railroad rails?—Only 
one of the 12 turtles tested successfully climbed over the rail and 
escaped from between the railroad tracks. All but three turtles made  

at least one attempt to climb the rails during the 1-h experiment. 
Of 42 climbing attempts, 11 were made at connecting brackets 
that joined two consecutive rails. The turtle that successfully 
climbed over the rail had the highest number of overall escape 
attempts (12) and was able to climb over the tracks at the connect-
ing brackets. Some turtles that failed in their attempts to climb the 
rails tried to escape more frequently than others (mean = 3.75 ± 
0.94 attempts; range = 1-8 attempts; N = 8). While attempting to 
climb, two turtles fell on their backs, but managed to right them-
selves within a few seconds. 

Overall, turtles traveled primarily in straight lines. The mean 
furthest distance the turtles traveled while between the rails was 
79.4 ± 13.2 m (range = 37.3-188.3 m). Two turtles moved more 
than 100 m; most moved between 45 and 70 m. Mean total dis-
tance traveled while between the rails was 89.9 ± 13.05 m (range 
= 37.3-188.3m) because some turtles changed directions several 
times. Directional changes occurred frequently, but were gener-
ally restricted to short time periods within the test (mean = 22.6 ± 
4.7 direction changes per turtle; range = 3-49). Turtles walked on 
railroad gravel and ties at speeds ranging from 0.083 to 0.056 m/s 
(5 m in ca. 60-90 s) during at least part of each trial when they 
were not stopping or exploring the surroundings. During the test-
ing period, turtles showed signs of exploring on average 46 ± 7.52 
times per hour (range = 15-87). Three turtles retracted into their 
shells during the trial; one of these retractions occurred as a per-
son walked on the tracks next to the turtle. Three other turtles 
buried themselves under piles of leaf litter that had accumulated 
on the inside of one of the rails. 

Experiment 2. Will box turtles escape at railroad crossings?—
Of the 12 turtles tested at the railroad crossing, five escaped and 
crawled towards the grass field, four escaped and moved towards 
the nearby moderately-trafficked road, two continued straight and 
remained between the tracks on the other side of the railroad cross-
ing, and one turned back before it reached the railroad crossing. 

70 

FIG. 1. Mean size of tested Eastern Box Turtle (Terrapene carolina; N 
= 12) compared to railroad track rail dimensions (in mm). 
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During the course of this experiment, four turtles made eight climb-
ing attempts. The turtle successful at escaping during Experiment 
1 accounted for five of the climbing attempts, although it fell over 
on its back and had to right itself three times. 

The mean distance between consecutive railroad crossings in 
the study area was 379.6 m (range: 48.3-1223.1 m); 30% of the 
crossings were less than 200 m apart, 16% of the crossings were 
between 200 and 300 m apart, and 54% were more than 300 m 
apart. 

Experiment 3. How long does it take a turtle to overheat be-
tween tracks?—The Tb  and shell temperatures of the two dead T 
carolina tested in late September reached temperatures consider-
ably higher than the air temperature by about noon and remained 
high most of the day (10-20°C > T ajr; Fig. 2). The two turtles' T b 

 and shell temperatures were nearly identical throughout the day. 
The turtles' core temperatures (maximum = 40.5°C; temperature 
increase = 0.31°C/h) did not reach mean lethal Tb for the subspe-
cies T carolina triunguis (42.98 ± 1°C; Sturbaum 1981). How-
ever, it approached critical thermal maximum (41°C for T ornata 
luteola; Plummer et al. 2003), defined as the point at which a turtle 
becomes incapable of coordinated locomotion. Estimated shell 
temperature stayed consistently higher than core Tb throughout 
the day and peaked at 48.5°C (Fig. 2). 

DISCUSSION 

Our results indicate that adult T carolina often cannot escape 
when trapped between railroad tracks. Most turtles clearly have 
the ability to escape at railroad crossings, although they may en-
counter unfavorable conditions (e.g., automobile traffic) upon es-
caping. While between railroad tracks, turtles can quickly reach 
critically high body temperatures, even on relatively mild days. 

The failure of turtles to climb over the railroad tracks might 
result both from physical and behavioral characteristics of T 
carolina. A comparison of turtle and rail dimensions clearly il-
lustrates that the rails represent a considerable height obstacle 
(Fig. 1). Although a full-grown T carolina erect on its hind legs 
can sometimes reach the top of the rail, they generally cannot 
pull themselves over to escape. Willbern (1982) reported several 
instances of T. carolina climbing a 77 cm vertical wire mesh fence. 
In contrast, the shape and smoothness of a railroad rail, and po-
tentially the high temperature of the rail, appear to impede suc-
cessful climbing by adult turtles (Fig. 1). Although hatchling and 
juvenile T carolina might be able to crawl under rails, especially 
where the gravel underneath the track has been removed, their 
small size makes them more prone to rapid, and potentially le-
thal, increases in Tb. 

When faced with obstacles, T carolina will often travel along 
the edge of habitat boundaries such as roads, forest edges, and 
streambeds, rather than attempting to climb (Lemkau 1970). Our 
data support this observation because the turtles we tested tended 
to spend most of their time walking rather than trying to climb 
over railroad rails. However, because we conducted our experi-
ment under conditions without thermal stress (i.e., in the shade), 
turtles may not have been as motivated to try to escape quickly 
from between the railroad rails. When turtles did escape from 
railroads at crossings, many moved towards a nearby road rather 
than moving towards a grassy field, thus increasing their prob-
ability of being struck by vehicular traffic (Carr and Fahrig 2001; 

Hels and Buchwald 2001). 
We suspect that most turtles that suffer mortality on railroad 

tracks enter via a railroad crossing (an intersection of a road and a 
railway where the pavement levels off with the rails). Even in the 
suburban areas of our study site, the distance between approxi-
mately 50% of the railroad crossings was greater than 300 m. The 
time required for turtles to travel this distance would be at least 
1.5 h, assuming the turtle walked continuously at the speeds we 
measured (comparable to Adams et al. 1989; Lemkau 1970; Muegel 
and Claussen 1993; Strang 1983). 

When trapped between railroad rails, T carolina may quickly 
reach critical T b. Terrapene spp. thermoregulate behaviorally pri-
marily by varying activity periods and choosing particular micro-
climatic conditions (Converse 1999; Ernst and Barbour 1972; 
Reagan 1974). However, railroad tracks rarely provide habitats 
conducive to behavioral thermoregulation and once air tempera-
ture reaches 50°C, T carolina are unable to maintain Tb's within 
their tolerance limits (Sturbaum 1981). A similar situation was 
documented in Madagascar, where Radiated Tortoises (Geochelone 
radiata) fell in a steep embankment on the side of an unfinished 
road and died of sun exposure or drowning (Goodman et al. 1994). 

Most research on thermoregulation in Terrapene spp. has been 
conducted with T ornata. do Amaral et al. (2002) failed to con-
clude whether T ornata has a higher thermal tolerance, more pre-
cise physiological methods of thermoregulating, and a potentially 
higher critical thermal maximum and lethal I', than the forest-
inhabiting T carolina. However, T ornata selected for higher tem- 
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FIG. 2. Core and shell temperatures of a freshly dead Eastern Box Turtles 
(T carolina) between railroad tracks on 25 September 2004, southern 
Iredell County, North Carolina. Shell and core temperatures peaked re-
spectively at 48.5°C and 40.5°C; both were consistently higher than the 
air temperature by 10-20°C. Measured Tb  approached estimated lethal Tb  
for T. carolina triunguis (42.98 ± 1°C; Sturbaum 1981). The critical ther-
mal maximum (CTMax) of 41°C and maximum voluntary tolerated level 
(VTL) of 35.5°C (Plummer et al. 2003) for T. ornata luteola may be higher 
than those of T carolina (Sturbaum 1981) because they tend to choose 
higher Tb  (do Amaral et al. 2002). 
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peratures than T carolina. Therefore, even though core tempera-
tures in Experiment 3 (Fig. 2) did not quite reach critical levels for 
T ornata, the highest temperatures recorded might represent criti-
cal T,, for T carolina. Two preliminary shorter trials on slightly 
warmer days (T.,. approximately 28.5°C at 1500 h) resulted in faster 
temperature increase (0.61°C/h and 0.42°C/h, similar to Bethea 
1972) than the rate of 0.31°C/h for our trial on a relatively mild 
day (Fig. 2). On these warmer days, it would have taken approxi-
mately 4.5 h for a turtle with an initial T,, of 20°C to reach lethal 
Tb. During all of our temperature tests, the dead turtles' Tb sur-
passed the maximum preferred voluntary locomotory temperature 
of 32°C (Adams et al. 1989). 

We stipulate that the presence of railroad tracks is detrimental 
to the health of T carolina populations. Even in the suburban ar-
eas of Davidson, approximately one-half of the railroad crossings 
are separated by what are likely lethal distances for T carolina. 
Even though a higher number of crossings may increase the chance 
for escape, individuals whose home ranges border the infrastruc-
ture would also be more prone to get trapped between the tracks. 
Furthermore, railroads in forested regions with fewer railroad cross-
ings may act as physical barriers for exchange of genetic material 
and decrease the long-term survivability of T carolina popula-
tions. 

Several investigators have suggested structures such as road 
tunnels to reduce road mortality (Langton 1989; Messmer and West 
2000); structures that reduce the possibility of turtles becoming 
trapped within railroad rails should be investigated. Additionally, 
formal studies are needed to evaluate the long-term effects of rail-
roads on T carolina populations. 

Acknowledgments.-We thank Joy Hester, Bill Johnson, Pierson Hill, 
Sarah Budischak, and Michelle Gooch for providing assistance and com-
ments on earlier drafts of this manuscript, C. Kenneth Dodd, Jr., J. Whitfield 
Gibbons, Joseph Mitchell, and Stephen Mullin for reviewing the completed 
manuscript, and Mark Stanback for help with equipment. This project was 
approved by the Davidson College Animal Care and Use Committee (pro-
tocol # 3-04-14). Funding was provided by NSF grant DEB - 0347326 to 
MED. Manuscript preparation was aided by the Environmental Remediation 
Sciences Division of the Office of Biological and Environmental Research, 
U.S. Department of Energy through Financial Assistance Award number 
DE-FC09-96SR 18546 to the University of Georgia Research Foundation. 

LITERATURE CITED 

ADAMS, N. A., D. L. CLAUSSEN, AND J. SKILLINGS. 1989. Effects of tempera-
ture on voluntary locomotion of the eastern box turtle, Terrapene carolina 
carolina. Copeia 1989:905-915. 

ANGOLD, P. G. 1997. The impact of a road upon adjacent heathland vegeta- 
tion: effects on plant species composition. J. Appl. Ecol. 34:409-417. 

ASHLEY, E. P., AND J. T. ROBINSON. 1996. Road mortality of amphibians, 
reptiles and other wildlife on the Long Point causeway, Lake Erie, Ontario. 
Can. Field Nat. 110:403-412. 

BETHEA, N. J. 1972. Effects of temperature on heart rate and rates of cool-
ing and warming in Terrapene ornata. Comp. Biochem. Physiol. 
41A:301-305. 

BLANKE, I. 1999. Erfassung and Lebensweise der Zauneidechse (Lacerta 
agilis) an Bahnanlagen. Zeitschrift fiir Feldherpetologie 6:147-158. 

CARR, L. W., AND L. FAHRIG. 2001. Effects of road traffic on two amphibian 
species of different vagility. Conserv. Biol. 15:1071-1078. 

CONVERSE, S. J. 1999. Habitat selection and population response to com-
mercial harvest of Nebraska ornate box turtles. Master's thesis, Univer-
sity of Nebraska, Lincoln. 108 pp. 

DUAK, W. D., AND F. R. THOMPSON III. 2000. Landscape and edge effects on 

the distribution of mammalian predators in Missouri. J. Wildl. Manag. 
64:209-216. 

DO AMARAL, J. P. S., G. A. 1V1  -ARVIN, AND Y. H. HUTCHISON. 2002. Thermoregu-
lation in the box turtles Terrapene carolina and Terrapene ornata. Can. 
J. Zool. 80:934-943. 

DODD, C. K., JR. 2001. North American Box Turtles: A Natural History. 
University of Oklahoma Press, Norman, Oklahoma. 231 pp. 

ERNST, C. H., AND R. W. BARBOUR. 1972. Turtles of the United States. Uni- 
versity Press of Kentucky, Lexington, Kentucky. 347 pp. 

FORMAN, R. T. T., AND L. E. ALEXANDER. 1998. Roads and their major eco-
logical effects. Ann. Rev. Ecol. Syst. 29:207-231. 
	, D. SPERLING, J. BISSONETTE, A. P. CLEVENGER, C. D. CUTSHALL, V. 

H. DALE, L. FAHRIG, R. FRANCE, C. R. GOLDMAN, K. HEANUE, J. A. JONES, 

F. J. SWANSON, T. TURRENT1NE, AND T. C. WINTER. 2003. Road Ecology: 
Science and Solutions. Island Press, Washington, DC. 481 pp. 

GOODMAN, S. M., M. PIDGEON, AND S. O'CONNOR. 1994. Mass mortality of 
Madagascar radiated tortoise caused by road construction. Oryx 28:115-
118. 

GRAYSON, K. L., AND M. E. DORCAS. 2004. Seasonal temperature variation 
in the painted turtle (Chrysemys picta). Herpetologica 60:325-336. 

GROOT BRUINDERINK, G. W. T. A., AND E. HAZEBROEK. 1996. Ungulate traffic 
collisions in Europe. Conserv. Biol. 10:1059-1067. 

HAVLIN, J. 1987. On the importance of railway lines for the life of avifauna 
in agrocoenoses. Folia Zoologica 36:345-358. 

Has, T., AND E. BUCHWALD. 2001. The effect of roadkills on amphibian 
populations. Biol. Conserv. 99:331-340. 

LANGTON, T. E. S. (ed.). 1989. Amphibians and Roads: Proceedings of the 
Toad Tunnel Conference. ACO Polymer Products, Shefford, England. 
202 pp. 

LEMKAU, P. J. 1970. Movements of the box turtle, Terrapene c. carolina 
(Linnaeus) in unfamiliar territory. Copeia 1970:781-783. 

MADER, H. J. 1984. Animal habitat isolation by roads and agricultural fields. 
Biol. Conserv. 29:81-96. 

MESSMER, T. A., AND B. WEST (eds). 2000. Wildlife and Highways: Seeking 
solutions to an Ecological and Socio-economic Dilemma. Proc. 7th An-
nual Meeting Wildl. Soc., Nashville, Tennessee. 169 pp. 

MUEGEL, L. A., AND D. L. CLAUSSEN. 1993. Effects of slope on voluntary 
locomotor performance in the turtle, Terrapene camlina carolina. J. 
Herpetol. 28:6-11. 

PALMER, W. M., AND A. L. BRASWELL. 1995. Reptiles of North Carolina. The 
University of North Carolina Press, Chapel Hill. 412 pp. 

PLUMMER, M. V., B. K. WILLIAMS, M. M. SKIVER, AND J. C. CARLYLE. 2003. 
Effects of dehydration on the critical thermal maximum of the desert 
box turtle (Terrapene ornata luteola). J. Herpetol. 37:747-750. 

REAGAN, D. P. 1974. Habitat selection in the three-toed box turtle Terrapene 
carolina triunguis. Copeia 1974:512-527. 

%TIERS, K. H., AND J. D. WICKHAM. 2003. How far to the nearest road? 
Frontiers in Ecology and the Environment 1:125-129. 

Russo, P. M. 1972. Behavioral thermoregulation and energy budget of the 
eastern box turtle, Terrapene c. carolina (Linnd). Ph.D. dissertation. 
Rutgers University, New Brunswick, New Jersey. 178 pp. 

STURBAUM, B. A. 1981. Responses of the three-toed box turtle Terrapene 
carolina triunguis to heat stress. Comp. Biochem. Physiol. 70A:199-
204. 

SMITH, L. L., AND C. K. DODD, JR. 2003. Wildlife mortality on U.S. High-
way 441 across Paynes Prairie, Alachua County, Florida. Florida Scien-
tist 66:128-140. 

STRANG, C. A. 1983. Spatial and temporal activity patterns in two terrestrial 
turtles. J. Herpetol. 17:43-47. 

TYSER, R. W., AND C. A. WOM_EY. 1992. Alien flora in grasslands adjacent to 
road and rail corridors in Glacier National Park, Montana (U.S.A.). 
Conserv. Biol. 5:253-262. 

VAN DER GRIFT, E. A. 1999. Mammals and railroads: impacts and manage-
ment implications. Lutra 42:77-98. 

WILLBERN, S. E. 1982. Climbing ability of box turtles. Bull. Maryland 
Herpetol. Soc. 18:170-171. 

148 	 Herpetological Review 37(2), 2006 



Herpetological Review, 2006,37(2), 149-151. 
© 2006 by Society for the Study of Amphibians and Reptiles 

Female Reproductive Aspects and Seasonality in 
the Reproduction of Eleutherodactylus binotatus 
(Spix, 1824) (Amphibia, Leptodactylidae) in an 

Atlantic Rainforest Fragment, Southeastern 
Brazil 

CLARISSA CANEDO* 
and 

ELENICE RICKLI 
Departamento de Vertebrados, Museu Nacional, Quinta da Boa Vista, s/n 

CEP 20940-040 Rio de Janeiro, RJ, Brazil 

* Corresponding author; e-mail: canedo@mn.ufrj.br  

Most species of the genus Eleutherodactylus Dumeril & Bibron, 
1841 are direct developers with eggs laid in terrestrial sites (Wake 
1978). Internal fertilization occurs in two species and may be more 
widespread within the genus (Townsend et al. 1981; Townsend 
and Stewart 1994). Live-bearing occurs in at least one species 
(Eleutherodactylus jasperi; Wake 1978). Despite these uncommon 
reproductive features among anurans, detailed aspects of repro-
ductive biology are known for only a few species of the genus 
(e.g., Diesel et al. 1995; Donnelly 1999; Lutz 1944; Lynn and Lutz 
1946a, b; Ovaska and Rand 2001). 

Eleutherodactylus binotatus is a common species distributed 
along Atlantic Rainforest in Brazil but data on its natural history 
are scarce (Haddad and Sazima 1992; Pombal and Gordo 2004). 
The objects of this study are: A) to present data on E. binotatus 
female reproductive investment verifying the correlation between 
female snout—vent length and the number of ovarian follicles of 
the largest size class; and B) to analyze the reproductive seasonal-
ity in E. binotatus by evaluating the seasonal variation of total 
ovarian mass, the number, and mean diameter of ovarian follicles 
of the largest size class. 

We examined 36 adult female Eleutherodactylus binotatus col-
lected in a fragment of Atlantic Rainforest (22°01'S 43 031'W; ca. 
600 m above sea level), at Municipality of Belmiro Braga, State 
of Minas Gerais, Southeastern Brazil. Individuals were collected 
during three seasons: the first wet season from September 2000 to 
March 2001; the dry season from April to September 2001; and 
the second wet season from October 2001 to March 2002. Speci-
mens are housed in the herpetological collection of Museu 
Nacional, Rio de Janeiro, Brazil (MNRJ 27371-72, 27376, 27380, 
27383, 27386-87, 27394, 27397, 27404, 27409, 27411, 27414, 
27417-18, 27420, 27422-24, 27446, 27448, 27451-52, 27460, 
27474-78, 27490, 27492-93, 27556, 28317-18, and 28479). 

Reproductive maturity of adult females was determined by ovi-
duct condition according to Lynch and Duellman (1997). The 
snout-vent length (SVL) was measured with calipers to the near-
est 0.1 mm. Ovaries were removed and weighed on an electronic 
balance to the nearest 0.001 g. Ovaries always presented several 
follicles grouped in different, discrete size classes. We considered 
only follicles of the largest size class from each ovary as we as-
sumed these follicles constitute a single clutch. The ovarian fol-
licles of the largest size class in ovaries were counted and mea-
sured under a stereomicroscope with an ocular micrometer. 

We examined the relationship between the SVL and the number 
of ovarian follicles of the largest size class using a Pearson's test. 
We performed an Analysis of Variance (ANOVA) to test for dif-
ferences among seasons regarding 1) ovarian mass, 2) number, 
and 3) mean diameter of follicles of the largest size class. 

Females were divided into two categories according to ovarian 
mass (females with ovarian mass greater than 0 560 g and smaller 
than 0.560 g; this corresponds to the mid-point of the total range) 
in order to determine the frequency of females with the highest 
ovaries through time and to estimate the approximate time of 
clutching. 

At the study site, female E. binotatus ranged in body size from 
44.3 to 55.7 mm ( = 49.8 ± 2.3 mm); ovarian mass ranged from 
0.011 g to 1.128 g ( = 0.389 ± 0.340 g); the number of follicles of 
the largest size class ranged from 20 to 67 ( = 32.5 ± 10.1), and 
mean diameter of follicles of the largest size class ranged from 1.1 
mm to 4.6 mm ( = 2.6 ± 1.0 mm) (Table 1). 

Correlation between the number of follicles of the largest size 
class and the snout—vent length of female E. binotatus was not 
significant (r = 0.0553; p = 0.78). Significant correlation between 
female size and clutch size is common in anurans (Kuramoto 1978; 
Salthe and Duellman 1973). However, Crump (1974) found this 
correlation in only to 26.8% of studied species in a tropical anuran 
community. In some species of the genus Eleutherodactylus there 
is a correlation between egg number and female size (e.g. E. 
altamazonicus, E. lacrimosus, and E. lanthanites: Crump 1974; 
E. coqui: Townsend and Stewart 1994; E. johnstonei: Bourne 1997; 
and E. bransfordii: Donnelly 1999) but Crump (1978) found no 
significant correlation in E. conspicillatus, E. croceoinguinis, E. 
martiae, E. ockendeni, E. pseudoacuminatus, and E. variabilis, as 
well Ischnocnema quixensis, a species that also has direct devel-
opment. Species of Eleutherodactylus have, in general, smaller 
clutches with larger eggs than other genera (Salthe and Duellman 
1973; Wake 1978). Probably, egg size is more important than clutch 
size to the reproductive success of species with direct develop-
ment. Unfortunately, we did not test this hypothesis in the present 
study because our size data referred to follicles at different stages 
of development and we could not estimate the final size of eggs 
from our data. 

There is no significant difference among wet and dry seasons, 
on ovarian mass (F = 0.5379; df = 1, 34; p = 0.47), number of 
follicles (F = 2.1898; df = 1, 26; p = 0.15), and mean diameter of 
follicles (F = 0.0919; df = 1, 26; p = 0.76). Nevertheless, females 
with the heaviest ovaries (ovarian mass higher than 0.560 g) were 
found only from September to November (Fig. 1). Furthermore, 
development of ovarian follicles of the largest size class (indi-
cated by the variation in mean diameter of follicles over time; Fig. 

TABLE 1. Mean, standard deviation (SD), and range of snout—vent length 
(SVL), ovarian mass, number, and mean diameter of follicles of the larg-
est size class of female Eleutherodactylus binotatus (N = 36). 

Variables mean ± SD range 

SVL (mm) 49.8 ± 2.3 44.3-55.7 
Ovarian mass (g) 0.389 ± 0.340 0.011-1.128 

Number of follicles 32.5 ± 10.1 20-67 

Follicles mean diam (mm) 2.6 ± 1.0 1.1-4.6 
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A nod of the highest vocalization activity of male E. binotatus in the 
same population (C. Canedo, unpubl. data). 

In the Atlantic Rainforest, in Southeastern Brazil, most anuran 
species reproduce only during the wet season (e.g., Pombal 1997), 
as we found for E. binotatus. However, Eleutherodactylus species 
have continuous reproduction along the year showing seasonal 
variation only in the frequency of reproductive activity at Amazo-
nian Rainforest (e.g., Bourne 1997; Towsend and Stewart 1994) 
and Costa Rican Rainforest (Donnelly 1999). 

We conclude that the studied E. binotatus population: 1) pre-
sents no significant correlation between number of follicles and 
size of females, and 2) present seasonal reproduction, occurring at 
the beginning of the wet season. 
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FIG. 1. Number of female Eleutherodactylus binotatus with ovarian 
mass higher than 0.560 g (black) and females with ovarian mass smaller 
than 0.560 g (gray), data were summed for months sampled during differ-
ent years. (A) Month to month and (B) combined three-to-three months. 

2) showed follicles growing during the dry season (April to Sep-
tember) and reaching a developmental peak at the beginning of 
the wet season (October to November). This peak is followed by a 
decrease in the mean diameter of follicles, suggestive of an end to 
the clutching period. 

The statistical tests only compare the means among the differ-
ent seasons and the graphs demonstrate that the follicles are uni-
formly middle sized in the whole dry season and the largest fol-
licles are present especially at the beginning of the wet season 
while the smallest follicles are present at the ending of this sea-
son. Thus, despite the not significant different means, we could 
assume that the reproduction in E. binotatus is seasonal, occur-
ring at the beginning of the wet season. This is also the time pe- 
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FIG. 2. Mean diameter in millimeters of ovarian follicles of the largest 
size class in female Eleutherodactylus binotatus from September 2000 
(S) to March 2002 (M), presenting polynomial of third order trendline. 
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California Newts (Taricha torosa) inhabit the streams and sur-
rounding terrestrial habitats along the California coast. In the winter 
and spring, adults migrate from terrestrial habitats to nearby streams 
or ponds for breeding. Few studies have examined the behavioral 
patterns of adult T torosa in any great detail, but extensive popu-
lation and migration studies on T rivularis have demonstrated site 
fidelity and homing behavior in individuals displaced from cap-
ture locations during the breeding season (Twitty 1966). Sala-
manders in other families (e.g., Ambystomatidae, Plethodontidae) 
have been shown to possess strong breeding pond fidelity from 
season to season (Mathis 1989; Trenham et al. 2000), and we sus-
pected that this characteristic exists in T torosa as well. 

However, demonstrating breeding site fidelity in Taricha is chal-
lenging experimentally, due to both their longevity and the diffi-
culty that lies in identifying individual newts and their migrations 
from year to year. We examined PIT tagging as a marking method 
for identification in T torosa. This marking technique was suc-
cessful over our long-term study and enabled us to confirm breed-
ing site fidelity in this species. 

Site fidelity in newts was first verified by the use of coded toe 
clipping, but that technique was reliable for only a couple years 
following marking because newts regenerated amputated append-
ages and limbs (Twitty 1966). Radio transmitters, either surgically 
implanted or inserted into the salamanders' abdomen (Jehle 2000; 
Madison 1997), are not practical for long-term studies due to their 
limited battery life. While heat branding can be used to identify 
individuals years after their initial capture (Peterson et al. 1983), 
the use of passive integrated transponders (PIT tags) has been in-
troduced recently as a more reliable technique (Trenham et al. 
2000). 

We conducted a mark-recapture study of T. torosa in Cold Creek, 
California (Los Angeles Co.), a stream located in the Santa Monica 
Mountains. Using permanent geographic land markers, we mapped  

700 m of the stream. We surveyed this stream section annually 
from 1991 to 2003 and recorded the location, sex, SVL, and mass 
of adult newts. From 1991 to 1994, 36 adults were marked with 
PIT tags manufactured by AVID. Newts were anesthetized using 
MS222 and tags were inserted into the abdomen using a syringe. 
The incision was closed using New Skin® (Medtech). Each sub-
sequent year until 2003, on several days during the breeding sea-
son, the stream was mapped and surveyed as before. Newts en-
countered during surveys were captured and scanned for a PIT 
tag. Recaptures were measured and weighed, and the distance from 
their first location was determined. Many individuals in this study 
were captured several times in a single breeding season, but only 
the data for their first capture of the season was included in analy-
ses. 

Through 2003, 14 of 36 (39%) tagged T torosa adults were 
recaptured among years, up to 11 years post-tagging (mean 763 
d). A few adults were captured more than once for a total of 22 
recaptures. Each recapture increased in length (mean (SD): 0.12 
(0.16) cm) and body mass (mean (SD): 1.11 (2.47) g) from when 
they had most recently been collected. Upon recapture, the mean 
distance between an individual's recapture site and site of initial 
capture was 15.5 m (SD: 30.1 m). Fourteen of the 22 total recap-
tures occurred at or within 10 m of an individual's original cap-
ture. 

Our data demonstrate the utility of PIT tags for long term stud-
ies in newts and documentation of life history and population de-
mography information. Our study is the first to document the po-
tential lifespan of the California newt in the wild. One female, 
recovered in 2000, was originally tagged in 1991 and was last 
recaptured in May of 1993. Two males, originally marked in 1994, 
were recaptured and recorded in April of 2003, along with another 
male who had not been observed in the field since his original 
capture in 1992, 11 years earlier. Given that Taricha do not reach 
sexual maturity until at least three to four years of age in males, 
and slightly longer in females (Twitty 1959), the four individuals 
captured 9-11 years after their initial marking are likely, at mini-
mum, 12-14 years of age. 

In Southern California, the 6-12 week breeding period for T 
torosa can last into May, but most adults leave the streams within 
several weeks following this period and densities drop to near zero 
over the course of the summer (Kats et. al 1994; Petranka 1998). 
Adults emerge from below ground and do not reenter streams, 
ponds, and reservoirs until after late Fall rains (Stebbins 2003). 
Our findings suggest that many individuals return to almost the 
exact locations within the stream among years. Exactly how T 
torosa orient to the same location along a stream year in and year 
out is unknown. In T rivularis and T granulosa, Twitty (1959) 
ruled out visual navigation using landmarks and memorization of 
the topographical pattern of an individual's home range, and sug-
gested navigation by a chemical mechanism. Extra-ocular mag-
netic orientation is now known in the red spotted newt, 
Notophthalmus viridescens (Deutschlander et. al 1999). 
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Studies analyzing anuran stomach contents are essential to de-
termine many aspects of their ecology and natural history. Diet 
analysis has proven useful in many studies, including: recognition 
of feeding restrictions or food preferences (e.g., Parker and 
Goldstein 2004); examining natural history (Hamilton 1948); de-
termining developmental stage effect on diet (Jenssen 1967); un-
derstanding niche overlap (Forstner et al. 1998; Hedeen 1972); 
comparing diet of sympatric species (Guidali et al. 2000); and 
confirming congenic/conspecific predation (Krupa 2002). Al-
though stomach content analyses of Northern Leopard Frogs (Rana 
pipiens) and related species have been conducted (Collier et al. 
1998; Knowlton 1944; Linzey 1967; Parker and Goldstein 2004),  

relatively no natural history data exists for this anuran in West 
Virginia, USA. We describe prey items and analyze feeding strat-
egies of R. pipiens from one of four known breeding localities in 
the state. 

Methods.-We captured frogs in Hoeft Marsh, an ephemeral wet-
land located on the western end of Greenbottom Wildlife Man-
agement Area (Cabell County, 38°35'9.4"N, 82°15'52.7"W) cre-
ated by the West Virginia Division of Natural Resources in 1992 
(Pauley and Barron 1995). Sampling was conducted June through 
November 2003, at about 2100 h and usually lasted 1-2 h. Cap-
tured frogs were stomach flushed using the method described in 
LeClerc and Courtois (1993). Stomach contents were preserved 
in 70% ethanol (v/v) and identified to class/order classification 
level. 

Feeding strategies were determined by constructing a feeding 
strategy plot as described in Amundsen et al. (1996). In this method, 
prey-specific abundance (dependent variable) is plotted against 
frequency of occurrence (independent variable). Prey-specific 
abundance represents the percentage a prey taxon comprises only 
in stomachs of predators ingesting the prey taxon. Frequency of 
occurrence represents the frequency a particular prey item com-
prises out of all prey items recovered from flushing. Resulting 
feeding strategies can be assessed based upon location of points 
within the following quadrants of the feeding graph: 1) bottom 
left- predator population is feeding on various prey items with 
low frequency; 2) top right- predator population is specializing 
exclusively on one prey source; 3) top left- few predators out of 
the population are specializing upon one prey item, and; 4) bot-
tom right- many predators out of the population are feeding on 
one prey item occasionally (Amundsen et al. 1996). 

Results and Discussion.-Of 162 captured frogs, 64 regurgi-
tated stomach contents during flushing. There were 216 food items 
identified, belonging to 19 taxonomic food groups (Table 1). Three 
main prey groups served as the prey base for R. pipiens, compris-
ing 51.8% of total items: adult Coleoptera (24.5%), Oligochaeta 
(15.3%), and Hymenoptera (12.0%). Order Trichoptera represented 
6% of the food items recovered, with 11 of 13 larval caddisflies 
procured from one frog. Additionally, one anuran, Pseudacris c. 
crucifer (Northern Spring Peeper), was recovered. 

Feeding strategy analysis illustrated that R. pipiens was a 
generalistic feeder (Fig. 1), supporting the premise that they ap-
pear to be indiscriminate, opportunistic predators (Collier et al. 
1998; Forstner et al. 1998; Guidali et al. 2000). There were 17 of 
19 prey classes located near the bottom left of the feeding plot 
(Fig. 1), illustrating that numerous prey taxa were being consumed 
in low quantities. Also, coleopterans were being consumed occa-
sionally by many frogs (frequency of occurrence = 0.5, Fig. 1), 
while trichopterans were a specialized prey taxon for a few frogs 
(prey specific abundance = 59, Fig. 1). 

Although we did not assess prey availability, it has been sug-
gested that availability of a particular prey item has a much greater 
influence than specificity in the diet of many anurans (Linzey 
1967). Adult coleopterans were the major prey item for R. pipiens, 
most likely because of foraging habits for this frog. During the 
summer and fall months, R. pipiens forages in large, grassy mead-
ows (Merrell 1977), a common habitat for many species of co-
leopterans. Collier et al. (1998) discovered that coleopterans were 
the most common food item recovered from a population of R. 
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TABLE 1. Stomach contents of 64 Rana pipiens in Greenbottom Wild-
life Management Area, Cabell Co., West Virginia, USA. 

Prey Taxon No. Food Items (%) 

Amphibia 
Anura 

Hylidae 
Pseudacris c. crucifer 

Arachnida 

1 (0.5) 

Araneae 11 (5.0) 

Opiliones 1 (0.5) 

Crustacea 
Isopoda 8 (3.8) 

Diplopoda 4 (1.9) 

Gastropoda 17 (7.9) 
Insecta 

Coleoptera (Adult) 53 (24.5) 
Coleoptera (Larvae) 13 (6.0) 

Diptera (Adult) 13 (6.0) 
Diptera (Larvae) 1 (0.5) 
Ephemeroptera 1 (0.5) 
Hemiptera 5 (2.3) 
Homoptera 7 (3.2) 

Hymenoptera 26 (12.0) 

Lepidoptera (Adult) 2 (0.9) 
Lepidoptera (Larvae) 5 (2.3) 
Odonata 2 (0.9) 

Trichoptera 13 (6.0) 

Oligochaeta 33 (15.3) 

pipiens in northeastern Ohio. Linzey (1967) suggested coleopter- 
ans function as the staple food item for R. pipiens; frogs would 
feed on ephemeral insects when in abundance, but coleopterans 
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would function as a buffer when availability of other food items 
declined. 

Prey item analysis indicates that prey specificity does not serve 
as a limiting factor for this species. However, availability of ter-
restrial habitat can be a limiting factor because R. pipiens requires 
large uncut wetland meadows for summer foraging habitat. From 
this, it should be a primary management concern to preserve this 
essential early successional wetland habitat. 
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FIG. 1. Feeding strategy plot for Rana pipiens at Greenbottom Wildlife 
Management Area, Cabell Co., West Virginia, USA. Each point repre-
sents a unique prey taxon. Diagram at top right corner can be used to 
interpret graph results (adapted from Amundsen et al. 1996). 
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Bhatta and Srinivasa (2004) described a new species of caecil-
ian, which they named Gegeneophis madhavai, from "Doddinaguli 
locality (Mudur Village, Kundapura Taluk, Udupi District, 
Karnataka State".... "situated adjacent to the Mookambika Wild-
life Sanctuary in the Western Ghats" (in southwestern India). 

The new species was named for four individuals who share a 
first name, namely, Madhava Bhat, Madhavarao Bhide, Madhava 
Anantha and Madhava Gadgil. The spelling of the first (= given) 
name of the last individual is, in fact, Madhav, a contemporary 
north Indian version of the spelling. The name is derived from the 
Sanskrit, meaning vernal, originating from the name Madhu, a 
legendary king, whose most famous descendant is Krishna, a Hindu 
god (see Hanks and Hodges 1990). 

According to Article 32.5 of the International Code of Zoologi-
cal Nomenclature (International Commission of Zoological No-
menclature 1999), in case of clear inadvertent error in the forma-
tion of a new nomen, correction of the nomen is possible (see 
Bauer and Das 2000 and Michels and Bauer 2004, for some recent 
examples of corrections of original nomen). Indeed, Article 34.2 
states that errors in spelling of the endings must be corrected. In 
the present case, because the new caecilian is named for more 
than a single individual, the termination of the species nomen 
should be –orum. The species nomen of the south Indian caecilian 
described by Bhatta and Srinivasa (2004) is here emended to 
Gegeneophis madhavaorum. 

Under Article 33.2.2, the corrected nomen retains the original 
authorship and date. The valid name of the new south Indian cae-
cilian is therefore Gegeneophis madhavaorum Bhatta and 
Srinivasa, 2004. 
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Although Aspidoscelis burti stictogramma (Giant Spotted 
Whiptail) is remarkable for its past participation in hybridizations 
contributing to the origins of six triploid parthenogenetic species: 
A. exsanguis, A. flagellicauda, A. opatae, A. sonorae, A. uniparens, 
and A. velox (Reeder et al. 2002; Wright 1993), contemporary 
hybridization by A. burti stictogramma is undocumented. Partici-
pation in hybridization events by the six parthenogenetic species 
ranges from rare to absent, with the frequency determined by op-
portunity and ecological context (Taylor et al. 2001; Walker et al. 
1989). Rare hybridization is exemplified by A. exsanguis, A. 
sonorae, A. uniparens, and A. velox (Cuellar and McKinney 1976; 
Hardy and Cole 1998; Neaves 1971; Taylor et al. 1989), and hy-
bridization by A. flagellicauda and A. opatae is unknown—be-
cause contact with bisexual congeners is limited for the former 
(Wright and Lowe 1968) and absent for the latter (Wright 1967). 
The objective of this report is to describe the first known hybrid 
between A. sonorae and A. burti stictogramma. 

On 12 June 1972, P. Casella collected a female A. burti 
stictogramma (119 mm snout–vent length [SVL]; Regis Univer-
sity [RU] 7232) and four specimens that I identified as partheno-
genetic A. sonorae (RU 7233-7236). These five specimens were 
collected in a lush, Lower Sonoran Zone habitat (Lowe 1964, his 
Fig. 6) on a lower slope of the Santa Catalina Mountains (accessed 
from the Mount Lemmon Highway) east of Tucson, Arizona. In 
1992, I dissected each specimen for evidence of egg clutches and 
was surprised to find normal appearing testes and vasa deferentia 
in RU 7234, a specimen of 70 mm SVL (Fig. 1). Its testes dimen-
sions (left: 5.2 x 3.0 mm, right: 5.5 x 3.2 mm) were comparable in 
relative size to the testes (left: 5.4 x 4.4 mm, right: 6.5 x 4.0) of an 
adult male A. burti stictogramma of 87 mm SVL (RU 95170, Fig. 
1) collected on 9 July 1995 from a different locality. The ratio of 
testis width to SVL for RU 95170 was within the 95% confidence 
interval expected for males of A. burti stictogramma collected in 
July (Goldberg 1987). Although RU 95170 (87 mm SVL) was 
likely reproductively mature, it still expressed the juvenile color 
pattern of A. burti stictogramma—pale gray, intact stripes sharply 
contrasting with the adjacent dark brown fields, each field sup-
porting small tan spots, and a subdued dorsal pattern on the legs 
(Fig. 1). In contrast, the representative of A. burti stictogramma 
collected at the hybridization site (RU 7232, 119 mm SVL) had 
completed the ontogenetic transition—fragmentation of primary 
stripes into large spots, enlargement and lightening of dark field 
spots, and establishment of a high density of prominent pale spots 
on the dorsal surfaces of the legs—to a final color pattern charac-
terized by spots rather than by stripes. 

There were two reasons why RU 7234 could not be reassigned 
to A. burti stictogramma. First, the male had only 70 granular scales 
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FIG. 1. Left to right: Aspidoscelis burti stictogramma (RU 95170: male, 87 mm SVL) with juvenile color pattern; Aspidoscelis sonorae (RU 7233: 
84 mm SVL); Aspidoscelis sonorae x Aspidoscelis burti stictogramma (RU 7234: male, 70 mm SVL); Aspidoscelis sonorae x Aspidoscelis tigris 
punctilinealis (UAZ 24953: male, 63 mm SVL). 

around midbody (GAB), whereas A burti stictogramma is charac-
terized by GAB counts > 97 (Duellman and Zweifel 1962; Lowe 
1956). Second, the SVL of 70 mm is well below the minimum 
size of reproductive maturity for male A. burti stictogramma (87 
mm SVL) as determined histologically (Goldberg 1987). Thus, 
the only possible mode of origin for a male resembling A. sonorae 
of comparable size in color pattern and having a GAB count within 
the range of variation for this species (HLT, unpubl. data) was by 
fertilization of an unreduced egg (3n = 69) of triploid A. sonorae 
by a spermatozoan (n = 23) carrying a Y-chromosome from a bi- 

sexual species (Cole et al. 1969; Taylor et al. 2001). The only 
bisexual congener actually observed in syntopy with the hybrid 
and A. sonorae was A. burti stictogramma; however, there were 
two reasons to also consider A. tigris punctilinealis for the male 
parent of the hybrid. First, adequate sampling was not possible to 
rule out the possibility that A. tigris punctilinealis, well represented 
at lower elevations, was not also present at the collecting site. Sec-
ond, A. sonorae is known to hybridize with A. tigris punctilinealis, 
and two A. sonorae x A. tigris punctilinealis hybrids (University 
of Arizona [UAZ] 24953 and 24954) described by Lowe et al. 

TABLE 1. Quantitative differences among a putative Aspidoscelis sonorae x A. burti stictogramma hybrid (S x S) and two A. 
sonorae x A. tigris punctilinealis hybrids (S x P). See Appendix I for character definitions. 

Specimen GAB FP COS SDL ILS LSG PV SVL 

RU 7234 (S x S) 70 43 14 34 32 47 3 70 

UAZ 24953 (S x P) 74 44 14 35 28 31 7 63 

UAZ 24954 (S x P) 70 42 12 —* 21 27 3 64 

*Both feet are missing from this specimen. 
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TABLE 2. Color and pattern differences between hybrids derived from Aspidoscelis sonorae females and A. burti stictogramma and A. 
tigris punctilinealis males. 

Character 	 A. sonorae x A. burti stictogramma 
	

A. sonorae x A. tigris punctilinealis 
(RU 7234) 
	

(UAZ 24953 and 24954) 

Dark field color 
Stripe color 
Ventral color 
Dark field spots 

Paravertebral stripe 

brown 
cream 
cream 

few (small) indistinct; in dorsolateral 
and upper lateral dark fields 

intact (with superimposed light spots) 

dark gray 
pale gray 
pale gray' 

numerous (large) distinct; in dorsolateral 
and upper lateral dark fields 

disrupted (without superimposed light spots) 2  

'Ventral melanism, as expressed in A. tigris punctilinealis, is lacking. 
2Pale spots may fuse with lateral margins of paravertebral stripes to produce irregular borders. 

(1970) were available for comparisons to RU 7234. Although the 
male parents of RU 7234 and the two UAZ hybrids were of differ-
ent taxa, all three specimens had enlarged postantebrachial scales, 
thereby resembling A. sonorae (and A. burti stictogramma), rather 
than A tigris punctilinealis, in this character. Additional similari-
ties between RU 7234 and the A. sonorae x A. tigris punctilinealis 
hybrids included six of seven meristic characters, with only the 
sum of the lateral supraocular granules on both sides of the head 
(LSG) suggesting a possible significant difference (Table 1). These 
scalation similarities among the three hybrids presumably reflect 
the genomic contribution to each from triploid A. sonorae. Never-
theless, five color and color-pattern differences between RU 7234 
and the two UAZ hybrids identify A. burti stictogramma, rather 
than A. tigris punctilinealis, as the paternal parent of RU 7234 
(Table 2, Fig. 1). Two character states, intact paravertebral stripes 
in A. sonorae x A. burti stictogramma and disrupted paravertebral 
stripes in A. sonorae x A. tigris punctilinealis, express phenotypic 
differences in the paternal taxa (see Appendix I for stripe descrip-
tions). Disrupted paravertebral stripes are also exhibited by AMNH 
R-122989, a sterile female hybrid produced by housing A. sonorae 
with A. marmorata (=A. tigris marmorata) in the laboratory, which 
also inherited paravertebral stripe fragmentation from its male 
parent (Hardy and Cole 1998, their Fig. 1). There are, however, 
important color-pattern differences between AMNH R-122989 and 
the RU and UAZ hybrids. Some differences are related to age of 
the individual, but other differences are based on two different 
color-pattern classes of A. sonorae involved in the hybridizations. 
Two of several pattern classes of A. sonorae are illustrated, but 
not characterized, by Dessauer and Cole (1989, their Figs. 2D and 
F). The A. sonorae mother of AMNH R-122989 has white spots 
superimposed on paravertebral, dorsolateral, and lateral stripes, 
but spots are absent from her dark fields (Hardy and Cole 1998, 
their Fig. 1). In contrast, the A. sonorae pattern class involved in 
the production of RU 7234 and UAZ 24953-54 has spots in the 
dark fields as well as on the dorsal stripes (Fig. 1). 

The identification of A. burti stictogramma as the male parent 
of RU 7234 might seem questionable because of the large size 
attained in this taxon and the striking difference in body mass even-
tually obtained by individuals of A. burti stictogramma and A. 
sonorae. However, reproductive maturity develops in male A. burti 
stictogramma at 87 mm SVL (Goldberg 1987), long before this 
size differential appears, and, because individuals of A. sonorae  

can attain a SVL > 87 mm (Taylor and Caraveo 2003), there is a 
size range of physical compatibility (Fig. 1). An additional factor 
seeming to weaken the candidacy of A. burti stictogramma as the 
paternal taxon of RU 7234 would be the low GAB count of 70 
expressed by RU 7234. The argument derives from the accumula-
tion of A. burti stictogramma genomes in the production of such a 
hybrid. The two-step hybridization sequence that led to the origin 
of A. sonorae (Reeder et al. 2002; Wright 1993) brought together 
two genomes from A. burti stictogramma. Step one was a cross 
between A. inornata and A. burti stictogramma to produce a par-
thenogenetic diploid. Step two was the mating of this diploid in-
termediate with A. burti stictogramma to produce the triploid, par-
thenogenetic hybrid from which A. sonorae originated. Therefore, 
if A. burti stictogramma is the male parental taxon of RU 7234, 
this hybrid should have three genomes ultimately traceable to A. 
burti stictogramma, a taxon that has GAB counts > 97. This dif-
ference between genetic endowment and phenotypic expression 
suggests that the single genome of A. inornata (GAB counts 55-
72; Wright and Lowe 1965) carried by A. sonorae and the hybrids 
exerts a disproportionate effect on the expression of this charac-
ter. 
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APPENDIX I 

Characters 
GAB = number of granular dorsal scales in a single row around midbody (the 

15th ventral scale posterior to the axilla established the point for beginning this 
count); FP = sum of femoral pores on both thighs; COS = bilateral total of 
circumorbital scales; SDL = number of subdigital lamellae on the fourth toe of one 
foot (right was chosen unless damaged); ILS = all interlabial scales between the 
lower labials and sublabials counted anterior to the suture line between 5th and 6th 
lower labials; LSG = sum of lateral supraocular granules on both sides of the head 
(the count includes all scales between the supraoculars and superciliaries, anterior 
to the suture line between the third and fourth supraoculars); PV = number of 
scales between paravertebral stripes at midbody; SVL = length of body from tip of 
snout to posterior edge of precloacal scales (in mm). PARAVERTEBRAL STRIPES 
= the most dorsal pair of pale stripes extending from each large parietal scale on 
the head to base of tail; LATERAL STRIPES = the most ventral pair of pale stripes 
extending from below the eye, across the top of the ear opening to the thigh, then 
continuing posterior to the thigh onto the base of the tail; DOSOLATERAL 
STRIPES = a pair of pale stripes located between paravertebral and lateral stripes, 
extending from the superciliaries just dorsal to the eye onto the base of the tail; 
DARK FIELDS = longitudinal dark areas separating pale stripes. 

Herpetological Review, 2006,37(2), 157-159. 
(0 2006 by Society for the Study of Amphibians and Reptiles 

Characteristics of Boreal Toad (Bufo boreas) 
Breeding Habitat in Colorado 

A. ANDREW HOLLAND* 
and 

KENNETH R. WILSON 
Department of Fishery and Wildlife Biology, Colorado State University 

Fort Collins, Colorado 80523-1474, USA 

MARK S. JONES 
Colorado Division of Wildlife, 317 West Prospect 

Fort Collins, Colorado 80526, USA 

*Present address: Colorado Division of Wildlife, 151 E 16th Street 
Durango, Colorado 81301, USA 
e-mail: andy.holland@state.co.us  

The distribution and abundance of the southern Rocky Moun-
tain population of Boreal Toads (Bufo boreas boreas) have dra-
matically declined (Carey 1993; Corn et al. 1989; Loeffler 1998). 
Bufo boreas is currently listed as endangered in the state of Colo-
rado. Improved understanding of breeding habitat preferences 
would be useful when surveying new habitats, evaluating poten-
tial translocation sites and constructing wetlands for B. boreas. 

Bufo boreas appears to be a generalist in terms of the terrestrial 
habitats that it occupies but has more specialized breeding habitat 
requirements. In Colorado, B. boreas occurs primarily between 
2250 m and 3600 m elevation in Lodgepole Pine (Pinus contorta), 
spruce (Picea sp.), Subalpine Fir (Abies lasiocarpa), and alpine 
meadows (Loeffler 1998). Bufo boreas breeds in the margins of 
ponds and lakes in May and June. Common types of breeding 
sites in Colorado are American Beaver (Castor canadensis) ponds, 
high elevation lakes and ponds, high elevation meadow ponds, 
and human excavated wetlands. Ideal B. boreas breeding sites pre-
sumably contain still water, very shallow margins and persistent 
water levels. Egg masses typically are deposited communally in 
the shallowest available areas of the breeding site (Livo 1999). 
Although B. boreas oviposition area characteristics have been 
described qualitatively (Livo 1999; Loeffler 2000), we are unaware 
of quantitative descriptions. Holland (2002) compared mean July 
water temperature, variance in water temperature, pond persis-
tence, bank slope of the pond, and surface area in breeding and 
adjacent nonbreeding ponds. Detecting differences between breed-
ing and nonbreeding sites proved difficult because of breeding 
site habitat variation. However, very shallow water was consis-
tently selected for egg deposition. Our study objective was to fur-
ther quantify characteristics at egg deposition areas throughout 
Colorado. 

Methods.-We identified 33 breeding sites for southern Rocky 
Mountain B. boreas that had at least one egg mass for four con-
secutive years (1997-2000), and randomly selected 18 of these 
for study in 2000. 

Study sites were in Chaffee, Clear Creek, Summit, Eagle, Routt, 
and Gunnison counties, Colorado, and ranged from 2542 m to 
3487 m elevation. Sites were primarily in wet meadows in subal-
pine communities dominated by spruce-fir. Salix spp. and Carex 
spp. usually were found in riparian areas surrounding sites. Study 
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sites were visited from breeding through metamorphosis and com-
prised nine beaver ponds, one high elevation lake, three high el-
evation meadow ponds, and five sites of anthropogenic origin. 

Water depth at the center of every identifiable egg mass was 
measured to estimate mean depth selected for oviposition per site. 
Depths were not measured unless B. boreas was still breeding at 
the site to ensure that water levels did not fluctuate between breed-
ing and measurement. Amount of shallows present, and conse-
quently potential breeding habitat, was quantified by measuring 
the length of shoreline that had water 10 cm depth, measured 30 
cm from the margin for consistency. Ten centimeters was chosen 
because this was the maximum egg deposition depth observed in 
1999 (Holland, unpubl. data). Finally, bank slope was evaluated 
by measuring depths at 0.30 m, 1 m, and 5 m from the margin on 
10 transects in the egg deposition area at each site. Linear regres-
sion was used to examine depth as a function of distance from 
shore by site. 

Results.-Breeding was initiated between 5 May and 9 June 
2000. Mean number of egg masses deposited was 5.7 (S.E. = 0.9, 
range = 1-13, N = 18). Depths of 38 egg masses were measured 
at 10 sites while egg deposition was still occurring. Mean depth of 
egg masses by site was 6.1 cm (S.E. = 0.6, range = 3.0-9.8 cm, N 
= 10). Metamorphosis was initiated at 14 sites between 21 July 
and 29 August 2000. 

Mean length of shallow shoreline was 52.1 m (S.E. = 9.9, range 
= 10-190 m, N = 18). The mean slope of the oviposition area bank 
was 0.07 (range = 0.02-0.12, N = 17) or a 7-cm increase in depth 
for every 1-m increase in distance from shore. Desiccation oc-
curred prior to measurement at one site. 

Discussion.-Our data support the presence of very shallow wa-
ter as a cue for B. boreas oviposition in Colorado. A suitable site 
also appeared to have at least one gradually sloping bank with 
water 10 cm deep during the breeding season. The maximum 
mean egg mass depth for a site was 9.8 cm. This depth is consis-
tent with those observed in 1999 and might be considered the 
maximum depth that southern Rocky Mountain B. boreas deposit 
their eggs. In contrast, Olson (1989) reported depths of oviposi-
tion for Oregon B. boreas between 5 and 25 cm, and on vegetation 
in up to 2 m of water at one site. In Colorado, eggs seem to be 
deposited in shallows despite the increased potential for egg mor-
tality that exists as a result of desiccation and freezing (Livo 1999). 
Shallows that allow for elevated water temperatures on sunny days 
(Barandun and Reyer 1997) could be especially important to B. 
boreas because of cold water temperatures at high elevation. 

Gradually sloping banks ensure that suitable breeding habitat 
exists at a variety of water levels. Gradually sloping breeding site 
banks also were found to be an important factor in predicting use 
by Natter Jack Toads (Bufo calamita) (Banks and Beebee 1987). 
Observed mean bank slope of 7% is steeper than would be ex-
pected given the fact that B. boreas appears unwilling to deposit 
eggs much deeper than 10 cm. The steep bank slopes of many 
study sites limit egg deposition to shallows very near shore, these 
shallows are not present in all Colorado mountain wetlands. 

Mean length of shoreline in breeding sites with water depths 
10 cm was 52.1 m. Size and suitability of ovipositioning areas 
may be more attractive to amphibians than actual breeding site 
area (Reading et al. 1991). Loman (1988) found that Common 
Frog (Rana temporaria) breeding sites were best predicted by the  

amount of shallows. However, B. boreas communal breeding be-
havior may not require large egg deposition areas. 

These breeding habitat characteristics will be useful for evalu-
ating breeding habitat suitability, potential translocation sites and 
when constructing wetlands for B. boreas. Potential translocations 
sites also should be examined in August to ensure that water re-
tention at breeding sites is sufficient to allow completion of the 
larval period. In addition, a deeper water area may be necessary to 
provide tadpoles with a night refuge of warmer water (Beiswenger 
1977; Bradford 1984). An old, but active, American Beaver pond 
complex seems an ideal model for a breeding site because shal-
low, eutrophic ponds exist in concert with water level maintenance 
by beaver. Future evaluation of how novel translocation sites and 
human excavated wetlands with different shoreline characteris-
tics are used by breeding adults will provide additional informa-
tion on how B. boreas select sites for egg deposition. 
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Amphibians are regarded as highly sensitive to environmental 
changes. Their biological features make them vulnerable to sev-
eral kinds of disturbances, including habitat modification (espe-
cially changes in the hydrology), climatic changes (especially rain-
fall reductions), and water pollution, including pesticides, sewage 
and acidic rains. Several authors have pointed out a global de-
crease in amphibian abundance and diversity, which can be linked 
to global climatic changes and/or to habitat modification, among 
other factors (Heyer et al. 1988; Houlahan et al. 2000; Young et al. 
2001), although it may be difficult to distinguish clearly between 
human impacts and natural fluctuations (Pechmann et al. 1991). 

The Atlantic Forest in eastern Brazil supports an extremely high 
diversity of anurans (Weygoldt 1989), has been dramatically re-
duced and fragmented during the last few centuries (Dean 1996). 
Population decreases and local extinctions of anuran populations 
have already been recorded in the Atlantic Forest (Heyer et al. 
1988; Weygoldt 1989). Such changes may happen very quickly; 
Weygoldt (1989) reported that several species that were abundant 
in 1979 disappeared within ten years in Estacao Biologica de 
Boraceia, State of Sao Paulo, Brazil. However, in order to deter-
mine whether these patterns were caused by human impacts, it is 
necessary to have a more detailed knowledge on processes in-
volved in the natural population dynamics of Atlantic Forest 
anurans. An important feature of the demography of many anuran 
species is that males gather in reproductive aggregations where 
they call to attract females. The present study had the goal of study-
ing seasonal variation in numbers of calling males in a reproduc-
tive aggregation of tree frogs Scinax albicans (Bokermann 1967) 
in a mountain stream within the Atlantic Forest in Southeastern 
Brazil 

Material and Methods.—The aggregation studied was located 
at a small stream tributary to Paquequer River, Parque Nacional 
da Serra dos Orgaos, municipality of Teresopolis, State of Rio de 
Janeiro, southeastern Brazil (22°26'57"S and 47°00'52"W). 
Parque Nacional da Serra dos Orgaos is located across a mountain 
range with steeply sloping terrain. The stream is located at an el- 

evation of 1165 m. The climate in the study area is warm tropical. 
According to the Instituto Nacional de Meteorologia (INEMET) 
the average annual temperature was 20.5 °C and average annual 
precipitation was 1569 mm during the period 1998-2002. The study 
period (from September 2001 to July 2002) present average tem-
perature 20.9°C and average precipitation 1626 mm The rainfall 
in the study period followed the usual seasonality of the area, as 
most was concentrated in a wet season from November 2001 to 
April 2002 (precipitation in these six months, 1349 mm). The study 
also included parts of two dry seasons, from September to Octo-
ber 2001, and from May to July 2002 (total precipitation in these 
five months 277 mm; Fig. 1). The sampled stream flows across 
steeply sloped terrain until reaching the Paquequer River. The sub-
strate is formed of rocks and the water has little turbidity. Rapids 
alternate with pools. The depth of the pools varied from 12 to 60 
cm. The riparian vegetation is Atlantic Forest, with Leguminosae, 
Begoniaceae, Mirtaceae, Meliacae, Piperaceae, Melostomataceae, 
Poaceae, Areceae, and Polypodiaceae among the most common 
families. 

The aggregation was monitored through sampling sessions twice 
a month, from September 2001 to July 2002. In the data analysis, 
however, we used only sampling sessions where calling males were 
found (fifteen sessions), as aggregation size could not be estimated 
for the remaining sessions. Each session lasted an average of three 
consecutive nights. The sampling area corresponded to a strip of 
land along the stream margins where male frogs were found call-
ing. The length of the strip was 16 m and its maximum width was 
3 m. No calling males were found beyond the extremes of this 
strip, although there was no obvious habitat change. The frogs 
were localized acoustically and then captured by hand. The frogs 
were individually marked by toe-clipping, following the method 
of Martof (1953). After marking and recording the data (sex, snout-
vent length, point of capture, and individual number), each indi-
vidual was released at the place it had been captured. 

Aggregation size (AS), loss rates, and recruitment of calling 
males to the aggregation were estimated using the Jolly-Seber 
method (Seber 1982). Each sampling session as a whole was re-
garded as a "capture" for Jolly-Seber analysis. As frogs were lo-
cated acoustically, AS estimated by Jolly-Seber should reflect the 
number of males taking part in the reproductive aggregation, rather 
than the total population of males using the area. Loss rates (L) 
were calculated from Jolly-Seber's estimated survival rates (S), 
using the formula L = 1 - S. In our results mortality cannot be 
separated from dispersal; therefore, we preferred to use "loss" in-
stead of mortality, and Jolly-Seber's survival is here regarded as 
an estimate of the proportion of males remaining in the aggrega- 
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FIG. 1. Variations in rainfall and air temperature of the study area, Parque 
Nacional da Serra dos Orgaos, Teresopolis, from September 2001 to July 
2002 (bars — monthly rainfall, line — monthly average temperatures). 
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tion between consecutive sampling sessions. Although the inter-
val among the samplings were not constant, survival rates (and 
consequently loss rates) were standardized to 30-day intervals using 
logarithm transformations as suggested by Fernandez (1995). 

Aggregation size (dependent variable) was related either to loss 
rates or to recruitment (independent variable) using simple linear 
regression (Zar 1999). Loss rates and recruitment (used now, one 
at a time, as the dependent variable) were also related to rainfall 
(independent variable), by single linear regressions (Zar 1999). 
The regressions between demographic rates and rainfall were car-
ried out using the rainfall recorded: 1) during the days that formed 
each sampling session; 2) in the day before each session; 3) in the 
five previous days; 4) in the 15 previous days (corresponding 
roughly-as the intervals were not exactly equal-to the interval 
between sessions). The last three analyses aimed to look for de-
layed effects of rainfall on the processes (recruitment and losses) 
which affected the number of calling males in the aggregation. 

Results.-Some sampling nights (including three whole sam-
pling sessions) did not provide captures as no reproductive activ-
ity was recorded in those nights. From the remaining 15 sampling 
sessions, useful data could be obtained from a total of 28 nights. 
In total, 220 captures of 41 male individuals of S. albicans were 
obtained. 

The average estimated aggregation size was 23.34 males. Varia-
tion along the study period was small (SD = 7.63, CV = 0.32). 
Permanence of S. albicans males in the aggregation was high. Loss 
rates were low through most of the study period, except for Sep-
tember 2001, March and May 2002 (Table 1; Fig. 2). Recruitment 
of males was quite variable, with peaks at the months of October 
2001, January, May, and June 2002 (Table 1; Fig. 2). 

In the regressions among demographic 
parameters, recruitment explained nearly 
89% of the variation in the number of call-
ing males in the aggregation (r 2  = 0.8878); 
the regression between these two variables 
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FIG. 2. Aggregation size (continuous line), loss rates (dotted line), and 
recruitment (dashed line) for Scinax albicans in a stream of the Parque 
Nacional da Serra dos Orgaos, Teres6polis, from September 2001 to July 
2002. 

ment showed an irregular pattern, as peaks were recorded in dif-
ferent months without any clear seasonality. If aggregation size 
reflects the size of the whole S. albicans population in the area, a 
relationship of recruitment with rainfall would be expected - as 
rainfall usually is related with abundance of arthropods, which 
are important resources for anurans. However, no such relation-
ship was found. Indeed, one of the peaks of recruitment was found 
in June 2002, one of the few months with water deficit along the 
study (Fig. 1). Actually, one could also expect a negative relation-
ship of S. albicans recruitment and/or permanence with rainfall at 
least in short term-during the sampling session or in the day be-
fore, as in nights of strong rains or preceded by strong rains the 
frogs had decreased reproductive activity (Nascimento 2003). The 
strong currents in the stream these nights make the environment 

TABLE 1. Demographic parameters for the aggregation of Scinax albicans in a stream of the 
Parque Nacional da Serra dos Orgaos, Teresopolis. Aggregation size, loss rates, and recruitment for 
males were estimated using the Jolly-Seber method. Traces (-) indicate cases where estimates 
cannot be obtained due to limitations of the Jolly-Seber method. 

was highly significant (F 1 , 10  = 79.16, P < 
0.0001). On the other hand, there was no 
significant regression between loss rates and 
number of males in the aggregation (F 1 „ = 
0.61, P = 0.451). 

There was no significant relationship be-
tween either the loss rates or the recruitment 
and the rainfall between sampling sessions 
(recruitment, F 1 , 10 = 0.0163, P = 0.9009; loss, 
F1.1 , = 9093, P = 0.3608). The relationship 
remained non-significant either using the 
day before each session (recruitment, F 1.10 

 = 0.9979, P = 0.3414; loss, F1 , 10 = 0.3188, P 
= 0.5837), five previous days (recruitment, 
F1 , 10 = 0.1454, P= 0.7110; loss, F 1. „ = 1.908, 
P = 0.1946) or 15 previous days (recruit-
ment, F,,, 0  = 0.9733, P = 0.3471; loss, F 1 ,„ 
= 0.0580, P = 0.8141). 

Discussion. -The modest variation in 
aggregation size along the study was ex-
plained better by the recruitment of new 
males to the aggregation than by their losses, 
which were low most of the time. Recruit- 

Period (i) Aggregation Size 
(AS,) 

Confidence 
interval of AS, 

Recruitment 

([3,,-h) 
Loss rates 

(0,1) 

September I 0.00 
September II 19.9 16 - 27.2 1.0 0.25 
October I 17.1 13.7 - 20.6 0.0 0.00 
October II 16 2 - 45.3 8.0 0.00 
December I 24 5.9 - 42.1 0.0 0.00 
December H 17 7 - 42.5 2.4 0.00 
January 19.4 15.3 - 23.5 10.2 0.00 
March I 29.6 18.1 -41.2 0.0 0.61 
March II 21.5 17.6 - 25.5 0.9 0.08 
April 21.5 18.3 - 24.8 3.2 0.00 
May I 24.8 15.1 - 34.4 1.5 0.58 
May II 20.1 17.3 - 22.9 7.5 0.00 
June I 27.6 21.8 - 33.4 17.2 0.00 
June II 44.8 19 - 77.9 
July 
Averages 
(mean ± SD ) 23.34 ± 7.63 4.00 ± 5.28 0.11 ±0.22 
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unsuitable for oviposition by S. albicans. However, no significant 
negative relationship was recorded. 

The patterns found show aggregation size to be remarkably con-
stant by the standards of any vertebrate populations. The perma-
nence of males in aggregation was high, and the little variation in 
aggregation size was explained by variations in the numbers of 
males entering the aggregation each month. The possibilility that 
aggregation size could be used as in index to population size is 
jeopardized by its high constancy and lack of relationship with 
rainfall patterns. Possibly aggregation size is rather controlled by 
social factors regulating the number of males calling at a time in 
any given place. 
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The purposes of this paper are to examine abundance and biom-
ass estimates of the dozen most abundant snake species in our 
area of northeastern Kansas, and to relate these numbers to infor-
mation reported in the literature. Hirth and King (1968) stated, "In 
spite of all the current interest in ecosystem ecology there is still a 
dearth of information concerning biomass densities of snakes in 
various habitats." Except for a few studies (e.g., Bonnet et al. 2002; 
Godley 1980; Hirth and King 1968; Reichenbach and Dalrymple 
1986; Winne et al. 2005), the situation does not seem to have 
changed appreciably in the last 37 years. 

METHODS AND STUDY AREA 

Snakes have been studied for the past 56 years on Kansas 
University's Natural History Reservation (FNHR) following es-
tablishment of the area as a reserve. Although protected from an-
thropogenic alterations, the area has undergone continual and pro-
gressive change due to natural ecological succession (Fitch 1999; 
Fitch et al. 1984, 2001, 2003b). The closing in of forest and elimi-
nation of open places associated with agriculture and grazing has 
been unfavorable for snakes. Several of the species have disap-
peared from this 239-hectare tract, and almost all species have 
been drastically reduced (Fitch 1999). The adjoining Nelson En-
vironmental Study Area (NESA), acquired by the University in 
1970, has provided a contrast to FNHR in terms of habitat stabil-
ity. Invasion of woody vegetation is prevented on NESA by the 
regular mowing of blocks of former pasture and cultivated land, 
and as a result, existing snake populations resemble those found 
on FNHR in earlier stages of succession (Fitch 1999). 

Sampling areas (House Field, Quarry Field, etc.) are described 
by Fitch (1999). Of the 12 censuses reported here, eight were from 
FNHR and were done in the earlier years of study (before 1979) 
except that for Thamnophis sirtalis. Of the remaining four spe-
cies, Carphophis vermis was censused by Clark (1970) on private 
property adjoining FNHR and three, Lampropeltis triangulum, L. 
calligaster, and Coluber constrictor, were censused post-1990 on 
NESA. 

Unless otherwise noted, density estimates are based on field 
records and censuses originally published in Fitch (1999) except 
for Clark's (1970) Carphophis figures. Mark-recapture records and 
the Petersen Index were the bases for the abundance estimates for 
most species, including Agkistrodon contortrix (Copperhead), 
Carphophis vermis (Western Wormsnake), Coluber constrictor 
(Racer), Crotalus horridus (Timber Rattlesnake), Diadophis 

Herpetological Review 37(2), 2006 	 161 




