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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

2001 ANNUAL MEETING 

together with 

THE HERPETOLOGISTS' LEAGUE 

27 - 31 July 2001 
University Place Conference Center and Hotel 

Indianapolis, Indiana, USA 

Keynote Address: "HERPS AND HOPES: AFRICA IN A NEW MILLENIUM," by Bill Branch, The Hepetologists' League Disntiguished 
Herpetologist for 2001 (Port Elizabeth Museum). 

Symposium: "AMPHIBIAN POPULATION DECLINES." Organizers: David M. Green, McGill University (czdg@musica.mcgill.ca ) 
and Karen Lips, St. Lawrence University (klip@music.stlawu.edu ). 

Symposium: "HERPETOLOGICAL RESEARCH IN ZOOS: THE ACADEMIC CONNECTION." Organizers: John D. Groves and Hugh R. Quinn, 
Cleveland Metroparks Zoo (hquinn@ix.netcom.com ). 

Contributed Paper and Poster Presentations: There will be several concurrent sessions each day throughout the conference. 

Student Travel Awards: Ten Sherman A. Minton student travel grants of US $200 each will be available for SSAR members. 
Refer to page 201 of the December 2000 issue of HR for details. 

Student Paper Awards: Henri Seibert prizes (US $200 each) will be awarded in four categories: Systematics, Ecology/Evolu-
tion, Conservation, and Physiology/Morphology. Refer to the official Meeting Announcement for details. 

Social Activities: General Reception in the University Place Ballroom, SSAR Herp Silent Auction, Graduate Student Recep-
tion, Sunday night Barbecue Dinner and Auction, Graduate Student Reprint & Book Scavenge, Herpetological Quiz. 

Multimedia Presentations: "AMPHIBIANS OF THE APPALACHIANS," and 
"HERPETOLOGY OF THE WEST," by David Dennis and Eric Juterbock. 
President's Travelogue slide presentations by Patricia Burrowes 
(Puerto Rico), Tim Halliday (South Africa), John Wilkinson, Ross 
Alford (Australia), Hinrich Kaiser (Southeast Asia), and Michael 
Lannoo (Antarctica). 

Live Animal Exhibit: Live amphibians and reptiles of Indiana will 
be on display and available for photography. 

Costs: Preregistration US $240 regular, US $175 student, US $120 
accompanying person. After June 1, 2001, costs are US $295, US 
$200 student, US $145 accompanying person. 

Vendors: Books, carvings, jewelry, T-shirts, and equipment of in-
terest to herpetologists. 

Further Details: Meeting Announcement and Call for Papers was 
mailed to all Canadian, U.S., and Mexican members of the 
participating societies. Overseas members wishing to receive this 
information may do so by contacting Henry R. Mushinsky, Local 
Chair, Department of Biology, University of South Florida, Tampa, 
Florida 33620, USA; e-mail: mushinsk@chuma  1 .cas.usf.edu or 
telephone 813/974-5218. Please visit the meeting web site at http:/ 
/www.ukans.edu/—ssar/ind.html for additional and updated 
information. 

SSAR 8z HL OINT MEETINGS 
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About Our Cover 

The composite 
photograph on the 
cover was made 
from a series of 
video frames of an 
African clawed 
frog (Xenopus 
laevis) larva sur-
facing to breathe 
air. The tadpole is 
approximately 
Gosner stage 32 
and 3.6 cm in total 
length. The num-
bers in the upper 
left-hand corner in-
dicate elapsed time 
in milliseconds. 

The pictures 
were taken with a Kodak Ektapro high speed video camera at 
500 frames/sec. The camera was equipped with a 105 mm macro 
lens. Multiple lights placed obliquely overhead were used to 
illuminate the tadpole and to provide a dark field effect. In addi-
tion, a black cloth was wrapped around the aquarium to further 
darken the background. 

Several tricks were used to ensure that tadpoles were in focus 
when they broke the water's surface. The camera was prefo-
cused on a small area of water just inside the wall of the 
aquarium. The tadpoles were then constrained to breathe in that 
area by an inverted half-funnel made of mesh netting anchored 
to the bottom and front wall of the aquarium. This structure 
directed tadpoles toward the front of the aquarium as they sur-
faced to breathe air. The temperature at the water's surface was 
allowed to rise as high as 28°C and nitrogen was intermittently 
bubbled into the water to drive the p0 2  down. Both factors en-
couraged the tadpoles to breathe air. 

Overhead video of tadpoles surfacing to breathe air also was 
taken, using a 45° mirror mounted above the aquarium, and have 
been published elsewhere (Wassersug and Yamashita 2000. The 
mechanics of air-breathing in anuran larvae: implications to the 
development of amphibians in microgravity. Adv. Space Res. 
25:2007-2013). Additional information on the photographic 
methods are provided in Wassersug and Yamashita (In press. 
Plasticity and constraints on feeding kinematics in anuran lar-
vae. Comp. Biochem. Physiol.). 

The video sequence reveals two surprising aspects of the 
tadpole's behavior. First is the speed of the action. The tadpole 
in this particular sequence spent less than 80 msec with any part 
of its body above the water's surface. This is, literally, faster 
than a blink of the eye. 

The second surprising aspect of this maneuver is how tightly 
the tadpole turned. The radius of curvature for the loop in the 
base of the tadpole's tail, seen at 110 msec, is only a tenth the 
length of the tadpole. With turns so sharp and tight, the tadpole 
must swim past its own tail. At 100 and 110 msec the tip of the 

tail can just be seen sticking out from behind the tadpole. 
As a result of the fact that the tail goes behind the tadpole, the 

thrust generated by the tail is no longer purely along the long 
axis of the tadpole. Torque is generated, which causes a rolling 
action on the long axis of the tadpole. In the sequence shown 
here, this results in a 90° roll for a 180° turn. Note that in both 
the first and last frames the tadpole's right eye is closest to the 
viewer. If the turn was a pure yawing (sideways) motion, as 
suggested at 80 and 90 msec, then upon descent the tadpole's 
left eye should be closer to the viewer. 

The overhead views revealed that Xenopus laevis larvae do 
not begin to open their mouths until their mouths are fully above 
the water's surface, yet start to descend with their mouths still 
open. This is in contrast to Rana catesbeiana tadpoles, which 
begin to open their mouths upon ascent, and before they have 
cleared the water's surface, but then close their mouths com-
pletely before the mouth is fully submerged (Wassersug and 
Yamashita, op. cit.). It is not known how tadpoles of either spe-
cies know when to open their mouths so as to get a mouth full of 
air and not one of water. 

The photo sequence is the work of Masamichi Yamashita 
and Richard Wassersug. Yamashita is a Professor in the Divi-
sion of Systems Engineering at the Institute for Space and As-
tronautical Science, in Sagamihara, Japan. He has studied a va-
riety of aspects of amphibian behavior and development, par-
ticularly as they relate to altered gravity. 

Wassersug's primary interest is in the evolution and behavior 
of tadpoles. He is a Professor in the Department of Anatomy 
and Neurobiology at Dalhousie University, in Halifax, Nova 
Scotia. However, this year he is on sabbatical and dividing his 
time between a post as "Scientist in Residence" at the Discov-
ery Channel in Canada and a "Visiting Scholar" position at the 
Center for Advanced Studies in the Space Life Sciences, at the 
Marine Biological Laboratory, Woods Hole, Massachusetts. 

Yamashita (left) 
and Wassersug 
(right) are shown 
here collecting 
frogs in February 
on Amami Island, 
Japan. Below 
their feet, and not 
shown in the pho-
tograph, is a 
clump of freshly 
laid Rhacophorus 
viridis eggs. 
These eggs are 
laid in foam nests 
above the water line. The tadpoles wash into the water after 
hatching. 

Separation, imaging, and various compositional challenges 
were handled by Jim Bridges of Herpeto, Inc., Hollywood, 
Florida. 
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WILLIAM DUELLMAN'S "HYLID FROGS" 

TO BE PUBLISHED AT INDIANAPOLIS MEETING 

DAVID DENNIS'S WATERCOLORS WILL BE SOLD 

SSAR's expanded edition of William Duellman's "Hylid 
Frogs of Middle America" will be issued on the occa-
sion of the upcoming herpetological conference in 
Indianapolis, July 27-31. Full details about this spec-
tacular new book were published in the March 2001 is-
sues of Herpetological Review (pages 4-5) and Journal 
of Herpetology (page 172). Prepublication prices to 
SSAR members ($95 for the two-volume, clothbound 
set, with 1170 pages and 94 plates of which 46 are in 
color) will remain valid only until the meeting. Thereaf-
ter, the price to all will be $125. 

A celebration to mark the publication of the new edi-
tion will be held on Sunday, July 29, from 3:30 to 5:00 
PM in room 208 of the Conference Center. All meeting 
registrants are welcome to attend the reception, just up-
stairs from where the paper sessions will take place. Bill 
Duellman and Dave Dennis will be present. 

The original watercolors painted by David Dennis for 
the new edition will be on display and available for 
sale at prices ranging from $150 to $500 each. Proceeds 
from these sales will be used exclusively to underwrite 
the production costs of the book. 

SSAR BUSINESS 

Kennedy Student Award Committee 
Annual Report 

The Kennedy Award Committee has completed its work for 
Volume 34 of the Journal of Herpetology. The Committee has se-
lected "Nest site selection, larval hatching, and advertisement calls 
of Rana arathooni from Southwestern Sulawesi (Celebes) Island, 
Indonesia" by Rafe M. Brown and Djoko T. Iskandar (Vol. 
34:404-413). The Kennedy Award carries with it a cash prize of 
US $200 or the winner's selection of any SSAR publications val-
ued at twice that amount. 

The Committee encourages each student member of the Soci-
ety to submit their work to the Journal, and encourages each regu-
lar member who supervises the work of students to encourage his/ 
her students to submit their work to JH. Kennedy Award Commit-
tee members were Robin Andrews, Terry Schwaner, Lynnette 
Sievert, Sam Sweet, and Robert Gatten, Jr. (Chair). 

SSAR Grants-in-Herpetology Committee Annual 
Report (2001) 

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

Field Research. —John P. Labonte, University of California, 
Santa Barbara. Project title: "Ontogeny of foraging behavior in 
the Southern Pacific Rattlesnake (Crotalus viridis helleri)." 

International. —Jaime Zaldivar-Rae, Universidad Nacional 
Autonoma de Mexico. Project title: "Function of female atten-
dance by males of the teiid lizard Cnemidophorus costatus." 

Conservation. —Glen M. Lubcke, California State University, 
Chico. Project title: "Movements, habitat use, and mortality rates 
in the Western Pond Turtle (Clemmys marmorata marmorata) at 
the Sacramento River, Butte Co.,California." 

Bibliographic Research. —Christopher A. Sheil, University of 
Kansas. Project title: "Bibliographic survey of type-descriptions 
of living and fossil amniotes, particularly Reptilia." 

Herpetological Education. —Robert N. Reed, Auburn Univer-
sity. Project title: "Conservation of Sea Kraits (Laticauda) via 
school and community outreach in Vanatu." 

Laboratory Research. — Todd Castoe, University of Texas at 
Arlington. Project title: "Evolution of the Middle American jump-
ing vipers, Atropoides Werman 1992, inferred from nuclear and 
mitochondrial DNA sequences." 

Travel. —Jonathon C. Marshall, Brigham Young University. 
Project title: "Applying the cohesion species concept to the 
Sceloporus grammicus complex." 

2001 Grants-in-Herpetology Committee. —Chair: Joseph R. 
Mendelson III. Reviewers: Sharon Wise, Michael Keck, Tod 
Reeder, Joseph Slowinski, W. Bryan Jennings, and Ronald 
Gutberlet. 

SSAR congratulates the 2001 GIH recipients and thanks the com-
mittee members for their efforts. 

NEWSNOTES 

MCZ Renovation 

The Herpetology Department at the Museum of Comparative 
Zoology, Harvard University, has been awarded a collections im-
provement grant by NSF, which will fund physical renovation of 
two of our five main specimen storage rooms. The renovation will 
enhance storage capacity and quality for much of the collection 
and improve the work environment for curatorial staff and visit-
ing scientists. Work will commence summer 2001 and require 
approximately one year to complete. Much of the herpetological 
collection will be placed in long-term storage during this time and 
will be unavailable for shipment as loans or for inspection by visi-
tors. This includes virtually all alcohol-preserved amphibians, 
snakes, and many turtles, plus the entire osteological collection 
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(dried skeletons and cleared-and-stained specimens). Anyone plan-
ning to require use of these specimens between now and early fall 
2002 is urged to submit your request(s) as soon as possible. The 
collection's electronic database will be maintained and fully avail-
able for remote access throughout the construction period, and 
staff will continue to be available to answer questions and provide 
specific information that is not available through the department's 
web site <http://www.mcz.harvard.edu/Departments/Herpetology/  
>. For additional information, please contact Mr. Jose Rosado, 
Collections Manager: jrosado@oeb.harvard.edu . 

Gopher Tortoise Council Award 

Annually, the Gopher Tortoise Council awards the J. Larry 
Landers Student Research Award to the best student proposal sub-
mitted to the Council. Proposals can address research concerning 
the biology of the Gopher Tortoise, Gopherus polyphemus, or any 
other relevant aspect of upland habitat conservation. The amount 
of the award is variable, but has averaged $1000.00 over the last 
few years. The proposal should be limited to four pages and should 
include a description of the project, a concise budget, and a brief 
resume of the student. Proposals should be submitted to: Bob 
Herrington, Chair of Research Advisory Committee, Department 
of Biology, Georgia Southwestern State University, Americus, 
Georgia 31709, USA (e-mail: bherring@canes.gsw.edu).  Dead-
line for receipt of proposals to be considered for the 2001 award is 
31 August 2001. 

MEETINGS 

Meetings Calendar 

5-10 July 2001—American Society of Ichthyologists and Herpe-
tologists, 81st annual meeting, Pennsylvania State University, State 
College, Pennsylvania, USA. Details from: www.outreach.psu.edu/ 
c&i/ichher/. 

13-17 July 2001—Societas Europaea Herpetologica 11th Gen-
eral Meeting, Slovenia. Details from: DPPVN/DAPTF Slovenia, 
Ptujska c. 91, SI-2327 Race, Slovenia; fax: +386 (0)2 788 30 51; 
e-mail: milan.vogrin@guest.arnes.si.  

14-17 July 2001—International Herpetological Symposium 25th 
Annual Meeting, Detroit Zoological Institute in Detroit, Michi-
gan, USA. Details from: www.kingsnake.com/ihs.  

27-31 July 2001-44th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' 
League (http://www.inhs.uiuc.edukbd/HUHL.html) . Indiana Uni-
versity/Purdue University, Indianopolis, Indiana, USA. Details 
available on page 73 of this issue of HR and on the SSAR web 
site: www.ukans.edu/–ssar/an-mtng.html. 

19-23 September 2001—Association of Reptilian and Amphib-
ian Veterinarians, Eighth Annual Conference, Orlando, Florida, 
USA. Details from: Charles J. Innis, VMD, VCA Westboro Ani-
mal Hospital, 155 Turnpike Road, Westboro, Massachusetts 01581, 

USA; tel. 508-366-1444; fax 508-634-6997; e-mail: 
clemmys@aol.com.  

2-9 December 2001—Fourth World Congress of Herpetology, 
Colombo, Sri Lanka. Details from: 4WCH Promotions Office, 95 
Cotta Road, Colomba 8, Sri Lanka; e-mail: admin@4wch.com;  
http://www.4wch.com . 

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 wide 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, Eli 
Greenbaum or Omar Torres; postal and e-mail addresses may be found 
on the inside front cover. Comments and suggestions are also welcome. 

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

Variation of Courtship Pheromones in Three 
Species of Plethodontid Salamanders 

Male plethodontid salamanders typically transmit pheromones 
to females after initial courtship interactions have commenced. 
Previous studies suggest that courtship pheromones accelerate fe-
male receptivity to spermatophore deposition, thus decreasing 
potential costs of lengthy courtship rituals. Variation in the main 
component of the male courtship pheromones (plethodontid re-
ceptivity factor, PRF) may affect female receptivity. The authors 
examined variation in PRF from four allopatric populations of 
Plethodon shermani, P. cheoah, and P. montanus from North Caro-
lina. Pheromone components were separated with reverse phase 
HPLC and sequenced to confirm the identity of isoforms. Rela-
tive differences were documented for PRF isoform concentrations 
within populations and some significant differences occurred be-
tween populations. Moreover, the presence of PRF isoforms var-
ied between populations. The documented variation may be a re-
sult of sexual selection for isoforms that accelerate the onset of 
receptivity in females. It is not yet known whether female stimu-
lation is a result of one PRF isoform or the synergistic effect of 
two or more isoforms. 

ROLLMAN, S. M., L. D. HOUCK, AND R. C. FELDHOFF. 2000. Population 
variation in salamander courtship pheremones. Journal of Chemical 
Ecology 26:2713-2724. 

Correspondence to: Stephanie M. Rollman, Department of Zoology, North 
Carolina State University, Campus Box 7617, Raleigh, North Carolina 
27695-7617, USA; e-mail: stephanie_rollman@ncsu.edu.  

Physiological Changes in Captured 
Lepidochelys kempii Sea Turtles 

An understanding of the physiological effects of capture on sea 
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turtles is essential for the safe return of these endangered species 
to their natural habitat. Moreover, previous studies have shown 
that capturing turtles may affect metabolic rate, reproduction, hor-
mone levels, and blood physiology. The authors captured indi-
viduals of Lepidochelys kempii near Sabine Pass, Texas with nets 
and took blood samples immediately after capture. Turtles were 
then transferred to water tanks on a boat or partially submerged 
cages in the water adjacent to the boat; blood samples were col-
lected after 1 hour in each case. All turtles were then transported 
to a land-based holding facility where additional samples were 
collected for 48 hours. Mean lactate concentration was signifi-
cantly higher in tank-held turtles 1 hour after capture. Both plasma 
NE and E levels were significantly lower in tank-held turtles 1 
hour post-capture compared to initial capture values. Plasma glu-
cose levels at 1-6 hours after capture were significantly lower 
than initial capture levels for cage-held turtles. No significant 
changes were noted for Na+ and Cl- concentrations, but K+ in-
creased in the cage-held turtles during the first hour of capture. 
The authors suggested the higher K+ concentration in tank-held 
turtles may be a result of buffering the blood for the low pH caused 
by lactate accumulation. 

HOOPES, L. A., A. M. LANDRY JR., AND E. K. STABENAU. 2000. Pysiological 
effects of capturing Kemp's ridley sea turtles, Lepidochelys kempii, in 
entanglement nets. Canadian Journal of Zoology 78:1941-1947. 

Correspondence to: Lisa A. Hoopes, Physiological Ecology and Bioener-
getics Laboratory, Texas A & M University, 5001 Avenue U, Suite 105, 
Galveston, Texas 77551, USA. 

Ecology of the Turtle Phrynops geoffroanus 
in Brazil 

Recent ecological studies of turtles living in polluted ecosys-
tems have shown that some species benefit from waste products 
associated with human disturbance. The authors studied a wild 
population of Phrynops geoffroanus in Brazil to determine the diet 
of this species, the presence of resource partitioning in regard to 
feeding, and any effects of anthropic influence on turtle density 
and biomass. Turtles were captured with fish nets and pumped for 
stomach contents. Morisita and Shannon-Wiener diversity indi-
ces and the "census method" were used to generate the results. 
Diet consisted of mainly unidentified material, although chirono-
mid larvae and pupae, carrion, cockroaches, snails and human-
associated foods such as meat and rice were also noted. Differ-
ences in the diet between adults and juveniles were noted; this 
finding may suggest resource partitioning in relation to feeding. 
The unidentified material may be organic human-associated waste 
that may account for the large density of turtles noted in the study. 

SOUZA, F. L., AND A. S. ABE. 2000. Feeding ecology, density and biomass 
of the freshwater turtle, Phrynops geoffroanus, inhabiting a polluted 
urban river in south-eastern Brazil. Journal of Zoology, London 
252:437-446. 
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Effects of Reproductive Stage and History on Call 
Preference in the Toad, Alytes muletensis 

Numerous factors can affect whether female anurans will choose 
the same mate repeatedly. The authors tested whether repeatabil-
ity would be affected by the reproductive stage or history of fe-
male midwife toads, Alytes muletensis. Female toads differing in 
the presence of eggs, development of eggs, and mating history 
were tested for their preference to 1.5 and 1.8 kHz male calls. 
Results indicated that ovulating females responded to male calls 
more persistently than recently-mated females. Gravid, unmated 
females and ovulating females preferred the 1.8 kHz call over the 
1.5 kHz call; recently-mated females did not show a significant 
preference to either call. The results of this study differ from pre-
vious behavioral studies of leptodactylid and hylid frogs; this para-
dox is explained by noting the difference in reproductive biology 
of Alytes. The authors caution against interpretations based on 
experiments where females are tested only once. 

LEA, J., T. HALLIDAY, AND M. DYSON. 2000. Reproductive stage and his-
tory affect the phonotactic preferences of female midwife toads, Alytes 
muletensis. Animal Behaviour 60:423-427. 
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Evolution of Caenophidian Snakes Based on 
Molecular Data 

Caenophidian snakes currently include over 2500 species, how-
ever, very few clades within the group are well supported. 
Gravulund examined 12S and 16S mitochondrial ribosomal genes 
from 45 species of snakes in order to identify groupings within 
Caenophidia, assess the relationships of the problematic genera 
Acrochordus and Dasypeltis, test the monophyly of boigine snakes, 
and examine the evolution of posterior maxillary dentition and 
retinal visual cells within the context of the phylogeny. Genes from 
eighteen species of snakes were sequenced for this study; remain-
ing sequences were obtained from GenBank and a previous study. 
Pairwise genetic divergences and sequence data were analyzed 
with PAUP 3.1.1. Because of the large size of the data set, heuris-
tic searches were used to construct phylogenies. This analysis pro-
duced two most parsimonious trees with eight clades (1553 steps, 
CI = 0.313 for each tree). Results indicated that Elapidae is not 
monophyletic, Acrochordus is not a caenophidian, Boiginae is a 
monophyletic group, and Dasypeltis groups within the boigine 
Glade. The author concluded that opistoglyph dentition arose three 
times in caenophidians and retinal morphology needs revision 
before clear conclusions can be made. 

GRAVLUND, P. 2001. Radiation within the advanced snakes (Caenophidia) 
with special emphasis on African opistoglyph colubrids, based on mi-
tochondrial sequence data. Biological Journal of the Linnean Society 
72:99-114. 
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e-mail: Pgravlund@zi.ku.dk.  
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Phylogeography of the Frog Ascaphus truei 

The tailed frog (Ascaphus truei) represents an ideal taxon for 
examining the regional phylogeography of the Pacific Northwest 
because it is endemic to the region, has limited dispersal abilities, 
and has an ancient history which may be reflected in the genetic 
structure of this species. Previous workers have noted differences 
between coastal and inland populations based on morphological 
and allozyme data. The authors examined sequences from 1530 
nucleotides of the mitochondrial cytochrome b and NADH dehy-
drogenase subunit 2 genes from 23 populations throughout the 
range of this species. Data were analyzed using parsimony, maxi-
mum likelihood and nested-Glade analyses. Analyses from parsi-
mony and maximum likelihood supported the reciprocal mono-
phyly of inland and coastal haplotypes, respectively. An analysis 
of molecular variance indicated that these populations have ge-
netic structure; most of the genetic variation within these groups 
was partitioned among populations. The authors suggested the rise 
of the Cascade Mountains in the late Miocene and subsequent 
rainshadow effects in the Pliocene are the best explanation for the 
current distribution of these organisms. The authors proposed rec-
ognition of the inland population as a distinct species, Ascaphus 
montanus. 

NIELSON, M., K. LOHMAN, AND J. SULLIVAN. 2001. Phylogeography of the 
tailed frog (Ascaphus truei): implications for the biogeography of the 
Pacific Northwest. Evolution 55:147-160. 
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Phylogeography of the Rat Snake, Elaphe obsoleta 

Subspecific ranks have been used to designate isolated popula-
tions that may have the potential to evolve into distinct species. 
The authors examined sequences of the cytochrome b and mito-
chondrial control region 1 genes from seven subspecies of Elaphe 
obsoleta, in order to assess whether these taxa represent natural 
groups. Data were analyzed using maximum-parsimony and maxi-
mum-likelihood analyses in PAUP* 4.0. Results from the maxi-
mum-parsimony analysis identified three clades that are bounded 
by relatively major geographic landmarks: 1) an eastern Glade east 
of the Appalachian mountains including Elaphe o. obsoleta, E. o. 
quadrivittata, E. o. rossalleni, E. o. deckerti, E. o. spiloides and E. 
o. williamsi; 2) a central Glade west of the Appalachian mountains 
including E. o. obsoleta, E. o. lindheimeri and E. o. spiloides; and 
3) a Glade west of the Mississippi river including E. o. lindheimeri 
and E. o. obsoleta. The maximum-likelihood analysis produced a 
tree that did not show a significant difference from the maximum-
parsimony analysis. When the monophyly of each subspecies was 
constrained, preferred results of a parsimony analysis identified 
10,811 trees that were 271 steps longer than the most parsimoni-
ous trees. Intraclade comparisons of pairwise genetic distance with 
pairwise geographic distance did not show a clear relationship. 
The authors suggest small populations from each Glade underwent 
a rapid range extension as glaciers retreated 18,000 to 6,000 years 
ago. The authors also suggest that subspecies based on color pat-
terns do not represent natural groups and should be eliminated  

from the taxonomy of Elaphe obsoleta. 

BURBRINK, F. T., R. LAWSON, AND J. SLOWINSKI. 2000. Mitochondria' DNA 
phylogeography of the polytypic North American rat snake (Elaphe 
obsoleta): a critique of the subspecies concept. Evolution 54:2107- 
2118. 
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Recently, Vargas et al. (2000) reported results from a study 
comparing survivorship of lizards caught using three techniques: 
noosing, glue traps and rubber banding. Although their study makes 
valuable comment on catching lizards, the reader is imparted with 
a cautionary warning of high fatality rates with glue traps. We 
have found glue traps to be a very effective, useful and safe tool 
for capturing fast-moving and wary flat lizards (Platysaurus). We 
have also identified at least one flaw with the Vargas et al. study 
and take this opportunity to further comment on trapping lizards 
with glue traps. 

The glue trapping technique of Vargas et al. consisted of checking 
traps every 15 min. In our experience, a lizard left struggling on a 
glue trap becomes hopelessly stuck and difficult to remove without 
some handling stress and/or injury. While sampling African flat 
lizards (Platysaurus broadleyi and Platysaurus intermedius 
wilhelmi), we always monitor our glue traps continuously and are 
usually able to remove the trapped lizard within seconds of capture. 
Also, in most instances, lizards were only caught by a relatively 
small portion of their body and therefore easily removed. This is 
particularly important in hot climates where lizards can quickly 
expire from hyperthermia on exposed traps (Bauer and Sadlier 
1992). 

After removing lizards from glue traps, Vargas et al. facilitated 
glue removal by placing the lizard in a plastic bag with several ml 
of canola oil (following Bauer and Sadlier 1992). Trapping and 
glue removal therefore constituted a single treatment and the 
influence of the glue cannot be separated from that of the oil in 
their protocol. It is possible that placing the lizard in a plastic bag 
with oil could contribute substantially to handling stress or that 
the resulting oil coating could impair physiological function. Rodda 
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et al. (1993) have also reported lizard fatalities from smothering, 
after using cooking oil in a plastic bag. Without an appropriate 
control in the Vargas et al. study, we cannot properly evaluate the 
impact of oil on lizards. In our studies, we used small amounts of 
cooking oil, between thumb and fore-finger, to gently massage 
glue from the lizard's body. If necessary, we also used paper towels 
to remove excess oil and glue. There was thus no need to place 
lizards in plastic bags and minimal oil was used. Furthermore, in 
instances where only a portion of the lizard contacted the trap, we 
did not always find it necessary to use oil. 

Although many of the lizards that we captured (> 1200 P. 
broadleyi; > 40 P i. wilhelmi) were released the day following 
capture and resighted in the field as part of a mark-recapture study, 
we also transported P. broadleyi (N = 30) and P i. wilhelmi (N = 
28) back to the laboratory for other studies and experienced no 
fatalities. The P. i. wilhelmi were used in two laboratory-based 
studies (McKinon and Alexander 1999; Alexander et al., in review) 
and released two years later, without a single fatality. Clearly, 
trapping these lizards with the use of glue traps had little effect on 
survival. Thus, although Vargas et al. are likely correct in their 
assertion that trap-related fatalities have a species-specific 
component (also see Rodda et al. 1993), we believe that their trap 
monitoring regime and handling procedure may also have affected 
their findings. 
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Most amphibians are characterized by the presence of glands 
dispersed throughout the dorsal skin. Frequently these glands are 
hypertrophied into prominent aggregations ("macrogland" sensu 
Duellman and Trueb 1985). In anurans most of these macroglands 
are named according to their location on the head, body, or limbs: 
rostral, labial, coccygeal, femoral, tibial, mental (Tyler 1987). An 
exception is the paired glands located upon and behind the head 
which are variously termed parotid, parotoid, and paratoid. Each 
of these names has a different meaning and it appears desirable to 
draw attention to the apparent confusion and suggest a means of, 
hopefully, achieving a standardization of terminology. 

The confusion over the appropriate terminology is exemplified 
by a recent volume on the amphibian integument (Heatwole and 
Barthalmus 1994). The index in this work indicates three men-
tions of the term paratoid. In fact the term is used in only one 
chapter, whereas the other two use parotid for the same structure. 

Parotid glands are large and diffuse salivary glands overlying 
the angle of the jaws of mammals. They are entirely subcutaneous 
and of ectodermal origin forming as an outgrowth of the lining of 
the buccal cavity (Arey 1965). There do not appear to be any ho-
mologous structures in lower vertebrates (although the structure 
now generally referred to as Duvernoy's gland: Taub 1967; Kochra 
1978, was formerly called a parotid gland e.g., Phisalix 1922). 
The function of the salivary secretions is to facilitate the swallow-
ing of food and its subsequent digestion. 

In contrast the glands in amphibians often termed parotid are 
entirely dermal and their secretions discharge upon the outer skin. 
They are of ectodermal origin and have no communication with 
the buccal cavity; their contents have a wide range of functions 
but they have no involvement with digestion. It follows that the 
anuran structures are not homologous with mammalian parotid 
glands and the use of this descriptive word is inaccurate. 

Definitions provided in the Oxford English Dictionary indicate 
that parotis "the parotid gland" derives from Greek para "beside" 
+ of -, the stem for inflected forms of ous "ear." Parotid as a noun 
is synonymous with parotis "the parotid gland"; as an adjective, 
meaning "situated beside or near the ear." It is applied particularly 
(in humans) to the largest of the salivary glands. Parotoid means 
"having the form, appearance, or nature of the parotid; resem-
bling, related or allied in structure to the parotid, but not identical 
to it." 
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Here the Oxford English Dictionary refers specifically to the 
use of the term in anurans, stating, "applied to certain glands of 
the skin forming warty excrescences near the ears in some batra-
chians, or toads." There is no reference to paratoid. 

We are aware of seven references to the use of paratoid that 
refer to these dorsal glands: Gunther (1858), Arnold and Burton 
(1989), Goin et al. (1978), Lim and Lim (1992), Kennedy (1982), 
Ballasina (1984), Powell et al. (1998). This is not an alternative 
spelling of parotoid, but is appropriately applied to a different struc-
ture defined by Holmes (1979) as "a double row of poison glands 
extending along the back of certain amphibians, as of salamanders." 
Holmes states the derivation to be from the Greek word parateinein, 
"to extend along." This is the application of the word used by 
Francis (1934) in his classical work on salamander anatomy. The 
homology of these glands with anuran parotoid glands remains 
unproven. 

Early works chiefly misidentified the nature of the glands. In 
one of the first classic works on frogs, Roesel von Roesenhof (1758) 
referred to the structures simply as "Will ste" (rolls of fat). 
LaCepede (1788) also failed to name them, simply describing each 
gland as "une eminence tres-alongee, faite en forme de rein" (a 
very elongate protuberence in the shape of a kidney). Bonnaterre's 
(1789) account likewise merely noted the presence of "une 
excroissance en forme de rein" (an outgrowth in the shape of a 
kidney) behind each ear, without identifying the structure by name. 
According to Shaw (1802) the first identification of these dermal 
structures as parotoid glands was that of Schneider (1799), who 
included in the generic diagnosis of Bufo the phrase "post tympa-
num parotis magna poris crebris pertusa" (behind the ear a large 
parotid gland perforated by numerous pores). Similar terminol-
ogy was used rather consistently throughout the early 19'h Cen-
tury, although vernacular terms were occasionally employed (e.g., 
Ohrendriisen; Fitzinger 1826). Tschudi (1838), although he em-
ployed the term Parotiden himself, noted that this was not really 
correctly applied to these structures. Owen (1866) credited Gtinther 
(1858) with coining the term parotoid as an appropriate substi-
tute. Although he noted that Gunther's intended terminology is 
unclear, however; paratoid was used consistently throughout his 
Catalogue of the Batrachia Salientia (1858), but he subsequently 
(1860) reverted to the use of parotids in his description of a new 
species, Bufo caeruleostictus, and shortly thereafter (1864) he 
employed the term parotoids exclusively in The Reptiles of Brit-
ish India. Owen's preferred term, parotoid, was thereafter used in 
many influential works on amphibians (e.g., Boulenger 1882; Cope 
1889) and has since remained the most commonly employed term. 

If the meaning of the suffix -oid is assumed to be "like" or "re-
sembling" (as used by Lynch (1971) for leptodactyloid rather than 
leptodactylid frogs), then parotoid is a misnomer. It does not re-
semble the parotid in structure, function, position, or embryologi-
cal origin. It may however be the most frequently used name. To 
clarify this matter we examined 100 books from several hundred 
in our libraries. The sample included chiefly 20'" centuryworks in 
a variety of European languages chosen to include general herpe-
tological works, technical morphological treatises, and a variety 
of regional herpetofaunas. Of those 100 volumes, 71 use parotoid. 

A review of anuran references indexed in Zoological Record 
(1978-1999) and of Biological Abstracts (1989-1999) yields 13 
references to these structures under the term parotoid, eight as  

parotid, and one as paratoid (Manamendra-Arachchi and 
Pethiyagoda 1998). An additional two references to salamander 
parotoid glands were also found. 

Peters (1964) lists all three terms, as well as post-tympanal gland, 
but parotoid is presented as the primary, or preferred term. Ulber 
et al. (1989) reference the term Paratoide as the correct form, but 
note that Parotide is sometimes incorrectly applied. Kabisch (1990) 
admits both terms, but also gives Parotoide as the preferred form. 

The English language is riddled with misnomers and it would 
be unwise to suggest the replacement of parotoid simply because 
it is inappropriate. "Dorsal cephalo-thoracic sacs" (Peneyra and 
Masanga 1966) is not a correct description in an anatomical sense 
and is unlikely to be acceptable. In summary we believe that uni-
versality is a highly desirable attribute of any descriptive word, 
and we propose that the term "Parotid" should be used only in 
reference to the salivary glands of mammals, "Paratoid" to the 
paired dorsal rows of glands seen in some salamanders, and 
"Parotoid" for the hypertrophied cutaneous glands characteristic 
of most bufonid and some hylid anurans. 
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Rodriguez-Robles and de Jesus-Escobar (2000) recently 
published a well conceived paper on the molecular genetics of a 
transcontinental North American species complex within the snake 
genus Pituophis. They presented a revised taxonomy of the 
Pituophis melanoleucus complex based on mtDNA, a review of 
published morphological characteristics, and a distribution in which 
they recognize three species: P melanoleucus (Eastern Pinesnakes; 
P. m. melanoleucus, P. m. mugitus, and P. m. lodingi), P. ruthveni 
(Louisiana Pinesnake), and P catenifer (Bull and Gopher Snakes; 
P. c. affinis, P. c. annectens, P. c. bimaris, P. c. catenifer, P. c. 
coronalis, P. c. deserticola, P c. fuliginatus, P. c. insulanus, P. c. 
pumilus, P. c. sayi, and P. c. vertebralis). 

Rodriguez-Robles and de Jestis-Escobar (2000) demonstrated 
that melanoleucus, mugitus, and lodingi formed a single, well 
supported, diagnosable evolutionary lineage based on mtDNA 
characters (100% bootstrap value) and morphology (Reichling 
1995). They argue further that this lineage has achieved 
independence from the geographically nearest lineage ruthveni by 
means of allopatry due to a broad alluvial plain laid down by the 
Mississippi River which currently separates the two. Based on these 
criteria (independence and diagnosability), they followed previous 
authors (e.g., Cope 1900; Fugler 1955; Klauber 1947; Wright and 
Wright 1957) and considered Eastern Pinesnakes to form a single 
species that they referred to as P melanoleucus. 

Using these same criteria, Rodriguez-Robles and de Jestis-
Escobar (2000) elevated ruthveni to species status even though 
their mtDNA data demonstrated that it was a non-exclusive (sensu 
Graybeal 1995) lineage. They noted, however, that P ruthveni was 
allopatric and morphologically diagnosable (Reichling 1995) and 
therefore chose to follow Reichling (1995) in maintaining its 
species status. They pointed out, as have others (see Graybeal and 
references therein), that all lineages must go through a period of 
non-exclusivity which simply reflects the relative recency of their 
divergence from their parent lineages. They appropriately noted 
that the diagnosability and allopatry of P. ruthveni demonstrated 
that it was an independent (i.e., reproductively isolated) 
evolutionary lineage. 

Pituophis catenifer bimaris and P c. vertebralis were considered 
a single species, P. vertebralis, by Grismer (1994, 1997). Grismer 
(1997) reported on the clinality of color pattern of P vertebralis 
throughout its range (indicating that it forms a reproductively 
cohesive unit), and its diagnosability from (Grismer 1997:Table 
1), and likely sympatry with, P catenifer. In fact, these species 
may be sympatric for as much as 180 km (Grismer 1997). 
Rodriguez-Robles and de Jesus-Escobar (2000:42) implied, and 
Grismer (1997) demonstrated via sympatry, that P. vertebralis and 
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FIG. 1. An area cladogram based on a modified portion of the weighted 
maximum parsimony consensus tree of Rodriguez-Robles and de Jesus-
Escobar (2000:FIG. 5b) containing the individuals of the Baja California 
gopher snake P vertebralis (bimaris and vertebralis). All nodes with 
bootstrap values less than 70% are considered to have a probability of < 
95% of being real (see Hillis and Bull 1993) and have been collapsed. All 
operational taxonomic units (individuals) are arranged geographically. 
Numbers above the nodes represent bootstrap values based on 100 
pseudoreplicates each with 10 random addition iterations. Numbers in 
parentheses following taxon names correspond to locality data listed in 
Rodriguez-Robles and de Jestis-Escobar (2000: Table 1). Individuals from 
the pet trade (bimaris [13] and vertebralis [40]) lacking locality data could 
not be placed on the area cladogram and were omitted. This tree was 
preferred over their unweighted parsimony tree (their FIG. 5a) because 
the use of differential character weighting has been shown to increase 
phylogenetic accuracy when substitutional rate variation is present 
(Huelsenbeck and Hillis 1993), as suggested for these data by the 
maximum likelihood analysis. Their maximum likelihood tree (their FIG. 
6) is similar to their weighted maximum parsimony tree except that it 
places bimaris (10) as the basal lineage in a Glade containing the remaining 
northern lineages (bimaris [12] to catenifer [15]; FIG. 1). However, the 
branch length for its placement as the basal member of this Glade is short, 
suggesting that it is weakly supported. 

P catenifer are reproductively isolated from one another (i.e., 
independent lineages). Rodriguez-Robles and de Jesus-Escobar 
(2000) synonymized P. vertebralis with P catenifer on the basis 
that some individuals of P vertebralis (bimaris) were shown to be 
more closely related to individuals of P catenifer (annectens) than 
to other bimaris (Fig. 1). Their data clearly demonstrate that P 
vertebralis, like P ruthveni, is a non-exclusive lineage. When their 

weighted maximum parsimony consensus tree (Rodriguez-Robles 
and de Jesus-Escobar 2000:Fig. 5b) is redrawn with respect to 
geography (Fig. 1), it shows that individuals from the northern 
portion of the range of bimaris are more closely related to 
individuals of the southern portion of the range of P catenifer 
(annectens) than they are to other more geographically distant 
individuals of bimaris. Expectedly, their tree also shows that 
southern bimaris are more closely related to the geographically 
more proximate vertebralis of the Cape Region than to the more 
distant individuals in the northern range of bimaris (Fig. 1). The 
substructuring of these intraspecific relationships between P. 
vertebralis and P. catenifer would be expected of two lineages 
that may have recently separated. Rodriguez-Robles and de Jesus-
Escobar (2000) noted a similar relationship for individuals of P c. 
sayi and P. ruthveni. Rodriguez-Robles and de Jesus-Escobar 
(2000) also found substantial genetic divergence (6.2%) between 
the bimaris from San Ignacio (sample 10; FIG. 1) and the bimaris 
from Ciudad Constitucion (sample 11; Fig. 1). They considered 
this as evidence for not recognizing P vertebralis (sensu Grismer 
1994). However, the geographic gap between these samples in 
approximately 380 km and the morphology and color pattern of 
specimens from within this gap exhibits clinal variation, suggesting 
that there are no genetic breaks. The relevance of the percent 
sequence divergence between these two samples cannnot be fully 
appreciated until additional specimens from the intervening 380 
km are sequenced. Therefore, using the criteria of Rodriguez-
Robles and de Jesus-Escobar (2000) to recognize species level 
entities within the P. melanoleucus complex (i.e., independence 
and diagnosability), I elect to maintain the species level recognition 
of P. vertebralis on the grounds that it forms a diagnosable lineage 
that is reproductively isolated from other lineages within the P 
melanoleucus complex. 

Based on biogeography and the close relationship that other 
insular individuals shared with individuals from the adjacent 
continent, Rodriguez-Robles and de Jesus-Escobar (2000) 
hypothesized that P insulanus (sensu Grismer 1994) of Isla de 
Cedros off the west coast of central Baja California (Fig. 1) should 
be included within P catenifer. But again, using their criteria for 
species level recognition within Pituophis, I elect to maintain the 
species recognition of P. insulanus because it is a discretely 
diagnosable allopatric lineage (Klauber 1946). The other insular 
taxa—coronalis, fuliginatus and pumilus—do not meet these 
criteria and the first two have been synonymized with P catenifer 
(Grismer 2001). 
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manuscript. 
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Rattlesnakes (Crotalus and Sistrurus) are typically terrestrial 
animals. Although many species of rattlesnakes have been observed 
occasionally in vegetation off the ground (Hollingsworth and 
Mellink 1996; Klauber 1972, pp. 486-495; Saenz et al. 1996), 
they are not generally recognized as proficient climbers. Klauber 
(1972, p. 486) noted timber rattlesnakes (Crotalus horridus) as 
being one of the more arboreal species of rattlesnakes. Here I dis-
cuss observations of arboreal behavior in timber rattlesnakes, in-
cluding an instance of arboreal courtship, from a mixed hardwood 
forest site in Vinton County, Ohio. 

During the 1994, 1995, and 1996 field seasons I radio-tracked 
(cf. Reinert 1992; Reinert and Cundall 1982) a total of 17 timber 
rattlesnakes (8 females, 9 males; Coupe 1997). I tracked three 
snakes (2 females, 1 male) in the late summer and fall of 1994. I 
tracked the two females the following summer (1995), as well as 
14 additional snakes. Tracking effort was substantially reduced in 
the spring of 1996 as I was completing the study. 

Arboreal behavior mirrored the sampling effort as none was 
observed in 1996, the majority in 1995, and in 1994 only one snake  

was observed off the ground. During the study, five of the eight 
females (62.5%) and two of the nine males (22.2%) were seen off 
the ground in vegetation in 56 of their 425 (13.2%) collective lo-
cations (Table 1). The percentage of locations in which I found 
these seven individuals off the ground in vegetation ranged from 
1.8% to 59.5% (Table 1). I found timber rattlesnakes in arboreal 
locations from May to September, but most instances (35 of 56, 
62.5%) were in July and August. I observed individual rattlesnakes 
at heights from — 0.5 m to — 5 m off of the ground. 

An effort was made to locate individuals every day, but this was 
not always possible. Data on individuals were not collected more 
than once per day. Therefore, in the following discussion consecu-
tive locations or observations are on different, but not necessarily 
consecutive days. Because this makes interpretation of time diffi-
cult, I have included actual calendar dates so as to clarify the time 
periods being discussed. When individuals were located, the spe-
cies of vegetation in which the snake was found was not recorded, 
nor was more than a rough estimate of height noted. 

Two female snakes demonstrated the greatest number of con-
secutive arboreal locations (= "run"). A light-phase female (LF2) 
was located 42 times from 5 June to 10 August 1995. On 25 (59.5%) 
of those locations she was observed off the ground in vegetation. 
A run of 21 consecutive observations of LF2 between 22 June and 
16 July were arboreal (Table 1). On 29 June she reached her maxi-
mum height (— 5 m) on the top of a broken tree trunk. The rest of 
the tree was still attached, but hanging down to the ground amidst 
lower vegetation. She had spent six days above the ground in this 
lower vegetation (ca. 2 m above ground level) before, presum-
ably, crawling up the broken trunk to its highest point. She was 
still off the ground, but in a different location, when she was next 
observed on 1 July. On 13 July her eyes were cloudy. On her last 
consecutive arboreal location (16 July) her eyes were clearing. By 
21 July she clearly had shed although her shed skin was not found. 
During this 21-day period of consecutive arboreal locations, she 
was found in three different areas of the study site that required 
her descent to the ground to travel between them. 

After shedding, LF2 was observed off the ground on four more 
occasions. Most notably, at 1300 hr on 3 August 1995 she was 
being courted by a dark-phase male (105.8 cm SVL) that was not 
part of the telemetry study. They were on a steep hill, approxi-
mately two meters up in the crown of a large, fallen, dead conifer. 
She was stretched out on top of the branches and he was draped 
over her, but they were not copulating. Our presence disturbed 
LF2, and she moved away. This was the last time that this female 
was observed in an arboreal site before she was found on the ground 
on 10 August, dead of unknown causes. 

A dark-phase female (DF1) was not located in arboreal loca-
tions when she was gravid in 1994, but in 1995 was found in el-
evated locations in a run of ten consecutive observations from 8 to 
19 July. During this time she was located in the branches of a 
fallen, dead, deciduous tree. On her last arboreal location on 19 
July she had cloudy eyes, and by 26 July she had shed. She was 
not observed in any other arboreal locations during the study. 

It is possible that the arboreal behavior observed in these two 
females was associated with the shedding of their skin. Following 
long arboreal runs, both LF2 and DF1 shed their skins in the early 
part of the late summer mating season, a time when ecdysis has 
been linked to attracting mates (Brown 1995). They might have 
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TABLE 1. Individual snake measurements and data on arboreal behavior for seven timber rattlesnakes (Crotalus 
horridus) found off of the ground in vegetation during a field study from 1994-1996 in Vinton County, Ohio. All 
arboreal behavior was observed in 1995 except for observations of DM1 which occurred in 1994. A "run" is a series 
of consecutive observations; however, consecutive observations were not always on consecutive days (see text). 

Snake Year 
Radio-tagged 

Sex SVL 
(cm) 

Mass 
(g) 

Number of 
Arboreal 
Locations 

Number of 
Total 

Locations 

% of 
Locations 
Arboreal 

Longest 
Arboreal 

Run 

DF1 1994-95 F 90.5 385 10 137 7.3 10 

DF4 1995 F 90.2 690 5 18 27.8 2 

DF5 1995-96 F 89.8 725 I 57 1.8 I 

LF1 1994-95 F 88.1 490 7 95 7.4 7 

LF2 1995 F 80.1 605 25 42 59.5 21 

DM1 1994 M 99.5 675 5 26 19.2 5 

DM4 1995-96 M 112.5 1958 3 50 6.0 3 

Totals: 56 425 

been seeking better locations from which to bask in preparation 
for shedding, although this could in turn increase their visibility to 
avian predators. Two other snakes, a female (LF1) and a male 
(DM1) were observed in seven and five day runs, respectively, of 
arboreal behavior. However, they were not preparing to shed dur-
ing those times. The female (LF1) did not show signs of ecdysis 
until 26 days after her last arboreal location, and on 24 September 
1994 the male (DM1) was located in his hibernaculum immedi-
ately following his arboreal locations. More observations will be 
needed before a link between arboreal behavior and ecdysis can 
be made. 

Foraging might also account for arboreal behavior in timber 
rattlesnakes. While I did not observe definitive arboreal foraging 
behavior in my study, Brown and Greenberg (1992) observed a 
timber rattlesnake in a vertical foraging posture on the side of a 
tree. This suggests a tendency to include the vertical dimension of 
the forest in foraging behavior, although the snake observed in 
this posture was a male, whereas most arboreal behavior I ob-
served was in females. Timber rattlesnakes are well known to feed 
on arboreal mammals such as gray squirrels, Sciurus carolinensis, 
and chipmunks, Tamias striatus (Uhler et al. 1939; Smyth 1949; 
Savage 1967; Keenlyne 1972), and numerous species of birds have 
been observed in their diet (Uhler et al. 1939; Savage 1967; S. 
Beaupre, pers. comm.). Additionally, Savage (1967) cites Uhler et 
al. (1939) as including bird eggs in the diet of timber rattlesnakes; 
however, Uhler et al. do not make this claim. Klauber (1972 pp. 
493-495) discussed a controversial painting by Audubon depict-
ing a timber rattlesnake attacking mockingbirds (Mimus 
polyglottos) at their nest as well as an article about rattlesnakes by 
Audubon. While Klauber discredits many aspects of the painting 
and of Audubon's description of a foraging rattlesnake, he does 
agree that it is possible for timber rattlesnakes to feed on birds in 
trees. 

Other researchers have noted arboreal behavior in timber rattle-
snakes in different parts of their range. There is considerable varia-
tion in the frequency of observation at different sites. This varia-
tion could be an artifact of the techniques used in the study (long- 

term radio-telemetry studies might be more likely to observe ar-
boreal behavior than capture-mark-recapture studies). It might also 
reflect population or individual level variation in the behavior. In 
New York, W. Brown (pers. comm.) has not observed arboreal 
behavior in a capture-mark-recapture study, although it has been 
observed rarely by E. McGowan (pers. comm.) in a radio-telem-
etry study. H. Reinert (pers. comm.) has frequently observed tim-
ber rattlesnakes in arboreal locations up to three meters high dur-
ing his radio-telemetry studies in Pennsylvania and New Jersey. 
In his long-term capture-mark-recapture study, W. Martin (pers. 
comm.) has observed timbers in arboreal locations outside of hi-
bernacula in West Virginia, and R. Sajdak (pers. comm.) has ra-
dio-tracked one female to multiple arboreal locations in Wiscon-
sin. S. Beaupre (pers. comm.) has observed numerous instances 
of arboreal behavior in radio-tracked timber rattlesnakes in Ar-
kansas; most of these observations were of females. While A. 
Savitzky and C. Petersen (pers. comm.) have observed arboreal 
behavior in their radio-telemetry study in Virginia, they suggest 
that it is rare there because these snakes might be more heavy-
bodied in comparison to other populations, making climbing dif-
ficult. In North Carolina, J. Sealy (pers. comm.) has observed two 
radio-tracked females to remain at arboreal locations for more than 
a week. The behavior also has been observed in Texas (Saenz et 
al. 1996). 

Although arboreal behavior has been reported in timber rattle-
snakes (Saenz et al. 1996), I am not aware of a report of an indi-
vidual timber rattlesnake spending more than half of its time in 
arboreal locations. Additionally, to my knowledge this is the first 
report of an arboreal courtship in this species. Arboreal behavior 
in Ohio was more prevalent in females than in males, and most 
locations were in or associated with fallen, dead trees or trees with 
branches low to the ground. Arboreal behavior might be related to 
skin shedding or foraging, and fallen, dead tree sites could allow 
for access to arboreal locations, as easily climbable branches are 
at ground level. These data support Klauber's (1972 p. 486) as-
sessment of timber rattlesnakes as being "among the more persis-
tent climbers." 
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Cnemidophorus lemniscatus is a species that occurs widely in 
the neotropics (Cole and Dessauer 1993; Lammeree 1970; 
Markezich et al. 1997) and was introduced into Florida via the pet  

trade (Bartlett and Bartlett 1999). This species is a member of the 
lemniscatus species complex in which some species are partheno-
genetic (Sites et al. 1990). Populations of C. lemniscatus that oc-
cur in south Florida appear to be entirely bisexual (Bartlett and 
Bartlett 1999). Although breeding populations have been known 
in Dade County, Florida for over two decades, little is known con-
cerning the natural history and ecology of this exotic species (Wil-
son and Porras 1983; Markezich et al. 1997). 

These whiptails are common in a number of locations in Dade 
County and are typically found on heavily pebbled areas of open 
sandy soil with scattered clumps of grasses and weeds. I have ob-
served these lizards in the field moving quickly over the surface 
of the ground searching for prey, a common behavior in lizards of 
this genus (Vitt and Ohmart 1977; Punzo 1990). Periodically, they 
stop and tongue-flick at the surface of the sand before moving on. 
During the hottest periods of the day in summer months they fre-
quently seek shelter in a burrow, within rock crevices, or under 
the shade of a plant or building. 

Although it has been reported that this lizard feeds on a variety 
of arthropods, and less frequently on the flowers of some plants 
(Sites et al. 1990; Bartlett and Bartlett 1999), no detailed studies 
have been conducted on the diet composition of this species in 
Florida. The purpose of the present study was to analyze the stom-
ach contents of C. lemniscatus. 

Materials and Methods.-The study site was located 1.2 km 
southeast of the former Florida East Coast Railway Building (N.W. 
37th Ave. and 75th St.) (Miami, Dade Co., Florida, USA) in an 
area adjacent to several occupied and abandoned buildings. The 
area included an asphalt parking lot overgrown with weeds adja-
cent to a well-drained and an open sandy area sparsely vegetated 
with grasses (Andropogon spp., Aristida stricta), saw palmetto (Ser-
enoa repens), and composites (Aster spp.). This sandy area was 
bordered on two sides by a large area characterized by clumped 
shrubs and an open woodlot. The lizards often entered this area to 
forage and seek shelter from the sun. 

All lizards were collected from 7 March to 30 August 1999 by 
noosing as described by Fitch (1958). Only the stomach contents 
from adult lizards were used in this study (snout-vent length [SVL] 
= 100-123 nun). Following capture, lizards were measured (SVL, 
to the nearest 0.1 mm) with vernier calipers, weighed (to the near-
est 0.01g) on an Ohaus Model 31677 Port-O-Gram electronic bal-
ance, and sexed. Stomach contents were collected using the stom-
ach-flushing technique described by James (1990) and Punzo 
(2001). Lizards were given individual identification marks by toe 
clipping for future demographic studies and then released at their 
original collection site. The stomach contents for each lizard were 
placed in a plastic vial containing 70% ethanol and returned to the 
laboratory for subsequent identification. Only lizards captured for 
the first time were used for stomach analyses (N = 30; 16 males, 
14 females). Prey items were identified to Order and Family wher-
ever possible. 

For each prey item, length (a) and width (b) were measured to 
the nearest 0.01 mm (excluding legs and antennae) and volume 
was determined according to the formula for the volume (V) of a 
prolate spheroid (Dunham 1983; Punzo 1991, 2000; Vitt and 
Breitenbach 1993): V = 4/3p (a/2)(b/2) 2 . 

Results and Discussion.-Adult males exhibited a SVL rang-
ing from 60 to 100 mm, and females ranged from 70 to 105 mm 
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TABLE 1. Analysis of stomach-flush samples from Cnemidophorus 
lemniscatus in Florida. A total of 30 stomach samples from different adult 
lizards were analyzed, all containing food. The results are expressed as the 
total number of prey items (N) for each taxon for the 30 lizards, the percent 
that N represents of the total sample of dietary items (percent total number), 
percent for each taxon by volume, and percent frequency (percent of lizard 
stomachs containing a particular prey item). 

Prey taxon N 
Percent 

total number 
Percent by 

volume 
Percent 

frequency 

Coleoptera 
Carabidae (A) 11 7.0 14.1 45.8 
Cicindelidae (A) 5 3.1 10.2 16.6 
Scarabaeidae (L) 3 1.9 1.2 10.0 
Scarabaeidae (A) 9 5.7 4.8 36.0 
Undetermined (A) 8 5.0 2.1 26.6 

Hemiptera 
Coreidae (N) 1 0.6 0.7 3.3 
Membracidae (A) 2 1.2 0.3 6.6 
Undetermined 2 1.2 1.6 6.6 

Homoptera 
Cicadellidae (A) 1 0.6 0.5 3.3 

Hymenoptera 
Formicidae 12 7.6 2.9 23.3 

Isoptera (A) 9 5.7 6.3 26.6 
Lepidoptera (L) 12 7.6 9.1 16.6 
Neuroptera 

Myrmeleontidae (A) 1 0.6 0.1 1.3 
Orthoptera 

Acrididae (N) 17 10.8 10.2 48.7 
Acrididae (A) 11 7.0 7.7 30.0 
Gryllidae (A) 10 6.3 6.5 10.2 
Tettigoniidae (A) 2 1.2 5.2 30.0 
Undetermined 14 8.9 9.2 36.6 

Araneae 27 17.1 6.1 46.6 
Plant material 1.2 1.3 

Total: 157 

Prey categories: L (larvae), N (nymphs), A (adults) 

Body mass ranged from 16.3 to 19.8 g in males, and 15.4 to 
20.7 g in females. In my laboratory I have observed captive 
females laying 1-2 clutches of eggs per reproductive season, 
with clutch sizes ranging from 2 to 5 eggs (unpubl. data). Em-
bryonic development is completed after 45-52 days of incuba-
tion under controlled conditions (27°C, 75% RH, 14L:10D 
photoperiod) (unpubl. data). 

Prey items (number of prey, percent of total sample, percent 
volume, and percent frequency) found in the stomachs of C. 
lemniscatus are shown in Table 1. There were no significant 
differences between sexes (c 2, p > 0.03) or between the months 
during which sampling was conducted (Two Sample Means 
Test, assuming unequal variance, p > 0.10; Sokal and Rohlf 
1995). 

These lizards are active foragers and consumed a wide vari-
ety of arthropod prey suggesting that they are opportunistic 
predators. Similar results have been reported for other species 
of Cnemidophorus (Best and Polechla 1983; Maya 1989; 
Paulissen and Walker 1994; Punzo 1990; Smith 1989). Ortho-
pterans and beetles were the most common prey items found in 
lizards at this study site, together representing 56.9% of the 
total number of prey items consumed and 71.2% of the total 
volume of prey consumed. Although ants and termites occurred 
in 23.3% and 26.6% of the stomachs, respectively, they ac-
counted for a relatively small percentage of the diet by vol-
ume. Spiders and lepidopteran larvae are readily consumed by 
C. lemniscatus as well. These lizards are also capable of de-
tecting beetle larvae that are below the ground surface, as well 
as termites. This has been reported for other species of 
Cnemidophorus (Fitch 1958; Mitchell 1979; Punzo 1990) as 
well as for other genera within this family (Cooper 1990). 
Arthropods with well-known chemical defenses such as blis-
ter beetles (Meloidae), velvet ants (Mutillidae), and millipedes, 
which were common at this study site, were not present in any 
of the stomachs examined. 

An insular species within the lemniscatus species group (C. 
arubensis from Aruba) was strongly herbivorous (Schall and 
Ressel 1991), with flowers, fruits, and leaves comprising 80-
90% of the diet. This whiptail appeared to actively search for cer-
tain (preferred) food types and actively avoided plants that con-
tained large quantities of phenolics, saponin, or alkaloids. Paulissen 
and Walker (1994) showed that another insular species, C. 
nigricolor, consumed some plant material but not enough to be 
considered an herbivore. 

In summary, C. lemniscatus in southern Florida feeds primarily 
on orthopterans and coleopterans, followed by lepidopteran lar-
vae and spiders. There was little evidence that this whiptail feeds 
on plant material at this study site. Studies on C. lemniscatus from 
South America indicated that these lizards feed on a wide variety 
of arthropod prey, including termites, beetles, grasshoppers, katy-
dids, and spiders (Markezich et al. 1997). Although termites com-
prised only a small percentage by volume of the diet of C. 
lemniscatus from southern Florida, isopterans can account for a 
larger proportion of the diet (> 10%) in individuals from South 
America. 
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For many years a kinosternid turtle has languished unidentified 
in the herpetological resource collection of The University of Texas 
at El Paso (UTEP). The specimen was obtained during field ac-
tivities of a seven-man crew that visited several sites in northern 
Mexico in the summer of 1962 (trip alluded to by Milstead and 
Tinkle 1967). 

Around noon on 23 August 1962 we checked into the Hotel 
Plaza, Acaponeta, Nayarit. Crew members (except Milstead [sick 
in bed] and Webb [curating backlog of specimens]) left Acaponeta 
at 1330 h and traveled south on Highway 15, returning at 1830 h. 
The prime objective, to obtain topotypic Terrapene nelsoni, was 
unsuccessful, but the trip culminated in the capture of three hand-
collected kinosternid turtles given to me by D. Tinkle. The three 
Kinosternon included two K. integrum (UTEP 3906-07) and the 
unidentified Kinosternon (UTEP 3908). The locality for the three 
UTEP turtles was recorded as 6.8 mi (11 km) south of Acaponeta, 
which is about 217 air km north of the northernmost locality of K. 
chimalhuaca (21 km S Puerto Vallarta; Berry et al. 1997:334, 336). 
The capture site as described by the collectors was along High-
way 15 at a roadside flooded grassy area said to have aquatic veg-
etation, suggesting a permanent pond (but may have been sea-
sonal depending on rainfall). The quiet-water pond site is concor-
dant with the preferred habitat of K. chimalhuaca. In this article I 
tentatively assign this specimen to Kinosternon chimalhuaca 
(Berry et al. 1997; reviewed in Iverson and Berry 1998). How-
ever, some morphological differences between UTEP 3908 and 
those of K chimalhuaca, perhaps significant, exist (see below). 

The northern Nayarit Kinosternon (UTEP 3908) is a juvenile 
female (based on short, small tail) with maximal straight-line 
measurements (Vernier calipers) of 87.3 mm (carapace length, CL), 
63.7 mm (carapace width, CW, juncture second and third costals), 
70.2 mm (plastron length), and 22.6 mm head width. The cara-
pace is widest posteriorly and shows no carination. The anterior 
vertebral scute is narrow, well separated from contacting the sec-
ond marginal scutes. The tenth marginal is slightly higher than the 
ninth and eleventh marginals. Character codes relating to plastral 
features used by Berry et al. (1997) are AHW 38.4 mm, BRL 11.0 
mm, FEL 11.2 mm, HL 31.4 mm, and PHW 30.8 mm; values for 
two of their derived ratios, PHW/CW 0.48 and BRL/CL 0.13 (Berry 
et al. 1997), are extreme, suggesting a narrower posterior lobe of 
the plastron and narrower bridge in UTEP 3908. The head width/ 
CL of 25.9% also suggests a wider head (Berry et al. 1997). The 
axillary and inguinal scutes are in broad contact (both sides), but 
their compactness and reduced contact with marginals seems sig-
nificant compared to UTEP 3917-18, 3900 (= K. chimalhuaca, 
cited in Berry et al. 1997); the axillary contacts most of the fifth 
marginal/anterior part of sixth, the inguinal most of the sixth/ante-
rior part of the seventh marginal. There is no anal notch. 
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The overall dorsal coloration (in life, Webb field notes) of the 
soft body parts was grayish, but finely marked with buff or yel-
low-orange. This same pattern occurred on top of the head with 
more yellow-orange (brighter pattern) on the side of the head (simi-
lar to pattern of turtle depicted in Berry et al. 1997). The chin 
(with one pair of smallish barbels), throat, and soft body parts in 
the inguinal regions were pale yellow, and the underside of the 
neck whitish. The ventral soft body parts were mostly flecked with 
gray. The carapace was dark olive; the bridges, edges of marginals, 
and plastron were orange-brown. 

The most notable differences from the description of southern 
K. chimalhuaca are the much smaller plastron, narrower width of 
posterior plastral lobe at posterior hinge (PHW), narrower bridge 
(BRL), configuration of the axillary and inguinal scutes, and the 
absence of an anal notch. Some differences of UTEP 3908 may 
reflect juvenile rather than adult features (smallest mature female 
99 mm CL; Berry et al. 1997). The possible geographic consis-
tency of these features of a population in northern Nayarit remains 
to be determined. The coastal lowland habitat and north-south 
continuity of K. chimalhuaca may be interrupted by the elevated 
western extent of the Transverse Volcanic Range (Neovolcanic 
Plateau) that is abruptly precipitous to sea level in the Tepic area 
of Nayarit. 
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Silent Auction Returns to Indianapolis 

The SSAR Silent Auction will be held again this summer at 
the annual meeting of SSAR/HL in Indianapolis. Throughout 
the meeting, herpetology-related artwork will be on display in 
a central location so that everyone in attendance will have an 
opportunity to bid on each piece. At the end of the meeting, 
each piece will be sold to the highest bidder. Funds generated 
from the Silent Auction are used for SSAR Student Travel 
Awards. Therefore, SSAR student members need your help! 
You are invited to donate a print, photograph, line drawing, 
plate, engraving, or other frameable artwork to the auction. 
Last year, over $2000 was raised by the Silent Auction to de-
fray travel costs for graduate students presenting papers or 
posters at the annual meeting. We would like to uphold or sur-
pass the efforts of previous years so that more graduate stu-
dents may be able to participate in our annual meeting. All 
donations are tax deductible (for U.S. residents) and more im-
portantly, will provide a financial boost to rising herpetologists. 
To donate an item or for more information, please contact: Scott 
Boback, 331 Funchess Hall, Department of Biological Sciences, 
Auburn University, Auburn, Alabama 36849-5414, USA; e-mail: 
bobacsm  @ auburn.edu. 

TECHNIQUES 
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Techniques for securing radio transmitters to anurans have in-
cluded the use of belts made of polyethylene tubing (Bartelt and 
Peterson 2000) or of beaded chain (Rathbun and Murphey 1996). 
Both of these designs have been used with success, but also have 
resulted in some incidence of injury and entanglement of the study 
animals. Here I present a new material for radio transmitter belts 
that is potentially less injurious to frogs. 

Teflon tubing (TT250/22-25-GRN, Manhattan/CDT/Cole-Flex 
and Thin Wall Teflon Tubing, Alpha TFT 200 22 NAT) was used 
to attach radios to Rana pipiens at the Creston Valley Wildlife 
Management Area, near Creston, British Columbia, Canada, in 
1998 and 1999. The radios were made by Holohil Systems Ltd. 
(112 John Cavanagh Road, Carp, Ontario, KOA 1 LO, Canada), 
models BD-2G (1.8 and 3.5 g) and BD-2 (1.3 and 1.0 g), and by 
AVM Instrument Co. Ltd. (2356 Research Drive, Livermore, Cali-
fornia 94550, USA), model SM1 (2 g). Radios were less than 7% 
of the frog's weight and were built to operate for 9-26 weeks. The 
tubing was fitted to the frogs such that the loop slid snugly over 
the adpressed thighs, and was tied using cotton thread pulled 
through the tubing. Cotton thread should allow unrecovered ra-
dios to fall off the frogs when the thread rots and breaks. The frogs 
were generally caught on shore close to water, in moderately thick 
reed canary-grass habitat. The pattern of spots on the dorsal sur-
face of the frog was photographed and sketched for later identifi-
cation. 

The effectiveness of Teflon tubing radio transmitter belts was 
examined with a total of 24 frogs in the field. In 1998, I placed 
radio transmitters on 13 male frogs, from 23 September to 30 
October. There were 189 frog-days of telemetry, with 110 obser-
vations of frog locations. In 1999, three males were fitted with 
radios in June and eight females in September. There were 23 frog-
days of telemetry in the summer (10 observations) and 123 frog-
days in the fall (to 31 October, 50 observations). To monitor the 
effects of the belts, frogs were recaptured about every 10 days and 
their condition recorded. 

Most of the frogs did not move more than 100 m during the 
period they were monitored, and by the end of October all were 
found along the edges of deeper water bodies. Three radioed frogs 
went underground into small mammal burrows near the water's 
edge, and apparently spent the winter there; the belts did not seem 
to limit the mobility of these frogs. Although there was no evi-
dence that the belts significantly restricted the movements of the 
frogs, on two occasions I observed a frog trying to back into veg-
etation under water, and this movement was briefly impaired by 
the radio unit. 
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TABLE 1. Comparison of numbers of injuries, deaths, and shed belts 
between radio telemetry belts made from Teflon tubing and from beaded 
chain. R&M = Rathbun and Murphey (1996). 

Source No. frogs No. injuries No. deaths No. escapes 

R&M 

This study 

55 

24 

6 

1* 

5 

1* 

12 (to 22) 

15 

*same frog 

Out of 24 frogs fitted with radios, six frogs were refitted to bet-
ter adjust belt sizing, and 15 resulted in the frog eventually slip-
ping out of the belt. Five of these frogs slipped their belts within 
24 hours; three of these were in the first two days of the study, 
when I was experimenting with the fit of the belt. The average 
time for belt loss in 1998 was 2.7 days (range 1-11 days) and in 
1999 was 9.0 days (range 1-20 days). One male fitted in October 
1998 was recovered the following spring without the belt; pre-
sumably either the thread had rotted away or the frog had lost 
enough weight over the winter to slip out of the belt. The maxi-
mum length of time a frog carried a belt is unknown, but one belt 
remained on one frog for over four months. 

When I checked the frogs for the fit of their belts, I occasionally 
saw marks on the skin, especially across the dorso-lateral folds, 
but these did not deepen to become open wounds. Nine of the 10 
frogs examined appeared uninjured. Six had indentations across 
the dorso-lateral folds, and three had no marks. These indents ap-
peared approximately 12 days after the belt was fitted. One frog 
sustained deep cuts on its sides from the belt and later died. The 
frog that was recaptured the following spring without its belt did 
not have any scars or wounds. There was no evidence that any 
frog had become entangled in vegetation, and shed skin did not 
become caught up on the belt. 

Rathbun and Murphey (1996) reported the number of radios 
that were shed by frogs and the number of injuries due to belts 
made of beaded chain; their data are presented in comparison to 
the results of this study below (Table 1). I had proportionately 
more escapes overall (20% of these occurred in the first two days 
of the project), but fewer injuries and deaths due to the belts. The 
Teflon tubing was stiffer than polyethylene tubing and tended to 
stick out from the body of the frog. This might make it more likely 
to catch on vegetation, but might also make it easier for the frog to 
slip out of the belt if it becomes entangled. The stiffness of the 
tubing belt also meant that it touched the skin of the frog at fewer 
points, and the slick surface of the Teflon seemed to minimize 
abrasion. Teflon tubing belt material appears to be a suitable ma-
terial for the attachment of radio transmitters to anurans. 
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Spotlighting has been a standard technique for locating amphib-
ians and reptiles at night. The basic technique is to shine a flash-
light at an animal so that the light reflects off of the animal's retina, 
creating a noticeable eyeshine. The method works well for spe-
cies with larger eyes such as alligators and ranid frogs, but is fairly 
ineffective for detecting most medium- and small-sized animals 
because their eyeshine doesn't stand out sufficiently from the back-
ground. A brighter light is of little benefit, because it does not 
enhance the contrast of a weak eyeshine against the background, 
and the light is much more likely to cause animals to flee, turn 
away, or simply close their eyes. 

We have used a modification of the basic eyeshine technique so 
that it allows us to detect animals at a much greater distance and 
to detect much smaller species. We use binoculars in combination 
with a moderately bright light. We rest the binoculars on the top of 
a light, line up the field of view with the light beam, and then 
move the two in unison while scanning for eyeshine. It generally 
takes a few hours of practice to effectively coordinate the light 
and the binoculars, but once mastered, the technique becomes easy 
to use and greatly enhances an observer's ability to locate ani-
mals. We have not quantified the effectiveness of using binocu-
lars while spotlighting, but we estimate that it increases the num-
ber of individuals located by two to five fold, with the greatest 
increase being the more cryptic and smaller species. 

Almost any set of binoculars can be used, but some are more 
versatile. Binoculars that can focus to within < 2.5 m are particu-
larly useful because this allows one to locate nearby animals. The 
7 x 26 Bausch & Lomb Custom binoculars and the waterproof 
Bausch & Lomb Elite 10 x 42 work well. 

The choice of light is important for getting the best results. If 
the light isn't sufficiently bright, it can be difficult to distinguish 
vertebrate eyeshine from other reflections, especially water drop-
lets. Ambient light has a profound effect. On a dark night, even a 
low powered flashlight can be used to good effect, whereas bright 
moonlight will limit the range of even a fairly intense light. If the 
target animals are only visible over a short range, as when search- 
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ing in fairly dense vegetation, a light of lower intensity is often 
advantageous, because it doesn't dazzle your eyes and will be less 
likely to disturb the subject. If the target animals are likely to be 
seen at substantial distances, then a brighter light works best. At-
mospheric conditions, such as dust in the air or rain, will often 
limit the effective range. For most purposes, a light of intermedi-
ate intensity is a good choice, and a 30-watt spotlight is a good 
compromise. Table 1 provides a comparison of light output from 
various lights and Table 2 provides reference data for environ-
mental light conditions that Rana aurora might be exposed to when 
sitting near a pond during the day. 

A light should ideally have a beam angle a little greater than the 
field of view of the binoculars being used. A light that produces 
even illumination is best. 

Just as important are factors that affect comfort. If the light is 
too heavy, it can quickly become tedious trying to hold it with the 
binoculars perched on top, and maneuverability will be compro-
mised. Most importantly, it should be easy to hold the binoculars 
in place on top of the light because the binoculars need to be as 
close as possible to the beam of light. 

One commercially available light that works well is the Nite 
Sport H (Nite Light, Little Rock, Arkansas, USA, US $70). This 
light has a rechargeable 6 volt gel cell battery (that can attach to 
one's belt) and a headlamp unit. The 1.3 m cord connecting the 
battery to the headlamp is particularly sturdy, so it is not the weak 
point as it is in many headlamp systems. The light runs about 5 
hours on a charge. The optional Halogen bulb (HMP03) increases 
the light output from 67 to 79 lux (measured at 5 m). A particu-
larly nice feature of the Night Sport II is the built-in rheostat. This 
allows one to use the full power of the light to locate animals, but 
then reduce the brightness for the final approach. 

We have modified our lights by bolting a Mag-Lite Bite-a-Lite 
(Mag Instrument, Ontario, California, USA, www.maglite.com ) 
to the clip on the back of the headlamp. Bite-a-Lite is a small 
plastic part that fits over the end of a AA Mag-Lite so you can 
hold it in your teeth. By drilling a 3 mm hole through the Bite-a-
Lite, a 3.5 cm long bolt and washer can be used to attach the Bite-
a-Lite to the Nite Sport. This modification makes the light easy to 
hold and frees one's hands. 

Alternatively, you can assemble a 30-watt light from readily 
available parts. Night Lite sells a spotlight (W1585) that can be 
modified by upgrading their 6-volt bulb with a 12-volt H4405 
sealed beam lamp (Bulbman, tel. 1-800-648-1163, 
www.bulbman.com) that produces 1468 lux (at 5 m). You will 
then need a 12-volt gel cell, charger, and a connector for the light 
and battery. These parts are available at many electronic stores. 

In many situations, vegetation blocks the eyeshine of a particu-
lar animal from all but a few viewpoints. This makes it difficult to 
point out an animal to anyone else or, sometimes, even to keep 
track of where an animal is as you approach it. We have found that 
it is often helpful to work in pairs with one person spotting ani-
mals and the other doing most of the capturing. In this situation, a 
laser pointer can be a useful accessory. When an animal is located, 
a laser pointer can be used to direct a second person's attention to 
the animal. It is generally not a good idea to place the laser spot 
right on the animal since the bright light can elicit an escape re-
sponse. The pointer can be used instead to "draw" a small circle 
around the animal. A second method is to illuminate a spot about 

TABLE 1. Light output measured in lux (=lumens/m 2) at a standardized 
distance of 5.0 m using a digital light meter (Model 407026, Extech 
Instruments, Waltham, Massachusetts, USA; www.extech.com ). 

Light Source Lux 

Q Beam - 200,000 cp 786 

100 Watt - sealed beam 653 

Q Beam - 100,000 cp 558 

30 Watt - sealed beam 358 

35 Watt - garden flood 70 

Mag-Lite - 3 D-size cells 39 

Nite Sport II - Halogen bulb 18 

Nite Sport II - Regular bulb 16 

Mag-Lite - 2 AA-size cells 1 

1 m away from the animal and then move the beam towards it, 
turning the pointer off just as the spot reaches the animal. Note 
that lasers come with a range of ratings for light output. The more 
powerful ones (which claim to reach > 200 m) are generally the 
most useful. Shorter wavelengths provide better visibility, so a 
635 nm laser appears nearly seven times brighter than a 670 nm 
unit with the same output. 

There are a few precautions to keep in mind when spotlighting. 
When working with a partner to catch more wary species, it is 
important to make sure that the person approaching an animal is 
not illuminated from behind since this creates a strong silhouette 
that immediately alerts the animal to the approaching biologist. 
Similar precautions are necessary when working under a full moon. 

Vertebrates are not the only animals with eyeshine. Spiders have 
surprisingly bright eyeshine and tend to be very abundant, but their 
eyes look more point-like than those of vertebrates. Moth eyes 
and small droplets of pine sap can look extremely similar to verte-
brates' eyes. Water droplets become abundant when the tempera-
ture drops to the dewpoint, and while water droplets generally are 
not too difficult to distinguish from vertebrates' eyes, their sheer 
abundance can be very distracting. 

Spotlighting has been used primarily for anuran surveys, but 

TABLE 2. Mid-day ambient light levels measured at a Rana aurora 
breeding pond at Point Reyes National Seashore, California. Measure-
ments were taken at eight places where frogs had been observed sitting 
during the day on previous occasions. The light meter sensor was ori-
ented at three different angles and the range of values is reported for the 
eight sites. 

Light Source Lux 

Full sun 100,000 
Full moon 2 
Partially shaded pond edge 

Facing toward sun 40,000-80,000 
Facing north 7,000-10,500 
Facing south 12,500-25,000 
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the technique is far more broadly applicable. For example, it is 
particularly effective for terrestrial salamanders, even in areas with 
moderately dense understory. We regularly spotlight even the more 
diminutive species such as Batrachoseps attenuatus, Plethodon 
elongatus, and Rhyacotriton variegatus. In less than one hour (on 
a rainless night), we were able to spotlight five adult Dicamptodon 
tenebrosus away from water; this is especially notable since this 
species is generally difficult to find during the day without mov-
ing significant amounts of cover. Spotlighting is useful for rep-
tiles as well. One of the authors (CC) originally used the tech-
nique in Australia for locating nocturnal geckos, snakes, frogs, 
and small mammals. 

We have found that many species of salamanders in the western 
U.S. can be found during remarkably dry weather. In such condi-
tions, most animals are found sitting near the entrance to a small 
burrow or within a crevice, but there are typically a few individu-
als that are out well away from cover. Spotlighting with binocu-
lars should be considered when looking for amphibians and rep-
tiles in habitats that are easily impacted by more traditional col-
lecting techniques (e.g., moss-covered talus slopes), where it is 
difficult to turn cover (e.g., searching for geckos on lava flows or 
on the trunks of trees), or where repeated surveys are necessary 
and other techniques (e.g., time constrained surveys) would result 
in unacceptable levels of habitat disturbance. 

With an increasing interest in survey techniques, especially for 
declining amphibians, biologists should include spotlighting with 
binoculars as one of their tools. It is an efficient technique that is 
easy to learn and that uses equipment most biologists already pos-
sess. 
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Traditionally, amphibian mark-recapture studies have relied on 
toe clipping. Although effective for seasonal studies of adults, lar-
val amphibians can regenerate toes quickly, making this technique 
unsuitable for longer-term studies. Several alternative amphibian 
marking techniques were reviewed recently by Schlaepfer (1998) 
and Nauwelaerts et al. (2000). However, the majority of alterna-
tive techniques (PIT tags, pressurized fluorescent marking, coded 
wire tags) may be unsuitable for small larval and adult salamanders. 
I tested the suitability of Visible Implant Fluorescent Elastomer 
(VIE) tags on larval and adult Eurycea bislineata and 
Desmognathus fuscus (Plethodontidae). As larvae, they are slen-
der bodied, stream forms, and range from 14 to 34 mm snout-to-
vent length (SVL) and 1.9 to 3.0 mm head width. These species 
lack the large fin-fold, common with pond breeding salamanders. 

Laboratory Study.—A laboratory study was conducted on 27 
larval (18.1-28.4 mm SVL) and 2 adult (26.5 and 27.1 mm SVL) 

Eurycea bislineata. I randomly selected 27 larvae and both adults 
for marking. They were individually anesthetized with MS-222 
(400 mg/L, 1:2500) buffered with equal parts sodium bicarbonate 
(E. L. Brainerd, pers comm). I identified five potential mark loca-
tions on each side of the body (anterior and posterior to foreleg, 
midbody, and anterior and posterior to hindleg) and four dorsal 
positions (posterior to leg attachments on dorsal side) for a total 
of 14 potential mark locations. I tested 1 to 4 marks per individual 
(8 larvae, 1 mark; 12, 2; 4, 3; 3, 4). To minimize desiccation, sala-
manders were placed on a water-soaked artificial chamois for the 
duration of the procedure. I used methods similar to Nauwelaerts 
et al. (2000) to inject a small dot/line of elastomer under 10x mag-
nification. Although marks were pliable when dried, I avoided plac-
ing them near joints to minimize potential mobility impairment. 
After marking, the salamander was allowed to recover in clean 
stream water, then returned to an environmental chamber main-
tained at 12.7 ± 0.5°C. VIE marks were checked each week for 15 
weeks by placing the salamander into a ziploc bag and viewing 
the mark with a 10x magnifying lens. Within the containers, I ob-
served swimming and walking ability to determine if mobility was 
impaired. 

Eurycea bislineata larvae and adults tolerated the tagging pro-
cedure with no mortality, limb-loss, or obvious injury. There was 
complete retention of the VIE marks for 15 weeks in the labora-
tory. Overall visibility of the marks varied due to skin pigmenta-
tion and placement of the VIE. VIE marks in mid-body positions 
were more difficult to insert and could be confused with adjacent 
marks; therefore, I decided these were unsuitable. Further, larvae 
<19.0 snout-to-vent length were too difficult to mark due to their 
small size relative to the needle. 

Field Application.—I utilized the VIE marking technique in a 
field test from May to September of 1998. Using the 10 body po-
sitions identified from the laboratory study, I administered four 
marks per individual. I captured 132 salamanders, of which only 
44 were >19 mm SVL (Desmognathus fuscus 1 adult, 15 larvae; 
Eurycea bislineata 3 adults, 25 larvae). Individuals were anesthe-
tized with MS-222, rinsed, placed onto a wet chamois-covered 
sponge, and marked under 10X magnification. After marking, they 
were placed into a bucket of clean stream water for recovery and 
then returned to their capture location. None of the 44 marked 
individuals was recaptured during the three months of fieldwork, 
but I attributed this to marking only a relatively small portion of a 
functionally open population. 

Conclusions.—The VIE technique was successfully utilized for 
Eurycea bislineata (lab and field) and Desmognathus fuscus (field) 
ranging from 19.0 mm to 41.1 mm SVL. The elastomer was rela-
tively easy to see under the skin, although a blue light was neces-
sary for darker-pigmented individuals. It only took about 30 s to 
inject the four marks in the field. The nature of my study was such 
that I was repeatedly collecting, marking, and replacing individu-
als over 500 m of a stream. Therefore, I had to mix a batch of 
elastomer, mark some individuals, then move on. The relatively 
high air temperatures (27-32°C), tiny quantity injected, and time 
between marking allowed the elastomer to harden before I actu-
ally used it all. I typically had to mix two batches per 10-h field 
day, despite keeping the material on ice. Each batch of elastomer 
cost about US $11.00 plus the cost of the handheld injector, blue 
filtered light, and amber glasses. On average, I used 10 batches of 
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elastomer a week for three months, which added substantially to 
material costs for the project. The entire procedure (anesthetiza-
tion, marking, recovery) took about 20 min per individual, which 
limited the number of collection sites I could visit each day and 
return individuals to their capture location. I found the VIE tech-
nique to be more appropriate for situations where marking a large 
number of individuals at once was possible (e.g., laboratories, small 
closed water-bodies, during mass migration, or other area/time 
constrained studies). This study suggests that VIE may be a suit-
able alternative to toe-clipping for small adult and larval sala-
manders, but is limited by long handling time per individual and 
increased costs. 
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The most appropriate and useful techniques for marking free-
ranging individuals are those that are long-lasting relative to the 
duration of the study and have little effect on survival or growth 
(Jones and Ferguson 1980). Recently, Boone and Larue (1999) 
reported that side-blotched lizards (Um stansburiana) experienced 
a dose-related decline in survivorship due to xylene-based paint. 
Because we use paint marking in our research on lizards, we were 
concerned whether these results applied to other species. 

We repeated aspects of the Boone-Lame experiment using two 
species of Sceloporus but modified several aspects of the proto-
col. We conducted our experiment during the reproductive season 
(late May to late June) of these species. We also used a less fre-
quent handling and marking regime (described below). Finally, 
we measured survivorship of the two species, but each species 
was marked with a different type of paint. Sceloporus virgatus 
was marked with xylene-based paint, and S. undulatus consobrinus 
was marked with latex-based paint. 

Xylene-based paint experiment.—We noosed 23 lizards (11 fe-
males, snout-vent length, SVL 40-53 mm; 12 males SVL 44-57 
mm) from the Chiricahua Mountains, near the Southwestern Re-
search Station of the American Museum of Natural History, (Por-
tal, Arizona, USA), on 17-21 May 1999. Lizards were housed in 
the laboratory for two days prior to marking to ensure that no ani-
mals died after capture. On the third day, the SVL of each indi-
vidual was measured to the nearest mm with a transparent ruler, 
and the mass of each lizard was measured to the nearest gram with 
a Pesola spring scale. Like Boone and Lame (1999), we used adult 
animals spanning a range of body sizes. Thus, if there were any 
dose-related responses, smaller individuals should have been the 
first to be affected. 

We painted six males and six females with a 2 x 12 mm line of 
green Faber CasteelTM xylene-based paint on the dorsum. We 
handled the other 11 lizards (six males and five females) in a simi-
lar manner and we applied a stripe of water to the dorsum as a 
control. All S. virgatus were maintained in a single large outdoor 
enclosure (3 x 6 m), until 18 June 1999 and then moved (coincid-
ing with a day seven measurement; see below) to another outdoor  
enclosure (2 x 1 m). While in both enclosures, lizards were pro-
vided with refugia (rocks piles and leaf litter), crickets, and water 
ad libitum. We re-captured all lizards weekly for four weeks to 
measure SVL and to check if paint needed to be re-applied. 

Four S. virgatus (three males and one female) died during the 
xylene experiment, including one painted male lizard (47 mm) 
and three control lizards (43, 47, and 50 mm). There was no dif-
ference in survivorship between painted and control lizards (x 2  = 
1.011, df = 1, P > 0.05). The mean SVL of lizards that died (46 
mm) and that survived (50 mm) also did not differ (t = 0.111, df = 
21, P > 0.05). Among the surviving painted and control lizards, 
growth (t = 0.486, df = 21, P > 0.05) and mass (t = 0.759, df = 21, 
P> 0.05) also did not differ. Except for two individuals, the paint 
remained on the dorsum of lizards for the four-week study. Paint 
was re-applied to two individuals, one at the first week and the 
other at the fourth week. Boone and Lame (1999) reported that 
application of paint appeared to cause discomfort (i.e., gaping and 
dorsal-ventral flattening). We did not observe any behavioral dif-
ferences after applying the xylene-based paint. 

Latex-based paint experiment.—For the latex-based paint study 
we captured 9 males (SVL 52-65 mm) adjacent to the Cave Creek 
Wash, east of the Foothills Road, in Portal, Arizona, on 7-17 June, 
1999. Lizards were housed in aquaria for two weeks prior to mark-
ing. We painted all lizards with two abdominal patches (1 x 4 cm) 
of "blue" or "snow white" latex paint (Tulip Pearl Fabric Paint, 
Tulip, Clovis, California, USA), and one dot (ca. 1 cm diam) of 
"snow white" paint on the head or the base of the tail of each 
male. The males were used in a behavioral study lasting approxi-
mately 24 h, and maintained individually in terraria for four weeks. 
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While in the terraria, lizards were provided with crickets and wa-
ter ad libitum, and dirt substrate with pieces of bark for perches. 
No lizards died and the paint remained on the both the dorsal and 
ventral surfaces of all lizards during the four-week period. Thus, 
this latex paint when applied over a relatively large proportion of 
the ventral surface (ca. 80%) had no measurable effect on survi-
vorship of captive male S. undulatus consobrinus. Furthermore, 
the latex paint persisted for at least four weeks on lizards housed 
with soil and tree bark substrata, which approximated the natural 
substrates of this species. 

Our data show that both xylene- and latex-based paints show no 
measurable effects on survivorship in two species of Sceloporus 
lizards over the four-week time span of this study. This duration 
of paint application is within the range of time we use paint mark-
ing in our research. In addition, both types of paint remained vis-
ible on the dorsum of both species for at least four weeks. 

Several important differences may explain why we found no 
effect of xylene-based paints on survivorship and growth while 
the earlier study did. Uta stansburiana may be more sensitive to 
xylene than S. virgatus. Both studies used a relatively wide range 
of body size and thus differences in our results are not likely to be 
attributable to differences in the body size of these two species. 
Our study was conducted early in the active season, while the U. 
stansburiana study was conducted in October, later in the active 
season for many species of lizards. In addition, U. stansburiana 
were re-painted up to four times over a two-week period, whereas 
we painted almost all of our lizards only once (two of 25 required 
a second application of xylene paint). Frequent markings may have 
increased exposure to xylene or other toxic substances in the paint 
beyond some threshold for U. stansburiana. Furthermore, we 
handled lizards once per week for four weeks, whereas U. 
stansburiana were handled at least four times over two weeks. 
Frequent handling can elevate plasma corticosterone levels in liz-
ards (Abell and Hews 1999; Moore et al. 1991). Thus, differences 
in handling regimes and stress responses to handling may have 
contributed to differences in the survivorship of S. virgatus and U. 
stansburiana. In summary, the single application of xylene-based 
paint used in our study had no measurable effect on survivorship 
over four weeks. However, if experiments require animals to be 
marked multiple times over a short period, a non-xylene-based 
paint may be more appropriate. In addition, a latex-based paint 
may be more desirable because it may be more environmentally 
friendly than a xylene-based paint. 
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The use of the teething ointment Orajel® has been described 
twice in herpetological publications (Altig 1980; Chen and Combs 
1999). In both of these papers, the authors extol the virtue of Orajel® 
in providing a humane method of terminal anesthesia for amphib-
ians or even small reptiles. We here describe the utility of Orajel® 
and Anbesol® in aiding photographers with the challenge of main-
taining their photographic subject in a stable position. 

Orajel® and Anbesol® are over-the-counter medications that al-
leviate pain in teething infants or during other mouth- and tooth-
related ailments. Both exist as infant and adult versions that differ 
in the concentration of the active ingredients. Both are available 
in the United States with benzocaine at concentrations of 7.5% 
and 20%. The small tubes of Orajel® and Anbesol® (gel content 
7.08 g) are easily transported and, as Altig (1980) noted, do not 
require special permits for international or even national travel, 
unlike many other anesthetics commonly used by herpetologists 
and which are listed as controlled substances (e.g., nembutol). 
Small amounts of Orajel® applied to the head (Altig 1980), the 
venter, or both (Chen and Combs 1999) have been effective in 
killing both salamanders and frogs conveniently. Oral application 
of these products in amphibians may accelerate the anesthesia. 

During work on the small Caribbean frogs in the genus 
Eleutherodactylus (Leptodactylidae), we grappled with the prob-
lem of photographing specimens in the field as well as in the lab. 
In the field, the obvious challenge was to keep a frog still in its 
natural habitat or in a natural setup. In the lab, the challenge was 
not to lose an escapee behind laboratory benches and equipment 
while attempting photography in a controlled environment. Both 
of these challenges were easily alleviated on these small (30-40 
mm SVL) frogs by using pinhead-size dollops of Orajel® and the 
following approach. 

Frogs were captured and interned in a small plastic container. 
After the photo shoot was set up, a frog was removed from the 
container, and the Orajel® applied to its head by gently distribut-
ing the gel in the interocular area. Timing is critical at this point, 
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especially if the frog is to remain alive. After application of the 
gel, the frog was placed on the substrate and was encouraged to 
"take the last step," to position itself naturally. Within 30-60 s of 
gel application, frogs remained still for photo shoots limited to 2 
min. Immediately after the photo shoot, frogs were rinsed gently 
with water from a spray bottle, and any remaining gel was re-
moved from the head by gentle rubbing. Frogs were allowed to 
recover on dripping wet paper towels in plastic containers. Full 
recovery of sometimes motionless individuals occurred invariably 
within 15 min. This technique was used successfully with frogs in 
the genera Bufo, Colostethus, Eleutherodactylus, Flectonotus, 
Hyla, Leptodactylus, Physalaemus, and Scinax. The largest of these 
was an adult female Leptodactylus fallax (SVL 220 mm), which 
required two applications, whereas the smallest was an adult male 
Eleutherodactylus pinchoni (SVL 18 mm). It should be noted that 
our work was carried out on a limited, albeit large, sample of pri-
marily neotropical frogs. No fatalities occurred in our trials, but 
we cannot overemphasize that the possiblity of an overdose al-
ways exists. 

Photographers often rinse amphibians to ensure the proper mois-
ture and the appropriate light reflection on the animal. Applica-
tion of the gel in a thin layer does not provide a distraction to the 
light, but blends in well. We have occasionally observed some 
slight skin discolorations after gel applications, and this is undoubt-
edly due to the release of skin products. However, this seems to be 
an individual response rather than a species-level response, and 
our technique has been tested on a large number of frogs. One 
concern with photography is the stress caused by handling ani-
mals frequently in an attempt to position them as desired. Though 
lacking empirical data, we believe that our technique may reduce 
handling stress because handling is minimized and the frog is in 
an anesthetic daze during the photo shoot. 
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Salamanders of the family Plethodontidae are found in late-suc-
cessional deciduous forests of northeastern North America. One 
representative of the family, Plethodon cinereus (the redback sala-
mander), ranges from Ontario and Newfoundland in the north, to 
Indiana and North Carolina in the south (Petranka 1998). Redback 
salamanders are found commonly under logs, leaf litter, and rocks  
(Harding 1997) in habitats that remain moist (Jaeger 1971).  
Plethodon cinereus is believed to be most active at night, and dur-
ing or directly after rainfall (David and Jaeger 1981). Under the 
dense canopy of late-successional hardwood forests, night-time 
light intensities, primarily produced by the moon, obscure or elimi-
nate visual cues. Therefore, the study of the behavior of Plethodon 
cinereus would be facilitated if procedures were developed in which 
visual observation by human experimenters was possible, but sala-
manders with intact visual systems could not detect visual cues. 
This would occur under lighting conditions in which the specific 
wavelengths provided were detectable by humans, but not by 
redback salamanders. We hypothesized that black light might pro-
vide such wavelengths, and this experiment was conducted to verify 
that visual stimuli are not detected by P. cinereus under black light. 
The absence of this ability would allow the simulation of "night-
time" conditions in future experiments. 

Forty redback salamanders were collected from a late succes-
sional hardwood forest near the town of Big Bay, Powell Town-
ship, Marquette County, Michigan. Upon collection, specimens 
were placed individually in jars and were transported to labora-
tory facilities at Northern Michigan University. Salamanders were 
housed individually in petri dishes lined with damp filter paper 
and were stored in a controlled temperature chamber at 18 ± 0.5°C 
with a Light:Dark cycle of 12:12 (Jaeger and Gergits 1979). Sala-
manders were fed Drosophila melanogaster to satiation twice per 
week. Subjects were maintained under these conditions for a mini-
mum of one week before experimental trials were conducted. 

The 40 salamanders were assigned randomly to two groups of 
20 for testing, either under fluorescent light (wavelength range of 
400-700 nm) or black light (wavelength range of 4-400 nm). Lights 
were suspended approximately 70 cm above the test arena. Test 
specimens were placed into the test arena (i.e., a 30 x 24 x 9 cm 
plastic box) and permitted to acclimate under a petri dish for I 
min, after which the petri dish was removed and the subject was  
observed for 2 min. A visual stimulus in the form of a black fish- 
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were moistened with distilled wa- 
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tergent powder (Alconox) after 	1.5 
each trial to prevent deposition of 
chemical cues by subjects. 

We predicted that redback sala-
manders would respond to the vi- 	

0.5 
sual stimulus under fluorescent 
light but would show no change in 
behavior after exposure to the 

stimulus under black light. 
This would indicate an inability to 
detect visual cues in the latter con-
dition. Behaviors monitored in-
cluded changes in direction of 
movement, stops in movement, looking towards or up at the vi-
sual stimulus, and no response. A change in direction occurred 
when a test subject would alter its original course in response to 
the visual stimulus. When a salamander would cease movement 
upon encountering the visual stimulus, the behavior was recorded 
as a stop in movement. If a test subject lifted or turned its head in 
the direction of the visual stimulus, the behavior was recorded as 
looking. If a salamander did not deviate from the behavior it was 
exhibiting before the introduction of the visual stimulus, the be-
havior was recorded as no response. 

Data were not normally distributed. Therefore, responses under 
the two light conditions were compared using Mann-Whitney Rank 
Sum Tests (Sokal and Rohlf 1995). Figure 1 shows the mean num-
ber of responses ± standard error (SE) for stopping, changes in 
direction, looking, and no response under fluorescent light and 
black light. The frequency of stopping (T = 448.5; P = 0.300) and 
direction change (T = 464; P = 0.146) were not significantly dif-
ferent between conditions. Subjects under fluorescent light looked 
significantly more than salamanders tested under black light (T = 
573; P < 0.001). Salamanders tested under black light exhibited 
no response to the visual stimulus significantly more often than 
animals tested under fluorescent light (T = 235.5; P < 0.001). 

This experiment showed that redback salamanders responded 
to visual stimuli under broad spectrum fluorescent light signifi-
cantly more than to the same visual stimulus under black light. 
Under fluorescent light, test subjects looked in the direction of the 
visual stimulus. Under black light, salamanders continued behav-
ing as before, and appeared oblivious to the visual stimulus. Fif-
teen of 20 salamanders tested under black light never responded 
to the visual stimulus during their trials. In comparison, only two 
out of 20 salamanders tested under fluorescent light did not re-
spond to the visual stimulus (x2  = 17.28; P < 0.001). Of the five 
animals that did respond under black light, four of them responded  

only once out of the four times the visual stimulus was introduced 
into their test chamber. The stimulus used may have created a 
breeze as it was swung past the salamanders, which may have 
elicited a response. These observations and empirical evidence 
suggest that redback salamanders are unable to detect visual stimuli 
under black light. This method for eliminating visual cues can be 
used to simulate "night-time" conditions in the laboratory while 
allowing observation by experimenters. 
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Pond-breeding amphibians are commonly used as study organ-
isms in many developmental, behavioral, and ecological studies. 
Techniques for rearing the eggs of salamanders with complex life-
cycles have been described previously (Houck et al. 1985; Vess 
and Harris 1997). Bernardo and Arnold (1999) described using a 
device, originally developed for salmonid eggs, to rear eggs of a 
stream-side salamander, Desmognathus ocoee. This device (egg 
washer) was characterized as a series of interchangeable plastic 
trays with removable screened lids in which water was pumped 
up through each tray and continuously circulated through the sys-
tem. Bernardo and Arnold (1999) tested the egg washer over two 
seasons with a hatching success of 35.2% for the first and 54.2% 
for the second season. The use of a mass rearing apparatus for 
eggs of amphibians can be advantageous for several reasons in-
cluding low maintenance, application to large numbers of eggs in 
a homogenous environment, and reduced handling of eggs 
(Bernardo and Arnold 1999). 

We developed a mass rearing technique for the eggs of the 
marbled salamander, Ambystoma opacum (Ambystomatidae). Fe-
male A. opacum deposit their eggs under cover objects (e.g., logs 
and rocks) in dry basins of ephemeral ponds. Embryos develop to 
the hatching stage (stage 46: Harrison 1969) in 9-15 days, but 
they may remain within the eggs for up to 3-4 months before hatch-
ing (Petranka and Petranka 1981). Petranka et al. (1982) demon-
strated that the physiological trigger for hatching in embryos of A. 
opacum is oxygen deprivation across the egg membrane. Thus, in 
natural conditions, hatching occurs when the eggs are inundated 
as the pond fills. We tested three hypotheses: 1) a well-aerated 
aquatic environment will not initiate hatching of eggs of A. opacum, 
2) successful hatching of A. opacum embryos is equal in both Petri 
dishes and a well aerated aquatic environment, and 3) tempera-
ture manipulation can be used to control the rate of development. 

Our rearing system (see Fig. 1) was comprised of a glass tank 
(25 x 50 x 30 cm) containing 22 cm of dechlorinated water. A 
section of tubing was attached to each rear corner of the tank and 
air stones were fitted to the lower end of each tube 5 cm from the 
bottom. Separate pumps provided air to each tube. An underwater 
pump and filter unit (Model 26199, Whisper, Blacksburg, Virginia, 
USA) was placed on the bottom of the tank in the center, which 
provided charcoal and particulate filtration. We placed the filter 
into a plastic container filled with gravel to keep the filter from 
floating to the surface. A third air pump was used to supply air to  

the filter. 
Eggs from seven clutches (N = 422 eggs) were collected from 

an ephemeral pond in Evangeline Parish, Louisiana, USA from 25 
November-8 December 1999. Because of the weather conditions 
and migration patterns observed during this season in and around 
the ephemeral pool, we believe that the clutches we collected were 
deposited no more than 48 h prior to our collection, thus we be-
lieve these clutches were approximately in the same stage of de-
velopment. We mixed the eggs together to remove any clutch af-
fect from the experiment and randomly (i.e., haphazardly) assigned 
eggs to each treatment. Eggs were introduced into the tank appa-
ratus (i.e., egg bath) in hinged-lid polyethylene vials (22 x 32 mm; 
Ward's, Rochester, New York, USA). Prior to placing the eggs 
into the cylinders, we drilled 10 1-mm holes in both ends and 40 
1-mm holes evenly spaced along the edges so that water could 
flow through the cylinder. We placed 10 eggs in each cylinder and 
introduced 10 cylinders into the egg bath. When we placed the 
cylinders into the water, they filled with water but remained float-
ing so that a portion of each cylinder was at the surface of the 
water. The bubbles from the aeration did not cause enough distur-
bance to move the cylinders and they remained relatively station-
ary once placed into the egg bath. We set up two egg baths (100 
eggs each), each in a separate environmental chamber (Model 3740, 
Forma Scientific, Inc., Marietta, Ohio, USA). We maintained one 
chamber at 11°C and the other at 16°C. We periodically observed 
each bath and added water as needed to maintain a constant vol-
ume. We removed from the cylinders newly-hatched larvae and 
determined stage of development (Harrison 1969) using a dissect-
ing microscope. Features could be identified without sacrificing 
the larvae. 

Additionally, we evaluated survival and hatching success of eggs 
reared under normal atmospheric conditions. We placed 10 eggs, 
each from the same mixed collection as used in the egg bath treat-
ment, into a Petri dish (14.5 x 2.5 cm: N = 20) with a damp filter  
paper substrate. We rotated and misted the eggs every three days 
and changed the filter paper periodically. We placed one set of 10 
Petri dishes, each with 10 eggs, in the 11°C chamber and the other 
set of 10 in the 16°C chamber. We monitored the Petri dishes on 
the same schedule as the egg baths. 

We maintained the egg baths and Petri dishes from 8 December 
1999-16 March 2000. On 16 March 2000 (Day 99) we removed 
the eggs from the environmental chambers and placed eggs from 
each replicate (i.e., cylinder or dish) into separate containers filled 
with water from the egg bath. We then monitored the number of 
individuals that hatched in each treatment and removed any vis-
ibly dead embryos or hatched individuals. We placed the eggs in 
the egg bath water, thus allowing the temperature of the water to 
slowly increase to 23°C, minimizing the stress of changing the 
temperature on the embryos as well as allowing for the decrease 
in dissolved oxygen to occur gradually. 

We determined that a well-aerated aquatic environment did not 
initiate hatching of eggs of A. opacum. We conducted a two-way 
ANOVA (PROC GLM; SAS Institute, 1994) with a = 0.05, to 
evaluate the differences in hatching success between Petri dishes 
and cylinders in each environmental chamber. The results of the 
ANOVA indicated that there was not a significant interaction ef-
fect between temperature and condition (F1  36  = 0.75, P = 0.3911) 
on egg survival to hatching. Furthermore, when the interaction 
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FIG. 1. Schematic diagram of water bath used for rearing eggs of Ambystolna opacum. 

was removed from the model, temperature did not have a signifi-
cant effect on egg survival to hatching (F 137  = 0.76, P = 0.3894). 
However, environmental condition had a significant effect on egg 
survival to hatching (mean ± 1 SE; egg bath = 8.5 ± 0.34 larvae 
per cylinder; Petri dishes = 6.6 ± 0.79 larvae per cylinder) (F 137  = 
5.13, P = 0.0295). 

Eggs did hatch prematurely in the egg bath (11 in the 11°C bath 
and 33 in the 16°C bath). The aqueous environment provided in 
the bath allowed for survival of larvae until our next observation 
when we removed any larvae that had hatched. Conversely, pre-
maturely hatching larvae in the Petri dishes (5 in the 11°C cham-
ber and 4 in the 16°C chamber) did not survive. Larvae that hatched 
before induced hatching in the 16°C egg bath ranged from stage 
43 to 46. One individual hatched at stage 43, 25 individuals hatched 
at stage 45, and 7 individuals hatched at stage 46. Larvae that 
hatched before induction in the 11°C egg bath ranged from stage 
40 to 45, with five individuals at stage 40, two individuals at stage 
42, and four individuals at stage 45. Although these data are quali-
tative, there appears to be a trend in that the stage of development 
in embryos reared in cooler conditions is earlier than those raised 
at higher temperatures. We suggest that fewer eggs would have 
hatched prematurely in the egg baths if our laboratory had not 
experienced an unexpected power failure on 10 January 2000 (Day 
33). Aeration was not operating for approximately 5 h. During 
that 5 h period, 19 larvae hatched from the 16°C egg bath and 7 
larvae hatched from the 11°C egg bath. We returned the eggs to 
egg baths when the power was turned back on. 

The results of this experiment support our prediction that eggs 
of Ambystoma opacum can be reared underwater in well-aerated 
conditions. We found that embryonic survival in the egg bath was 
significantly different (higher) than eggs reared on damp filter 
paper. We also report that embryos reared at 11°C appeared to 
develop slower than those incubated at 16°C. 

We believe this technique could be an inexpensive (approx. US 
$30 per egg bath) and valuable method for the mass rearing of 
amphibian eggs for research in developmental biology, for inves-
tigations of delayed hatching mechanisms in eggs of amphibians 
(sensu Martin 1999), and in community ecology experiments us-
ing larval amphibians as study organisms where it is important to 
control the homogeneity and timing of hatching of eggs. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 32, 
Number 1 (March 2001). Submissions should be directed to one of the section 
editors (contact information located on inside front cover of this issue), as follows: 
amphibians (Painter); lizards, amphisbaenians, crocodilians, Sphenodon (Hauge); 
snakes and turtles (Butterfield). 

CAUDATA 

AMBYSTOMA MACULATUM (Spotted salamander). REPRO-
DUCTION. Egg masses of spotted salamanders (Ambystoma 
maculatum) can either be clear, white, or intermediate in color 
depending on the presence of proteins in the outer jelly layers 
(Hardy and Lucas 1991. Comp. Biochem. Physiol. 100A:653-660; 
Ruth et al. 1993. J. Herpetol. 27:306-314). Ruth et al. (op. cit.) 
found no adaptive advantage of white versus clear masses, whereas 
Brodman (1995. J. Herpetol. 29:111-113) found that white masses 
contained more eggs on average than clear masses. Often the outer 
jelly membrane surrounding the eggs of A. maculatum is colo-
nized by a symbiotic, unicellular green alga (Oophila 
amblystomatis) that increases oxygen supply to the developing 
embryos (Gilbert 1942. Ecology 23:215-227; Gilbert 1944. Ecol-
ogy 25:366-369; Gatz 1973. J. Herpetol. 7:137-138; Bachman et 
al. 1986. Can. J. Zool. 64:1586-1588; Pinder and Friet 1994. J. 
Exp. Biol. 197:17-30). 

Five clear and five white A. maculatum egg masses were col-
lected at random on 9 March 2000 from a small seasonal wetland 
located on the Pine Ridge Country Club in Edgefield County, South 
Carolina, USA. Color of each mass and eggs was recorded (Table 
1). When possible, the number of eggs per mass was counted (Table 
1); however counting the number of eggs of larger masses was not 
possible without destroying the mass. Egg masses were kept in 
separate containers with fresh water. Within four days after col-
lection some embryos began to hatch. The number of hatchlings 
from each mass was recorded (Table 1), dead larvae or eggs that 
were clearly not viable were discarded, and live hatchlings were 
released. 

This study corroborates Brodman's (op. cit.) finding that white 
masses contained more eggs than clear ones. However, in contrast 
to Ruth et al. (op. cit.), this study found that clear egg masses had 

TABLE 1. Color and number of eggs in Ambystoma maculatum egg 
masses and the number of eggs that hatched from each mass.  

Mass No. Color No. of eggs No. hatched 

1 clear w/green eggs 31 21 

2 clear w/green eggs 19 6 

3 white/green >50 0 

4 white/green >50 4 

5 white/green >50 0 

6 clear 22 20 

7 white >50 8 

8 clear w/green eggs >50 9 

9 white w/green eggs >50 17 

10 clear >50 40 

significantly better success than white masses (p = 0.04). Ninety-
six larvae hatched from clear masses (mean = 19.2), and 29 larvae 
hatched from white masses (mean = 5.8). 

Seven egg masses (1-5, 8, and 9) that were colonized by 0. 
amblystomatis had little to no success. Only 57 (mean = 8.1, min 
= 0, max = 21) eggs hatched from these seven masses. Sixty-eight 
larvae hatched from three masses (6, 7, and 10) that were not colo-
nized by 0. amblystomatis (mean = 22.6, min = 8, max = 40). 
Significantly more embryos hatched from the non-colonized 
masses than from the algae-colonized masses (p = 0.04). 

Three of the masses (3, 4, and 5) appeared to be completely 
covered with algae, and only four larvae hatched from these three 
masses. Possibly the algae could have been one or more species 
other than 0. amblystomatis that were detrimental to the develop-
ment of the embryos. Four masses (1, 2, 8, and 9) that contained 
colonies of 0. amblystomatis around individual eggs, but not com-
pletely encasing the mass, produced 53 larvae. 

One conclusion from this study is that differential success of A. 
maculatum egg masses can be variable among locations and is 
probably dependent on a suite of environmental conditions that 
were not measured in any of the studies. 

Submitted by BRIAN METTS, Savannah River Ecology Lab, 
Aiken, South Carolina 29801, USA; e-mail: metts@srel.edu  

EURYCEA CIRRIGERA (Southern Two-lined Salamander). 
LARVAL HABITAT. Larval two-lined salamanders typically in-
habit lotic environments (Petranka 1998. Salamanders of the United 
States and Canada. Smithsonian Inst. Press. Washington, D.C. 587 
pp.). Larval Eurycea bislineata from New York (Bahret 1996. J. 
Herpetol. 30:399-401) and larval E. wilderae from North Caro-
lina (Bruce 1982. Copeia 1982:117-127), however, have been re-
ported from lentic environments. We found larval E. cirrigera in-
habiting a small farm pond (surface area 177 m 2, max. depth 1.5 
m) 2.5 km NNW of Hinton, West Virginia, USA, at 812 m eleva-
tion. The pond was located in mesic woods and supported popula-
tions of several amphibian species. This note represents the first 
report of larval E. cirrigera inhabiting a lentic environment and 
the first to provide size at metamorphosis from West Virginia. 

Snout-vent lengths (SVL) of larvae were measured to the near-
est 0.1 mm and are reported here as means ± 1 SD (range): 11 
August 1994 (N = 103) 12.35 ± 1.93 mm (9.8-20.0 mm); 30 Oc-
tober 1994 (N = 51) 20.01 ± 1.61 mm (17.0-23.7 mm); 17 Janu-
ary 1995 (N = 85) 20.05 ± 1.72 mm (16.4-26.0 mm); 19 March 
1995 (N = 51) 20.95 ± 2.16 mm (17.6-27.4 mm). Average growth 
rate for this 220-day period was 0.039 mm/day, however larvae 
grew very little during the winter months. 

Sixty E. cirrigera metamorphs were collected in pitfall traps on 
the banks of the pond between 20 July and 3 August 1993. These 
recently transformed juveniles were apparently leaving the aquatic 
environment to inhabit the surrounding forest. Metamorphs mea-
sured (SVL) 22.31 ± 1.94 mm (18.3-27.0 mm). 

Over 15,000 man-made farm ponds exist in West Virginia (Core 
1966. Vegetation of West Virginia. McClain Printing Co. Parsons. 
West Virginia. 217 pp.), many of which play important roles in the 
ecology of aquatic and semi-aquatic amphibians (Lively and 
Bayless 1972. Proc. West Virginia Acad. Sci. 44:89-92). Our ob-
servations suggest that farm ponds may play a more important 
role in the ecology of E. cirrigera than previously recognized. 
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SALAMANDRINA TERDIGITATA (Spectacled Salamander). 
TERRESTRIAL OVIPOSITION. During research for the Atlas 
projects of amphibians and reptiles of Latium (Bologna et al. 2000. 
Anfibi e rettili del Lazio. Palombi, Roma. 159 pp.) and Rome 
(Bologna et al., in prep.), data on Salamandrina terdigitata were 
collected at several localities which included the first record from 
the urban area of Rome. 

The spectacled salamander is protected by national and European 
laws. It appears to be widespread in the Apennines, especially near 
Latium where more than 100 localities have been reported. The 
species occurs at middle elevations (200-1300 m) along river and 
stream valleys in mesic or submesic forests. A few populations 
have been reported as low as 20-80 m, three of these near Rome, 
and another near Tarquinia (Viterbo province). 

A population of S. terdigitata was reported from the Insugherata 
Regional Natural Reserve in the NW part of Rome. This population 
is located in an isolated chestnut woodland of Castanea sativa 
and Ostrya carpinifolia at ca. 80 m elev. along a perennial stream. 
The species was first reported from this site by local people in 
1983, its presence was confirmed in November 1997, and the 
population has been under study since 1999. 

On 6 and 10 April 1999 we observed two individuals lay eggs 
on the ground under a stone 30 m from the water. These clutches 
of two and three eggs were observed for 15 days until they were 
attacked by fungus. After that they were transferred to the 
laboratory and placed in fresh water although none of the eggs 
hatched. 

Salamandrina terdigitata usually spawns in the water, sticking 
the eggs to the substrate, and the development includes aquatic 
larvae. This is similar to other genera in the family Salamandridae 
(Duellman and Trueb 1986. Biology of Amphibians. McGraw Hill, 
New York. 670 pp.). Eggs are normally laid from March to May, 
although the reproductive period may extend from late December 
into early June. At Insugherata, 121 egg clutches have been 
observed between 2 March and 8 May. All have been deposited in 
a sandy stream with sparse vegetation. Eggs were deposited under 
stones, on the sides of stones, or under submerged branches. 
Hatchings have been observed between 8 April and 30 May and 
larvae metamorphosed between 15 June and 25 July. 

Oviposition on the ground or direct development of young is 
common in Plethodontidae or in salamandrids of the genus 
Salamandra (lanzai, atra, luschani, and some mountain 
populations of salamandra and caucasica). Although it is unknown 
if hatching and metamorphosis would have been successful, this  
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SIREN INTERMEDIA NETTINGI (Western Lesser Siren). 
PREDATION. Predators of Siren intermedia are poorly 
documented (Petranka 1998. Salamanders of the United States and 
Canada. Smithsonian Inst. Press. Washington, D.C. 587 pp.). The 
following observations from Mingo National Wildlife Refuge, 
Stoddard Co., Missouri, USA, represent the first documentation 
of a mink and great egret preying upon S. intermedia. 

On 21 February 1999 at 1400 h, we observed a mink (Mustela 
vison) on a clump of vegetation in a large pool consuming a S. 
intermedia. After we watched the mink eat for ca. three minutes, 
the mink placed the uneaten portion of the siren beside it and curled 
up, presumably to rest. We then disturbed the mink and retrieved 
the remainder of the still-moving, uneaten siren. The uneaten 
portion consisted of the posterior end of the animal extending to 
just anterior of the vent (113 mm and 27 g). Based upon 
measurements of other individuals, the estimated size of this siren 
was >300 mm TL and >80 g. The uneaten portion of the siren was 
catalogued as University of Missouri-Columbia (UMC) 6844. 

On 16 April 1999 at 1430 h we observed a great egret 
(Casmerodius albus) eating a lesser siren ca 170-200 mm TL. 
The egret seemed to have difficulty handling the siren because it 
was squirming, but eventually swallowed it whole. The event lasted 
less than one minute. We observed another great egret consuming 
a lesser siren on 17 April at ca. 1700 h. This siren was larger (ca. 
280-320 mm TL) than the one eaten on the previous day. Perhaps 
due to the increased size of the siren, the egret seemed to have a 
more difficult time swallowing it. The egret eventually swallowed 
the siren whole, but it took ca. 3 minutes to consume the animal. 

We thank R. F. Wilkinson and A. Mathis for reviewing this 
manuscript. 

Submitted by PAUL W. FRESE, Department of Biology, 
Southwest Missouri State University, 901 South National, 
Springfield, Missouri 65804, USA (e-mail: 
pwf035s@mail.smsu.edu)  and ERIC BRITZKE, Tennessee 
Technological University, Department of Biology, Cookeville, 
Tennessee 38505, USA. 

ANURA 

ACRIS CREPITANS (Northern Cricket Frog). ATTEMPTED 
CANNIBALISM. Cannibalism is an important strategy for re-
source allocation in any population Cannibalism in Acris can re-
duce an individual's inclusive fitness through kin selection (Polis. 
1981. Ann. Rev. Ecol. Syst.), and reduce individual survivorship 
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via accumulated toxins and parasites (Pfennig et al. 1991. 
Oecologia 88:161-166). On 17 July 2000 at 1500 h while on Janes 
Creek in the vicinity of Ravenden Springs, Randolph County, Ar-
kansas, USA, a large (28.2 mm SVL) adult A. crepitans was ob-
served during an attack on a newly metamorphosed (12.4 mm SVL) 
A. crepitans. The juvenile jumped to escape capture, but landed 
immediately in front of an adult. The adult alertly lifted its body 
off the ground and flicked its tongue at the juvenile. The adult 
grabbed the tibio-tarsal portion of the juvenile's left rear leg and 
proceeded to swallow the juvenile. At this point the juvenile placed 
the plantar area of its right rear foot on the nose of the adult. The 
prey then pulled the left leg out of the adult's mouth by straighten-
ing the right leg. Immediately upon escaping the grasp of the adult, 
the juvenile rapidly jumped away. Because juvenile A. crepitans 
emerge in huge numbers (as many as three frogs per 0.3 square 
meter at this location), it is possible that predation by metamor-
phic frogs significantly reduces populations of small insect prey 
utilized by all age classes. In this way, the costs of cannibalism 
depicted above would be out-weighed by reduced food supply 
causing adult animals to occasionally prey upon juveniles. The 
life span of A. crepitans is about a year (Gray 1971. Ph.D. disser-
tation, Illinois State Univ.), and adult populations are quite small 
during juvenile emergence from streams (pers. obs.) suggesting 
that selective pressure on adults to avoid cannibalism may not be 
severe. The small numbers of adults compared to metamorphs, 
combined with this species' high activity levels and erratic jump-
ing patterns may explain why cannibalism has not been previ-
ously observed. Whether the juvenile actually forced itself from 
the adult's grasp, or if the adult let it go, could not be determined. 
Both specimens are deposited in the Arkansas State University 
Herpetology Museum (ASUMZ 24724, 24716). 

Submitted by MALCOLM L. McCALLUM (e-mail: 
mmccallu@navajo.astate.edu)  and BENJAMIN A. WHEELER 
(e-mail: bwheeler@navajo.astate.edu),  Environmental Sciences 
Ph.D. Program, P.O. Box 847, State University, Arkansas 72467, 
USA, and STANLEY E. TRAUTH (e-mail: 
strauth@navajo.astate.edu),  Department of Biological Sciences, 
P.O. Box 599, Arkansas State University, State University, Arkan-
sas 72467, USA. 

ASCAPHUS TRUE! (Tailed Frog). PREDATION. Predators of 
A. truei are not well known. Jones and Raphael (1998. Herpetol. 
Rev. 29:39) reported predation of a metamorphosing A. truei by a 
hellgrammite (Megaloptera), and in a separate observation, a 
Cope's giant salamander (Dicamptodon copei) preying on a 
metamorphic A. truei. Leonard et al. (1993. Amphibians of 
Washington and Oregon, Seattle Audubon Society, Seattle, 
Washington. 166 pp.) noted that tailed frog larvae are an important 
prey species for Pacific giant (Dicamptodon tenebrosus) and Cope's 
giant salamanders. 

The observation reported herein was made in a managed forest 
at McDonald Creek (TION, RIE, Sec. 5, NE1/4, NW1/4, SE1/4) 
in Humboldt County, California, USA. McDonald Creek is a NW-
facing, second-order, fish-bearing stream. The stream at that 
location was 1.7 m wide, and 0.2 m deep at thalweg. The air 
temperature was 14.6°C at 1400 h and the stream temperature was 
13.7° C at 1415 h. At 1347 h on 23 June 1997, I observed a common  

garter snake (Thamnophis sirtalis) with an A. truei in its mouth. 
The snake was on a log on a gravel bank, 0.5 m from the edge of 
the creek. The frog was being swallowed headfirst and 
approximately half of its body was in the snake's mouth. The snake 
became aware of my presence, dropped the frog, and retreated 
into the vegetation. The A. truei landed on its back and made no 
attempt to escape. An opaque mucous covered the frog, but the 
animal was still alive. The frog was an adult male 36 mm SVL. I 
rinsed the frog and saw no evidence of injury. I released it on the 
bank, and it escaped into the stream. 

All age classes of A. truei have been found in McDonald Creek 
during electrofishing surveys and time-constrained searches for 
amphibians. Dicamptodon tenebrosus larvae and paedomorphs 
have been detected in the mainstem and Rhyacotriton variegatus 
larvae and adults have been found in the headwaters of McDonald 
Creek and its tributaries. Thamnophis sirtalis have been 
documented (Nussbaum et al. 1983. Amphibians and Reptiles of 
the Pacific Northwest, University of Idaho Press. 332 pp.) feeding 
on several species of frogs and salamanders, but I found no reports 
of the species as a predator of A. truei. 

I thank Hartwell Welsh and Lisa 011ivier for helpful comments 
on this note. 

Submitted by NANCY E. KARRAKER, USDA Forest Service, 
Pacific Southwest Research Station, 1700 Bayview Drive, Arcata, 
California 95521, USA; e-mail: nkarraker@fs.fed.us.  

BUFO BUFO (European Common Toad). RED ANT 
PREDATION. The common toad, Bufo bufo, occupies a variety 
of habitats and is one of the most widely distributed and common 
amphibians of the Paleartic region (Borkin and Veith 1997. In: 
Atlas of Amphibians and Reptiles in Europe, pp. 118-119. Paris, 
Societas Europaea Herpetologica and Museum National d'Histoire 
Naturelle [IEGP/SPN] ). Anuran amphibians are important 
components of the diet of vertebrates and invertebrates (e.g., Dolce 
1983. Atti Mus. civ. Stor. nat. Trieste 35: 313-328; Gleed-Owen 
1996. Brit. Herpetol. Soc. Bull. 57: 21-23; Kehr and Schnack 1991. 
Alytes 9:61-69; Zahn 1997. Salamandra 33:89-91). 

Herein I report multiple cases of predation by Formica rufa 
(Insecta: Hymenoptera: Formicidae) on newly metamorphosed 
common toads (Bufo bufo) in a mountain lake of the northeastern 
Alps. The study area is Lago di Tovel, 1178 m elev., within the 
Adamello-Brenta Natural Park, Trento province, northeastern Italy. 
Observations were carried out during 8-9 Aug 1997, from 1030 to 
1645 h and from 1115 to 1550 h, with no wind and a clear sky. 
During this time, hundreds of Bufo bufo tadpoles and toadlets lived 
in the shallow waters and around the lake borders. Most of the 
tadpoles were nearing metamorphosis and several toadlets were 
moving around the lake margin and along the forest edge. 

Along a transect ca. 50 m long I counted 37 Bufo bufo toadlets 
attacked by one or two Formica rufa. In 33 of 37 cases, the ants 
had attacked the hindlimbs; in the other four instances the ants 
were at the flanks of the toadlets. All Bufo bufo were still alive. In 
most cases (29 of 37) the ants were within 30-45 cm of a nest 
opening, so it is likely that the attack occurred a few minutes prior 
to my observation. The defensive reaction of a toadlet to an ant 
bite included: 1) an immediate push-back movement of the hind-
leg that temporarily stopped the ant attack, and 2) a twisting of the 
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body to avoid the ant bite again. The ant then successfully repeated 
the attack and carried the toadlet to the nest opening. 

Franco Andreone (Regional Museum Natural History, Turin) 
and Kurt Grossenbacher (Naturhistorishes Museum, Bern) kindly 
commented upon a draft version of the manuscript. This short note 
is dedicated to my young sons Silvia and Claudio, ages 7 and 3.5 
yrs, who reported this observation to me. 

Submitted by MARCO A. L. ZUFFI, Museo di Storia Naturale 
e del Territorio, University di Pisa, via Roma 79, 56011 Calci (Pisa)-
Italy; e-mail: marcoz@museo.unipi.it.  

BUFO CANORUS (Yosemite Toad). LARVAL 
CANNIBALISM. On July 1999, I observed Bufo canorus tadpoles 
eating a conspecific in Inyo National Forest, Mono County, 
California USA. In a small, shallow pool of water in the meadow 
along the west edge of Cloverdale Lake (37°33'N, 118°53'W; 3150 
m elev.) two tadpoles were consuming a dead conspecific tadpole 
of the same size. I could not determine if the tadpole was dead 
prior to cannibalism, or if it was killed by the conspecific tadpoles 
and then consumed. The dead tadpole showed no signs of decay. 
Cannibalism occurs among anurans (Crump 1983. Amer. Nat. 281-
287) but this is the first report of conspecific predation by B. 
canorus tadpoles. 

Submitted by LAUREN M. CHAN, Department of Ecology 
and Evolutionary Biology, Corson Hall, Cornell University, Ithaca, 
New York, 14850 USA; e-mail: lmc36@cornell.edu.  

BUFO PARACNEMIS (NCN). FEEDING BEHAVIOR. On 13 
April 1998 at 1915 h in the state of Goias on the upper Tocantins 
River, Brazil, I observed gorging behavior in which Bufo 
paracnemis (7.76 cm SVL) consumed leaf-cutter ants (Atta sp.). 
The toad approached a line of ants that had used the same path 
every night for no fewer than 9 nights, traveling from their nest to 
a tree ca. 50 m away. The toad positioned itself ca. 15 cm from the 
line of ants and sat motionless for 10 min. An ant strayed from the 
main line, 5 cm from the toad, and was consumed, eliciting a strong 
feeding response in the toad. It proceeded to push itself up as high 
as its front arms would allow and peer at the main line of ants. It 
then returned to a normal resting position with most of its ventral 
surface in contact with the ground and oriented toward other stray 
ants. The toad never moved its position; it only changed its orien-
tation occasionally to redirect its head toward a stray ant. During 
the next 3.2 h, the toad consumed 113 ants. On seven occasions, 
the first tongue strike failed to gather the ant and a second tongue 
strike was required. The last ant was consumed at 2251 h. Occa-
sionally the largest of the worker ants approached the toad and 
actually climbed onto it. The ants appeared unable to recognize 
the toad as a threat and crawled off. Several of these walked in 
front of the toad while leaving and were eaten. On two occasions, 
ants carrying leaf material were consumed along with their veg-
etative cargo. 

I thank Nelson Da Silva Jr., Catholic University of Goias, 
FURNAS — Centrais Eletricas S.A. — Serra da Mesa Energia S.A., 
and Mark Wilkinson for funding and assistance in Brasil. I thank 
W. W. Lamar, Nelson Da Silva Jr., Jim O'Reilly, and Stephen Rich-
ter for critical review of the note. 

Submitted by DANTE FENOLIO, Department of Zoology, 
University of Oklahoma, 730 Van Vleet Oval, Norman, Oklahoma 
73019, USA. 

BUFO VALLICEPS (Gulf Coast Toad). DIET. Campbell and 
Davis (1968. Herpetologica 24:327-328) studied the stomach 
contents of 21 adult Bufo valliceps and found the bulk of the food 
items were coleopterans and isopods. There are few other data 
published on the diet of this toad. Here we report additions to the 
diet of B. valliceps. 

We examined the stomach contents of 36 B. valliceps (21 
females, 13 males, and 2 juveniles) from Cedar Hill State Park, 
Dallas Co., Texas, USA. All were collected on park roads between 
2030 and 2200 h from 19 May to 3 August 1999. The habitat at the 
study site is Tall Grass Prairie in middle stages of secondary 
succession with isolated patches of hackberry, Celtis laevigata, 
and mesquite, Prosopis glandulosa. Specimens were stomach 
flushed (Legler and Sullivan 1979. Herpetologica 35:107-110), 
and stomach contents were identified to Order. Table 1 summarizes 
these data. 

TABLE 1. Prey consumed by Bufo valliceps (N = 36) from Cedar Hill 
State Park, Dallas County, Texas. 

Items N % Total Frequency 

ARACHNIDA 
Araneae 4 2.27 4 
Opiliones 1 0.57 1 
Scorpionida 35 19.89 2 

INSECTA 
Blattaria 2 1.14 1 
Coleoptera 15 8.52 5 
Diptera 1 0.57 1 
Hymenoptera 6 3.41 4 
Lepidoptera 2 1.14 2 
Orthropoda 4 2.27 2 

OTHER INVERT. 
Isopoda 103 58.52 18 
Diplopoda 1 0.57 1 

Totals 176 100 36 

A Simpson's diversity index was calculated for the stomach 
contents of each toad. Although it was expected that females (due 
to their larger size) would display a higher average diversity of 
prey items than males, a comparison of the indices revealed no 
significant difference between the sexes (independent t-test: t = 
0.057; p = 0.615; df = 32; ns). The mean diversity of prey items 
for females was 0.323, and for males 0.248. No correlation could 
be established between diversity of stomach contents and body 
weight. 

We thank Ardell Mitchell, Winston Card, and Carl J. Franklin 
for their comments on this manuscript. We would also like to thank 
the Texas Parks and Wildlife Department (permit # 51-98) and the 
staff of Cedar Hills State Park for their support. 
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Submitted by ROBERT T. McGEHEE, Biology Department, 
University of Dallas, Irving, Texas 75062, USA, RICHARD 
REAMS, Dallas Zoo Department of Herpetology, Dallas, Texas 
75203, USA, and MARGARET E. BROWN, Biology 
Department, University of Dallas, Irving, Texas 75062, USA. 

CERATOPHRYS CRANWELLI (Cranwell's Horned Frog). 
PREDATION. Frogs of the leptodactylid subfamily 
Ceratophyinae (Ceratophrys, Lepidobatrachus, Chacophrys) are 
renowned for their aggressive predatory feeding behaviors. 
Whereas many different vertebrates have been cited as prey (e.g., 
young chickens by C. ornata and toads by L. asper [Budgett 1899. 
Q. J. Microsc. Sci. 42:75-77]; adult frogs by C. cornuta (Duellman 
1978. Misc. Pub. Mus. Nat. Hist. Univ. Kansas No. 65]), most of 
these reports are anecdotal and descend from a few original 
observations in nature. Only recently have more rigorous reports 
of predation in nature begun to surface (e.g., frogs, reptiles, and 
mice by C. cornuta [Duellman and Lizana 1994. Herpetologica 
50:51-64]; frogs by Chacophrys pierotti [Pueta and Perotti 1999. 
5th CLAH 12-17 Dec 1999]). 

Herein I report a natural instance of predation by Ceratophrys 
cranwelli on two other species of anurans. At 2130 h on 30 
December 1999, an amplectant pair of C. cranwelli (UWSP 3595-
96) were collected from an open, manmade lagoon within the city 
limits of Filadelfia, Departamento Boqueron, Paraguay 
(22°20.766'S, 60°01.760'W; 190 m). The two frogs were kept 
overnight in a plastic bag with water. At 1100 h the following 
morning eggs were found with the frogs. The frogs were then 
removed to a cloth bag. At 1900 h the following day two partially 
digested anurans were discovered in the bag. The remains were of 
a Dermatonotus muelleri and a Physalaemus biligonigerus (both 
specimens UWSP 3647). Both were extensively digested anteriorly, 
but decreasingly so posteriorly indicating anterior-first digestion 
and perhaps consumption. Identification of D. muelleri was 
possible by the remaining skin and skull, whereas that of P. 
biligonigerus was possible by the presence of keratinized spades 
on the hind feet, round black spots over the inguinal regions, and 
markings on the hind limbs. It is unknown if the two dead frogs 
came from the male (UWSP 3595), the female (UWSP 3596), or 
both. However, the breeding pair exhibited marked sexual 
dimorphism (UWSP 3595: SVL = 70.8 mm, Jaw Width = 43.5 
mm; UWSP 3596: SVL = 93.0 mm, JW = 56.5 mm) and so it 
seems more likely that the two frogs came from the female. 
Comparison of interorbital diameter of the regurgitated specimen 
of D. muelleri (as it was one of the only remaining measurable 
features) of 5.2 mm, to that of two other specimens collected from 
Filadelfia (UWSP 3636: IOD = 4.9 mm, SVL = 56.5 mm; UWSP 
3637: IOD 5.8 mm, SVL = 54.4 mm) suggests that it was an adult 
D. muelleri, likely >50 mm in length. The two specimens of C. 
cranwelli remain alive in the anuran research colony of the 
Department of Biology, University of Wisconsin-Stevens Point. 
Other specimens mentioned, including the regurgitated frogs, are 
deposited in the Division of Herpetology, Museum of Natural 
History, University of Wisconsin-Stevens Point, as will be the 
specimens of C. cranwelli upon their death. 

Submitted by ERIK R. WILD, Department of Biology and 
Division of Herpetology, Museum of Natural History, University  

of Wisconsin-Stevens Point, Stevens Point, Wisconsin 54481-3897, 
USA (e-mail: ewild  @ uwsp.edu ). 

HYLA RANICEPS (NCN). COMBAT. Hyla raniceps has a wide 
distribution in Argentina, Bolivia, Brazil, French Guiana, and 
Paraguay (Frost 1985. Amphibian Species of the World. Allen 
Press, Inc. and Assoc. Systematics Collections. Lawrence, Kansas. 
v + 732 pp.). Despite this, ecological data for this species are scarce 
(Lutz 1973. Brazilian Species of Hyla. Univ. Texas Press, Austin 
& London, 260 pp.). Herein we describe agonistic interactions 
among males of Hyla raniceps in a flooded area at the Lagoa 
Grande farm, 30 km from the municipality of Pontalina 
(17°31'23"S, 49°26'49"W; 642 m), State of Goias, Central Brazil. 

The observations took place during the nights of 7 Dec 1999 
and 13 Jan 2000. On 7 Dec, we observed a male (A) Hyla raniceps 
begin to pursue another male (B) that was ca. 10 cm from A's 
perch on a bush. When A made physical contact with B, it jumped 
on B's back, grasped it in an axillary position, and tried to move it 
off the perch. Male B tried to escape from this embrace by kicking 
male A with it's hind legs. Both males began kicking each other as 
they vocalized (encounter call). The combat bout lasted for 20 
seconds. After their separation, male (A) began to emit the 
advertisement call, and B was silent with it's vocal sac inflated. 
Later, it moved 8 m from the combat site. 

On 13 Jan after the above observation, we introduced three males 
into the territory of a male calling (resident 1) from a bush. The 
resident male alternated between advertisement calls and territorial 
calls, moving towards the closest male invader. Soon after, it 
jumped on the back of the invader kicking it with it's hind legs, 
and trying unsuccessfully to push it off the branch. The combat 
lasted for 15 seconds. Another invader at a lower position began 
to pursue the resident male, jumping on him and managing to push 
him down into the water. The introduced male assumed the position 
of holder of the territory (now resident 2), emitting the 
advertisement call. This interaction lasted for 45 minutes. The 
experiment continued with the introduction of a new male at the 
site. This male settled down on a parallel branch, the same height 
as resident 2. Resident 2 emitted some isolated notes for ca 5 
minutes, while the other male remained silent. After this period, 
resident 2 emitted the advertisement call. After 20 minutes in 
silence, the introduced male jumped into the water, climbed the 
bush, and remained silent for more than an hour, apparently 
adopting a satellite behavior. 

In conclusion, the male-male combat in Hyla raniceps involved: 
1) harassment, 2) embraces and kicks with the hind legs, and 3) 
possible adoption of a satellite behavior. The results show that 
combat among males for territory dispute exists in the mating 
system of Hyla raniceps, something that has not reported in this 
species (Lutz 1973, op. cit..). 

We thank J. P. Pombal, Jr. for critical reading of the manuscript. 
Eduardo L. Mesquita, Marcus VinIcius D. G. Parreira, Leonora A. 
dos Santos, and Henrique S. Costa helped with the fieldwork. RFJ 
and RPB were supported by fellowships from CNPq, and LDG 
was supported by a fellowship from CAPES. This research was 
supported by CNPq (process n. 400381-97.4). 

Submitted by LORENA DALL'ARA GUIMARAES, 
RAFAEL de FREITAS JULIANO, and ROGERIO PEREIRA 
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BASTOS, Depto. de Biologia Geral - ICB- UFG, Campus II, Caixa 
Postal 131, 74001-970, Goiania, Goias, Brazil; e-mail (LDG): 
dal I ara @ icbl.ufg.br . 

LIMNONECTES MALESIANUS (Malesian Frog). ECTO-
PARASITE: Limnonectes malesianus is a moderate-sized (70-
150 mm SVL) forest-dependant ranid frog, known from Borneo, 
Peninsular Malaysia, and Singapore (Inger and Tan 1996. Raffles 
Bull. Zool. 44[2]:551-574). During an amphibian survey on the 
night of 29 July 2000, at the Nee Soon Swamp Forest, Central 
Catchment Nature Reserve, Singapore, a pair of adult L malesianus 
was observed in axillary amplexus at 2130 h. The male (125 mm 
SVL) was light brown, while the female (105 mm SVL) was red-
dish brown. Both were in the middle of a shallow (2.5 cm depth) 
stream. Water was slowly moving over sandy substrate with scat-
tered detritus. At the moment of encounter, the male was observed 
to be releasing sperm accompanied with writhing movements of 
the vent. A number of unpigmented ova (ca. 30, 1.5 mm diameter) 
had already been deposited in loose clusters posterior to the 
amplectant pair. The pair was photographed and left undisturbed, 
but re-visited again an hour later, still at the same locality. This 
time, a pair of swamp leeches (Hirudinaria sp.) was observed 
swimming towards the amplexing L. malesianus with undulations 
of their dorso-ventrally compressed bodies. Both leeches attached 
themselves to the region of the left femur of the female frog. After 
five minutes, one leech was removed and collected, during which 
the amplexing pair separated. After half an hour, the remaining 
leech was also removed and collected. Both leeches are deposited 
at the Raffles Museum of Biodiversity Research Zoological Ref-
erence Collection (ZRC 2000.2501, 2502; relaxed lengths 71.5 
and 67 mm). During preservation, viscous blood was regurgitated 
from the anterior sucker by ZRC 2000.2502, which was attached 
to the host for half an hour, while no blood meal was noticeable 
from ZRC 2000.2501, which was detached from host after only 
five minutes. This is a first account of leeches functioning as ecto-
parasites of this anuran species. 

Submitted by TZI MING LEONG, Department of Biological 
Sciences, National University of Singapore, Singapore 119260; 
e-mail: scip0132@nus.edu.sg.  

PHYLLOMEDUSA DISTINCTA (Leaf Frog). TADPOLE 
PREDATION. Field observations of predation on tadpoles are 
rare (Bolitho and Retallick 1996. Herpetol. Rev. 27:140-141). 
Among vertebrates, the predation exerted by fishes is important 
and well documented (e.g., Katz et al. 1988. Ecology 69:1865-
1870). The importance of predation by other vertebrate predators 
remains little known, although kingfishers and turtles are 
potentially significant predators (Bolitho and Retallick, op. cit.; 
Heyer and Muedeking 1976. Washington Acad. Sci. 66:235-239). 

Between February 1990 and September 1991 during monthly 
four-day trips, I made observations of tadpole predation by two 
previously unreported avian predators. These observations were 
made at a pond ca. 20 x 7 m at the Atlantic Forest Reserve of the 
Parque Estadual de Carlos Botelho (24°12'S, 47°55'W, 60 m elev.) 
Sete Barras, Sao Paulo, southeastern Brazil. 

The green kingfisher, Chloroceryle americana, and the great 

kiskadee, Pitangus sulphuratus, were observed to feed on the 
tadpoles of Phyllomedusa distincta. The green kingfisher was 
observed to concentrate its foraging efforts on these tadpoles for 
long periods of time and was successful at capturing large numbers 
of tadpoles. Predation by the great kiskadee on tadpoles of other 
species has been documented previously (Crump and Vaira 1991. 
Herpetologica 47:316-321; Vaira and Coria 1994. Herpetol. Rev. 
25:118). 

I am grateful to the late A. J. Cardoso for guidance during my 
M.Sc. dissertation. I also thank C. F. B. Haddad, I. Sazima, A. 
Abe, and P. S. Oliveira for valuable suggestions, the Conselho 
Nacional de Desenvolvimento Cientffico e Tecnologico for 
financial support (proc. 130337/90-0), and the Institute Florestal 
de Sao Paulo for permission to study in the Parque Estadual de 
Carlos Botelho. 

Submitted by LUCIANO MENDES CASTANHO, 
Departamento de Zoologia, UNESP, Caixa Postal 199, CEP 13506-
900, Rio Claro, SP, Brazil. 

RANA CURTIPES (Bicolored Frog). DEATH FEIGNING. 
Death feigning is reported in hylid frogs (Sazima 1974. J. Herpetol. 
8:376-378), and in some bufonids (Duellman and Trueb 1986. 
Biology of Amphibians. McGraw-Hill, New York. 670 pp.); 
Zamprogno et al. 1998. Herpetol. Rev. 29:96-97). However, this 
behavior is unreported for ranids. Herein, we report death feigning 
behavior in Rana curtipes from the western Ghats region in 
Karnataka, India (15°4'N, 74°33'E). 

During May 1998 in western Ghats, we observed hundreds of 
newly metamorphosed R. curtipes (31-42 mm SVL, 1.4-5.5 g) 
on the bank of a stream. When the froglets were held in hand for 
observation, they exhibited a peculiar posture. They turned with 
their belly upwards, folded their limbs close to their body, and 
remained motionless. They remained in this position from 30 sec 
to 12 min, after which they tried to flee and often urinated. The 
frequency of this behavior was reduced with the growth of the 
froglets (47-50 mm SVL) and was rarely seen in laboratory-reared 
individuals 3-4 months after metamorphosis (58-60 mm SVL). 
This behavior has not been reported in the juvenile congeners R. 
tigrina, R. cyanophlyctis, R. temporalis, or in Bufo melanostictus. 

Submitted by N. P. GRAMAPUROHIT, B.A. SHANBHAG*, 
and S. K. SAIDAPUR, Department of Zoology, Karnatak 
University, Dharwad — 580 003 Karnataka, India. *Corresponding 
author; e-mail unikard@ren.nic.in . 

TESTUDINES 

KINOSTERNON SUBRUBRUM (Eastern Mud Turtle). EARLY 
NESTING. At 1130 h EDT 15 April 2000, a female Kinosternon 
subrubrum (carapace length, 110 mm) was found at the Mason 
Neck National Wildlife Refuge, Fairfax Co., Virginia, USA with 
its body elevated at an angle ca. 45° to the soil surface. We first 
thought the turtle was emerging from a hibernaculum; K. s. 
subrubrum commonly hibernates underground at Mason Neck, 
and normally emerges during April (Ernst et al. 1997. Bull. 
Maryland Herpetol. Soc. 33:1-62). The turtle's shell was clean 
with no soil adhering to it, as is normal when first emerging from 
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hibernation; but when the female was picked up, it was apparent 
that she was excavating a nest cavity with her hindlimbs, not 
emerging from a hibernaculum. The site was located in full sunlight 
near the edge of an old field ca. 1.8 m from open, mixed, hardwood-
pine woods. The grass litter had been scraped clear, and the flask-
shaped cavity had a ca. 10 mm deep x 15 mm wide neck leading 
to a larger ca. 20 mm deep x 25 mm wide chamber. The female 
was palped, but no oviductal eggs were detected. Mud turtles 
normally nest at Mason Neck from 29 May to 22 June (Gotte 1988. 
Master's thesis. George Mason Univ., Fairfaix. 135 pp.). Richmond 
(1945. Copeia 1945:217-219) reported nesting on 31 March in 
southern Virginia, but nesting in April must be considered rare 
farther north. Normally, female K. subrubrum undergo secondary 
vitellogenesis in March and April before preparing their follicles 
for ovulation in May and June (Ernst et al. 1994. Turtles of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
D.C.). 

Submitted by CARL H. ERNST, TERRY R. CREQUE, and 
KERRY A. HANSKNECHT, Department of Biology, George 
Mason University, Fairfax, Virginia 22030-4444, USA (e-mail: 
CErnst@gmu.edu).  

LEPIDOCHELYS OLIVACEA (Olive Ridley Sea Turtle) 
PREDATION. Endangered Lepidochelys olivacea, Chelonia 
mydas agassizi, and Dermochelys coriacea nest on Playa Naranjo, 
Santa Rosa National Park, Costa Rica (10°45'N, 85°40'W). During 
our daily and nocturnal investigation of marine turtle activity on 
the beach between October 1998 and March 1999, we encountered 
16 dead adult female L. olivacea killed by coyotes in October (3), 
November (4), December (0), January (5), and February (4). It 
was evident that the dead turtles had not merely washed up onto 
the beach and been scavenged by the coyotes because the turtles 
were attacked mid-crawl prior to or after completion of the nesting 
process. Injuries inflicted by the coyotes ranged from the removal 
of large portions of tissue from the neck area to complete 
disembowelment. We encountered four additional dead L. olivacea 
adults on the beach during our investigation, which we did not 
attribute to coyote predation, because the turtles showed no obvious 
external injuries. Coyotes are a well-known and common predator 
of olive ridley nests at this site, consuming 74% (159 of 215) of 
the in situ L. olivacea nests recorded during our study. However, 
Cornelius and Robinson encountered no signs of predation on adult 
L. olivacea by coyotes during their studies in 1971-2 and 1983-4 
(S. Cornelius, pers. comm.). It appears that only within the past 15 
years have coyotes at Playa Naranjo learned to consume adult L. 
olivacea coming ashore to nest. 

Submitted by DANA L. DRAKE, Department of Bioscience, 
Drexel University, Philadelphia, Pennsylvania 19104, USA, 
MEGHAN A. HAGERTY, Department of Interior, Washington, 
DC 20240, USA, JOCELYN E. BEHM and SETH J. 
GOLDENBURG, School of Environmental Science, Engineering 
and Policy, Drexel University, Philadelphia, Pennsylvania 19104, 
USA. 

LACERTILIA 

LEIOCEPHALUS CARINATUS VIRESCENS (Exuma Islands 
Curlytail Lizard). INTERSPECIFIC AGGRESSION. Despite 
its conspicuous nature and widespread occurrence throughout the 
Exuma Island chain, Bahamas, very little is known about the 
ecology and behavior of Leiocephalus carinatus virescens. 
Generally, adult male Leiocephalus are known to be highly 
territorial and often react aggressively toward conspecifics 
(Schwartz and Henderson 1991. Amphibians and Reptiles of the 
West Indies. Univ. Florida Press, Gainesville, Florida. 720 pp.). 
Herein I report an incident of aggressive behavior by an adult male 
Leiocephalus toward an avian species. 

On 6 March 1998 at 1100 h, I witnessed two separate acts of 
aggression between an adult male L. c. virescens (ca. 9 cm snout-
vent-length) and two Bahamas mockingbirds (Mimus gundlachii). 
The observations occurred on Alligator Cay, Exuma Cays Land 
and Sea Park, Bahamas (24°23'N, 76°38'W), in shallow dry leaf 
litter under a sparse, 3 m canopy of narrow-leaf blolly (Guapira 
discolor). The aggressive episodes occurred in the territory of a 
male L. c. virescens and involved the resident, two adult male 
conspecific intruders, and two Bahamas mockingbirds (ca. 22 cm 
total length). I observed all aggressive behaviors from a distance 
of 4 m and my presence appeared to have no effect on the animals 
involved. The first encounter was between an equal-sized male 
conspecific that entered the territory of the resident male and 
approached to within 1 m. The intrusion initiated stereotypical 
bobbing displays and symmetrical tail coiling (Evans 1953. Copeia 
1953:50-54) from the resident male towards the intruder. With 
tails curled, both males oscillated between bobbing and remaining 
stationary for ca. 20 seconds, after which the resident male charged 
the intruder, causing it to flee from the territory and across the leaf 
litter. Immediately following this incident, a Bahamas mockingbird, 
perhaps attracted by the commotion, approached the resident lizard 
from the ground. The presence of the bird caused the resident 
curlytail to coil its tail but not to perform bobbing displays. When 
the mockingbird approached to within 1 m of the resident, the 
curlytail charged the bird causing it to hop away. After ca. 30 
seconds, a second, but smaller, adult male L. c. virescens entered 
the same territory and approached the resident curlytail to within 
0.7 m. Again, the behavior of these two curlytails oscillated between 
bobbing and stationary displays while both tails remained curled. 
Within 30 seconds, the resident charged this second intruder 
causing it to flee. Immediately following the incident, a second 
mockingbird was attracted to the commotion and approached the 
resident curlytail from the ground. Similar to the first encounter, 
the resident remained motionless with a curled tail until the 
mockingbird approached to within 0.8 m. Without displaying, the 
curlytail charged and lunged with an open mouth at the 
mockingbird, causing it to fly away in retreat. 

The frequency of interactions between curlytails and 
mockingbirds is unknown. It may be that the succession of 
interactions with other male lizards led to unusually high hormone 
levels in the focal lizard, and that high hormone levels prompted 
an unusual aggressive response toward the mockingbirds. 
Alternatively, aggression between curlytails and mockingbirds may 
be a routine feature of the natural history of both species. 
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Submitted by CHARLES KNAPP, Department of 
Conservation, John G. Shedd Aquarium, Chicago, Illinois 60605, 
USA, and Department of Wildlife Ecology and Conservation, 
University of Florida, Gainesville, Florida 32611, USA; e-mail: 
cknapp@ufl.edu.  

SERPENTES 

ELAPHE PORPHYRACEA LATICINCTA (Malayan Red 
Mountain Racer). DIET. Elaphe porphyracea laticincta (sensu 
Schulz and Helfenberger 1998. Sauria 20[1]:25-45) is a subspecies 
found in the montane regions of Peninsular Malaysia and Sumatra. 
This species has been known to prey on small mammals such as 
mice and shrews (David and Vogel 1996. The Snakes of Sumatra 
— An Annotated Checklist and Key with Natural History Notes. 
Edition Chimaira, Frankfurt am Maim. 260 pp.). On 25 June 2000 
in Cameron Highlands, Pahang, Peninsular Malaysia, a recently 
road-killed adult specimen was found by one of us (AHBL). It 
was found amidst tea plantations (elevation 1600 m) on the lower 
slopes of Gunong Brinchang. It still retained a deep brick-red color. 
The stomach contents were partially extruded, revealing a partially 
digested small mammal. Other than fur, mandibular bones, and 
skeletal parts of a forelimb, only the posterior half of the mammal 
remained. Upon closer inspection, the prey was identified to be a 
short-tailed mole (Talpa micrura), based on the presence of its 
characteristic enlarged fore-limb/digging claws. This is the first 
account of E. p. laticincta preying on T micrura. Both specimens 
are deposited at the Raffles Museum of Biodiversity Research 
Zoological Reference Collection (E. p. laticincta: ZRC.2.4777, 
SVL 776 mm, tail 114 mm; T micrura: ZRC.4.8102, hind foot 
15.8 mm, tail 4.4 mm). 

Submitted by TZI MING LEONG (e-mail: 
scip0132@nus.edu.sg),  IMANYUSFIANDI BIN YAT (e-mail: 
sci70311@nus.edu.sg)  and ADRIAN H. B. LOO (e-mail: 
scip7181@nus.edu.sg),  Department of Biological Sciences, 
National University of Singapore, Singapore 119260. 

ELAPHE VULPINA (Fox Snake). WINTER ACTIVITY and 
NATURAL DISTURBANCE DURING HIBERNATION. 
Winter surface activity at low temperatures by snakes that are 
normally in hibernation in higher temperate latitudes is rare, and 
the cause of such unusual behavior is often difficult to discern 
(see Brown and Brown. 1995. Herpetol. Rev. 26:134-135). This 
account reports an instance of such activity and a likely reason for 
it. 

On 18 February 2000 one of us (DJB) observed a fox snake 
active on fresh snow in subfreezing temperatures during the worst 
snowstorm of the winter in northwestern Illinois. The snake (INHS 
15631) was an adult female (735 mm body length, 828 mm total 
length, 194 g live mass) and was collected on a gravel road at 
1515 hat the following locality: USA: Illinois, Mercer Co., Greene 
Twp., ca. 4 km (linear) NE Viola, 3 km E of Rt. 67 on rural road 
1150 N, 41°13'54"N, 90°33'18"W, elevation 240 m. The roadsides 
consisted of mowed grass sloping to a pasture on the south and 
unmowed grass sloping upward and bordering a weedy, "set-aside" 
field on the north. 

When discovered during conditions of heavy, drifting snow, the 
snake was orientated longitudinally in the center of the road on 
the surface of 18-20 cm of fresh snow and was in a weak, nearly 
linear, serpentine shape. There was a shallow trail ca. 20 cm long 
in the snow behind it. The snake was observed for 5 min. and 
during this time, it moved very lethargically and slowly (ca. 1 cm/ 
min), and appeared disorientated. It also appeared to be searching 
for a scent, as its tongue flicks were frequent (unmeasured) but 
very slow, each lasting 4-5 sec. When picked up by hand, it slowly 
opened its mouth and moved very little. The temperature range 
that day at the National Weather Service station in Moline, Illinois, 
ca. 25 km NE of the locality, was —4.4°C to —0.5°C, and the mean 
daily temperature was —2.2°C. The snake was left outside after 
being collected and died within several hours. 

Brown and Brown (op. cit.) reported winter activity by an adult 
Elaphe vulpina on 17 February 1991, on an ice pond in McLean 
Co. in central Illinois at warmer ambient air temperatures (9.4°C). 
They hypothesized that warm daily temperatures during the 
preceding period and/or local disturbance at the pond that day may 
have been responsible for this snake's activity. 

The activity of the fox snake reported here did not involve natural 
emergence related to early, unseasonably high temperatures. In 
addition to the subfreezing temperatures on 18 February that were 
subsequently fatal to the snake, the mean daily temperature (-
0.9°C) and the means of daily minimum and maximum 
temperatures (-4.5°C and 2.8°C) at Moline, Illinois during the 
preceding five-day period were also low. Road activity by fox 
snakes is seldom observed before mid-April in this region of 
Illinois, as recorded in an ongoing, long-term survey of snake 
activity by one of us (ALM). More importantly, there is little 
correlation between short-term local temperatures on the surface 
and early emergence from hibernation by snakes (Gibbons and 
Semlitsch. 1987. In Seigel et al. [eds.], Snakes, Ecology and 
Evolutionary Biology, pp. 396-421. McGraw-Hill, Inc., New 
York). 

Rather than a thermal response, there is evidence that the snake 
was active on the surface because of a noxious encounter with a 
small mammal in its hibernaculum. That the snake was 
underground was evident from traces of mud on several areas of 
its body, and postmortem examination revealed several small 
injuries on its head that were likely caused by bites. These injuries 
bled slightly during examination, indicating that they were 
relatively fresh. The most conspicuous was a ragged tear (4.5 mm 
long) of the left parietal scale, extending obliquely from the anterior 
medial parietal line postero-ventrally to the upper temporal area, 
where the musculature was lacerated to the depth of the 
supratemporal bone. Corresponding to this laceration were 3 
distinct and one indistinct shallow grooves, ca. 0.4 mm wide and 
1.2 mm long, on the dorsal surface of the parietal bone, which was 
not penetrated or fractured. The left cornea had a small perforation 
in the lower half; and the left lower postocular, a puncture wound 
ca. 1.2 mm long and 1 mm deep. In the snout region, the left 
posterior nasal scale had a laceration causing a detachment of a 
portion of this scale from the underlying tissue; the lower right 
portion of the rostral scale had a similar laceration. Linear distance 
between the parietal-temporal/ocular area wounds was 6.3 mm; 
and between rostral/nasal wounds, 6.6 mm. In addition, the mouth 
had traces of blood and soil between the tooth rows, suggesting 
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that the snake recently opened its mouth underground because snow 
covered the soil surface. 

It is likely that a small mammal, possibly a rodent or shrew, 
encountered and bit the snake, which caused it to be driven from 
the hibernaculum to the surface. Snakes are known to move about 
in their hibernacula at relatively low temperatures and respond to 
various stimuli during hibernation (see Sexton and Hunt. 1980. 
Herpetologica 36:20-26). The hibernaculum used by the snake 
reported here was not obvious from a subsequent search of the 
roadsides after snowmelt, but Elaphe vulpina is known to use 
mammal burrows among other microhabitats (Ernst and Barbour 
1989. Snakes of Eastern North America. George Mason Univ. 
Press, Fairfax, Virginia. 282 pp.). Ground squirrels (Rodentia: 
Spermophilus tridecemlineatus) and their burrows are common 
along roadsides in this area, and fox snakes have been previously 
observed in the vicinity of such burrows in the spring by one of us 
(ALM) in adjacent Henry Co., Illinois. The wounds and distances 
between them were consistent with the snake being bitten in two 
areas of the head, anteriorly (rostral/postnasal wounds) and 
posteriorly (parietal-temporal/ocular area wounds) by small upper 
and lower incisor teeth. The tear of the left parietal scale and the 
corresponding grooves on the bone below suggest that the mammal 
was trying to pull off some flesh. Also consistent with a prior 
noxious encounter is that the specimen opened its mouth when 
picked up by hand, defensive behavior that we and others (Ernst 
and Barbour, op.cit.) have observed as very unusual in most 
individuals of this species. The pattern of wounds and 
circumstances in which the snake was discovered were inconsistent 
with injuries that would result from a human cause; there was no 
evidence of human activity in the immediate area or of fresh tire 
tracks in the snow on the road. Also, the weather conditions and 
the mud on the snake's body and inside its mouth suggest that an 
encounter with a small mammal on the surface was unlikely. 

The wounds probably would not have been fatal to the snake, 
but the weather conditions were. The frequency and broader 
ecological implications of encounters between mammals and 
hibernating snakes are unknown. Using circumstantial evidence 
near hibernacula in the spring and fall, Fitch (1999. A Kansas Snake 
Community: Composition and Changes Over 50 Years. Krieger 
Publ. Co., Malabar, Florida. 165 pp.) hypothesized that predation 
upon hibernating snakes by small mammals such as mice and 
shrews may be somewhat common in years of low resource 
availability and may represent a significant source of mortality in 
snake populations. 

Submitted by ALLAN L. MARKEZICH and DARRYL J. 
BECKETT, Department of Natural Sciences, Black Hawk 
College, 6600 34th Avenue, Moline, Illinois 61265-5899, USA. 

EUNECTES MURINUS (Green Anaconda). ESCAPE 
BEHAVIOR and RESPIRATION. Documented information 
about the escape behavior of Eunectes murinus is scarce. Often it 
is simply mentioned that this species takes to water to escape 
predators or other dangers, and remains submerged for extended 
periods of time. Furthermore, to our knowledge, there are no reports 
of E. murinus burrowing into mud to elude predators. However, 
during dry seasons, individuals of E. murinus burrow into mud to 
avoid desiccation (Lopez 1984. Fauna Legendaria. Editorial Arte, 

Caracas; Rivas and Muiioz 1992. unpubl. report; Thorbjarnarson 
1995. Americas 47:38-45). In addition, there is little substantiated 
data concerning the length of time E. murinus can refrain from 
breathing, whether it be while feeding underwater (Mole and Urich 
1894. Proc. Zool. Soc. Lond. 1894:505-506; Wehekind 1955. Brit. 
J. Herpetol. 2:9-13) or when submerged to avoid predators. At 
best, anecdotal generalizations indicate that this species can 
suspend respiration for relatively long periods of time. Some reptile 
species can revert to anaerobic metabolism during times of high-
energy demands, such as diving by aquatic reptiles (Bennett 1982. 
In C. Gans and F. H. Pough [eds.], Biology of the Reptilia, Vol. 
13, Physiology D, pp. 155-199. Academic Press, London, UK; 
Seymour 1982. In C. Gans and F. H. Pough [eds.], Biology of the 
Reptilia, Vol. 13, Physiology D, pp. 1-51. Academic Press, London, 
UK); but overall this physiological activity is not thoroughly 
understood, and we are unaware of it being studied in E. murinus. 
Herein we report a case of an E. murinus burrowing into mud to 
avoid capture, and subsequently refraining from breathing for an 
extended period of time, possibly aided by anaerobic metabolism. 

On 25 January 2000, a group of 18 people assembled at Quito, 
Ecuador, to be part of an expedition to search for a large E. murinus 
that had reportedly been seen in the Cuyabeno Wildlife Reserve, 
Sucumbios Province, Ecuador. The Cuyabeno Wildlife Reserve 
(ca. 600,000 ha) lies in the Amazon Basin at an elevation of less 
than 300 m, and straddles the equator (extending from ca. 75°-
76°W longitude). Within the Reserve is an elaborate network of 
rivers, lakes, lagoons, and flooded forest that are markedly affected 
by seasonal rains. For about nine months out of the year the area 

FIG. 1. Team members attempting to extricate a female E. murinus (TL 
= 4.76 m) from soft mud into which it was burrowing. (Photo by Jean-
Thomas Bujard) 
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endures a wet season, with a dry season that extends roughly from 
December through February. Our fieldwork was performed well 
into the dry season, so the lakes and rivers in the area were 
essentially at their lowest levels. As a result, some of the areas we 
worked in were not covered with water but were extremely muddy. 

On 27 January 2000, two team members located an adult, female 
E. murinus (TL = 4.76 m) inside a hollowed out, fallen tree in the 
exposed muddy bed of Laguna Grande. The specimen was located 
at 1300h during which the air temperature was 34°C, temperature 
inside the tree was 27°C, and the snake's external body temperature 
was 29°C. We believe this E. murinus took shelter in the log to 
avoid the high daytime temperatures associated with the dry season 
and to wait for the lake's water level to rise during the ensuing wet 
season. Attempts to remove the E. murinus from its lair failed, 
though it did eventually come out on its own and partially buried 
itself in the mud, under the root system of the upturned tree. Efforts 
were made to expose and extricate the E. murinus by pulling off 
sections of the tree's root structure. As this occurred, the specimen 
started to burrow, almost vertically at times, into the soft mud to 
escape capture (Fig. 1.). We estimate that the anterior portion of 
this E. murinus reached a depth of ca. 60 cm. The more team 
members worked to uncover this specimen, the more it burrowed 
into the mud, until eventually ca. 1.5-2.0 m of its body was buried. 
As we continued to pull pieces of the root system away and dig 
out some of the mud, it became clear that the E. murinus was not 
able to breathe, as there were no air pockets in the mud. This 
became particularly evident when we saw water seeping out from 
the hole where the E. murinus had burrowed. 

Eventually we retrieved the specimen (Fig. 2), though it took an 
appreciable amount of time and effort. We estimate that this E. 
murinus suspended respiration for a period of ca. 40-45 min. This 
is particularly interesting because the specimen was struggling 
against the efforts of its captors, which we feel would have resulted 
in an increased metabolic rate and subsequent tissue oxygen 
demand. Under these conditions, some reptiles are known to resort 
to anaerobic metabolism (Bennett and Dawson 1976. In C. Gans 
and W. R. Dawson [eds.], Biology of the Reptilia, Vol. 5, 
Physiology A, pp. 27-223), and it seems probable that E. murinus 
utilized anaerobiosis while it was submerged in the mud. 
Furthermore, the E. murinus was nearly exhausted from its struggle 
(i.e., the specimen exhibited no aggression or resistance to handling 
once captured), which has been reported to be a symptom of reptiles 
that have utilized anaerobic metabolism (Bennett 1982. In C. Gans 
and F. H. Pough [eds.], Biology of the Reptilia, Vol. 13, Physiology 
D, pp 155-199. Academic Press, London, UK). 

Following capture, we allowed the E. murinus to rest for a short 
period, and then various measurements were made and its general 
health was assessed (e.g., body weight, presence of ectoparasites 
and injuries, etc.). When data collection was complete, the 
specimen was released. 

Because E. murinus is a species highly adapted to a semi-aquatic 
existence, it is reasonable to conclude that the ability to suspend 
respiration for extended periods of time or use anaerobic 
metabolism would give E. murinus an advantage in both predatory 
and threat-avoidance activities. Since the actual anaerobic capacity 
of large reptiles is not well understood, well-documented field 
observations can be an important step in the study of this 
physiological process. 

FIG. 2. Female E. marinas after being extricated from mud into which 
it had burrowed. The specimen was exhausted after the struggle and offered 
no resistance. (Photo by Jean-Thomas Bujard) 

We thank the members of the expedition team for their help and 
support with regard to the capture and study of the specimen. Bill 
Cacciolfi (New World Expeditions, Springboro, Ohio), Rudolph 
Runge (RungeTV, Cologne, Germany), Rudolf Bermel 
(Mediguard, Bonn, Germany) and Continental Airlines are 
acknowledged for providing financial and/or other support. Thanks 
to Jane Strimple, Ritt Enderson, Bill Cacciolfi, and Jean-Thomas 
Bujard for reviewing the manuscript, and to Frederick Frye for his 
input on reptile metabolism. 

Submitted by PETER D. STRIMPLE,1028 Pine Creek Circle 
NE, Palm Bay, Florida 32905, USA (e-mail: pstrimple@cfl.tr.com,  
and LUTZ DIRKSEN, Museum A. Koenig, Adenauerallee 160, 
53113 Bonn, Germany (e-mail: ldirksen@t-online.de).  

EUNECTES MURINUS (Green Anaconda). JUVENILE 
PREDATION. Larger-sized reptiles tend to suffer little from 
predation, whereas juveniles typically are more exposed to 
predators and suffer higher mortality rates in their first years. This 
observation is typical among female green anacondas (Rivas 1999. 
Ph.D. dissertation. Univ. Tennessee, Knoxville, 287 pp.). However, 
smaller adult males risk predation by spectacled caimans (Caiman 
crocodilus; Rivas et al. 1999. Herpetol. Rev. 30:101) and by larger 
female anacondas (Rivas and Owens 2000. Herpetol. Rev. 31:45-
46). In this contribution we document predation on juveniles of 
different sizes. These observations were made in the Venezuelan 
Hams, Distrito Mufloz, Apure State (7°30'N, 69 0 18'W). 
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On 25 April 1995 we observed a female anaconda (187 cm TL; 
3.25 kg) being harassed by a crab-eating fox (Cerdocyon thous). 
The snake was on dry land and had adopted a defensive position. 
The fox repeatedly tried to grab it, but jerked back each time as 
the snake snapped defensively. We interrupted the interaction and 
caught the snake, which had numerous ticks (evidence of having 
been on dry land for a while). If we had not interrupted the fox, 
the snake probably would have been eaten because she may have 
become exhausted in a short time and, not having any water nearby, 
was not likely to have escaped. 

On 15 January 1996 we saw a tegu lizard (Tupinambis teguixin) 
carrying a neonate-size anaconda in its mouth. The snake did not 
have any bite marks or external evidence of having been killed by 
the tegu, so it was not possible for us to assess whether the tegu 
killed it or had found it dead. However, because tegus are generalist 
foragers and often forage near the water, they are likely predators 
of neonates. 

We implanted transmitters in four neonate green anacondas to 
study habitat use on 9 January 1996. Two of them were found 
dead on 12 February. We found one of the transmitters at the bottom 
of a tree that held an active nest of crested caracaras (Polyborus 
plancus: Falconidae). The other transmitter was found among some 
bushes with the antenna chewed up, but with no other hint regarding 
identity of the predator. The other two animals were alive at the 
end of the three-month-long follow-up, but no information on their 
later survival is available. 

The animals reported in this contribution as preying on juvenile 
anacondas are fairly common in the llanos. This suggests that risk 
of predation may be an important selection pressure leading to 
fast growth in juveniles. 

We thank The World Conservation Society, The National 
Geographic Society, and The Wildlife Conservation Society Field 
Veterinary Program for logistic support. We thank COVEGAN 
for allowing us to work on their land. We also thank W. Karesh, J. 
Thorbjarnarson, C. Molina, and M. Munoz for help in the field 
work. 

Submitted by JESUS A. RIVAS, RENEE Y. OWENS, 
Venezuela Nature Tours, 17126 Jamul, California 91935, USA, 
and PAUL CALLE, Wildlife Conservation Society, Wildlife 
Conservation Park, 2300 Southern Boulevard, Bronx, New York 
10460-1099, USA. 

MASTICOPHIS FLAGELLUM (Western Coachwhip). DIET. 
Masticophis flagellum is known to feed on a large variety of food 
items including insects, lizards, snakes, small turtles, birds, and 
small mammals (Guidry 1953. Herpetologica 9:49-56; Hamilton 
and Pollack 1956. Ecology 37:519-526; Collins 1974. Univ. Kan-
sas Publ. Mus. Natur. Hist. Publ. Ed. Ser. 1:1-283). Here we re-
port two food items found in the stomach of a M. flagellum. On 17 
April 1999 at 2230 h, an adult male M. flagellum (1186 mm total 
length, 217 g) was found DOR on US 385 twenty-two miles south 
of Fort Stockton in Pecos Co., Texas, USA. The stomach of the 
snake was fully distended indicating recently-eaten prey. An adult 
Cnemidophorus marmoratus (289.1 mm total length, 23.7 g) was 
palped from the snake. A grasshopper (Orthoptera) was also found 
in the stomach of the snake. To our knowledge, this is the first 
report of C. marmoratus in the diet of M. flagellum. All three speci- 

mens were preserved and placed at the University of Texas at Ar-
lington Collection of Vertebrates (M. flagellum UTA-R46048, C. 
marmoratus UTA-R46049). 

We thank Ardell Mitchell, Winston Card, and Carl J. Franklin 
for their helpful comments on this manuscript, and the staff of the 
Dallas Zoo Department of Herpetology for their support. 
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NERODIA FASCIATA (Southern Water Snake). 
REPRODUCTION. Nerodia fasciata normally reproduces from 
June through August with a typical litter size ranging from 9 to 50 
(Wright and Wright 1957. Handbook of Snakes of the United States. 
Comstock, Ithaca, New York. 1105 pp.), but averaging near 15 
(Tennant 1997. A Field Guide to Snakes of Florida. Gulf Pub. Co., 
Houston, Texas. 257 pp.). Herein we report on reproduction in 
two female N. fasciata that exhibited a phenology and fecundity 
consistent with these values. 

On 9 July 1998 at 2240 h, an adult female N. fasciata (710 mm 
SVL, 220 mm tail length) was found on a floating mat of vegetation 
near the bank of an artificial pond at White Oak Plantation, Nassau 
Co., Florida, USA (Sec. 43, T4N, R26E). The observation occurred 
following the second major rain event of the summer. The female 
was placed in a cloth bag, and retained overnight for measurements. 
The following day, we discovered that the female had expelled 34 
neonates into the cloth bag. Thirteen individuals from this litter 
were found dead and subsequently were deposited in the Florida 
Museum of Natural History (UF116347-59). SVL for live young 
(mean ± SD, 163.5 ± 5.1 mm) and dead young (165.0 ± 3.3 mm) 
did not differ (t-test, t = 0.93, P = 0.36). Pooled measurements for 
all offspring were as follows: SVL 164.1 ± 4.5 mm (range 149.0-
172.0 mm); tail length 65.4 ± 3.6 mm (59.0-72.0 mm); mass 5.3 ± 
0.5 g (4.2-6.1 g). Although the initial mass of the female was not 
taken, its post-partum weight was 485.0 g. Live neonates and the 
adult female were later released at the capture location. 

On 22 July at 1235 h, a second female was observed expelling 
offspring onto the muddy substrate along the shoreline of a small 
pond at White Oak Plantation; a significant rainfall event also 
occurred prior to this observation. Temperatures recorded at the 
time of the observation were 28.4°C substrate, 30.6°C water, and 
31.3°C air at 2 m in the shade. Although the adult escaped, five 
neonates were captured for measurements. Measurements of the 
young were as follows: SVL 168.6± 2.7 mm (range 166-173 mm); 
tail length 59.2 ± 1.5 mm (57-61 mm); mass 4.7 ± 0.2 g (4.5-4.9 
g). The captured neonates were released at the capture location 
except for one, which we deposited in the Florida Museum of 
Natural History (UF116360). 

We gratefully acknowledge the entire staff of White Oak 
Conservation Center for funding and use of on-site facilities, Pat 
Ryder for expertise, and Kenneth L. Krysko and Steve A. Johnson 
for constructive comments. 
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PITUOPHIS MELANOLEUCUS MUGITUS (Florida Pine 
Snake). DIGGING BEHAVIOR. Adult Florida pine snakes (3 
males, 3 females) were radio-tracked for periods of 6-26 months 
in sandhill habitats at the Katharine Ordway Preserve-Swisher 
Memorial Sanctuary, Putnam County, Florida, USA. During this 
period, three tagged males (132.5, 139.7, 142.0 cm SVL) were 
observed on nine occasions in the act of excavating pocket gopher 
(Geomys pinetis) mounds (Fig. 1). None of the tagged females 
(129.0, 142.8, 144.5 cm SVL) were found pursuing this activity. 

Excavating snakes were successful on eight occasions in 
removing sand plugs placed by pocket gophers in exit burrows 
inside the mounds. These plugs probably serve to exclude predators 
and regulate air flow in burrow systems. Opening these plugs allow 
pine snakes an access point into the burrow system. On one 
occasion, a snake prematurely left the excavation site prior to 
clearing the exit plug, as a direct consequence of my presence. On 
a second occasion, another snake similarly left a mound following 
disturbance, but later returned after my departure, and finished 
the excavation. This snake was located the next morning (0530 h) 
inside the burrow, positioned about 1.5 m from the snake's access 
hole. 

Snakes were encountered in the process of excavating mounds 
at 0800 (continuing until 0920), 0845, 0900, 0905 (continuing until 
1000), 0920, 1045, 1055, 1145, and 1700 h (EST) in June (2), 
August (2), September (1), October (2), and November (2). Work 
at two excavations lasted ca. 55 and 80 minutes following the initial 
discovery. Both snakes completed excavations and entered burrow 
systems. The length of time required for snakes to complete an 
excavation is unknown, since most were encountered after they 
already had begun work. 

Types of disturbances at freshly excavated mounds include 
scrapings 12-18 cm wide, conical depressions that conform to the 
shape of the snake's face, and impressions of dorsal and ventral 
scales. The final access hole is about the diameter of the excavating 
snake. Except for the holes, most of the marks quickly erode as 
the sand dries, making interpretation more difficult. However, once 
researchers see enough of these features, they should be able to 
distinguish them from other disturbances, which might prove useful 
as a survey technique for this species. 

All of the excavating snakes were observed to use the "spading 
and scooping" actions, reported by Carpenter (1982. J. Herpetol. 

Flo. 1. Florida pine snake excavating a pocket gopher mound.  

16:394-401) for captive Oklahoma-caught bullsnakes. Carpenter 
found this behavior in adults of both sexes and in a juvenile, 
suggesting that this behavior might function in obtaining food or 
digging nests or retreats. He reported that bullsnakes responded 
positively to soil from pocket gopher mounds. Based on these 
observations, I suggest that Ordway pine snakes may have been 
using rodent odors as cues to accurately locate and dig out the 
mound plugs. 

Pocket gopher tunnel systems commonly are used by Florida 
pine snakes as retreats, based on available telemetric data from 
the Ordway Preserve. These tunnel systems presumably provide 
safe havens from predators, fires, and adverse weather conditions 
and may serve as a source for food, particularly in light of Allen 
and Neill's report (1952. Florida Wildlife March:18-19), which 
states "...in many areas the pine snakes eat nothing but pocket-
gophers, and spend most of their lives down the burrows of these 
rodents." Neill (1947. Herpetologica 4:29-30) also noted finding 
a large pocket gopher in the stomach of one pine snake and the 
remains of others in four other snakes. 

I thank John F. Eisenberg and the Ordway board for permission 
to work on the Katharine Ordway Preserve-Swisher Memorial 
Sanctuary and for financial support to purchase the transmitters; 
Melvin Sunquist, for technical support; Steve A. Johnson for 
reviewing the manuscript; and Shelley E. Franz and others who 
helped track radio-tagged snakes. 
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PITUOPHIS MELANOLEUCUS SAYI (Bullsnake). DIET. Be-
tween 1988 and 1992, at the Crescent Lake National Wildlife Ref-
uge, Garden Co., Nebraska, USA, 476 bullsnakes were captured 
by refuge personnel as part of a predator control program, and 
made available to us for dissection. Only 19.5% of the snakes (N 
= 93) contained food items (Table 1), with females (29.5%) more 
likely than males (15.2%) to contain food (Chi-square = 9.1, P = 
0.003). Of the snakes with food, almost 90% had recently eaten 
mammals (mainly voles, Microtus ochrogaster or M. 
pennsylvanicus). Although birds or their eggs were found in 20% 
of the snakes, three times as many males as females contained 
avian food items (Chi square = 4.9, P = 0.027). This may reflect 
the greater movements (and therefore greater likelihood of en-
countering birds nests) made by males (Iverson, unpublished; see 
also Burger and Zappalorti 1988. Herpetologica 44:48-55). We 
found only one food type in most snakes, but two did contain two 
types (a duck egg and a vole in one snake, and a vole and kanga-
roo rat in another). Gut content data collected on the same refuge 
in 1938-1942 (Imler 1945. J. Wildlife Mgmt. 9:265-273) also re-
vealed that voles were the principal food item (36% by volume), 
but that birds (including eggs) and mammals were nearly equally 
represented in the diet at that time (48 vs. 52% by volume, respec-
tively). It is likely that this apparent drop in bird/egg predation is 
due to overall reductions in the waterfowl populations since the 
early 1940's, and to increases in small mammal populations (be-
cause of predator removal and reduced grazing/haying in the mead-
ows). These data also confirm that the diet of the closely related 
gopher snake (P. catenifer; Rodriguez-Robles 1998. Copeia 
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Table I. Food items recovered from guts (stomachs and intestines) of 93 bullsnakes 
from Crescent Lake Refuge (1988-1992). Totals of percentages are greater than 100 
since some snakes had multiple prey items in their guts. 

Food item Females (N = 43) Males (N = 50) Total (N = 93) 

Any mammals 40 (93%) 40 (80%) 80 (86%) 

Voles (Microtus) 21 (49%) 22 (44%) 43 (46%) 

Kangaroo rats (Dipodomys) 2 (5%) 3 (6%) 5 (5%) 

Field mice (Peromyscus) 1 (2%) 1 (2%) 2 (2%) 

Pocket mice (Perognathus) 2 (5%) 0 2 (2%) 

Pocket gophers (Geomys) 2 (5%) 0 2 (2%) 

Cottontail rabbits (Silvilagus) 1(2%) 0 1(1%) 

Unidentified mammals 14 (33%) 14 (28%) 28 (30%) 

Any birds 4 (9%) 15 (30%) 19 (20%) 

Eggs 4 (9%) 13 (26%) 17 (18%) 

Nestling pheasant 0 1 (2%) 1 (1%) 

Nestling duck 0 I (2%) 1 (1%) 
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THAMNOPHIS SIRTALIS SIRTALIS (Eastern 
Garter Snake). COURTSHIP BEHAVIOR. Male 
snakes have been shown to track females using 
predominantly chemical trailing (reviewed in Halpern 
1992. In Gans and Crews [eds.], Biology of the 
Reptilia, Vol. 18, pp. 423-523. University of Chicago 
Press, Chicago, Illinois). Vision has also been shown 
to be important in semi-natural studies of the courtship 
behavior of the checkered garter snake, Thamnophis 
marcianus (Perry-Richardson et al. 1990. J. Herpetol. 
24:76-78). Here, I report the use of vision by a male 
T s. sirtalis for localizing a female for courtship in 
the field. An adult male T s. sirtalis, 30 cm SVL, was 
observed from 1500-1600 h on 15 April 2000 (23°C, 
sunny) at Mendon Ponds County Park, Monroe 

1998:463-466) is much more diverse than that of the bullsnake. 
The only potential record of non-endotherm prey for the bullsnake 
is a brief mention of "insects" by Wright and Wright (1957. Hand-
book of Snakes. Comstock Publ. Assoc., Ithaca, New York. 640 
pp.); however, they provide no further details. 
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THAMNOPHIS SCALAR'S (Mexican Alpine Blotched Garter 
Snake). LITTER SIZE. On 8 June 1999, a pregnant female 
Thamnophis scalaris (37.0 cm SVL, 8.5 cm tail length (TL), 137 
ventral scales), was found in Acambay, state of Mexico (19°56'N, 
99°50'W), 17 km N of Toluca, Mexico. Eight offspring were born 
on 18 June 1999. Each neonate was measured, weighed, and ventral 
scales were counted. The female and neonates were released six 
days after parturition. The female's mass before and after 
parturition was 36.09 g and 23.18 g, respectively. The 
measurements of the neonates were (mean ± SD, range): 12.95 ± 
0.61 cm, 12.0-13.9 cm SVL; 3.77 ± 0.40 cm, 3.1-4.2 cm TL; 1.24 
± 0.07 g, 1.12-1.35 g mass; 130.5 ± 7.65, 122-144 ventral scales. 
Only four litters of T. scalaris have been previously reported. 
Ramrez-Bautista et al. (1995. Herpetol. Rev. 26:12-13) reported 
litters sizes of 14 and 16 from two autopsied females. Rossman et 
al. (1996. The Garter Snakes: Evolution and Ecology. University 
of Oklahoma Press, Norman, Oklahoma. 256 pp.) reported litter 
sizes of eight and 15, with total lengths ranging between 16.8 and 
18.1, and birth dates of 18 May and 30 May, respectively. 

County, New York, USA. This individual was moving 
through leaf litter on the forest floor, exhibiting rapid tongue 
flicking and directed movement. After making several loops over 
20 min., the individual flushed out a female T s. sirtalis (ca. 45 
cm SVL) from under leaf litter. The male proceeded to pursue the 
female, actively chin rubbing along her back and tongue flicking 
continuously. After the initial activity, the female managed to move 
out of view from the male and freeze. At this point, the male raised 
the rostral third of his body off the ground and began moving his 
head from side to side, apparently looking for the female. As soon 
as the female moved, the male pursued her again, repeating the 
courtship behavior. This series of events (male courtship, female 
evasion, and male visual tracking) occurred three times over 20 
min. Finally, the female evaded the male, who did not locate her 
after 20 min. of visual and chemical searching in the wrong 
direction. These observations suggest that male garter snakes will 
use visual localization to find females after first locating them 
chemically. 

I thank Neil Ford for helpful comments for this note. 
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Erratum 

A note concerning nocturnal climbing activity in two species of 
Plethodon (Trauth et al. 2000. Herpetol. Rev. 31:232-233) was 
inadvertently published again in HR 32:32. Proper citations of this paper 
should reference its first appearance. 
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