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

the annual meetings and serve on editorial boards and committees. 

ANNUAL DUES AND SUESCRIPDONS: Annual membership dues for the year 2001 in the Society for the Study of Amphibians and 
Reptiles are as follows: Individual membership US$50; Student membership $30; Family membership $60. Institutional 
subscription $95. $16 of the amount of a membership pays for a subscription to Herpetological Review for one year. $21 of the 
amount of a membership pays for a subscription to Journal of Herpetology for one year. Remaining funds help support 
Society activities. Additional fee for air mail postage outside USA $35 for one year. Institutional subscriptions for Herpeto-
logical Review are $70 and individual subscriptions may be purchased for $30. All members and institutions receive the 
Society's primary technical publication, the Journal of Herpetology, and its news-journal, Herpetological Review; both are 
published four times per year. Members also receive pre-publication discounts on other Society publications, which are 
advertised in Herpetological Review. Subscription to the Catalogue of American Amphibians and Reptiles: Individuals $20; 
Institutions $25. 

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with VISA or MasterCard 
(account number and expiration date must be provided). Payment should be sent to: Robert D. Aldridge, SSAR Treasurer, 
Department of Biology, Saint Louis University, St. Louis, Missouri 63103, USA. Fax: (314) 977-3658; e-mail: ssar@slu.edu.  

Future Annual Meetings 

2002 — Crown Center Hotel, Kansas City, Missouri, USA. 3-8 July 2002 (with ASJH, HL) 



About Our Cover: Bitis nasicornis 

Characterized by rather stout bodies and heavily 

keeled scales, the snakes of the genus Bitis are 

among the most spectacular viperids. Ranging 

from the Arabian peninsula to southern Africa, 14 

species are currently recognized (McDiarmid et 

al. 1999. Snake Species of the World: A Taxo-

nomic and Geographic Reference. Vol. 1. The Her-

petologists League, Washington, D.C. 511 pp.). 

Considerable size variation exists among Bitis 
species. The largest member of the group, the 

Gaboon Viper (Bitis gabonica), reaches lengths 

of over two meters and weights exceeding 10 kg 

(Pitman 1974. A Guide to the Snakes of Uganda. Revised ed. Wheldon & 

Wesley, Codicote, England. 290 pp.). The Namaqua Dwarf Adder (Bills 
schneideri), the smallest adder in the world, averages just 20-25 cm in total 

length (Spawls and Branch 1995. The Dangerous Snakes of Africa. Ralph 

Curtis Books, Sanibel Island, Florida. 192 pp.). 

Bitis nasicornis, known as the Rhinoceros Viper due to the horn-like 

appendages decorating its snout, is one of the more strikingly-patterned 

forms. Recent phylogenetic analysis based upon mitochondrial DNA se-

quences corresponds with immunological and morphological evidence in 

suggesting that it is closely related to Bitis gabonica, but not to the other 

large species within the genus (Lenk et al. 2001. Molecular Phylogenetics 

and Evolution 19:94-104). 

Essentially a denizen of equatorial forest, the Rhinoceros Viper earned 

the name of 'River Jack' by early naturalists for its affinity for water. This 

impressive snake also appears to inhabit the dense undergrowth around 

farms and plantations where its cryptic pattern and colors allow it to remain 

effectively hidden. The function of the modified rostral projections on its 

snout is unknown, but may aid in crypsis. Primarily terrestrial in habits, 

specimens have been found in trees. Climbing however, can present a po-

tential physiological problem for such a large, stout-bodied snake. Larger 

specimens of Bills are unable to maintain minimal levels of carotid blood 

flow when tilted at angles exceeding 30°. Fully erect vertical positions can-

not be maintained for very long periods without experiencing problems 

associated with syncope and pulmonary edema (Lillywhite and Smits 1992. 

In J. A. Campbell and E. D. Brodie, Jr. [eds.], Biology of the Pitvipers, pp. 

143-154. Selva, Tyler, Texas). 

The Rhinoceros Viper is actively hunted in Africa as an important source 

of protein. In Nigeria, Luiselli et al. (1998. Amphibia-Reptilia 19:223-229) 

found it was frequently traded in bushmeat markets as food and as "to-

tems" in animistic religious cults. Occasionally featured as "bushmeat of 

the day" in some restaurants in Cameroon, the Rhinoceros Viper also ap-

pears to be used in a dried form by locals as a preventative against snake 

bite in the field (Lawson 1993. Herpetol. Nat. Hist. 1 [21:27-90). 

The 25-28 cm long juvenile Bitis nasicornis depicted on the cover were 

photographed by R. Michael Burger at the San Antonio Zoo in 1998. 

Michael's intent was to capture the symmetry created by the four javelin-

shaped cephalic markings against the complexity of the interwoven dorsal 

patterns, resulting in a directional flow in the photograph. The equipment 

used in obtaining the image included a Nikon 401 x camera with a Sigma 90 

mm f2.8 macro lens, a Nikon SB-23 

flash, and Fujichrome Provia film. 

"Seeing the image and actually cap-

turing it on film are sometimes two 

entirely different things," Michael 

freely admits, "though Bitis 
nasicornis tend to make good photo-

graphic subjects due to their seden-

tary nature." A member of Dallas 

Zoo's Department of Herpetology, his 

pen-and-ink drawings, photography, and articles have appeared in a variety 

of U.S. and European publications, including Herpetological Review. 
Michael is shown here photographing a Norops species at Caiio Palma Bio-
logical Station near Tortuguero, Costa Rica. 

Separation and imaging of Burger's photograph is the work of Jim 
Bridges of Herpeto, Inc., Hollywood, Florida. 

NEWSNOTES 

Sociedad Herpetologica Mexicana 

The Sociedad Herpetologica Mexicana (SHM) is a non-gov-
ernmental organization founded in 1988. The main objectives of 
the SHM are the interchange of ideas, attempts to increase knowl-
edge of amphibians and reptiles, and provide communication 
among herpetologists and other biologists interested in the 
herpetofauna of Mexico through its publications (SHM Bulletin) 
and biannual meeting. Accordingly, SHM welcomes the donation 
of relevant books, reprints, or other herp-related materials that 
would further these aims. Donated materials can be sent directly 
to: Aurelio Ramirez Bautista, SHM President, Lab. de Ecologia, 
UBIPRO, FES-Iztacala, UNAM, Av. de los Barrios s/n, Los Reyes 
Iztacala, Tlalnepantla, Edo. de Mexico. C.P. 54090, Mexico; e-
mail: raurelio@servidorunam.mx.  

Annual dues are US $30.00 for persons outside of Mexico (this 
includes delivery costs for the SHM Bulletin), and $ 150.00 pesos 
($ 75.00 pesos for students) (MN) for residents of Mexico. To 
become a SHM member, please contact: M. en C. Guadalupe 
Gutierrez-Mayen, SHM Treasurer, Universidad Autonoma de 
Puebla, Escuela de Biologia, Edif 76, Ciudad Universitaria, 75570 
Puebla, Puebla, Mexico; e-mail: mggitier@siu.buap.mx.  

For additional information about the SHM, please visit their 
website (in Spanish): http://www.ecosur.mx/shm/pagshm.htm.  

MEETINGS 

Current Research on Herpetofauna of the 
Sonoran Desert II 

5-7 April 2002 

The Tucson Herpetological Society (THS) and co-sponsors an-
nounce the second meeting of Current Research on Herpetofauna 
of the Sonoran Desert (CRHSD II), to be held at the Four Points 
by Sheraton Tucson University Plaza, Tucson, Arizona, 5-7 April 
2002. The goals of this meeting are twofold: I) dissemination of 
information concerning research on the herpetofauna of the 
Sonoran Desert, the States of Arizona and Sonora, and the Baja 
California peninsula and associated islands, and 2) the social in-
teraction of everyone attending the meeting. There will be a Fri-
day evening Icebreaker Social, Scientific Sessions on Saturday 
and Sunday, and a Saturday evening Banquet. Invited speakers 
are Daniel D. Beck and Harry W. Greene. 

Information on the CRHSD II meeting is available on the THS 
web site <http://tucsonherpsociety.org > and from Roger Repp (tel. 
520-318-8210, e-mail: rrepp@noao.edu)  or David L. Hardy Sr. 
(tel. 520-624-8879, e-mail: dhardysr@theriver.com).  
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Another New Book from the Society for the Study of Amphibians and Reptiles 

THE AMPHIBIANS OF HONDURAS 
by James R. McCranie and Larry David Wilson 

The first complete treatment of the amphibians of any Mesoamerican country . . . . The present work, a product of 15 years of 
labor, will surely stand as a model in tropical herpetology for completeness, accuracy, attention to detail, and scholarship . . . . 
A major contribution to our knowledge of Central American herpetology. — JAY M. SAVAGE, from the Foreword. 

HONDURAS IS THE SECOND LARGEST OF THE 
seven Central American countries. Its 
amphibian fauna, however, has been the 
least known in the region and numerous 

studies have referred to the "Honduran hiatus" in distri- 
bution and in our understanding of the systematics of in- 
digenous species. The authors, James R. McCranie and 
Larry David Wilson, who began field work in Honduras 
in 1976 and 1967, respectively, have made an intensive 
study of the amphibian fauna and have now produced a 

book that will serve to make the amphibian fauna of Hon-
duras one of the best known in the world. They have spent 
a total of more than 1500 days in the field and have per-
sonal field experience with nearly every species. They have 
examined more than 9500 adult specimens and about 500 
lots of tadpoles and egg clutches in researching this book. 
The result is a model faunal study that will be a welcome 
reference for scientists and conservationists alike. It will 
be a reminder of the potential loss of biodiversity in a coun-
try in which deforestation and loss of habitat have greatly 
accelerated over the last decade. 

The Honduran amphibian fauna consists of 116 species 
of caecilians (2 species), salamanders (25), and frogs (89), 
including members of nine families: Caeciliidae (2), 
Plethodontidae (25), Bufonidae (8), Centrolenidae (8), 
Hylidae (31), Leptodactylidae (33), Microhylidae (3), 
Ranidae (5), and Rhinophrynidae (1). The book has ex- 
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tensively illustrated identification keys, a discussion of 
reproductive modes and ecomorphological guilds, distri-
bution, and essays about the human impact on, and fu-
ture of, the Honduran amphibian fauna. The bulk of the 
book consists of detailed accounts of the species (each 
one includes synonymy, range, diagnosis, description of 
adult [and tadpole where applicable], references to pub-
lished illustrations, remarks, ecological distribution, 
natural history, etymology, and specimens examined). 

There is a gazetteer of Honduran localities, a glossary, a 
comprehensive literature cited section, and indexes to au-
thors and taxa. Finally, there are 20 COLOR PLATES includ-
ing 24 photographs of habitats and 130 of amphibians. 

Map 5. Localitiesfirfiur species of the Bolitoglossa dunni group. 

Specifications: about 400 pages, 7 x 10 inches, 123 maps and figures, 33 tables, 20 color plates, clothbound. ISBN 
0-916984-57-5. To be published December 2001. 

PRICES: Pre-publication to SSAR members us$50; Institutions and non-members us$60. SHIPPING: USA address, add us$4; non-USA, us$8 

SEND ORDERS TO: Dr. Robert D. Aldridge, SSAR Publications Secretary, Department of Biology, Saint Louis 
University, 3507 Laclede Avenue, Saint Louis, Missouri 63103-2010, USA (telephone: area code 314-977-3916 or 
977-1710; fax: 314-977-3658; e-mail: ssar@slu.edu).  Please make checks payable to "SSAR." Overseas orders must 
be paid in USA funds using a draft drawn on American banks or by International Money Order. Orders may also be 
charged to MasterCard or VISA (please provide the account number and card expiration date). SSAR membership 
information and a complete list of all Society publications can be obtained on request to Dr. Aldridge. 

146 	 Herpetological Review 32(3), 2001 



Meetings Calendar 

2-4 November 2001-28th Annual Meeting, Kansas Herpetologi-
cal Society, Topeka, Kansas, USA. http://eagle.cc.ukans.edu/ 
-cnaar/khs/AnnualMeetingInfo.html. 

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

5-7 April 2002—Current Research on Herpetofauna of the 
Sonoran Desert II, Tucson, Arizona, USA. http:// 
tucsonherpsociety.org . 

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-Carvajal; 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.  

Influence of Antipredator Defenses in the Distri- 
bution of Amphibian Prey Species 

Species distributions can be influenced by prey antipredator 
defenses. After a three-year study at the Reserva Florestal Adolfo 
Ducke in Brazilian Amazonia, Hero et al. described how defenses 
against predators influence the composition of a tadpole assem-
blage. The predators analyzed were the fish Pyrrhulina sp. and 
the dragonfly naiad Gynacantha membranalis. Unpalatability, an 
effective defense mechanism of tadpoles against one of the preda-
tors (fish), was found to influence the composition of tadpole as-
semblages within bodies of water. Because unpalatability is not 
effective against all predators, it is the heterogeneous distribution 
of fish and insect predators among bodies of water that increases 
prey species diversity at the community level. Thus, antipredator 
defenses and predator distribution influence alpha and beta diver-
sity of this anuran community. 

HERO, J.-M., W. E. MAGNUSSON, C. F. ROCI-IA, AND C. P. CATTERALL. 2001. 
Antipredator defenses influence the distribution of amphibian prey 
species in the central Amazon rain forest. Biotropica 33(1):131-141. 

Correspondence to: Jean-Marc Hero, School of Environmental and Ap-
plied Sciences, Griffith University Gold Coast, PMB 50 Gold Coast MC, 
Queensland 9726, Australia; e-mail: M.Hero@mailbox.gu.edu.au.  

Prepollex and Prehallux Variation in Anurans 

Most anurans have a prepollex and prehallux. Fabrezi investi-
gated the variation of these poorly studied structures in more than 
100 species of anurans and analyzed their ontogeny in some 
neotropical species. The author found that the morphological di-
versity of the prepollex and prehallux is based on the number and 
characteristics of the distal elements of these structures. Ontoge-
netic analysis revealed that the prepollex and prehallux differenti-
ate in a proximo-distal sequence, distal to Element Y. Fabrezi 
also presents further evidence for non-homology between these 
structures and true digits. The most widespread morphology of 
the prepollex/prehallux corresponds to two distinct elements, of 
which the distal one is more or less developed. Several unrelated 
species of anurans have well-developed distal elements, which 
apparently have defined ecological roles. The occurrence of the 
prepollex and prehallux in other lissamphibians and extinct groups 
needs to be investigated in order to interpret these structures in the 
evolution of tetrapod limbs. 

FABREZI, M. 2001. A survey of prepollex and prehallux variation in anu- 
ran limbs. Zoological Journal of the Linnean Society 131:227-248. 

Correspondence to: Marissa Fabrezi, Museo de Ciencias Naturales, 
Universidad Nacional de Salta, Mendoza 2, 4400-Salta, Argentina; e-mail: 
museo@ciunsa.edu.ar.  

A New Fossil Caecilian from Africa 

The oldest known fossil caecilian is Eocaecilia from the Lower 
Jurassic Kayenta Formation of western Arizona. The authors de-
scribe the second oldest fossil of the group from a Lower Creta-
ceous microfossil locality in the eastern High Atlas Mountains, 
Morocco. Rubricacaecilia monbaroni is described from elements 
of the mandible, as well as several vertebrae, a palatine, and a 
possible limb bone. Based on the length of the lower jaw, the au-
thors estimate that the specimen was about 20 cm long. R. 
monbaroni differs from all known caecilians, living and fossil, in 
several osteological features, one of the most interesting being the 
retention of a tuberculum interglenoideum on the atlas. The tuber-
culum interglenoideum is absent in all other caecilians except the 
fossil Eocaecilia; among living amphibians it is present in sala-
manders only. Rubricacaecilia has a unique combination of os-
teological characters, which place it between Eocaecilia and more 
derived caecilians. The authors conclude that, among 
Gymnophiona, Rubricacaecilia is the most basal taxon after 
Eocaecilia. Whether Rubricacaecilia represents the morphologi-
cal stage of Gondwanan caecilians at the Lower Cretaceous can-
not be answered without additional material. 

EVANS, S., AND D. SIGOGNEAU-RUSSELL. 2001. A stem-group caecilian 
(Lissamphibia: Gymnophiona) from the Lower Cretaceous of north 
Africa. Palaeontology 44(2):259-273. 

Correspondence to: Susan E. Evans, Department of Anatomy and Devel-
opmental Biology, University College London, Gower Street, London, 
WC1E 6BT, UK. 
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Response of Red-sided Garter Snakes to 
Pheromones 

Pheromones are among the chemical signals used by many ani-
mals for orientation. Some snakes make pheromone trails in order 
to guide conspecifics to the location of potential mates or location 
of winter hibernacula. The authors investigated the conspecific 
trailing behavior of Thamnophis sirtalis parietalis in a natural en-
vironment by carrying out two field experiments within the 
Interlake region of Manitoba, Canada. The experiments were per-
formed during the breeding season and the period of migration. 
The authors tested the response of both sexes to conspecific phero-
mone trails. It was found that only adult males use pheromone 
trails for locating potential mates. Neither males nor females used 
the pheromone trails for location of winter hibernacula, which 
contradicts previous laboratory-based studies. However, this dis-
crepancy might be due to differences in experimental design. In 
addition, the authors found a significant trend for females to avoid 
male pheromone trails near the hibernacula during the period of 
migration. This suggests that females tend to escape male court-
ship at the winter hibernacula. Trail avoidance behavior is some-
thing that requires further study. 

LEMASTER, M. P., I. T. MOORE, AND R. T. MASON. 2001. Conspecific trail-
ing behaviour of red-sided garter snakes, Thamnophis sirtalis parietalis, 
in the natural environment. Animal Behaviour 61:827-833. 

Correspondence to: M. P. LeMaster, Department of Zoology, 3029 Cordley 
Hall, Oregon State University, Corvallis, Oregon 97331-2914, USA; e-
mail: lemastem  @bcc.orst.edu . 

Lung-inflation Mechanisms of an Agamid Lizard 

Traditional views have stated that amniotes utilize aspiratory 
pumping as their sole means of breathing. However, recent stud-
ies in varanids have demonstrated that lizards can expand the lungs 
via gular pumping. In order to elucidate the pattern of breathing in 
agamid lizards, 14 Uromastyx aegypticus were collected in Saudi 
Arabia; electromyogram, electrocardiogram, and plethysmogra-
phy data were collected. The primary mode of breathing was a 
triphasic lung inflation and deflation involving the intercostal 
muscles. When the lizards were prodded or experienced tempera-
tures above 30 °C the buccal pump was utilized. This alternate form 
of breathing involves the sphincter colli and the geniohyoid 
muscles. The two forms of breathing never occurred simulta-
neously; buccal pumping invariably followed thoracic breathing 
after the second expiration. The authors demonstrated that the 
buccal pump was controlled by a Hering-Breuer reflex. Although 
it is tempting to classify the buccal pump as a structure with a 
respiratory role, the authors caution that more research is neces-
sary to confirm this hypothesis. 

AL-GHAMDI, M. S. A. D., J. F. X. JONES, AND E. W. TAYLOR. 2001. Evi- 
dence of a functional role in lung inflation for the buccal pump in the 
agamid lizard Uromastyx aegypticus microlepis. Journal of Experimen-
tal Biology 204:521-531. 

Correspondence to: E. W. Taylor, School of Biosciences, University of 
Birmingham, Edgbaston, Birmingham B 15 2TT, United Kingdom; e-mail: 
e.w.taylor@bham.ac.uk.  

Amphibian Colonization of Restored Wetlands 

The great loss of wetlands in the United States has led to resto-
ration projects in an attempt to provide habitat for native wetland 
biota. The authors studied colonization of seven restored wetlands 
in southern Minnesota by pond-breeding amphibians. The restored 
wetlands were former agricultural fields or located in an urban 
area. Chorusing and visual encounter surveys as well as larval 
sampling were performed to find amphibians in these wetlands. 
Distance to source ponds, restored wetland size, and dispersal abili-
ties were significant predictors of species richness, whereas re-
stored wetland age and distance to forest patches were not. Four 
species of amphibians—Rana clamitans, Pseudacris crucifer, 
Ambystoma laterale, and Notophthalmus viridescens—occurring 
in adjacent, unimpacted wetlands, were not found in restored wet-
lands. The importance of isolation and patch size in restored wet-
lands supports the idea that many amphibian populations have a 
metapopulation structure caused by low vagility, philopatry, and 
patchy breeding habitat. The authors demonstrated that restored 
wetlands provide adequate habitat for at least some species of pond-
breeding amphibians and suggest that factors such as spatial iso-
lation and habitat suitability should be considered in wetland res-
toration projects. 

LEHTINEN, R. M., AND S. M. GALATOWITSCH. 2001. Colonization of restored 
wetlands by amphibians in Minnesota. American Midland Naturalist 
145(2):388-396. 

Correspondence to: Richard M. Lehtinen, Division of Reptiles and Am-
phibians, Museum of Zoology, University of Michigan, Ann Arbor, Michi-
gan 48109-1079, USA; e-mail: rmlehtin@umich.edu.  

The Midblastula Transition Prevents Apoptosis in 
Xenopus Embryos 

Ionizing radiation administered to Xenopus embryos results in 
DNA damage and apoptosis before, but not after, the midblastula 
transition (MBT). The authors investigated the molecular mecha-
nisms responsible for the prevention of apoptosis after the MBT. 
Phosphorylation experiments indicated that the serine/threonine 
kinase Akt (or protein kinase B) may participate in the antiapoptotic 
signaling pathway of embryos irradiated after the MBT. Constitu-
tively active Akt delayed apoptosis in embryos irradiated before 
the MBT but did not completely prevent apoptosis from occur-
ring. Results also indicated that two gene products (Bax and Bcl-
2) interact to prevent apoptosis after the MBT. Moreover, the cdk 
inhibitor p27xic i  can arrest cells in the G 1  phase (post-MBT) or 
bind with cyclin complexes to arrest cells at the G i /S transition. 
Apoptosis is prevented after the MBT by the coordinated efforts 
of these components. 

FINKELSTEIN, C. V., A. L. LEWELLYN, AND J. L. MALLER. 2001. The 
midblastula transition in Xenopus embryos activates multiple pathways 
to prevent apoptosis in response to DNA damage. Proceedings of the 
National Academy of Sciences 98:1006-1011. 

Correspondence to: James L. Mailer, Department of Pharmacology, Uni-
versity of Colorado School of Medicine, Box C-236, Denver, Colorado 
80262, USA; e-mail: Jim.Maller@uchsc.edu.  
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pod abundance explained seasonal variation in lizard predation; 
seasonal variation in frog predation was explained by frog abun-
dance. 

Family Structure in an Australian Scincid Lizard 

Previous studies have documented the existence of stable fam-
ily groups in lizards, but none have utilized genetic markers to 
document the relationship of the members. The authors examined 
genotypes of six microsatellite loci in a stable group of Egernia 
stokesii from South Australia. Average relatedness was calculated 
with RELATEDNESS 5.04, genetic distance between pairs of 
groups was calculated with MICROSAT, and a Mantel test 
(GENEPOP v3.16) tested for correlations between dispersal of 
groups and geographic distance. The average relatedness among 
all lizards of the study was -0.0106; relatedness was not signifi-
cantly different among members of either sex. Relatedness data 
indicated that parents and offspring belonged to the same social 
group in most cases. Average within-group relatedness among the 
sexes suggested that these lizards have sex-biased dispersal, with 
males dispersing from social groups more often than females. 
However, all adults showed a tendency to associate with related 
individuals. Mantel tests indicated that individuals tended to dis-
perse to proximate groups more often than distant groups—how-
ever this correlation was noted as weak. Although the relatedness 
of members of each group was high, individuals tended to seek 
out mates that were unrelated. Kin recognition may help these 
lizards to avoid inbreeding. 

GARDNER, M. G., C. M. BULL, S. J. B. COOPER, AND G. A. DUI-HELD. 2001. 
Genetic evidence for a family structure in stable social aggregations of 
the Australian lizard Egernia stokesii. Molecular Ecology 10:175-183. 

Correspondence to: C. M. Bull, School of Biological Sciences, Flinders 
University, Adelaide, Australia; e-mail: Michael.Bull@flinders.edu.au.  

Predation on Frogs and Lizards in a Panamanian 
Humid Forest 

Many trophic relationships of tropical ecosystems are poorly 
documented, especially predator-prey interactions. The authors 
studied bird predation on frogs and lizards in a Panamanian hu-
mid forest to assess whether: 1) bird species that prey upon verte-
brates are larger or more social (when foraging) than those spe-
cies that do not eat vertebrates; 2) a decrease in arthropod prey 
will increase the likelihood of eating vertebrate prey; 3) frog-eat-
ing species are more selective in their prey choice compared to 
lizard-eating species. Birds were captured over a 13 month period 
with mist nets in 8 transects (35 m apart), forced to regurgitate 
prey items, banded, and released. Relative abundance of frogs and 
lizards was estimated from diurnal censuses; arthropod abundance 
was estimated from sweep-net samples in close proximity to the 
mist net sites. Forward stepwise-computed multiple logistic and 
linear regression analyses were used to identify vertebrate-eating 
bird species and factors accounting for frog or lizard intake over 
time. 

Based on regurgitates, birds preyed upon Anolis, Ameiva, and 
Eleutherodactylus—but not on Colostethus and Bufo which were 
the two most common anuran genera. The probability of preda-
tion upon lizards was highest when birds followed army-ant 
swarms; predation on frogs was best explained by the variables of 
bill length and body length of birds. Breeding activity and arthro- 

POULIN, B., G. LEFEBVRE, R. IBAREz, C. JARAMILLO, C. HERNANDEZ, AND A. 
S. RAND. 2001. Avian predation upon lizards and frogs in a neotropical 
forest understory. Journal of Tropical Ecology 17:21-40. 

Correspondence to: Brigitte Poulin, Station Biologique de la Tour du Valat, 
Le Sambuc, 13200 Arles, France. 

Effects of UV-B Radiation on Diet of Bufonid 
Tadpoles 

Depletion of the ozone layer can lead to increased levels of UV-
B radiation and deleterious effects to freshwater ecosystems. The 
authors tested the effects of UV-B radiation on phytoplankton and 
its resulting nutritional value to Bufo boreas tadpoles. Algae were 
grown on microscope slides at four localities in Colorado; tad-
poles were collected from each locality. Periphyton was grown in 
glass boxes with mylar-covered, acetate-covered, or open tops to 
allow different levels of UV-B radiation to enter each box. In gen-
eral, as altitude increased, protein concentration decreased and 
chlorophyll concentration increased. Although density of algae did 
not differ among the treatment groups, the composition of taxo-
nomic groups varied. Open treatment samples were not signifi-
cantly different from tadpole gut contents. Because tadpoles were 
not selectively feeding, the nutritional quality of available algae 
may have affected the development and fitness of these tadpoles. 

ROGERS, K., A. SCHMIDT, J. WILKINSON, AND T. MERZ. 2001. Effects of inci-
dent UV-B radiation on periphyton in four alpine freshwater ecosys-
tems in central Colorado: impacts on boreal toad tadpoles (Bufo boreas). 
Journal of Freshwater Ecology 16:283-301. 

Correspondence to: Karel Rogers, Biology Department, Grand Valley State 
University, Allendale, Michigan 49401-9403, USA; e-mail: 
rogersk@gvsu.edu.  

Costs of Predator-induced Phenotypes in 
Ranid Tadpoles 

Tadpoles raised in the presence of predators often develop adap-
tive phenotypes, but the costs of these phenotypes are difficult to 
quantify. The authors examined the performance of tadpoles with 
predator-induced phenotypes during and immediately after meta-
morphosis. Tadpoles of Rana ridibunda were raised in outdoor 
tanks with either no predators or a single late-instar dragonfly lar-
vae confined to a cage. Tadpoles were collected 37 and 46 days 
after hatching, photographed in lateral and ventral views, and re-
turned to the tanks. These photographs were used to obtain mea-
surements of the tadpoles. Once the tadpoles displayed forelimbs, 
they were removed from the tanks to facilitate daily measurements 
and estimate development rate. Froglets were allowed to hop on a 
flat table to measure hopping performance before preservation in 
10% formalin. Results indicated that the morphology of tadpoles 
differed between treatments, and froglets from the caged-predator 
tanks developed through metamorphosis slightly faster than the 
control group. Although froglets from the caged-predator tanks 
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had short and muscular legs compared to those from tanks with-
out predators, hopping performances did not differ significantly 
between treatment groups. 

VAN BUSKIRK, J., AND G. SAXER. 2001. Delayed costs of an induced de-
fense in tadpoles? Morphology, hopping, and development rate at meta-
morphosis. Evolution 55:821-829. 

Correspondence to: Josh Van Buskirk, Institute of Zoology, University of 
Zurich, CH-8057 Zurich, Switzerland; e-mail: jv. b@zool.unizh.ch.  

Egg Activation of the Newt, Cynops pyrrhogaster 

An increase of intracellular Ca'-* levels triggered from fertiliz-
ing sperm can activate eggs in many groups of animals. However, 
an artificial increase of 1,4,5-trisphosphate (IP 3) levels can induce 
a transient increase of intracellular Ca 2+ levels as well. The au-
thors studied factors leading to increased intracellular Cal' levels 
in the newt, Cynops pyrrhogaster. Sperm extract was obtained 
from adult male newts and injected into adult female eggs. Intra- 

SSAR Grants-in-Herpetology 

Proposals are now being accepted for the 2002 SSAR Grants-in-Herpetology Program. This program is intended to provide 
financial support for deserving individuals or organizations involved in herpetological research, education, or conserva-
tion. Grant proposals will be considered in the following categories: 

1. CONSERVATION OF AMPHIBIANS AND/OR REPTILES. Proposals should address research (particularly conservation biology) 
on species endangered or threatened at the state, national, or international level, or address research on potentially threatened habitats or 
species, or on introduced injurious species. Proposals must be accompanied by a letter of support from another member of the SSAR or a 
student's major advisor or committee chairperson 

2. FIELD RESEARCH. Proposals may address needs for field station fees or equipment and materials in field oriented projects, or the 
field work portions of broader studies. This might include in situ behavioral studies, ecological, life history, or sexual selection studies. 
Survey work by individuals or regional societies may be submitted here or in TRAVEL below depending on how the funds are to be used. 
Proposals must be from individuals only and be accompanied by a letter of support from another member of the SSAR, the president of the 
sponsoring regional society (if applicable), or a student's major advisor or committee chairperson. 

3. LABORATORY RESEARCH. Proposals may address needs for equipment or materials in laboratory projects or laboratory portions 
of broader projects. This might include studies in behavior, biochemistry, molecular biology, biomechanics, or physiology. Proposals must 
be from individuals only and be accompanied by a letter of support from another member of the SSAR or a student's major advisor or 
committee chairperson. 

4. HERPETOLOGICAL EDUCATION. Proposals may address an educational project or start up support for an educational program 
in a zoo, museum, park, nature center, regional herpetological society, etc. The project must focus on an herpetological topic. Proposals 
must be from individuals only and be accompanied by a letter of support from the herpetological curator, the director of the facility, or the 
regional society president. 

5. TRAVEL. Proposals may address support for travel to field study sites near or far, or to utilize distant collections or facilities. If 
funding is sought to get from one place to another, proposals should be submitted in the TRAVEL category. Proposals normally submitted 
in the CONSERVATION or FIELD RESEARCH categories should be submitted here if travel funding is being sought. Proposals must be 
accompanied by a letter of support from another member of the SSAR or a student's major advisor or committee chairperson, or the 
regional society president. 

6. INTERNATIONAL. Proposals may address needs in any of the above five categories, but applicants must be from countries where 
herpetological research has historically been underfunded, and where alternative sources of financial support are scarce or nonexistent. 

7. BIBLIOGRAPHIC RESEARCH. This special category continues for 2002 thanks to a donation from Itzchak and Carolyn Gilboa. 
Proposals should address a major need to consult library or other information resources. The project must focus on a herpetological topic. 
Proposals from individuals only, accompanied by a letter of support from someone knowledgeable about the applicant and about the 
importance of the project. 

In keeping with the Society's goal of encouraging participation by the broadest possible community, preference may be given to 
individuals who might not have access to other funding sources. All applicants must be students AND members of the SSAR with the 
exception of those applying for support of regional herpetological society projects, or those applying in the international category. Mem-
bership dues must be paid (to SSAR Treasurer) no later than 31 December 2001 for proposals to be considered. Applicants are limited to 
submission of one proposal in one category per year. Past recipients of an SSAR GIH award in any category are not eligible for future 
awards. If proposals in any of the categories are not forthcoming, or judged not to be of sufficient quality, the funds in those categories may 
be transferred to other categories. Each proposal must include the following: (A) TITLE PAGE giving the title of the project, the name, 
mailing address, office and home telephone numbers and, if possible, fax number and e-mail address of the applicant. The title page 
should include a statement indicating that applicants "will comply with all applicable permit regulations, and adhere to all appropriate 
animal care guidelines in the course of conducting funded projects." (B) BACKGROUND AND OBJECTIVES of the proposed project. (C) 
METHODS of carrying out the project. (D) COMPLETE PROJECT BUDGET (regardless of whether the SSAR grant will entirely cover 
expenses). Include an explicit explanation of how an SSAR award of $500 would be applied toward the objectives of the project, and 
provide a listing of all current and pending support for the project. (E) BRIEF RESUME of the applicant or project coordinator. (F) LETTER 
OF SUPPORT. The proposal must be typed, double spaced, and must not exceed 1200 words, excluding title page, literature cited, resume, 
and budget. Applicants must indicate word count on their application. 

Applicants must designate to which of the seven categories their proposal is submitted (although the committee reserves the right to 
reassign categories). All proposals must be submitted (postmarked) no later than 31 DECEMBER 2001 to be considered. Failure to meet 
these guidelines may result in elimination of a proposal from consideration. The awards will be announced on or around 1 April 2002. 
Successful applicants are encouraged to submit the results of their research for publication in the Journal of Herpetology or Herpetological 
Review or to present their findings at the annual meeting of the SSAR. Submit proposals or questions regarding application procedures to: 
Erik R. Wild, Chair, SSAR Grants-in-Herpetology, Department of Biology, University of Wisconsin - Stevens Point, Stevens Point, Wisconsin 54481-
3897, USA. Tel. (715) 346-4269; Fax (715) 346-3624; e-mail: ewild@uwsp.edu.  
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cellular Ca' levels, Ca" waves, cyclin BI,  and BrdU incorpora-
tion into DNA was measured. Results indicated that a proteina-
ceous factor from sperm cytoplasm had the ability to activate eggs 
via a transient increase in intracellular Ca" levels. Increased lev-
els of intracellular Ca" was also caused by the injection of IP3, 
but ryanodine receptors did not cause a similar effect. It is not yet 
clear if the sperm cytoplasmic factor is the primary cause of egg 
activation in newts. 

YAMAMOTO, S., H. Y. KUBOTA, Y. YOSHIMOTO, AND Y. IwAo. 2001. Injection 
of a sperm extract triggers egg activation in the newt Cynops 

pyrrhogaster. Developmental Biology 230:89-99. 

Correspondence to: Satoshi Yamamoto, Department of Biological Sci-
ence, Faculty of Science, Yamaguchi University, 753-8512 Yamaguchi, 
Japan. 

ORIGINAL WATERCOLOR PAINTINGS 
BY DAVID M. DENNIS 

from 
Duellman's "Hylid Frogs of Middle America" 

(2001 edition by SSAR) 

SSAR is offering for sale the unique original wa-
tercolor paintings from which the color plates in 
Duellman's "Hylid Frogs of Middle America" (2001 
edition) were reproduced. These range in price 
from us $100 to $500 and are individually signed 
by the artist. 

A price list is available on request to the SSAR Pub-
lications Secretary, Dr. Robert D. Aldridge, address: 
Department of Biology, Saint Louis University, 3507 
Laclede, Room 127, Saint Louis, Missouri 63103, 
USA; e-mail: ssar@slu.edu;  fax: 314-977-3658; 
phone: 314-977-3900. 

LETTERS TO THE EDITOR 

Herpetological Review. 2001. 32(3), 151 - 152. 
0 2001 by Society for the Study of Amphibians and Reptiles 

Field Identification of Chytridiomycosis in 
Rana muscosa (Camp 1915) 

VANCE T. VREDENBURG 
and 

ADAM P. SUMMERS 
Museum of Vertebrate Zoology, University of California 

Berkeley. California 94720, USA 
e-mail (VTV): vancev@socrates.berkeley.edu  

A chytrid fungus, Batrachochytrium dendrobatidis, causes the 
deterioration of the keratinized mouthparts of tadpoles (Nichols 
et al. 2001), and has been implicated in amphibian declines in 
Australia, the Neotropics, and in Europe (Berger et al. 1998; Bosch 
et al. 2001). The fungus is widespread, and has been identified on 
six continents: Africa, South America, Central America, North 
America, Europe, and Australia (Speare and Berger 2000). In Cali-
fornia, chytrids have been identified in nine amphibian taxa (Rana 
muscosa, Rana aurora draytonii, Rana aurora aurora, Rana boylii, 
Rana catesbeiana, Bufo canorus, Hyla regilla, Spea hammondii, 
and Ambystoma macrodactylum croceum; Fellers et al., in press); 
however, it is not known whether they are the cause of population 
declines. Because the fungus grows on keratinized tadpole mouth-
parts, we believe field assessment of tadpole populations, and the 
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collection of voucher specimens, will be an important tool in de-
termining the extent and severity of chytrid infection. This should 
be particularly easy in frogs with large tadpoles such as the moun-
tain yellow-legged frog, R. muscosa (Vredenburg et al., in press). 
The symptoms of chytridiomycosis include loss of black pigment 
from jaw sheaths and tooth rows within 1-3 weeks of infection 
(Fellers et al., in press). 

The photograph above shows R. muscosa with two potential 
stages of chytridiomycosis infection b), and c) and one apparently 
uninfected animal a). The arrow indicates the lower jaw sheath in 
all three photos. Notice that a) has complete tooth rows and dark 
jaw sheaths while b) is lacking dark tooth rows and has only a thin 
dark line on the jaw sheaths. In c) the beak and tooth rows are 
completely colorless. Tadpole a) was collected in 1976 near Sonora 
Pass, Alpine County, California, USA (MVZ 137435). Tadpoles 
b), and c) were collected near Ebbetts Pass, 2 June 2001, Alpine 
County, California, USA (MVZ, not accessioned). Tadpoles b) and 
c) are being histologically analyzed. Recently, however, J. 
Longcore (pers. comm ) cultivated a Batrachochytrium fungus 
from R. muscosa in the Sierra Nevada and we expect these will 
also contain the fungus. 

We ask that any herpetologists encountering tadpoles in the Si-
erra Nevada pay careful attention to tadpole mouthparts and re-
port any occurrences to the authors (e-mail: 
vancev@socrates.berkeley.edu).  If proper permits are attained, a 
single voucher should be placed in 95% ethanol and sent to the 
primary author. We will maintain a website with information on 
the chytrid situation in the Sierra Nevada: 

<http://dlp.cs.berkeley.edu/aw/chytrid/ > 
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Scientific and Standard English Names of 
Amphibians and Reptiles of North America North 

of Mexico: Errata 

BRIAN I. CROTHER 
Department of Biology, Southeastern Louisiana University 

Hammond, Louisiana 70402, USA 

e-mail: bcrother@selu.edu  

JEFF BOUNDY 
Fur and Refuge Division, Louisiana Department of Wildlife and Fisheries 

P.O. Box 98,000, Baton Rouge, Louisiana 70898-9000, USA 

KEVIN DE QUIEROZ 
Department of Vertebrate Zoology, National Museum of Natural History 

Smithsonian Institution, Washington, DC 20560, USA 

DARREL FROST 
Department of Vertebrate Zoology, American Museum of Natural History 

Central Park West at 79th Street. New York, New York 10024-5192, USA 

This note lists corrections for the most recent list of scientific 
and standard English names of North American amphibians and 
reptiles north of Mexico (Crother et al. 2000). To avoid future 
problems, please mark these corrections on your list. 

ANURA 

p. 7: Bufo boreas boreas Baird and Girard should be dated 1852, 
not 1853. 

pp. 7-8: Bufo velatus is placed in both the synonymy of Bufo 
fowleri and as a subspecies of Bufo woodhousii. This is in error 
although the correct placement of the name is inherently contro-
versial. Sullivan, Malmos, and Given, 1996, Copeia, 1996: 274-
280, noted that nominal velatus sits within the hybrid zone of Bufo 
fowleri and Bufo woodhousii, and at this time should not be recog-
nized. 

p. 8 Bufo valliceps: Populations in the USA and northeastern 
Mexico should now be called Bufo nebulifer according to Mulcahy 
and Mendelson (2000, Mol. Phylogenet. Evol. 17:173). 

p. 10, 2nd line. Pternohyla listed twice. 

p. 15 R. sphenocephala: Change "leaving the unusual situation 
where the subspecies name utricularia has priority over the younger 
species name sphenocephala" to "leaving the unusual situation 
where the younger species name sphenocephala has nomencla-
tural priority over the older subspecies name utricularia." 

p. 15 Rana virgatipes: Change "Cryptic species are not expected" 
to "Data presented by Pytel, Herpetologica 42(3):273, suggest that 
careful evaluation for cryptic species are warranted." 

SAURIA 

p. 34 C. arizonae: Insert "Lowe" (before "op. cit.") at the end of 
the last sentence of the note. The citation should read "Wright and 
Lowe (op. cit.)." 

p. 35 C. h. beldingi: Insert a space after "Grismer" at the begin-
ning of the last sentence of the note. 
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p. 38 C. t. stejnegeri: In the last sentence, delete "endemic" after 
"C. t. multiscutatus" and insert it after "insular." The sentence 
should read: "Following Maslin and Walker (1981), we have treated 
C. t. multiscutatus (type locality: Isla Cedros, Baja California) as 
the name of an insular endemic and C. t. stejnegeri (type locality: 
Ensenada, Baja California) as the name of the subspecies occur-
ring in coastal southern California." 

p. 49 Phyllodactylus: LEAFTOED GECKOS (without a hyphen) 
should read LEAF-TOED GECKOS (with a hyphen). 

p. 53 S. a. argus: Insert "by" after "was not reported" in the note. 
The passage should read: "the subspecific identification was not 
reported by them but was given..." 

p. 54 S. n. notatus: Insert "1858" (in parentheses) after "1859" 
(not in parentheses). 

p. 54 U. microscutatus: Delete the terminal "s" in "Small-scaled 
lizards." 

SERPENTES 

p. 64 L. g. nigra: niger should be spelled nigra. 

p. 67 N. s. sipedon: Common Watersnake should read Northern 
Watersnake. 

p. 69 R. braminus: Insert "b" in front of raminus. Should be spelled 
R. braminus. 

CROCODILIA 

p. 74 Alligator: mississipiensis should be spelled with two p's: 
mississippiensis. 
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Charles Stearns Grant-in-Aid for Herpetological 
Research at the California Academy of Sciences 

The Department of Herpetology is pleased to provide lim-
ited financial aid—mostly to cover round trip transportation and 
limited per diem expenses—to graduate students who wish to 
visit our collections to support research in systematics. 

Proposals should include a short—no more than one page—
description of the research project. a budget, and a letter of 
support from the student's faculty advisor. 

Proposals are due on 15 October 2001, with notification by 
1 December 2001. Grantees are expected to complete their 
Academy visit by 15 September 2002. Please call 415-750-
7037 for further information. 

Send proposals to: Herpetology Research Grants. Depart-
ment of Herpetology, California Academy of Sciences. Golden 
Gate Park. San Francisco. California 94118-4599, USA. 

The CAS holdings are included in the Department of Herpe-
tology database: 

http://research.calacademy.org/herpetology/catalog/  

ARTICLES 

Herpetological Review, 2001. 32(3). 153- 156. 

0 2001 by Society for the Study of Amphibians and Reptiles 

New Localities and Natural History Notes on 
Bipes canaliculatus in Guerrero, Mexico 

WENDY L. HODGES 
Section of Integrative Biology, School of Biological Sciences 

University of Texas at Austin, Austin, Texas, 78712-1064, USA 

e-mail: camaleones@mail.utexas.edu  

and 

EDMUND() PEREZ-RAMOS 
Museo de Zoologia, Facultad de Ciencias, Universidad Autonoma de Mexico 

A.P. 70-399, Mexico D. E, 04510, Mexico 

e-mail: epra@hplciencias.unam.mx  

The genus Bipes consists of three species endemic to Mexico. 
Bipes canaliculatus occurs in the states of Guerrero and Michoacan, 
B. tridactylus is only known from a small coastal region of 
Guerrero, and B. biporus occurs on the Baja Peninsula (Alvarez 
1964, 1966; Flores-Villela 1993; Papenfuss 1982; Smith and Taylor 
1950). Bipes are generally found in moist, sandy soils of arroyos, 
coastal and alluvial plains of river basins, in agricultural or pastoral 
fields adjacent to rivers, or under or around bushes in sandy areas 
(Alvarez 1966; Gadow 1905; Papenfuss 1982). One account by 
Smith (1949) describes how he and E. H. Taylor found B. 
canaliculatus under large, weathered sandstone rocks characteristic 
of exposed slopes of arroyos. He suggested B. canaliculatus might 
be found more frequently under rocks after heavy rains; however, 
all other researchers have reported finding them by digging in sandy 
river soil. While the taxonomy and systematics of Bipes has been 
established (Gans 1967; Papenfuss 1982), the natural history of 
all Bipes remains poorly known despite intensive efforts by 
Papenfuss (1982). This note describes the discovery of B. 
canaliculatus in new localities and in different microhabitats than 
previous researchers. 

We searched for reptiles and amphibians by turning over large 
stones and dead trees or breaking logs apart at two localities north 
of the Rio Balsas (also known as Rio Mexcala) from 17 to 22 
November 1998. The Rio Balsas is a large river that flows through 
central Guerrero, Mexico, and separates the Sierra Madre del Sur 
from the Cordillera Volcanica. Localities where we searched and 
found B. canaliculatus were recorded using a GPS unit. One 
locality is across the Rio Balsas, north of Tlalcozotitlan, and east 
of Hueyatl (17°53'38"N, 99°07'28"W, 540-580 m). The second 
locality is Atzcala, 14 km west of the old Highway 95 crossing at 
the Rio Balsas (17°58'41"N, 99°39'50"W) and 2-3 km north of 
the river (Fig. 1). Data collected on most specimens at the instance 
of capture included date, time, habitat description, and body, air, 
and substrate temperatures (Table 1). All temperatures were 
recorded with a cloacal thermometer within 0.1°C. Twelve 
specimens were deposited in the Museo de ZoologIa Facultad de 
Ciencias (MZFC 11523-11534) and four live individuals were 
donated to the herpetarium at the Universidad Nacional Autonoma 
de Mexico (all died and were later deposited in the MZFC 
collections, MZFC 11674-11675 and MZFC 12924-12925). 
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FIG. I. Previously recorded (solid circles) and new (triangles) localities for Bipes canaliculatus. 

We collected sixteen B. canaliculatus from Guerrero. The two 
localities where we collected B. canaliculatus add to the seven 
sites where the species has been previously recorded (Fig. 1). The 
locality near Hueyatl extends the recorded range of B. canaliculatus 
approximately 35 km east. Atzcala is also a new locality but lies 
between previously known sites along the Rio Balsas. 

Seven specimens were found near Hueyatl 1-2 km north of the 
river. Five individuals were found under large rocks on gravel 
slopes, not sand. One individual was found in an old, dry, rotten 
Bursera sp. trunk, and one individual was found under an 
unidentified rotted trunk. General habitat consisted of mesquite 
covered hills separated by flat plains used for seasonal agriculture. 
Residents at this locality said they often encountered B. 
canaliculatus in their fields while plowing or working. Residents 
referred to the animals as "culebras con manitas," (snakes with 
little hands), "culebras con dos patas," (snakes with two feet), and 
"tlalcocoanetl," (a name in the Nahuatl language). 

We found nine B. canaliculatus north of Atzcala. Eight were 
found under large rocks on steep slopes, and one individual was 
found in a rotten log. The habitat on the hillsides is sparse arid 
scrub forest and relatively pristine, while the lower valleys are 
completely cultivated. The altitude of the Rio Balsas directly south 
of Atzcala is approximately 460 m, and we collected specimens 
up to 810 m in elevation. The specimen collected furthest from 
the river was located just north of the coordinates 17°59'10"N and 
99°39'59"W, which is 3-4 km north of the Rio Balsas. 

The soil immediately under rocks where we found all the B. 
canaliculatus was hard and coarse, not like the sandy soils near  

the river. Individuals had burrows 
that led to the surface of the 
ground under rocks. They 
escaped down holes once the 
rocks were lifted if they were not 
captured quickly. Once in their 
burrows, they were difficult to 
extract because well-developed 
claws on their forelegs firmly 
grasp the sides of their tunnels 
and help pull them under ground. 

We extended the known range 
of B. canaliculatus east 35 km, 
but no one has yet reported 
collecting them from the state of 
Puebla, the northeastern limits of 
the Balsas basin. While we added 
two new localities to known sites 
where B. canaliculatus occurs, 
these localities confirm previous 
suggestions that the species 
occurs throughout the Rio Balsas 
Basin (Alvarez 1966; Papenfuss 
1982; Smith and Smith 1977). 

We found B. canaliculatus in 
rocky soils and coarse gravel on 
hillsides and steep slopes over 
three kilometers away from the 
Rio Balsas. We also found them 
in rotten logs. Gadow (1905) 

considered B. canaliculatus to be "bound to sandy soils." Papenfuss 
(1982) collected the majority of his specimens by paying local 
residents to dig in the soft soils along the bank of the Rio Balsas 
and in arroyos and fields near the river. He described his study site 
at Petacalco as having sandy soil interspersed with extensive areas 
of coarse gravel, but it is not explicit whether he found them in 
coarse gravel or only in sandy areas. Smith's (1949) experience 
was similar to ours in that he found B. canaliculatus more distant 
from the river on a hillside and under rocks, but the soils were still 
described as sandy (Smith and Smith 1977). Ours is the first record 
where B. canaliculatus was found over three kilometers from the 
river in coarse gravel to rocky soils and inside old, dry, rotten 
logs. The Atzcala location is particularly interesting because 
specimens were found high on steep hills in deciduous vegetation, 
a very different habitat than previously described for the species. 
Other amphisbaenians are found commonly in upland rocky terrain 
or forested habitats (Beebe 1945; Gans 1962; Gans and Alexander 
1962: Vanzolini 1951). 

Our data suggest B. canaliculatus can also be found to a much 
greater extent during the wet season in forested habitats under 
rocks or in logs without the necessity of digging. Smith (1949) 
also suggested B. canaliculatus might be found under rocks more 
often during or after the wet season. Localities where we found B. 
canaliculatus have a distinct wet season in the summer and a 
prolonged dry season lasting five to six months (Flores-Villela 
1993). In the Summer and Fall of 1998, extremely heavy rains fell 
throughout Mexico, especially in southern states. The rains had 
subsided by November when we were collecting, but the previous 
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bod TABLE 1. Recorded Capture Data. Date, time, habitat description, and substrate (Tsubstrate)•y (Tbody) and air (T air) temperatures 
at time of capture for Bipes canaliculatus specimens. NA means Not Available: Temperatures were not recorded when handling for a 
long period of time before obtaining a good reading, or if the microhabitat was destroyed before a specimen was discovered. For 
example, rotten logs were usually completely broken apart before individuals were encountered. WLH had the thermometer; if EPR 
collected an individual when separated from WLH, temperature data were not recorded. 

Date Time Habitat Description Tbody Tsubstrate Tair  
Collected Collected ( °C) (°C) (°C) 

Site 1 
17 Nov 1998 1100 Under large rock in gravelly soil, ca. 1 km N of the river on 

small hillside, 580-600 m 
34.2 35.0 33.0 

17 Nov 1998 1709 Inside rotten Bursera, ca. 2 km N of the river on tall hillsides 32.4 29.3 31.5 
18 Nov 1998 1223 Under rock in gravel and dirt on the eastern slope of tall hillsides 

ca. 2 km from river 
NA 30.0 32.8 

18 Nov 1998 1423 Under rock in loose dirt, western slope of taller hillsides, ca. 2.25 km 
from river, 700 m 

34.8 26.0 NA 

18 Nov 1998 1730 Under a rock, 730 m NA NA NA 
19 Nov 1998 1013 In the soil under a dry rotten log on hillsides to the east, 640 m 34.4 29.8 30.6 
19 Nov 1998 1535 Under a large rock, 20 cm below the surface of the ground, 640 m 33.0 30.6 37.0 

Site 2 
20 Nov 1998 1540 Rocky hillside surrounding Atzcala, 564 m NA NA NA 
20 Nov 1998 1711 Inside a dry, old rotten log on the rocky hillsides ESE of Atzcala, 

800 m 
NA NA 28.6 

21 Nov 1998 1055 Under rock in soft dirt on brushy hillsides to the north of Atzcala 35.2 32.3 34.4 
21 Nov 1998 1618 Under a rock in soft dirt, several km north of Atzcala in woodland 32.4 27.4 28.2 
22 Nov 1998 1210 Under a rock, steep slopes, several km N of Atzcala in woodland 28.6 27.2 32.2 

(17°59'10"N, 99°39'59"W, 710 m) 
22 Nov 1998 1220 30 m from specimen above, but rock was in the sun 32.0 31.2 32.2 
22 Nov 1998 1245 +100 m N of the previous specimens, under a rock with loose soil, 

steep slopes 
32.2 29.6 32.4 

22 Nov 1998 1245 Under the same rock as above specimen 33.8 29.6 32.4 
22 Nov 1998 1345 N of previous specimens, rocky habitat, closer to the top of a 

steep hill, 810 m 
NA NA NA 

months' rain may have facilitated our finding the species in 
unknown habitats more distant from the Rio Balsas. This species, 
and perhaps all Bipes, may be much more common and widespread 
but simply not visible except during the wet season. 

In two instances, we found B. canaliculatus inside old, dry, rotten 
Bursera sp. trunks, and in one instance, an individual was found 
underneath an unidentified rotten log. These records are the first 
reports of finding B. canaliculatus inside or associated with rotten 
logs. Additionally, they were less than one meter from ant nests 
inside the same logs suggesting they may have been feeding on 
the ants, larvae, or pupae. Several Amphisbaena species have also 
been found in close association with ants (Beebe 1945; Gans 1962; 
Gans and Alexander 1962). 

Papenfuss (1982) gathered over 900 B. canaliculatus specimens 
from local residents, but only a few (N = 36) had body temperature 
and substrate temperature data or burrow characteristics where 
specimens were collected. Papenfuss recorded a mean burrow 
depth of 19.8 cm, ranging from 2.5 cm to 60 cm. All specimens 
we collected were in the soil at depths less than 20 cm, which was 
the measured depth of the largest rock under which a B. 
canaliculatus was found. Our body and substrate data agree with 
Papenfuss' data: body temperatures were significantly higher (p < 
0.004) than substrate temperatures for our collected specimens. 

We also extended thermal data over a longer daily time period 
compared to Papenfuss (1982). 

Bipes canaliculatus was rare in museums until Papenfuss (1982) 
discovered they could be collected in large numbers by digging in 
sandy banks and alluvial soils of the Rio Balsas. We discovered 
this species could also be found under rocks on steep slopes and 
hillsides out of the primary Rio Balsas channel. We also discovered 
them associated with rotten tree trunks and ant colonies, 
microhabitats previously unknown for B. canaliculatus. Increased 
understanding of this unique reptile's ecology may be acquired by 
shifting collecting efforts from digging in sandy river banks to 
searching the hillsides during the rainy seasons of southern Mexico. 
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In California, overwintering tadpoles have been reported for only 
two ranid species: Rana muscosa (mountain yellow-legged frog) 
(Stebbins 1985) and R. catesbeiana (bullfrog) (Behler and King 
1979; Leonard et al. 1993). Storer (1925) states that R. aurora 
spend 4-5 months as larvae with metamorphosis typically taking 
place between July and September. We report here our observa-
tions of Rana aurora draytonii (California red-legged frog) tad-
poles overwintering at 11 sites spread over four counties in cen-
tral coastal California. We define overwintering as spending the 
winter (November—February) in the larval stage (< Gosner stage 
40; Gosner 1960). 

One site is located in a spring-fed pool that drains into Matadero 
Creek (Santa Clara Co., 37°24', 122°10', 200 m elevation). On 
Mar 20, 1998 we caught two distinct size classes of tadpoles, five 
small individuals (approximately 30 mm TL), and two large ones 
(72 mm and 92 mm IT; Gosner stages 36 and 38 respectively). 
There was also a recently metamorphosed R. aurora (28 mm SVL). 
On Oct 15, 1999 we found a tadpole with only rudimentary hind 
limbs (Gosner 36). The pool measured 3 x 5 m and was >1.0 m 
deep. It was heavily shaded with California blackberry (Rubus 
ursinus), willow (Salix sp.), and poison oak (Toxicodendron 
diversilobum). 

On Nov 3, 1999 a 65 mm tadpole was caught at one of several 
pools along a 150 m stretch of Round Valley Creek (Contra Costa 
Co., 37°52', 121°46', 128 m elevation). The tadpole had only small 
hind limb buds (Gosner 32). On Dec 15, 1999 an additional three 
tadpoles (Gosner 36-37) were captured in the same creek, and on 
Jan 7, 2000 one Gosner stage 39 tadpole was found. The creek ran 
through an oak savannah woodland, which was seasonally grazed 
by cattle. Two of the pools were >1.0 meter deep including the 
one where the tadpole was captured. Prior observations indicate 
that tadpoles have overwintered at this site each year since 1997. 
Recent metamorphs have been found in April, much too early to 
be young of that year because eggs are typically laid at this site 
during March. During winter storms, the creek carries a substan-
tial amount of water and rises as much as a vertical meter, at least 
for short periods of time. It is not clear how R. aurora tadpoles 
survive these events. 

Four ponds in the Kellogg Creek drainage (Contra Costa Co., 
37°47', 121°43', 323 m elevation) have been observed to have R. 
aurora tadpoles during the late fall and winter for each of the last 
two years. On Nov 5, 1998, 287 tadpoles were caught at an artifi-
cial stock pond located in a heavily-grazed grassland. The tad- 
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Bufo bufo (Common Toad) tadpoles, newly 
hatched. Illustration by P. A. Benson. 

poles ranged in size from 19 to 37 mm SVL, and from 39 to 75 
mm TL. None of these tadpoles had hind limbs or hind limb buds 
(< Gosner 26). Subsequent surveys conducted at this pond dem-
onstrated that tadpoles were present well into the winter (Nov 3, 
1999 [3 tadpoles, 83-87 mm, Gosner 38-40]; Feb 8, 2000 [3 tad-
poles]; and Feb 12, 2000 [1 tadpole]). Three other ponds in the 
Kellogg Creek drainage were surveyed in early 1999 (37°48', 
121°43', 220-277 m elevation), and overwintering tadpoles were 
captured on the following dates: Jan 21 (14 tadpoles, < Gosner 
37), Feb 12 (9 tadpoles, < Gosner 37), and Mar 3 (12 tadpoles, < 
Gosner 37). All four of the ponds were located in a heavily-grazed 
grassland with no trees within 1 km. 

On Apr 6, 2000 a pond in Morgan Territory (Contra Costa Co., 
37°49', 121°48', 607 m elevation) was surveyed and found to have 
three overwintering tadpoles (Gosner 45). 

On Nov 10, 1999 three tadpoles (72 mm, Gosner stages 34-37) 
were found in a pond near Abbotts Lagoon (Marin Co., 38°7', 
122°56', 24 m elevation). The pond was 75 x 10 m, and > 1.0 m in 
depth. It was surrounded by introduced Mediterranean grasses, 
while rushes (Juncus sp.), sedges (Carex sp.), and marsh penny-
wort (Hydrocotyle verticillata) grew in or near the water. 

On Jan 16, 2000 tadpoles were seen at Guadalupe Dunes (San 
Luis Obispo Co., 34°59', 120°38', 37 m elevation) during a noc-
turnal survey. Ten overwintering tadpoles were captured that ranged 
from Gosner stage 25 to 42. All tadpoles appeared to be well nour-
ished and healthy. One additional tadpole (stage 37) was captured 
at a second, nearby pond on Jan 22, 2000. Both ponds were 35-45 
cm deep with water temperature of about 15°C. The shores of 
both ponds were heavily trampled by cattle, and the aquatic veg-
etation was browsed. These ponds were located only 400 m from 
the Pacific Ocean. 

Sixteen overwintering tadpoles (Gosner stages 25-40) were 
found at a second locality in San Luis Obispo County (35°27' 
120°55', 10 m elevation) on Jan 23, 2000. These tadpoles were in 
an arroyo about 1 km southeast of the mouth of Villa Creek, north 
of Cayucos. All the tadpoles were in a 1 x 2-m plunge-pool that 
was about 70 cm deep and shaded by a willow tree and two-meter 
high steep banks. The pool was located about 50 m from the ocean 
in a heavily-grazed grassland dominated by introduced Mediter-
ranean grasses. 

We suspect that overwintering is not common in larval R. au-
rora. We were able to find overwintering R. aurora tadpoles at 
only one of six known breeding sites in Marin County and at only 
two of seven sites in San Luis Obispo County. California's Medi-
terranean climate may influence the timing of oviposition (win-
ter) and metamorphosis (summer/fall) in R. a. draytonii. High-
flow events during winter are normal in California creeks, and 
undoubtedly provide strong selection pressure for 1) frogs to de-
lay egg-laying, and 2) larvae to complete metamorphosis before 
winter storms. Eggs laid before March in coastal creeks in San 
Luis Obispo County have been washed away by late winter storms 
(GR, pers. obs.). Similarly, tadpoles that do not metamorphose 
before early winter storms risk being lost. Hence, overwintering 
in R. a. draytonii does not appear to be highly adaptive, especially 
for populations that breed in streams. 

Overwintering in Rana a. draytonii is probably closely related 
to water temperature, an important factor in determining the rate 
of tadpole development (Altig and McDiarmid 1999). We would  

expect to encounter overwintering tadpoles most frequently in high-
altitude regions where the warm summer season is short; in aquatic 
areas with deep shade that prevents solar radiation from warming 
the water; and along the narrow coastal strip where cold ocean 
temperatures, prevailing wind, and summer fog create cool sum-
mer conditions. Unusually cool summers, as brought about by La 
Nina ocean cooling, may exacerbate local influences on summer 
temperatures. Rana a. draytonii tadpoles at all the sites described 
above were living in ponds, pools, or parts of streams that appear 
to be cooler than is typical for this species. We are currently moni-
toring temperature at several sites to evaluate whether tempera-
ture is likely to be a contributing factor. 

Our observations of overwintering R. a. draytonii tadpoles are 
important in part because this frog is Federally-listed and the US 
Fish and Wildlife Service is in the process of revising guidelines 
for conducting formal surveys. Our findings indicate that in some 
areas, surveys for both tadpoles and recent metamorphs may need 
to be conducted over a much longer period of time since the length 
of the larval period can range from 4 (Storer 1925) to 13 months 
(this study). 
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Micturition, the release of fluid from the bladder, is well known 
to occur when some species of frogs and toads are handled. Al-
though this behavior is generally considered an antipredatory tac-
tic—it presumably startles the predator and gives the potential prey 
item additional seconds to escape—there are few data supporting 
this claim (Buchanan and Taylor 1996; Duellman and Trueb 1986). 
In one of the few studies to test the advantages of micturition, 
Buchanan and Taylor (1996) found that squirrel treefrogs (Hyla 
squirella) that emptied their bladders before jumping, jumped sig-
nificantly farther than frogs that had not emptied their bladders. 
This result suggests that a function of micturition in frogs is to 
decrease the frog's weight to enable a more efficient escape. 

Micturition during handling has not been previously documented 
for salamanders. We document this behavior for the arboreal sala-
mander, Aneides lugubris (Plethodontidae). 

Nine adult A. lugubris (6 female, 3 male) were tested weekly 
for the micturition response (Set 1: 4 animals, 8 trials/animal be-
tween September and November 1996; Set 2: 4 animals, 18 trials/ 
animal between March and July 1999; 1 animal: 6 trials between 
June and July, 1999). The salamanders were collected in Alameda 
County, California, USA, and were individually housed in 18.5 x 
7.5 x 9 cm containers lined with moist paper towels. Temperature 
was maintained at I5°C with a 12:12 h light:dark cycle. Sala-
manders were fed crickets ad libitum. All applicable institutional 
animal care guidelines were followed. 

For Set 1, a micturition trial involved lifting each salamander 
out of its container and holding it over a collecting tray lined with 
plastic wrap. For maximum visibility of the vent region, animals 
were lifted vertically with the experimenter's gloved hand above 
and the fingers loosely encircling the animal. Liquid that dripped 
off the animal and potentially came from the salamander's vent 
was saved and its pH measured. A sample of water from the 
salamander's container was collected at the same time and its pH 
measured as well. Samples were collected using a micropipetter 
and stored in scintillation vials. 

For animals in Set 1, a pH test and a food coloring test were 
used to distinguish between urine and water from the salamander's 
container that may have been on the salamander but dripped off 
during handling. The pH of container water and potential urine 
samples was measured using the acid-base indicator, phenol red, 
which turns from yellow to red over the pH range of 6.6-8.0. For 
the food coloring test, green food coloring was added to the con- 

tainers of two A. lugubris three days prior to a micturition test. 
The color of the potential urine samples collected when the sala-
manders were handled was then visually compared to an equiva-
lent volume of the green container water under similar conditions 
(e.g., lighting, background). We predicted that if we were observ-
ing micturition, the color of the potential urine sample would be 
clear and not green. 

For Set 2, animals were lifted and observed for micturition as in 
Set 1, but no liquid samples were collected. We used a conserva-
tive method for scoring micturition. Liquid dripping from the ani-
mal was recorded as micturition only if it was released suddenly 
and came unambiguously from the vent region. 

Results support the hypothesis that arboreal salamanders mic-
turate when handled. From the four initial test animals (Set 1), 15 
potential micturition events were observed (liquid dripped off sala-
mander in the vent region), 13 samples were successfully collected, 
and 11 of these turned distinctly red (basic pH) when tested with 
phenol red. In contrast, all samples of water from salamander con-
tainers, collected at the same time as the potential micturition 
events, turned yellowish-red (neutral pH) when tested. Two of the 
samples collected from the salamanders did not have a basic pH 
and thus were not scored as micturition events. Each of the sala-
manders of Set 1 micturated at least twice during the 8-trial test-
ing period (average number of micturition events per salamander 
was 2.8; range 2-4). Micturition occurred a minimum of 34% of 
the time salamanders were handled (11 micturition events/32 tri-
als). The average volume of the collected samples was 154 ± 79.3 
ul (range 50-380 u1). It was not evident that any salamander mic-
turated more or less frequently at the beginning or end of the test-
ing period; the salamanders apparently did not habituate to han-
dling. 

For the food-coloring test, samples collected from the handled 
salamanders were clear compared to the green solution from the 
salamander containers. This result supports the results from the 
pH tests that the samples collected from the salamanders were not 
simply water from the salamander containers. Visual observations 
corroborate results from the pH analyses and the food coloring 
tests that both male and female A. lugubris micturate. When an 
animal is handled, occasionally there is a sudden release of liquid 
and the experimenter's hand is suddenly quite wet. 

Using our conservative estimate of scoring micturition events, 
each salamander in Set 2 micturated at least once (6% of the time; 
range 1-2) during the testing period although liquid dripped off 
the animals in the region of the vent up to 30% of the time. 

Our results show that micturition occurs under laboratory con-
ditions in A. lugubris. Each of the nine individuals tested mictur-
ated at least once in response to handling. Individuals of A. lugubris 
show this behavior in the field as well (NLS, pers. obs.). Anec-
dotal reports of micturition in other species of Aneides (A. hardii, 
NLS, pers. obs.) and in other plethodontid genera (Plethodon 
cinereus, S. Wise, pers. comm.; Pseudoeurycea, Chiropterotriton, 
G. Parra, pers. comm.) suggest that this behavior may be wide-
spread at least among terrestrial plethodontid salamanders. Addi-
tional work is necessary to demonstrate the functional significance, 
if any, of this response. Salamanders exhibit a wide variety of 
antipredatory strategies such as irritating skin secretions, running, 
writhing, biting, tail autotomy, toxin-tipped ribs, vocalizations, 
immobility, and crypsis (Arnold 1982; Brodie 1977, 1978; Brodie 
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et al. 1974; Brodie et al. 1989; Ducey and Brodie 1983; Nowak 
and Brodie 1978). Micturition is another potential strategy to in- 
clude in this diverse set of antipredatory behaviors for salamanders. 

Losing the bladder contents may be of significant consequence 
for a salamander in a water-stressed environment. Frogs that use 
their bladders to store water are better able to avoid desiccation in 
water-limited environments than frogs that do not store water 
(Feder and Burggren 1992; Ruibal 1962). Thus, under certain en-
vironmental conditions, micturition may compromise a 
salamander's survival. 

Acknowledgments.—We thank NSF (IBN 9506781 to NLS) for partial 
support, the California Department of Fish and Game for permission to 
collect A. lugubris (permit # 4755), B. Buchanan, H. Lefcort, S. Marks, 
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Coluber constrictor.—Wilson (1966) first reported C. constric-
tor in Durango in referring the Mexican specimens to C. c. oaxaca. 
The status of the one Durango specimen (juvenile, ca. 260+186 
mm) was appraised by Smith (1971) as seemingly referable to C. 
c. oaxaca, but by Greene (1983) as sharing features with other  

subspecies. 
Collection data for the Durango specimen (Field Mus. Nat. Hist. 

1503) is Coyotes, Sierra Madre, 8000 ft, obtained by Heller and 
Barber, August 1904; an attached metal tag is etched with the num-
ber 482. Smith (1939:31) noted this same museum number (FMNH 
1503) assigned to a lot of seven specimens (now FMNH 218615-
21) of Thamnophis macrostemma megalops (= T eques) with the 
same collection data. Heller and Barber did visit the Coyotes area 
of Durango and collect several specimens of other species (FMNH), 
but they also visited the states of Coahuila, Vera Cruz, Puebla, and 
Oaxaca in eastern Mexico in 1904 (Smith 1939). 

Smith (1971) cast doubt on the occurrence of Coluber constric-
tor on the Pacific slopes of Mexico. Wilson's (1978) map locali-
ties are lacking in western Mexico, except for the Coyotes, Durango 
locale. Heller and Barber's juvenile C. constrictor (FMNH 1503) 
was likely included with the specimens collected from Coyotes, 
Durango instead of with specimens from one of the aforemen-
tioned states in eastern Mexico. A substantial amount of field work 
by me and colleagues in the Coyotes area in the intervening years, 
aided by access via paved Highway 40, has not revealed addi-
tional specimens of C. constrictor. Pending the acquisition of ad-
ditional geographically pertinent specimens the occurrence of C. 
constrictor in Durango is dismissed. 

Conophis vittatus.—Wellman (1963:281, Fig. 5) mapped the 
northernmost record of C. vittatus on the Pacific coast of Mexico 
in extreme southern Durango (close to Nayarit border) based on 
Amer. Mus. Nat. Hist. specimen R14217 from "Hacienda de 
Gabriel." This one and only Durango specimen, ca. 198+56 mm 
with about 154 ventrals and 74 subcaudals (not sexed), has 7-7 
supralabials and the dark four-striped body pattern (paravertebral 
pair, and each lateral stripe on adjacent parts of third and fourth 
scale rows) of C. v. vittatus (rather than C. v. viduus, Smith 1941). 

A loose piece of paper in the specimen jar bears the handwritten 
locality of Hacienda de Gabriel, Durango, Mexico, C. Lopez, and 
the date 6-1919 (and also the AMNH number of 14217). These 
same collection data are also transcribed on the jar label (plus "Det. 
Wellman") and in the AMNH Catalog. The AMNH Accession 
Record (Number 21766) notes the Conophis specimen as part (to-
tal of 3 amphibians, 12 reptiles) of an exchange from "Mexico & 
Lower California" received from Carlos Lopez, Museo de Historia 
Natural, Mexico City, Mexico, 27 August 1919. Otherwise there 
are no field notes, field tags, or correspondence. 

The locality "Hacienda de Gabriel" cannot be found on any map 
in the general area plotted for this locality by Wellman, and no 
such locality in the general area is listed in a U.S. governmental 
gazetteer (1956). An uninvestigated possibility is that the 
placename has been changed (e.g., in Durango the old names 
Estacion Coyotes and Sombreretillo [among others] have been 
changed, respectively, to Morelos and Doce de Diciembre). Baker 
and Greer (1962:55) listed "Mt San Gabriel" and "San Gabriel" as 
unknown localities in Durango; however the mammal species as-
sociated with these placenames (Baker and Greer 1962:116, 120, 
127, 130) all live in grassland habitat in eastern Durango (Rollin 
H. Baker, in list., 11 June 1999), which is unsuitable for C. vittatus. 
There also is a San Gabriel in northern Durango just west of Villa 
Ocampo (off Highway 45), but the area is not appropriately tropi-
cal for Conophis. 

Wellman's impetus for plotting this locality in extreme south- 
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ern Durango remains unknown. Conophis vittatus is not unexpected 
in this tropical part of southern Durango, an area particularly re-
mote and not easily accessible even today. The species is known 
from Jalisco, but I am not aware of any specific, published locali-
ties in Nayarit (as noted by Zweifel 1959), and the species is not 
recorded from Sinaloa (Hardy and McDiarmid 1969). Until 
voucher specimens or other evidence can be obtained, C. vittatus 
is deleted from the Durango herpetofauna. 

Acknowledgments. — I thank Alan Resetar for courtesies rendered dur-
ing an FMNH visit, Linda Ford (AMNH) for transmitting data of acquisi-
tion anent the Conophis, and Paulino Ponce-Campos (Guadalajara, Jalisco) 
for a prolonged but unsuccessful attempt to validate the occurrence of the 
alleged locality for Conophis in Durango. 
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Perhaps the most important innovation of the fourth, 1999 edi-
tion of the International Code of Zoological Nomenclature, in the 
context of maintenance of nomenclatural stability, is the adoption  

of a revised version of the nomen oblitum concept, bolstered by 
the new concept of nomina protecta. 

The idea of providing exceptions to the Principle of Priority in 
order to maintain stability of nomenclature has been discussed in 
official, regulatory assemblages since the late 19th century. Agree-
ment on the means to achieve that end was first introduced into 
zoological nomenclatural procedures in the first, 6 November 1961 
edition of the Code, as the notorious nomen oblitum rule of Art. 
23(b). That rule was retained in the 1964 second edition, but was 
rescinded effective 1 January 1973. The term appeared only in the 
glossary of the third, 1985 edition of the Code, although its objec-
tive was reinstated in a widely overlooked Art. 79. That Article 
allowed petition to the Commission for conservation of long-used 
names threatened by discovery of earlier synonyms unused for at 
least 50 years prior to the petition, during which time the junior 
name was consistently used by at least five different authors in ten 
different publications. Under those conditions the Commission was 
empowered to suppress the earlier name in favor of the later nomen 
conservandum. 

During the 1961-1973 interval, nomina oblita were "not to be 
used unless the Commission so directs" (Art. 23(b)(ii). 

The decision to reject Art. 23(b) of the first and second editions 
of the Code was based importantly on two objections. First, an 
ancillary provision of that Article (23(b)(i)) was that any unused 
senior synonym of a junior name in use for 50 years or more was 
to be submitted to the Commission for action—an intolerable bur-
den on both the Commission and active researchers, involving 
delays of usually several years. The same objection pertained to 
the reinstated procedure of the third edition. 

Second and equally important, the frequency of usage that was 
required, first specified in the third edition, did not meet the needs 
of workers dealing with names rarely cited in spite of their accep-
tance (e.g., for many invertebrates), as opposed to many verte-
brates with far more usages of their names. 

In reviving the nomen oblitum concept in the 1999 edition of 
the Code, the first objection to the older rule was countered in Art. 
23.9.1, by permitting authors to take action themselves (Art. 
23.9.1.1) in dealing with a senior synonym or homonym unused 
as a valid name after 1899 but that (Art. 23.9.1.2) antedates a jun-
ior synonym or homonym that has been used for the taxon con-
cerned with a given frequency. That frequency is usage in at least 
25 works, by at least 10 different authors, in the immediately pre-
ceding 50 years and encompassing a span of no less than 10 years. 
The prevailing usage is to be maintained when any author pub-
lishes the existence of those conditions. 

The second objection to the former nomen oblitum rule, involv-
ing rarely cited taxa, is countered in the 1999 edition of the Code 
by the request that, where a question arises in such cases, the Com-
mission should be petitioned to act, following the protocol of Art. 
81. 

The procedure for implementation of Art. 23.9.1 is outlined in 
Art. 23.9.2, which provides that 

"An author who discovers that the conditions of 23.9.1 are 
met should cite the two names together and state explicitly 
that the younger name is valid, and that the action is taken in 
accordance with this Article; at the same time the author must 
give evidence that the conditions of Article 23.9.1.2 are met, 
and also state that, to his or her knowledge, the condition of 
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Article 23.9.1.1 applies. From the date of publication of that 
act, the younger name has precedence over the older name. 
When cited, the younger but valid name may be qualified by 
the term nomen protectum and the invalid, but older, name by 
the term nomen oblitum. In the case of subjective synonymy, 
whenever the names are not regarded as synonyms the older 
name may be used as valid." 

An exemplary application of the nomen protectum rule of the 
1999 Code is suggested by the case of Thamnophis melanogaster 
(Peters, 1864), as thoroughly discussed by Rossman et al. (1996). 
This name has been universally accepted for over a century as the 
valid name for its species, whereas Rossman et al. (1996) pointed 
out that Tropidonotus (Regina) mesomelanus Jan, 1863, beyond 
any reasonable doubt, is a subjective senior synonym of Peters' 
name, even though "it has not been used in place of the junior 
synonym melanogaster since the late-19th century." 

Ruthven (1908) and Boulenger (1893) were well aware in their 
monographic accounts that Jan's name applied to Peters' species, 
but both rejected it. They were not willing to accept Jan's very 
briefly characterized first proposal (1863) of the name, probably 
because they regarded it as insufficient—a nomen nudum. Smith 
(1942) and Smith et al. (1950) cited Jan's 1863 name, accepting it 
as nomenclaturally occupied and not a nomen nudum but, as a last 
resort to maintain nomenclatural stability, the name was catego-
rized in the latter work as a nomen dubium, of uncertain alloca-
tion, thus clearing the way for the long-accepted T melanogaster. 
As long as it was so regarded, the latter name would be regarded 
as valid. No other device at that time would have achieved the 
same end, under the Code. 

Rossman in Rossman et al.(1996:210) rejected the nomen du-
bium subterfuge, inasmuch as the number of scale rows (19), 
supralabials (8), preoculars (2), and postoculars (2) were given 
specifically for that species, and the ventral pattern was indicated 
(a midventral black line). 

Therefore, as Rossman et al. (1996) pointed out, both names 
clearly belong to the same species; Jan's name should not be re-
garded as a nomen dubium. He still did not adopt Peters' name, 
however, being unwilling to upset a long-established nomencla-
ture or to initiate the long-term process of petitioning the Com-
mission for the conservation of Jan's name. 

Fortunately, the 1999 Code provides the means to retain stabil-
ity with T melanogaster without twisting the meaning of nomina 
dubia to eliminate a change of its name at this late date to T 
mesomelanus. 

Accordingly, under Art. 23.9 of the 1999 Code, we here desig-
nate the valid name Tropidonotus melanogaster Peters, 1864, a 
nomen protectum, thereby taking precedence over Tropidonotus 
(Regina) mesomelanus Jan, 1863, a nomen oblitum in that con-
text. As stated by Rossman et al. (1996:211), Jan's name has not 
been used as valid since the late 19th century. An impressive fre-
quency of usage is indicated by 43 different articles with the name 
Thamnophis melanogaster cited in Smith and Smith (1976), and 
in 77 additional articles cited in Smith and Smith (1991). In the 
latter work 58 different authors are noted to have used the name 
within the period covered (mostly 1975-1991). As indicated in 
Uribe-Pefia et al. (1999), usage of T. melanogaster persists to the 
present time. As a nomen protectum the name could now be 
changed officially only by action of the Commission. 

Designation of T (R.) mesomelanus Jan (1863) as a nomen 
oblitum removes it from consideration in the context not only of 
T melanogaster Peters (1864) but also of any of its subspecies. 
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A variety of seemingly innocuous synthetic materials have be-
come commercially available in recent decades, and many of these 
materials have proven to be harmful to animals when used or dis-
carded in wildlife habitats, particularly marine environments (e.g., 
Gregory 1991, 1999; Laist 1997; Lucas 1992). Monofilament fish-
ing line and beverage six-pack holders have been observed to en-
tangle and kill birds and mammals (Serena 2000; pers. obs.). Plas-
tic bags and nylon fishing gear are ingested by sea turtles and can 
result in esophageal and gastrointestinal blockage and death (Fritts 
1982; Laist 1997; Lucas 1992; Starbird and Audel 2000). Light-
weight, inexpensive monofilament netting constructed of polypro-
pylene or polyethylene plastic has become widely available in re-
cent years for a variety of terrestrial and aquatic uses. A common 
application for netting is the exclusion of birds and other wildlife 
from farm fields, gardens, orchards, vineyards, aquaculture ponds, 
and water bodies containing toxic substances (e.g., Bradford et al. 
1991; Curtis et al. 1994; Fuller-Perrine and Tobin 1993; Henny et 
al. 1994; Lane and Higuchi 1998; pers. obs.). This material, often 
marketed as "bird netting," comes in a variety of square or rectan-
gular mesh sizes (13-37 mm); most of the netting we have exam-
ined is constructed of sturdy, monofilament strands (ca. 0.25 mm 
thick) that are resistant to degradation from ultraviolet light. Al-
though plastic netting has been reported as an entanglement haz-
ard to birds (Bradford et al. 1991; Fuller-Perrine and Tobin 1993; 
Twedt 1980), we know of no similar published reports involving 
reptiles. In this article we report several observations of plastic 
netting causing entanglement and injury or death of snakes in New 
Mexico, USA. 

During the summer of 1998, while providing a snake relocation 
service for residents of Placitas, Sandoval Co., one of us (MLW) 
observed four adult coachwhips (Masticophis flagellum) entangled 
in bird netting. Three of the snakes were encountered and released 
alive, and the fourth had apparently died from overheating after 
being trapped in full sunlight. Two of the live snakes (unsexed) 
were found in the same netting (Fig. 1) and were apparently trapped 
at the same time, possibly during courtship. All four snakes were 
heavily entangled, apparently due to the twisting escape behavior 
characteristic of the species (Degenhardt et al. 1996; pers. obs.), 
and had suffered lacerations from the tightly-wrapped netting 
strands. In each case the netting had been placed in yards to pro-
tect fruit trees from birds or flower gardens from cats. 

Plastic netting is also incorporated in some types of erosion con-
trol blankets, used to stabilize and revegetate barren slopes in con- 

FIG. 1. Two live adult Masticophis flagellum entangled in plastic net-
ting used to exclude birds from a fruit tree in Sandoval Co., New Mexico. 

struction and reclamation projects. Woven mats of seed-implanted 
jute or straw are layered between two sheets of netting and an-
chored to a slope (Munshower 1994). The organic ingredients of 
the blankets decompose within 1-3 years, but the plastic netting 
may persist in the environment for 4 years or longer (pers. obs.) 
and pose an entanglement hazard to wildlife. On 27 May 1998, 
one of us (TLB) encountered a dead adult male M. flagellum (162 
cm TL) entangled in discarded plastic netting at a dump site near 
Abiquiu, Rio Arriba Co. (Fig. 2). The netting strands were tightly 
wrapped around the anterior part of the snake's body and had cut 
through the ventral and lateral scales. The netting appeared to have 
been part of a straw erosion control blanket. On two different oc-
casions in summer 1997, one of us (CE) found two adult bullsnakes 
(Pituophis catenifer) that had become entangled in netting (37 x 
20 mm mesh) from an erosion control blanket at a reclaimed ore-
mill site near Pecos, San Miguel Co. Both snakes were cut loose 
and released; one appeared unharmed but the other had suffered 
lacerations from the netting strands and possibly an injured spine 
during its entrapment. The surrounding hillside was covered with 
anchored sheets of netting through which grasses had sprouted. 
We do not know how extensively erosion control blankets with 
plastic netting are used, although we have observed similar "net-
ted" hillsides associated with roadside revegetation projects 
throughout northern New Mexico. Use of plastic netting for this 
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application is not necessary, however, as many netting-free vari-
eties of these products are presently marketed. In recognition of 
netting's potential adverse effect on some species, a manufacturer 
of erosion control blankets in the United Kingdom recently adver-
tised that its product is made purely of natural fibers and "does not 
rely on ecologically undesirable plastic netting (which presents a 
snagging risk to wildlife)" (Hy-Tex [UK] Limited, in lift.). 

We believe that plastic netting with greater mesh sizes (e.g., 
37 x 20 mm mesh, such as observed at the Pecos site) may be 
most hazardous to snakes because it allows large, heavy-bodied 
individuals with rough scales to become snagged and entangled 
when crawling between the strands. Large climbing species, such 
as whipsnakes (Masticophis spp.), may also encounter netting more 
often when it is used to exclude birds from trees and shrubs. Small 
snakes may not have a similar risk of entanglement in netting, 
even when the mesh size is small, due to their lighter body weight 
and smoother scales. Large snakes also may be more prone to 
entanglement in other man-made net-like materials. Campbell 
(1950) reported the entanglement of two "average sized" western 
diamondback rattlesnakes (Crotalus atrox) which became wedged 
in 1-inch (25-mm) mesh poultry ("chicken wire") fencing used in 
an outdoor quail pen in New Mexico. Similarly, a C. atrox and a P 
catenifer were found entangled in poultry fencing in Arizona (E. 
Nowak, pers. comm.). Poultry fencing has been extensively used 
for many purposes for decades, and is still more widely available 
than plastic netting. However, we believe netting poses a greater 
entanglement hazard in most situations because of its durable, thin 
strands, its flexibility, and its placement on the ground or over 
vegetation where snakes are likely to encounter it. 

Our observation that plastic netting is a hazard to reptiles is not 
unique. In 1999, we inquired via electronic mail if other herpe-
tologists had observed reptiles entangled in bird netting or similar 
materials. Our inquiry yielded several responses describing snake 
entanglement, including observations of racers (Coluber constric-
tor) and ratsnakes (Elaphe obsoleta) injured or killed in vertically-
hung netting in Maryland (F. Gould, pers. comm.); kingsnakes 
(Lampropeltis getula), E. obsoleta, and M. flagellum entangled 
and sometimes killed in netting used to exclude snakes from blue-
bird nest boxes in Texas (N. Ford, pers. comm.); and a C. atrox 
entangled and severely injured in netting at an Arizona home (E. 

FIG. 2. A dead adult Masticophis flagellum entangled in plastic netting 
from an erosion control blanket in Rio Arriba Co., New Mexico. 

Nowak, pers. comm.). In addition to snakes, specimens of desert 
spiny lizards (Sceloporus magister) were found entangled and 
killed in netting used to exclude birds from a brick-lined spring in 
Nevada (A. Heindl, pers. comm.). One respondent noted that this 
material has been effectively and safely used to capture snakes in 
Australia, provided that the netting snare is visited frequently (P. 
Mirtschin, pers. comm.). Plastic netting has also been used in wa-
ter as a snare for semi-aquatic snakes (Lutterschmidt and Schaefer 
1996). 

The widespread use of plastic netting and the number of docu-
mented incidents of snake entanglement, injury, and death war-
rants examination of its impact on reptile populations and other 
wildlife. An alarming characteristic of this material is its resis-
tance to degradation, which allows it to persist for years in the 
environment as an entanglement hazard, even when discarded. 
Fuller-Perrine and Tobin (1993) noted that stiff plastic netting poses 
less of an entanglement hazard to birds than the more flexible va-
rieties on the market; it is likely, therefore, that some forms of 
netting may be relatively "wildlife safe." We encourage other in-
dividuals who encounter animals entangled in plastic netting to 
document the circumstances (i.e., the species, size, and condition 
of the victim; and the variety, application, and mesh size of the 
netting) and to inform the manufacturers and users of netting of 
its potential hazard to wildlife. 
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Crocodylus acutus is widely distributed along both the Pacific 
and Caribbean coastlines of Central America, it has a circum-Car-
ibbean island distribution, and its range extends east along the 
Caribbean coast of South America to the Orinoco Delta, and south 
along the Pacific Coast of South America into northern Peru, in-
cluding some rivers in Colombia (Ernst et al. 1999). It inhabits 
primarily brackish water habitats, many of which have become 
heavily impacted by human efforts directed at insect control and 
coastal development. As a result, C. acutus have become extir-
pated from many historical localities and the species is currently 
considered vulnerable and monitored by CITES. In general, sur-
vey data for C. acutus are of poor quality, anecdotal, and patchy 
(Ernst et al. 1999). 

Ernst et al. (1999) indicate the presence of C. acutus on the Bay 
Islands of Utila and Roatan off the northwestern coast of Hondu- 

FIG. I. Map of the eastern end of Isla Roatan, indicating crocodile 
sightings during 1999 (open circle) and 2000 (closed circles). Crawfish 
Rock is approximately identified by the open circle.  

ras, but not on the easternmost island, Guanaja. The distributional 
information for the Islas de la Bahia in Ernst et al. (1999) was 
extracted exclusively from the seminal paper by Wilson and Hahn 
(1973) on the Bay Island herpetofauna (C. H. Ernst, pers. comm.), 
whose records were based on only three specimens, two from Utila 
(without further locality data) deposited in the United States Na-
tional Museum of Natural History, and one from "near Roatan" in 
the Field Museum of Natural History. Other species lists of the 
Honduran herpetofauna (Meyer and Wilson 1973, Wilson 1983, 
Wilson and McCranie 1994) and the recent paper by Kohler (1998) 
provide no further information on the status of C. acutus on Roatan 
or the other Bay Islands. Based on the limited available informa-
tion and on local anecdotes, Wilson and Hahn (1973) considered 
crocodiles to most likely have been extirpated on Utila and 
Guanaja, with the caveat that remote parts of Utila and Roatan 
might harbor small populations. Scientists conducting marine re-
search in the Bay Islands through the Roatan Institute for Marine 
Sciences considered observations of crocodiles near Roatan and 
on Utila to be examples of strays from the well-known popula-
tions in the area of the Honduran coastal city of La Ceiba (Jenni-
fer Keck, pers. comm.). 

As part of our annual La Sierra University tropical biology field 
course we investigated the presence of crocodiles on Roatan, a 
plan fueled by the display of a small, dried crocodile (estimated 
SVL 60 cm, no collection data) in one of our accommodations. 
Our surveys were conducted in two attempts, the first (July 1999) 
involving a land-based search using information from local fish-
ermen, the second (July 2000) taking into account habitat needs 
and behavior patterns of the species as well as the suggestion of 
Wilson and Hahn (1973) to search the undisturbed mangrove 
swamp at Roatan's eastern end. 

Anecdotal information regarding crocodile sightings was easily 
obtained during our questioning of locals in July 1999, although 
exact locality data were usually unavailable. A fisherman from 
Crawfish Rock on the north coast of Roatin (Fig. 1) told of a speci-
men of approximately 1 m in length in a small brackish embayment 
ca. 500 m east of the village square that had been captured in 1998 
by digging it out of its burrow. He informed us that another, larger 
crocodile was still in residence at that locality. The entrance to the 
burrow was on the south-facing side of a shallow estuary and was 
clearly identifiable by tail-drag markings in the sandy substrate. 
Looking into the burrow with flashlights revealed a large (esti-
mated total length 200 cm) C. acutus. Our attempt to dislodge the 
animal from its burrow by digging or by capture with nets failed, 
though we experienced two unexpected encounters with a large 
snout and teeth in the process. Since we were unable to document 
the presence of crocodiles via specimen capture and photography, 
we resolved to take a different approach during the summer of 
2000. Upon our return in July 2000 we were informed that the 
same crocodile we disturbed the previous year was still inhabiting 
the same burrow. 

During our second attempt, we worked from a boat in the man-
grove area at the extreme eastern end of Roatan (Fig. 1). Based on 
general activity patterns for crocodilians reported in the literature 
(e.g., Grenard 1991) and observations made by local fishermen, 
we opted to conduct an evening survey of the southern mangrove 
shoreline east of Old Port Royal and the north—south mangrove 
channel (Fig. 1) using flashlights and a halogen-enhanced search 
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Flo. 2. (Upper) The authors hold an adult female Crocodylus acutus 
(total length 206 cm) from the extensive mangrove swamps at the eastern 
end of Isla Roatan, Honduras. (Lower) Hatchling C. acutus from the same 
locality as the adult female. The hatchling had clearly visible umbilical 
scars and was found sitting on a mangrove branch with siblings visible 
within 1-5 m distances. 

light. We encountered three individuals in the mangrove channel 
between approximately 1930 and 2100 h, of which one was ob-
served in its entirety as it rested submerged in a narrow, shallow 
side channel, from which it subsequently escaped beneath the boat. 
In a larger side channel near New Port Royal we discovered at 
least seven hatchlings and an attendant adult female (total length 
206 cm; Fig. 2), which was captured and released. 

Based on these observations, we can conclude that Isla Roatan 
is inhabited by a viable, reproductively active population of 
Crocodylus acutus and does not merely harbor occasional main-
land strays. Furthermore, our preliminary observations lead us to 
believe that any mangrove habitat on Roatan is potential habitat 
for these animals, and that future surveys will show a continuous 
coastal distribution for crocodiles in Roatan waters. 

Anecdotal information regarding the presence of crocodiles on 
Guanaja indicate that on that island, just as on Roatan, a healthy 
breeding population existed prior to 1998. This is contrary to the 
information provided by Wilson and Hahn (1973), who reported 
that crocodiles had not been seen "for many years." At the time of 
their report, however, the human population of Guanaja was much 
less mobile and therefore less able to make observations on an 
island with a then poorly developed infrastructure. The island was 
heavily impacted by Hurricane Mitch in October 1998. During 
this devastating storm almost all mangrove habitats on Guanaja 
were destroyed, and only remnant mangrove patches in the north-
east of the island may now be available as crocodile habitat. While 
we have no firm data to verify the presence of C. acutus on Guanaja 
at the time of this writing, we fully expect to obtain confirmation 
during future installments of our field course. 
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Bone growth is known to be a cyclical phenomenon in many 
amphibians and reptiles, particularly in those that inhabit geo-
graphical areas experiencing marked annual temperature fluctua-
tions (Castanet and Smirina 1990; Esteban et al. 1996; Hemelaar 
1981; Smirina 1994; Wake and Castanet 1995). Furthermore, this 
cyclicity in osteogenesis results in formation of growth marks in 
bones which are used as indices for the process of aging (Smirina 
1994). The validity and the reliability of the use of bone growth 
marks in estimating the age and longevity of amphibians have 
been reviewed thoroughly (Castanet and Smirina 1990; Esteban 
et al. 1996; Smirina 1994). Experimental studies have confirmed 
that the formation of these growth marks is annual in temperate 
amphibians (Hemelaar 1981; Hemelaar and van Gelder 1980; 
Tejedo et al. 1997). By enumerating bone growth marks in either 
the phalanges or long bones of limbs, age has been estimated for a 
number of temperate zone amphibians (references in Castanet and 
Smirina 1990; Castanet et al. 1996; Esteban et al. 1996; Smirina 
1994). Whether similar growth marks also occur in the bones of 
amphibian species inhabiting areas with less marked annual tem- 
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Fin. 1. Cross sections of (A) phalanx of R maculatus,(B) phalanx of B. melanostictus, (C) phalanx 
of R. tigrina (scale line = 200 gm) and (D) femur of M. ornata. Scale lines = 100 gm. Arrows indicate 
lines of arrested growth (LAGs). (Abbreviations: MC = marrow cavity; E = endosteal layer; P = peri-
osteal layer). 

perature fluctuations, such as the tropics, is not known (Esteban et 
al. 1996). In the present study we attempted to detect the presence 
of growth marks using skeletochronology in four species of anurans 
inhabiting Dharwad (15°17'N, 75°3'E) from southern India where 
annual variation in mean temperature does not normally exceed 
10°C. 

Specimens of Rana tigrina (SVL = 9-17 cm; N = 40), 
Polypedates maculatus (SVL = 3-6 cm; N = 8), Bufo melanostictus 
(SVL = 5-11 cm; N = 50), and Microhyla ornata (SVL = 1.5-2.5 
cm; N = 40) were collected from areas surrounding Dharwad be-
tween June and December 1997. Following capture, the animals 
were taken to the laboratory where body weight (g) and body size 
(cm) were recorded. The fourth (longest) toe was removed from 
both the hind limbs under mild ether anesthesia and fixed in 10% 
formalin; however, specimens of M. ornata were too small so fe-
murs were used for skeletochronology instead of phalanges. Dig-
its/femurs were washed in water for 1-2 h and demineralized in 
5% nitric acid. They were washed overnight in water to remove 
traces of formalin and nitric acid, and then preserved in 70% alco-
hol before processing for paraffin embedding. The sections (8 p.m 
thick) of distal phalanx/femur were cut on an ordinary microtome 
and stained with Harris hematoxylin (Pancharatna et al. 2000). 
The sections were observed under a compound microscope for 
the presence of growth rings, which were enumerated when present. 

The hematoxylin stained cross sec-
tions of the phalanges/femurs showed 
a central bone marrow cavity sur-
rounded by an inner narrow endosteal 
layer and outer relatively broader pe-
riosteal bone layer (Fig. 1). In the pe-
riosteal layer we observed a series of 
thin darkly-stained chromophilic lines 
separated by wider light purple rings 
with sparsely distributed osteocytes; 
the former were interpreted as lines of 
arrested growth (LAGs) and the latter 
as growth rings (Figs. 1 A–D). In the 
phalanges of P. maculatus, 1-3 LAGs 
were observed located at the periph-
ery close to each other (Fig. IA); body 
size and number of LAGs showed a 
high degree of correlation (r = 0.86). 
But, in B. melanostictus (Fig. 1B), 
LAGs (1-4) were faintly stained and 
distributed equidistantly; there was a 
good correlation (r = 0.75) between 
body size and LAGs. One to five 
LAGs were observed in the phalanges 
of R. tigrina, their distribution was as 
in P maculatus (Fig 1C); the number 
of LAGs correlated with the body size 
(r = 0.84). In the femurs of M. ornata, 
1-4 LAGs were observed that were 
darkly stained, distinct and located 
equidistantly (Fig. I D); body size and 
number of LAGs were correlated (r = 
0.74). 

Although it is known that the 
formation of bone growth marks in temperate anurans is a result 
of annual temperature fluctuations, the presence of similar growth 
marks is also reported in the limb bones of Rana perezi inhabiting 
the warm temperate climate of the Mediterranean region, which 
does not experience marked winter or summer inactive periods 
(Esteban et al. 1996). The recent study of Pancharatna et al. (2000) 
also reveals the presence of LAGs in the phalanges and limb bones 
of the Indian skipper frog, Rana cyanophlyctis. The results of the 
present study demonstrate that growth marks comparable to those 
found in temperate amphibians are detectable in the cross sections 
of limb bones/phalanges of four species of tropical anurans. The 
fact that all these anurans exhibit seasonal variation in body mass, 
fat body mass, gametogenic and breeding activity (Kanamadi and 
Hiremath 1993; Kanamadi and Jirankali 1991; Kanamadi et al. 
1989; Pramoda and Saidapur 1984) suggests that bone growth may 
be a cyclical phenomenon leading to the formation of LAGs. 
Further, the positive correlation between body mass and LAGs of 
these anurans indicates that larger individuals have experienced a 
greater number of growth cycles and therefore may be older. 
Further study is required to determine whether growth cycles are 
strictly annual, and if growth marks can be treated as year rings. 
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FIG. I. Target tree with barrier attached. 
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The Department of Herpetology is pleased to provide limited fi-
nancial aid—mostly to cover round-trip transportation and limited 
per diem expenses—to researchers who wish to visit our collec-
tions to support their work in chelonian biology. Preference will be 
given to graduate students. 

Proposals should include a short, one page description of the 
research project and a budget. In the case of graduate students, a 
letter of support from the student's faculty advisor is required. 

Proposals are due on 15 October 2001; notification will be made 
by 1 December 2001. Awardees are expected to complete their 
Academy visit by 15 September 2002. Please call (415) 750-7039 
for further information. 

Proposals should be sent to: Herpetology Research Grants, De-
partment of Herpetology, California Academy of Sciences, Golden 
Gate Park, San Francisco, California 94118-4599, USA. 

The CAS chelonian holdings are included in the Department of 
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Although many ingenious methods for catching arboreal liz-
ards have been described (e.g., Durtsche 1996; Zani and Vitt 1995) 
none has proved suitable for large cryptic species such as Varanus 
olivaceus, a partly frugivorous monitor lizard from the Philippines. 
The animals are not attracted to carrion, leading Auffenberg (1988) 
to suggest that they could only be caught with the use of dogs. 
However, his results suggest a mortality rate of over 50% using 
this method which is unacceptable for a fully protected and threat-
ened species. To facilitate future studies of the lizard, methods of 
capture that could be used repeatedly without significant risk to 
the animals were assessed around Sibulan Watershed Reserve on 
Polillo Island, Quezon Province, during July and August 1999. 
One successful method is the trap described below, which war-
rants further attention as a potentially useful tool for non-destruc-
tive studies of V olivaceus and other shy arboreal lizards. 

The "Mangmaty trap" is based on a traditional trigger-sprung 
trap used widely in the Philippines. Materials required are rope or 
vines, a 150-cm length of parachute cord with a running noose 
tied at one end ("noose 
string"), a "loop" 30 
cm x 16 cm (or of a di-
ameter sufficient to ad-
mit the target animal) 
made of flexible 
branches or vines and 
two 5-cm diameter 
wooden sticks; 30 cm 
("trigger stick") and 4 
cm ("short stick") long. 
A target tree is selected 
and rope or vines tied 
round the trunk to 
which a wall of vegeta-
tion is attached, block-
ing off all but a 30 cm 
passage on the side of 
the upward slope (Fig. 
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Tensioned branch 

Noose 

FIG. 2. Trigger mechanism for tree trap. 

1). The loop is put over this route, attached to the trunk by wedg-
ing it into the ropes or vines that are wrapped around the tree. The 
noose and trigger mechanism is attached as shown in Fig. 2. The 
noose string is tied to the 4 cm stick at the base of the fully ex-
tended noose and the end tied to a firmly anchored tensioned 
branch. The short stick is wedged under the loop with the trigger 

FIG. 3. Tree trap showing angle of loop. 

stick. Any corner which the lizard could slip through is blocked 
with another small stick that rests on the trigger and support. An 
animal passing through the loop and putting pressure on the trig-
ger stick will cause the small rod to come free, tightening the noose. 
Setting the loop at an angle on the trunk (Fig. 3) greatly increases 
the sensitivity of the trap and ensures that the noose closes around 
the torso rather than the neck. The tensioned branch to which the 
noose string is tied is bent only enough to ensure the noose is 
pulled tight, not to pull the animal off the tree. The illustrations 
show a trap designed to catch animals descending the trunk. By 
setting the trap upside down, ascending animals can be targeted, 
or two traps set per tree. Spool and line tracking of V olivaceus 
indicated that they usually climb and descend trees on the side 

facing the higher slope of the ground (Fig. 1). Setting traps on this 
side of the trunk may therefore increase the likelihood of capture. 
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Many ecological and behavioral studies depend on effective 
marking techniques to follow the response of individuals or unique 
cohorts of animals. Although techniques such as toe-clipping, tag-
ging with waistbands, branding, or injection of dyes can be effec-
tive for larger-bodied amphibians, especially adults (Donnelly et 
al. 1992), the marking of small and delicate amphibian larvae has 
long been problematic. Attempts to solve this problem have led to 
a number of different techniques, including tail notching (Turner 
1960), tail tags (Rice et al. 1998), injecting or spraying of dyes 
(Anholt et al. 1998; Seale and Boraas 1974; Taylor and Deegan 
1982), and staining (Guttman and Creasey 1973; Herreid and 
Kinney 1966; Travis 1981). Although several of these techniques 
work well (e.g., Anholt et al. 1998), others may be too labor-in-
tensive for marking large numbers of tadpoles (Rice et al. 1998) 
or have not been well-evaluated for detrimental effects (e.g., 
Guttman and Creasey 1973; Taylor and Deegan 1982; but see 
Travis 1981). In the process of conducting experiments on habitat 
selection and predator avoidance behavior of anuran tadpoles, we 
refined the basic technique of using neutral red stain as described 
by Guttman and Creasey (1973). Here we report the results of an 
experiment to determine whether the concentration of stain or the 
immersion time is most important in producing clearly marked 
tadpoles, and for distinguishing marked from unmarked tadpoles 
in laboratory aquaria. In addition, we wanted to find a concentra-
tion of stain that was effective in marking tadpoles but that did not 
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Hours after staining 

FIG. 1. The number of tadpoles stained at three concentrations that are 
distinguishable from unstained control tadpoles over time. Each data point 
represents the cumulative total from three containers of 5 tadpoles each. 

compromise their survival (i.e., 8.7% mortality reported by 
Guttman and Creasey 1973) and minimized effects on growth 
(Travis 1981). 

We manipulated the concentration of neutral red stain (source 
Chroma-Gesellschaft, Schmid GmbH & Co., Germany) using the 
lowest concentration (0.002%) reported by Guttman and Creasey 
(1973) plus two lower concentrations (0.0008%, 0.00125%; the 
latter was also used by Travis 1981). These solutions were pre-
pared by mixing appropriate amounts of powdered stain in dechlo-
rinated tap water just prior to use. At the same time, we manipu-
lated the immersion time of tadpoles in the stain (1, 2, and 3 hours). 
Five tadpoles of Rana temporaria (Gosner stages 28-30, approx. 
100 mg) were stained in each of the 9 treatment combinations. 
Within a few hours of staining, the five stained tadpoles were placed 
into white plastic dishpans containing 3 L of clean, aged tapwater 
along with five unstained tadpoles from the same cohort. Every 
12 hours, we counted the number of stained tadpoles of each treat-
ment which we could distinguish from the unstained tadpoles by 
the naked eye and without handling. 

Stained tadpoles appeared reddish-brown in color over their 
whole body (tail fins appeared brighter red than the body) relative 
to control tadpoles under standard laboratory lighting. These tad-
poles were sluggish immediately following immersion in the stain 
but resumed normal activity within 10 minutes. No mortality was 
observed in any test tadpoles. Staining was highly effective at all 
concentrations for approximately 50 hours, then gradually faded 
to background levels after 130-140 hours (Fig. 1). The three con-
centrations of neutral red exhibited similar patterns of fading 
(ANOVA; P > 0.05), indicating that the lowest concentration was 
just as effective as the highest concentration. However, immer-
sion time did have an effect on stain persistence (Fig. 2). Longer 
immersion time resulted in tadpoles retaining color longer than 
tadpoles exposed to short immersion times (ANOVA; P < 0.05; 

Fig. 2). Although all immersion times resulted in tadpoles being 
highly distinguishable after 40-50 hours, the longest immersion 
time (3 hours) resulted in effective marking for 130-140 hours 
whereas the shortest immersion time (1 hour) resulted in com-
plete fading after just 90 hours (Fig. 2). There was no interaction 
effect of concentration and immersion time (ANOVA; P > 0.05). 

Our experiment indicated that increasing immersion time was 
the safest and most effective method for increasing stain persis-
tence time. We avoided using the higher concentrations reported 
in the literature because our experience has indicated that some 
mortality can occur at the highest levels (Guttman and Creasey 
1973; Travis 1981). Based on these findings, we began using the 
lowest concentration of neutral red (0.0008%; 8.0 mg per liter of 
water) in combination with a 2 or 3 hour immersion period for 
tadpoles in subsequent experiments. To control for any unknown 
confounding effects that the stain might have on tadpoles in these 
studies, we observed one stained species cohort and one unstained 
species cohort at a time and then alternated the stained species 
with each subsequent replicate observation. We have used these 
procedures repeatedly and successfully on four species, Rana 
temporaria, R. lessonae, R. ridibunda, and R. esculenta in short-
term studies ranging from feeding behavior to predator avoidance 
(e.g., Rist et al. 1997). However, we recognize the potential for 
interspecific variation in stain retention or harmful effects, thereby 
suggesting that plans for extensive use of neutral red might in-
clude preliminary tests of effectiveness. 

Since our experiment we have found that Waldman (1981, 1982, 
1984) used neutral red effectively on Rana sylvatica and Bufo 
americanus tadpoles at even lower concentrations (0.00025% aque-
ous solution) with longer immersion times (12 hours) for 5-30 
days post-staining. Waldman (1981, 1982, 1984) also used meth-
ylene blue (0.00025% aqueous solution with a 12 hour immersion 
time) and reported it to be effective on R. sylvatica and B. 
americanus tadpoles up to four weeks post-staining. 

Hours after staining 

FIG. 2. The number of tadpoles stained at three immersion times that 
are distinguishable from unstained control tadpoles over time. Each data 
point represents the cumulative total from three containers of 5 tadpoles 
each. 

Herpetological Review 32(3), 2001 	 169 



Because of neutral red's limited utility in multi-group competi-
tion or predation studies, it would be desirable to find other equally 
suitable stains that would expand the range of colors available and 
the range of studies possible. Nevertheless, by itself, the neutral 
red staining technique described here is highly efficient and safe 
for short-term observations because of the ease of marking large 
numbers of individuals at one time. 
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Accurately determining prey selection and foraging events is 
essential for a complete understanding of predator foraging ecol-
ogy and their impact on prey communities. Obtaining such infor-
mation from snakes can be exceedingly difficult due to their se-
cretive nature. Generally, diet information is obtained through 
documented observations or stomach/scat analysis (e.g., 
McCartney 1989; Reinert et al. 1984; Uhler et al. 1939). Addi-
tional methods, such as forced regurgitation (e.g., Diller and 
Johnson 1988; Fitch 1987; Kephart and Arnold 1982) identify prey 
items, but this approach may disturb the snake's normal behavior. 
This paper presents the results of an effort to use Passive Inte-
grated Transponders (PIT tags) as a means of positively determin-
ing foraging success and to obtain detailed information on prey 
selection by free-ranging timber rattlesnakes (Crotalus horridus). 

PIT tags are small, glass encapsulated microchip transponders 
that can be easily inserted subdermally, and positively identify 
individuals through the use of an external PIT tag reader (Ball et 
al. 1991). PIT tags are energized by the external reader, require no 
battery, have unique tag numbers, and an indefinite life span. When 
implanted subcutaneously in ingested prey, PIT tags can be easily 
read through the body of a snake (MacGregor, unpubl. data). This 
allows for the determination of a successful foraging event and 
the precise identification of the ingested prey without handling or 
disturbing the snake. 

As part of a long-term ecological study in the Pine Barrens of 
Ocean County, New Jersey (USA), 12 C. horridus (8 males, 4 
females) were surgically implanted with AVM SM I radio-trans-
mitters (Reinert 1992; Reinert and Cundall 1982). Snakes were 
located with an AVM Instrument Company LA- 12 receiver every 
24-48 hours. While monitoring the rattlesnakes, Sherman live traps 
(58.9 cm x 22.8 cm x 19 cm) were used to capture small mam-
mals. Trapping and tagging of prey occurred in 2 phases. Phase 1 
involved trapping at known foraging areas, identified through pre-
vious radio-tracking efforts. Twelve grids with 36 traps each were 
operated for 7 consecutive nights between 15 May and 1 June 
1998. All Phase 1 trapping was done prior to the snakes' arrival to 
the foraging areas. Phase 2 involved trapping with snakes during 
their active season. Phase 2 was a modified version of King and 
Duvall (1990), and consisted of 6 traps placed at 5 m intervals in a 
hexagonal pattern with the snake as the central point. Each time 
the snake moved, the traps were also moved, and reset in the same 
hexagonal pattern at the new snake location. Captured small mam- 
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mals were identified to species, aged, sexed, weighed and im-
planted with a 14 mm PIT tag (AVID MUSICC ChipTM Identifica-
tion system #2023) following Ball et al. (1991). An external PIT 
tag reader (AVID PIT tag reader, model #052563 from AVID, 
Norco, California 91760-9972) was modified with an extension 
handle that allowed snakes to be scanned safely without distur-
bance. Snakes were scanned for the presence of PIT-tagged prey 
whenever a foraging event occurred or was suspected. 

A total of 114 white-footed mice, Peromyscus leucopus were 
captured between May 1997 and August 1998; 82 were implanted 
with PIT tags. The average mass of all trapped mice was 20.6 g 
(S.E.= 0.46, N = 114). The PIT tag sample consisted of 56 males 
and 26 females of which 65 were adults and 17 were sub-adults. 
Six rattlesnakes consumed a combined total of seven PIT tagged 
mice. Although all rattlesnakes were observed feeding in at least 
one of the pre-trapped foraging grids, only one rattlesnake ate a 
tagged mouse while in the pre-trapped foraging grid. The major-
ity of tagged mice were consumed while trapping with individual 
snakes. A young male rattlesnake ate a mouse that was PIT tagged 
during trapping efforts associated with a different snake. All seven 
mice consumed were male. The average mass of consumed mice 
was 23.4 g (SE = 1.70, N = 7). The tagged animals were eaten 
between 2 and 40 days after tagging. In addition, two mice per-
ished during trapping efforts. These mice were implanted with 
PIT tags and subsequently offered, and eaten, by two snakes. The 
average rate of digestion (ingestion to defecation) was 15.4 days 
(SE = 0.80, N = 9). Eleven rattlesnakes consumed prey (as deter-
mined by visible food boli) while in one of the pre-trapped forag-
ing grids; however, none of that prey had been PIT tagged. Analy-
sis of scat from one of these snakes indicated that it had eaten a 
red-backed vole (Clethrionomys gapperi). 

These results suggest that snake foraging studies can benefit 
from the use of PIT tags. PIT tags provided information on spe-
cies, sex, and mass of consumed prey as well as the rate of com-
plete digestion. In the present study, all consumed tagged mice 
were male despite the fact that trap efforts suggested that approxi-
mately one-third should have been females. Statistically, the aver-
age mass of consumed mice did not differ from the average mass 
of all available prey items (One-way ANOVA F(05) (1.112) = 2.3, P = 
0.13); however, consumed prey were among the heavier animals 
in the sampled population. Information on mass, age, and sex of 
prey items can be important in understanding selective pressures 
on prey. Certain individuals or types of prey may exhibit a behav-
ioral or sociochemical susceptibility to predation (Gehlbach et al. 
1971; Madison 1978; Reinert et al. 1984). For example, Madison 
(1978) found that black rat snakes (Elaphe obsoleta) and racers 
(Coluber constrictor) did not show sexual preference for meadow 
voles (Microtus pennsylvanicus); however, there was a non-ran-
dom selection for lactating females and their litters, as well as 
heavy-bodied males. Female voles have a strong maternal nature 
and as a result, may remain with young when intruders are present 
(Madison 1978). This behavior, as well as the probable high activ-
ity levels and reproductive activity of large males, may account 
for their higher predation risk (Madison 1978). Diet studies of this 
nature are limiting; however, PIT tags could easily provide the 
necessary detailed information to understand the degree of prey 
selection. 

The use of PIT tags, as described here, may be particularly in- 

formative for species that reliably revisit foraging sites during a 
single active season, or when the interest in foraging activities is 
restricted to a specific area (Fitch 1982; Kephart and Arnold 1982; 
Nelson and Gregory 2000). In most cases, vertebrate prey can be 
easily implanted with PIT tags, particularly when prey monitor-
ing is part of the study (Diller and Johnson 1988; Galligan and 
Dunson 1979; King and Duvall 1990; Madison 1978; Reynolds 
and Scott 1982). In this study, the use of PIT tags was most suc-
cessful while trapping with active individuals; however, such con-
stant activity can be disruptive to normal snake behavior. Although 
foraging areas (Phase 1 trap sites) were accurately identified, adult 
rattlesnakes typically visited these sites only once each season 
(Reinert and Zappalorti 1988). Accordingly, the seasonal pattern 
of movement by C. horridus makes them a less than ideal candi-
date for PIT-tag foraging studies when prey monitoring is per-
formed ahead of time. 

Implanting PIT tags in prey prior to a snake's arrival to an area 
allows predators to forage naturally. Snakes can be scanned for 
ingested PIT-tagged prey with minimal or no disturbance and re-
searchers can obtain reliable and detailed data on prey. The result-
ant information can increase our understanding of ophidian prey 
preference and its influence on prey, snake foraging ecology, and 
the interaction between predator and prey. 
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Identification of individuals within a population is necessary 
for most behavioral and ecological studies of wild animals. For 
long lived animals, such as turtles, the ability to recognize and 
follow individuals over time provides critical information on as-
pects such as growth, survivorship, residency, and migration. A 
variety of techniques and tags have been developed to mark indi-
vidual sea turtles, ranging from subcutaneous passive transpon-
ders to autografts of differentially pigmented tissue (Balazs 1999). 
The greatest challenge in marking sea turtles is durability and read-
ability of the tag over the lifespan of individuals, which can cover 
decades and involve a great amount of growth. Tag loss can affect 
estimates of population size, survivorship, and other demographic 
calculations (Frazer 1983). 

Mrosovsky (1983) emphasized the importance of quantifying 
tag loss, and since then several studies have reported the retention  

rates of various types of tags and markers for different turtle spe-
cies (Bjorndal et al. 1986; Frazier 1986; Limpus 1992; Parmenter 
1993; van Dam and Diez 1999). In general, the rates of tag loss 
are particular to specific species and areas. For instance, for log-
gerhead (Caretta caretta) sea turtles in northern Australia, tita-
nium flipper tags outperformed tags made from monel or plastic 
(Limpus 1992) while for hawksbill (Eretmochleys imbricata) sea 
turtles, plastic tags outperformed both monel and inconel tags (van 
Dam and Diez 1999). In the current study, we examined the rates 
of tag loss of two types of commonly used metal tags, monel and 
inconel, in hawksbill sea turtles found in near-shore habitats in 
the archipelago of Fernando de Noronha, in the southern Atlantic 
ocean. 

MATERIALS AND METHODS 

The archipelago of Fernando de Noronha (3°50'S, 32°24'W), a 
Brazilian National Marine Park located approximately 380 km off 
the coast of Brazil, supports populations of juvenile hawksbill and 
green (Chelonia mydas) sea turtles in feeding areas close to shore. 
Since 1987, researchers of Projeto TAMAR-IBAMA, the national 
sea turtle conservation program in Brazil, have been monitoring 
these populations using a capture, mark, and recapture protocol 
(Sanches and Bellini 1999). Although turtles have been captured 
in eight different localities on the island, the majority of captures 
are made in Sueste Bay, which is easily accessible and contains a 
relatively large resident population of sea turtles. In all cases, in-
dividual animals were captured by hand during free dives with 
mask and snorkel, after which curved carapace length (CCL) and 
width, and mass were recorded and tags were placed on the front 
flippers. 

We placed style 681 tags (National Band and Tag Company, 
Newport, Kentucky, USA) on the trailing edge of each front flip-
per, proximal of the first large scale immediately adjacent to the 
axilla (cf. Limpus 1992). Up until 1994, we used only tags made 
from monel, a nickel-copper alloy. After this, inconel tags (made 
from a nickel-iron-chromium alloy) were placed on all turtles en- 

0 
	

2 	 3 
	

5 
Tag age (years) 

FIG. 1. Estimated probability (1—p i) of tag retention over time for monel 
and inconel tags used on hawksbill sea turtles in Fernando de Noronha, 
Brazil. 
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countered for the first time, while for recaptured turtles, inconel 
tags replaced monel tags as the latter were found to be lost or 
unreadable. Recaptured turtles were checked for tags; encountered 
tags were checked for readability and also for their durability by 
pulling on the two sides of the tag at the same time. If unreadable, 
or if they opened when tested, they were considered to be "lost" 
and replaced with new tags. Probability of tag loss for the two 
types of tags was calculated using the following equation from 
Limpus (1992): 

p, = 

with i being the elapsed time in whole years since tag application; 

ai  being the number of tags still present on turtles recaptured after 
i years since being attached; and 

b1  being the number of tags lost on turtles recaptured after i years 
since being attached. 

Standard error (SE pd was derived as: -4,(1—p)/(a,+b)], and the 
95% confidence interval of p, being ± [(SE 0)(1.96)]. Elapsed time 
since application was rounded up or down to the nearest year for 
recaptured tags. Only turtles recaptured at least once were included 
in the analysis. 

RESULTS 

A total of 69 hawksbill turtles, ranging in size from 26.5 to 64 
cm CCL at initial capture, have been recaptured one or more times 
in the near-shore waters of Fernando de Noronha since 1987. A 
total of 238 tags (145 monel and 93 inconel) have been deployed 
on these 69 turtles. The average durability of a monel tag was 334 
days ± 24.9 SEM, which was significantly shorter than the aver-
age durability of an inconel tag, 851 days ± 56.5 SEM (p<0.001, 
Mann Whitney test, U = 3325.5). 

Tag loss increased yearly for monel tags, reaching 1.00 after 
four years, while for inconel tags it remained low for up to five 
years (Table 1). The chance of an inconel tag remaining intact 
over time remained extremely high, whereas the longest duration 
a monel tag successfully remained on a turtle was three years (Fig. 
1). 

Both monel and inconel tags on recaptured turtles were suscep-
tible to biofouling by green or red algae, and by calcareous algae, 
and usually had to be cleaned in order to be 
read. Monel tags typically displayed corro-
sion in the locking mechanism; oftentimes 
when we tested tags on recaptured turtles,  

displayed a poor rate of retention in hawksbill turtles feeding in 
the nearshore waters of Fernando de Noronha. This is consistent 
with other in-water studies which have also found monel tags to 
be inferior to tags made from other materials (Limpus 1992; van 
Dam and Diez 1999; but see Bjorndal et al. 1996 for contrary 
results for a nesting population). 

The probability of tag loss for monel tags varied over time from 
initial tag application, with two-year-old tags having a slightly 
greater chance of remaining intact than one-year-old tags (Fig. 1). 
This suggests that there may be a variety of factors, in addition to 
corrosion, affecting tag loss in these turtles. For example, loca-
tions of the turtles varied, and differences in the seawater chemis-
try for particular areas may lead to deterioration at different rates. 
Also, subtle differences in the manufacturing of different batches 
of monel tags may affect rates of corrosion (Balazs 1999; Bjorndal 
et al. 1996). In contrast, the low level of tag loss for inconel tags 
in this study was relatively constant over time, and suggests that 
continued use of this tag during our study is warranted. Indeed, a 
nearly five-year-old inconel tag was mistaken for new on a hawks-
bill turtle tagged in Sueste Bay and recovered in Gabon, because 
the tag showed no signs of wear or corrosion (J. Fretey, pers. 
comm.). 

Van Dam and Diez (1999) found that plastic tags had a greater 
retention rate than inconel and other types of tags in hawksbill 
captured on a feeding ground in the Caribbean. Although we have 
never used plastic tags, we have avoided them because it has been 
suggested that plastic tags increase the likelihood that turtles will 
become accidentally entangled in fishing nets (Nichols et al. 1998; 
Suggett and Houghton 1998). Although use of such nets is prohib-
ited in the majority of waters around the archipelago of Fernando 
de Noronha, individuals in our study have migrated to other areas 
where they are likely to encounter nets (e.g., Bellini et al. 2000). It 
is interesting that van Dam and Diez (1999) reported that the loss 
of inconel tags in the Caribbean was restricted to turtles smaller 
than 35 cm CCL, whereas in our study, the majority of turtles 
captured were larger than 40 cm CCL (Sanches and Bellini 1999). 
Similarly, Prince (1996) found that both titanium and inconel tags 
were shed quickly by smaller juvenile sea turtles. Perhaps inconel 
tags would not perform well in Fernando de Noronha in smaller 
hawksbill individuals. 

Passive integrated transponder tags, which are placed intramus- 

TABLE 1. Loss of monel and inconel tags used on hawksbill seaturtles at Fernando de Noronha, 
Brazil. See text for description of p i  and SEp,. 

the tag opened easily because the locking 
mechanism had deteriorated (Fig. 2). 

Tag type 
Years since 	Tags 

applied 	present 	lost 
95% 

Pi 	SEpi 	Confidence interval 

1 62 83 0.572 0.041 0.492 — 0.613 
2 12 14 0.538 0.098 0.347 — 0.636 
3 1 6 0.857 0.132 0.598 — 0.989 
4 0 1 1.000 0.000 
5 0 0 

1 78 4 0.049 0.024 0.002 — 0.073 
2 65 0 0.000 0.000 
3 44 0 0.000 0.000 
4 29 2 0.065 0.044 -0.022 — 0.109 
5 4 0 0.000 0.000 

DISCUSSION 

Because we tested the state of each tag 
every time a turtle was recaptured, in many 
cases we were able to record exactly where 
corrosion, if any, was occurring, and also to 
replace tags that were likely to have been 
lost if left in place. Corrosion of the monel 
tags, particularly in the locking mechanism, 
appeared to be an important contributor to 
the failure of these tags (Fig. 2). Monel tags 

Monel 

Inconel 
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FIG. 2. Example of corrosion of monel tags used in this study. Note the 
deterioration of the locking mechanism in particular. Tags were fully 
opened in order to facilitate presentation. 

cularly and then recognized with a special scanner, have been used 
with success in some projects (e.g., McDonald and Dutton 1996; 
Parmenter 1993; van Dam and Diez 1999). However, the rela-
tively high cost of the tags and scanner and the impossibility of 
recognizing the tags without a scanner (e.g., by fishermen who 
accidentally capture sea turtles) have kept us from using them in 
our study. 

Regardless of the efficacy of other tags reported by other sea 
turtle research projects, we have experienced high level of suc-
cess with inconel tags (only 6 out of 97 tags have been lost over 
the past five years), and will continue to use them during our study. 
Indeed, we are currently replacing all monel tags with inconel on 
recaptured turtles, independent of the status of the tag, in order 
take advantage of the longevity of inconel tags. This is especially 
important for larger individuals, who are likely to migrate to other 
regions in the near future. Our results show that, as with almost all 
aspects of management of wild animals, evaluation and assess-
ment should be done independently on a case by case basis. This 
is particularly important with respect for programs that rely on the 
tagging of sea turtles. It is highly recommended that each pro-
gram evaluate the probability of tag loss, rather than extrapolating 
from other studies. 

Acknowledgments.-We greatly appreciate the support and collabora-
tion of various researchers and interns over the years in our ongoing cap-
ture, mark, and recapture study. Petrobras is the official sponsor of Projeto 
TAMAR-IBAMA. Additional support came from the National Marine 
Park of Fernando de Noronha - IBAMA, the Fundacao Pro-TAMAR, and 
the Natural Sciences and Engineering Research Council (Canada). 

LITERATURE CITED 

BALAZS, G. H. 1999. Factors to consider in the tagging of sea turtles. In K. 
L. Eckert, K. A. Bjorndal, E A. Abreu-Grobois, and M. Donnelly (eds.), 
Research and Management Techniques for the Conservation of Sea 
Turtles, pp. 101-109. IUCN/SSC Marine Turtle Specialist Group Pub-
lication 4. 

BELLINI, C., T. M. SANCHES, AND A. FORMIA. 2000. Hawksbill turtle tagged 
in Brazil captured in Gabon, Africa. Mar. Turtle Newsl. 87:11-12. 

BJORNDAL, K. A., A. B. BOLTEN, C. J. LAGUEUX, AND A. CHAVES. 1996. 

Probability of tag loss in green turtles nesting at Tortuguero, Costa 
Rica. J. Herpetol. 30:567-571. 

FRAZER, N. B. 1983. Survivorship of adult female loggerhead sea turtles, 
Caretta caretta, nesting on Little Cumberland Island, Georgia, USA. 
Herpetologica 39:436 +17. 

FRAZIER, J. 1986. Tag loss problems with Giant tortoises, Geochelone 
gigantea (Schweigger), on Aldabra. J. Zool., Lond. 209:337-339. 

LIMPUS, C.J . 1992. Estimation of tag loss in marine turtle research. Wildl. 
Res. 19:457-469. 

MCDONALD, D. L., AND P. H. DUTTON. 1996. Use of PIT tags and 
photoidentification to revise remigration estimates of leatherback turtles 
(Dermochelys coriacea) nesting in St. Croix, U.S. Virgin Islands, 1979-
1995. Chel. Conserv. Biol. 2:148-152. 

MROSOVSKY, N. 1983. Conserving Sea Turtles. British Herpetological So-
ciety, London. 

NICHOLS, W. J., J. A. SEMINOFF, AND A. RESENDIZ. 1998. Plastic "rototags" 
may be linked to sea turtle bycatch. Mar. Turtle Newsl. 79:20-21. 

PARMENTER, C. J. 1993. A preliminary evaluation of the performance of 
passive integrated transponders and metal tags in a population study of 
the flatback sea turtle (Natator depressus). Wildl. Res. 20:375-381. 

PRINCE, R. I. T. 1996. Loss of tags from growing juvenile loggerhead 
turtles in captivity. Mar. Turtle Newsl. 72:8-10. 

SANCHES, T. M., AND C. BELLINL 1999. Juvenile Eretmochelvs imbricata 
and Chelonia mydas in the Archipelago of Fernando de Noronha, Bra-
zil. Chel. Conserv. Biol. 3:308-311. 

SuocErr, D. J., AND J. D. R. HOUGHTON. 1998. Possible link between sea 
turtle bycatch and flipper tagging in Greece. Mar. Turtle Newsl. 81:10- 
1 1 . 

VAN DAM, R. P., AND C. E. DIEZ. 1999. Differential tag retention in Carib-
bean hawksbill turtles. Chel. Conserv. Bio1.3:225-229. 

HERPETOLOGICAL HISTORY 

Herpetological Review. 2001.32(3), 174- 176. 

0 2001 by Society for the Study of Amphibians and Reptiles 

The First Record of Reptiles in Alberta: 
/Emilius Simpson's Journal of 1826 

AARON M. BAUER 
Department of Biology, Villanova University 

800 Lancaster Avenue, Villanova, Pennsylvania 19085. USA 
e-mail: aaron.bauer@villanova.edu  

and 
ANTHONY P. RUSSELL 

Department of Biological Sciences, University of Calgary 
2500 University Drive. NW Calgary, Alberta, Canada T2N 1N4 

e-mail: arussell@ucalgary.ca  

The prairie provinces of Canada: Manitoba, Saskatchewan, and 
Alberta, were among the last regions of temperate North America 
to be adequately surveyed herpetologically. Not surprisingly, 
Manitoba, the easternmost of the provinces, was the first to have 
its amphibians and reptiles enumerated (Seton 1918). Detailed 
treatments of the herpetofauna of these provinces did not appear 
until much later still (Cook 1966-Saskatchewan; Preston 1982-
Manitoba; Russell and Bauer 1993-Alberta). For Alberta, even 
regional herpetofaunal accounts or single species observations were 
unknown prior to the 20th Century. The first published records of 
amphibians and reptiles from Alberta are those of Preble (1908), 
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based on field observations made during 1903. Preble's account 
focussed on central and northern Alberta, especially 
herpetofaunally impoverished regions of the province. He recorded 
only a single reptile, Thamnophis sirtalis parietalis, which he stated 
was "common about Edmonton and along the road to Athabaska 
Landing." He also indicated that garter snakes (species uncon-
firmed) were reported to be present in the Peace River Valley, es-
pecially around Dunvegan, and "on the plains of Salt River," a 
tributary of the Slave River near the Alberta/Northwest Territories 
border. Harper (1931) also reported T sirtalis to be common in 
the Edmonton area, based on observations made in May 1914. 

The first European incursions into Alberta were carried out by 
the Hudson's Bay Company and the rival North West Company 
and were chiefly conducted with economic gains in mind. These 
commenced with the expedition of Anthony Henday in 1754 and 
continued with the subsequent journeys of Peter Pond (1778), 
David Thompson (several trips between 1786 and 1808), and 
Alexander Mackenzie (several trips between 1787 and 1793) 
(Hitchon 1967). The first expedition in which a naturalist partici-
pated was Captain John Franklin's Arctic Expedition of 1819-
1822. The zoological results of this expedition were published by 
John Richardson (1829-1837) as Fauna Boreali-Americana. Not 
surprisingly, as the expedition chiefly investigated the most north-
erly areas of present day Alberta (incidental to its main focus on 
the coastal Arctic), this treatise contained no herpetological refer-
ences. Some years later, however, Richardson (1851) became the 
first to publish an account of reptiles in the prairie provinces, not-
ing the occurrence of garter snakes (as Tropidinotus sirtalis) on 
Serpent Lake in what is now central west Saskatchewan, not far 
from the modern Alberta border. Richardson, who had participated 
in Franklin's earlier voyages, recorded this observation as a mem-
ber of the Arctic Searching Expedition, sent out to discover the 
fate of Franklin's ill-fated 1845 expedition in search of the North-
west Passage. 

Through the courtesy of Dr. Bill Barr we have been alerted to 
what we believe to be the earliest reference to reptiles in Alberta. 
It derives from an unpublished journal bylEmilius Simpson (1826), 
a relative of Sir George Simpson (governor of the Hudson's Bay 
Company 1821-1856). Although yEmilius Simpson's place in 
Alberta history is minor, Port Simpson (now Lax Kw' alaams), on 
Dundas Island, British Columbia was named for him in 1834 
(Galbraith 1957), and he is credited with introducing apples to 
what is now the state of Washington (Fallgatter 1998). Simpson 
was in the employ of the Hudson's Bay Company, which until 
1870 controlled the present area of central and southern Alberta 
and much of western Canada. A single reference to reptiles occurs 
in the manuscript. It is based on observations made on Monday, 4 
September 1826 when Simpson and his party were traveling west 
on the North Saskatchewan River, one of the chief rivers of cen-
tral Alberta, and then a major trading route to York Factory on 
Hudson Bay (MacGregor 1972). At 7 AM that morning, Simpson 
reported passing the Stony River and at noon he took readings 
indicating his position as 53°45'34"N, 110°40'W. Simpson's jour-
nal account reads as follows: 

"Thick Fog in the Morning, followed by very Warm Weather dur-
ing the Day. Thermometer at Noon 75°. We were favoured with a 
fair Wind for some hours, which gave our Crews considerable relief 
from the labour of Tracking. Along the North Banks I observed Boul- 

ders or Masses of limestone embeded in Clay. During the heat of the 
Day we passed great numbers of a small striped Black & green snake 
swimming from the South to the North Bank of the River & strewed 
along the Sandy Beach on the North Shore, as if enjoying the pow-
erful influence of the Sun, & it appeared that those crossing were 
leaving the cold of the Northern aspect to gain the more pleasing 
heat of the southern exposure. The Evening having become cool we 
were less troubled by moskitos." 

FIG. 1. Map of Alberta showing the location of Simpson's sighting of 
garter snakes (arrow) on the North Saskatchewan River on September 4, 
1826. The present day margins of the continuous ranges of the three spe-
cies of garter snake occurring in Alberta are depicted as follows: 
Thamnophis sirtalis—dashed line, distribution to the west of this line; T 
radix— crosses, distribution to the south and east of this line; T elegans-
dots, distribution to the south and west of this line. The major biomes of 
Alberta are demarcated by heavy dark lines and are indicated as follows: 
AP — aspen parkland; BF — boreal forest; CH — Cypress Hills; M —
Rocky Mountains; P — prairie. The only known records of T radix from 
north of the North Saskatchewan River are indicated by solid black squares. 
The major Alberta population centers of Calgary and Edmonton are de-
marcated by a circle and a star, respectively. 
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Examination of Simpson's narrative and comparison with mod-
ern maps indicates that this reported position is slightly errone-
ous. On the previous day Simpson's party passed Dog Rump Creek, 
heading west. Dog Rump House, abandoned in 1829, was set up 
as the Moose Lake outpost of the Hudson's Bay Company in 1822. 
After abandonment the Hudson's Bay Company geographic names 
fell into disuse. This creek is now known as Atimosue Creek, and 
is located south of the town of Elk Point. On the morning of 4 
September the party passed "the Stony River" (now known as Siler 
Creek) at 7 AM, and an island (now known as Fort Island) at noon. 
It is at this point that Simpson took his readings. The actual co-
ordinates of Fort Island are 53°45'15"N, 111°10'W. 

This information pinpoints a stretch of river that courses essen-
tially due west and places the location of the snake observation 
between Fort Island and the point on the river crossed today by 
Highway 881 (53°45'15"N, 111°10'13"W). The bridge for this river 
crossing lies 10 km north of Myrnam, and this stretch of the river 
is 4.5 km due south of Lake Eliza. The location is situated ap-
proximately 117 km ENE of Edmonton. 

Among Alberta snakes, the observation clearly must refer to a 
garter snake. Three species, Thamnophis radix, the plains garter 
snake, T elegans, the wandering garter snake, and T sirtalis, the 
red-striped garter snake are known from the province (Fig. 1). 
Thamnophis elegans is largely limited to the southwestern por-
tions of the province, chiefly in the Rocky Mountain and prairie 
biomes. However, specimens are occasionally found much fur-
ther north, and the species is often associated with rivers. All mod-
ern records from the vicinity of Fort Island are attributable to T 
radix, and most are from localities in aspen parkland or prairie, 
although a few plains garter snakes have been collected in the 
boreal forest biome north of the North Saskatchewan River (Fig. 
1). There is a large disjunction in eastern Alberta in the range of T. 
sirtalis between the immediate vicinity of Edmonton and the re-
gion of Lake Athabasca (north of 58°N) (Fig. 1), but this is likely 
to be artifactual and in part reflective of the conversion of the 
southeastern boreal forest biome to intensive agricultural use 
(Russell and Bauer 2000). Simpson's terse color description could 
fit either T sirtalis or T radix, and both species are adept swim-
mers, but the very similar accounts of Preble (1908) and Harper 
(1914) suggest that T sirtalis may have been the species implied. 

Although hardly detailed, and not supported by voucher speci-
mens, Simpson's observations are significant in that they predate 
the earliest subsequent observations of Alberta reptiles by more 
than 75 years and constitute the first European record of reptiles 
in inland western Canada. It is likely that Simpson felt the sight-
ing noteworthy because of the number of snakes involved. Sev-
eral possibilities exist to explain the observation. The snakes he 
observed may have represented a late summer aggregation of gravid 
females comparable to that reported for T. sirtalis from the Interlake 
region of Manitoba (Gregory 1975). Alternatively, they may have 
been a mixed sex grouping exhibiting an autumn pre-denning ag-
gregation. Finally, the observation may merely reflect high local 
natural densities in areas of high quality habitat, as have been re-
ported for both T radix and T sirtalis (Rossman et al. 1996). 
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on the manuscript. 
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Hynobius lichenatus, Stage 41 larva. Illustration by Masato Hasumi. 
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