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About Our Cover: Eleutherodactylus cochranae 

Eleutherodactylus cochranae 
is a small frog endemic to Puerto 
Rico and adjacent islands on the 
Puerto Rico bank (Schwartz and 
Henderson. 1991. Amphibians 
and Reptiles of the West Indies: 
Descriptions, Distributions, and 
Natural History. Univ. Florida 
Press, Gainesville, Florida). 
Adult males typically range from 
17 to 20 mm in snout–vent 
length, while females are slightly 
larger. The frogs are locally 
abundant in forested habitats, 
where their high-pitched (domi-
nant frequency around 3800-

4000 Hz), whistle-like advertisement calls can easily be mistaken for 
sounds of insects. Like many Eleutherodactylus, these frogs are se-
cretive, and their reproductive behavior has seldom been observed. 
Our cover apparently is the first published photograph of the court-
ship of E. cochranae in nature and possibly of courtship of 
Eleutherodactylus species in general. 

Frogs of the genus Eleutherodactylus are distributed widely in Cen-
tral America, northern South America, and the islands of the West 
Indies, where their loud advertisement calls often dominate the night 
sounds. With over 500 species, Eleutherodactylus is among the larg-
est vertebrate genera in the world. As far as is known, all species un-
dergo direct development in non-aquatic sites, and terrestrial repro-
duction probably has contributed to their success (Lynch 1971. Misc. 
Publ. Univ. Kansas Mus. Nat. Hist. 53:1-238); Hedges 1989. pp. 305-
370 In Woods [ed.], Biogeography of the West Indies. Past, Present 
and Future. Sandhill Crane Press, Gainesville, Florida). At least one 
species, E. jasperi from Puerto Rico, is live-bearing (Drewry and Jones 
1976. J. Herpetol. 10:161-165); unfortunately, this species has not 
been seen since 1981 and may now be extinct (Joglar and Burrowes 
1996. pp. 371-380 In Powell and Henderson [eds.], Contributions to 
West Indian Herpetology: A Tribute to Albert Schwartz, SSAR. Ithaca, 
New York). Internal fertilization also occurs in E. coqui and possibly 
in other oviparous species (Townsend et al. 1981. Science 212:469– 

471). Depending on species the frogs exhibit various modes of paren-
tal behavior, including male-, female-, or biparental care of eggs and 
developing young (Townsend 1996. pp. 229-239 In Powell and 
Henderson, op. cit.). Reproductive behavior, including courtship, nest-
site selection, and parental care, is undocumented for most species. 

The cover photograph is a compilation of three images taken by 
Kristiina Ovaska on a wet October night in 1998 on Sage Mountain, 
Tortola, British Virgin Islands. A combination of serendipity and per-
sistence allowed her to locate and photograph this courting pair enter-
ing a nest site inside a rolled-up leaf at a height of approximately 150 
cm above the ground. Upon inspection of the leaf-roll two days later, 
a male frog attending a clutch of six eggs squirted a stream of urine at 
the face of the human intruder! Kristiina used a Nikon 601 camera 
body, AF Micro-Nikkor 60 nun f/2.8 D macro lens, and Nikon SB-23 
flash to record the images on Fuji Sensia film. Dim light from a head-
lamp provided illumination for focusing. The three photographs were 
taken seconds apart as the male led the female to the nest site. Be-
cause of the short focal length of the lens, Kristiina had to be very 
close to the frogs—within about 25 cm—to capture these images. Al-
though females typically are easily disturbed, these frogs in late court-
ship appeared impervious to her presence. 

Over the past decade Kristiina has studied the courtship and repro-
ductive behavior of Eleutherodactylus species and photographed these 
frogs in the West Indies and Panama. 
In addition to small, brown frogs, her 
photographic subjects include sala-
manders, snakes, and slugs. Pres-
ently she is a consultant with and 
principal of Biolinx Environmental 
Research Ltd., Victoria, British Co-
lumbia, and a research associate in 
the Forest Sciences Department, 
University of British Columbia. She 
lives on Vancouver Island, British 
Columbia. 

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

SSAR BUSINESS 

SSAR Grants-in-Herpetology Committee Annual 
Report (2000) 

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

Field Research.—John H. Malone, University of Oklahoma. 
Project title: "Parental care in the Barking Frog, Eleutherodactylus 
augusti." 

International.—Antonio Freire L., Instituto Nacional de 
Higiene y Medicina Tropical "Leopoldo Izquieta Perez," 
Guayaquil, Ecuador. Project title: "Snake diversity of Zamora-
Chinchipe Province, Southeastern Ecuador." 

Conservation.—Mike Westphal, Oregon State University. 

Project title: "Long term monitoring of a diverse snake assem-
blage in a region facing urban expansion." 

Bibliographic Research.—Bryce A. Maxell, University of Mon-
tana. Project title: "Herpetology in Montana, a history and an in-
dexed bibliography of all published and gray literature." 

Herpetological Education.—Peter Uetz, University of Wash-
ington. Project title: "A World-Wide-Web based reptile database." 

Laboratory Research.—Sarah Bouchard, University of Florida. 
Project title: "Diet selection in the Slider Turtle, Trachemys scripta: 
ontogenetic shifts and associative effects between animal and plant 
diet items." 

Travel.—Ulrich Kuch, University of Frankfurt. Project title: 
"Population systematics and biogeography of the southeast Asian 
temple vipers, genus Tropidolaemus Wagler, 1830." 

2000 Grants-in-Herpetology Committee.—Anne Maglia, Rich-
ard King, Christopher Beachy, Christopher Sheil, Joseph Slowinski, 
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Ronald Gutberlet, Dawn Wilson, Peter Ducey, and Joseph 
Mendelson III (chair). 

SSAR congratulates the 2000 GIH recipients and thanks the 
committee members for their efforts. 

NEWSNOTES 

Gopher Tortoise Council Awards 

The Gopher Tortoise Council annually presents the J. Larry 
Landers Student Research Award to the best student research 
project concerning the biology of the gopher tortoise, Gopherus 
polyphemus, or any other relevant aspect of upland habitat con-
servation. Recent awards have been given for studies on gopher 
frogs, southern hognose snakes, and red cockaded woodpeckers, 
as well as those related to the gopher tortoise and its habitat. To 
be considered for the award, a detailed study proposal, budget, 
and curriculum vitae should be submitted to: Bob Herrington, 
Chair, Research Advisory Committee, Department of Biology, 
Georgia Southwestern State University, Americus, Georgia 31709, 
USA (e-mail: bherring@canes.gsw.edu).  Deadline for receipt of 
proposals to be considered for the 2000 award is 15 August 2000. 

Herpetological Collections at the University of 
Colorado Museum 

The University of Colorado Museum encourages use of its her-
petological collections. The collections include over 60,000 speci-
mens, with particularly strong representation of the southwestern 
U.S. (Colorado, New Mexico, Arizona, and Utah: approximately 
23,400 specimens) and Mexico (19,100 specimens). The collec-
tion of Cnemidophorus is one of the largest in the world, includ-
ing 43 species and 11,500 specimens. Other taxa that are well-
represented include Sceloporus (64 species and 8800 specimens), 
Thamnophis (21 species and 2300 specimens), and Bufo (44 spe-
cies and 3800 specimens). The collections database is fully com-
puterized, thus requests for specimen information can be answered 
quickly. In addition, the numbers of specimens of each species are 
available online at the California Academy of Science's Combined 
Index to Herpetology Collections website (http:// 
research.calacademy.org/herpetology/Comb_Herp_Index.html) . 
The collections will be moved to a renovated facility in summer, 
2001, thus loan requests should be made by early 2001 or starting 
again in 2002. Loan or other requests can be submitted by regular 
mail or e-mail to Alan de Queiroz, Curator of Vertebrates, Univer-
sity Museum, Campus Box 218, University of Colorado, Boulder, 
Colorado 80309-0218, USA; e-mail: 
dequeiro@stripe.colorado.edu,  or to Rosanne Humphrey, Collec-
tions Manager, address as above, e-mail: 
Rosanne.Humphrey@colorado.edu.  Researchers and students are 
also encouraged to visit the collections. Additional information 
can be found at http://www.colorado.edu/CUMUSEUM/research/  
zoology/zoology.html. 

A Working Guide to the Literature on Box Turtles 
(Terrapene) 

An on-line bibliography covering life history, evolution, fossil 
record, external morphology, and conservation of the North Ameri-
can box turtles (Terrapene) has been compiled by C. Kenneth Dodd, 
Jr. The bibliography is available at: 

http://www.fcsc.usgs.gov/Amphibians_and_Reptiles/  
Amphibians_and_Reptiles_Resear/box_turtle_bib 1/ 
box_turtle_bibl.html 

MEETINGS 

Societas Europaea Herpetologica 11th General 
Meeting 

The Organizers, DPPVN/DAPTF Slovenia, the Society Radoziv 
and Faculty of Education, University of Maribor, are pleased to 
invite you to the 1 1 th Ordinary General Meeting of Societal  
Europaea Herpetologica to be held in Slovenia, 16-20 July 2001. 
The meeting will be held in the Hall of Culture at Zalec, near 
Celje, with accommodations in the Hotel Zalec and elsewhere. 

Details from: DPPVN/DAPTF Slovenia, Ptujska c. 91, SI-2327 
Race, Slovenia; fax: +386 (0)2 788 30 51; e-mail: 
milan.vogrin@guest.arnes.si.  

International Roundtable to Develop A Protocol 
on Chelonian Relocation and Heritage Collections 

This working meeting will be held 26-28 September 2000 in 
Orlando, Florida. Special workshops and field trips are planned 
for 25 and 29 September. This meeting will bring together fresh-
water turtle and tortoise experts, veterinary and chelonian research-
ers, managers, educators, breeders, students, regulatory and con-
servation agencies, and enthusiasts from around the world and will 
result in a published Protocol addressing seven important areas: 
ethics, disease issues, genetic and systematic issues, environmen-
tal issues, socioeconomic considerations, infra-specific impacts, 
and heritage collection. 

For registration information contact Ray Ashton or Ghislaine 
Guyot, Ashton Biodiversity Research & Preservation Institute, 
5745 SW 75"1  Street #331, Gainesville, Florida 32608, USA; e-
mail: Tortfarm2@aol.com.  Tel. (352) 495-7449; fax (352) 495-
7433. 

Snake Ecology Group: Meeting 2000 

The Snake Ecology Group will meet 22-24 September 2000 at 
the Ozark Natural Science Center, in northwestern Arkansas, USA. 
Workshops include "Physiological and Evolutionary Ecology," 
"Habitat Modeling and Habitat Utilization," "Molecular Tech-
niques in Population Structure," and "Behavioral Ecology." Key- 
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note address by Dr. Stevan Arnold, of Oregon State University. 
Paper and poster sessions are planned. Field trips will take place 
following the meeting. For additional information, contact: Steven 
J. Beaupre, Department of Biological Sciences, University of Ar-
kansas, Fayetteville, Arkansas 72701, USA; e-mail: 
sbeaupre@comp.uark.edu;  tel. 501-575-7561. 

Third Annual International Virtual Conference in 
Veterinary Medicine 

The Third Annual International Virtual Conference in Veteri-
nary Medicine (IVCVM) will be hosted by the University of Geor-
gia College of Veterinary Medicine. The conference theme will be 
"Diseases of Reptiles and Amphibians." A "virtual conference" is 
the same format as a regular conference, except that it is con-
ducted by computer over the World Wide Web. There will be no 
registration fees or travel expenses! 

Manuscripts are acceptable as case reports or larger studies of 
naturally occurring or experimental disease. Diagnostic techniques 
also are encouraged. Any veterinary, nutritional, husbandry, re-
search, biological data, and review papers of selected diseases also 
will be considered for presentation. Conference manuscripts will 
be presented on the World Wide Web for two years and subse-
quently will be archived for future reference. 

The manuscript submission deadline is 1 September 2000. The 
proposed conference dates will be 30 September-30 October 2000. 
During the conference, registered participants will be able to cor-
respond electronically with manuscript presenters and other reg-
istrants. Questions and answers concerning manuscript presenta-
tions will be posted on a bulletin board for further viewing. A 
"Virtual Coffee Break" is included and participants are encour-
aged to partake and enjoy! 

Sample manuscripts and instructions to authors may be viewed 
at the IVCVM website: http://www.vet.uga.edu/ivcvm/.  

Meetings Calendar 

22-24 September 2000—Snake Ecology Group, Ozark Natural 
Science Center, Arkansas, USA. Refer to meeting announcement 
above for details. 

26-28 September 2000—International Roundtable to Develop A 
Protocol on Chelonian Relocation and Heritage Collections, Or-
lando, Florida, USA. Refer to meeting announcement above for 
details. 

16-20 July 2001—Societas Europaea Herpetologica 1 1 th Gen-
eral Meeting, Slovenia. Refer to meeting announcement above for 
details. 

LEGISLATION & CONSERVATION 

Call for information on the status of amphibians and reptiles. This column serves 
to update the herpetological community on the regulatory status and protection 
measures implemented for rare, threatened, and endangered amphibians and rep- 
tiles. We are in need of information at local, state, national, and international lev- 

els. Please direct all communications to the section editor, Travis Ryan (postal and 
e-mail addresses on inside front cover). 

USA: Department of the Interior: The US Fish and Wildlife 
Service re-opened the comment period on a proposed ruling that 
would list populations of the mountain yellow-legged frog (Rana 
mucosa) as an endangered species in southern California under 
the Endangered Species Act of 1973. The mountain yellow-legged 
frog is distributed primarily in the Sierra Nevada Mountains of 
California with additional populations found in the San Gabriel, 
San Bernardino, and San Jacinto Mountains of southern Califor-
nia. Because they are separated by the Tehachapi Mountains and 
lie approximately 140 miles from the Sierra Nevada populations, 
the southern California populations are considered by the Fish and 
Wildlife Service to comprise Distinct Population Segments (DPS); 
this designation makes the southern California DPS eligible for 
federal protection as an endangered species. A limited, unpublished 
allozyme analysis suggests that the two groups are indeed dis-
tinct, although further studies are warranted to determine the de-
gree of genetic divergence. 

Rana mucosa in southern California are generally found at lower 
elevations (760-1820 m) than those in the Sierra Nevada Moun-
tains (usually < 1800 m). Most adults in the southern California 
DPS are associated with shaded stream systems; larvae develop in 
the streams and require 1-2.5 yrs to reach metamorphosis. Popu-
lations were abundant in the DPS prior to the 1960's; presently R. 
mucosa is believed to be absent from more than 99% of its histori-
cal range. The leading causes of declines are likely habitat de-
struction (e.g., logging, water development, irrigation, etc.) and 
the introduction of non-native predators/competitors. The com-
ment period on this proposal ended 19 April 2000. 

For further information contact: Field Supervisor, U.S. Fish and 
Wildlife Service, Carlsbad Fish and Wildlife Office, 2730 Loker 
Avenue West, Carlsbad California 93003, USA. 

USA: Department of the Interior: The US Fish and Wildlife 
Service proposed to designate over 400,000 acres of land in Con-
tra Costa, Alameda, San Joaquin, and Santa Clara counties in Cali-
fornia as critical habitat for the Alameda whipsnake, Masticophis 
lateralis euryxanthus. The Alameda whipsnake has been under 
federal protection since 5 December 1997 when it was listed as a 
threatened species under the Endangered Species Act of 1973. 
Adoption of critical habitat proposal would prohibit destruction 
or adverse modification of whipsnake habitat by activities funded, 
authorized, or carried out by the federal government. Critical habitat 
is that considered essential for the conservation of the species and 
may require special management and/or protection. In the case of 
M. lateralis euryxanthus, the critical habitat is chaparral, although 
individuals may occasionally use conjoining grassland, oak sa-
vanna, and (less frequently) oak-bay woodland. Males maintain 
overlapping home ranges that average about 14 acres. No less than 
five populations of M. lateralis euryxanthus have been docu-
mented, and the area covered by the proposal would protect criti-
cal habitat for all five populations. The comment period on this 
proposal ended 8 May 2000. 

For further information contact: Field Supervisor, U.S. Fish and 
Wildlife Service, Sacramento Fish and Wildlife Office, 2800 Cot-
tage Way, Suite W – 2605, Sacramento, California 95825, USA. 
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USA: Department of the Interior: On 19 January 2000 the 
U.S. Fish and Wildlife Service, acting under the emergency rule 
of the Endangered Species Act of 1973, declared populations of 
the California tiger salamander (Ambystoma californiense) in Santa 
Barbara County as endangered. This emergency ruling is effec-
tive for 240 days, expiring on 15 September 2000. In justifying 
the ruling, the FWS noted that of the 14 known breeding sites for 
A. californiense in Santa Barbara County, more than half had been 
destroyed in the preceding year and a half, placing the population 
in peril of extinction. All of the breeding sites are located on pri-
vately owned land, much of which is scheduled for conversion to 
agricultural land. The Santa Barbara County populations are col-
lectively regarded as a Distinct Population Segment (DPS); the 
FWS is permitted to treat DPSs as equivalent to species under the 
Act. Within the range of A. californiense there are at least seven 
genetically distinct populations and the Santa Barbara County DPS 
is effectively isolated from the other six populations by the coastal 
mountain ranges. More than 40 air miles separate the Santa Bar-
bara County DPS from the closest population with which it shares 
recent ancestry. The isolated nature of the Santa Barbara County 
DPS eliminates the likelihood of recolonization in the event of a 
local extinction, which would therefore result in the loss of both 
geographic range and genetic diversity for the species. 

Like most other Ambystoma, A. californiense breeds in vernal 
ponds or seasonal pools. The larval period is relatively short, with 
only 10 weeks or so required for larval development. Recently 
metamorphosed juveniles and adults travel considerable distances 
from the larval habitat, and spend the majority of the year in up-
land habitats (primarily grasslands, oak woodlands, and coastal 
scrub forests) that surround breeding sites. In addition to habitat 
alteration, loss, and fragmentation, introduced species such as 
bullfrogs and mosquitofish are potential factors that have led to 
the imperiled state of the Santa Barbara County population. 

In addition to the temporary emergency action, the FWS has 
also proposed to list the Santa Barbara County DPS as an endan-
gered species under the normal procedures of the Act. The com-
ment period on this proposal ended 20 March 2000. 

For further information, contact: Grace McLaughlin, U.S. Fish 
and Wildlife Service, Ventura Fish and Wildlife Office, 2493 
Portold Road, Suite B, Ventura, California 93003, USA. 

International: Convention on International Trade in Endan-
gered Species: In last issue's Legislation and Conservation col-
umn (Herpetol. Rev. 31:5-6), a proposal submitted by the U.S. 
Fish and Wildlife Service to C.I.T.E.S. requesting an Appendix II 
listing for the spotted turtle (Clemmys guttata) was highlighted. 
This proposal was heard at the 1 1 th meeting of the Conference of 
the Parties, held in Kenya 10-20 April 2000. The proposals listed 
below were also reviewed by the Animals Committee at the Con-
ference. The fate of these proposals will be covered in upcoming 
Legislation and Conservation columns. 

Reptiles: Testudinata: Emydidae: Inclusion in Appendix II: 
Cuora amboinensis, C. aurocapitata, C. flavomarginata, C. 
galbinifrons, C. maccordi, C. pani, C. trifasciata, C. yunnanensis, 
and C. zhoui. 

Reptiles: Testudinata: Testudinidae: Transfer from Appendix II 
to Appendix I: Geochelone sulcata, Malacochersus tornieri. 

Reptiles: Testudinata: Cheloniidae: Transfer from Appendix I  

to Appendix II (with restrictions): Eretmochelus imbricata. 
Reptiles: Crocodylia: Transfer from Appendix Ito Appendix II: 

Crocodylus moreletii (Sian Ka'an and Quintana Roo populations 
only). 

Reptiles: Squamata: Sauria: Transfer from Appendix I to Ap-
pendix II: Varanus melinus. 

Reptiles: Squamata: Serpentes: Inclusion in Appendix II: Cro-
talus horridus. 

Amphibia: Anura: Bufonidae: Deletion from Appendix II: Bufo 
retiformis. 

Amphibia: Anura: Ranidae: Inclusion in Appendix II: Mantella 
spp. 

For a brief description of Appendix I and Appendix II, see 
Herpetol. Rev. 31:5-6; for a more thorough definition visit http:// 
www.cites.org/CITES/eng/index.shtml.  

CAMBODIA: Phnom Penh: The Workshop on Trade in Tor-
toises and Freshwater Turtles in Asia. This workshop, held 1-4 
December 1999 and organized by the Wildlife Conservation Soci-
ety, World Wildlife Foundation, and TRAFFIC, was convened to 
address the state of chelonian conservation throughout Asia. The 
number of Asian turtle species regarded as threatened and endan-
gered is growing rapidly; the Asian Turtle Trade Working Group 
addressed short- and long-term strategies for stemming the loss of 
species. The Working Group identified two primary areas of turtle 
trade that threaten the status of Asian species: consumption trade 
and pet trade. Consumption trade includes both collection of wild 
turtles and turtle farming for subsistence, as well as the turtle shell 
by-product industry. The Asian pet trade is centered on exotic spe-
cies such as Geochelone elegans (Indian star-nosed turtle) and Aus-
tralian turtles in the genera Chelodina and Carettochelys. The 
Working Group concluded that the available trade data underesti-
mate the annual take for virtually all species. Under-reporting hin-
ders the generation of reliable data on the effects of trade on popu-
lation and species status; however, an evaluation of the available 
data led to the conclusion that for 84 species under consideration, 
63 species (75%) should be placed in one of the IUCN threatened 
categories (Extinct, Critically Imperiled, Endangered, or Vulner-
able), and trade was a considerable factor for 52 species (62%). 

The Working Group identified a number of conservation priori-
ties and recommendations, including: 
• enforcement of all existing local, state, and national legislation: 
• improvement of existing legislation for turtle conservation 

throughout the region; 
• development of adequate mechanisms to handle confiscated 

turtles; 
• listing all 93 species of the Indomalayan, Autralasian, and east-

ern Palearctic biogeographic regions in CITES Appendix II (save 
for those species listed in [or appropriate for] Appendix I); 

• consideration of listing all chelonian species worldwide in CITES 
Appendix II; 

• monitoring field and market data to improve understanding of 
the market impact on natural turtle populations; 

• supporting management programs that have as a primary goal 
the preservation of genetic diversity within natural populations; 
and 

• establishment of outreach programs to educate the peoples in 
the Indo-australasian region (and the rest of the world) regard- 
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ing the consequences of the turtles trade and the loss of chelo-
nian biodiversity. 
The Workshop was funded by WCS, WWF, and TRAFFIC, with 

support from the German Federal Agency for Nature Conserva-
tion, Ministry of Environment, Nature Conservation and Nuclear 
Safety; the Office of Scientific Authority, U.S. Fish and Wildlife 
Service; the Chelonian Research Foundation, USA; Kari and An-
drew Sabin; and the Kadoorie Farm & Botanic Garden, Hong 
Kong. 

For further information contact: Kurt Buhlmann, Conservation 
International, c/o Savannah River Ecology Laboratory, Drawer E, 
Aiken, South Carolina 29802, USA; e-mail: buhlmann@srel.edu;  
or Peter Paul VanDijk, e-mail: ppvandijk@hotmail.com.  

CURRENT RESEARCH 

Please refer to Vol. 31, Number 1 for information concerning submis-
sions to this section. Section editor contact information is located on the 
inside front cover of this issue. 

The current contents of various herpetological publications can now 
be found on the World Wide Web. At present, more than 20 publications 
are listed. The Web site address is: 

http://www.herplit.com/contents  

Defensive Strike of the Eastern Brownsnake 

Eastern Brownsnakes are the most significant contributor to hu-
man snakebite fatalities in Australia. A previous study by the au-
thors examined free-ranging, radio-tagged Pseudonaja textilis 
through repeated, intentional encounters, to document the ways 
that body size and temperature influence the probability of en-
countering this species, as well as the way that this species re-
sponds to these encounters. In this study, the authors investigated 
factors that led to a defensive strike, as well as the speed and accu-
racy of that strike, in captive brownsnakes. Responses to human 
harassment (neck displays, time taken to strike, strike accuracy 
and speed, and effectiveness of bite) were documented with high 
speed film. Results indicate that captive brownsnakes were toler-
ant to harassment at temperatures similar to those in the field, and 
that smaller snakes were more likely to attempt escape than were 
larger snakes. Body temperature was found to have little effect on 
many of the variables measured (frequency of display and bluff, 
duration of strike, strike distance, mean overall strike speed, mean 
fastest strike speed, and accuracy of strike). Results indicate that 
type of prestrike display (full neck display or minimal display) 
was related to strike speed and accuracy. Finally, the data indicate 
that captive Pseudonaja textilis is reluctant to deliver firm bites 
when continuously harassed by humans, and it is reported that 
only about 15% of recorded strikes had the potential to cause sig-
nificant envenomation. 

WHITAKER, P. B., K. ELLIS, AND R. SHINE. 2000. The defensive strike of the 
Eastern Brownsnake, Pseudonaja textilis (Elapidae). Functional Ecol-
ogy 14:25-31. 

Correspondence to: P. B. Whitaker, School of Biological Sciences, B I 0, 
University of Sydney, NSW 2006, Australia. 

Effects of Age and Size on Performance and 
Metabolic Rates in Metamorph Southern Toads 

During metamorphosis, individuals undergo significant changes 
in physiology, morphology, and behavior; body size and timing of 
metamorphosis are thought to have significant effects on fitness. 
Beck and Congdon studied the effects of individual variation in 
age and size at metamorphosis on performance and metabolic rates 
of Bufo terrestris. Variation in age and size at metamorphosis were 
experimentally induced by rearing ten clutches of eggs to meta-
morphosis under different food levels and temperature regimes. 
Sprint speed and endurance were measured as indicators of per-
formance, whereas metabolic rate was measured indirectly with a 
closed circuit respirometer. Metabolic rate, sprint speed, and en-
durance of metamorphs were found to be negatively related to age 
at metamorphosis and positively related to mass at metamorpho-
sis. The authors state that decreases in larval period duration and 
increases in mass at metamorphosis may be advantageous in terms 
of locomotor performance, but disadvantageous because of costs 
of increased energy expenditure on maintenance. Locomotor per-
formance was not significantly affected by either of the treatments 
or their interaction, after effects of age and size at metamorphosis 
were removed. Finally, metamorph physiology, and possibly fit-
ness, may be affected by aspects of the larval environment by 
mechanisms other than differences in age and size at metamor-
phosis. 

BECK, C. W., AND J. D. CONGDON. 2000. Effects of age and size at meta-
morphosis on performance and metabolic rates of Southern Toad, Bufo 
terrestris, metamorphs. Functional Ecology 14:32-38. 

Correspondence to: C. W. Beck, Department of Biology, Emory Univer-
sity, Atlanta, Georgia 30322, USA. 

Wetland Size, Hydroperiod, Amphibian Species 
Richness, and Implications for Wetland 

Regulation 

Using data on wetland size, relative hydroperiod, and relative 
species richness of amphibians in depression wetlands of the south-
eastern United States, the authors tested three assumptions: (1) 
small wetlands contain water for short periods of time; (2) smaller 
wetlands support fewer species than larger wetlands; and (3) spe-
cies found in smaller wetlands can also be found in larger wet-
lands. The amount of time that a wetland holds water during an 
annual hydrological cycle was used as a drying score of relative 
measures of annual hydroperiod at the Savanah River Site, South 
Carolina. Eighty-six sites were visited fifteen times between Janu-
ary 1996 and December 1998. Wetland sizes were obtained from 
the literature. Adult and larval amphibian diversity was sampled 
with dip nets and traps at 22 wetlands. Results indicate a signifi-
cant but weak relationship between wetland size and hydroperiod, 
but no relationship between amphibian species richness and wet-
land size. Amphibian species richness was found to be related to 
the hydroperiod of a wetland. Though the presence of most am-
phibian species was found to be random with respect to wetland 
size, results indicate that a pattern of species turnover exists along 
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a gradient of hydroperiod. Empirical studies based on synthetic 
models of lentic communities support their prediction that short-
hydroperiod wetlands support unique groups of species. Based on 
these results, the authors conclude that wetland size is not a good 
predictor of wetland hydroperiod or amphibian species richness 
at the Savanah Research Sites. Hydroperiod length should be con-
sidered as a primary criterion in establishing wetland management 
and regulations. 

SNODGRASS, J. W., M. J. KOMOROSKI, A. L. BRYAN JR., AND J. BURGER. 2000. 
Relationships among isolated wetland size, hydroperiod, and amphib-
ian species richness: implications for wetland regulations. Conserva-
tion Biology 14(2):414-419. 

Correspondence to: Joel W. Snodgrass, Department of Biology, Towson 
University, Towson, Maryland 21252-0001, USA; e-mail: 
jsnodgrass@towson.edu.  

Rib Loss in Anurans 

The absence of ribs has been considered a derived condition 
that is widespread among most anurans, whereas the presence of 
free ribs is presumed to be the plesiomorphic condition shared by 
only a few families of Recent anurans. Chondrification, ossifica-
tion, and development of the neural arches, transverse processes, 
and ribs were examined in representatives of several families of 
frogs (Bufonidae, Discoglossidae, Hylidae, Pelobatidae, 
Pelodytidae, Pipidae, and Ranidae) to examine the morphological 
evolution of "vestigial" traits, as well as to investigate the similar-
ity of developmental paths involved in apparent rib loss. Exami-
nation of cleared and double-stained anuran larvae and metamorphs 
corroborated the observation that free ribs are absent in several 
anuran groups; however, the authors provide evidence for the ex-
istence of larval rib rudiments in several anuran genera (Bufo, 
Discoglossus, Hyla, Pelobates, and Rana). The authors state that 
heterochrony may have played a significant role in processes un-
derlying reduction of ribs. Finally, the authors identified a shift in 
the relative timing of ossification of vertebral elements among 
several lineages of frogs. 

BLANCO, M. J., AND B. SANCHIZ. 2000. Evolutionary mechanisms of rib 
loss in anurans: a comparative developmental approach. Journal of Mor-
phology 244:57-67. 

Correspondence to: B. Sanchiz, Museo Nacional de Ciencias Naturales, 
J. Gutierrez Abascal 2, Madrid E-28006, Spain; e-mail: 
mcnb105@mncn.csic.es.  

Differential Effects of Calcium in the Skin of 
Tadpoles 

Amphibian metamorphosis results in the reorganization of most 
tadpole tissues and organs, and is controlled by thyroid hormones. 
Ecological factors are known to effect developmental rate, and 
anuran skin is known to be sensitive to chemical signals (includ-
ing ion concentrations) in the environment. The authors describe 
the effects of Ca** (a known cellular signal expected to initiate 
metamorphic events) on the development of two larval organs (tail 
and skin) with different metamorphic fates; effects of Ca+ 4  treat- 

ment on the thyroid also was examined. Treatment of tadpoles 
with calcium during early development induced early tail regres-
sion, shortening of the intestine, forelimb emergence, and kerati-
nization of body epidermis. Results of this study suggest that a 
calcium-elicited signal leading to these effects is likely mediated 
by the thyroid gland. 

MENON, J., E. E. GARDNER, AND S. VAIL. 2000. Developmental implica- 
tions of differential effects of calcium in tail and body skin of anuran 
tadpoles. Journal of Morphology 244:31-43. 

Correspondence to: Jaishri Menon, Department of Biology, William Pater-
son University of New Jersey, Wayne, NJ 07470; e-mail: 
menonj@wpunj.edu.  

Functional Role of Trunk Muscles During 
Locomotion in Adult Amphibians 

The authors review the functional roles played by amphibian 
epaxial and hypaxial trunk muscles during locomotion, and iden-
tify transitions in these roles that have taken place during the evo-
lution of amphibians. The usual modes of locomotion for Caudata, 
Anura, and Gymnophiona are discussed, and particular attention 
is paid to those modes that rely heavily or exclusively on axial 
musculature. Despite the uncertain relationships among the 
Lissamphbia and morphological differences between modern 
lissamphibians and the earliest tetrapods, the authors propose that 
it is possible to reconstruct the configuration of the trunk muscles 
in the common ancestor of Lissamphibia. Based on evidence of 
fossil data and the assumption of lissamphibian monophyly, the 
authors conclude that the common ancestor of lissamphibia was 
most likely salamander-like in body form. Multiple functional and 
morphological elaborations of the axial musculature of amphib-
ians are summarized, and these elaborations appear to be associ-
ated with movement in terrestrial habits, as well as with subse-
quent locomotor specializations in frogs and caecilians. 

O'REILLY, J. C., A. P. SUMMERS, AND D. A. RITTER. 2000. The evolution of 
the functional role of trunk muscles during locomotion in adult am-
phibians. American Zoologist 40:123-135. 

Correspondence to: James C. O'Reilly, Organismic and Evolutionary 
Biology Program, University of Massachusetts Amherst, Amherst, Mas-
sachusetts 01003-5810, USA; e-mail: oreilly@bio.umass.edu.  

Effects of UV-B Radiation on Amphibian Embryos 
in the Southeastern United States 

In order to test the sensitivity of pond-breeding amphibians in 
the southern Appalachian Mountains, the eggs of three species of 
frog (Hyla chrysoscelis, Pseudacris triseriata, and Rana sylvatica) 
and one salamander (Ambystoma maculatum) were exposed to 
varying levels of UV-B radiation. A randomized block design was 
utilized with experimental treatments consisting of: (1) blocking 
of 98% UV-B; (2) 80% transmission of ambient UV-B; and (3) 
direct exposure to solar radiation. Eggs were collected from natu-
ral breeding sites in early developmental stages. Though deformi-
ties were not common, anurans showed a weak correlation be-
tween higher deformity rates and unshielded (treatment 3) con- 
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trols. Between Pseudacris and Hyla, deformities were significantly 
lower in embryos shielded from UV-B; these species tend to ovi-
posit small egg masses or monolayers on the water surface of sunny 
habitats. This may indicate an increased vulnerability to deformi-
ties induced by UV-B. There was no evidence of an increase in 
mortality due to increase in exposure to UV-B in any of the study 
species. Because of the complex nature of amphibian declines and 
the richness of amphibian species in the southeastern United States, 
the authors encourage further study of the sensitivity of these or-
ganisms to UV-B. 

STARNES, S. M., C. A. KENNEDY AND J. W. PETRANKA. 2000. Sensitivity of 
embryos of southern Appalachian amphibians to ambient solar UV-B 
radiation. Conservation Biology 14: 277-282. 

Correspondence to: James W. Petranka, Department of Biology, Univer-
sity of North Carolina, Asheville, North Carolina 28804-3299, USA; e-
mail• petranka@cs.unca.edu . 

Mechanism and Sensitivity of Pit Organs in 
Python 

An investigation was undertaken by the authors to determine 
the spectral sensitivity of pit organs and the mechanism utilized in 
infrared signal transduction. Young Burmese (Python molurus 
bivitattus) and ball (P. regius) pythons were chosen for electron 
microscopy, immunocytochemical labeling, histology, and infra-
red imaging of pit organs. Compared to the photoreceptors of the 
retina, receptors of the pit organ were found to absorb a different 
range of infrared wavelengths and displayed distinctly different 
morphology. The range of wavelengths to which the boid and cro-
taline snakes showed greatest absorption is the emission range of 
the snakes' prey items. Further investigation did not reveal the 
make-up of the infrared absorber in the pit organs. The pit organ 
shows the greatest known sensitivity to infrared wavelengths. 
Therefore, elucidation of the mechanisms and neural pathways 
involved could lead to further developments in herpetology as well 
as the improvement of artificial infrared detectors. 

GRACE, M. S., D. R. CHURCH, C. T. KELLY, W. F. LYNN, AND T. M. COOPER. 

1999. The Python pit organ: Imaging and immunocytochemical analy-
sis of an extremely sensitive natural infrared detector. Biosensors & 
Bioelectronics 14:53-59. 

Correspondence to: Michael S. Grace, Department of Biology, Univer-
sity of Virginia, Charlettesville, Virginia 22904-4133, USA; e-mail: 
msg5y@virginia.edu.  

The Role of Generalized Tadpoles as 
Macrophagous Predators 

The authors challenge the beliefs that tadpoles are limited pri-
marily to herbivory, and that ephemeral ponds contain fewer preda-
tors. In addition, they call for further investigation into the poten-
tial role of generalized tadpoles as keystone predators in organiz-
ing pond communities. Research was conducted using the wood 
frog (Rana sylvatica) and the green frog (R. clamitans) in both 
laboratory and natural pond settings. In the laboratory experiment, 
tadpoles were observed attacking and consuming  

macroinvertebrates, including some >5 times the length of the at-
tacking tadpole. The survival of the prey items was significantly 
correlated to the presence of tadpoles. Field experiments conducted 
in eight ephemeral ponds revealed extensive egg predation of R. 
sylvatica by larval R. clamitans—egg masses of two ponds (total-
ing over 58,000 embryos) were completely consumed by larval R. 
clamitans within two weeks. The authors observed that many eco-
logical models have been based on the assumption that general-
ized tadpoles do not function as macrophagous predators, an as-
sumption which appears to be false. Finally, the authors provide 
an extensive table summarizing evidence from literature on 
macrophagy by generalized tadpoles. 

PETRANKA, J. W. AND C. A. KENNEDY. 1999. Pond tadpoles with general- 
ized morphology: Is it time to reconsider their functional roles in aquatic 
communities? Oecologia 120: 621-631. 

Correspondence to: James W. Petranka, Department of Biology, Univer-
sity of North Carolina, Asheville, North Carolina 28804-3299, USA; e-
mail: petranka@cs.unca.edu.  

OBITUARIES 

Herpetological Review, 2000, 31(2). 71-72. 
C 2000 by Society for the Study of Amphibians and Reptiles 

Vittorio Erspamer 
(1909-1999) 

JOSE MIGUEL CEI 
Hilario Cuadros 81, 5501 Godoy Cruz 

Mendoza, Argentina 

and 
RODOLFO RUIBAL 

Biology Department, University of California 
Riverside, California 92521-0427, USA 

With the demise of Professor Vittorio Erspamer, on October 26, 
1999, in Rome, the world of research biology lost one of its most 
active and significant investigators. The unique qualities of 
Erspamer's pharmacological 
research were augmented by 
his exceptional ability for sci-
entific synthesis. He extended 
his research into the evolu-
tionary and taxonomic rami-
fications of his results, and 
particularly as they applied to 
herpetology. The major sub-
ject of his studies were the 
biogenic amines and polypep-
tides that he isolated from the 
cutaneous glands of amphib-
ians. 

Erspamer was born in 
Malosco (Trento, Italy) on 
July 30, 1909, when this re-
gion was still part of the 
Austro-Hungarian empire. 
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After the return of the area to Italy he attended the University of 
Pavia, and graduated with a doctorate in medicine in 1935. Dur-
ing 1935-1938 he was a research assistant in the University Insti-
tute of Comparative Anatomy and Physiology. He worked under 
the director, Prof. Maffo Vialli, doing histochemical and compara-
tive research. Erspamer always considered Maffo Vialli as an out-
standing teacher and the person that transmitted to him the great 
value of comparative research. Erspamer spent a year (1939) in 
Germany on a fellowship at the Universities of Berlin and Bonn. 
From 1940-1947 he was an Assistant Professor at the Pharmaco-
logical Institute of the University of Rome. Despite the difficul-
ties of the war years he was able to continue his research. In 1947 
he became a full Professor and Chairman of Pharmacology in the 
faculty of medicine at the University of Ban, Italy. He remained 
there until 1955 and then continued in the same role at the Univer-
sity of Parma (1955-1967) and finally returned to the University 
of Rome (1967-1984) as professor of pharmacology and the di-
rector of the Institute of Medical Pharmacology. After his retire-
ment in 1984 he was named Emeritus Professor of the University 
of Rome. From that date until one week before his death he con-
tinued active research in his laboratory at the institute. His energy 
and enthusiasm continued and in September 1999, when he was 
nearly 90 years old, he was eagerly soliciting collaboration to un-
dertake research on the bradykinins of the skin of cyclostomes. 
His interest was to pursue the phylogeny of the bradykinins, which 
are frequent in the skin glands on many amphibians. 

Erspamer's early research (1937-1946) emphasized the identi-
fication of the secretions of chromaffin cells in the cutaneous glands 
of amphibians. During this same period he also did some interest-
ing research on the secretions of cephalopods. During this time he 
gave the name "enteramine" to a substance extracted from the 
amphibian glands. In 1949, in the United States, Rappaport iso-
lated an identical substance, 5-hydroxytryptamine, and named it 
serotonin. In 1952, Erspamer and Asero isolated 5-hydrox-
ytryptamine from the skin of Discoglossus pictus and started a 
search for indolealkylamines in the cutaneous gland of other am-
phibians. More than 500 species were screened and the taxonomic 
distribution of the secretions was mapped. Indolealkylamines were 
discovered, in various combinations, not only in the Bufonidae 
(where it was reported to be most common by Cei, Erspamer, and 
Roseghini in 1972) but also in a diversity of families, genera, and 
species—Pipidae, Liopelmatidae, Pelobatidae, Leptodactylidae, 
Myobatrachidae, Ranidae, etc. Using the same techniques, 
Erspamer undertook a search for other biogenic amines-
imidazolealkylamines, monohydroxy-phenylalkylamines, and cat-
echolamines. It was discovered that the patterns of distribution of 
these amines within the Amphibia were sometimes unique. For 
example, catecholamines (epinephrine and related amines) are 
exclusively found in species of Bufo, which contain all of the pre-
cursor enzymes in the skin. The presence of various amines has 
also been useful in the diagnosis of species and in taxonomic keys. 

Simultaneous to the research on the amines, Erspamer and his 
collaborators also studied bioactive peptides of batrachian skins. 
Some of these molecules were equivalent to neurotransmitters, 
neuromodulators, and other neuroendocrine agents present in 
mammalian tissues. The extensive screening led to the identifica-
tion of more than one hundred bioactive peptides, structurally and 
pharmacologically belonging to a diversity of biochemical fami- 

lies such as takykinins, bradykinins, caeruleins, sauvagins, 
bombesins, opioids, and others. Hundreds of anuran species were 
obtained for study from North and South America, Europe, Af-
rica, eastern Asia and Australia. Since 1959, collaborators such as 
Cei, Endean, Visser, and others have been active doing field work. 
Erspamer himself participated in some of the field work in Chile. 
eastern Asia, and South Africa. 

The interest in these studies and discoveries is the fact that these 
batrachian peptide components are also found in mammalian tis-
sues. In some cases the molecular equivalence between the am-
phibian and mammalian compounds is striking—caerulein versus 
choleocystokinin and gastrin; physalaemin versus substance P. 
More surprising is the fact that some of the batrachian peptides 
were discovered first and led to the identification of the mamma-
lian analogs (bombesin, sauvagine and opioid peptides). Erspamer 
(1994. In H. Heatwole [ed.], Amphibian Biology, Volume 1, The 
Integument, pp. 178-350, Surrey Beatty and Sons) has provided 
an excellent and detailed summary of his work and that of others 
on the bioactive peptides (and other secretions) of amphibian skin 
glands. He makes clear the fact that the availability of synthetic 
amphibian peptides (such as bombesin) permitted and preceded 
the discovery of mammalian equivalents. 

The work of Vittorio Erspamer and his influence on other re-
searchers can be appreciated in this brief résumé of his investiga-
tions. His contribution to the advancement of herpetology is clearly 
evident. Furthermore, his humane personality transmitted an ex-
ample of enthusiasm, scientific integrity, and critical ability, com-
bined with a modest approach. Those who collaborated with him 
are left with a clear memory of his generous cooperation and sin-
cere friendship. He always expressed himself with crystal clarity. 
The high regard in which he was held by research biologists was 
clearly demonstrated at meetings and in publications. He was nomi-
nated several times for the Nobel Prize, which he certainly mer-
ited, but unfortunately did not receive. We will remember him 
with respect and fondness. 

LETTERS TO THE EDITOR 

Herpetological Review. 2000.31(2). 72-73. 

(E) 2000 by Society for the Study of Amphibians and Reptiles 

How Far North Would the Gecko Move if the 
Gecko Could Move North? 

AARON M. BAUER 
Department of Biology, Villanova University 

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

The Geographic Distribution section of Herpetological Review 
typically contains new locality records of a number of lizard spe-
cies that have recently become established in the United States. 
Among the most frequently documented taxa with expanding 
ranges is Hemidactylus turcicus, the Mediterranean gecko. The 
first American record for this species was from Key West, Florida 
(Fowler 1915) and it was subsequently introduced into Texas 
(Conant 1955; Flower 1933). Isolated populations have since been 
established throughout the Gulf states and those bordering Mexico, 
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as well as in Oklahoma, Arkansas, and Georgia (Conant and Collins 
1998; Painter et al. 1992; Paulissen and Buchanan 1990). In a re-
cent issue of Herpetological Review, Eason and McMillan (2000) 
documented a South Carolina state record for this species (Charles-
ton County, 32°48.300'N, 80°03.157W), which they reported as 
the northernmost distribution of H. turcicus in the southeastern 
United States. Although this does appear to be the first record for 
the state, it is certainly not the northernmost record of the Medi-
terranean gecko in eastern North America. Knight (1993) had ear-
lier reported on an established population on the campus of Vir-
ginia Polytechnic Institute and State University in Blacksburg, 
Virginia (approx. 37°14'N, 80°25'W; 495 km N of the South Caro-
lina site), which he regarded as the northernmost breeding popu-
lation of Mediterranean geckos in America. The true northern-
most record for H. turcicus, however, belongs neither to South 
Carolina nor to Virginia, but to Maryland, where Norden and 
Norden (1991) documented the establishment and persistence of 
this species in south Baltimore (approx. 39°30'N, 76°37W; 405 
km NE of Blacksburg and 784 km NNE of Charleston County). 
Although no more northern localities have been identified, the 
survival and reproduction of this species in Baltimore suggests 
that urban environments in Philadelphia and perhaps even New 
York could also support colonies of this successful lizard. 

The locality records of an introduced species are hardly worth 
quibbling over, but this case is instructive as it suggests that some 
authors of Geographic Distribution accounts in Herpetological 
Review may be missing relevant citations that appear in region- or 
taxon-specific publications. Although Norden and Norden (1991) 
was not indexed by Zoological Record, Knight (1993) was and 
would have, therefore, been fairly easy to locate. Although Her-
petological Review has become the most frequently used outlet 
for the publication of notes documenting amphibian and reptile 
range extensions, it is not the only such outlet and authors should 
make every effort to comb the herpetological literature thoroughly 
before coming to the conclusion that they have located all publi-
cations pertinent to their own work. 
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With the introduction of Pythonomorpha, Cope (1869) implic-
itly proposed the derivation of snakes from a mosasauroid ances-
tor (see also Nopcsa [1923]; McDowell and Bogert [1954] linked 
snakes with aigialosaurs through Lanthanotus). Although this hy-
pothesis is not without problems of its own (Underwood 1957; 
Rieppel 1988), the marine origin of snakes that this scenario im-
plies also clashes with data derived from the sensory system (Senn 
and Northcutt 1973; Underwood 1970; Walls 1940), which sug-
gest a terrestrial, indeed fossorial or burrowing, ancestry of snakes. 
The recent re-analysis by Caldwell and Lee (1997) of snake-like 
fossils with limbs first discovered by Haas (1979, 1980a, b) in 
marine sediments from the Lower Cenomanian (early Upper Cre-
taceous) of Ein Yabrud, north of Jerusalem, provided a new impe-
tus for the discussion of snake origins. In his initial description of 
Pachyrhachis, Haas (1979) placed Pachyrhachis in the Varanoidea 
but outside Serpentes, because he realized that those characters 
which this fossil taxon does share with snakes are macrostomatan 
characters, i.e., features characteristic of relatively advanced snakes 
(Rieppel 1988, 1994). It therefore seemed prudent to interpret 
Pachyrhachis as a varanoid, convergent upon macrostomatans in 
some cranial characters (Haas 1979). In spite of these character 
conflicts, Pachyrhachis became the textbook example for an ideal 
intermediate between fossil varanoids (mosasauroids) and snakes 
(Carroll 1988). This interpretation of Pachyrhachys has recently 
been supported by a series of papers (Caldwell and Lee 1997; Lee 
1997, 1998; Lee and Caldwell 1998; Scanlon et al. 1999) which 
we briefly review below. 

In his initial analysis of snake relationships, Lee (1997) con-
strained the search for the sister-group of Serpentes to Varanoidea, 
excluding all other squamates from the data matrix by rooting the 
analysis with a hypothetical ancestor. This prevented a test of snake 
relationships with other squamates, such as the fossorial 
amphisbaenians and dibamids, which had previously been recog-
nized as at least potential sister-taxa of snakes (Estes et al. 1988; 
Rage 1982). At a later stage, Pachyrhachis was added to the analy-
sis, and found to be the most basal snake, linking this group again 
to mosasauroids (Caldwell and Lee 1997; Lee and Caldwell 1998). 
Still later, other squamates were added to the analysis to test for 
global relationships among the group, and the mosasauroid-
Pachyrhachis—snake Glade was again supported, in spite of the 
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FIG. 1. Cladogram of higher-level interrelationships of snakes obtained 
by the reanalysis of the data of Lee (1998). This cladogram rejects Lee's 
hypothesis of sister-group relationships of mosasauroids and snakes as 
well as the basal position of Pachyrhachis with respect to extant snakes. 
See text and Rieppel and Zaher (2000b) for further discussion. 

fact that Pachyrhachis had been found to be the sister-taxon of 
macrostomatans in a critical evaluation (Zaher 1998) of the data 
set presented by Caldwell and Lee (1997). The criticism raised by 
Zaher (1998) was rebutted by Lee (1998), but at the same time 
this latter study used all snakes other than Pachyrhachis as a single 
terminal, constraining the analysis in a way that would not allow 
an empirical test and potential refutation of Zaher's (1998) re-
sults. 

We have conducted a detailed review and analysis of the char-
acters offered by Lee (1998) in support of a basal position of 
Pachyrhachis among snakes, and a sister-group relationship of 
snakes with mosasauroids. This review was not intended to result 
in a well corroborated reconstruction of global squamate relation-
ships, but instead, focused on the phylogenetic relationships of 
Pachyrhachis and its bearing on snake origins. A full scale recon-
struction of squamate relationships would have to introduce addi-
tional terminals and/or split up terminals, coded at the family level 
by Lee (1998), in order to reduce polymorphism among termi-
nals. Alternatively, the intrafamilial relationships of all terminals 
would have to be reconstructed in order to correctly infer the 
plesiomorphic character-states for each squamate family. This 
amounts to a long term project to be pursued in the future. At this 
time, we chose to critically assess the character definitions pro-
posed by Lee (1998) as they relate to the anatomy of the dentition 
(Zaher and Rieppel 1999), of the braincase (Rieppel and Zaher 
2000a), and of the lower jaw (Rieppel and Zaher 2000b). We cor-
rected the data set of Lee (1998) where necessary, and subjected it  

to various manipulations in repeated searches (deletion versus re-
tention of controversial characters, ordering versus not ordering 
of multistate characters, adding versus not adding characters that 
were not included in the original study, and rooting on the actual 
outgroups versus rooting on the reconstructed ancestor). In all 
cases, however, the terminal taxon Serpentes was broken up into 
Scolecophidia, Dinilysia, Anilioidea, and Macrostomata (for the 
validity of these terminal taxa see Rieppel, 1988; Kluge, 1991; 
Cundall et al., 1993). All searches uniformly showed Pachyrhachis 
to be the sister-taxon of Macrostomata, and the snakes did not 
group with mosasauroids, but always grouped with the 
amphisbaenian-dibamid Glade (Fig. 1, Rieppel and Zaher 2000b). 
The implementation of Lee's (1998) tree on our corrected and 
amended data set (Rieppel and Zaher 2000b), using his own search 
procedure (i.e., retention of all characters, retention of the multistate 
characters as ordered, and rooting the tree on a reconstructed an-
cestor; Lee [19981), results in a tree which is 15 steps longer com-
pared to our most parsimonious solution (with a total tree length 
of 637 instead of 622 steps for 239 characters). Additionally, we 
applied the reverse successive weighting strategy developed by 
Trueman (1998) to our corrected data set and found that the 
amphisbaenian—dibamid—snake Glade is retained as the most par-
simonious solution after two iterations of deletion of unequivocal 
synapomorphies (ci = 1; given the initial data matrix of 239 char-
acters, 76 unequivocal characters were deleted for the first itera-
tion, and 9 characters for the second iteration). Only after three 
iterations of deleting unequivocal synapomorphies (another 15 
characters were deleted) did we recover the varanoid-
mosasauroid—snake Glade, but the relative relationships among all 
snakes, including Pachyrhachis, remained unresolved. A fourth 
iteration recovered the amphisbaenian—dibamid—snake Glade again, 
with Pachyrhachis as sister-taxon of Macrostomata in a tree de-
void of any unequivocal synapomorphies. These results indicate 
that the data set does incorporate a weaker signal for a varanoid-
snake—mosasaur relationship as compared to the signal for the 
amphisbaenian—dibamid—snake Glade, and that both these signals 
are independent of the position of Pachyrhachis. 

The reasons for the different results are manyfold: they range 
from changes of character delimitation to different codings to dif-
ferent search procedures. Of these, the character data base proved 
to be the most influential factor. To name but a few examples, the 
marginal teeth of mosasauroids are not thecodont, nor ankylosed 
to the rim of distinct sockets, but modified pleurodont as described 
and defined by Zaher and Rieppel (1999). A recumbent position 
of replacement teeth in mosasauroids is the result of post-mortem 
displacement (Edmund 1960; Polcyn et al. 1999; Zaher and Rieppel 
1999). The plesiomorphic type of tooth implantation in snakes is 
again pleurodonty (as shown by scolecophidians), and 
Pachyrhachis shares with alethinophidian snakes a synapomorphic 
type of tooth attachment derived from pleurodonty (Zaher and 
Rieppel 1999). 

The formulation of broad character definitions to accommodate 
distinct morphologies, typical of snakes and mosasaurs respec-
tively, can lead to the oversimplification of complex, non-compa-
rable, structures by lumping those within one character. For ex-
ample, the character definition referring to the footplate of stape s 

as "tightly surrounded by flanges from prootic and opisthotic" re-
fers to three distinct structures: the crista prootica, the crista 

Other Lizards 

Hekrigrma 

Mosasauroidea 

Lanthandus 

Varanus 

.9noremphistrterta 

Amphisbaenia 

Dibamidae 

Scciecophidia 

Dintlysa 

Anilioidea 

Pachyrhachis 

Macrostcmata 

74 	 Herpetological Review 31(2), 2000 



interfenestralis, and the crista tuberalis (sensu Oelrich 1956). The 
bony flanges surrounding the footplate of the stapes in non-ophid-
ian squamates, including mosasauroids, are the crista prootica and 
crista interfenestralis, the plesiomorphic condition. In snakes, the 
footplate of the stapes together with the fenestra rotunda are sur-
rounded by the crista prootica and the crista tuberalis, which to-
gether form a crista circumfenestralis enclosing a juxtastapedial 
recess. This juxtastapedial recess, recognized as an ophidian 
synapomorphy, is associated with the modification of the peri-
lymphatic system which forms a re-entrant fluid circuit (Estes et 
al. 1970; Rieppel and Zaher 2000a; Weyer 1978; Lee [1998] rec-
ognized this character delimitation as problematic, but continued 
to use it as a potential pythonomorph synapomorphy). 

The definition of some characters fails to reflect ontogeny. For 
example, amphisbaenians, dibamids, and snakes share the forma-
tion of a "compound bone" which incorporates the (dermal) 
surangular and prearticular, and the (chondral) articular (a charac-
ter wrongly polarized by Lee 1998). The absence of a "subcoronoid 
fenestra" (exposing the surangular between the coronoid and the 
prearticular on the medial surface of the lower jaw) is coded as a 
putative homology and accepted as a synapomorphy of 
mosasauroids, Pachyrhachis, and snakes (convergent in 
amphisbaenians and dibamids). However, this character is not 
applicable to taxa with a compound bone (snakes, amphisbaenids, 
and dibamids). Indeed, Backstrom (1931, fig. 17) shows the 
prearticular to completely conceal the surangular in the medial 
view of an embryonic jaw of Natrix natrix prior to the fusion of 
these elements to form a compound bone, and the same is ob-
served in embryos of Anilius scytale (pers. obs., unpubl. data). 
For this reason, we reject the applicability of this character (i.e., 
surangular exposed, or not, on medial aspect of lower jaw) to taxa 
with a compound bone. 

Another source of disagreement is the interpretation of the 
anatomy of Pachyrhachis. For example, Lee (1998) places great 
emphasis on the presence of a jugal in Pachyrhachis (as opposed 
to all other snakes) in his rebuttal of Zaher's (1998) criticism. We 
have re-examined the original material of Pachyrhachis as well as 
radiographs of the skull of the holotype, and concluded that a ju-
gal is absent in this taxon. The element interpreted as a jugal by 
Lee and Caldwell (1998) is, in fact, the ectopterygoid, broken across 
the posterior tip of the maxilla. In all squamates which have a 
jugal with a suborbital process, the latter is a slender, anteriorly 
tapering process lining the ventral margin of the orbit. The puta-
tive jugal of Pachyrhachis is broadened anteriorly, as is the 
ectopterygoid of macrostomatan snakes, with which Pachyrhachis 
also shares the broad overlap of the ectopterygoid and maxilla. 

Differences of opinion also exist with respect to search proce-
dures. We agree with Lee (1998) that many of the characters shared 
by dibamids, amphisbaenians, and snakes might be due to conver-
gence, resulting from character correlation due to burrowing hab-
its (Rieppel 1984a). But instead of demonstrating this convergence 
empirically, Lee (1998) accepted the hypothesis of convergence 
due to character correlation as a valid a priori assumption in order 
to justify the arbitrary downweighting of those characters believed 
to be associated with the "fossorial ecomorph." It remains unclear 
why the threat of character correlation was used to justify the imple-
mentation of search procedures that would break the snakes away 
from the amphisbaenian–dibamid Glade, while this latter Glade is  

accepted on the basis of the very same characters of the burrow-
ing ecomorph. As discussed by Gasc (1968), Rieppel (1984b), and 
Greer (1985), grouping dibamids with amphisbaenians results in 
homoplasy for those characters which dibamids share with other 
squamates such as gekkotans and scincomorphs. It also remains 
unclear why the characters believed to be associated with the "bur-
rowing ecomorph" are downweighted in order to prevent "spuri-
ous" phylogenetic results, while the characters correlated with the 
development of intramandibular kinetics are not also 
downweighted in order to inspect their influence in the support of 
the mosasaur–snake Glade. Lee (1998) treated a number of char-
acters (110, 113 118, 119, 121, 123 124, 125, 126, 127, 130, 131, 
135) as independent from one another, when in fact all of these 
reflect the development of intramandibular kinetics, and the cor-
related reduction of overlap between dentary and postdentary 
bones. Concerns that the intramandibular joint might have evolved 
independently in mosasauroids and snakes had been voiced ear-
lier (Gauthier 1982), and distinct morphologies were confirmed 
in our recent study of the lower jaw of varanoids, mosasauroids, 
and basal snakes (Rieppel and Zaher, 2000b). For example, it is 
the surangular portion of the compound bone which supports the 
dentary in snakes, while in mosasaurs the dentary is primarily sup-
ported by the prearticular (Backstrom 1931; Gauthier 1982; pers. 
obs.). Also, the receiving part of the mobile splenial-angular con-
tact is the splenial in mosasaurs, but the angular in snakes (Rieppel 
and Zaher 2000b). 

Given a pattern of phylogenetic relationships showing terres-
trial varanoids to be the sister-group of the (mosasauroid 
(Pachyrhachis (terrestrial snakes))) Glade, the marine origin of 
snakes optimizes equivocally (Scanlon et al. 1999). The hypoth-
esis of a marine origin of snakes therefore not only requires 
Pachyrhachis to be the most basal snake, but Pachyrhachis must 
also be accepted as an "excellent example of a transitional taxon" 
(Scanlon et al. 1999, p. 128) from a process point of view. This 
hypothesis cannot be maintained in view of the macrostomatan 
features shared by Pachyrhachis (Rieppel and Zaher 2000b; Zaher 
1998) such as the elongate and posteriorly free-ending 
supratemporals, the elongate posterior dentigerous process of the 
dentary (the latter bone shows a single mental foramen only), the 
morphology of the palatine, the extensive ectopterygoid-maxil-
lary overlap, the morphology of the postorbital-parietal contact (a 
postfrontal is absent), the presence of a long and slender shaft of 
the stapes, the presence of a posteriorly projecting opisthotic pa-
roccipital process, and the posteroventrally sloping quadrate. Our 
re-analysis of the data set presented by Lee (1998) furthermore 
found strong support for a sister-group relationship of snakes with 
the amphisbaenian-dibamid Glade (see also Estes et al 1988; 
Hallermann 1998). 

We do recognize, as does Lee (1998), that this signal is suspect 
because of the threat of convergence due to fossoriality. However, 
the solution to this problem is not the a priori downweighting of 
characters believed to be correlated with the fossorial ecomorph, 
but the search for additional empirical evidence in a continued 
test of that hypothesis of relationships (Forstner et al. 1995; Reeder 
1995). 
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Although mites appear to be infrequently reported in reptile diet 
studies (Douglas 1992b; Schoener 1968; Schoener and Gorman 
1968), in amphibian diet studies the occurrence of mites is far 
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more common (Dimmitt and Ruibal 1980; Norton and MacNamara 
1976; Simon and Toft 1991). In many of these studies the occur-
rence of mites has been interpreted as them being part of the diet, 
when often the identification of mites is inadequate for the infer-
ences and assumptions being made (Douglas, in preparation). 

Van Dijk (1997) speculated that mites found in the gastrointes-
tinal tracts of the snake Psammophylax rhombeatus could have 
originated from frogs, and not shrews, as was stated by Douglas 
(1992a). In the study by Douglas (1992a), information was pre-
sented that was part of a broader, more detailed, microscopic study 
on the diet of P. rhombeatus (Douglas 1992b). It would therefore 
be difficult to draw conclusions, similar to those made by Van 
Dijk (1997), from the former, without having consulted the latter. 
Van Dijk (1997) further speculated that mites in the gastrointesti-
nal tracts of frogs, of which he found no evidence, might occur 
through the frogs ingesting their own molted skin. As a conse-
quence of these assumptions, further clarification on mites as ter-
tiary prey items in the gastrointestinal tracts of snakes and frogs is 
presented. 

From 55 Psammophylax rhombeatus gastrointestinal tracts mi-
croscopically examined by Douglas (1992a), 20% contained free-
living soil mites (Subclass Acari, Superorder Actinotrichida, Or-
der Oribatida [N = 21]; and Superorder Anactinotrichida, Order 
Mesostigmata [N = 6]; classification after Evans 1992). The Or-
ders were represented by eight genera: Scheloribates, Brachioppia, 
Mikizetes, Passalozetes, Zygoribaula, and Mycobates. These gen-
era can be referred to as free-living soil mites which feed largely 
on live and decaying plant material, and are distinctly 
macrophytophagous, microphytophagous or, a combination of the 
two, panphytophagous. Although some mesostigmatid mites are 
known to be predatory, this is usually limited to prey which they 
can overpower, for example, nematodes and small arthropods 
(Evans 1992). None of the eight genera recorded by Douglas 
(1992a) was zoophagous, parasitic, or aquatic, and Evans (1992) 
did not mention any of these genera as being associated with frogs 
in any way. Being free-living soil mites would tend to rule them 
out as eating molted frog skin, or occurring on frogs. 

In the gastrointestinal tracts of Psammophylax rhombeatus, 27 
mites were recorded and accounted for 7.2% of identifiable items 
(N = 19) (Douglas 1992b). Only one species of anuran was re-
corded, Cacosternum boettgeri (N = 3). All the C. boettgeri were 
found in the same P rhombeatus specimen and accounted for 1.8% 
of the occurrence of items (Douglas 1992b). Douglas (1990) fur-
ther microscopically examined the remaining gastrointestinal tract 
of one of the three frogs and identified four major groups of in-
sects (Coleoptera, Hemiptera, Chrysomelidae, with the bulk be-
ing Formicidae of the genus Trinervitermes), but no mites were 
found. This provided further evidence that the mites were not as-
sociated with the frogs. 

As the shrew Suncus varilla was the primary prey of P. 
rhombeatus, representing 51% of prey species, a sample of 25 
shrew gastrointestinal tracts also were examined. It was found that 
43% of individuals contained oribatid mites. These mites were 
not at all damaged (e.g., through mastication) and were found only 
in association with earthworms (Douglas 1992a). Analysis of 
Churchfield's (1984) results on the diet of the shrew Suncus 
araneus showed a 53% correlation between the occurrence of mites 
and earthworms, a 65% correlation between the occurrence of mites 
and gastropods, and a 76% correlation between the occurrence of  

earthworms, gastropods, and mites (Douglas 1992a). The undam-
aged state of the mites and the aforementioned correlations tend 
to indicate that mites were not part of the diet of shrews, but were 
tertiary prey items incidentally ingested by the earthworms and 
gastropods. 

The many assumptions and inferences in the literature, such as 
acariphagy, and which are based almost entirely on the occurrence 
of mites in the gastrointestinal tracts and not on any feeding ob-
servations, is the basis of a separate paper (Douglas, in prepara-
tion). Considering the evidence presented here, it is not clear how 
Van Dijk (1997) came to the conclusion that Douglas (1992a) did 
not consider frogs as an alternative source of mites. 

On the other hand, Van Dijk (1997), without any evidence or 
references, put forward an alternative scenario of mites feeding 
on molted frog skin, which was then ingested by the frog. This 
scenario was based on an observation that ostracods occurred in 
the gastrointestinal tract of the aquatic frog Xenopus laevis, and 
that ostracods had been observed attacking the skin of Kassina 
senegalensis tadpoles (Van Dijk 1977). It may be asked whether 
the ostracods were actually feeding on the skin, or on the skin 
secretions? If ostracods and molted skin were found together 
throughout the gastrointestinal tract of Xenopus laevis, even as far 
as the rectum (Van Dijk 1997), this would clearly imply that nei-
ther were digestible items. If neither were digestible, then along 
with other indigestible prey remains such as insect exoskeletons, 
it would be very difficult to determine with any certainty whether 
the ostracods were specifically associated with the molted skin. 
That Van Dijk (1997) found ostracods in folds of the frog's in-
gested skin could also be explained by prey remains being shuffled 
and mixed while passing through the gastrointestinal tract. 

There are other possible logical explanations for the occurrence 
of ostracods in the gastrointestinal tract of Xenopus laevis. The 
occurrence of ostracods would be analogous to indigestible mites 
found in gastrointestinal tracts of reptiles and amphibians, and the 
question would arise as to why the frogs would deliberately con-
sume indigestible prey items such as ostracods? Because X. laevis 
is an aquatic species which feeds by hyobranchial pumping action 
(sucking in food and water and then expelling the water), ostra-
cods could have incidentally been sucked up with other food items. 
This is highly probable because X. laevis is a scavenger and a 
predator (Lambiris 1989), and will consume almost any available 
food, including carrion, on which the ostracods could have been 
feeding. Alternatively, the ostracods could just as well have been 
incidentally ingested by other prey items and be of a secondary 
nature. 

It was largely as a result of this type of inconclusive evidence 
that time was spent backtracking on the occurrence of mites in the 
Psammophylax rhombeatus gastrointestinal tracts. All the mite gen-
era identified by Douglas (1992a) were free-living soil mites and 
very unlikely to be associated with frogs in any way. It is of course 
probable that certain mites may well utilize molted frog skin as 
part of their diet, but apparently not in this instance. At this stage 
it would appear that Van Dijk would have to look at other mite 
species to substantiate his alternative scenarios. 
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In listing Micrurus affinis alienus (= M. diastema sapperi) from 
Belize, Schmidt (1941) made reference to a specimen in the 
Zoologisches Museum, Berlin, that fell entirely outside the defi-
nition of this species. The snake is said to have originated from 
"Corozal Island, British Honduras," with no other source stated 
except "Wien." Schmidt described it as having "very well devel-
oped supra-anal tubercles," and noting that this character was oth-
erwise wholly absent in the coral snakes from the area, he sus-
pected some confusion of data. Neill and Allen (1959), however, 
suggested that the locality cited by Schmidt might be Isla Corozal 
or Isla Corosalito, variant names for a station on the Rio Hondo in 
Orange Walk District [Belize], and that the snake in question might 
be Micrurus nigrocinctus. In a subsequent paper, Neill (1965) de-
scribed a specimen of Micrurus nigrocinctus divaricatus 
(Hallowell) from Gallon Jug, a locality also in the Rio Hondo drain-
age of Orange Walk District, since when specimens of Micrurus  

purportedly attributable to this taxon have been collected in Belize 
on a number of other occasions. 

Micrurus nigrocinctus divaricatus is an exceptionally variable 
coral snake otherwise known from central and northern Honduras 
(Roze 1967, 1970, 1996). Populations from this region are in many 
features similar to M. diastema and also examples of the other 
nominal species of Micrurus reported from Belize, M. hippocrepis 
(Peters). During an assessment of variation in Belizean material 
of the genus Micrurus for the purpose of compiling a guide to the 
reptiles of this country (Stafford and Meyer 2000), it became ap-
parent that specimens were attributable only to M. diastema and 
M. hippocrepis, and that, as suspected by Schmidt (1941), the er-
rant individual with supra-anal tubercles from "Corozal Island" 
almost certainly originated elsewhere. It also emerged that the 
combination of characters described by Neill (1965) for the Gal-
lon Jug Micrurus nigrocinctus divaricatus is at variance with the 
definition given for this taxon, and more like that exhibited by 
some M. diastema. It is the purpose of this paper to determine the 
status of these two specimens, and to suggest that the reported 
occurrence in Belize of Micrurus nigrocinctus has been based on 
confusing examples of M. diastema and M. hippocrepis. The north-
ernmost distribution of Micrurus nigrocinctus in its Atlantic ver-
sant range is also discussed. 

Information on the current understanding of the presence of 
Micrurus in Belize, including a comprehensive list of distribution 
records, has most recently been provided by Lee (1996). Micru-
rus diastema occurs almost countrywide, except on the offshore 
islands and perhaps in the extreme south, and in virtually all habi-
tats. Micrurus hippocrepis has a restricted distribution in the more 
mesic southern lowlands and Maya Mountains, and M. nigrocinctus 
is known from a small number of localities scattered generally 
throughout the country as a whole. The list of locality records 
given by Lee (1996) for M. nigrocinctus is partly inaccurate in 
that it includes a series of M. hippocrepis described by McCoy 
(1970) from Middlesex, Stann Creek District [UCM series and 
CM 48010] (Lee, pers. comm.). Notwithstanding this, however, 
Lee (1996) cited 6 other records of nigrocinctus from Belize [mi 
39 on Western Hwy. (MCZ 152577); Caracol (photograph); upper 
Raspaculo River Basin (Stafford, 1991); Gallon Jug (Neill, 1965); 
Guinea Grass Rd. ca. 4 mi S Northern Hwy (CM 105735); Stann 
Creek (USNM 24906)]. 

Micrurus nigrocinctus, M. diastema, and M. hippocrepis are tri-
colored, single-banded coral snakes that resemble each other also 
in habitus, scutellation, and some finer details of color pattern. In 
the region concerned, all three species are highly variable 
(Campbell and Lamar 1989; Fraser 1973; Lee 1996; Roze 1996; 
Wilson and Meyer 1972, 1985). Supra-anal tubercles are present 
in adult male nigrocinctus, and this is perhaps the most unam-
biguous distinguishing character in that it is lacking in diastema 
and hippocrepis. From populations of M. nigrocinctus in northern 
Honduras, the area geographically nearest to Belize from which 
examples of this species are otherwise available, diastema and 
hippocrepis may be further differentiated by utilizing combina-
tions of various scale and color pattern features (Table 1). Signifi-
cant among these is the proportional number of divided and undi-
vided subcaudal scales; in M. nigrocinctus, the subcaudal scales 
are usually all divided, whereas a sizable proportion of those in 
most diastema and hippocrepis are entire. Also of note is the con- 

78 	 Herpetological Review 31(2), 2000 



dition of the nuchal ring and corresponding number of black body 
rings. In M. nigrocinctus, the nuchal ring is usually complete, of 
more or less the same length dorsally and ventrally, and in ex-
amples with fewer than 19 black body rings, up to 2 dorsal scale 
lengths distant from the posterior tips of the parietals. In diastema, 
it is either interrupted or narrowly constricted ventrally, and in-
volves at least the posterior tips and usually a larger proportion of 
the parietals. The anterior margin of the nuchal ring in M. 
hippocrepis is occasionally posterior to the parietals, but in these 
individuals is incomplete (laterally in four specimens examined 
and ventrally in one). Micrurus hippocrepis is further distinguish-
able from most nigrocinctus in its conspicuous lack of black pig-
ment on the scales of the red rings. The red scales of this species 
may be dusky in appearance or edged with a dark border, whereas, 
in most geographically proximate populations of nigrocinctus, 
black pigment is present either in the form of conspicuous, uni-
formly distributed spots, coalesced blotches, or medially-oriented 
accessory rings (exceptions include 5 specimens from Lancetilla 
and La Lima, Dept. Atlantida, Honduras, in which the red rings 
are immaculate). Some M. diastema and M. hippocrepis have a 
pale spot on the snout that may be restricted to the rostral or in-
volve as much as the internasals, adjoining margins of the pre-
frontals, nasals, and the anteriormost supralabial. Among speci-
mens of M. nigrocinctus examined, however, this condition is ap-
parent only in one (MCZ 32010; Lancetilla, Depto. Atlantida, 
Honduras), and it is a feature not otherwise associated with the 
species. 

On the basis of these features, all but two of the specimens of 
Micrurus from Belize may be allocated to either the common spe-
cies of the region, M. diastema, or M. hippocrepis. Of the two 
exceptions, one is the specimen from "Gallon Jug, Orange Walk 
District" tentatively referred by Neill (1965) to M. n. divaricatus. 
The combination of characters described for this individual, which 
I have been unable to locate and examine for myself, disagree in 
several notable respects with the definition given for divaricatus. 
The other, a male from "Corozal Island" with well developed su-
pra-anal tubercles, is the same as that originally suspected by 
Schmidt (1941) as not having come from Belize. It thus would 
appear necessary to examine in greater detail the status of these 
particular specimens. 

ZMB 26384 (Corozal Island, British Honduras).—As originally 
suggested by Neill and Allen (1965), this specimen is referable to 
Micrurus nigrocinctus. It has a snout–vent length of 492 mm and 
a tail length of 88 mm, and there are 198 ventrals, 49 subcaudals 
(all divided), and 1+1 temporals on each side. Supra-anal tubercles 
are well developed. The black head cap is regular in outline and 
does not extend posteriorly onto the parietals; the black nuchal 
ring is complete, between 4 1/2-5 dorsal scales long, and involves 
the posterior tips of the parietals. There are 19 other black body 
rings, of which 4 are incomplete ventrally, and these vary from 2-
2 1/2 dorsal scales in length. The red rings have faded completely 
in preservative and the original distinction between these and the 
yellow rings (assuming the latter were present in life) is no longer 
discernible; black pigment on the scales of the "red" rings is limited 
to small, more or less uniformly distributed dots. There are 6 black 
rings on the tail, ranging between 5 and 6 dorsal scales in length; 
the pale (yellow?) interspaces range between 2 1/2-3 1/2 scales 
long. Ventrally, the pale rings are immaculate, with black pigment  

present on the mental and anterior infralabials only. 
The collection locality of ZMB 26384, as given in the 

Zoologisches Museum catalogue and cited by Schmidt (1941), is 
"Corozal Island, British Honduras." The other source quoted, 
"Wien," apparently refers to the collector, and it has been brought 
to my attention (courtesy of R. Giinther) that in the Zoologisches 
Museum archives is a letter written by Wien dating from the 1880's 
in which the origin of the specimen (and a Leptophis mexicanus, 
ZMB 26385) is stated as the island of "Cozumel." This is assumed 
to be a reference to the island of that name located north of Belize 
off the coast of Quintana Roo, Mexico. Given that neither of these 
species are known to occur on Cozumel, however, and only M. 
diastema has been recorded from the adjacent mainland (Lee 1996), 
the likelihood of ZMB 26384 originating from this locality seems 
remote. It is apparent from his letter that at least some of Wien's 
specimens were collected in the Corozal area of Belize, and in 
light of this it is possible that "Cozumel" has been corrected sub-
sequently or otherwise changed to "Corozal." Another possibility 
is that the specimen came from All Pines, a locality south of Belize 
City at the mouth of the Sittee River, where the majority of Wien's 
collection appears to have originated [for reasons unknown, the 
source of these, as given in the Zoologisches Museum catalogue, 
is "Beguiella, Carosall" (R. Giinther, pers. comm.)]. The fact that 
no other M. nigrocinctus has been forthcoming since, either from 
these particular areas or elsewhere in Belize (Neill's report not-
withstanding), however, suggests that there has most probably been 
some other fundamental confusion of data. Wien's letter is one of 
two filed in the ZMB archives under "Briefe Wien, Bestan Zoologie 
Sig: SII." 

WTN 2856 (Gallon Jug, Orange Walk District).—Neill (1965, 
pp. 111-112) described this specimen as "a female; total length 
317 mm, tail length of 47 min. Dorsal scale rows 15, ventrals 212, 
subcaudals 49. Black rings 10 on body, these rings 5 1/2 to 8 scales 
long. Each black ring with yellow borders, each yellow ring about 
2 1/2 scales long. Scales of red interspaces uniformly tipped with 
black, but no other black pigment in the red areas. Tail with 4 
black rings separated by yellow interspaces. All rings complete 
and regularly transverse. Snout completely black; a yellow band 
across back of head extending anteriorly to posterior margin of 
eye." Allocating it tentatively to Micrurus nigrocinctus divaricatus 
(Hallowell), Neill (1965) remarked that the specimen (hereinafter 
referred to by its field number, WTN 2856) agreed with this taxon 
in ventral count and its long yellow rings, but disagreed in having 
a high subcaudal count and in the distribution of black pigment in 
the red zones, as well as in having a low number of black rings. 

With respect to the number and length of its black body rings, 
WTN 2856 is particularly unusual. Roze (1996) gave a range of 
11-24 rings for a sample of 121 Micrurus nigrocinctus divaricatus. 
and described these as usually 3-4 dorsal scales and 2-4 ventral 
in length. It may be the case that the distinctive length of the body 
rings is an expression of the relatively low number of rings in this 
specimen, or that the range in ring length specified includes the 
nuchal ring, which in snakes of the genus Micrurus is typically 
longer than the other black body rings. In 31 M. nigrocinctus ex-
amined by me for the purposes of this review (Table 1), the black 
body rings do not exceed 5 dorsal scales in length, and the nuchal 
ring does not extend longitudinally for more than 6 dorsal scales 
and 4 ventrals (one specimen). 
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Another peculiarity of WTN 2856 is its high number of 
subcaudals, which is inconsistent with the known range of female 
M. nigrocinctus [32-43], M. diastema [32-45], or M. hippocrepis 
[36-42] (Roze 1996; see also Table 1). Taken with the propor-
tional length of the tail (calculable as 14.8% of the total length), it 
seems more likely that the specimen is a male. The number of 
ventrals indicated falls within the range of male M. diastema from 
Belize [198-212], but is notably higher than the maximum re-
corded for a male M. nigrocinctus divaricatus [206] (Roze 1996). 

Perhaps also significant is that the color pattern described by 
Neill (1965) for WTN 2856 is evident in no other specimen of 
Micrurus examined from Belize. Micrurus hippocrepis occasion-
ally has 10 black body rings or fewer, but these are invariably 
narrow (1-3 dorsal scales), and dark pigment on the red dorsal 
scales is either absent, limited to small, sparsely-distributed dots, 
or confined to the leading edges of occasional scales. The number 
of black body rings exhibited by specimens of M. diastema from 
Belize is 18-33. In this particularly variable species, however, the 

TABLE 1. Comparative external features of Micrurus nigrocinctus from northern Honduras [data combined with that of Roze (1996) for M. n. 
divaricatus] and Belizean M. diastema and M. hippocrepis. Notes: 'counts made using method of Dowling (1951); =terminal spine not included; 
3nuchal ring and a black ring enclosing vent (where present) included; 4black tip less than one half the width of the other black rings not counted; 
5specimens with 1+1 on one side and 1+2 on the other scored as having a 1+2 arrangement. Specimens exhibiting characteristics intermediate between 
M. diastema and M. hippocrepis are not included. 

Micrurus nigrocinctus Micrurus diastema Micrurus hippocrepis 

Sex (N) d' (15) 9 (16) d' (22) 9 (10) d (20) 9 (13) 

Ratio tail length/total length 0.130-0.166 0.080-0.115 0.122-0.165 0.098-0.118 0.133-0.162 0.098-0.114 

Supra-anal tubercles Present (SVL> Absent Absent Absent Absent Absent 
ca. 400 mm) 

Ventral scales' 190-206 206-221 198-212 215-226 196-210 212-221 

Subcaudal scales' 44-53 32-41 45-55 37-43 45-56 36-42 

Undivided subcaudals; 6.7% 0% 95.2% 100% 100% 69.2% 
% frequency occurrence 

Proportional number of 
undivided subcaudals; % range 

0-3.8% 0% 0-45.8% 12.5-45.2% 6.0-63.0% 0-14.3% 

Number of black body rings 3  11-24 12-23 18-28 22-33 4-16 10-18 

Number of black tail rings4  3-8 2-7 5-9 5-7 3-6 3-5 

Temporal scale arrangement 5 ; 1+1 (81.3%) or 1+2 1+2 (96.8%) or 1+1 1+2 (93.9%) or 1+1 
% frequency 

Snout coloration; % frequency Black (96.9%); 1 specimen with Black (61.3%) or rostrum with Black (66.7%) or rostrum with 
black/yellow on rostrum yellow blotch on rostrum variable amount of yellow variable amount of yellow 

Nuchal ring; % frequency Complete (93.8%) or open ventrally; Complete (64.5%) or open ventrally; Incomplete ventrally/laterally 
complete/incomplete dorsal and ventral length ± subequal when complete usually narrowed 

ventrally 
(81.8%) or complete; when 
complete usually narrowed 

ventrally 

Position of nuchal ring anterior margin up to 2 middorsal anterior margin involves at least anterior margin involves at least 
scales behind posterior edge of 

parietals in examples with 19 black 
body rings or fewer 

posterior tips of parietals posterior tips of parietals unless 
incomplete laterally 

Incomplete black body rings; 6.5% 31.3% 48.5% 
% frequency occurrence 

Black body rings; dorsal length 2.5-5 scales 1.5-6.0 scales 1.0-3.0 scales 

Yellow body rings; dorsal length 0-2 scales 0.5-2.0 scales 0.5-1.5 scales 

Presence (% frequency Usually present (84.4%); uniformly Present (100%); uniformly Usually absent (57.6%) or limited 
occurrence) and character of distributed, irregular, or suggestive distributed, irregular, or suggestive to small, sparsely-distributed dots/ 
black pigment distribution 
on red dorsal scales 

of accessory bands of accessory bands marginal fringes of occasional 
scales, or scales dusky 
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body rings range from 1.5-6 dorsal scales in length, and the yel-
low rings may be up to 2 dorsal scales long. Black pigment distri-
bution within the red rings is typically irregular, although in some 
specimens is uniformly distributed with a well-defined spot on 
the tip of each scale. Many (61.3% of those examined) have a 
completely black snout. There is a particular resemblance between 
WTN 2856 and examples of Micrurus diastema allocated to M. d. 
alienus (Werner). An exceptionally similar specimen (USNM 
24891, Yucatan, Mexico; male) has 11 black rings on the body, 
4.5-7.5 dorsal scales long (nuchal ring included), yellow rings ca. 
2 dorsals long, 4 black tail rings, uniformly distributed black tip-
ping on the scales of the red rings, and a completely black snout. 
Micrurus d. alienus has not been reported from Belize, although it 
is known from the adjacent Guatemalan department of El Peten 
(Campbell 1998), and also intergrades with M. d. sapperi in south-
ern Quintana Roo (Roze 1996). In consideration of this, and the 
discrepancies outlined above concerning the character of its color 
pattern and the number of ventral and subcaudal scales, it is sug-
gested that WTN 2856 represents an example of Micrurus di-
astema, albeit a rather peculiar one. 

Discussion of geographic distribution.—The northernmost dis-
tributional limit of Micrurus nigrocinctus in the Atlantic versant, 
as represented by specimens of known provenance and denomi-
nation, appears to be the Sula Plain area of Depto. Cortes, north-
em Honduras. Specimens from this locality are cited by Wilson 
and Meyer (1972, 1985). Schmidt (1933) listed M. n. divaricatus 
from the lowlands of eastern Guatemala, but did not elaborate on 
the source of his information, and Stuart (1963) included only the 
Pacific versant M. n. zunilensis in his Guatemalan list. No ex-
amples of M. nigrocinctus from eastern Guatemala appear to be 
available, and neither has recent exploration produced specimens 
or other evidence of the occurrence of this species in the region (J. 
A. Campbell, pers. comm.). A specimen in the Museum National 
d'Histoire Naturelle, Paris, labeled from "Guatemala" with no other 
locality data [MNHN 6082], is representative of the Pacific ver-
sant population. Given the proximity of eastern Guatemala to the 
department of Cortes, Honduras, however, it is possible that 
nigrocinctus may eventually be confirmed from this area. On the 
same basis, its occurrence in Belize, particularly in the relatively 
unexplored Maya Mountains, is also not inconceivable. From a 
biogeographical viewpoint, however, it is of some significance 
that the species has not been reported from El Peten (Campbell 
1998; Campbell and Vannini 1989), with which southern Belize 
has greatest affinity, and that the respective herpetofaunas of south-
ern Belize and northern Honduras are not more alike. Considering 
the short distance between southern Belize and northern Hondu-
ras, the proportion of species shared by these two regions is lower 
than might be expected (Stafford and Meyer 2000), a situation 
that may be a reflection of the area's geological history. 
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Specimens examined.—Micrurus diastema: BMNH 1935.6.3.2-
1935.6.3.4 (British Honduras), BMNH 1946.1.20.7 (Stann Creek), BMNH 
1946.1.20.18-19 (Belize), BMNH 1978.2009 (northern Belize), CM 90989 
(Belmopan, Cayo Distr.), CM 105711 (1.2 mi S Blancaneaux Lodge, Cayo 
Distr.), CM 105735 (Guinea Grass Rd., ca. 4 mi S Northern Hwy., Or-
ange Walk Distr.), CM 105944 (Augustine, Cayo Distr.), CM 112110 
(Chial, Cayo Distr.), CM 112118 (ca. 6 mi S Georgeville, Cayo Distr.), 
CM 112126 (Chiquibul Branch, S Granos de Oros Camp, Cayo Distr.), 
CM 112150 (Macal River at Guacamallo Bridge, Cayo Distr.); FMNH 
4254 (Belize City, Belize Distr.), FMNH 71534 (Roaring Creek, Cayo 
Distr.); MCZ 152577 (mi 39 Western Hwy., Belize Distr.); MPM 7380, 
7382, 7713-7714 (Tower Hill, Orange Walk Distr.), MPM 7381 (62 mi 
from Punta Gorda on Southern Hwy., Stann Creek Distr.), MPM 7383 
(Santa Cruz, Corozal Distr.), MPM 7712, 10787 (near Orange Walk Town, 
Orange Walk Distr.); MPM 8187 (Baldy Beacon, Mountain Pine Ridge, 
Cayo Distr.); MPM 8188 (Central Farm, Cayo Distr.), MPM 8274 (Tropical 
Park, Belize City, Belize Distr.), MPM 8282 (Chan Pine Ridge, Orange 
Walk Distr.), MPM 13886 (Northern Hwy. W, 0.5 mi S Tower Hill Ferry, 
Orange Walk Distr.); OUM 21610 (Monkey Bay National Park, Belize 
Distr.); PJS 9813 (Las Cuevas, Cayo Distr.); USNM 024890-024892 
(Yucatan, Mexico), USNM 024905 (Belize), USNM 026059 (Stann Creek, 
Toledo Distr.), USNM 325115-325116 (Big Falls, ca. 12 mi SE Lubaantun, 
Toledo Distr.), USNM 333101 (Cotton Tree, 2.1 km N of mile marker 24 
on W Hwy., Belize Distr.). 

M. hippocrepis: BMNH 91.3.4.6 (Stann Creek, Stann Creek Distr.), 
BMNH 95.2.21.1-95.2.21.3 (British Honduras), BMNH 1973.2843 (Silk 
Grass, Stann Creek Distr.); CM 48010 (Middlesex, Stann Creek Distr.); 
MPM 7384 (near Middlesex, Stann Creek Distr.), MPM 7679 (Mountain 
Pine Ridge River on Naval Road, Cayo Distr.); UCM 25710, 25722, 25726, 
25749-25750, 25809, 25885-25888, 25890-25894, 29979-29980, 30885- 
30887 (Middlesex, Stann Creek Distr.); USNM 024906 (Belize); USNM 
325117 (Maya Mountains, Swasey River Valley, Toledo Distr.); USNM 
325118 (Swasey River Valley, Toledo Distr.); USNM 498224 (Richardson 
Creek Camp, Bladen Nature Reserve, Toledo Distr.); USNM 498225 (Ek 
Xux Camp, Bladen River, Toledo Distr.). 

Intermediate "M. diastema x hippocrepis": BMNH 1973.2842 (Stann 
Creek), BMNH 1992.510 (Cuxta Bani, upper Raspaculo River, Cayo 
Distr.); FMNH 49355-49356 (Stann Creek Valley, Stann Creek Distr.); 
PJS 9314, 9702 (Cuxta Bani, upper Raspaculo River, Cayo Distr.). 

M. nigrocinctus: AMNH 46968-71, 70237-38 (Lancetilla, Depto. 
Atlantida, Honduras); FMNH 5311 (Lake Ticamaya, Depto. Cortes, Hon-
duras), FMNH 5312 (W of San Pedro Sula, Depto. Cortes, Honduras), 
FMNH 8083 (Garcia Plantation, Depto. Yoro, Honduras), FMNH 16115 
(Colorado Distr., Depto. Atlantida, Honduras), FMNH 16116-16120 
(Guaymas Distr., Depto. Atlantida, Honduras), FMNH 34720-34722 
(Portillo Grande, Depto. Yoro, Honduras); LSUMZ 21773 (mountains 
above Corozal, Depto. Atlantida, Honduras), LSUMZ 24425 (La Lima, 
Depto. Cortes, Honduras), LSUMZ 24226 (15.5 mi S Puerto Cortes, Depto. 
Cortes, Honduras); MCZ 19945 (Ulua River, near Tela, Depto. Atlantida, 
Honduras), MCZ 21772-73 (Colorado Distr., Depto. Atlantida, Hondu-
ras), MCZ 29412-13, 32010-12, 32014, 33342, 38772-73 (Lancetilla, 
Depto. Atlantida, Honduras); MNHN 6082 (Guatemala); ZMB 26384 
("Corozal Island, British Honduras"). 
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The semifossorial Cemophora coccinea apparently exhibits a 
unimodal peak of surface activity and is inactive during the cooler 
months, even during warm spells (Gibbons and Semlitsch 1987). 
However, Ernst and Barbour (1989) speculated that Cemophora 
might be active year-round in Florida during mild years. During a 
drift-fence survey in Tate's Hell Wildlife Management Area 
(WMA), Franklin County, Florida, USA, we observed anomalous 
cool-weather activity by Cemophora coccinea at one drift-fence 
array. In order to ascertain monthly activity patterns of Cemophora, 
we compiled additional data from throughout Florida that sampled 
most months of the year (Table 1). 

Excluding the data from Franklin County, 96.4% of all 
Cemophora (N = 330) in Florida were captured between April 
and August, and 74.2% between May and July (Table 2). There is 
no apparent trend for more southerly populations in peninsular 
Florida to have a longer activity season than northern populations, 
although a specimen was captured on 16 November in Hernando 
County and on 16 December in Martin County. In subtropical Dade 
County, Cemophora were captured on roads from May through 
July (Dalrymple et al. 1991) and were observed eating Terrapene 
carolina eggs at night from 1 April through 16 June (Dickson 1948). 
Drift-fence studies in South Carolina yielded a similar window of 
activity to studies in Florida, with all Cemophora being captured 
from April through October (Gibbons and Semlitsch 1987). 
However, peak Cemophora activity in Florida (May-June) 
occurred one month earlier than in South Carolina (June-July). 
Specimens have been collected from 19 April through 7 November 
in Virginia (Mitchell 1994), but these records may have included 
animals collected from underground brumation sites. A Cemophora 
collected in Mississippi on 10 December from under a piece of 
bark near a swamp (Allen 1932) may have been brumating. 

The observed May-July peak in surface activity for Cemophora 
probably corresponds with increased activity associated with the 
breeding season and foraging for food. Although Cemophora have 
been recorded taking a variety of prey, reptile eggs appear to be 
preferred (e.g., Brown 1979; Dickson 1948; Minton and Bechtel 
1958; Neill 1951; Palmer and Tregembo 1970; Williams and 
Wilson 1967), and peak oviposition for most squamate and some 
turtle species in Florida occurs from April through July. Cemophora 
have been recorded moving 600 m in 26 days (Nelson and Gibbons 
1972), and such long-distance movements may be necessary to 
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TABLE 1. Surveys listed from north to south in Florida, USA, from which Cemophora coccinea activity data were 
compiled. 

County 

Gadsden 
Baker 
Bradford 
Taylor 
Franklin 
Putnam 
Marion 
Hernando 

Pinellas 
Poll/Highlands 

Polk/Highlands 
Martin 
Dade 

Name of site 

Joe Budd WMA 
Olustee Battlefield Historic Site 
Bradford Forest 
Big Bend WMA 
Tate's Hell WMA 
Ordway Preserve 
Rainbow River State Park 
Chassahowitzka WMA and 
Chinsegut Nature Center 
East of Lake Tarpon 
Arbuckle State Forest and 
Avon Park Air Force Range 
Lake Wales Ridge scrubs 
Jonathan Dickinson State Park 
Everglades National Park 

Survey method 

drift fences 
drift fences 
drift fences 
drift fences 
drift fences 
funnel traps 
drift fences 
drift fences 

drift fences 
drift fences 

drift fences 
drift fences 
road cruising 

Source 

Enge, unpubl. data 
Enge, unpubl. data 
Enge and Marion 1986 
Enge and Wood 1998 
this study 
Dodd and Franz 1995 
Enge, unpubl. data 
Enge and Wood, in press; 
Enge and Wood, unpubl. data 
Enge, unpubl. data 
Branch et al. 1996 

Mushinsky and McCoy 1995 
Timmerman et al. 1994 
Dalrymple et al. 1991 

TABLE 2. Monthly captures of Cemophora coccinea by county in Florida, USA, with data from this study in 
Franklin County highlighted. Missing numbers indicate months that were not sampled. 

County Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total 

Gadsden 0 0 0 1 15 2 14 0 3 0 0 0 35 

Baker 0 0 0 5 10 10 0 0 0 0 0 0 25 
Bradford 0 0 0 11 9 16 9 6 1 1 0 0 53 
Taylor 1 7 18 9 3 0 0 38 
Franklin 0 1 0 1 18 12 8 7 6 7 1 61 

Putnam 0 4 5 3 0 0 0 0 12 
Marion 0 0 0 1 1 2 2 4 0 0 0 0 10 
Hernando 0 0 0 6 20 29 5 2 1 0 1 0 64 
Pinellas 0 0 0 4 4 4 0 0 0 0 0 0 12 
Polk/Highlands 0 0 0 5 3 3 10 3 0 0 0 0 24 
Polk/Highlands 0 14 2 17 2 4 1 0 40 
Martin 0 0 0 0 3 1 0 3 2 1 0 1 11 
Dade 0 0 0 0 3 2 1 0 0 0 0 0 6 
Total 0 1 0 49 99 121 63 32 7 9 8 2 391 

find seasonally limited food resources which are spatially 
dispersed. 

We collected data on Cemophora activity from 12 drift-fence 
arrays in scrub and mesic flatwoods habitats in Tate's Hell WMA 
from April 1998 through March 1999. Traps were open 10-13 
days each month except for September. Tate's Hell WMA 
accounted for 75.0% of all Cemophora captures (N = 20) outside 
the April—September period (Table 2). All 15 captures of adult 
Cemophora from October—February came from only a single array, 
which accounted for 15.2% of captures (N = 46) during the 
remainder of the year (Table 2). This array was situated in open, 
sand-pine scrub ca. 1 km north of the Gulf of Mexico (29°47'43"N, 
87°46'59"W). 

We cannot explain the atypical dormant-season activity exhibited 
by Cemophora at one array in Tate's Hell WMA. Individuals were 
not marked, but several were responsible for the observed activity, 
because up to three specimens were trapped at one time. The winter 
was drier than normal; thus, Cemophora were not flooded from 
subterranean retreats by rising water tables. Ephemeral and 
permanent wetlands were situated > 20 m from the array, and open, 
sandy areas at the site may have been used by nesting turtles. It is 
possible that Cemophora were feeding on eggs of "winter"-nesting 
Deirochelys reticularia and Kinosternon subrubrum during a time 
of the year when they are normally inactive. Cemophora are almost 
exclusively nocturnal (Gibbons and Semlitsch 1987; Nelson and 
Gibbons 1972; Palmer and Tregembo 1970), and nights in northern 
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Florida are typically too cool for reptile activity from October 
through March. However, apparently emaciated Cemophora have 
infrequently been observed engaging in diurnal surface activity 
during the winter in Gadsden County, Florida (S. P. Christman, 
pers. comm.), suggesting that the Cemophora trapped in Tate's 
Hell WMA from October through February may have been active 
during the daytime. It is possible that this one array at Tate's Hell 
WMA was situated near a hibernaculum or other important winter 
resource for Cemophora, and the individuals we trapped were 
displaying normal low-level activity during warm weather in 
winter. 
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Available data concerning biology and aggressive behavior in 
species of Phyllomedusa come mainly from Colombia (Pyburn 
and Glidewell 1971), Uruguay (de Sd and Gerhau 1985), and 
Argentina (Laurent 1973). Pyburn and Glidewell (1971) and 
Laurent (1973) suggested that Phyllomedusa hypocondrialis is 
territorial, but a detailed study has not been conducted. This species 
has a wide distribution in South America (Frost 1985). We studied 
a population on the eastern border of its Amazonian distribution. 
Here we summarize the reproductive biology of this population 
and present data on territoriality from two breeding sites having 
different vegetation structure. 

The study sites were two temporary ponds in open areas at the 
side of a main road at the Parque Estadual do Bacanga, Sao Luis 
(2°35'S; 44°15'W), Maranhao State, northeastern Brazil. These 
ponds differed structurally in terms of vegetation cover: a pond 
with widespread vegetation on its edge and interior (WVP). 
consisting of continuous tangled shrubs up to 1.7 m high; and a 
pond with marginal vegetation only (MVP), consisting of scattered 
shrubs and small trees, up to 2.5 m high. We collected data weekly 
from March to early July 1991, and between 1500 and 0300 h 
using a dim or red flashlight at night. We made preliminary 
observations in 1989, 1990, and January-February 1991 at the 
same and other sites. We marked calling sites and male positions 
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throughout the night with colored ribbons or clothes-pins. We 
recorded vocalizations, but we failed to obtain sonagrams due to 
technical problems. At MVP, where physical interactions between 
males were not observed naturally, we caught a calling male in a 
shrub, and released him 15 cm from another calling male in a 
neighboring shrub. We experimentally examined amplexus 
behavior in nature by separating an amplectant male and releasing 
him 10 cm from the female. We repeated this procedure, then also 
released another calling male 10 cm from the same female. In the 
laboratory we observed the development of five egg clutches and 
reared tadpoles until metamorphosis. 

The breeding period (January to June) coincided with the rainy 
season. In January 1991 at MVP males called from inside the thick 
vegetation and we could frequently hear their vocal interactions. 
At the end of March they moved closer to the water line and called 
from exposed sites on the vegetation edge. We found egg clutches 
only after March. 

Males called from 1745-0300 h. The advertisement call emitted 
by isolated males is composed of one note audible to the human 
ear. Upon the approach of a female, a male increased the calling 
rate. During the vocal interactions between males, a different note 
was emitted. This note was emitted by isolated males in response 
to playbacks. Upon the approach of a male into the territory of 
another male and during the wrestling bouts, both males emitted 
only these different notes. 

During the first hours after sunset the males interacted vocally 
as they presumably established their territories since we did not 
find females or new clutches before 2300 h. 

Males called from leaves or branches, either inside or near 
temporary ponds or more rarely, permanent ones, at heights of 
0.4-3.5 m (mean = 1.4; SD = 0.9; N = 32) above the water. 
Generally, calling males moved to adjacent perches and changed 
their positions and postures. Thus, even on the same perch, males 
turned to call in different directions. Similar behavior was observed 
in Agalychnis callidryas and Pachymedusa dacnicolor (Pyburn 
1970) and P. hypocondrialis (Pyburn and Glidewell 1971). 

The calling male (N = 8) moved in a circle all night long. We 
considered this to be patrolling behavior. The area, about 1 m in 
diameter, usually patrolled by a male was considered to be its 
territory, since one patrolling male physically attacked another 
calling male that entered the area. 

We observed calling males near call sites that had been occupied 
during the previous night. Our impression is that males return to 
the same territories in consecutive nights, although we did not 
mark the animals. 

During the breeding season vocal interactions and fights between 
males in adjacent territories were common. We observed six fights 
at WVP. The typical agonistic behavioral sequence consisted of 
territorial calls and a fast approach, followed by a slow wrestle 
made up of head and leg pushing alternating with resting (Fig. 1). 
Wrestling bouts lasted from 10-60 min. Both males emitted only 
the different note during these bouts. In all encounters the winner 
was the resident male. 

At MVP, the territories were not adjacent because of scattered 
vegetation, and each active male occupied one shrub. The 
interactions were strictly vocal, with the emission of both kinds of 
notes. In the experimental encounter, however, the aggressive 
behavior was similar to that described for WVP. After physical 

FIG. 1. Two males of Phyllomedusa hypocondrialis during a territorial 
fight, the resident grasping the branch. Photo by G. V. Andrade. 

interaction, the intruder returned to its original territory in the 
neighboring shrub. We suggest that early in the breeding season 
before males approach the water line and clutches are deposited, 
each male, through aggressive behavior, establishes its territory in 
an isolated shrub or tree at MVP. Aggressive interactions in adjacent 
territories at WVP point out that resident males are intolerant of 
other calling males in the limits of their territories. Such behavior 
implies maintenance of spatial separation between males through 
vocalizations, as occurs in other species (Pyburn 1970; Wells 1977). 
Maintenance of inter-male space through vocalization, aggressive 
interactions, and patrolling behavior are characteristic of 
territoriality in Phyllomedusa hypocondrialis. 

When we experimentally separated an amplectant male from 
the female, the female began walking in the direction opposite 
from the male. The male then started vocalizing, and increased 
the rate of advertisement calls. After that, the female stopped 
walking and the male walked in the direction of the female and 
jumped onto her back in axillary amplexus. When we released 
two males the intruder tried unsuccessfully to dislodge the original 
male from the female's back by inserting its head between the 
female's back and the original male's ventral region. The intruder 
then attacked the amplectant male by pushing and kicking its 
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opponent with its arms. The fight ended when the intruder moved 
away. 

Oviposition followed by leaf folding behavior was similar to 
behavior observed by Pyburn (1980). Females oviposited on 
branches of shrubs or trees overhanging the ponds, and enclosed 
the egg masses in leaves. Two pairs were on herbaceous vegetation 
15 and 90 cm above the water, respectively. Both amplectant 
females moved toward the petiole, and laid the eggs while 
undergoing abdominal contractions. The pair closed the leaf using 
their hind limbs and movements of their cloacae. We noted 
abdominal contractions of the male when its thigh was at right 
angles to its body. The male elongated and compressed its body 
against the female and then inserted its cloaca into the folded leaf. 
The movement of the pairs proceeded until the leaf was completely 
closed. Sometimes, during this behavior, the male emitted 
advertisement calls. In both cases the male released the female 
and resumed calling within 10 min after egg laying was completed. 
The female left the oviposition site after 20 min. 

The clutches of P. hypocondrialis were laid on leaves that ranged 
between 2.1-6 cm wide (mean = 3.76 cm; SD = 1.02; N = 14), and 
3.3-15 cm long (mean = 7.98 cm; SD = 3.22; N = 18). Generally 
the leaf was folded; when a leaf was too narrow, two leaves were 
joined together by the amplectant pair. Clutch size varied from 
62-154 eggs per clutch (mean = 87.15; SD = 23.58; N = 13) and 
did not correlate significantly with leaf width (r s  = 0.52; p > 0.05). 

The clutches were deposited from 5.5-210 cm (mean = 110 cm; 
SD = 59.6; N = 21) above the water. The water depth below the 
clutch sites ranged from 4-34 cm (mean = 18.04 cm; SD = 11.4; N 
= 12), and eggs were deposited from 24-120 cm (mean = 72.64 
cm; SD = 34.37; N = 11) from the shoreline. In the laboratory (ca. 
26°C) eggs hatched after 8 days and larvae metamorphosed after 
43 days. 

The simpler and less specialized reproductive pattern in 
Phyllomedusinae is exhibited by Agalychnis callidryas (Pyburn 
1970), whose eggs are laid on open leaves with little or no male 
help other than fertilization. Pachymedusa dacnicolor also lays 
eggs on open leaves, but male assistance occurs (Pyburn 1970). 
Phyllomedusa iheringi (Ihering 1886), P. trinitatis (Kenny 1966), 
P distincta (Castanho 1994), and P. hypocondrialis (Pyburn and 
Glidewell 1971; this paper) close the leaves with male assistance. 
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Genetic studies are becoming a primary component of wildlife 
conservation. These studies are used to define the genetic struc-
ture of populations and provide estimates of genetic diversity. This 
information can aid in management of wildlife by providing a basis 
for the allocation of funds and prioritization of management ac-
tivities for the preservation of genetic diversity. 

An initial step in most genetic studies is the extraction of DNA 
from tissues. Once extracted, the DNA is often amplified using 
PCR (polymerase chain reaction) and analyzed by a variety of 
molecular techniques. PCR-based techniques require very small 
amounts of DNA, therefore it is not always necessary to extract 
the DNA from the tissues of living organisms. For example, DNA 
can be extracted from fur, shed skins, or scales. 

Although DNA can be extracted from a variety of sources, if an 
organism is sufficiently rare or difficult to capture, as are many 
reptiles, it may be impossible to locate enough individuals. This 
highlights the desirability of using specimens from existing mu-
seum collections. These specimens are usually stored in ethanol 
after having been preserved initially with formalin. Formalin is a 
1.3 M aqueous formaldehyde solution which has been used for 
preserving tissues almost since its development in 1865 (Fox et 
al. 1985). It hardens tissues without shrinkage or distortion by 
forming cross-linkages between the proteins (Fox et al. 1985). 

The interaction of formaldehyde with DNA is not well under-
stood, but there is evidence that cross-linkages are formed between 
the proteins and the DNA as well as between the strands of the 
DNA (Chaw et al. 1980; Chang and Loew 1994). The existence of 
these protein-DNA cross linkages has led to the belief that speci-
mens fixed in formalin and stored in ethanol are, for the most part, 
unuseable for DNA analyses and, therefore, genetic analyses of 
museum collections have rarely been attempted (France and Kocher 
1996). 
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Although extraction of DNA from formalin-preserved tissues is 
difficult, recent investigations have met with varying degrees of 
success. Medical researchers interested in genetic diseases were 
among the first to extract DNA from formalin-fixed, paraffin-em-
bedded tissue sections, but the results were highly variable and 
dependent upon the fixation time and the storage conditions 
(Rogers et al. 1990; Forsthoefel et al. 1991). More recently, inves-
tigators have had greater success with the extraction procedures 
using a prolonged proteinase K digestion with times ranging from 
24 to 50 h (France and Kocher 1996; Shiozawa et al. 1992). Some 
investigators have resorted to chemical means to break the protein 
cross linkages, adding DTT (Dithiothreitol) to the proteinase K 
digestion-stage (Johnson et al. 1995). France and Kocher (1996) 
reviewed the various extraction protocols using a rating system 
based upon the percentage of extractions that yielded a PCR prod-
uct of the expected size. They determined that the most effective 
extraction protocols were those that utilized a prolonged diges-
tion period, although the most successful protocol, developed by 
Shiozawa et al. (1992), was successful in only 66% of the extrac-
tions. 

I have developed a modified protocol for the extraction of DNA 
from skin that can, in most cases, be rubbed from the bodies of 
formalin-fixed, ethanol-preserved specimens without damaging the 
specimens. This protocol has worked on both reptilian and am-
phibian specimens and has been used to extract DNA from speci-
mens that were stored in formalin for extended periods of time. 
The protocol makes use of a prolonged proteinase K digestion, 
similar to that of Shiozawa et al. (1992), and also an additional 
chemical component, Dithioerythritol (DTE), to break the protein 
cross-links. Several other extraction protocols were tested along 
with this one, including some that used slightly different long di-
gestion periods (France and Kocher 1996; Shiozawa et al. 1992) 
and some using additional chemical means to break the protein 
cross-linkages (Johnson et al. 1995) but none of them worked as 
well as the protocol using both methods. Extractions using this 
protocol yielded a quantity of DNA sufficient for amplification in 
14 out of 15 repetitions, and the average size of the amplified 
product was approximately 700 base pairs. 

Tissues were prepared for the extraction process by grinding 
them to a fine powder in liquid Nitrogen using a small mortar and 
pestle. Approximately 50 mg of ground tissue was placed in a 1.5 
ml micro centrifuge tube along with 1 ml of STE buffer (0.1 M 
NaCl; 0.05 M Tris-HC1, pH 7.5; 0.001 M EDTA), 25 pl of 20 mg/ 
ml proteinase K, 50 p1 of 20% sodium dodecyl sulfate (SDS), and 
2.5 ill of 20 mg/ml of DTE. The aggregate was gently mixed and 
then incubated in a gently shaking water bath for 24 h at 55°C. An 
additional 25 pi of proteinase K, 25 pl SDS, and 2.5 p1 of DTE 
was then added and the mixture was placed back into the water 
bath for 48 h at 55°C. The mixture was then placed in a 15 ml 
centrifuge tube and subjected to two standard PCI (phenol, chlo-
roform, and isoamyl alcohol in a ratio of 25:24:1) extractions, and 
two standard CI (chloroform and isoamyl alcohol in a ratio of 24:1) 
extractions. The aqueous layer was placed in a clean tube and one-
tenth volume of 2 M sodium chloride was added. The mixture was 
precipitated with one volume of cold (-20°C) 95% ethanol and 
stored at -20°C overnight. Each tube was then centrifuged for 30 
min at 7000 g and the supernatant was removed using a micro 
pipette. In most cases, there was no visible pellet so care was taken  

to avoid disturbing the liquid at the very bottom of the tube. The 
remaining liquid was evaporated in a convection oven for 2 h at 
55°C. The pellet was resuspended in 50 p1 of TE buffer (0.001 M 
Tris-HC1, pH 7.5; 0.0001 M EDTA). I attempted to establish the 
presence, concentration, and fragment length of the extracted DNA 
from each sample by size-fractioning the sample on a 1% agarose 
gel but I found that the concentration of DNA was often too low to 
produce a visible band. I therefore amplified all extraction prod-
ucts using an amplification profile specifically designed for samples 
with a low template concentration. 

Primers used in PCR were designed to amplify the cytochrome 
b gene of mitochondrial DNA. These primers had been used ex-
tensively on samples from within the genus Lampropeltis and were 
known to amplify the specimens used for the study. The PCR re-
action volume of 50 pl contained: 
10 p1 of template DNA, 5 IA reaction buffer ( 500 mM KCL; 100 
mM Tris, pH 8.8; 15 mM MgC12 ; 30 mM DTT; 1 mg/ml BSA), 50 
mM of each dNTP, 25 pmol of primers 462 
(5' ACTTCAGGGTGCCCAAAGAATCA3') and 562 
(5' TAAGCTATGGGGCTCATACC3') (Operon Technologies Inc. 
Alameda, California, USA), and 2.5 units of Tag DNA polymerase. 
The cycling profile included: melting for 1 min at 95°C , anneal-
ing for 2 mM at 37°C, and elongation for 3 min at 72°C. The total 
number of cycles was 35. 

The ability to extract sufficient quantities of amplifiable DNA 
from museum specimens could be of value to researchers work-
ing with rare or extinct organisms, and it may also be of some use 
to researchers wishing to compare individuals or populations on a 
temporal scale. 
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Fin. 1. Anolis chlorocyanus in glue trap. 
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Mouse glue-traps have recently become a popular means of cap-
turing lizards and other reptiles for ecological studies (Bauer and 
Sadlier 1992; Rodda et al. 1993; Whiting 1998). Previous techni-
cal notes have discussed glue-trap sampling on islands in the west-
ern Pacific (Bauer and Sadlier 1992; Rodda et al. 1993) and south-
ern Africa (Whiting 1998). In this note we comment on the effi-
ciency of glue-traps for sampling reptile diversity in the West 
Indies. In particular, we provide data concerning rates of capture 
and recapture, species sampled and missed by glue-traps, mortal-
ity of captured reptiles, accidental capture of non-target vertebrates, 
and the economics of glue-trap sampling. 

All glue-trap sampling occurred in Los Haitises National Park 
and the immediately surrounding region in the Dominican Re-
public. The Los Haitises region is a karstic area on the southwest-
ern border of Samana Bay that originally was characterized by 
broad-leaf humid tropical forest (Zanoni et al. 1990). The primary 
goal of our sampling was to determine the effects of human dis-
turbance on lizard diversity (Glor et al., in review), but here we 
will concentrate strictly on the pros and cons of glue-trap sam-
pling. 

Our glue-trap sampling protocol involved thirty 10 x 10 m grids 
placed in nine different habitats. Each of these grids contained 
twenty Victor® mouse glue-traps (Woodstream Inc., Lititz, Penn-
sylvania 17543-0327, USA). These traps can be purchased in bulk 
from many commercial exterminators for US $0.25—$0.42 per trap. 
In each grid, five traps were placed in each of four microhabitats 
for a total of twenty traps per grid. Microhabitats sampled were: 
1) open ground, at least 1 m away from the nearest tree; 2) ground 
at base of tree; 3) tree trunk or branch, 1 m above the ground; and 
4) tree trunk or branch, 2 m above the ground. Ground traps were 
placed on bare soil or rock, while tree traps were stapled into po-
sition using a staple gun and 8-10 mm staples. An attempt was 
made to place the traps in five rows, each with a single trap in 
each microhabitat. 

Traps were checked 
at least once every 24 
h for the duration of the 
120-h trapping cycles. 
Depending on the 
number of reptiles cap-
tured, it took two 
people 15-60 min to 
check traps, process 
and release animals, 
and replace damaged 
or missing traps. As has 
been reported previ-
ously (Rodda et al. 
1993), the effective-
ness of traps tends to 
decline with age, pri-
marily as a result of ex-
posure to the elements 
and accumulation of 
debris. In our study, 
wet or damaged traps 
were replaced regu-
larly. Each trap was re-
placed approximately 
every 2.5 days during the course of a five-day trapping period. 

Most reptiles were released from the traps by loosening the glue 
around them with vegetable oil applied with a paintbrush (Bauer 
and Sadlier 1992; Rodda et al. 1993). Only large robust anguids 
(Celestus stenurus and C. costatus) could be released without oil-
ing. All reptile species captured could be effectively removed with-
out injury; though special care must be taken when removing small 
fragile-skinned lizards (e.g., Sphaerodactylus) as well as certain 
body parts of anoles such as the dewlap and tail. The toenail on 
the fourth rear digit was clipped to allow for identification of re-
captures. 

During ten weeks of sampling (spread over three trips) we ac- 

TABLE 1. Rates of capture for each taxon sampled. 

Number 
Captured 

Captured per 
Trap-hour 

Anolis baleatus 19 0.00011 

A. chlorocyanus 113 0.00067 

A. cybotes 194 0.00115 

A. distichus 866 0.00515 

A. semilineatus 70 0.00042 

A. spp. 15 0.00009 

Celestus stenurus/costatus 81 0.00048 

C. sepsoides 4 0.00002 

Sphaerodactylus spp. (5 species) 38 0.00022 

Antillophis parvifrons 4 0.00002 

Epicrates striatus 6 0.00004 

Tropidophis haetianus 1 0.00001 

Total 1411 0.00840 
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TABLE 2. Success of traps in each different microhabitat. More trap-hours were accumulated in the 
open ground traps because one of the habitats sampled (active pasture) contained only open ground 
traps and no tree traps. Cost per lizard based on cost of $0.30 per trap and replacement every 2.5 days. 

Trap-hours Lizards 
sampled 

Lizards per 
trap-hour 

Estimated cost per 
lizard sampled 

Open ground 48,480 154 0.0032 $1.56 
Tree base 39,840 306 0.0077 $0.65 
1 m tree 39,840 462 0.0116 $0.43 
2 m tree 39,840 489 0.0123 $0.41 
Totals 168,000 1411 7r= 0.0084 $0.60 

cumulated over 168,000 trap-hours (one trap set for one hour = 
one trap-hour). During this time 1411 reptiles representing 16 spe-
cies were captured. Overall, traps captured reptiles at a rate of 
0.0084 per hour or approximately one reptile every five days for a 
given trap. Because traps cost about US $0.30 and last an average 
of 2.5 days our cost per capture was approximately US $0.60. 

The traps sampled 16 of the 20 reptile species known to occur 
in the Los Haitises region, based on available distribution records 
(Schwartz and Henderson 1991) and visual surveys that we con-
ducted concurrent with glue-trap sampling (Table 1). No amphib-
ians were captured, despite their abundance in and around the park, 
likely because of their moist skin. On several occasions frogs of 
the genus Eleutherodactylus were observed hopping onto and then 
off of the traps. 

The reptile species known to occur in the region but never cap-
tured in traps included two primarily arboreal snakes (Uromacer 
oxyrhynchus and U. catesbyi), a fossorial blind snake (Typhlops 
pusillus), and the fossorial Amphisbaena manni. Anolis lizards 
dominated our samples, accounting for over 90% of captures (Fig. 
1), while captures of snakes and small geckos were exceedingly 
rare (Table 1). Based strictly on capture rate per hour, a researcher 
seeking to capture a single individual of Epicrates striatus (rate = 
0.00004 individuals per trap-hour) in a 24-h period would need to 
set 1000 traps. Though this suggests that glue-traps are a highly 
inefficient means of capturing certain species, the placement of 
our traps systematically targeted only a subset of available micro-
habitats. Additionally, the placement of our traps was random in 
that we made no attempt to target the locations that appeared most 
favorable as reptile shelters or basking sites. 

Non-random targeting of specific habitats and microhabitats has 
the potential to considerably increase trapping success. For ex-
ample, during the course of ten weeks of 'random' sampling only 
two individuals of Sphaerodactylus samanensis were captured (rate 
= 0.00001 individuals per trap-hour). However, on one occasion 
we placed 50 traps at the base of rock shelters in a habitat that 
appeared ideal for this species and recovered six individuals of S. 
samanensis in a 24-h period (rate = 0.005 individuals per trap-
hour) increasing our success rate to 500 times that of random sam-
pling. 

Another form of selective trapping involves the placement of 
traps at the entrance to shelters or near basking sites where reptile 
activity has been observed (Whiting 1998). We used this tech-
nique with some success to capture Sphaerodacytlus that were  

observed running under rocks and Celestus that fled into cavities 
under tree roots. We only captured juveniles of Anolis baleatus 
and Epicrates striatus, suggesting that the adults of these species 
were either too large for the traps or did not occur in the micro-
habitats we sampled at sufficient densities. 

The overall trapping success of 0.0084 reptiles per trap-hour 
masks finer scale variability in trapping success between traps 
placed in different habitats or microhabitats. Differences in trap-
ping success in different habitats is discussed elsewhere (Glor et 
al., in review). Among the microhabitats sampled, traps in trees 
captured more than twice as many reptiles as traps on the ground 
(Table 2). The success of tree traps in our sample is undoubtedly 
the result of the overwhelming abundance of the arboreal anoles. 
Not surprisingly, previous reports suggest that success of tree ver-
sus ground traps depends on the specific reptile fauna of the area 
being sampled (Bauer and Sadlier 1992; Rodda et al. 1993). 

Only eight lizards were recaptured during the course of our sam-
pling. The reasons for this low rate of recapture are unclear and 
warrant further study. Although mortality following release is a 
possibility, a number of lizards that were maintained in captivity 
for several days following their capture appeared healthy and ac-
tive. Other possible reasons for the low rate of recapture include: 
movement out of the trapping grid, avoidance of traps following 
capture, inability to stick to traps due to residual oil applied dur-
ing the previous capture, and increased predation on previously 
trapped lizards. 

One major drawback to glue-trapping is lizard mortality, which 
averaged 10.9% during our sampling. However, considerable vari-
ability in mortality existed between different habitats (range: 6-
18.6%). Generally, mortality was higher in agriculturally disturbed 
or open sunny plots relative to forested plots. Although the cause 
of death was often unclear (32.5% of deaths), three identifiable 
factors (exposure [13.5%], ant predation [31.3%], and vertebrate 
predation [22.5%]) contributed to lizard mortality in traps. Ant 
predation was rare in most habitats except oil palm plantations 
and pastures. Based on the presence of rat hairs in a number of 
traps with dead lizards, the majority of vertebrate predation was 
likely caused by rats. However, mongoose hair was found on at 
least one occasion and two instances of snake predation and one 
possible case of attempted lizard predation were noted. In both 
cases of snake predation the predator was a juvenile Epicrates 
striatus. The case of suspected lizard predation involved shed scales 
of Anolis baleatus, which were found next to the body of an adult 
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male A. chlorocyanus with obvious bite wounds. 
Although dead lizards were salvaged and preserved when pos-

sible, and these deaths are unlikely to seriously affect the reptile 
populations or the community as a whole, a reduction in mortality 
would clearly be desirable for future studies. More frequent check-
ing of traps would probably reduce all forms of mortality. In the 
case of ants, a commercial ant repellent could potentially be ap-
plied around the margin of traps in habitats where ants are known 
to be problematic. In order to reduce mortality caused by expo-
sure, traps should be placed in shaded areas when possible. If shade 
is unavailable or random sampling is required, traps should be 
placed on the underside of branches or could even be shielded 
from direct sun by a strategically placed leaf. 

In addition to mortality, accidental capture of non-target ani-
mals was another problem associated with glue-trap sampling. 
Incidental capture of invertebrates occurred in nearly all traps, but 
captures of non-target vertebrates were rare. Non-target vertebrate 
captures included eight species of birds and two species of mam-
mals. A total of eleven bird captures occurred during the course of 
our sampling. Therefore, the rate of bird capture for a single trap 
was approximately one bird every 640 days. Live birds were re-
leased from the traps with a paintbrush and oil. Bird species cap-
tured were: oven bird (Seirus aurocapillus), black-throated blue 
warbler (Dendroica caerulescens), broad-billed tody (Todus 
subulatus), bananaquit (Coereba flaveola), Hispaniolan wood-
pecker (Melanerpes striatus), ruddy quail dove (Geotrygon 
montana), and black crowned palm tanager (Phaenicophilus 
palmarum). The two migrant species (black-throated blue war-
bler [Dendroica caerulescens] and ovenbird [Seirus aurocapillus]) 
were caught only in the winter months. On a number of occasions, 
feathers from Hispaniolan lizard cuckoos (Saurothera longirostris) 
were found in traps although a cuckoo was never actually caught. 
These cuckoos might have been attracted to the traps by captured 
lizards; indeed, on several occasions cuckoo feathers were found 
on a trap along with a lizard which had beak-shaped bruises on its 
abdomen. These probably represent failed predation attempts. 

Mammal captures were of less concern because the traps af-
fected only two introduced species. Rat hair and the terminal por-
tion of rat tails were found in traps regularly and on at least one 
occasion a small tuft of mongoose hair was found in a trap. On 
only one occasion was a live, immature rat captured in a trap. 

Although unfortunate, we considered incidental captures of ver-
tebrates rare enough to justify continued trapping in the Los 
Haitises region. However, traps should never be used in areas with 
abundant ground foraging or bark gleaning birds, native small 
mammals, or domestic animals. The potential for high rates of 
incidental captures suggests that trapping grids similar to ours could 
probably not be used in the mainland tropics. Trapping should 
never be conducted in areas where rare or threatened species are 
likely to encounter traps. 

Overall, we found sticky traps to be an effective method for 
surveying reptile diversity in the West Indies. The majority of rep-
tile species present in the Los Haitises region can be trapped; in-
cluding large numbers of certain species, as well as several spe-
cies that we were unable to locate during visual surveys. Addi-
tionally, the monetary cost associated with our glue-trap sampling, 
about US $0.30 per trap and US $0.60 per capture, was fairly rea-
sonable. However, several serious drawbacks associated with the  

use of these traps may limit their utility for future ecological stud-
ies in some situations, particularly in the mainland tropics. 
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FIG. 1. Eelpot modified for placement on water surface. 
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Funnel traps originally described by Imler (1945) and simpli-
fied by Fitch (1951) have been used in many terrestrial (Fitch 1951, 
1963; Greenberg et al. 1994; Imler 1945; Vogt and Hine 1982), 
arboreal (Fritts et al. 1989; Rodda and Fritts 1992; Savidge 1987) 
and aquatic (Adams et al. 1998; Calef 1973; Carpenter 1953; Fraker 
1970; Richter 1995; Riley and Bookhout 1990) field studies. Some 
aquatic studies (Calef 1973; Richter 1995) have used modified 
funnel traps with air chambers to prevent suffocation. Traps in 
these studies have been attached to buoys and placed on the sur-
face, or attached to rods in the ground and placed at varying levels 
in the water column. However, typical methods for aquatic cap-
tures have involved placing unmodified traps half-submerged 
(without any flotation aid) along the shoreline (Fraker 1970; Keck 
1994) or fully submerged (Adams et al. 1998; Carpenter 1953) on 
the water bottom. Two similar, significant problems exist when 
using these placements. Any reptile or adult amphibian (with the 
exception of paedomorphic salamanders) will drown in an under-
water trap if not tended to often enough. Depending on changes in 
water level, animals captured in traps half-submerged run the risk 
of drowning, desiccating, or over-heating. Here we describe a safe 
and easy funnel trap modification for humane use in the field. 

Eelpots (Cuba Special Manufacturing, Fillmore, New York, 
USA) measured 60.5 cm long and 22.5 cm 
in diameter (terminal funnel openings mea-
sured 4 cm in diameter), and were made from 
0.5 cm gauge hardware-cloth (Fig. 1). Two 
pieces of Styrofoam measuring 30 cm x 6 
cm x 5 cm (L x W x H) were attached with 
locking, 22.7 kg tensile strength nylon ties 
(Thomas and Betts Corporation, Memphis, 
Tennessee, USA) to the middle, opposing 
sides of each eelpot. A third nylon tie was 
attached in the middle for easy manipulation 
of the traps. The Styrofoam blocks were at-
tached so the traps floated half-way out of 
the water. Two pieces of nylon rope, 1.5-2 
m in length, were also attached to opposite 
sides of each eelpot. Traps were placed in 
the water and were aligned to facilitate entry 
of animals following along edges of the 
shoreline or of vegetation (Fig. 2). Each trap 
was tied to nearby vegetation or to stakes in 
the ground with enough play in the rope to 
compensate for fluctuating water levels. 

Traps were left out continuously for at least 10 days and were 
checked daily. During periods of non-trapping, plastic cups were 
used to close funnel openings and prevent captures. Diameter of 
funnel openings, dimensions of Styrofoam, placement of 
Styrofoam on traps, and length of rope can be easily altered as 
needed. Under normal conditions, the Styrofoam will support the 
weight of any captured animal and will last at least one year with-
out need for replacement. Eelpots were the greatest expense (US 
$15/trap), but the additional materials were of negligible cost (- 
US $1.50/trap). Funnel traps can be built from aluminum window 
screen (Greenberg et al. 1994) as a less expensive, but more labor-
intensive alternative. 

Fraker (1970) described his unmodified, aquatic funnel traps as 
"relatively inefficient," reporting a 2.3% success rate (2.3 snakes 
caught per 100 trapping-days) in 79 days of trapping northern water 
snakes (Nerodia sipedon sipedon) in a fish hatchery and the sur-
rounding ponds and streams. Our modified traps are currently be-
ing used in the fifth year of an ongoing study of giant garter snakes 
(Thamnophis gigas) in deep and shallow water central California 
ponds, sloughs, and irrigation canals. During the first 79 days of 
trapping in 1997, we report a 3.7% rate of trap success. Although 
trap efficiency is relatively low in both studies, it is important to 
note that trap success was not negatively affected—and was actu-
ally greater—when using this modified design. Trap success may 
be improved if the traps are baited (Keck 1998) or when used in 
combination with other methods (Adams et al. 1997) such as drift 
fencing (modified from Lutterschmidt and Schaeffer 1996). 

According to Adams et al. (1998), funnel traps detected the most 
species of all sampling methods compared, required the least ef-
fort to use, and was the only technique to detect presence of small 
populations. In a review of various aquatic sampling methods, 
Adams et al. (1997) felt the strongest reason for using funnel traps 
was that the skill and experience of the user has very little influ-
ence on results. Drawbacks noted by those two papers were that 
funnel traps capture few adult amphibians, potential trap locations 
are not maximized, and the problem of trap mortality. During the 



Flo. 2. Modified trap in a marsh along edge of vegetation. 

second year of our T gigas study (the only year amphibian cap-
tures were recorded), our traps caught twice as many adult bull-
frogs (Rana catesbeiana, N = 160) as larval bullfrogs (N = 81). 
Furthermore, our design allows for sampling an increased range 
of aquatic habitats. Future conservation work will depend on the 
quality of sampling done now. Being able to survey additional 
areas will provide a more accurate documentation of species pres-
ence and distribution. Finally, trap mortality is avoidable. No am-
phibian or reptile has died in our traps due to drowning, desicca-
tion, or other trap-related causes (several bullfrogs have been par-
tially consumed by crayfish, Procambarus and Pacifastacus spp.). 
Our trap design is appropriate for use in studies where animal safety 
is important or where habitats (i.e., stream banks with steep slopes) 
preclude deployment of unmodified funnel traps. 
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A considerable amount of literature is available on the effect of 
fire on vertebrates (deBano et al. 1998; Quinn 1994; Whelan 1995). 
Amphibians have been less studied than reptiles and mammals, 
but it is thought that they have a high survival rate to the direct 
effect of fire because they find shelter underground and in very 
wet areas that are inflammable (Friend 1993; Kirkland et al. 1996; 
Mushinsky 1985). Arboreal anurans, however, are not expected to 
burrow and have been suggested to suffer a higher mortality than 
the ones that do burrow (Friend 1993; Gillon 1983). 

Phyllodytes luteolus (Wied) is a hylid that spends its entire life 
among bromeliad leaves (Bokermann 1966; Giaretta 1996). Males 
call and defend territories in the plants and females lay one to 
three eggs per leaf axil (Giaretta 1996; Weygold 1981). Teixeira 
et al. (1997) found densities of 0.2 (N = 36 rosettes) to 2.3 (N = 40 
rosettes) adult frogs per bromeliad rosette near Sao Mateus, state 
of Espirito Santo, Brazil. 

We compare the effects of a fire on the terrestrial bromeliad 
Vriesea neoglutinosa (Mez) and the frog Phyllodytes luteolus. The 
study site is a 210-ha open area surrounded by Atlantic Forest, 
with sandy soil, few trees, scattered shrubs, and strong dominance 
of V. neoglutinosa on the ground (Rocha et al. 1996). It is called 
Nativo do Parajd and it is located adjacent to the Reserva Florestal 
da Companhia Vale do Rio Doce, Linhares County, state of Espirito 
Santo, Brazil. The area has not been used for agriculture, and there 
are no records of previous burning. 

In July 1993, before the fire, Giaretta (1996) studied the use of 
the same bromeliad (treated in his study as Vrisea procera) for 
reproduction by Phyllodytes luteolus at the same site. He sampled 
rosettes in the central part of the Nativo do Parajd, trying to ap-
proximate a random selection of rosettes. He defoliated 85 ro-
settes and found 14 adult male P. luteolus, 13 females, and 7 juve-
niles. Eggs were found in 15 rosettes and tadpoles in 25, and oc-
cupied rosettes had at least one egg or tadpole in 12.5% of the leaf 
axils. Adult males called during the afternoon but mainly at night 
(Giaretta, pers. comm.). 

On 14 March 1995, a fire of unknown origin burned the whole 
area to its boundary with the forest. In April 1995, Rocha et al. 
(1996) determined that the fire burned more than 99.9% of the 
existing Vriesea neoglutinosa rosettes in the area to some extent, 
but the actual survival rate was not clear as the plants may recover 
from small, hidden unburned parts. They also sampled the remains  

of the plants and estimated that the population size of V. 
neoglutinosa was 2.6 million individuals before the fire. 

In July 1995, four months after the fire, we visited the same site 
and heard only seven or fewer males calling on three different 
nights in the entire area. Large numbers of males were known to 
call in July in the area before the fire (Giaretta, pers. comm.). There 
was a rainy period immediately before the beginning of our study, 
and during the study we observed about ten individuals calling 
every night in an unburned, small group of bromeliads (11 x 22 
m) near our lodge (8 km from the study area). To determine if the 
frogs were absent or just silent, we sampled the same area previ-
ously studied by Giaretta (1996). We repeated his methods of iso-
lating a rosette with a net to prevent the escape of frogs and defo-
liating it while examining the leaves for the presence of frogs, 
tadpoles, and eggs. The precise location of the area sampled by 
Giaretta (1996) in the central part of the study site was unknown. 
To conduct a comparison with Giaretta's pre-fire data, we defined 
the central area as all points farther than 100 m from the forest. 
This area is flat with apparently homogeneous vegetation cover 
(Alves et al. 1996; Giaretta 1996; Rocha et al. 1996). In this cen-
tral area, we sampled 5 randomly positioned transects (50 x 0.6 
m). Three additional transects were sampled perpendicular to the 
limits of the burned area to determine if rosettes at the edge of the 
forest were functioning as refugia for the frogs. Transect sampling 
was opted to permit calculation of density estimates, to detect 
gradual change at the boundary between the burned area and the 
forest, and to facilitate future comparisons with data from site 
monitoring. We determined height, diameter, number of green 
leaves and volume of water stored among the axils of each rosette 
and searched for animals among the leaves while removing them. 
We only sampled rosettes that had the tip of the central axis within 
the limits of the transect. We also ignored rosettes that had the tip 
of the central axis closer than 1 m from a sampled rosette to avoid 
underestimating the fauna if the sampling procedures would cause 
animals to flee from neighboring rosettes. 

Vriesea neoglutinosa were distributed in aggregates and even 
the remains of the heavily burned rosettes were sufficiently pre-
served to allow counting. In addition to measuring and defoliating 
the rosettes in the transects, we surveyed survival in all the ro-
settes of the aggregates crossed by transects. We considered each 
rosette to be an individual. Survivors were defined as rosettes that 
had green leaves. The limits of an aggregate were gaps >1 m be-
tween the tips of the leaves of any two adjacent rosettes. 

The five transects crossed 32 aggregates of Vriesea neoglutinosa 
that contained a total of 885 rosettes. The weighted mean survival 
of rosettes in the aggregates was 30.6% (range 13.5-100%). In 
the transects, we examined 46 rosettes and found no Phyllodytes 
luteolus adults, juveniles, tadpoles, or eggs. The tips of most leaves 
were burned. The number of green leaves per rosette and the vol-
ume of water contained among leaves were smaller than the esti-
mates by Giaretta (1996) before the fire (mean ± SD [N], two 
sample t test: no. leaves/rosette, 18.8 ± 5.3 [32] before fire, 14.6 ± 
4.0 [46] after fire, p<0.001; volume water (ml) among leaves/ro-
sette, 734.2 ± 207.8 [31] before fire, 11.9 ± 17.8 [46] after fire, 
p<0.001). At the edge of the forest and the limit of the burned 
area, fewer plants were dead and they were larger and had more 
leaves than the ones in the central area (Fig. 1). We analyzed 36 
rosettes at the forest edge but found no P. luteolus. 
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FIG. 1. Characteristics of rosettes of the bromeliad Vriesea neoglutinosa four months after a fire, in relation to their position in the burned area. CEN 
= center of the burned area, MRG = margin of the burned area, OUT = outside the burned area. 

Studies on the effects of fire in amphibian assemblages have 
produced disparate results. Friend (1993) reviewed the literature 
on the effects of fire on Australian anurans. He found that most 
species were burrowers and were inactive during the dry season, 
when fires are more frequent. Those species were not significantly 
affected by fire. Arboreal frogs (Litoria) and species that were 
active in the dry season (Limnodymastes dorsalis and 
Myobatrachus gouldii) were found with higher frequency in long-
unburned sites. Mushinsky (1985) studied the herpetofauna of 
sandhills in Florida in areas repeatedly burned at different time 
intervals. He did not find a decrease in abundance or diversity in 
the areas burned more frequently. Kirkland et al. (1996) sampled 
burned and unburned areas in central Pennsylvania and found more 
amphibians in the burned area. Bufo americanus accounted for 
most of the captures and the authors suggested that the difference 
may have been an artifact produced by a burst of activity after a 
rain. In African savannas, most species are inactive during the dry 
season and retreat to burrows or wet areas, so that the direct ef-
fects of fire are negligible (Gillon 1983). Populations are denser,  

however, and experience smaller annual fluctuation in savannas 
that have not been burned for long periods. 

Our data indicate that Phyllodytes luteolus suffered a stronger 
population reduction than Vriesea neoglutinosa in the Nativo do 
Parajd. The fire might have killed relatively more frogs than bro-
meliads, or the microenvironment in the survivor rosettes might 
have been unsuitable for the frogs after the fire. P. luteolus may 
use bromeliads other than V neoglutinosa for reproduction but it 
is selective to characteristics of individual rosettes (Eterovick 
1999). Teixeira et al. (1997) found that P luteolus avoids rosettes 
with less than 100 ml of water, and that they are more common in 
rosettes in open areas (mean ± SD: 2.68 ± 2.80; N = 60 frogs or 
tadpoles per rosette) than in rosettes shadowed by shrubs (0.53 ± 
0.94; N = 36). Their results indicate that no part of our study area 
offered ideal conditions for recolonization because the plants that 
were alive in the burned area had little water and the ones that 
were not burned were shadowed under the forest canopy. 

This study supports the suggestion by Friend (1993) that arbo-
real anurans may be strongly affected by fire. His suggestion also 
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may apply to other organisms associated with bromeliads. Vari-
ous species of protozoans, worms, insects, crustaceans, spiders, 
and amphibians are commonly found in neotropical bromeliads 
that hold water and some of these animals may depend on the 
plant to complete their life cycle (Laessle 1961; Madeira et al. 
1995; Oliveira et al. 1994). We found only spiders and ants among 
the leaves of the bromeliads affected by fire. In unburned rosettes, 
however, we found ants and spiders but also worms and larvae of 
beetles, mosquitoes, and dragonflies. This indicates that the fire 
also affected the invertebrate fauna found in the rosettes. It is not 
conclusive, however, because the effect of fire could be confounded 
with the effect of the forest. All the rosettes that escaped the fire 
were located at the border of the forest, where they were shaded 
and organic matter originated from the forest canopy accumulated 
among their leaves. 

In many open areas dominated by grass, fire is common and 
native plants often have high survival and rapid recolonization 
(Coutinho 1982). However, the effect of fire on areas dominated 
by ground bromeliads is largely unknown (Alves et al. 1996). One 
year after our study, Alves et al. (1996) surveyed the bromeliads 
and found that the surviving individuals fully recovered their size 
and weight. The density, however, was only 28% of the density 
before the fire, about the same percentage that we detected as sur-
viving rosettes (30.6%). This indicates that no substantial forma-
tion of new rosettes occurred in the first 18 months after the fire. 
Donnelly (1989) studied population dynamics of Dendrobates 
pumilio, a frog that uses bromeliads for tadpole development in 
Costa Rica. She artificially increased the availability of bromeli-
ads in an area and detected increased immigration, recruitment, 
and survival of frogs. She concluded that the availability of bro-
meliads is a constraint for population size in D. pumilio. If the 
same is true for P. luteolus, recolonization in the Nativo do Parajti 
might be dependent on a successful recovery of the bromeliad 
population. 

Long term monitoring in the area is necessary to determine if 
the pre-fire abundances of bromeliads and associated fauna will 
recover, and how long the process will take. Understanding the 
effects of fire in this community is necessary for proper manage-
ment of land in relation to manmade fires, which are common in 
the region (Teixeira et al. 1997). 
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Although the mesquite lizard (Sceloporus grammicus) is native 
to much of northern Mexico, including extreme southern Texas, 
the full extent of the species' range in Texas is apparently conjec-
tural. Smith (1946) figured the range as the lower Rio Grande 
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Valley extending north along the coast to include Cameron, Willacy, 
and Kenedy counties to approximately Kleberg County. Conant 
(1958) showed only the Rio Grande Valley as the range of S. 
grammicus but noted an isolated record approximately in Kleberg 
County. Conant (1975) similarly pictured the lower Rio Grande 
Valley as the range in Texas but also included a disjunct popula-
tion approximately in Kleberg County. Garrett and Barker (1987) 
showed the range of S. grammicus in Texas as similar to that pre-
sented by Conant (1975). In contrast, Dixon (1987) regarded the 
lower Rio Grande Valley as native range and stated that the popu-
lation in Kleberg County and record in Refugio County were acci-
dentally introduced. Axtell (1988) portrayed the lower Rio Grande 
Valley as native range and classified all other Texas records (in-
cluding Cameron County) as extralimital or questionable. Most 
recently, Conant and Collins (1991; 1998) re-established the na-
tive range in Texas as the lower Rio Grande Valley extending north 
coastwise to Kleberg County, similar to that originally figured by 
Smith (1946). Evidence for uniting the disjunct population in 
Kleberg County with the lower Rio Grande population on a map 
is lacking; we are unaware of any specimens of S. grammicus from 
either Kenedy or Willacy counties (see Axtell 1988). 

Despite the fact that Sceloporus grammicus is apparently miss-
ing from Kenedy and Willacy Counties, appropriate habitat oc-
curs in this region. There is almost continuous scrub forest of 
mesquite (Prosopis sp.) and oak (Quercus sp.) extending north 
from the city of Raymondville (Willacy County) to the city of 
Kingsville (Kleberg County) (ca. 75 linear miles). An historical 
reference to habitat in this disjunct region of Kenedy and Willacy 
counties described this area in the 1830's as a "wilderness of 
plains...covered with small forests of oaks" (Berlandier 1980). 
Proudfoot and Beasom (1997) describe large tracts of land in 
Kenedy County as having a mesquite and oak forest at least 80 
years old. This information suggests a continuity of habitat for at 
least the past 160 years. Presence of apparently suitable habitat, 
however, does not ensure the presence of S. grammicus in this 
distributional gap and suggests the absence of the species is real 
and not a collecting artifact. Recently, Proudfoot and Beasom 
(1997) analyzed the feeding habits of diurnal owls from Kenedy 
County and recorded nine species of lizards as prey, including 
four phrynosomatids, but not S. grammicus. 

Axtell (1988) stated that Sceloporus grammicus had established 
"incredibly dense" populations in Kingsville by the early 1960's 
but had almost all inexplicably disappeared by 1973. The earliest 
specimen from Kleberg County catalogued in the Texas A&M Uni-
versity—Kingsville (TAIU) research collection was collected in 
1965. 

We endeavored to resurvey previous collecting sites in Kingsville 
to verify the continued presence of Sceloporus grammicus in 
Kleberg County. Locality data associated with some S. grammicus 
deposited in the TAIU collection were precise enough that we were 
able to visit eight specific sites that had yielded specimens 10 to 
33 years earlier. Searches were also conducted in mesquite and 
oak groves at additional localities not previously identified as S. 
grammicus sites. Searches were intensively conducted during the 
month of April when daily high temperatures ranged between 27 
and 35°C. No S. grammicus was sighted and we were unable to 
verify the recent presence of S. grammicus in Kleberg County at 
any site. Although we are aware of the dangers of relying on vi- 

sual surveys to assess population parameters of reptiles (Rodda 
1993; Henke 1998), one of us (MJM) has experience collecting S. 
grammicus in northern Mexico and has periodically surveyed ap-
propriate habitat in Kleberg County since 1994 and failed (except 
as noted below) to observe any S. grammicus. 

We are aware of two sightings in Kleberg County in recent years, 
but no specimens were obtained. One of us (MJM) moved into a 
Kingsville house in August 1993 that was landscaped with a small 
group of junipers (Juniperus sp.) and ashes (Fraxinus sp.). A group 
of three to five adult S. grammicus lived in these trees until July 
1995 at which time they were replaced by two S. olivaceus. The 
second sighting (by MRM) was of a single adult lizard in October 
1997 in southern Kleberg County. 

Although we doubt that the species is extirpated in Kleberg 
County, we suspect that the population continues to decline and 
that the species never occurred in Kenedy and Willacy Counties. 
We support Dixon (1987) and Axtell (1988) in that the population 
in Kleberg County and record from Refugio County should be 
regarded as extralimital. We also predict that the population of S. 
grammicus in Kleberg County eventually will be extirpated. 
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