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About Our Cover: Atheris ceratophora 

Horned or Eyelash Bush Vi-
pers, Atheris ceratophora, are small 
(up to 54 cm in total length), 
semi-arboreal snakes with highly 
variable coloration. Plain green, 
black, and yellow specimens are 
known. More recently, individu-
als exhibiting a mottled pattern 
of irregular black blotches or 
bands over yellowish ground 
colors have been arriving in ship-
ments from Tanzania and Kenya. 

Atheris ceratophora is known to 
occur only in high elevation (-
1400 m) forests with abundant 
moisture. They are restricted to 
several montane "islands" of 
habitat in eastern Tanzania in the 

Usumbara and Udzungwa (=Uzungwe) mountain ranges, and possibly 
also those of the Uluguru Mountains (Rasmussen and Howell 1982. 
Amphibia-Reptilia 3:269-277). Specimens have been encountered on the 
ground, on low stumps, and in short bushes and tussocks of grass. Iras-
cible when approached, they don't hesitate to strike defensively. 

Their wild diet includes frogs, although imported specimens have also 
accepted geckos, baby birds, and small rodents readily in captivity. Cap-
tive specimens are crepuscular and nocturnal, and prefer cooler tem-
peratures than other Atheris species. A temperature from 55°F (-13°C) at 

night and up to 75-80°F (-24-27°C) by day has proven successful for 
maintenance (Michael Jacobi, The World of Atheris, http:/ / 
www.worldofatheris.net). Captive reproduction is unknown. 

The bush vipers comprise a group of mostly small snakes endemic to 
Africa. Most species have narrow distributions, their ranges associated 
with montane islands or other disjunct habitats that have favored isola-
tion. Fourteen species are currently recognized within the Tribe Atherini 
(Broadley. 1996 J. Herpetol. Assoc. Africa 45(2):40-48): 11 species of Atheris, 
and one each in the genera Adenorhinos, Montatheris, and Proatheris. A 
tuft of one to three raised supraocular scales gives A. ceratophora a dis-
tinct appearance, readily differentiating it from other bush vipers. While 
most species of Atheris are principally arboreal, those of the monotypic 
genera are typically terrestrial. Recent works by Broadley (1998. Herpe-
tol. J. 8:117-135) and Lawson (1999. Proc. Biol. Soc. Washington. 
112[41:793-803) have added to the list of known species. 

Bill Love (Blue Chameleon Ventures) used Fujichrome Velvia (ASA 
50) film to capture this cover image of 
one of the very first 'tiger phase' speci-
mens imported into the USA in the late 
1990s. The snake was a female, part of a 
shipment imported from Joe Beraducci 
of Mountain Bird Company in Arusha, 
Tanzania, by Rob Maclnnes of Glades 
Herp, Inc. of Fort Myers, Florida. 

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

SSAR BUSINESS 

Sherman A. Minton Student Travel Awards 
Call for Applications 

Awards of US $200 each are available for travel to the SSAR/ 
HL Annual Meeting, Indianapolis, Indiana, 26-30 July, 2001. An 
applicant for a travel award must be a student and must be first 
author (or co-author, see below) of a paper or poster to be pre-
sented. An applicant must include in the application package: 1) a 
letter signed by his/her major advisor or department chair that 
states: he/she is not completely funded for travel from another 
source; 2) an official copy of the paper or poster abstract to be 
presented; and 3) a self-addressed, stamped envelope. 

If the research is co-authored, the applicant must also include a 
letter from his/her advisor stating that the work was primarily the 
product of the applicant. All qualified applicants will be pooled 
and awardees will be drawn at random. Students from the local 
meeting site are excluded from applying for a travel award. 

Applications must be postmarked by 15 May 2001. Award re-
cipients will be notified by 1 June 2001 and award checks will be 
disbursed at the meeting. Direct requests for information and sub-
mit applications to: Stephen C. Richter, Department of Zoology, 
The University of Oklahoma, Norman, Oklahoma 73019-0235, 
USA. Tel: (405) 325-7671; fax: (405) 325-6202; e-mail: 
richter@ou.edu.  

Seibert Award Winners for 2000 Announced 

The ninth annual Seibert Awards were presented at the 43rd 
Annual Meeting of the SSAR in La Paz. These awards are named 
in honor of Henri C. Seibert, an early and tireless supporter of 
SSAR (having served as an officer for over 20 years). The awards 
are given in recognition of outstanding student presentations at 
the annual meetings. Awardees received a check for US $200 and 
a book from Academic Press. The winners: 

Conservation: P. M. Richards, University of Miami, Coral Gables, 
"Population modeling of the American crocodile, Crocodylus 
acutus, for conservation and management in South Florida." 

Systematics: C. R. Feldman, Department of Biology, San Fran-
cisco State University, "Molecular phylogeny of emydine turtles." 
(Co-author J.F. Parham). 

Physiology/Morphology: N. I. Filoramo, Department of Ecol-
ogy and Evolutionary Biology, University of Connecticut, "Ultra-
structure of the lingual surface in anguimorph lizards and snakes: 
evolutionary and functional implications." (Co-author K. 
Schwenk). 

Ecology/Evolution: P. R. Stephens, Carnegie Museum of Natural 
History, "The effects of phylogenetic history on patterns of emydid 
species richness at different spatial scales." (Co-author J .J. Wiens.) 

The judges were Bob Brodman, Stanley Fox, Randy Jennings, 
Hinrich Kaiser, Todd Reeder, Steve Secor, Lynnette Seivert, and 
Kelly McCoy (Chair). 
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Kennedy Student Award Committee 
Annual Report-2000 

The Kennedy Award Committee has completed its work for 
Volume 33 of the Journal of Herpetology. The Committee has se-
lected "Lizard assemblage response to a forest ecotone in north-
eastern Australia: a synecological approach" by Simon D. S. 
Conroy (Vol. 33:409-419). The Kennedy Award carries with it a 
cash prize of US $200 or the winner's selection of any SSAR pub-
lications valued at twice that amount. 

The Committee encourages each student member of the Soci-
ety to submit their work to the Journal, and encourages each regu-
lar member who supervises the work of students to encourage his/ 
her students to submit their work to JH. 

SSAR Student Travel Awards 
Call for Applications 

Awards of US $200 each are available. An applicant for a travel 
award must be a student and a member of SSAR, must not have 
previously received a travel award from SSAR, and must be the 
first author (or co-author, see below) of a paper or poster to be 
presented. An applicant must include in the application package: 
1) a letter signed by his/her major advisor or department chair that 
states: he/she is not completely funded for travel from another 
source; 2) an official copy of the poster or paper abstract to be 
presented; 3) a self-addressed, stamped envelope. 

If the research is co-authored, the applicant must also include a 
letter from his/her advisor stating that the work was primarily the 
product of the applicant. All qualified applicants will be pooled 
and awardees will be drawn at random. Students from the local 
meeting site and current members of the SSAR Student Travel 
Awards Committee are excluded from applying for a travel award. 

APPLICATIONS MUST BE POSTMARKED BY 15 MAY 
2001. Award recipients will be notified by 1 June 2001 and award 
checks will be disbursed at the meeting. Direct requests for infor-
mation to: Scott Boback, 331 Funchess Hall, Department of Bio-
logical Sciences, Auburn University, Auburn, Alabama 36849-
5414, USA; e-mail: bobacsm@auburn.edu.  

SSAR Student Awards Fund-raiser: 
2000 Results and Call For 2001 Donations 

Thanks to the many generous donations from several individu-
als to the 2000 silent auction at La Paz, the SSAR Student Travel 
Awards Committee (SSAR STAC) awarded seven US $200 travel 
grants to the following individuals: Scott Boback, Felipe 
Rodriguez, Nicole Gerlanc, Norma Manriquez, Michael Shapiro, 
Patrick Stephens, and Omar Torres-Carbajal. The SSAR STAC 
wishes to thank all who donated items to the 2000 silent auction at 
La Paz: United Design, David Hardy, Julian Lee, 
Rainforestimages.com , AVM/Barbara Kermeen, William Mont-
gomery, Breck Bartholomew, Scott Boback, Roy McDiarmid, 
Hobart Smith, Roger Birkhead, Jackie Grant, Chris Scott, Henry 
Mushinsky, Biomark, Norm Scott, Al Savitzky, Smithsonian In- 

stitution PressNincent Burke, Dick Vogt, Rudy Ruibal, Wade 
Sherbrooke, Ken Dodd, Laurie Vitt, Jan Caldwell, and Peter Uetz. 
The sixth annual Frameable Art Silent Auction raised over US 
$2065 for future student travel awards. On behalf of the SSAR, 
thanks to all who helped, including Lynda Richter, Mark Walvoord, 
Cari Deen, and the La Paz meeting organizers. Special thanks for 
a job well done to the SSAR STAC Chairman, Stephen Richter. 

The SSAR STAC announces the Seventh Annual Frameable Art 
Silent Auction to be held at the 2001 SSAR meeting at Indianapo-
lis. Preferred donations include herp-related photos, line draw-
ings, prints, paintings, plates, engravings, or anything frameable, 
if not already framed. If you are interested in donating an item 
(tax deductible for U.S. residents), please contact: Scott Boback, 
331 Funchess Hall, Department of Biological Sciences, Auburn 
University, Auburn, Alabama 36849-5414, USA; e-mail: 
bobacsm@aubum.edu.  

Amphibian Population Declines Symposium 

Since the problem of amphibian population declines became 
known just over ten years ago, an enormous and productive inter-
national research effort has ensued, mobilized to a considerable 
extent around the world by the Declining Amphibian Populations  
Task Force. From a worrisome notion ten years ago, it is now 
abundantly recognized that amphibian populations are in world-
wide decline and that there are numerous causes, some hitherto 
unsuspected, for both the decline of numbers of individuals and 
the losses of populations. The imminent loss of the species they 
work on is the single greatest problem for amphibian biologists 
today. 

In view of the great amount of research work that lately has 
been focused upon amphibian populations, now is the right time 
to hold an international symposium to bring together what we have 
learned, to discuss that new knowledge, and use it as a spring-
board to further understanding. With this in mind, the DAPTF last 
year decided to mark the end of its IUCN mandate with a major 
symposium on global amphibian declines. 

The symposium will be held at the joint SSAR/HL herpetology 
meetings in Indianapolis in July 2001, with the support of both 
societies and DAPTF. David M. Green and Karen Lips are the 
organizers. The symposium will be a singular and seminal event. 
It will be a significant synthesis of information on declining am-
phibian populations, with implications for the conservation biol-
ogy of herpetofauna in general. 

The symposium tackles a global issue and speakers will be com-
ing from distant corners of the world, including countries where a 
plane ticket to Indianapolis is beyond their means. To make this 
event a success, we ask for your help. The DAPTF, in conjunction 
with HL and SSAR are doing everything they can to be able to 
provide these eminent researchers with the funding to attend and 
speak. US $1500 will sponsor one overseas speaker. SSAR will 
accept your tax-deductible (for US residents) contributions in sup-
port of the symposium. Donations should be directed to: Robert 
D. Aldridge, SSAR Treasurer, Department of Biology, Saint Louis 
University, St. Louis, Missouri 63103-2010, USA; e-mail: 
ssar@  slu.edu. 
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Meeting attendees enjoyed a beach picnic at Playa El Caimancito, the 
Governor's House. 

2000 Annual Meeting: La Paz 

The 43rd annual meeting of SSAR took place from 14 to 21 June 
2000 in La Paz, Baja California Sur, Mexico. This year's meeting 
was held jointly with The Herpetologists' League and the Ameri-
can Society of Ichthyologists and Herpetologists and was hosted 
by the Universidad Aut6noma de Baja California Sur. Herpeto-
logical presentations were conducted at the Hotel Araiza Inn Palm-
ira, a very pleasant location. In being marginalized by the ichthy-
ologists on the planning committee, SSAR members were ensured 
cultural opportunities not experienced by our fin-bearing breth-
ren; casual sea-side walks, stimulating conversation with local taxi 
drivers, and herpetological excursions among the hills were all 
potential benefits at the Hotel Araiza. Carlos Villavicencio Garayzar 
served as the local chair for the meeting that saw the scheduled 
presentation of 968 talks and posters. Armed guards at the airport 
and lost luggage aside, the meeting was a terrific success. 

Social Programs 

Numerous social events served as diversions from the lively 
discussions of the daily scientific sessions. On Wednesday, 14 June 
2000, an informal "no-host" social saw many herpetologists and 
ichthyologists rubbing elbows at Carlos and Charlie's, a watering 
hole and eatery in downtown La Paz. The Opening Plenary Ses-
sion, on the surprisingly rainy morning of 15 June, kicked off with 
an introduction by Local Committee Chair Carlos J. Villavicencio 
Garayzar. Joint Meeting attendees were given a warm welcome 
by C. Leonel Cota Montalto, the Governor of Baja California Sur. 
The Governor stated that attendees were always welcome to re-
turn to La Paz if we brought significant precipitation, the first the 
region had seen in over two years. The Herpetologists' League 
Distinguished Lecture was given by Linda Trueb, who spoke on 
"Frogs, fossils and phylogeny: a perspective on the last 140 mil-
lion years and prospectus for the future." Jose Luis Castro Aguirre 
gave an historical ichthyological presentation that focused on the 
contributions of Mexican scientists to the field. Herpetologists and 
ichthyologists, alike, were able to appreciate the humor and 
insight of ASIH Past President Robert Cashner's address, one 
that had attendees rolling in the aisles of the Teatro de la Ciudad. 
Scientific sessions commenced after a lunch break that followed 
the obligatory photographs of meeting attendees. 

The Muelle Turfstico served as the venue for the Joint Meet-
ing Reception on the evening of 15 June 2000. Attendees were 
greeted by smiling representatives of the Cerveceria Tecate, 
who supplied ample quantities of their products for consump-
tion. Many of the resort hotels sponsored tents that provided a 
generous mix of local cuisine offerings. Music and spirits filled 
the air as the sun set over the Sea of Cortez and social adven-
tures continued into the night. The Graduate Student Recep-
tion on 16 June was held at El Kiosko in downtown La Paz. 
Certainly, the highlight of the social events for the Joint Meet-
ing was the Beach Picnic at Playa El Caimancito, the Governor 
House, on Saturday, 17 June. A great variety of delicious sea-
food and beverages were consumed as the waves splashed at 
the heals (and other body parts) of attendees. Live music pro-
vided a poolside alternative to those not exploring the sea life 
of the breakwater. 

The SSAR Auction was held on the evening of 18 June in the 
Loreto Meeting Room of the Hotel Araiza Inn Palmira and was 
conducted by David Morafka. A cash bar, supplemented by free 
drinks tickets handed out by President Lee, helped to stimulate 
aggressive bidding for a number of exceptional auction items. An 
item of particular note was an antique African beadwork hanging 
loaded with herpetological iconography and symbolism that saw 
hefty bidding action. The evening of Monday, 19 June, saw nu-
merous guests taking part in a dinner and "roast" to honor Jay 
Savage and his contributions to herpetology. The social events of 
the Joint Meeting closed on 20 June with the reception and ban-
quet sponsored by the attending societies. This event was hosted 
at the Crowne Plaza, a lovely facility that overlooked the Sea of 
Cortez. Finally, many post-meeting field trips offered the possi-
bility for natural history excursions and explorations including trips 
to nearby islands to view endemic herpetofauna and snorkeling 
with schools of hammerhead sharks. Even the hillside above the 
meeting location held a unique assemblage of organisms for those 
adventuresome souls who chose to explore the xeric habitats of 
La Paz. 

Business Meeting 

Society President Lee called the Annual SSAR Business Meet-
ing to order at 1611 h in the Pescador Room of the Marina Hotel 
on 17 June 2000. Approximately 20 Society members were in at-
tendance, most of these being members of the Board or holding 
other Society positions. 

Julian Lee summarized the Presidential Report to Board of Di-
rectors by focusing on two key issues: 1) recruitment of new mem-
bers to the Society, and 2) the appointing or resignation of Board 
Members and publications editorial staff. Membership continues 
to remain stable, but could draw from additional areas within the 
herpetological community (i.e., zoological park and state/federal 
agency personnel). During his term, President Lee appointed (with 
Board approval) the following individuals to positions within the 
Society. A) Michael V. Plummer — Chair of the Conservation Com- 
mittee. Plummer will head an eight-member committee that in- 
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eludes Kurt Buhlmann, Ken Dodd, Mike Dorcas, Lee Fitzgerald, 
John Jensen, Andy Price, Steve Sheffield, and Mike Sredl. Presi-
dent Lee praised Plummer for his aggressive coordination of the 
committee and energetic revitalization of the Conservation Com-
mittee. B) Aaron Bauer — Editor of Facsimile Reprints in Herpe-
tology beginning January 2002 (to replace Kraig Adler). C) Brian 
K. Sullivan — Editor of the Journal of Herpetology beginning Janu-
ary 2001 (to replace Richard Seigel). D) Ms. Jean Bann — hired as 
copy editor for the Journal of Herpetology. Additionally, Presi-
dent Lee has accepted the resignation of Harold Dundee as Caudata 
Editor for the Catalogue of American Amphibians and Reptiles. 
All outgoing editors and officers are thanked for their thoughtful 
service to the Society. 

President Lee announced the establishment of a one-time, mul-
tiple person award in memory of the late Sherman A. Minton, M.D. 
that would serve to recognize his many contributions to herpetol-
ogy, toxicology, and medicine. The Sherman A. Minton Student 
Travel Awards (SM-STA) will be made to approximately ten stu-
dents and will serve to defray the costs of attending the annual 
meeting in Indianapolis in July 2001. A minimum goal of US $2000 
is expected to be raised and will be allotted to students in the range 
of US $200—$400 to individuals presenting at the meeting. David 
Hardy will chair the SM-STA committee and Stephen Richter will 
help to implement the selection process. 

Society Treasurer Robert Aldridge reported that SSAR remains 
financially viable with total assets of $219,000 in restricted ac-
counts. Aldridge reported that the sale of Joseph Bailey's library 
collection grossed $20,620 for the Society. Lee thanked Kraig Adler 
and Steve Busack for their roles in the sale of the Bailey library. 
Bob Aldridge changed hats and reported, as the Publications Sec-
retary, that the Society has a collection of publications valued at 
$500,000. He stressed the importance of decreasing the current 
holdings as they represent potential revenues for the Society. Presi-
dent Lee announced that Aldridge has tendered his resignation as 
Treasurer (to take effect at the end of 2001), but will remain as 
Publications Secretary. Bob Aldridge and wife, Linda, were praised 
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Herpetologists enjoyed a unique dining experience at Playa El 
Caimancito. 

Jay Savage was this year's recipient of the Henry Fitch Award, pre-
sented by Harry Greene. The Fitch Award was initiated by ASIH in 1998 
to recognize excellence in the field of herpetology. A "Savage Sympo-
sium," featuring talks in tropical ecology and evolution, spanned two 
days of the meetings, and Savage was also honored at an evening dinner 
and roast. 

for the job they have done for the Society and President Lee stressed 
the need for a replacement for this important position. 

Outgoing Journal of Herpetology Editor, Rich Seigel (in ab-
sentia), submitted a report indicating a number of personnel 
changes. Brian Sullivan has assumed the duties of Editor as of 
August 2000. Additional changes in the editorial staff include John 
Fauth (Associate Editor), Brent Graves (Associate Editor), and 
Dawn Wilson (Editorial Board). Rich reported that submissions  
to the Journal were down slightly in 1999 from the previous year. 
but still remained solid at 235. Submissions as of May 2000 were 
running higher than a comparable date in recent years, and could 
reach record levels. To this point, the Journal has been able to 
maintain a backlog time of no more than 12 months thanks, in 
part, to an increase in the publication budget for 1999, a lower 
submission rate for the same period, and reduced publication costs 
from Allen Press. Seigel cautions that the backlog time for ac-
cepted submissions could increase as the average submission in-
creases in length (from 5.5 pages/title in 1997 to 6.3 in 1999) and 
the need for additional funds for publication charges persists. 
Lastly, Seigel noted that the addition of a Copy Editor for the Jour-
nal will aid in journal production, but will incur a cost to the Soci-
ety. 

Herpetological Review Editor, Robert Hansen, reports person-
nel changes including new Associate Editors Gunther Kohler, Brad 
Hollingsworth, Adam Summers, and Michael Dorcas. New Sec-
tion Editors include Winston Card (Herpetological Husbandry). 
Travis Ryan (Legislation and Conservation), and Jennifer Garri-
son (Current Research). Herp Review seems to be able to main-
tain its current, expanded production size — 256 pages in four is-
sues for Volume 30. Bob reports that the publication will be pro-
duced on glossy paper stock beginning with Volume 31. He also 
announced the addition of a new section within HR, Herpetologi-
cal History. 

Robert Powell (in absentia), Editor of the Catalogue of Ameri-
can Amphibians and Reptiles (CAAR), submitted a report on the 
status of this important publication effort. Bob reports that the 
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1999 contributions to CAAR consisted of 20 accounts (Nos. 681-
700; 8 salamander, 1 frog, 2 turtle, 6 lizard, 2 snake, and 1 croco-
dilian accounts)—for a total of 97 printed pages. Color plates were 
included in 16 of the accounts. Bob expects the completion of 20 
accounts for 2000, has plans for another 20 accounts for 2001, 
and would like to see this number maintained annually, as long as 
sufficient number of individuals submit species accounts. Digital 
technology is being used to archive CAAR accounts on CD-ROM. 

Kraig Adler, Editor (in absentia), submitted reports on the ac-
tivities of two Society publication series, Contributions to Herpe-
tology and Facsimile Reprints in Herpetology. Recent publica-
tions include "Lizards of Iran," by Steven Anderson (1999) and 
"General Zoology: Volume 3 Amphibia," by George Shaw (1999). 
Upcoming and newly completed offerings include several signifi-
cant publications. "Herpetological Illustrations from the Spencer 
Research Library, University of Kansas," compiled by Sally Haines 
is scheduled for fall 2000 and will feature the development of her-
petological illustration from 1550 to 1950. "Herpetofauna of New 
Caledonia and Surrounding Islands," by Aaron Bauer and Ross 
Sadlier is expected in late 2000. William Duellrnan has updated 
his classic 1970 publication, "Hylid Frogs of Middle America," 
and this should be available in late 2000. Inclusion of newly de-
scribed species and original artwork by David Dennis is certain to 
make this a big seller. "Amphibians of Honduras," by James R. 
McCranie and Larry David Wilson should be published in early 
2001. Also expected in 2001, is a reprinting of "Anatomy of the 
Salamander," by Eric T. B. Francis. Originally published in 1934, 
this work will have a new introduction by James Hanken. Adler 
reports that three additional projects are in the works and should 
see publication in the next year or two. These include "Field Guide 
to Amphibians and Reptiles of the West Indies," by S. Blair Hedges, 
"Lizards of Southern Africa," by William Branch and Aaron Bauer, 
and "Biology of the Reptilia, Volume 20 (Morphology)," edited 
by Carl Gans and Abbot Gaunt. 

Herpetological Circulars Editor, John Moriarty (in absentia), 
submitted a report on the status of three publications in that series. 
Herpetological Circular No. 27– "Lineages and Histories of Zoo 
Herpetologists in the United States," by Winston Card and James 
B. Murphy was published in February 2000. HC No. 28 –"State 
and Provincial Amphibian and Reptile Publications for the United 
States and Canada," by John Moriarty and Aaron Bauer is cur-
rently available. "Scientific and Standard English Names of Am-
phibians and Reptiles of North America North of Mexico, with 
Comments Regarding Confidence in Our Understanding," (HC 
No. 29) by Brian Crother et al., is anticipated shortly and should 
be larger than previous versions of this publication. 

Stephen Corn, Editor of Herpetological Conservation reported 
that progress on Volume 2, "Ecotoxicology of Amphibians and 
Reptiles," had been slowed, but he still anticipates its completion 
by the end of 2000. A proposed Volume 3, "Conservation and Sta-
tus of Reptiles in Canada," has received solid backing by The 
Canadian Amphibian and Reptile Conservation Network. This 
volume will be edited by Carolyn Sebum and Christine Bishop 
and feature 15 chapters authored by numerous prominent Cana-
dian herpetologists. Other projects are in the planning phase, 
but will require the direction of another editor as Steve Corn 
has requested a replacement be identified for Herpetologi-
cal Conservation. 

Several outstanding student projects received recognition dur-
ing the past year. Robert Gatten reported that the Kennedy Award 
Committee selected the best student paper for publication in vol-
ume 33 of the Journal of Herpetology for 1999. The committee 
selected a paper authored by Simon D.S. Conroy titled, "Lizard 
assemblage response to a forest ecotone in northeastern Australia: 
a synecological approach." The ninth annual Seibert Awards were 
selected from student presentations made at the 43rd Annual Meet-
ing of the SSAR in La Paz. Committee Chair C. Kelly McCoy 
announced the following Seibert Award winners for 2000: C. R. 
Feldman (San Francisco State University) – Systematics, "Mo-
lecular phylogeny of Emydine turtles," I. F. Nirvana (University 
of Connecticut) – Physiology/Morphology, "Ultrastructure of the 
lingual surface in anguimorph lizards and snakes: evolutionary 
and functional implications," P. M. Richards (University of Mi-
ami) – Conservation, "Population modeling of the American croco-
dile Crocodylus acutus for conservation and management in South 
Florida," P. R. Stephens (Carnegie Musuem of Natural History) –
Ecology, "The effects of phylogenetic history on patterns of emydid 
species richness at different spatial scales." 

Henry Mushinsky clarified many aspects of the 2001 Annual 
Meeting that will see SSAR meeting jointly with The Herpetolo-
gists' League at the Double Tree conference center in Indianapo-
lis, Indiana. The meeting is scheduled for 26-30 July 2001 and 
will be jointly hosted by Purdue University and Indiana Univer-
sity. Many aspects of the 2001 meetings will serve to honor the 
late Sherman A. Minton, M.D., for his years of dedication to the 
Society and contributions to the field of herpetology. A sympo-
sium titled "Herpetological Research in Zoos: The Academic Con-
nection" is being organized by John Groves and Hugh Quinn, and 
will be dedicated to Sherman Minton. David Green and Karen 
Lips are organizing another symposium on amphibian population 
declines. Other activities planned for the 2001 meeting include 
the beautiful herpetological imagery of David Dennis and Eric 
Juterbock. President Lee announced that he and Marty Crump 
would reinstate the Herpetology Quiz. Mushinsky stressed the need 
for organizational help with the meeting, especially the Society 
Auction—any interested individuals should contact Henry. Mush-
insky also emphasized the need for graduate student projection-
ists for the scientific sessions, as the cost to the Society for "pro-
fessional" projectionists will be excessive. When asked about the 
possibility of inexpensive housing (=university dormitories), 
Mushinsky stated that there was none available in association with 
the meeting site. Henry went on to say that there were few "hid-
den" costs connected with next year's event—registration fees will 
cover most of the associated social events. Mushinsky outlined 
possible future meeting locations including Kansas City (2002 –
joint meeting with ASIH), San Diego (2003), Oklahoma (2004 –
to commemorate the 20th anniversary of the joint meeting hosted 
by Past President Vic Hutchison at the University of Oklahoma), 
Tampa (2005 – to be hosted by Henry Mushinsky), and Victoria, 
B.C. (2006 – to be hosted by Pat Gregory). 

Akira Mori summarized the results of an opinion survey he con-
ducted of non-US members as to their satisfaction with the activi-
ties of SSAR. Mori pointed out that, at 446 individuals, non-US 
members account for nearly 30% of the Society's membership. 
He received responses from only 34 non-US members, but con-
cluded that most comments were generally favorable. Many con- 
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structive comments centered on aspects of increasing international 
involvement and decreasing the cost to members from developing 
countries. The language barrier contributes to aspects of dissatis-
faction from non-US members, both in terms of publication is-
sues and communication of Society activities. Related to increas-
ing international activities, President Lee commented on the 
Society's role in sponsoring a Cuban herpetologist. Associated with 
increased international outreach, Lee accepted an offer from Karen 
Lips to serve as the new Chair of the Society's International Co-
operation Program (a position previously filled by Martha Crump). 

On behalf of George Pisani (in absentia), President Lee ad-
dressed aspects of the Society webpage and electronic publishing. 
Pisani reported that the Society website continues to experience 
active visitation and is linked to many resource locations. The 
SSAR website was relocated from Pisani's personal directory to a 
dedicated location on the University of Kansas computing net-
work. At the present time, the Society has chosen not to go "online" 
in terms of journal publishing. Questions of web-based member-
ship renewal have also been explored, but deferred to a later date 
until aspects of security can be ensured. Pisani reports that time 
needed to compile corrections to the Directory of Herpetologists 
has eclipsed the abilities of the editors of that effort—Pisani, Harold 
Dundee, and Robert Aldridge. Members of the SSAR Board agreed 
that, while valuable, changes to the Directory would not be imple-
mented by the Society. 

Bill Cooper (in absentia) reported as Chair of the Publications 
Task Force. Of recent concern to the Task Force are issues associ-
ated with the Society's policy on institutional approval connected 
to the use of live animals in research. Several editorial policies 
address issues of the humane and ethical treatment of animals in 
association with field and laboratory studies. Cooper noted that 
Society publications require a cover letter indicating that authors 
have complied with all applicable institutional animal care guide-
lines, and that all required permits for research, collection of speci-
mens, import, and export have been obtained in the appropriate 
countries. While the Task Force feels it is important for all scien-
tists engaged in animal research to acquire appropriate permits, it 
is not necessary for authors submitting manuscripts to supply per-
mit documentation. Use of museum accession numbers for voucher 
specimens is recommended only for those studies that are system-
atic in nature. Lastly, in keeping with the need for manuscript uni-
formity and editorial continuity, the Task Force recommends the 
hiring of a Copy Editor for the Journal of Herpetology (a recom-
mendation that has been implemented by the Board). 

Finally, in a ceremony shrouded in honor and mysticism, Presi-
dent Lee passed the totem of presidential office to President-Elect 
David Green. Green accepted the post and its scepter, laden with 
herpetological iconography, graciously, before the meeting was 
adjourned. The coming year holds much potential for the Society, 
as David Green becomes the first president to face a two-year term 
of office. 

—Respectfully submitted by John M. Matter, Secretary 

2000 Resolutions 

Honoring Outgoing SSAR Officers, Editors, and Others 

WHEREAS, the following individuals have given freely of their 
time, skills, and knowledge to the Society for the Study of Am-
phibians and Reptiles this past year; and, 

WHEREAS, they have therefore been instrumental in advancing 
the Society's goals and furthering its growth as an international 
scientific society; and, 

WHEREAS, SSAR is dependent upon the generosity of these 
persons and those who have gone before them, and is greatly in-
debted to them for their fine efforts in its behalf; therefore, 

BE IT RESOLVED that the Society for the Study of Amphibians 
and Reptiles offers its sincere gratitude to the following persons 
who have served in these capacities: 

ROGER A. ANDERSON — Associate Editor, Journal of Herpe-
tology 
DANIEL D. BECK — Associate Editor, Herpetological Review 
JERRERY P. DEMUTH — Section Editor, Herpetological Re-
view 
R. WAYNE VAN DEVENDER — Director 
MAUREEN DONNELLY — Liaison for 2000 Local Committee 
HAROLD A. DUNDEE — Editor - Combined Directory of Her-
petologists; Section Editor — Caudata, Catalogue of American 
Amphibians and Reptiles 
RENEE FERACHI-SIMS — Editorial Assistant, Journal of Her-
petology 
STANLEY FOX — Liaison for 2000 Local Committee 
VICTOR H. HUTCHISON — President 
MICHAEL W. KLEMENS — Conservation Committee 
ANNE M. MAGLIA — Section Editor, Herpetological Review 
LANCE McBRAYER — Student Travel Awards 
LYNDON A. MITCHELL — Section Editor, Herpetological Re-
view 
HENRY R. MUSHINSKY — Long Range Planning, Nominating 
Committee 
CHARLES W. PAINTER — Director 
GEORGE PISANI — Catalogue of American Amphibians and 
Reptiles; Combined Directory of Herpetologists 
JAY STAUFFER — 1999 Local Committee 
RICHARD VOGT — Liaison for 2000 Local Committee 

BE IT FURTHER RESOLVED that the SSAR urges these per-
sons not to become consumed by other more pressing but perhaps 
more interesting responsibilities, but to be available in the future 
as resources for those who follow in their service to the Society. 

Adopted by the Society for the Study of Amphibians and Reptiles, 
17 June 2000, at its Annual Business Meeting. 

Resolution Thanking Ellen J. Censky 

WHEREAS, Ellen J. Censky has been one of the most hard-work-
ing members of SSAR for many years; and, 

WHEREAS, Ellen answered the call to assist the Society by as- 
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suming the demanding role of Secretary, and has most capably 
filled this role these several years; and, 

WHEREAS, the role of Secretary encompasses not only myriad 
tasks associated with the functioning of the Annual Meeting, but 
also involves guiding the President and Directors through many 
issues that span more than a single year; and, 

WHEREAS, the Secretary thus provides needed continuity 
through the terms of other officers; therefore 

BE IT RESOLVED that the Society for the Study of Amphibians 
and Reptiles here expresses its most sincere thanks to Ellen J. 
Censky for her dedication and service as Secretary; and be it fur-
ther 

RESOLVED that the Society wishes her all the best in her new 
professional challenges. 

Adopted by the Society for the Study of Amphibians and Reptiles 
at its Annual Business Meeting, 17 June 2000. 

NEWSNOTES 

Greene and Shine Named Wilson Award Winners 

Herpetologists Harry Greene (Cornell University) and Richard 
Shine (University of Sydney) were this year's recipients of the E. 
0. Wilson Naturalist Award. This prestigious award was presented 
at the American Society of Naturalists annual meeting in 
Bloomington, Indiana in June. In recognition of the lifetime of 
outstanding contributions of Professor E. 0. Wilson in the areas 
of ecology and evolutionary biology, the award was established in 
the year of Professor Wilson's retirement from Harvard Univer-
sity. The Wilson Award is given to an active investigator in mid-
career who has made significant contributions to the knowledge 
of a particular ecosystem or group of organisms. Congratulations 
to Harry and Rick for this outstanding recognition. 

Field Museum Herpetological Collection Online 

The website for the retrieval of information on the approximately 
265,000 specimens in the collection of the Division of Amphib-
ians and Reptiles at the Field Museum can be queried at http:// 
www.fmnh.org/herps/ . This new service was implemeneted as aprt 
of a grant from the National Science Foundation. 

The Field Museum's amphibian and reptile collection is global 
in origin and almost equally divided between the New World and 
Old World. The approximate breakdown of collection holdings by 
major geographic area is: North America (32.9% of catalog en-
tries), Indo-Australia (20.9%), Asia (15.4%), South American 
(10.4%), Africa (9.0%), Central America (4.7%), Australia (2.7%), 
Caribbean (1.2%), Pacific (0.9%), Europe (0.6%), Madagascar 
(0.5%), Atlantic Ocean (0.3%), and Indian Ocean (0.1%). 

The total number of catalog entries from the United States is 
approximately 50,500. States representing from five to ten per-
cent of this total include (ranked highest to lowest): Illinois, New 
York, Texas, North Carolina, Mississippi, and Indiana. 

The collection contains over 6,000 species and 1,180 genera. 
The approximate breakdown of collection holdings by order or 
suborder is: frogs (42.6% of catalog entries), salamanders (12.4%). 
caecilians (0.25%), turtles (1.97%), rhynchocephalians (0.006%), 
lizards (26.4%), snakes (16.0%), amphisbaenians (0.16%), and 
crocodilians (0.26%). 

Please direct any comments, suggestions, or problems to Harold 
Voris (e-mail: hvoris@fmnh.org)  or Alan Resetar (e-mail: 
aresetar@fmnh.org),  Division of Amphibians and Reptiles, Field 
Museum of Natural History, 1400 South Lake Shore Drive, Chi-
cago, Illinois 60605-2496, USA. 

Southwestern Research Station 
Positions And Grants For 2001 

VOLUNTEERS—Approximately 30 volunteer positions are 
open in 2001 at the American Museum of Natural History's South-
western Research Station in Portal, Arizona. The volunteer pro-
gram is run annually and offers students in biological sciences 
outstanding opportunities to observe and become involved with 
scientists doing field research. Food and lodging are provided to 
volunteers in exchange for twenty-four hours per week of routine 
chores, with the remaining time available for research activities. 

The program is open to both undergraduate and graduate stu-
dents; the latter may pursue their own research projects. Faculty 
knowing of promising students should alert them to this opportu-
nity for professional experience toward, development of, and evalu-
ation of their career goals. 

Volunteers are needed between March 15 and November 1. Ap-
pointments are for part of this period, with a minimum appoint-
ment of six weeks. Applicants for spring positions (March–May) 
should submit applications by February 15, summer volunteers 
(June–August) by April 1, and fall volunteers (September–No-
vember) may apply any time. 

For applications, write: Dr. Wade C. Sherbrooke, Director, South-
western Research Station, American Museum of Natural History, 
Portal, Arizona 85632, USA; teL and fax: 520-558-2396; e-mail: 
swrs@amnh.org.  

SOUTHWESTERN RESEARCH STATION STUDENT SUP-
PORT FUND—The American Museum of Natural History awards 
several grants each year of approximately $400–$800 to graduate 
students or postdoctoral students pursuing research at its South-
western Research Station in the Chiricahua Mountains, Portal, 
Arizona. 

Information and application forms for this program and other 
Museum grant programs can be obtained by writing: Office of 
Grants and Fellowships, American Museum of Natural History, 
Central Park West at 79th Street, New York, New York 10024-
5192, USA; http://research.amnh.org/grants/index.html;  e-mail: 
rnavarro@amnh.org.  Application due date: February 15, 2001. 
Address questions concerning the Station to: Dr. Wade C. 
Sherbrooke, Director, Southwestern Research Station, Portal, Ari-
zona 85632, USA; tel. and fax: 520-558-2396; e-mail: 
swrs@amnh.org.  

SEASONAL OFFICE ASSISTANT—Assist in operations of 
biological research station office and nature shop: taking reserva- 
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Lions, answering phones, greeting guests, supervising volunteers, 
etc. Begin March 15, 2001, through September 2001 (end date 
flexible). Five-day week; salary $245/wk, plus room (shared) and 
board. Applicant must be punctual, organized, enjoy people, and 
be interested in living in a remote setting (Chiricahua Mountains) 
and working with biological researchers. Biological training an 
asset. Call and send résumé to: Dr. Wade C. Sherbrooke, Director, 
Southwestern Research Station, American Museum of Natural 
History, Portal, Arizona 85632, USA. tel. and fax: 520-558-2396; 
e-mail: swrs@amnh.org.  

MEETINGS 

IHS Announces Grants Program and Call for 
Papers 

A herpetocultural/herpetological Grants Program has been es-
tablished by the International Herpetological Symposium and was 
announced at the 24th Annual Meeting held in New Orleans, Loui-
siana, 19-22 July 2000. The goal of the program is to award funds 
to a wide variety of applicants whose projects represent a signifi-
cant contribution to herpetoculture in one of the following catego-
ries: Herpetological Natural History, Herpetological Conservation 
Biology, Captive Propagation, and Herpetological Education. En-
thusiastic amateurs will receive the same level of consideration as 
professional herpetologists and graduate students. For more in-
formation about the program, write to: International Herpetologi-
cal Symposium, Grants Program, P.O. Box 16444, Salt Lake City, 
Utah 84116-0444, USA. 

The 25th Annual IHS Meeting will be hosted by the Detroit Zoo-
logical Institute in Detroit, Michigan, USA, 14-17 July 2001. In-
dividuals wishing to present their papers on herpetological natu-
ral history, conservation biology, veterinary medicine, or captive 
husbandry topics may submit them to Donal Boyer, Curator of 
Herpetology, Zoological Society of San Diego, P.O. Box 120551, 
San Diego, California 92112, USA. 

Detailed information about the Grants Program and the 25'h 
Annual Meeting can be found online at http://www.kingsnake.com/ 
ihs. 

Meetings Calendar 

22 February 2001—Declining Amphibian Populations in Cali-
fornia and Nevada: Causes and Solutions. Radisson Hotel, Sacra-
mento, California, USA. This workshop will be held in conjunc-
tion with the annual meeting of The Wildlife Society, Western 
Section (www.tws-west.org ), and is sponsored by the California-
Nevada Working Group of the Declining Amphibian Task Force 
(DAPTF), Species Survival Commission, World Conservation 
Union (IUCN). For information contact: David F. Bradford, US 
Environmental Protection Agency, National Exposure Research 
Laboratory, 944 East Harmon, Las Vegas, Nevada 89119, USA; 
Tel: 702-798-2681, FAX: 702-798-2692, e-mail: 
bradford.david@epa.gov.  

24-28 February 2001-21st Annual Symposium on Sea Turtle 
Biology and Conservation, Philadelphia, Pennsylvania, USA. In-
formation at www.seaturtle.org . 

16-19 March 2001—Desert Tortoise Council 26th Annual Meet-
ing and Symposium, InnSuites Hotel and Resort, Tucson, Arizona, 
USA. Information at www.deserttortoise.org . 

14-17 July 2001—International Herpetological Symposium 25'h 
Annual Meeting, Detroit Zoological Institute in Detroit, Michi-
gan, USA. Refer to meeting announcement above for details. 

16-20 July 2001—Societas Europaea Herpetologica 1 1 th Gen-
eral Meeting, Slovenia. Details from: DPPVN/DAPTF Slovenia, 
Ptujska c. 91, SI-2327 Race, Slovenia; fax: +386 (0)2 788 30 51; 
e-mail: milan.vogrin  @guestarnes.si. 

26-30 July 2001-44th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' 
League (http://www.inhs.uiuc.edu/cbd/HL/HL.html) . Indiana Uni-
versity/Purdue University, Indianopolis, Indiana, USA. Details 
available in March 2001 issue of HR and on the SSAR web site: 
www.ukans.edu/–ssar/an-mtng.html. 

19-23 September 2001—Association of Reptilian and Amphib-
ian Veterinarians, Eighth Annual Conference, Orlando, Florida, 
USA. Details from: Charles J. Innis, VMD, VCA Westboro Ani-
mal Hospital, 155 Turnpike Road, Westboro, Massachusetts 01581, 
USA; tel. 508-366-1444; fax 508-634-6997; e-mail: 
clemmys@aol.com.  

2-9 December 2001 (note change of dates)—Fourth World Con-
gress of Herpetology, Colombo, Sri Lanka. Details from: 4WCH 
Promotions Office, 95 Cotta Road, Colomba 8, Sri L*anka; e-
mail: admin@4wch.com;  http://www.4wch.com . 

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: On 4 November 1997, the 
northern population of the bog turtle (Clemmys muhlenbergii) was 
listed as a threatened species under the 1973 Endangered Species 
Act (ESA). The northern population is distributed among Con-
necticut, Delaware, Maryland, Massachusetts, New Jersey, New 
York, and Pennsylvania. The ESA requires that a recovery plan be 
established for each listed species. A draft of the bog turtle recov-
ery plan has been produced by the Fish and Wildlife Service and 
is available for the public review. 

Bog turtles require a diversity of microhabitats, including wet-
lands and associated open canopy upland areas. The thrust of the 
draft recovery plan is to preserve approximately half of the cur-
rent extant populations in the long-term by understanding popula-
tion dynamics as well as eliminating habitat fragmentation and 
illegal trade. 
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A copy of the draft recovery plan can be obtained at the ad-
dresses below. For further information, contact: Carole Copeyon, 
US Fish and Wildlife Service, Pennsylvania Field Office, 315 South 
Office Street, Suite 322, State College, Pennsylvania 16801, USA. 
Also, contact Herp Digest (attn: Allen Salzberg) via e-mail at 
x5245 @erols.com . 

USA: Department of the Interior: The US Fish and Wildlife 
Service has proposed designating more than 2,175,000 acres of 
land distributed among 24 counties in central California as critical 
habitat for the California Red-legged Frog (Rana aurora draytonii). 
This action is designed to maintain connectivity of breeding ponds 
and surrounding upland habitats in an effort to stave off further 
fragmentation of the landscape. If the action receives final ap-
proval, land within the critical habitat cannot be adversely modi-
fied or destroyed by any activities funded or authorized by any 
federal agencies or persons. The call for comments ended 11 Oc-
tober 2000. For further information, contact: Curt McCasland or 
Brian Twedt, US Fish and Wildlife Service, Sacramento Fish and 
Wildlife Office, 2800 Cottage Way, W-2605, Sacramento, Cali-
fornia 95825-1864, USA. 

USA: Department of the Interior: On 21 September 2000, 
the US Fish and Wildlife Service listed the Santa Barbara County 
Distinct Vertebrate Population Segment (DPS) of the California 
Tiger Salamander (Ambystoma californiense) as endangered un-
der the 1973 Endangered Species Act. In order to be considered 
for protection as a DPS the candidate population must be found to 
be a discrete population segment (relative to the rest of the species 
distribution) comprising a significant portion of the population. 
Genetic analyses suggest that there are low levels of interchange 
among the Santa Barbara County DPS and the rest of A. 
californiense. Five of six habitat complexes within the range of 
the DPS have undergone serious degradation (conversion to vine-
yards, grazing land) in the last several years, with plans for more 
habitat conversion pending at the time of listing. 

The listing completes a long series of federal conservation ac-
tions. Ambystoma californiense was first listed as a candidate spe-
cies (category 2) in 1985. In 1992 the Fish and Wildlife Service 
was petitioned to list the species, but this did not result in federal 
protection. The current ruling is the result of an emergency rule 
published 19 January 2000. See Herpetological Review 31:68 for 
further details. For further information, contact: Grace McLaughlin, 
Ventura Fish and Wildlife Office, 2394 Portola Road, Suite B, 
Ventura, California 93003, USA. 

USA: Department of the Interior: The US Fish and Wildlife 
Service has designated more than 400,000 acres as critical habitat 
for the Alameda Whipsnake (Masticophis lateralis euryxanthus). 
The habitat designation makes it illegal for Federal agencies and 
their charges to destroy or damage the critical habitat that is dis-
tributed among several California counties (Contra Costa, 
Alameda, San Joaquin, and Santa Clara). See Herpetological Re-
view 31:67 for further details or contact Jason Davis or Heather 
Bell, U.S. Fish and Wildlife Service, Sacramento Fish and Wild-
life Office, 2800 Cottage Way, Suite W-2605, Sacramento, Cali-
fornia 95825, USA. 

International: World Conservation Union-International Union 
for Conservation of Nature and Natural Resource (IUCN). The  

recently released 2000 Red List of Threatened Species shows an 
increase the number of reptiles listed since the 1996 of the list. 
The current edition lists 291 species as Critically Endangered, En-
dangered, or Vulnerable, up from 253 four years ago. The 2000 
list includes 24 Critically Endangered and 47 Endangered spe-
cies. The crisis over freshwater turtles in Southeast Asia (see Her-
petological Review 30:68-69) is largely responsible for the in-
crease. The IUCN lists habitat loss/degradation, unsustainable use 
(exploitation), and invasive species as the major causes of the 
worldwide loss of biodiversity. For more information, contact: 
IUCN Red List Programme Office; e-mail: craig.hilton-
taylor@ssc-uk.org,  website: www.iucn.org . 

USA: New York: On 23 August 2000, New York governor 
George Pataki signed into law a bill that requires posted signs 
warning of the risk of salmonellosis that is associated with han-
dling reptiles. The signs are to be posted in all pet stores and other 
retailers trading in reptiles within the state. Failure to comply car-
ries a maximum fine of US $500. The law is due to take effect in 
February 2001. For more information, contact: Herp Digest (attn: 
Allen Salzberg) via e-mail at x5245 @erols.com . 

USA: US Senate: On 20 September 2000, the United States 
Senate ratified the Inter-American Convention for the Protection 
and Conservation of Sea Turtles. The US is one of eight countries 
in the Americas entering into the treaty that will require 1) the use 
of turtle excluder devices in trawl nets used in shrimping, 2) pro-
tection of nesting beaches and other sea turtle habitats, and 3) pro-
hibit the international trade of sea turtles and sea turtle products. 
The treaty further supports research efforts into sea turtle biology 
and conservation. For more information, contact: Amanda Johnson, 
National Wildlife Federation; telephone: (202) 797-6801. 

CURRENT RESEARCH 

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

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

Blindness Not Detrimental to Island Snakes 

Researchers working on Carnac Island, Australia, found many 
adult tiger snakes in the study population to have suffered from 
injuries which resulted in the snakes' partial or total blindness. 
Behavioral and mark-recapture data were utilized to determine 
the effects of these injuries on survival and fitness of the snakes in 
relation to their uninjured counterparts. While it is often assumed 
that all organ systems must be functioning in a study organism for 
optimal survival, the researchers recorded some counterintuitive 
observations. The survival (as measured by recapture rate) of blind 
snakes was higher than in uninjured snakes, while body mass in-
crease, growth rate (SVL), and body condition (ratio of mass to 
SVL) were unaffected by blindness. In addition, two blind male 
snakes were observed trailing and subsequently mating with fe-
male snakes. The plasticity of visual systems in snakes along with 
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these observations begs the question, "What factors may permit 
the loss of sight without negative effect?" The authors suggest 
that the low predation pressure imposed on this introduced popu-
lation along with a rich food source (a gull rookery) are contribut-
ing factors. In addition, their findings lend support to the hypoth-
esis of "momentarily excessive construction" presented by Gans. 
According to this theory, organisms may posses complex sets of 
features not required for survival and reproduction. In essence, 
organisms may be "overdesigned." 

BONNET, X., D. BRADSHAW, R. SHINE, AND D. PEARSON. 1999. Why do snakes 
have eyes? The (non-)effect of blindness in island tiger snakes (Notechis 
scutatus). Behavioral Ecology and Sociobiology 46:267-272. 

Correspondence to: X. Bonnet, Centre d'Etudes Biologiques de Chize, 
CNRS, F-79360 Villiers en Bois, France; e-mail: bonnet@cebc.cnrs.fr.  

Historical Biogeography of Crotalus viridis 

The authors examined approximately 1350 base pairs from the 
cytochrome b and NADH mitochondrial genes, to study the phy-
logeography of the Western Rattlesnake (Crotalus viridis). Speci-
mens were sampled from throughout the range of this species, and 
represented all currently recognized subspecies. Parsimony and 
likelihood methods of phylogenetic inference were employed, and 
results of these analyses reveal two clades of populations. The 
first Glade recognizes those populations east and south of the Rocky 
Mountains (C. v. viridis and C. v. nuntius), whereas the second 
Glade includes those populations west of the Rocky Mountains. 
According to the authors, the conventionally recognized 
subsepecific diversity is not consistent with the phylogenetic pat-
tern; therefore, a review of the systematic status of these subspe-
cies is required. Results of this study also suggest that relatively 
small body size has evolved twice within this species, and that 
lethal toxins related to Mojave toxin arose within the complex 
including C. v. concolor. 

POOK, C. E., W. WOSTER, AND R. S. THORPE. 2000. Historical biogeogra-
phy of the western rattlesnake (Serpentes: Viperidae: Crotalus viridis), 
inferred from mitochondrial DNA sequence information. Molecular 
Phylogenetics and Evolution 15(2):269-282. 

Correspondence to: Catherine Pook, School of Biological Sciences, Uni-
versity of Wales, Bangor, Gwynedd LL57 2UW, Wales, United King-
dom. 

Ontogenetic Plasticity in a Mexican Iguanid 
Lizard 

An ontogenetic shift from insect consumption in juveniles to 
plant consumption in adults is relatively rare among herbivorous 
iguanids. This study of Ctenosaura pectinata documents an onto-
genetic shift in the diet and anatomy of the digestive system in 
this species. Though C. pectinata was found to consume a variety 
of plant parts (foliage and flowers) in all age classes, non-adult 
lizards were found to utilize the broadest diversity of food items. 
Arthropods were found to covary seasonally with a decline in ar-
thropod abundance for juvenile and immature lizards. The author 
rejects the hypothesis that the arthropod diet of juveniles is inci-
dental to consumption of plant material because the size-adjusted  

morphology of the digestive system and its capacity was similar 
in all age classes, and because the arthropod density of all food 
plants surveyed did not have enough insect diversity to explain 
the proportions of plant/insects seen in juvenile lizards. The au-
thor supports the hypothesis that though juvenile Ctenosaurus can 
eat plants, they don't because insects offer a higher nutritional 
value. Finally, the author discusses the possibility that the broad 
diet of juveniles and immature lizards may offer benefits for these 
lizards by reducing searching costs, improving nutritional and 
energetic consideration, and increasing new food exposure of in-
dividuals in high-predation-risk periods of growth. 

DURTSCHE, R. D. 2000. Ontogenetic plasticity of food habits in the Mexi-
can spiny-tailed iguana, Ctenosaura pectinata. Oecologia 124:185— 
195 . 

Correspondence to: Richard D. Durtsche, Department of Zoology, Uni-
versity of Oklahoma, Norman, Oklahoma, 73019, USA; e-mail: 
durtsche@nku.edu.  

Phylogenetic Position of Caecilians 

Zardoya and Meyer sequenced the complete mitochondrial ge-
nome (over 17,000 base pairs) of the caecilian Typhlonectes natan,s. 
These sequence data were combined with sequence data for other 
lissamphibians and tetrapods, and used to evaluate the phyloge-
netic position of caecilians and the origin of amphibians. Two data 
sets were analyzed (one examining protein coding genes, the other 
examining combined tRNA genes), and both supported the mono-
phyly of a caecilian + frog Glade. The results of this research could 
not resolve relationships among the coelacanth, lungfishes, and 
tetrapods, and the authors suggest that there is relatively strong 
support for a diapsid affinity of turtles. In a final phylogenetic 
analysis, the authors examined a mitochondrial rRNA data set for 
an expanded list of salamanders, frogs, and caecilians; results of 
this analysis support a frog + salamander Glade. Rate heterogene-
ity in the rRNA data set is discussed. 

ZARDOYA, R., AND A. MEYER. 2000. Mitochondria] evidence Ott the phylo-
genetic position of caecilians (Amphibia: Gymnophiona). Genetics 
155:765-775. 

Correspondence to: Rafael Zardoya, Museo Nacional de Ciencias Natu-
rales, Jose Gutierrez Abascal, 2, 28006 Madrid, Spain; e-mail: 
mcnr154@pinar2.csic.es.  

Herpetofaunal Communities in Ghana 

This article provides a summary of the herpetofaunal diversity 
surveyed at the Muni Lagoon during the primary rainy season. Of 
the 13 species of amphibians and 19 species of reptiles recorded 
at this site, none are endemic to Ghana, and only three species are 
first records for coastal habitats. Grassland thickets and freshwa-
ter ponds offered the most diverse herpetofaunal communities, and 
the authors suggest that conservation efforts in this region of Ghana 
should focus on protecting these two habitat types. Finally, the 
authors suggest that Hyperolius, Python, and Varanus may offer 
the greatest potential for undertaking long-term monitoring within 
these habitat types, as they are easily surveyed, and may be sensi-
tive to a diversity of environmental stressors. 
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RAXWORTHY, C. J., AND D. K. ATTUQUAYEFIO. 2000. Herpetofaunal Com-
munities at Muni Lagoon in Ghana. Biodivesity and Conservation 
9:501-510. 

Correspondence to: Christopher J. Raxworthy, The American Museum of 
Natural History, Central Park West at 79t h  Street, New York, New York, 
10024-5192, USA; e-mail: rax@amnh.org.  

Directional Asymmetry of Two Families of Lizards 

The author compares the ecology and evolution of directional 
asymmetry through ontogeny with that of its product, morpho-
logical directional asymmetry. Representatives of Lacertidae 
(Acanthodactylus, Aldolfus, Eremias, Heliobolus, khnotropsis, 
Lacerta, Meroles, Mesalina, Ophisops, Pedioplanis, Podarcis and 
Takydromus) and Agamidae (Agama)were included in this study. 
According to the author, variation in the morphological directional 
asymmetry reflects reversible adaptaions to the environment of 
these species, whereas variation in the developmental trajectory 
that produces the morphological directional asymmetry is inde-
pendent from the immediate environment, but is determined by 
some evolutionary processes. Essentially, the environment was 
found to define the results of the processes of development of 
morphological developmental asymmetry, but not to affect the 
mechanisms of the process that produces this asymmetry. 

SELIGMANN, H. 2000. Evolution and ecology of developmental processes 
and of the resulting morphology: directional asymmetry in hindlimbs 
of Agamidae and Lacertidae (Reptilia: Lacertilia). Biological Journal 
of the Linnean Society 69:461-481. 

Correspondence to: Herve Seligmann, Department of Evolution, System-
atics and Ecology, The Hebrew University of Jerusalem, 91904 Jerusa-
lem, Israel; e-mail: Herves@vms.huji.ac.il.  

Ecology of the Checkered Garter Snake 

The authors studied the reproductive biology and ecology of Tham-
nophis marcianus in southeastern Arizona. Checkered garter snakes 
were found to be active at night and during the day; however, this 
activity was restricted to aquatic areas or adjacent habitats. The 
authors found this species to give birth to single clutches of young 
during late May or early June, significantly earlier than other popu-
lations of this species and nearly all other North American live-
bearing snakes. A discussion of the implications of early timing of 
birth, as well as geographic variation in reproduction is provided. 
In the case of T. marcianus, the authors regard phenotypic plasiticity 
in some traits of this species as the result of proximate environ-
mental factors such as food availability and precipitation, and that 
offspring size has been canalized relative to food availability; there-
fore, this trait is relatively more amenable to geographic varia-
tion. 

SEIGEL, R. A., N. B. FORD, AND L. A. MAHRT. 2000. Ecology of an aquatic 
snake (Thamnophis marcianus) in a desert environment: implications 
of early timing of birth and geographic variation in reproduction. Ameri-
can Midland Naturalist 143:453-462. 

Correspondence to: Richard A. Seigel, Department of Biological Sciences, 
Southeastern Louisiana University, Hammond, Louisiana, 70402, USA.; 
e-mail: rseigel@selu.edu.  

Distribution and Ecology of Leptodactyid Frogs in 
the British Virgin Islands 

Between October 1993 and October 1997, the authors visited 
17 islands, confirming all but three previous records of 
leptodactylid frogs, and finding 10 previously unreported popula-
tions. The four species occurring in the British Virgin Islands (B VI) 
are Leptodactylus albilabris, Eleutherodactylus antillensis, E. 
schwartzi, and E. cochranae. The biphasic life cycle and aquatic 
dependence of Leptodactylus albilabris contrasts with the direct 
development and terrestrial habitat use found in all of the species 
of Eleutherodactylus. Investigators used visual encounter surveys, 
auditory transect surveys and night driving methods to locate in-
dividual frogs. During one survey year (1996), recorded adver-
tisement calls were played to induce calling. Data were recorded 
for both frog species (including SVL, weight, microhabitat use 
and perch height) and habitat variables (including presence/ab-
sence of bromeliads, amount of leaf litter, and vegetation height). 
Multiple regression analysis and one-way ANOVA were used to 
examine island factors versus number of species present, and body 
size of males versus years and islands, respectively. Area and el-
evation explained most of the variance in the number of species 
found on each island, with elevation as the far more important 
factor. While males did show a difference in size among islands, 
they did not among years. The number of calling males was weakly 
correlated with recorded habitat variables. 

OVASKA, K., J. CALDBECK, AND J. LAZELL, JR. 2000. New records and distri-
butional and ecological notes of leptodactylid frogs, Leptodactylus and 
Eleutherodactylus, from the British Virgin Islands. Breviora (508):1-
25. 

Correspondence to: K. Ovaska, University of British Columbia, 
Vancouver, British Columbia, Canada V6T I Z4; e-mail: 
kovaska@jdmicro.com.  

Description of Oogenesis and the Ovarian 
Histology of the American Alligator 

This paper provides the first thorough description of the histo-
logical features of an adult ovary and associated oogenesis of a 
crocodilian. Phylogenetic relationships between crocodilians and 
birds suggests that there should be similarities in reproductive func-
tional morphology between the two groups if these structures are 
conserved. Researchers surgically removed and studied the ova-
ries of 13 adult Alligator mississipppiensis from three lakes in 
Florida. Each ovary was histologically sectioned and placed into 
one of 10 folliculogenic stages (which are discussed individually 
in the article). The reproductive cycle was determined to begin in 
autumn with an increase in hormone concentration and subsequent 
vitellogenesis. Ovulation and gravidity occur during the follow-
ing May/June. The authors found several features in common be-
tween A. mississippiensis and other reptiles, and other character-
istics that were similar to those described for birds. Among those 
features uniting A. mississippiensis to other reptiles are follicular 
characteristics of the ovary in early follicular development. Bird/ 
crocodilian shared characteristics include morphology of yolk 
platelets and the presence of an ovarian system of lacunae and 
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thick and smooth muscle bundles around follicles. The research-
ers observed several aspects of crocodilian folliculogenesis that 
lend support to the current theory of archosaurian evolution. 

URIBE, M. AND L. GuiLLErrE, JR. 2000. Oogenesis and ovarian histology 
of the American alligator Alligator mississippiensis. Journal of Mor-
phology 245:225-240. 

Correspondence to: Louis Guillette, Jr., Department of Zoology, 223 
Bartram Hall, P.O. Box 118525, University of Florida, USA; e-mail: 
ljg@zoo.ufl.edu.  

Molecular Phylogeny of Xenodontine Snakes 

Xenodontinae is one of the largest subfamilies within Colubridae, 
and is comprised of nearly 90 genera, and over 500 species. 
Xenodontinae is believed to be restricted to the New World, the 
majority of species from Central and South America, as well as 
the West Indies. The authors have inferred the phylogeny of 
xenodontine snakes by examining portions of the 12S and 16S 
ribosomal RNA genes from 85 species. Results of this analysis 
support a monophyletic Xenodontinae and the basal position of a 
North American Glade of xenodontines. The authors suggest that 
the inferred phylogeny and pattern of distribution supports an 
Asian—North American origin of the xenodontines. The West In-
dian xenodontines appear to form a monophyletic group that di-
verged from the South American xenodontines that originated by 
dispersal in the mid-Cenozoic. Finally, their results suggest that 
several morphological and ecological traits have evolved multiple 
times during the evolution of these snakes. 

VIDAL, N., S. G. KINDL, A. WONG, AND S. B. HEDGES. 2000. Phylogenetic 
relationships of xenodontine snakes inferred from 12S and 16S Ribo-
somal RNA sequences. Molecular Phylogenetics and Evolution 
14(3):389-402. 

Correspondence to: Nicolas Vidal, Service de Systematique Moleculaire, 
Institut de Systematique (CNRS FR 1541), Museum National d'Histoire 
Naturelle, 43 ru Cuvier, 75231 Paris Cedex 05, France. 

The Effects of Logging Roads on Amphibian 
Movement 

The dominance of logging as a land use in areas like northern 
New England, makes requisite the understanding of impacts of 
logging practices on wildlife. This study looks at secondary forest 
road development and its role as a disturbance factor to amphib-
ian species. Direct mortality from such roads is limited, as the 
frequency of vehicular traffic is generally light. However, the im-
pact of these roads as a barrier to amphibian dispersal (natal, mi-
gratory and home range movement) is little understood. The au-
thors used 6 pairs of drift fences with pitfall traps along each of 
two study sites: one wide (12 m) and one narrow (5 m) road, both 
in a logged area of Penobscott County, Maine. Fencing was placed 
near the road and within the forest as a control. The narrow and 
wide roads were each sampled for more than 12,000 trap nights, 
however sampling was completed during different years (1992 
for the narrow road site, 1993 for the wide road site). Data was 
analyzed for eight amphibian species (four salamanders, four 
anurans). Recaptured animals and treefrogs were excluded from  

the data analysis. No significant difference in capture rates for 
anurans was found between forest and road traps at either site. 
However, salamander species were found preferentially in con-
tinuous forest habitat compared with traps near the larger road. 

Different life history movement types (juvenile dispersal, adult 
migrations and home-range movement) were differently affected 
by the road barrier. Juvenile amphibians showed the highest cross-
ing rate, while adult home-range movement was most restricted 
by the barrier. It was also demonstrated that forest surface activity 
of amphibians was positively correlated with the amount of rain-
fall during the trapping period. The effect was more profound in 
salamanders than anurans, and greater in control (forest) locations 
than traps nearest the roadways. In general, effects of secondary 
roads on amphibian species were found to be taxon and life his-
tory stage dependent. 

P. DEMAYNADIER, AND M. HUNTER, JR. 2000. Road effects on amphibian 
movements in a forested landscape. Natural Areas Journal 20:56-65. 

Correspondence to: P. deMaynadier, Endangered Species Group, Maine 
Department of Inland Fisheries and Wildlife, 650 State Street, Bangor, 
Maine 04401, USA; e-mail: phillip. demaynadier@state.me.us . 

Parental Investment and Resulting Potential 
Reproductive Rates of a Dart Frog 

The investigators studied the gender-specific parental invest-
ment (time) of strawberry dart frogs (Dendrobates pumilio) and 
the resulting potential reproductive rates (PRR) of both males and 
females. Observations were recorded over a six-month period in 
Costa Rica, resulting in a description of the mating system of D. 
pumilio as a "sequential polygamy." This system is based on a 
sequential and simultaneous combination of polygyny and poly-
andry. Females are able to produce clutches continuously through-
out the prolonged breeding season, and both sexes contribute to 
the parental care responsibilities. Females were observed to be 
more selective in their choice of mates than were males, and male 
mating success was found to be highly variable. Time required to 
rear one offspring was calculated to be 5 h total for males and 73.2 
h total for females. Because females' parental investment is greater 
than that of males, females have a lower PRR, and are therefore 
the limiting gender as mates. Researchers also believe that be-
cause of the lower PRR of females, they are more selective in 
mate choice and therefore contribute to variable male mating suc-
cess. 

PROHL, H., AND W. HODL. 1999. Parental investment, potential reproduc-
tive rates and mating system in the strawberry dart-poison frog, 
Dendrobates pumilio. Behavioral Ecology and Sociobiology 46:215-
220. 

Correspondence to: H. Prohl, Institut fiir Zoologie, Tierarzliche 
Hochschule Hannover, Btinteweg 17, D-30559 Hannover, Germany; e-
mail: hproehl@stud.tiho-hannover.de.  
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Mary L. Anderson (1918-1999) 

ROGER CONANT 
Department of Biology, University of New Mexico 

Albuquerque, New Mexico 87131, USA 

Few persons knew Mary 
Anderson, who was the baby 
turtles' best friend. She worked 
alone and even her family, who 
was well aware of her humane 
objectives, usually didn't know 
just what she was up to. When 
she needed help she called on me 
and other herpetologists for 
advice. She kept at it for 40 years 
and was instrumental in 
obtaining a ban on the sale in the 
U.S. of turtles with carapaces less 
than four inches in length. 

To Mrs. Anderson the trade in baby turtles was a loathsome 
racket. The average vendor handled his living merchandise like 
cans of beans, with little or no thought for their welfare and comfort. 
Robert G. Hudson, an able agent for the Pennsylvania SPCA, 
reported finding a large aquarium in a pet store containing little 
turtles seven deep. Those on top were alive. All others were dead; 
those on the bottom were rotten from decay. 

The vendors, to augment their income, raided turtle nests, dug 
up the eggs, and incubated them until they hatched. 

Norman E. Hartweg, the University of Michigan's famous 
cheloniologist, often visited Reelfoot Lake in western Tennessee 
to study the huge populations of turtles of many species that the 
lake supported. On a trip during the early 1930s he found several 
large adult female red-eared turtles, Trachemys scripta elegans, 
that had been chopped open with a hatchet. The eggs had been 
removed and the mothers left to die. The eggs were doubtless added 
to others being incubated. 

Mary Anderson was severely vexed by such atrocities, but she 
worried most about the more subtle problem that an enormous 
percentage of the baby turtles failed to survive when they reached 
their final owners. The vendors sold small parcels of dried ant 
pupae under the guise of being turtle food. How well I remember 
the hundreds of the little orphan reptiles donated to the Philadelphia 
Zoo over a period of many years. Virtually all were in an advanced 
state of malnutrition. Their eyes were swollen shut and their shells 
were soft from lack of calcium. We had to explain to the donors, 
often parents whose children were already weeping about giving 
up their pets, that there was nothing we could do except to put 
them painlessly out of their misery. 

The sales of infant turtles were often the result of impulse buying. 
They were cute and colorful, and the vendors said they made 
wonderful pets for children. This sad scenario inspired Mrs. 

Anderson's first efforts on behalf of the turtles being sold as pets. 
She "rescued" many from horrible conditions in stores, took in 
others much like the ones we encountered in Philadelphia, and 
quickly realized that the care of these creatures was far more 
complex than suggested by those who sold them. At first she tried 
to address the problem of the totally useless commercial food, but 
soon realized that the only real way to end the cycle of abuse and 
cruelty was to prohibit the sale of turtles as pets altogether. The 
accomplishment of this basic humane goal was the driving force 
for all of the endeavors that followed. 

Mary Anderson was an extremely shy person and scarcely 
anyone other than a few trusted friends and her family knew of 
her dedication to the hatchling turtles. She would not allow her 
name to be used. She preferred to work alone and to remain 
unknown. In the mid-1990s, as I was preparing the text for my 
memoirs ("A Field Guide to the Life and Times of Roger Conant," 
published by Selva and sponsored by the Toledo Zoo), I finally 
convinced her that the extraordinary work she had done should be 
recorded for posterity. She was not well and was suffering from 
severe osteoporosis. She finally gave me permission to use the 
following paragraphs from my book, which I am able to reproduce 
herewith through the kindness of William V. A. Dennler, executive 
director of the Toledo Zoological Gardens. 

"In 1965 medical research documented the frequent occurrence 
of Salmonella bacteria in hatchling turtles sold as pets. During 
that year Mary L. Anderson, a dedicated and public-spirited person 
who was appalled by the health risk to children and the carnage 
among the little turtles, became deeply interested in the problem. 
She went to Washington and discovered that federal agencies knew 
little or nothing about the situation. After being advised to get in 
touch with the Centers for Disease Control, she learned that the 
CDC was trying unsuccessfully to solve the problem by using 
various chemicals in the turtle breeding ponds, and was conducting 
extensive research on the subject. Meantime, sales were increasing, 
reaching 15 million turtles annually and causing 280,000 cases of 
illness a year, mostly among children. 

"In 1971 Mrs. Anderson successfully influenced her 
Congresswoman, Leonor Sullivan of Missouri, to introduce a bill 
calling for federal regulation of the turtle trade. Similar bills were 
offered by two other members of Congress, but they languished in 
committee. Senator Edward M. Kennedy then introduced a 
resolution calling for action by the Health, Education, and Welfare 
Department within 30 days. It was successful in requiring the 
issuance of a document certifying an absence of Salmonella 
bacteria before turtles could be shipped. In most cases, however, 
by the time the turtles arrived at pet stores the bacteria were present. 

"The turtle vendors then came up with the asinine scheme of 
selling individual turtles in covered sterile bowls, but with the 
recommendation that the little reptiles be placed in water for a 
short time each day. Meantime, Mrs. Anderson kept the Animal 
Welfare Institute, the Consumers' Union, and the Humane Society 
of the United States aware of what was happening. The three 
organizations were finally successful in getting the Food and Drug 
Administration to issue a total ban on the sale of turtles with shells 
less than four inches long. The ban is still in effect as this is written. 

"With their domestic market cut off, the vendors began selling 
red-eared baby turtles overseas. In 1984, when Kathryn [my wife] 
and I were in Hong Kong, I visited two snake shops in the futile 
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hope of finding a live member of the venomous Agkistrodon snake 
complex to photograph. In front of one shop was an aquarium 
with several baby red-ears swimming listlessly about in the water. 
Since then, the foreign market has grown to seven million turtles 
shipped in 1994 to 39 different countries." 

I am lost in admiration for all Mary Anderson accomplished. 
She was a quiet, unassuming lady, but her constant prodding in 
the right places kept things moving for many years. Her extensive 
files have been given to Peter Pritchard and Anders Rhodin of the 
Chelonian Research Institute, who have agreed to make them 
available to interested researchers. 
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Notes on the Island Populations of the Western 
Rattlesnake, Crotalus viridis 

KYLE G. ASHTON 
Department of E. P. 0. Biology, Campus Box 334 

University of Colorado, Boulder, Colorado 80309, USA 
e-mail: ashtonk@colorado.edu  

Islands tend to be less complex than mainland environments 
and have been used to study patterns and mechanisms in ecology 
and evolution (e.g., Grant 1998; MacArthur and Wilson 1967). In 
addition, island populations of animals often show unique 
characteristics (e.g., rattleless rattlesnakes, Cliff 1954; Radcliffe 
and Maslin 1975). Yet, island populations of animals in general, 
and snakes in particular, are especially vulnerable to extinction 
(e.g., Dodd 1987, 1993). Accordingly, it is important to gather 
information on the status of island populations. 

Klauber (1972) reported that the western rattlesnake, Crotalus 
viridis, occurred on five islands throughout its range, and to my 
knowledge this species has not been collected on any additional 
islands. The current status of the island populations of C. viridis is 
uncertain because there are no published records of specimens 
from four of the islands subsequent to those examined by Klauber 
(1972)—all of which were taken prior to 1956. Here I briefly review 
the historical records of C. viridis on each of the islands, the general 
history of each island, and present results of recent trips to three 
of the islands. 

Klauber (1972) reported that Crotalus viridis lutosus, the Great 
Basin rattlesnake, occurred on Anaho Island, Pyramid Lake, 
Washoe Co., Nevada. Pyramid Lake is roughly 40 km long with 
an approximate surface area of 275 km 2  (Wheeler 1987; Woodbury 
1966). Anaho Island is about 3 km 2  (Woodbury 1966) and 
approximately 0.8 km away from the mainland. In 1913 Anaho 
Island was declared a National Wildlife Refuge because in the 
summer it supports one of the largest breeding populations of white 
pelicans (Woodbury 1966). At one point sheep and pigs were 
probably introduced to the island (Woodbury 1966), but they have 
not been there for many years. There are no native terrestrial 
predators of C. v. lutosus on the island (Woodbury 1966), none 
have been introduced, and because there are no human inhabitants  

and human visitors are rare, the only predation is probably from 
birds. 

The first Crotalus viridis lutosus specimen from Anaho Island 
of record was collected in July 1917 (CAS 43578). Forty-four 
additional museum specimens were collected between 1924 and 
1961 (see material examined). Woodbury (1966) mentioned seeing 
several snakes on the island and suggested that there was a large 
population. From 16-19 August 1999, I visited Anaho Island and 
found eight individual C. v. lutosus, which included two 
reproductively active males and two pregnant females. Snakes on 
the island are substantially smaller than those on the nearby 
mainland (Ashton, unpubl. data), despite the relatively short 
distance separating them. It is possible that a large population of 
C. v. lutosus occurs on Anaho Island and the future prospects for 
this population are promising as long as the site continues to be 
protected and remains an island (the lake level dropped steadily 
between 1867 and 1982, but was never connected with the 
mainland; Wheeler 1987). 

The northern Pacific rattlesnake, Crotalus viridis oreganus, has 
been captured on Rattlesnake Island in Clear Lake, Lake County, 
California. Clear Lake is about 30 km long and 13 km wide 
(Goldman and Wetzel 1963). Rattlesnake Island is the largest island 
in Clear Lake with a total area of about 0.15 km 2  (Mauldin 1968). 
At one point the island supported one of the largest Indian villages 
(Elem Indians) in Lake County (Mauldin 1968), but is currently 
privately owned. Mauldin (1968) reported that rattlesnakes were 
collected on the island and sold as part of an antibiotic to local 
mine workers, indicating that at one time there were many 
rattlesnakes on the island. Hogs were introduced to the island 
around 1960 and within a few years the rattlesnakes were 
apparently exterminated (Mauldin 1968). It is suggested that the 
hogs ate the rattlesnakes (Mauldin 1968), but their impact may 
have been more through decimating the snakes' prey and destroying 
habitat. 

Only one museum specimen, a juvenile male, has been recorded 
from Rattlesnake Island (MVZ 34526). This specimen was 
collected on 21 June 1940. I planned on visiting the island in 1999 
but was unable to gain access from the owner. The island is about 
100 m from the mainland and it would be interesting to know if 
the island population is or was genetically differentiated from 
mainland individuals. Rattlesnakes are known to swim (Klauber 
1972), so there may have been regular gene flow between the island 
and the mainland. 

Another island population mentioned by Klauber (1972) is 
Crotalus viridis oreganus on Morro Rock, San Luis Obispo County, 
California. Morro Rock is one of the nine exposed San Luis Peaks, 
which originated 20-25 million years ago from volcanic activity 
(Dickerson 1990). Morro Rock rises 177 m and has an area of 
about 0.15 km2  (Dickens 1983). From at least the Pleistocene until 
1936, Morro Rock was an island (Dickerson 1990), separated from 
the mainland by 300 m of ocean water (Gerdes et al. 1974). In 
1936 a causeway from the mainland was built, using stone from 
Morro Rock, to facilitate quarrying that had been going on since 
1891 (Dickerson 1990). In 1963, quarrying ceased and in 1973 
Morro Rock was declared an ecological preserve, primarily to 
minimize impact on nesting peregrine falcons (Dickerson 1990). 

There are four museum specimens documenting the presence 
of Crotalus viridis oreganus on Morro Rock. The first was collected 
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in 1930 (SDNHM 2696), which was prior to the connection of 
Morro Rock to the mainland. I have been unable to find any 
information on whether there was an established rattlesnake 
population on Morro Rock before the causeway was built—the 
first published study of the fauna of Morro Rock was in 1957 
(Munro 1957). The last rattlesnake observed on Morro Rock was 
collected in June of 1975 (CPSU H-3523). I visited Morro Rock 
on 8 August 1999 and again on 12 August 1999, but found no 
rattlesnakes on either day. I saw many Sceloporus occidentalis 
(25 different individuals in a single hour) and two Elgaria 
multicarinata. The snakes on Mono Rock may have been dwarfed, 
based on Klauber's (1972) report of a pregnant female that was 
only 467 mm SVL, and smaller C. viridis typically feed on lizards 
(Mackessy 1988; Ashton, unpubl. data). Hence, there is currently 
sufficient prey for C. viridis on Mono Rock. Additionally, small 
mammals were captured at the base and top of Mono Rock in 
1980-1981 (Dickens 1983). 

Feral cats have been a problem on MOM) Rock, especially during 
the 1970s and 1980s (A. Roest, pers. comm.). In 1981, 12 individual 
feral cats lived on Mono Rock (Dickens 1983); by 1986 this 
number had increased to 21 (S. J. Marek, unpubl. data). The 
California State Parks and Recreation Department has been 
trapping and removing feral cats in the 1990s; there are currently 
no feral cats on Mono Rock (V. Cicero, pers. comm ) Feral cats 
may have affected rattlesnakes on Mono Rock by reducing their 
prey population and possibly killing rattlesnakes. It is possible 
that the lizard population on Mono Rock decreased during 1970-
1990, because of feral cats, and the abundance of lizards during 
my visit was a recent phenomenon that has occurred as a result of 
the extermination of feral cats. Unfortunately, Dickens (1983) did 
not present any measure of abundance of lizards that could be 
compared with my recent observations. 

Dickens (1983) spent one year surveying vertebrates on Mono 
Rock and failed to find any rattlesnakes. Falconers have been 
visiting the Rock for many years to study the nesting peregrine 
falcons and have never seen a rattlesnake (V. Cicero, pers. comm.). 
These observations, along with my recent visit, suggest that 
Crotalus viridis oreganus no longer occurs on Mono Rock. 

The southern Pacific rattlesnake, Crotalus viridis helleri, occurs 
on one Channel Island— Santa Catalina Island, Los Angeles 
County, California. Santa Catalina Island is a continental island 
that is located 32 km from the mainland, with an area of 194 km' 
(Schoenherr 1992). This island has a long history of private 
ownership. In 1972, the Wrigley family created the Santa Catalina 
Island Conservancy and in 1975 they donated 86% of the island to 
the Santa Catalina Island Conservancy (Malian 1992). The island 
also has a long history of impact from introduced species. In 1827, 
goats were introduced to the island and still remain (Schoenherr 
1992). Pigs, deer, cattle, horses, and bison have also been 
introduced, although today only pigs, goats and bison remain in 
large numbers (Malian 1992; Schoenherr 1992). The bison 
population is maintained at 200-400 individuals and the Santa 
Catalina Island Conservancy has been working, successfully, for 
many years to eradicate goats and pigs from the island. Nonetheless, 
these animals have been numerous and have caused substantial 
damage across the entire island (Schoenherr 1992). Unfortunately, 
there are no data on abundance or distribution of rattlesnakes prior 
to the introduction of these species so it is impossible to directly  

assess the impact of these introductions on rattlesnakes. However, 
several longtime human residents of the island suggest that 
rattlesnakes are less common today, especially since the 
introduction of pigs. 

Crotalus viridis helleri have been collected on Santa Catalina 
Island since 1910. The most recent museum specimen was captured 
in 1967 (MVZ 81740). During the first week of August 1999, I 
visited the island and found five individuals at four separate 
localities. Additionally, many locals reported seeing snakes during 
the duration of my trip. Based on these reports, the specimens I 
captured, and museum specimens, it appears that C. v. helleri is 
relatively common and widely distributed on the island. The future 
of C. v. helleri on Santa Catalina Island is promising because most 
of the island is protected, which minimizes direct human 
destruction, and introduced species are being eradicated. 

Probably the best known island population is on South Coronado 
Island. This island is the largest of the four Coronado islands and 
is located just south of the U.S.–Mexico border, 12 km west of 
mainland Baja California Norte, Mexico (Ellsberg 1970; Zweifel 
1952). The island is about 3 km' in total area (Zweifel 1952), yet 
rattlesnakes on the island may be primarily limited to about 1.5 
km2  of habitat because of the steep sides of the island (Rubio 1998). 
Rattlesnakes have been captured on South Coronado Island for 
many years; museum specimens range from 1898 to 1976 (no 
specimens have been collected on any of the other Coronado 
Islands). They appear to be either abundant or very easy to find. 
For example, Zweifel (1952) recounted a brief trip during which 
he captured eight snakes. I planned on visiting this island in the 
summer of 1999, but was unable to obtain all the necessary permits 
in time. 

There have been relatively few human occupants of the Coronado 
Islands, at least in part because of a lack of fresh water. From 
1870-1880 the islands were used for fishing, quarried for rock, 
and mined for copper (Ellsberg 1970). In the 1930's a resort hotel 
was built on South Coronado Island, but it was a failure (Ellsberg 
1970). Since that time the Mexican military has maintained a base 
on the island (Ellsberg 1970). Even though there have been few 
inhabitants of the islands, direct and indirect effects of humans 
have still resulted in local extinctions (Oberbauer 1978). At one 
time goats were introduced to the island, but were gone by the 
1950's (Ellsberg 1970). However, on a recent trip to South 
Coronado Island, Rubio (1998) reported that goats and mules had 
been reintroduced. The island is mainly covered by low grasses; 
thus, it may not take long before the snakes have virtually no 
vegetative cover (Rubio 1998). This could lead to increased avian 
predation on lizards, the primary prey of the snakes (Klauber 1972), 
and on the snakes themselves. It is essential that monitoring begin 
soon to evaluate the impact of goats and mules on the abundance 
and distribution of rattlesnakes on the island. 

This population was described as a separate subspecies, Crotalus 
viridis caliginis, by Klauber (1949), but this designation has not 
always been followed (e.g., Stebbins 1985). The main difference 
between C. viridis on the island and those on the adjacent mainland 
(ssp. helleri) is body size (snakes on the island are much smaller 
than those on the adjacent mainland). Genetic studies are underway 
to assess the relationships of this island population to those from 
the nearby mainland (Ashton, unpubl. data). 
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It is striking that Crotalus viridis is dwarfed on all four of the 
islands for which data are available (Klauber 1972; Ashton, unpubl. 
data). Case (1978) suggested that in general snakes are dwarfed 
on islands, but he did not present data on the strength of this trend. 
Certainly there are well known exceptions (e.g., Schwaner 1985; 
Schwaner and Sarre 1988). What determines body size of snakes 
on islands? Prey size seems to be the best correlate; larger prey 
means larger snakes (Forsman 1991; Schwaner 1985; Schwaner 
and Sane 1988). On the islands with the smallest body sizes, Anaho 
Island and South Coronado Island, the only available mammalian 
prey is a single species of Peromyscus (Oberbauer 1978; Woodbury 
1966). The snakes on Santa Catalina Island are dwarfed compared 
to the mainland, but are larger than on the other islands (Ashton, 
unpubl. data). The largest potential mammalian prey species on 
Santa Catalina Island is a ground squirrel (Spermophilus beecheyi; 
Mallan 1992). Thus, body sizes of C. viridis on islands appear to 
be consistent with the idea that snake size is positively correlated 
with prey size. Shine (1987) points out that island size differences 
may be a direct result of food availability as opposed to responses 
to selection. The genetic basis of body size variation among island 
and mainland populations of C. viridis deserves study. 

In summary, there are three islands that currently support 
populations of Crotalus viridis. One island that no longer appears 
to have a population of rattlesnakes, but did so historically, is 
Rattlesnake Island in Clear Lake. MOM Rock used to be an island, 
but it is unknown whether a distinct population ever occurred there 
prior to its connection to the mainland about 60 years ago (only 
one individual of record was captured when MOM) Rock was an 
island). It now appears that there are few, if any, rattlesnakes on 
Mono Rock; none have been collected for about 20 years. The 
population on Anaho Island appears to have been the least impacted 
by humans, and probably contains a large population of snakes. 
Introduced animals certainly have affected C. viridis on Santa 
Catalina Island, but the snakes seem to be fairly common and may 
increase in abundance as pigs and goats are eradicated. The future 
of the population on South Coronado Island is uncertain. Crotalus 
viridis is dwarfed on four of these islands (no data exist for one of 
the islands). Studies on the distribution, natural history, life history, 
and genetic relationships of C. viridis on Anaho Island and Santa 
Catalina Island are currently underway (Ashton, unpubl. data). 

Acknowledgments.-For permission to examine museum specimens 
under their care I thank J. Vindum (CAS), A. Roest (CPSU), J. Simmons 
(KU), J. Seigel (LACM), D. B. Wake and H. W. Greene (MVZ), S. Shelton 
and B. Hollingsworth (SDNHM), R. E. Espinoza (UNR), K. deQueiroz 
(USNM), and J. Campbell (UTA). I thank the SDNHM for access to the 
Klauber Herpetological Library and T. Reeder for lodging during my visit 
to San Diego. For permits, information, access, and lodging I thank: F. 
Starkey, P. Schuyler, J. Jensen, J. Takara, S. Story and the Santa Catalina 
Island Conservancy; Dept. of Fish and Game, California; V. Cicero and 
the California State Parks and Recreation; N. Scott and the Piedras Blancas 
U.S.G.S. biological research station; B. Henry, D. Withers and the 
U.S.F.W.S. Stillwater National Refuge; Bev and Brian and the Pyramid 
Lake Indian Tribe. For field assistance I thank J. Jensen, D. Bratt, N. 
Scott, and especially J. Richmond and D. Carpenter. I thank H. W. Greene 
and A. Roest for discussion of island populations; J. Lemos-Espinal for 
help with permits to access South Coronado Island. For funding I thank 
the Explorers Club; the Department of E.P.O. Biology, University of 
Colorado; and the Walker Van Riper Fund, University of Colorado 
Museum. I thank D. Chiszar, A. de Queiroz, J. Reed, and H. M. Smith for 
comments on this manuscript. 

LITERATURE CITED 

CASE, T. J. 1978. A general explanation for insular body size trends in 
terrestrial vertebrates. Ecology 59:1-18. 

CLIFF, F. S. 1954. Snakes of the islands in the Gulf of California, Mexico. 
Trans. San Diego Soc. Nat. Hist. 12:67-98. 

DICKENS, M. 1983. A comparison of the flora and fauna of Mono Rock 
and Black Hill. M.S. thesis, California Polytechnic State University, 
San Luis Obispo. 

DICKERSON, S. L. 1990. Mountains of Fire. EZ Nature Books, San Luis 
Obispo, California. 

DODD, C. K., JR. 1987. Status, conservation, and management. In R. A. 
Seigel, J. T. Collins, and S. S. Novak (eds.), Snakes: Ecology and 
Evolutionary Biology, pp. 478-513. McGraw-Hill Publishing Co., New 
York. 
	. 1993. Strategies for snake conservation. In R. A. Seigel, and J. T. 

Collins (eds.), Snakes: Ecology and Behavior, pp. 363-393. McGraw-
Hill Inc., New York. 

ELLSBERG, H. 1970. Los Coronado Islands. La Siesta Press, Glendale. 
California. 

FORSMAN, A. 1991. Variation in sexual size dimorphism and maximum 
body size among adder populations: effects of prey size. J. Anim. Ecol 
60:253-267. 

GERDES, G. L., R. J. PRIMBS, AND B. M. BROWNING. 1974. The Natural 
Resources of Mono Bay. Department of Fish and Game, California. 

GOLDMAN, C. R., AND R. G. WETZEL. 1963. A study of the primary 
productivity of Clear Lake County, California. Ecology 44:283-294. 

GRANT, P. R. 1998. Evolution on Islands. Oxford University Press, New 
York. 

KLAUBER, L. M. 1949. Some new and revived subspecies of rattlesnakes. 
Trans. San Diego Soc. Nat. Hist. 11:61-116. 
	. 1972. Rattlesnakes: Their Habits, Life Histories, and Influence 

on Mankind. 2"d ed. Univ. of California Press, Berkeley, California. 
LEVITON, A. E., R. H. GIBBS, JR., E. HEAL, AND C. E. DAWSON. 1985. 

Standards in herpetology and ichthyology: Part I. Standard symbolic 
codes for institutional resource collections in herpetology and 
ichthyology. Copeia 1985:802-832. 

MACARTHUR, R. H., AND E. 0. WILSON. 1967. The Theory of Island 
Biogeography. Princeton Univ. Press, Princeton, New Jersey. 

MACKESSY, S. P. 1988. Venom ontogeny in the Pacific rattlesnakes, Crotalus 
viridis helleri and C. v. oreganus. Copeia 1988:92-101. 

MALLAN, C. 1992. Catalina Island Handbook: a Guide to California's 
Channel Islands. 4'h ed. Moon Publications, Inc., Chico, California. 

MAULDIN, H. K. 1968. History of Clear Lake, Mt. Konocti and the Lake 
County Cattle Industry. Anderson Printing, Kelseyville, California. 

MUNRO, J. A. 1957. Observations of winter waterfowl populations at Mono 
Bay, California. Murrelet 38:9-25. 

OBERBAUER, T. 1978. Biology. In H. T. Kuper (ed.), Natural History of the 
Coronado Islands, Baja California, Mexico, pp. 45-49. San Diego 
Association of Geologists, San Diego, California. 

RADCLIFFE, C. W., AND T. P. MASLIN. 1975. A new subspecies of the red 
rattlesnake, Crotalus ruber, from San Lorenzo Sur Island, Baja 
California Norte, Mexico. Copeia 1975:490-493. 

RUBIO, M. 1998. Rattlesnake: Portrait of a Predator. Smithsonian Institution 
Press, Washington, D. C. 

SCHOENHERR, A. A. 1992. A Natural History of California. Univ. of 
California Press, Berkeley, California. 

SCHWANER, T. D. 1985. Population structure of black tiger snakes, Notechis 
ater niger, on offshore islands of south Australia. In G. Grigg, R. Shine, 
and H. Ehmann (eds.), Biology of Australasian Frogs and Reptiles, pp. 
35-46. Surrey Beatty & Sons Pty. Ltd., Sydney, Australia. 
	, AND S. D. SARRE. 1988. Body size of tiger snakes in southern 

Australia, with particular reference to Notechis ater serventyi on 
Chappell Island. J. Herpetol. 22:24-33. 

216 	 Herpetological Review 31(4), 2000 



SHINE, R. 1987. Ecological comparisons of island and mainland 
populations of Australian tiger snakes. Herpetologica 43:233-240. 

STEBBINS, R. C. 1985. A Field Guide to Western Amphibians and Reptiles. 
2"' ed. Houghton Mifflin, Boston, Massachusetts. 

WHEELER, S. S. 1987. The Desert Lake: the Story of Nevada's Pyramid 
Lake. Canton Printers, Ltd., Caldwell, Idaho. 

WOODBURY, W. V. 1966. The history and present status of the biota of 
Anaho Island, Pyramid Lake Nevada. M.S. thesis, University of Nevada, 
Reno. 

ZWEIFEL, R. G. 1952. Notes on the lizards of the Coronados Islands, Baja 
California, Mexico. Herpetologica 8:9-11. 

APPENDIX 

Material examined (museum acronyms follow Leviton et al. 1985).-
USA: Nevada: Washoe Co.: Pyramid Lake: Anaho Island CAS 21622-
21646, 43578; KU 69599-69601; MVZ 33702, 33703; SDNHM 38374, 
38376, 39269-39273; UNR 852, 876, 987, 2073, 3539; USNM 310846, 
310847. California: Lake Co.: Clear Lake: Rattlesnake Island MVZ 34526; 
San Luis Obispo Co.: Morro Rock CPSU H-3523; MVZ 36323; SDNHM 
2696, 25442; Los Angeles Co.: Santa Catalina Island LACM 3057-3073, 
20138; MVZ 4323, 5617, 81740; SDNHM 17176, 26934, 26935, 39651; 
Mexico: Baja California Norte: South Coronado Island CAS 13476, 
13583-13587, 13603, 63734, 192684, 192686; LACM 20139-20145, 
74065; MVZ 5404; SDNHM 2800-2804, 4924-4926, 7538-7540,11177, 
11178, 13711-13715, 20077, 20078, 40751, 41198, UTA 6945, 35038, 
35046 
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Little is known about the reproduction and larval development 
of the large (up to 16.7 cm SVL, Heyer 1979; Kaiser 1994) terres-
trial frog, Leptodactylus fallax, because of its cryptic nesting be-
havior and currently restricted distribution only on parts of two 
Caribbean islands, Dominica and Montserrat. Breeding of L. fallax 
is thought to be initiated by rainfall, with male calling concen-
trated from mid-February to September in Dominica. As prolonged 
breeders (Stebbins and Cohen 1995; Wells 1977), females breed 
asynchronously, and males have stationary calling sites and an-
tiphonal calling. Eggs are deposited in foam nests in cavities un-
der rocks, logs, or in stumps (Brooks 1968) where larvae com-
plete their development (Lescure 1979). Lescure and Letellier  
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FIG. 1. Calls of Leptodactylus fallax. a) male advertisement call, with 
harmonics, oscillograph (top), sonograph (bottom); b) duo of type 1 fe-
male call (first) and male call (second); c) type 2 female call. 

(1983) reported that the larvae live and grow in the foam nest only 
on their vitelline reserves until metamorphosis. The nests are ex-
tremely difficult to locate due to asynchrony of breeding and to 
concealed nest cavity entrances. Brooks (1968) and Lescure (1979) 
indicate that the female remains with the eggs and larvae in the 
cavity until the froglets emerge. 

Our research had three aspects: 1) study of a captive, caged pair 
of frogs, 2) observations of adult calling in nature, and 3) study of 
larval development in a nest cavity. Prior to our study, no one had 
followed the development of L fallax larvae in a nest in the field. 

Our study was carried out from February to June, 1996, at the 
Springfield Estate at 290-390 m elev., 5.5 km NNE of the Dominica 
(W.I.) capital, Roseau (15°20'N, 61°23'W). The property occu-
pies mountainous terrain largely covered by abandoned tree crops 
and gardens in various stages of succession to forest, and second 
growth moist evergreen forest with a few deciduous species. All 
observations were centered around and within 500 m of a small 
cluster of buildings. 

An adult male and female L. fallax were placed in a wire mesh 
cage (1.4 x 2 m) at Springfield on 11 February. These were provi-
sioned with natural objects for shelter, and daily with water and 
small invertebrates as food. We observed the frogs 1-2 h each day 
just before dawn and just after dusk until 29 April. Over four 
months, behavior and calls of the captive frogs were noted and 
tape recorded. 

From the cage we also could readily hear five wild L. fallax 
males, spaced -20-100 m apart. Site specificity of these different 
individuals was confirmed by reconnaissance. Each wild male 
maintained the same calling site night after night throughout the 

4 Sec + 6 Se: Ili 
az 

.1-4  2 kli7 

= I kHz 

b 

Herpetological Review 31(4), 2000 	 217 



study period. The calls of both males and females were digitized 
and analyzed using Spectrogram version 4.2.2a (Horne 1994) soft-
ware. Considerable effort was made to locate nests, including ad-
vertisement of a cash award for anyone who could point one out 
to the researchers. None was reported. 

Starting 2 March, we directed our attention to a male that called 
from a cavity under a patio at Springfield. Mating and foam nest 
production took place in the cavity six weeks later, and subse-
quently we followed the development of the larvae in the nest. We 
observed the nest with a small angled mirror on the end of a 0.7 m 
rod. A beam from a fiber-optics light enabled us to clearly observe 
the interior of the cavity including the foam nest. We made almost 
daily observations of the larvae until 15 May, followed by 11 ob-
servations, irregularly spaced between 16 May and 17 June. Video 
footage of the larvae in the nest and froglets in the cavity out of 
the nest was obtained on several occasions in late May and early 
June. On 8 May, we collected two larvae and a small amount of 
foam for microscopic study, and subsequently sent these to W. R. 
Heyer for deposit in the National Museum of Natural History, 
Smithsonian Institution collection (accession USNM 510211). 

Starting in late February, males began advertisement calling at 
night (Fig. la). At dawn, some males and females gave a brief 
bout of low intensity calls. On rare occasions males called briefly 
during the day. Each call increased in frequency from beginning 
to end, and had up to three high frequency harmonics (Fig. 1 a). 
Average wild male call duration at night was 0.248 sec (N = 166 
calls, CV = 17.6%), dominant frequency 1170 Hz (CV = 15.1%), 
and inter-call interval 1.887 sec (CV = 104.8%). However, these 
results incorporate at least three sources of variance: different in-
dividuals (3 identified males; 7 unknown males), different bouts  

of the same individual, and different calls within a bout. No dif-
ferences were found between call duration and interval of the same 
male, but the two males with multiple bout records differed in 
frequency between bouts (t-tests p = 0.003 and 0.0004, respec-
tively). These two males were marginally different from each other 
in call duration (t-test, 2 bouts per male, p = 0.028), suggesting 
that duration may be important for recognition of individuals. 
Further study of reproductive behavior of this species should in-
clude a more thorough analysis of call components as they relate 
to mate selection by females. 

The captive female frog calls were always much quieter and 
different in quality (Figs. lb and lc) from male advertisement calls. 
Concealed wild frogs were identified as female on the basis of 
these distinctive calls. Females sometimes initiated calls and some-
times responded to male calls. Two types of calls were recorded 
from the captive female. One type (Fig. 1 b; N = 12 calls) increases 
in frequency from beginning to end, and has an average duration 
of 0.127 sec (CV 15.3%), dominant frequency 538 Hz (CV 16.2%), 
and inter-call interval 1.828 sec (CV 11.3%). The other type (Fig. 
lc; N = 14 calls) maintained a constant frequency range with no 
dominant frequency, but with three bands of spectral power. The 
average duration was 0.322 sec (CV 11.3%), with recorded fre-
quency of 370 to 1300 Hz, and inter-call interval 3.049 sec (CV 
34.3%). 

Advertisement calls of different males did not overlap. When 
one male called loudly all night, others within our hearing range 
remained quiet. All-night callers took turns on different nights. 
On some nights, shorter-term callers made a duet, or a trio, with 
each male's call alternating (antiphonally) with the other(s). The 
duration of trios was shorter than that of duets. Males typically 

FIG. 2. Leptodactylus fallax larva, 24 days old. Total length 6.0 cm, tail 4.9 cm, body 1.1 cm, body max. width 0.45 cm. a) whole larva, dorsal; b) 
whole larva, ventral; c) body, dorsal; d) body, ventral (denticle rows sketched—not an accurate count). 
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called very little during dry series of nights. 
Our observations confirm that mating can occur as early as mid-

April, and is preceded by mostly dry weeks, as reported by Lescure 
(1979). In 1996, a dry period ran from mid-March to mid-April. It 
started to rain on 13 April. At 2300 h on the rainy 14th of April, a 
male L. fallax began rapid-fire calling from his cavity. A frog sped 
away when we moved some rocks to facilitate observation of the 
cavity entrance. A few minutes later that frog, undoubtedly the 
female, returned and entered the cavity where the male frog was 
calling at —120 times/min. The female joined his calls every fourth 
note in a synchronous manner. After a few minutes, all was quiet 
until 0130 h when the male resumed rapid-fire calling for approxi-
mately 15 min. 

The first time (22 April) that we looked into the cavity, we saw 
an adult frog (sex not determined) in front of a foam nest. On the 
nights of 16 April and 15 May, a male called from in or adjacent to 
the cavity, but between these dates the closest male calls (the same 
male?) were a few meters away. After 22 April, we saw no adult 
frogs in the cavity, despite reports that the female remains with 
the larvae during development. However, she could have been out 
of view in an obscure chamber of the cavity. 

The cavity entrance was at the bottom of the cement foundation 
wall of a raised patio, in a position that was difficult to access, not 
frequented by humans, and obscured by thick weedy vegetation 
and a jumble of rocks. The entrance, a gap in the base of the wall, 
was —20 cm wide and highest (-10 cm) in the middle. The interior 
(main chamber) was 20-25 cm wide, 10-15 cm high, and —50 cm 
deep, with a near-horizontal floor of hard, moist soil. The foam 
nest occupied a shallow depression in the floor near the inner end 
of the main chamber. The nest was ovoid, 14 x 11 cm, and 2-4 cm 
deep in the middle, but these dimensions diminished between times 
of foam replenishment. The temperature in the cavity remained at 
23°C. 

On 25 April, we made our first observations of larvae in the 
foam. It was difficult to determine the size of the brown and trans-
lucent larvae, and difficult to count them because they thrashed 
about in a wet mass, but on 28 April and subsequent dates we 
were able to determine that 15-20 were present. The larvae were 
totally submerged during some observation periods, when we could 
see only the motionless or churning foam; at other times they were 
active at the surface where we often saw many opening and clos-
ing mouths rising out of the foam. As the larvae grew larger, they 
rose more frequently above the foam surface. In a typical activity 
period, 5-10 sec in duration, most or all of the larvae moved si-
multaneously and energetically, their long tails in a writhing tangle. 
Of the three larvae spooned up on 8 May, one was 6.0 cm and the 
other two 3.0 cm long (two were preserved; one small one re-
turned to the nest). Two- to three-factor differences in linear di-
mensions of larvae persisted throughout the period of observa-
tion. 

No yolk sac was present on the large and small 24-day old lar-
vae collected on 8 May (Fig. 2), nor were yolk sacs observed later 
on larvae in the foam. Therefore, the claim of Lescure and Letellier 
(1983) that L. fallax larvae are nourished only by their vitelline 
reserves until metamorphosis is not supported by our observations. 
By late May, hind legs were present on some larvae, and on 7 
June, six froglets were observed out of the nest but inside the cav-
ity. Their lubricated bodies were —3 cm long, and only a vestige  

(rounded stump) of the tail remained. Froglets jumped back into 
the nest, suggesting that "fledging" is a gradual process. On 7 and 
10 June, only a small number of larvae remained in the foam. By 
12 June, only two "mature" larvae (not quite froglets) were in the 
foam, and we saw one froglet in the cavity outside the foam. On 
17 June, no foam or larvae remained, nor did we see froglets in 
the cavity. On 28 June we saw one froglet in the cavity, indicating 
continued use of the cavity after the nesting period. 

The collected larvae had light brown bodies, and translucent, 
worm-like tails (Fig. 2). Major dimensions of the 6.0 cm speci-
men were: body length 1.1 cm, max. body width 0.45 cm, tail 4.9 
cm (Fig. 2). The smaller larvae (3.0 cm) were less pigmented than 
the large one, but superficially similar. The jaws had serrated horny 
beaks and one row of anterior labial denticles. The posterior la-
bium had a discontinuous row of denticles (Fig. 2c and d). Larvae 
in the nest in late May and early June continued to vary in pig-
mentation. 

The foam from the nest contained numerous round cells, each 
—3012n, too small to be L. fallax ova (as reported for other nests 
by Lescure and Letellier 1983). On 5 May, the foam contained red 
streaks and tissue debris. On 8 May, dividing "embryonic" cells 
and at least two sets of black spine-like structures resembling L. 
fallax beak serrations were in the foam. On 13 May, ciliated pro-
tozoa and a nematode were observed in a drop of foam. On 10 
May, fresh crab legs were present inside the entrance of the cavity. 

The foam was periodically replenished, making the nest higher 
and whiter. Recently replenished foam was observed on 2, 9, 12, 
and 23 May, and on 7 June. Between replenishments the foam 
diminished, on occasion barely covering the developing larvae in 
a small area of the soil depression. 

The type of nest cavity used by L. fallax is quite variable, appar-
ently depending on availability. Our captive frogs, caged on hard 
grass-covered soil, did not attempt to burrow or dig out of the 
cage. This species does not appear to have the anatomy to do so. 
However, a captive individual dug a nest cavity in peat at Lescure 
and Letellier's (1983) laboratory. The nest cavity we studied and 
another observed by one of us (A.J.) in Dominica were both asso-
ciated with human buildings. Other reported L. fallax nest cavities 
in Dominica have been in agricultural (e.g., base of a banana tree) 
or natural vegetated environments (Lescure 1979). On Dominica, 
numerous burrows are dug by land crabs and rats. The cavity we 
studied had human debris in it, including a toothpaste tube, sug-
gesting that it may have been dug and/or occupied by rats, which 
are numerous in the vicinity. 

An unresolved question is: do the larvae feed, and if so, how? 
Lescure (1979) and Lescure and Letellier (1983) maintained that 
L. fallax larvae do not feed, but live off their yolk. However, we 
found no yolk in larvae three weeks old, with six more weeks of 
growth ahead. Our observations lead to three hypotheses on larval 
nutrition; they need not be exclusive: 1) the female replenishes 
the nest with nutritious secretions from her body, perhaps contain-
ing oocytes or other cells; 2) one or both parents provision the 
young with prey; and 3) larval cannibalism occurs, most likely the 
large larvae consuming the small ones. 

The repeated replenishment of foam is consistent with the first 
hypothesis. In addition to maintenance of a quasi-aquatic envi-
ronment for the larvae, the replenishment could renew the food 
supply. The secretions for the foam may be composed of muco- 
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polysaccharides and mucoproteins, as are the gelatinous egg cap-
sules (Stebbins and Cohen 1995), although we have found no pub-
lished analyses of foam chemistry. Leptodactylus pentadactylus 
and L. labyrinthicus larvae eat the foam before moving to a nearby 
water body (Lescure and Letellier 1983). The small cells we ob-
served in the foam may have come from an attendant parent. Sev-
eral cases of females returning to oviposition sites to lay unfertil-
ized eggs as food for their offspring have been reported for other 
species (e.g., Lannoo et al. 1987). Lescure and Letellier (1983) 
noted about 150 eggs together with the L. fallax larvae in a foam 
nest at their laboratory. The microinvertebrates we observed sug-
gest that the foam supports a culture of organisms that also could 
serve as nutrition for the larvae. 

Females must accumulate sufficient fat reserves before seeking 
males for mating. If females must also repeatedly replenish the 
foam and, possibly, add unfertilized eggs to it and/or provision the 
larvae with prey, it is necessary for them to draw on reserves to 
fulfill these functions. The mother is said to refuse food during the 
period when the larvae are developing, at least in captivity (Lescure 
and Letellier 1983; R. Johnson, pers. comm.). We question whether 
it would be possible for wild L. fallax females to nourish the lar-
vae in any of the above modes without feeding during the nesting 
period of two months. 

The second hypothesis is supported by the presence of prey re-
mains, namely the fresh crab legs inside the cavity entrance. The 
red streaks and multiple flesh bits in the foam could have come 
from prey, or could be the remains of larvae—supporting the third 
(cannibalism) hypothesis. The black beak-serrations in the foam 
also support the third hypothesis. However, small as well as large 
larvae survived throughout larval development, and the total num-
ber of larvae did not noticeably diminish during the two months 
of observation. 

Leptodactylus fallax nests are extremely difficult to find; never-
theless, the lack of observation of more than one nest is an obvi-
ous weakness in our study. It may be possible to radio-tag poten-
tial parents and follow them to find more nests. One also might try 
setting up artificial nesting cavities with removable lids in likely 
nest areas and monitor them periodically. If a nest were found, 
one could install a recording device such as an infrared camera to 
record parental and larval behavior. In addition, it may be possible 
to implant small radio transmitters under the skin of adult frogs to 
track their movements relative to the nest cavity and, in combina-
tion with recording devices in nest cavities, learn whether and how 
they provision the larvae. 
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Logistical problems often serve as roadblocks, preventing re 
searchers from answering potentially important questions about a 
species' biology. However, these roadblocks often crumble under 
the mighty hand of technology. For example, discovering how 
many fathers sire a brood by direct observation was virtually im-
possible for most animal species until the development of DNA 
microsatellite techniques made achievable that seemingly unreach-
able goal. Similarly, nesting and emergence phenology has been 
little-studied in turtles because of the logistical problems presented. 
Until recently, obtaining data on hatchling turtle emergence has  
required up to hundreds of person-hours monitoring several nests 
continuously (e.g., Gyuris 1993) during the period in which turtles 
would be expected to emerge. Such logistical challenges are often 
not met, particularly when the outcome is not of general interest 
or relevance to management. For example, the question "What 
time of night/day do turtles nest?" is descriptive and may seem 
inherently trivial when viewed from an evolutionary or manage-
ment perspective. However, when placed in the context of whether 
turtles can predict and manipulate offspring sex, for example, the 
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FIG. 1. Photograph, taken by Trailmaster® camera setup, showing tagged 
gravid Carettochelys insculpta emerging to search for a nest site. 

question becomes more important. 
During a three-year study of ecology and sex determination of 

pig-nosed turtles (Carettochelys insculpta) in northern Australia, 
we discovered an efficient remote data-collection technique for 1) 
determining nesting times of mothers, 2) determining emergence 
times of hatchlings, and 3) linking mothers to nests. Nesting times 
help us answer the question of whether or not mothers could con-
trol offspring sex, and linking mothers to nests can be used to test 
this idea. Emergence data can be used to address the idea that 
synchronous emergence is adaptive in turtles. 

The technique is simply a modified use of the TRAILMASTER® 
infra-red remote trail monitoring system. Originally designed for 
tracking mammals (e.g., Tarpy 1997; Tuberville and Burke 1994), 
the TRAILMASTER® (TM 1500) can be attached to a 35 mm au-
tomatic camera (TM35-1) which photographs animals when the 
infra-red beam is broken. A transmitter (12 cm L x 8.5 cm W x 5 
cm D) sends the beam to a receiver (19 cm L x 8.5 cm W x 5.5 cm 
D), which has a digital display and memory. The receiver records 
the date and time of each event (can store up to 1000 events), and 
whether a photograph was taken. Both the receiver and transmit-
ter run on 'C' cell batteries. Costs are US $260 for the TM 1500 
and US $290 for the automatic 35 mm camera kit (Olympus® TM 
35-1). The camera kit includes an interface cable and mounting 
apparatus. Although the systems can be used without a camera, 
without confirmatory photographs the researcher cannot be sure 
that the animal crossing the beam was the target species. 

To record nesting, we placed the transmitter box on one end of 
a nesting beach and the receiver box on the other, in a line near 
and parallel to the water's edge (boxes were less than one meter 
above water). The boxes can be placed as far as 30 m apart. The 
camera, attached by a cable to the receiver box, comes with a 
mounting apparatus, which we attached to a metal post driven into 
the sand in shallow water, a few meters from the beach. Larger 
beaches can be accommodated by moving the camera setup far-
ther from the beach. However, because we were also interested in 
identifying mothers, cameras were placed close enough to the beach 
to ensure that identification (cattle ear) tags could be read in pho-
tographs (Fig. 1). To record emergence, the boxes were placed 0.3 
m apart, just to the river side of previously discovered nests, near 
the time they were expected to hatch (Fig. 2). The camera setup 
was similar to that used to record nesting, but placed directly above  

the nest. To link mothers to nests we surveyed beaches daily for 
nests. When a fresh nest was found we recorded the date and time 
stored by the receiver, and compared it to the date and time super-
imposed on the developed photographs. Matching photographs 
were then examined for readable identification tags (cattle ear tags 
mounted on the rear carapacial edge) for individual identification. 

The technique was highly successful at efficiently providing data 
to answer the following questions for C. insculpta: (1) When do 
turtles nest, by day or at night? What time? Do sand temperatures 
during nesting correlate with nest temperatures during the sex-
determining period of offspring? When do hatchlings emerge, by 
day or at night? Exactly when? Do they emerge singly, in groups, 
or all at once? Are they more likely to emerge during/after rain-
fall? For example, C. insculpta hatchlings emerged around mid-
night (mean = 2348 h ± 147.4 min SD; N = 67; range = 1756-
0456 h) at an average nest temperature of 33.0 ± 2.2°C (N = 64, 
range = 28.8-35.0), and hatchlings emerged at a greater frequency 
on nights after rainfall (0.92) than expected (0.60) on nights when 
no rainfall occurred. Our data are being published elsewhere 
(Doody et al., in prep.). 

We used 15 infra-red setups to obtain these data, but the stag-
gering of nesting and emergence in most turtles means that setups 

FIG. 2. Hatchling Carettochelys insculpta emerging from the nest. Ema-
nating from the nest are datalogger probes. 
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could be employed on more than one nest in a season, and so fewer 
setups could be used to collect an adequate amount of data. Main-
tenance included changing batteries periodically (ca. every 2-3 
weeks) in both the boxes and in the camera (`AA' cells), changing 
film, and keeping the beam free of debris and new vegetation. 
Although the setup is weatherproof, we placed cardboard over the 
boxes to protect them from heat due to intense solar irradiation. 
Care should be taken when systems are used in flood-prone areas. 

Limitations to the technique are mainly those associated with 
its use to link mothers to nests. For example, if the nesting beach 
or area is too wide along the water's edge (i.e., > 20 m), then the 
field of view of the camera may not cover the entire area where 
turtles will emerge from the water (moving the camera too far 
back will result in photographs with images too small for indi-
vidual identification). The technique may not be useful for spe-
cies in which discrete nesting areas cannot be identified. We also 
noted that birds were fond of perching atop the camera systems, 
often resulting in cameras being off-center. Care must be taken to 
ensure that batteries are viable and that a sufficient number of 
pictures remain. These problems can be eliminated by frequent 
monitoring of the system. 

It is our hope that this system will be adopted by researchers to 
help fill in the gaps of our knowledge of nesting and emergence 
phenology in turtles. Indeed, the system can be used for other ques-
tions associated with nests, such as predator identification (R. 
Shine, pers. comm.). Behavioral studies with robust funding may 
wish to use video cameras in place of still cameras. This can be 
accomplished with the TRAILMASTER ®  TM700v kit (US $595), 
which can be attached to any video camera. Detailed information 
can be obtained from the TRAILMASTER ®  web site (http:// 
www.camera-trap.com ). 
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Monitoring amphibian populations often is done by call sur-
veys, use of cover boards, or trapping programs (Heyer et al. 1994). 
A common type of trap for terrestrial surveys is a pitfall, which 
usually is made from metal cans or large plastic containers, such 
as those used to package ice cream or cottage cheese for restau-
rants (Corn 1994; Vogt and Hine 1982; Yunger et al. 1992). Al-
though metal cans are inexpensive, there are drawbacks to their 
use. Cans only come in specific sizes, and changing the length 
(depth) of the pitfall requires cutting the metal or joining multiple 
cans together, often with tape (Corn 1994; Vogt and Hine 1982). 
In addition, cans and tape deteriorate, especially when placed in 
moist soils, and consequently, traps must be replaced during multi-
year projects. 

Although plastic containers will not deteriorate, they also may 
need to be joined to achieve adequate depth, and another potential 
drawback is that they typically are white in color (e.g., Yunger et 
al. 1992). Although color of trap influences capture success for 
insects and small mammals (Leong and Thorp 1999; Suplinskas 
1987), this phenomenon has not been examined in amphibians. In 
this study, we introduce polyvinylchloride (PVC) sewer pipe as a 
long-lasting material for making pitfalls, and we also investigate 
the effect of color of trap (black or white) on capture success. 

Pitfalls were made from smooth-walled PVC pipe (Schedule 
40, Bristolpipe Corporation, Bristol, Indiana, USA) that is readily 
available at plumbing supply stores. Such pipe is either black or 
white on the inside and made in a variety of sizes (diameters). We 
used pipe that is 15 cm wide (cost: US $12 per 3-m length), be-
cause it approximates the size of metal cans (#10) that often are 
used to make pitfalls (Corn 1994). Using a hand saw, we cut each 
pipe into seven pieces that were about 44 cm long. 

In the field, pitfalls and drift fences were placed in Y-shaped 
arrays (Corn 1994). In the center of each array was a single large 
pitfall (a 20-liter bucket). Extending from the central pitfall and 
separated by 120° were three drift fences (5 m long by 25 cm 
high) made from aluminum flashing. At the outer ends of each 
fence, two experimental pitfalls were placed—a black trap on one 
side of the fence and a white trap on the opposite side. We placed 
a metal screen in the bottom of each pipe to prevent animals from 
burrowing, and leaf litter was placed in all traps for insulation 
against cold and to prevent desiccation of captured animals. When 
not in use, traps were closed using prefabricated drain caps (cost 
US $2) that fit snugly into each trap. 

222 	 Herpetological Review 31(4), 2000 



The study site was Crosswinds Marsh, 
a manmade wetland in Wayne Co., Michi-
gan, USA, where we were conducting a 
post-construction survey of anuran popu-
lations. Five arrays, fora total of 15 black 
and 15 white traps, were placed in vari-
ous habitats; two arrays were located in 
wet meadows, two in forested wetlands, 
and one in an upland woodlot. Pitfalls 
were checked each morning after 86 trap-
nights, between 1 April and 1 June 1997 
and 1998. Captured animals were identi-
fied to species and immediately released 

TABLE 1. Captures of amphibians and mammals in black vs. white pitfall traps. 

Taxon Number Captured 
in Black Traps 

Number Captured 
in White Traps 

x2 

Anurans 
Bufo americanus 111 45 27.92 <0.001 
Rana sylvatica 91 59 7.75 <0.004 
Pseudacris spp.' 15 6 3.86 <0.05 
Other Rana' 14 26 3.60 >0.05 

Mammals 
Sorex cinereus 24 6 10.8 <0.001 
Other mammals' 13 17 0.53 >0.10 

10 m from the array. Animals were not 
marked, because a pilot study in 1996 in-
dicated that only 0.3% of marked indi-
viduals (N = 896) were recaptured. 

We used chi-squared tests to examine the null hypothesis that 
captures were equally distributed between black and white traps 
(Leong and Thorp 1999; Yunger et al. 1992). To examine poten-
tial differences within species, those with a relatively large num-
ber of captures ( 30) were tested separately . Species with fewer 
captures were lumped with similar taxa before analysis (Dixon 
and Massey 1983). 

Overall, 135 anurans were trapped in white pitfalls, and 231 
were captured in black pitfalls (x 2  = 25.18; di. =1; P < 0.001). 
Only wood frogs (Rana sylvatica) and American toads (Bufo 
americanus) were caught in sufficient numbers to allow individual 
analyses. Black traps captured 54% more wood frogs and 146% 
more American toads than white traps (Table 1). Low number of 
captures required lumping two species of Pseudacris (spring 
peeper, P. crucifer, and striped chorus frog, P. triseriata) together 
and three large ranids (bullfrog, Rana catesbeiana; green frog, R. 
clamitans; and leopard frog, R. pipiens). Black traps caught sig-
nificantly more Pseudacris spp., but there was no significant dif-
ference in number of captures between black and white traps for 
the lumped ranids. 

The masked shrew (Sorex cinereus) was the only mammalian 
species with a sample large enough to analyze separately (Table 
1), and it too was caught significantly more often in black traps. 
The other four species of mammals were the short-tailed shrew 
(Blarina brevicauda), meadow vole (Microtus pennsylvanicus), 
white-footed mouse (Peromyscus leucopus), and meadow jump-
ing mouse (Zapus hudsonius). Each was caught in small numbers, 
and as a group, they showed no difference in capture success be-
tween white and black traps. 

Although flower-visiting insects appear genetically programmed 
to prefer certain colors and some mice are attracted to shiny ob-
jects (Leong and Thorp 1999; Suplinskas 1987), anurans simply 
may perceive light-colored traps as different from the substrate 
and avoid them, or perceive dark traps as potential refugia and 
enter them. The masked shrews, with their extremely poor vision 
(Branis and Burda 1994) may be similarly affected, although it is 
possible that shrews were attracted to the greater number of po-
tential prey (amphibians) in the dark traps. Only the lumped cat-
egories of "other Rana" and "other mammals" indicated no sig-
nificant difference between black and white traps (Table 1). How-
ever, the other mammals are larger (15-60 g) than the masked  

shrew (3-5 g; Kurta 1995), and the other ranids are typically larger 
and/or more agile than the wood frog or American toad (Harding 
1997). Vogt and Hine (1982) noted that large anurans are less fre-
quently caught in pitfalls, and the lack of an effect of color on 
larger mammals and anurans in our study simply may reflect the 
ability of larger animals to avoid capture. 

A variety of ecological studies require the capture of animals. 
Our study shows that some anurans and shrews are captured sig-
nificantly more often in pitfalls with a black interior than those 
with a white interior. Biologists who wish to maximize the num-
ber of individuals that are captured during a monitoring study 
should consider this bias when selecting their trapping protocol. 

Acknowledgments.—Funding was provided through a contract between 
the Wayne County Department of Airports (CIP WL-001) and JJR, Incor-
porated. C. A. Unger and M. James aided with field work. J. Gilliam and 
P. Bednekoff provided useful references. 

LITERATURE CITED 

BRANIS, M., AND H. BURDA. 1994. Visual and hearing biology of shrews. 
In J. F. Merritt, G. L. Kirkland, Jr., and R. K. Rose (eds.), Advances in 
the Biology of Shrews, pp. 189-200. Carnegie Museum of Natural 
History, Pittsburgh, Pennsylvania. 

CORN, P. S. 1994. Straight-line drift fences and pitfall traps. In W. R. Heyer, 
M. A. Donnelly, R. W. McDiarmid, L-A. C. Hayek, and M. S. Foster 
(eds.), Measuring and Monitoring Biological Diversity: Standard Meth-
ods for Amphibians, pp. 109-117. Smithsonian Institution Press, Wash-
ington, D.C., 364 pp 

DIXON, W. J., AND F. J. MASSEY, JR. 1983. Introduction to Statistical Analy-
sis. McGraw-Hill, New York, 678 pp. 

HARDING, J. H. 1997. Amphibians and Reptiles of the Great Lakes Re-
gion. University of Michigan Press, Ann Arbor, 378 pp. 

HEYER, W. R., M. A. DONNELLY, R. W. MCDIARMID, L-A. C. HAYEK, AND 

M. S. FOSTER (EDS.). 1994. Measuring and Monitoring Biological Di-
versity: Standard Methods for Amphibians. Smithsonian Institution 
Press, Washington, D.C., 364 pp. 

KUKTA, A. 1995. Mammals of the Great Lakes Region. University of Michi-
gan Press, Ann Arbor, 376 pp. 

LEONG, J. M., AND R. W. THORP. 1999. Colour-coded sampling: the pan 
trap colour preferences of oligolectic and nonoligoectic bees associ-
ated with a vernal pool plant. Ecol. Entomol. 24:329-335. 

SUPLINSKAS, P. N. 1987. Some factors affecting the trappability of 
Peromyscus leucopus and other small mammals in central Michigan. 

'Pseudacris crucifer and P triseriata 
2Rana catesbeiana, R. clamitans, and R. pipiens 
3Blarina brevicauda, Microtus pennsylvanicus, Peromyscus leucopus, and Zapus hudsonius. 

Herpetological Review 31(4), 2000 	 223 



Unpublished M.S. Thesis, Central Michigan University, Mt. Pleasant, 
64 pp. 

VOGT, R. C., AND R. L. HINE. 1982. Evaluation of techniques for assess-
ment of amphibian and reptile populations in Wisconsin. In N. J. Scott, 
Jr. (ed.), Herpetological Communities, pp. 201-217. U.S. Department 
of the Interior, Fish and Wildlife Service, Wildlife Research Report 13. 

YUNGER, J. A., R. BREWER, AND R. SNOOK. 1992. A method for decreasing 
trap mortality of Sorex. Can. Field-Nat. 106:249-251. 

Herpetological Review. 2000. 31(4), 224-226. 

el 2000 by Society for the Study of Amphibians and Reptiles 

Testing Skeletochronology in Black Tegu Lizards 
(Tupinambis merianae) of Known Ages 

CHRISTIAN F. DUARTE VARELA' 
and 

MARIO R. CABRERA2  
Catedra de Anatomia Comparada, Universidad Nacional de Cordoba 

Velez Sarsfield 299, (5000) Cordoba, Argentina 

e—mail: chrislio@arnet.com.ar  

2  CONICET Researcher. Author to whom correspondence should be 

addressed; e—mail: mcabrera@com.uncoredu  

The relevance of age determination resides not only in the need 
to know how long an organism lives, but also the age of important 
life events, such as sexual maturity. The reproductive periodicity 
or the time interval between the production of offspring also is 
related to age (Zug 1993). 

The technique of skeletochronology allows research on matu-
ration by scoring the periods of active growth with alternate peri-
ods when the growth process is very slow (Castanet 1978). This 
seasonal characteristic, evident in the bone tissue, is observed as 
concentric rings called LAGs (Lines of Arrested Growth) . 

One of the first applications of skeletochronology in lizards 
(scincids and varanids) was accomplished by Peabody (1961). In 
the green iguana (Iguana iguana), Zug and Rand (1987) reported 
three basic assumptions: 1) there is a period of active growth, fol-
lowed by a period of arrested growth, leaving distinctive cyclic 
marks in the bone; 2) each one of these marks indicates one year's 
growth; 3) where these marks have been lost due to bone 
remodeling, the number of lost rings can be estimated from the 
quantity and dimension of the remaining marks (Zug and Rand 
1987). 

The purpose of this research was to verify the effectiveness of 
skeletochronology with the black tegu Tupinambis merianae 
[populations formerly assigned to T teguixin, see Avila Pires 
(1995)], by comparing ring counts to known ages of individuals. 

Materials and Methods.—The samples comprised of Tupinambis 
merianae from a commercial breeding facility. They were captive 
raised under a semi–controlled environment, with natural photope-
riod and temperate seasonal conditions. The lizards underwent 
hibernation from April to mid–September, each year. A balanced 
diet, mimicked from those in the wild, was provided. Known–age 
specimens were used, ranging from one to twelve years. Humeri 
from the right forelimb were removed from sacrificed individu-
als. In live specimens, the second and third phalanges from the 
fourth toe of the right hind foot were surgically removed. After- 

FIG. 1. Cross—section through diaphyseal level of phalanx (A), and 
humerus (B and C) of Tupinambis merianae. (A) One year old specimen; 
(B) three years old specimen. A marked bone resorption is indicated by 
the white arrow. The first LAG trait was restored by following the frag-
ment of LAG near the marrow cavity; (C) ten years old individual. First 
two LAGs restored. Each black arrow indicates a LAG; little white ar-
rows indicate doubled LAGs; big white arrow points to resorption zone; 
c = canal; m = marrow cavity. Scale bar = 0.2 mm. 

wards, wounds were treated with iodine-90% ethanol, and ani-
mals were immediately returned to their respective stockyards. 

A total of 17 humeri and 30 phalanges from randomly captured 
animals were obtained. The study material was fixed in a 10% 
buffered formalin solution, decalcified in 5-10% nitric acid, and 
embedded in paraffin wax. In order to count bone rings, 10 p.m 
serial permanent sections were mounted on glass slides and stained 
with Ehrlich's hematoxylin and eosin. 

LAGs were counted using a microscope at 5x, 10x, and 40x 
magnification, several sections of each bone were examined. The 
microscopic interpretation was performed by two independent 
readers who, in all cases, did not known the actual age and sex of 
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TABLE 1. Analyses of humeri and phalanges of Tupinambis merianae individuals. Known age (in years) and 
estimated age (in number of LAGs counted), sex (M = male, F = female) and snout-vent length (SVL) in cm, 
C.N. = collection number. 

Known 
age 

Estimated 
age 

Humeri 

Sex SVL C.N. Known 
age 

Estimated 
age 

Phalanges 

Sex SVL C.N. 

1 2 F 37.1 8 I 1 M 26.8 18 
3 3 F 35.1 1 I I M 22.5 19 
3 4 M 33.9 3 I 1 M 27.8 20 
3 3 F 36.0 4 I 1 M 25.5 21 
4 4 F 33.0 2 I 1 F 28.2 22 
4 4 M 34.1 10 I 1 F 26.4 23 
4 3 M 34.8 11 I 1 F 32.0 24 
4 4 F 34.1 14 I I M 28.0 25 
5 5 F 35.9 5 I I M 24.7 26 
5 5 F 35.2 7 I 1 F 34.0 39 
5 5 M 37.1 9 1 2 F 41.0 28 
5 5 F 40.2 15 I 2 F 39.2 32 
6 6 F 41.7 6 4 3 F 35.7 31 
6 6 F 38.4 16 4 4 F 34.5 33 
9 7 M 40.5 12 4 4 F 40.8 37 
8 8 F 43.7 13 4 4 M 47.5 41 
10 10 F 36.1 17 4 4 F 39.6 42 

4 4 M 38.6 47 
5 4 M 47.2 27 
5 5 F 38.2 29 
5 5 F 38.4 30 
5 5 F 33.0 36 
5 5 M 49.2 38 
5 5 F 38.4 44 
6 6 M 47.7 40 
6 6 M 40.9 46 
7 7 F 36.2 34 
7 7 F 41.5 35 
11 11 M 50.1 45 
12 12 M 43.6 43 

the individuals under study. The known-age data and counted 
LAGs (the estimated age), were compared. 

Results and Discussion.-The LAGs are seen as 
haematoxylinophilic, concentric, regular lines. In every one-year-
old specimen, a single thin LAG was present. Tegu lizards hatch 
from mid-January to late March at this latitude. Our youngest 
specimens were 13 months old, and thus had undergone one winter 
season. In these individuals, evidence of a LAG formed at hatch-
ing was not observed (Fig. 1A). Smirina (1974) described two 
LAGs in one-year-old individuals of Lacerta agilis, one formed 
at during their summer hatching, and another representing their 
first winter latency. 

Stained and distinct LAGs were counted, although some were 
not necessarily complete (Fig. 1B). The presence of double LAGs 
in T merianae was interpreted as a temporary interruption of the 
hibernation period. Growth is arrested again when latency 
conditions return, thus forming two consecutive LAGs. The gap 
between them is narrow but they can be easily distinguished from 
single LAGs (Fig. 1C). According to Zug and Rand (1987), 
difficulty in LAG counting is caused not only by loss of early 
LAGs, but also by the presence of supernumerary lines. Castanet  

(1978) explained the presence of double and triple LAGs in terms 
of "arret - reprise - arra" (arrest - resumption - arrest) during the 
same winter season. Supernumerary lines have been described by 
Zug and Rand (1987), but did not occur in our study. 

Resorption of tissue at the perimeter of the marrow cavity was 
seen in almost all of the bone sections. This endosteal resorption 
partly masked the interpretation of LAGs. In such cases, age was 
estimated upon identifiable remaining LAG fragments (Fig. 1 B, 
C). Comparison of LAG counts between the two observers re-
sulted in 28 matching interpretations and 19 differences. After 
adjustment with actual age, we reduced the discrepancies to eight 
misinterpretations. The coincidence between known-age data and 
estimated-age data was 83% (Table 1). Known-age and estimated-
age data linear regression analyses showed a significant relation-
ship for both humeri and phalanges (Fig. 2). 

LAG identification was somewhat easier in humeri than in 
phalanges. In the latter however, which accounted for 63.8% of 
the samples, the interpretation of LAGs was always possible. The 
use of phalanges is highly recommended because it prevents sac-
rificing animals, and allows monitoring of the individual's growth 
in subsequent years. 
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FIG. 2. Linear regression analyses for humeri (A), and phalanges (B), 
of Tupinambis merianae, known age vs. estimated age based upon LAG 
counts. The dashed line indicates the one-to-one relationship expected if 
the age estimators are valid, and the continuous line the adjustment be-
tween the two variables. 

Castanet and Roche (1981) noted that in every 
skeletochronological study it is critical to work on diaphyseal sec-
tions because in metaphyseal zones the bones tend to ovalate. 
Important remodeling processes occur during growth, resulting in 
a "drift" of the bone and marrow cavity (Enlow 1969). Further-
more, Castanet and Roche (1981) pointed out that early LAGs 
never disappear at diaphyseal zones. Our results concur with these 
authors; LAG counts in T merianae at the metaphyseal level were 
obscure due to internal structure, but at the diaphyseal level LAGs 
could easily be interpreted. 

The power of skeletochronology to estimate age of animals with 
cyclic growth has been proven repeatedly (e.g., Castanet et al. 
1988; Francillon-Vieillot et al. 1990; Paton et al. 1991; Sagor et 
al. 1998; Zug and Parham 1996). However, it is probable that the 
skeletochronological technique diminishes in efficacy when de-
termining age in older specimens, due to the osseous remodeling 
process (Castanet 1978). In our samples the individual LAG counts 
and age determination was possible for all specimens. Therefore, 
we find the technique accurate for specimens up to twelve years 
old. These results also are encouraging for future research with 
older individuals. 

In conclusion, we confirm the utility of skeletochronology to 
determine age in Tupinambis merianae. LAGs represent an accu-
rate record of the individual's growth process, allowing estima-
tion of age, as well as of interruptions of hibernation during growth. 

Likewise, skeletochronology is a suitable tool to help monitor tegu 
lizards that are hunted, as it allows verification of age of trapped 
animals, and design of capture-mark-recapture and population 
dynamics projects. 
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Researchers study the diet of snakes to address a wide range of 
topics, including optimal foraging (e.g., Arnold 1993; Shine 1991), 
the evolution of body size and morphology (e.g., Greene 1983; 
Pough and Groves 1983), interspecific niche partitioning (e.g., 
Reynolds and Scott 1982; Rodriguez-Roblez et. al. 1999), and in-
traspecific resource partitioning (e.g., Macartney 1989; Shine 
1986). The usefulness of such studies depends upon precise prey 
identification, which may be challenging if the snake species un-
der study has eclectic food habits and/or consumes prey from mul-
tiple orders or classes (see Greene 1997 for an overview of diet 
breadth). 

Identifying half-digested mammals remains a problem for many 
researchers interested in the feeding ecology of snakes. Because 
snakes usually ingest prey headfirst (Greene 1989; Seib 1984), 
the diagnostic skulls and teeth of mammalian prey are digested 
first, making identification difficult. Occasionally teeth may re-
main in the stomach—still rooted in the mandible or dentary-
and in rare cases, salvaged prey items may even be largely undi-
gested. However, stomach contents collected from museum speci-
mens often consist of no more than a set of hind feet and a tail. 
Not surprisingly, researchers often list these disintegrating con-
tents only as "unidentified mammal" or "rodent." Though this pro-
vides some information, prey identification to the class, ordinal, 
or even familial level may be too imprecise to address the ques-
tion being asked. If one is testing specific hypotheses of foraging 
theory or prey choice, for example, identification to at least ge-
neric level is necessary to avoid overestimates of diet breadth or 
incorrect conclusions about predator behavior or community dy-
namics (Greene and Jaksic 1983). 

To solve the problem of accurate prey identification, some work-
ers have relied on keys detailing the length, width, and micro-
structure of dorsal guard hairs. However, this method is time con-
suming and sometimes inconclusive. Hair analysis demands that 
one find, cross-section, and mount guard hairs retrieved from each 
prey item needing identification. It also requires a published key 
or collection of pre-mounted guard hairs covering the geographic 
area of interest. Few such keys exist, and rather than focusing on 
all mammal species inhabiting a particular life-zone or biome, they 
are often state or region specific (e.g., Mathiak 1938; Mayer 1952; 
Williams 1938). Consequently, unless the range of a particular 
snake species is extremely limited, or the diet study focuses only 
on a selected population (e.g., Macartney 1989; Wallace and Diller 
1990), one key may not provide all the hair sample material nec- 

essary for comparisons. In addition, finding a dorsal guard hair 
within the recovered prey remains is often impossible—especially 
if all that remain are hind feet and tail. If stomach contents do not 
include teeth or soft tissue, one must use hair structure to identify 
mammalian prey. But for samples that do include soft tissue, a 
more efficient, precise, and reliable method is available. 

Hindquarters of prey are often present in snake stomachs, and 
are easier to find and manipulate than individual hairs. Because 
they are highly variable among genera, hind feet and tails provide 
excellent characters upon which to base a dichotomous key. The 
plantar tubercles (foot pads) of rodent hind feet often vary in num-
ber, degree of development, and arrangement on the foot (Fig. 
1A, 1D). Hind feet may also vary in length or number of toes, and 
in density and color of fur covering their ventral surface (Fig. 1 B). 
Tails differ in a number of categories including color pattern, dor-
sal and/or ventral striping, pelage thickness, and expansion at the 
tip (Fig. 1C). Because hindquarters are the last portions attacked 
by digestive enzymes, these variant traits are dependably intact. 

To build a key, first compile a list of the small mammal families 
occurring within the geographic and elevational range of the snake 
species under study. Use an encyclopedic mammal reference (e.g., 
Hall 1981; Lawlor 1979; Nowak 1991) to quickly identify all the 
possibilities. Use one that provides concise accounts of the gen-
eral features that characterize each mammal family. Lawlor's 
(1979) Handbook to the Orders and Families of Living Mammals 
is optimal because it covers morphological features, and general 
habits and habitat preferences, and also identifies which biomes 
particular mammal families occupy. 

After using Lawlor or a similar text, refine the mammal list to 
genus and species by consulting a regional checklist or field guide 
detailing mammal life-histories, appearance, and ranges. Dozens 
of field guides exist for North American mammals. Each has ad-
vantages and disadvantages, and one should use two or three in 
concert to gather a complete set of information. In contrast to North 
America, other continents or regions may completely lack field 
guides or checklists of local mammal fauna. This may not be prob-
lematic though, as many museums are now placing their speci-
men databases on the World Wide Web (e.g., Museum of Verte-
brate Zoology (MVZ); California Academy of Sciences (CAS); 
United States National Museum (USNM), Australian Museum, 
Peabody Museum). Most online catalogues are accessible and easy 
to navigate, and provide a variety of searchable fields (e.g., MVZ, 
Peabody Museum, USNM) including county, state/province, and 
geographic area. If a museum has collected mammal specimens 
from the geographic region of interest, generating a list of prob-
able prey items from their online museum records should be fast 
and inexpensive. Such records may also have links to collectors' 
notes (e.g., MVZ), which may include valuable information on 
relative abundance and habitat requirements. 

Next, collect mammal field guides or checklists with drawings 
of teeth. Use teeth to identify prey items whenever they can be 
found in mammal remains. (One can immediately identify a prey 
item to genus using tooth morphology, and usually to species with 
the additional aid of a range map.) Teeth may be loose in the snake's 
stomach, still rooted in the mandible or dentary, or encased in a 
clump of fur (Rodriguez-Robles et al. 1999). If no drawings exist, 
sketch your own to complement your dichotomous key (see be-
low). 

Herpetological Review 31(4), 2000 	 227 



and harvest mice), as they prefer the higher elevation rocky can-
yons and outcrops where C. mitchellii is usually found. 

Below is a sample key based on hind foot and tail characteris-
tics of the potential prey items of the Mojave rattlesnake (Crota-
lus scutulatus). Because the key includes all rodents and rabbits 
within the rattlesnake's range, it avoids artificial boundaries and 
is really a key to the small mammals of that region. By using hind 
foot and tail characteristics to identify the genus of each prey item, 
and then consulting field guide range maps to determine which 
species it could belong to, I unambiguously identified 62 of 73 
items from Mojave rattlesnake stomachs (Whorley, unpubl.). 

 

 

A 
	

C 

a 

b 

a 
B 

a 

D 

FIG. 1. Variable traits of mammalian hind feet and tails. A) Rodent foot 
anatomy: (a) tubercles, (b) sole, (c) heel. B) Toe anatomy of rodent spe-
cies: (a) Thomomys species, (b) other species. C) Tail anatomy of ro-
dents: (a) crested, (b) penicillate. D) Plantar tubercle anatomy: (a) pointy 
and wedge-shaped, (b) bulbous and layered. 

The final step is to construct a dichotomous key by referring to 
alcohol-preserved mammal specimens. Gather representative 
specimens from each potential prey species on your list, then sepa-
rate them by identifying unique hind foot and tail characteristics. 
Some species of the same genus are indistinguishable based on 
hind foot anatomy and dimensions alone. In such cases, you'll 
have to rely on a combination of range maps and snake specimen 
capture/locality data to determine probable prey species. 

After completing an inclusive key, briefly study the morphol-
ogy of those small mammals that share habit and habitat with the 
snake under study. Familiarity with morphology will facilitate rapid 
identification of rodents that commonly appear in snake stomachs, 
and preclude consistent reliance on a key. Just knowing the sub-
strate (e.g., sand dunes, hardpan and gravel, or rock and boulder 
outcrops) and vegetation types present—both in terms of physical 
structure/cover, and as a potential food source for rodents—will 
provide insight into the small mammal fauna of the area. For ex-
ample, to study the diet of the Mojave rattlesnake, Crotalus scutu-
latus, you would determine from Lawlor that heteromyids (kan-
garoo rats, kangaroo mice, and silky and spiny pocket-mice) are 
the most common nocturnal rodents inhabiting desert creosote/ 
sagebrush flats and sand dunes, the usual habitat of those snakes. 
However, to study the food habits of the speckled rattlesnake, 
Crotalus mitchellii—from the same desert—would require close 
examination of the cricetine rodents (wood rats, white-footed mice, 

Key to Potential Mammalian Prey of the Mojave Rattlesnake 
(Crotalus scutulatus) 

1. Ventral side of hind feet woolly. Foot pads (plantar tubercles) hid- 
den by fur 	 See 2 

I a. Hind feet lightly furred or naked ventrally. Plantar tubercles naked . 

	  See 5 
2. Tail short and puffball. Hind feet stocky; no dusky stripe 	 See 3 
2a. Tail long and tufted. Hind feet slender; distinct dusky stripe on ven- 

tral side 	  See 4 
3. Hind foot < 100 mm in length 	 Sylvilagus audubonii 
3a. Hind foot > 112 mm in length 	 Lepus californicus 
4. Hind foot with 4 large toes. Fifth toe is vestigial and located half- 

way up inside of hind foot; usually just the claw is visible. 
	 Dipodomys species 

4a. Hind foot with 4 large toes, no vestigial fifth toe. 
	 Dipodomys merriami 

5. Four plantar tubercles arranged symmetrically about long axis of 
hind foot. Sole of hind foot densely furred from heel to tubercles. 
	  See 6 

5a. More than four plantar tubercles arranged asymmetrically about 
long axis of foot. Sole of feet sparsely furred or naked from heel 
to tubercles   See 8 

6. Fur on tail and hind feet thick, coarse, and long. Hind feet longer 
than 28 mm; tail longer than 54 mm 	 See 7 

6a. Fur on tail and hind feet fine; short and sparse on tail. Hind foot 
length less than 25 mm. Tail stout and less than 54 mm; proximal 
dorsal 1/3 reddish-brown; distal 2/3 and entire ventral side pale. 
 Onychomys species 

7. Dark brown, gray, or black fur on underside of feet; dark skin. 
Tail bushy, flattened distally, and sometimes striped. 
	 Ammospermophilus species 

7a. Pale tan, or brown fur on underside of feet; pale skin. Tail 
somewhat expanded distally, rounded, not flattened. 
	 Spermophilus species 

8. Claws thick, protruding from front of toes (Fig. I B). 
	 Thomomys species 

8a. Claws thin, arching from top of toe (Fig. 1B) 	  See 9 
9. Six or fewer poorly developed, hard, circular plantar tubercles. 
	  See 10 

9a. Six well developed, protruding, sometimes bulbous or wedge- 
shaped plantar tubercles 	  See 12 

10. Tail with no distal penicillation or crest. First (outermost) and 
fifth (innermost) digit of right hind foot (RHF) about same length 
and barely reaching the base of digits 2 and 4. 
	 Sigmodon species 

10a. Tail with distal penicillation or crest. Fifth digit of RHF notice- 
ably longer than first digit, and reaching well past the base of 
fourth digit 	  See 11 

11. Tail crested (Fig. 1C); sole and heel of hind feet naked. 
	 Chaetodipus species 

7(7 
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I I a. Tail penicillate (Fig. IC); fur encroaching onto heel of hind feet. 
	 Perognathus species 

11 b. Tail penicillate; sole and heel of hind feet naked. 
	 Peromyscus eremicus 

12. Tubercles pointy and wedge-shaped (Fig. 1D) 	 See 13 
12a. Tubercles bulbous and stacked (Fig. ID) 	  See 14 
13. Hind feet < or = 15 mm. tail 34-53 mm 	Baiomys tailori 
13a. Hind feet longer than 15 mm. tail 55-96 mm. 
	 Reithrodontomys megalotis 

14. Tail bicolored with distinct dorsal stripe; darker above than below. 
	 Peromyscus species 

14a. Tail unicolored 	 Neotoma species 
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Researchers have successfully used fluorescent powder to track 
small mammals (Lemen and Freeman 1985) and tortoises 
(Blankenship et al. 1990; Butler and Graham 1993; Keller 1993). 
Fellers and Drost (1989) used the method to track island night 
lizards, Xantusia riversiana, and suggested that the powder may 
work better on lizards with keeled scales. Here, we report the suc-
cessful use of fluorescent powder to track Texas horned lizards, 
Phrynosoma cornutum. We hope that this method can be used on 
other reptiles with spiny integuments. 

Over the past several decades, Texas horned lizards have de-
creased in both range and abundance in Oklahoma (Carpenter et 
al. 1993), as in Texas (Donaldson et al. 1994), and scientific re-
search on this species in Oklahoma has been limited. In fact, the 
only study conducted on this species in Oklahoma was a popula-
tion census (Carpenter et al. 1993). Future investigations into the 
ecology of Texas horned lizards in Oklahoma may be necessary to 
help conserve this species. 

We used fluorescent powder to track Texas horned lizards on 
two study sites in north-central Oklahoma that we named Antique 
Field (AF) and South Field (SF). The fluorescent powder method 
was used to obtain area and habitat use data because it allowed us 
to obtain exact information about the movements of the lizards. 

We located horned lizards by visual searches and toe clipped 
captured individuals for future identification. Following the meth-
ods of Fellers and Drost (1989), captured lizards were then dipped 
into a plastic bag containing the fluorescent powder. The lizards 
were held by the head while being dipped so that the powder did 
not get into their eyes, nares, and ear openings. Additionally, we 
gently rubbed the powder on each lizard to make certain the pow-
der adhered well, and that the lizard was well covered. 

Dipped lizards were released at the place of capture, and that 
spot was marked with a survey flag. That night, with the aid of a 
portable ultraviolet lamp, we traced the trail of powder left by the 
lizard—all the way to the current position of the lizard if possible. 
We placed survey flags in the ground at approximately every five 
meters on the trail and also at the end of the trail where lizards 
were relocated. The flags were used to estimate total daily dis-
tance moved (Tables 1 and 2), as markers to take microhabitat 
measurements, and to determine the x-y coordinates of lizard lo-
cations (grid systems were set up at each study site using survey 
equipment). 

We purchased powder in 1998 from Radiant Color (2800 Radi-
ant Avenue, Richmond, California 94804, USA) for US $12 per 
one-pound can. The colors we used were pink, chartreuse, orange, 
green, and blue. Lizards dipped in chartreuse, pink, and green left 
bright, distinctive trails. Pink and orange looked very similar un-
der ultraviolet light, as did green and chartreuse. The blue powder 
was difficult to find after about 15 m, and is therefore not recom-
mended. 

Our lamp was a portable, rechargeable, longwave ultraviolet 
lamp. Each charge lasted for about five hours, and the lamp could 
be recharged 500 times. We purchased the lamp from Fisher Sci-
entific (http://www.fisherl.com ) in 1998 for US $215. 

The fluorescent powder method was used in two field seasons, 
1998 and 1999. Success with the method improved with practice, 
and here we briefly report results gathered only in the second sea-
son. At both sites, we dipped and released lizards at various times 
of day. Contrary to our expectations, distances traveled (standard-
ized as (x, –50/SD, where x, is distance traveled by an individual, 
and z and SD are the mean and standard deviation of the age/sex/ 
site class to which that individual belongs) did not vary with the 
time of day when the lizard was dipped and released (r = 0.02, df 
= 72, p >0.50). In other words, lizards marked and released early 
in the day did not travel further than those marked and released 
later in the day, despite having more time to do so. 

At SF, 15 lizards (7 males, 6 females, 2 juveniles) made 28 tracks 
between 28 May and 25 July, 1999. We successfully tracked a 
lizards to where they slept (end of the day's trail) 93% of the time. 
Unsuccessful attempts to track a lizard to its sleep spot were usu-
ally not due to the length of a trail, but rather to confusion caused 
by trails of the same color overlapping several times. Daily 
(untransformed) distance traveled was not significantly different 
for males, females, and juveniles (Kruskal-Wallis Test, H = 3.7, df 
= 2, p > 0.10). Maximum daily distance traveled was 55 m (Table 
1). 

At AF, 25 lizards (7 males, 10 females, 8 juveniles) made 46 
tracks between 8 May and 25 July, 1999. Lizards were success-
fully tracked to their sleep spots 81% of the time. To better com-
pare distances traveled by the age/sex classes at the two sites, we 
divided tracks at AF into those made on or before 28 May and 
those made after 28 May. Before 28 May, daily distance traveled 
was significantly different among males, females, and juveniles 
(Kruskal-Wallis Test, H = 11.66, df = 2, p < 0.003), with males 

TABLE 1. Daily distance (m) traveled by Texas homed lizards at SF and 
AF after May 28. 

Site 	Class 	 Range 	Mean 	SD 

SF 
Female 	14 
	

15-50 	29.3 	12.2 
Male 	10 
	

10-55 	27.0 	14.2 
Juvenile 	4 
	

5-35 	16.3 	13.1 
AF 

Female 	17 
	

5-95 	29.3 	32.8 
Male 	6 
	

10-95 	40.8 	28.9 
Juvenile 	7 
	

5-35 	13.6 	10.3 
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TABLE 2. Daily distance (m) traveled by Texas horned lizards at AF 
prior to May 28. 

Class N Range Mean SD 

Female 7 10-55 31.4 15.7 
Male 7 55-225 111.4 67.5 
Juvenile 2 5 5.0 0 

moving much greater daily distances than females and juveniles 
(Table 2) even though they were tracked less frequently to their 
sleep spots during this time (although not significantly less fre-
quently than the other age/sex classes: x 2  = 2.82, df = 2, p > 0.20). 
Even though time of day when lizards were dipped and released 
did not influence distance traveled, time of day dipped was not 
significantly different among age/sex classes (Kruskal-Wallis Test, 
H = 0.62, df = 2, p > 0.50). Males also moved greater daily dis-
tances than females and juveniles after May 28 (Table 1), but not 
significantly so (Kruskal-Wallis Test, H = 4.603, p > 0.05). Maxi-
mum daily distance traveled at this site was 225 m, performed by 
a male lizard prior to May 28 (Table 2). 

The large difference in maximum daily distances traveled at the 
two sites and the fact that daily distance traveled was significantly 
different among age/sex classes only at AF before May 28 can be 
explained by the observation that all tracking instances over 100 
m at AF were by males in early to mid-May, and occurred before 
tracking began at SF. Texas horned lizards emerge from brumation 
in mid-April or early May, and adult males may travel greater 
daily distances soon after to find mates. After that time, distances 
moved per day appear to be shorter. 

Although this method allows a researcher to obtain information 
about the exact movements of an animal, and we were often able 
to record the entire daily movements of a lizard, certain limita-
tions exist. Lizards that tend to stay in the same area can be tracked 
a limited number of consecutive days because current and recent 
trails are often difficult to distinguish and may overlap consider-
ably. Thus, it is difficult to track individuals in a small area over 
an extended period of time unless there is rainfall during that pe-
riod to help fade old trails. Using a different color of powder each 
day for one lizard helps to alleviate this problem, but there are a 
limited number of colors available. Also, only a few animals can 
be tracked in a small area at one time, or else the trails of lizards 
dipped in the same color may cross several times, leading to con-
fusion. Perhaps old trails could be "erased" using a small leaf 
blower or portable water sprayer, although the regular use of these 
items might alter habitat (food, vegetation, etc.). Finally, the pow-
der can blow off lizards that spend much time in the open on windy 
days, leading to scattered deposits. Trails show up best in areas of 
grassy and herbaceous vegetation. 
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During the initial phase of field study of winter behavior and 
physiology in the common map turtle, Graptemys geographica, 

in northern Vermont, USA, we attached ultrasonic transmitters 
(Sonotronics model CT82-2) to the carapaces of adult females. 
We used monofilament fishing line tied to two small stainless steel 
screweyes screwed into the dorsal surface of the marginals. These 
plastic-encased cylindrical transmitters measured 16 x 64 mm, 
weighed 8 g, and had a small hole at each end for attaching them 
with wire or fishing line. We found that the tags tied on with fish-
ing line were not held tightly against the carapace, and thus risked 
being caught on submerged snags. In addition, we thought that the 
monofilament line might break or deteriorate causing costly loss 
of equipment and time. For these reasons we decided to modify 
the means of transmitter attachment. 

Rather than change to stainless steel wire, which might elimi-
nate the risk of breakage (but not the risk of snagging) we sought 
an alternative means of transmitter attachment. We decided to glue 
the transmitters inside plastic pipe of about the same diameter. 
Inexpensive 3/4-inch (1.9 cm) white PVC pressure pipe, which 
has an inside diameter (17 mm) slightly greater than the outside 
diameter of the transmitters, was first cut to length (ca. 5 cm longer 
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FIG. 1. Transmitter in PVC sleeve bolted directly to the carapacial mar-
gin. Note the reasonably tight fit of this unit to the shell. 

than the transmitter). Next, a portion of each end of this tube was 
cut away to leave a flat tab extension. The tabs were drilled to 
accept stainless steel bolts, for attachment to holes drilled in the 
marginals of the turtle being tagged. The transmitter was next 
coated (except for the ends) with multipurpose cement (TITESEAL 
all purpose, T62-04) and inserted slowly into the PVC tube. After 
a curing period of 24 h these assembled units were engraved with 
a rotary tool on the upper side to identify the signal that would be 
given by the transmitter inside, e.g. 258. The tubing was similarly 
marked with bold indelible black ink to make a very visible num-
ber (Fig. 1). The completed units, which weighed about 35 g, were 
then bolted to the carapace through two holes drilled in the mar-
ginal scutes to the left of midline (Fig. 1) to reduce interference 
with mating behavior. What resulted was a very durable bond be-
tween transmitter and tubing and a solid attachment to the shell. 
Of seven transmitters attached in this fashion, six were found in-
tact after one year, while only one of eight affixed with monofila-
ment line was located. 

Our attachment method could be modified to accommodate data 
loggers, radiotransmitters, or other small pieces of equipment. Fi-
nally, we do not endorse the use of ultrasonic tracking equipment 
in all situations. It is highly useful in marine habitats and some 
freshwater situations, but signal attentuation by vegetation, trees, 
brush, or other debris in seasonally inundated woodlands adjacent 
to rivers can make it extremely difficult, if not impossible, to lo-
cate tagged animals that move into those settings. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Vol-
ume 31, Number 1 (March 2000). Submissions should be directed to one 
of the section editors (contact information located on inside front cover 
of this issue), as follows: amphibians (Painter); lizards, amphisbaenians, 
crocodilians, Sphenodon (Hauge); snakes and turtles (Butterfield). 

CAUDATA 

AMBYSTOMA BARBOURI (Streamside Salamander). REPRO-
DUCTION. Geographically isolated populations of Ambystoma 
barbouri have recently been verified from middle Tennessee (Scott 
et al. 1997. Herpetol. Rev. 28:155). Information on the natural 
history of these populations is limited to a report by Ashton (1966. 
J. Tennessee Acad. Sci. 41:106-111), who commented on the un-
usual, stream-breeding habits of A. texanum in Davidson County, 
Tennessee. The Davidson County population discussed by Ashton 
is thought to be A. barbouri rather than A. texanum (Petranka 1998. 
Salamanders of the United States and Canada. Smithsonian Inst. 
Press, Washington. 587 pp.). Here, we report a second breeding 
stream in the Central Basin of Tennessee and provide information 
on the timing of reproduction, egg mass size, and hatchling size. 

Egg masses and hatchlings were discovered in the southern-
most section of Puckett's Creek (35°49'N, 86°28'30"W), in Ruth-
erford County, on 10 March 2000. Puckett's Creek is a first-order 
stream bordered by a narrow (5-30 m) strip of forest and ca. 1.0 
km of field extending either to state roadways or residential hous-
ing. The eggs were found attached in a monolayer to the under-
side of flat rocks located in intermittent pools within the stream 
course. A single egg mass was collected and transported to the 
laboratory for rearing and confirmation. Within three days all of 
these eggs hatched and all hatchlings were measured (N = 51; 
mean TL ± 1 SD = 15.6 ± 1.2 mm). Seventeen additional egg masses 
were located on 14 March 2000, but several were deteriorating 
following hatching or dehydration. Clutch sizes were estimated 
from ten intact masses (eggs per mass: 65, 61, 52, 16, 15, 15, 14, 
8, 7, 5). Based on time of hatching and assuming a 29-82 day 
incubation period (Petranka, op. cit.), we estimate that oviposi-
tion occurred between late December and mid-February. The 
Middle Tennessee region is rapidly expanding. Residential con-
struction is currently underway at the north end of Puckett's Creek, 
approximately 3.0 km from this unstudied population. 
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PLETHODON CADDOENSIS (Caddo Mountain Salamander) 
and PLETHODON SERRATUS (Southern Redback Salamander). 
NOCTURNAL CLIMBING ACTIVITY. Nocturnal surface ac-
tivity in the plethodontid salamander genus Plethodon has been 
well documented for a variety of species (Petranka 1998. Sala-
manders of the United States and Canada. Smithsonian Inst. Press, 
Washington, D.C. 587 pp.; Spotila 1972. Ecology 42:95-125). Ob-
servations on the nocturnal climbing abilities of some members 
within this genus as well as in other plethodontids, however, have 
appeared less frequently in the literature (Cliburn and Porter 1986. 
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