
Herpetological 
Review 

Volume 26, Number 4 — December 1995 

1.• 

vt ..f 



HERPETOLOGICAL REVIEW 
The Quarterly News-Journal of the Society for the Study of Amphibians and Reptiles 

Editor 
	

Managing Editor 
ROBERT W. HANSEN 

	
THOMAS E TYNING 

16333 Deer Path Lane 
	

Massachusetts Audubon Society 

Clovis, California 93611, USA 
	

350 Williams Street 
(209) 323-7170 
	

Pittsfield, Massachusetts 01201, USA 

(209) 299-0161 fax 
	

(413) 442-2165 
E-mail: rohanse@cello.gina.calstate.edu 

	
E-mail: 71061.150@compuserve.com  

Section Editors 

SSAR Officers (1995) 

President 
ALAN H. SAVITZKY 
Department of Biological Sciences 
Old Dominion University 
Norfolk, Virginia 23529-0266, USA 

President -elect 
LOUIS J. GUILLETTE, JR. 
Department of Zoology 
223 Bartram Hall 
University of Florida 
Gainesville, Florida 32611, USA 

Secretary 
J. ERIC JUTERBOCK 
Ohio State University 
4240 Campus Drive 
Lima, Ohio 45804, USA 

Treasurer 
KAREN L. TOEPFER 
P.O. Box 626 
Hays, Kansas 67601-0626, USA 

Publications Secretary 
ROBERT D. ALDRIDGE 
Department of Biology 
Saint Louis University 
St. Louis, Missouri 63103, USA 

Immediate Past President 
LYNNE D. HOUCK 
Department of Ecology & Evolution 
University of Chicago 
940 East 57th Street 
Chicago, Illinois 66037-1455, USA 

Directors 
DAVID M. GREEN (1995) 
GREGORY K. PREGILL (1995) 
JANALEE P. CALDWELL (1996) 
PAUL E. MOLER (1996) 
DON C. FORESTER (1997) 
LYNDON A. MITCHELL (1997) 

SSAR Editors 
Journal of Herpetology 

RICHARD A. SEIGEL, Editor 
Department of Biological Sciences 
Southeastern Louisiana University 
SLU 814 
Hammond, Louisiana 70402, USA 

WILLIAM S. PARKER, Managing Editor 
Division of Science and Mathematics 
Mississippi University for Women 
Columbus, Missouri 39701, USA 

Contributions to Herpetology and 
Facsimile Reprints in Herpetology 

KRAIG ADLER, Editor 
Section of Neurobiology & Behavior 
Cornell University 
Ithaca, New York 14853, USA 

Herpetological Circulars 
JOSEPH T. COLLINS, Editor 
Natural History Museum 
The University of Kansas 
Lawrence, Kansas 66045-2454, USA 

Catalogue of American Amphibians 
and Reptiles 

ROBERT POWELL, Editor 
Department of Natural Sciences 
Avila College 
Kansas City, Missouri 64145, USA 

Herpetological Conservation 
PAUL STEPHEN CORN, Editor 
National Biological Survey 
4512 McMurray Avenue 
Fort Collins, Colorado 80525-3400, USA 

Techniques 
STEPHEN D. BUSACK 
National Fish & Wildlife Forensics Lab 
1490 East Main Street 
Ashland, Oregon 97520, USA 
E-mail: steve_busack@mail.fws.gov  

Geographic Distribution 
JOSEPH T. COLLINS 
Natural History Museum 
The University of Kansas 
Lawrence, Kansas 66045-2454, USA 
E-mail: jcollins@kuhub.cc.ukans.edu  

Natural History Notes (Amphibia) 
CHARLES W. PAINTER 
Endangered Species Program 
New Mexico Dept. of Game & Fish 
P.O. Box 25112 
Santa Fe, New Mexico 87504, USA 

Legislation & Conservation 
KURT A. BUHLMANN 
Institute of Ecology 
University of Georgia 
Athens, Georgia 30602, USA 
E-mail: kbuhlman@uga.cc.uga.edu  

Book Reviews 
AARON M. BAUER 
Biology Department 
Villanova University 
Villanova, Pennsylvania 19085, USA 
E-mail: abauer@king-kong.vilLedu  

Geographic Distribution 
JERRY D. JOHNSON 
Department of Biology 
El Paso Community College 
P.O. Box 20500 
El Paso, Texas 79998-0500, USA 
E-mail: jerryj@laguna.epcc.edu  

Natural History Notes (Reptilia) 
LEE A. FITZGERALD 
Department of Biology 
University of New Mexico 
Albuquerque, New Mexico 87131, USA 
E-mail: leefitz@mailanm.edu  

Regional Societies 
MARTIN J. ROSENBERG 
Department of Biology 
Case Western Reserve University 
Cleveland, Ohio 44106-7080, USA 

Production Staff 
ELLIN BELTZ 
ELOISE BELTZ-DECKER 

Current Research 
BRECK D. BARTHOLOMEW 
195 West 200 North 
Logan, Utah 84321-3905, USA 
E-mail: breckbarth@aol.com  

Herpetological Husbandry 
LYNDON A. MITCHELL 
Dept. of Reptiles & Amphibians 
Dallas Zoo 
621 East Clarendon Drive 
Dallas, Texas 75203, USA 

Recent Population Changes 
RALPH W. AXTELL 
Dept. of Biological Sciences 
Southern Illinois University 
Edwardsville, Illinois 62026, USA 

Advertising Manager 
ELIZABETH A. JOHNSON 
New Jersey Field Office 
The Nature Conservancy 
200 Pottersville Road 
Chester, New Jersey 07930, USA 
(908) 879-7262 
(908) 879-2172 fax 

SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

The Society for the Study of Amphibians and Reptiles, the largest international 
herpetological society, is a not-for-profit organization established to advance re-
search, conservation, and education concerning amphibians and reptiles. Founded 
in 1958, SSAR is widely recognized today as having the most diverse society-
sponsored program of services and publications for herpetologists. Membership is 
open to anyone with an interest in herpetology—professionals and serious ama-
teurs alike—who wish to join with us to advance the goals of the Society. 

All members of the SSAR are entitled to vote by mail ballot for Society officers, 
which allows overseas members to participate in determining the Society's activities; also, many inter-
national members attend the annual meetings and serve on editorial boards and committees. 

ANNUAL. DUES AND SUBSCRIPTIONS: Annual membership dues for the year 1996 in the Society for the 
Study of Amphibians and Reptiles are as follows: Individual membership US$40; Student membership 
$30; Family membership $55. $16 of the amount of a membership pays for a subscription to Herpeto-
logical Review for one year. $21 of the amount of a membership pays for a subscription to Journal of 
Herpetology for one year. Remaining funds help support Society activities. Additional fee for air mail 
postage outside USA $35 for one year. All members receive the Society's primary technical publication, 
the Journal of Herpetology, and its news-journal, Herpetological Review; both are published four times 
per year. Members also receive pre-publication discounts on other Society publications, which are ad-
vertised in Herpetological Review. Institutional subscriptions for Herpetological Review are $70 and 
individual subscriptions may be purchased for $24. Subscription to the Catalogue of American Am-
phibians and Reptiles: Individuals $20; Institutions $20. 

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with 
VISA or MasterCard (account number and expiration date must be provided). Payment should be sent to: 
Karen L. Toepfer, SSAR Treasurer, P.O. Box 626, Hays, Kansas 67601-0626, USA. Telephone: (913) 
623-4258; Fax: (913) 625-8890; e-mail: fmkt@thsuvm.fhsu.edu.  

HERPETOLOGICAL REVIEW (ISSN: 0018-084X) is published quarterly in March, June, September 
and December by the Society for the Study of Amphibians and Reptiles at 303 West 39th St., Hays, KS 
67601-1518. Application to mail at 2nd Class Postage rates is pending at Hays, Kansas with additional 
entry offices. POSTMASTER: Send address changes to HERPETOLOGICAL REVIEW, P.O. Box 626, 
Hays, KS 67601-0626. 

Future Annual Meetings 

1996 — University of Kansas, Lawrence, Kansas, USA, 24-29 July (Linda Trueb, Chair). 
/997— University of Washington, Seattle, Washington, USA, 25 June-2 July (Theodore Pietsch, Chair). 
1998 — University of Guelph, Guelph, Ontario, Canada, 16-22 July (James P. Bogart, Chair). 



Dyche Hall, home of the Natural History Museum. 
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1996 Annual Meeting 
Society for the Study of Amphibians and Reptiles 

39th Annual Meeting 

24 - 29 July 1996 
The University of Kansas, Lawrence, Kansas, USA 

Keynote Lecture: To be announced. 

Symposium: "A TROPICAL NATURAL HISTORY: ESSAYS IN 
HONOR OF WILLIAM E. DUELLMAN." Organizers: Darrel Frost 
(American Museum of Natural History) and John D. Lynch 
(The University of Nebraska). 

Symposium: "DIVERSITY OF APPROACHES TO AMPHIBIAN AND 
REPTILIAN SYSTEMATICS." Participants restricted to graduate 
and post-doctoral students.  Organizers: 
Daniel J. Meinhardt and Joseph R. 
Mendelson III. Contact: Joseph R. 
Mendelson III, Natural History Museum, 
The University of Kansas, Lawrence, Kan-
sas 66045-2454, USA; Telephone: (913) 
864-3439; Fax: (913) 864-5335; E-mail: 
sapo@falcon.cc.ukans.edu  

Symposium: "POPULATION STATUS AND CON-
SERVATION OF AMPHIBIANS." Sponsored by the 
US DAPTF. Contact: Michael J. Lanoo, 
Muncie Center for Medical Education, In-
diana University School of Medicine, 
MB209, Ball State University, Muncie, In-
diana 47306, USA; Telephone: (317) 285-
1050; Fax: (317) 285-1059; E-mail: 
00mjlanoo@bsuvc.bus.edu  

Workshop: "HERPETOLOGICAL COLLECTIONS: 
FUNDING, GROWTH, AND MANAGEMENT." Guest 
speakers will include Dr. Meredith Lane, 
Program Officer for the National Science 
Foundation. Other speakers will provide in-
formation on conservation project grants 
from other organizations such as the Insti-
tute for Museum Services and the National 
Institute of Conservation. Workshop will in-
clude description of planning process for, 
and in-depth tour of, the new state-of-the-
art Fluid Collections Facility. Contact: John 
E Simmons, Natural History Museum, The 
University of Kansas, Lawrence, Kansas 

66045-2454, USA; Telephone: (913) 864-3342; Fax: (913) 
864-5335; E-mail• jsimmons@kuhub.cc.ukans.edu  

Oral and Poster Sessions: Several concurrent sessions each 
day. 

Student Paper Awards: Seibert Prizes to be awarded to 
the two best student-presented papers at the meeting ($250 
first prize, $150 second prize). 



The SSAR meetings will be held in the Kansas Union. 

Herpetological Travelogue Slide Shows: Profusely illus-
trated lectures of exotic amphibians and reptiles and their 
habitats. 

the Natural History Museum; the picnic will be held at 
nearby Clinton Lake (bus transportation provided). 

Multimedia Presentations: "HERPS OF THE WEST" and "AM-
PHIBIANS OF THE APPALACHIANS" by David Dennis and Eric 
Juterbock; "HERPETOLOGICAL NAMESAKES" by Kraig Adler 
and David Dennis. 

Declining Amphibians: Annual board meeting of the 
IUCN/SSC Declining Amphibian Populations Task Force. 

Costs: Preregistration $125 regular, $90 student; late regis-
tration fee after 1 June $170 regular, $125 student; com-
panion (social only) preregistration $30, after 1 June $50. 
Lodging in dormitory: $100 person/5-day package (double 
occupancy; includes breakfast each day and 3 dinners) and 
$140 person/5-day package (single occupancy; includes 
breakfast each day and 3 dinners). Buffet lunch provided at 
meeting site—$30 for 5 days. Owing to lack of nearby lo-
cal restuarants and difficulty securing convenient campus 

Social Activities: 
Welcoming Social, 
Auction, Barbeque 
Picnic, Graduate 
Student Social (in-
cluding herpeto-
logical trivia quiz 
with prizes). 

Art and Photo-
graphic Exhibit: 
Featuring herpeto-
logical art and 
photographs. 

Rare Book Ex-
hibit: A special 
exhibit, "THE 
SLIMY TOETH," by 
Sally Haines in the 
Spencer Research 
Library, featuring 
16th and 17th cen-
tury books dealing 
with herpetology. 

Live Exhibit: 
Featuring amphibians and reptiles from Kansas. Presented 
by the Kansas Herpetological Society. 

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

KU Publications: Greatly discounted prices on herpeto-
logical publications (Occasional Papers, Miscellaneous Pub-
lications, Monographs, and Special Publications) of the KU 
Natural History Museum. 

Venue: All sessions, exhibits, meetings, and most social 
events will be held in the Kansas Union located adjacent to 

parking, all participants are encouraged to purchase lunch-
ticket package so that they can eat at the meeting site. 

Further Details: Meeting Announcement/Call for Papers 
will be mailed to all North American members of the SSAR 
in March 1996, or upon request from Cathy M. Dwigans, 
Academic and Professional Programs, Continuing Educa-
tion, The University of Kansas, Lawrence, Kansas 66045, 
USA; telephone (913) 864-3284; Fax (913) 864-5074. Chair-
person of Local Committee: Linda Trueb, Natural History 
Museum, The University of Kansas, Lawrence, Kansas 
66045-2454, USA; Telephone: (913) 864-3342; 
Fax:(913)864-5335. E-mail: Trueb@kuhub.cc.ukans.edu  
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SSAR BUSINESS 

A Letter from the SSAR President 

Dear Fellow Members: 
The Society's Board of Directors considered a number of impor-

tant matters at its recent meeting in Boone, North Carolina. (See Sec-
retary Eric Juterbock's report on the meeting for further details). Sev-
eral of those matters merit additional explanation, and none more so 
than the increase in dues for student members. 

Last year the Board voted to raise dues, for the first time in many 
years, for all categories except students. That decision was an at-
tempt to hold down costs for our valued student members while at 
the same time meeting the gradually increasing costs of operation of 
the Society and the costs of implementing new and expanded pro-
grams. Although the Board was able to hold off an increase in stu-
dent dues for one year, a review of our budget this summer made it 
clear that to do so any longer would not be prudent. Faced with an 
unanticipated rise in postal costs and other unexpected increases in 
operating expenses, the Board voted to increase student dues by $5.00, 
thereby bringing student membership back in line with other catego-
ries of members and avoiding a continuing structural deficit in the 
Society's budget. No other membership categories were affected this 
year. 

Sensitive to the effect of such a dues increase, the Board also voted 
to extend to our student members a one-time discount on all books 
and other monographic publications of the Society. Between now 
and 1 May 1996 student members may purchase any society publi-
cations (other than back issues of journals and books presently of-
fered at prepublication prices) at a 20% discount. We hope that many 
students will take advantage of this valuable offer and that it will 
offset any inconvenience associated with the rise in student dues. Of 
course, even at the new rate, the Society continues to provide ex-
traordinary value to student members. In addition to receiving the 
Journal of Herpetology and Herpetological Review, students are al-
ways eligible for members' prepublication discounts. The Society 
also assists many students through its Grants-in-Herpetology pro-
gram, and it recently launched its highly successful program of travel 
awards to students attending the Society's annual meeting. Most re-
cently, the Board approved a project proposed by a student member 
to produce a directory of funding sources for herpetological research. 
With these many benefits, the Board of Directors hopes that our val-
ued student members will not only renew their own memberships 
but will encourage their herpetological colleagues to join them. 

Among its other actions, the Board continued to promote the con-
servation efforts of the Society in a number of ways. This year the 
Society contributed $5,000 of the proceeds from the annual auction 
to assist the Declining Amphibian Populations Task Force, an inter-
national organization that has evolved within less than five years to 
take a leadership role in the study of amphibian populations. The 
Society also looks forward in 1996 to the first issue of our new series 
Herpetological Conservation. 

The Society for the Study of Amphibians and Reptiles has always 
encouraged the active participation of its members. That participa-
tion has recently been made even easier with the establishment of a 
home page on the World Wide Web. On our Web site, members can 
find announcements, addresses of officers, the contents of upcoming 
issues of our journals, and other useful information. Of course, mem-
bers are also encouraged to communicate directly with the officers if 
they have ideas for strengthening the programs of the Society. 
Best regards, 

ALAN H. SAVITZKY 
President 

About our Cover 

Hypsilurus boydii, Boyd's forest dragon, is an arboreal agamid 
found only in the rainforest of far northern Queensland, Australia. 
Until recently, very little was known about this species and the few 
published accounts are anecdotal. The majority of the following 
information is based on unpublished research currently being con-
ducted by Geordie Torr at James Cook University, Townsville, 
Australia. 

Forest dragons are sexually dimorphic; males attain a snout-vent 
length of ca. 165 mm compared to 150 mm in females. Reproduc-
tion is seasonal, with females laying 1-5 eggs in a shallow nest in a 
sunny area between September and December. Lizards living in 
high elevation areas lay fewer, larger clutches of larger eggs than 
their low elevation conspecifics. 

These diurnal lizards feed almost exclusively on invertebrates, 
with ants, beetles, and earthworms amongst their most common 
prey items. Although most often seen perching at around eye-height 
on small trees, the use of spool-tracking has revealed daily terres-
trial movement on the order of 50-100 m per day. At night, forest 
dragons can often be spotlighted sleeping on trees. Larger lizards 
generally sleep vertically on the trunk but hatchlings, juveniles, 
and small females often sleep in a horizontal position on branches, 
their head pointing towards the trunk. This behavior is very similar 
to that exhibited by some species of Anolis (Clark and Gillingham 
1990. Anim. Behay. 39:1138-1148). 

Forest dragons appear to be thermoconformers and daily activity 
is probably regulated by light intensity rather than temperature. Liz-
ards became active at dawn and cease activity at dusk. During win-
ter, forest dragons "disappear," moving up into the lower canopy 
and becoming inactive, descending infrequently to feed. 

The lizard on the cover is an adult male, photographed in situ at 
one of Geordie Ton's study sites. It was photographed with a Bronica 
medium format camera, using a standard 75 mm lens and two flash 
units. The photograher is John Weigel, who, along with wife Robyn 
operate the Australian Reptile Park, just north of Sydney. The Park 
was established in 1958 by the late Eric Worrell. It currently main-
tains the largest collection of native reptiles in Australia and is the 
sole supplier of snake venoms used in the production of Australian 
antisera. John is an expatriot American, and while a student at the 
University of Colorado he took Comparative Anatomy 101 from 
Hobart Smith—but admits to receiving a "C." He is an Australian 
citizen now, and an active supporter of amateur herpetology in his 
adopted country, having lobbied strongly for loosening of regula-
tions constraining amateur herpetological activities. He has pub-
lished a field guide to snakes of southeastern Australia, a book on 
the captive husbandry of Australian reptiles, and his photographs 
are popular inclusions in most books that picture Australian rep-
tiles and amphibians. He is currently working on a photo-introduc-
tory book on Australian herps. 

Separation and imaging of Weigel's photo is the work of Jim 
Bridges of Herpeto Inc., Hollywood, Florida, USA. 

1995 Annual Meeting: Boone, North Carolina 

Boone, North Carolina, from 8 to 13 August 1995, served as 
the site of the 38th annual meeting of the SSAR. Appalachian 
State University, with Wayne Van Devender chairing the Local 
Committee, served as host to the more than 500 attendees. The 
large size of the meeting was no doubt aided by the grand venue, 
a conference center located on a small cloud-shrouded mountain 
in the heartland of plethodontid salamanders. and the Local Com-
mittee cooperated by ordering sufficient late-afternoon rain show-
ers that it never got too hot and was conducive to observing sala-
manders. 
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Appetizer 

For those of our group who could not possibly start an Annual 
Meeting without a brief Board Meeting, our start to the Boone 
fete was the annual meeting of the SSAR Board. We met for seven 
and one half hours on the 8th, and (Board addicts that we were, 
we could not bear to let go for another day) we reconvened for 
one and half hours (and pizza) to work out the 1996 budget on the 
9th. Not considering the overnight recess, this was still one of the 
longer Board Meetings of recent years. All of the Board members 
and all but one of the officers were in attendance by lunch time, 
as were half of the editors and committee chairs. An unusually 
large number of members were also in attendance, so the meeting 
was one of the better attended recent Board Meetings; most made 
it back as we reconvened for the budget discussion the next day. 
Business of the meeting was summarized at the Business Meet-
ing (below). 

Meat and Potatoes 

The 38th Meeting officially opened at 0900 h on 9 August, in 
Broyhill Hall at the Broyhill Inn (site of most meeting events), 
with welcoming remarks from Wayne Van Devender. Wayne also 
announced that Matjaz Rojc, of Ljubljana, Slovenia, donated to 
the meeting a supply of the new Slovenian coin imprinted with 
Proteus (the only salamander on a coin!); Wayne later distributed 
these coins to attendees. R. Clinton Parker, Senior Associate Vice 
Chancellor for Academic Affairs at ASU, then welcomed us to 
the University. After SSAR President Savitzky issued one more 
welcome and mentioned plans for the Third World Congress of 
Herpetology, in Prague in 1997, Linda Trueb, Co-Chair of the 
1996 Annual Meeting Committee, invited us all to next year's 
meeting at the University of Kansas, in Lawrence (see announce-
ment on pages 165-166). There followed the Plenary Address, 
after which the assembled multitudes were collectively photo-
graphed. 

Judy Stamps (University of California at Davis) presented "Ter-
ritorial Behavior: Testing the Assumptions." Dr. Stamps presented 
evidence about how juvenile settlers are attracted to conspecifics 
and how inter-male competition and sexual size dimorphism are 
related to the spatial distribution patterns of adult females. These 
results were drawn from her field experiments with West Indian 
Anolis. 

Between 1330 h on 9 August and 1600 h on 12 August, 210 
authors presented 130 contributed papers in 12 sessions. In three 
symposia, Regional Herpetological Societies, Evolutionary Pat-
terns of Amphibian Development, and Eastern Rattlesnakes, 48 
authors presented 40 papers. Three poster sessions included 75 
posters by 128 authors. A session called "Conservation Issues in 
Herpetology" was attended by many on the evening of the 8th. 
Ken Dodd (National Biological Service) moderated the discus-
sion, which included Alison Haskell (U.S. Fish and Wildlife Ser-
vice), Ron Heyer (National Museum of Natural History), and Mike 
Lannoo (Declining Amphibian Populations Task Force). Several 
dozen herpers participated in a "Herp Photo Workshop" conducted 
by Dave Dennis and Eric Juterbock on the afternoon of the 9th. 

The Business Meeting was conducted on Saturday, 12 August, 
between 1630 and 1715 h in the Bernhardt Lounge at Broyhill, 
and attracted a crowd of over 60 officers and members even though 
there was a concurrent discussion group concerning the Declin-
ing Amphibian Population Task Force (DAPTF). In calling the 
meeting to order, President Savitzky noted that he had worried 
about forgetting the famous "SSAR Presidential Gavel" ever since 
it was entrusted to him by then-President Lynne Houck last Au-
gust. 

President Savitzky reported on a number of items of business 
announced or conducted at the Board Meeting. Our most signifi-
cant business this year was to modify the dues structure. Last 
year all classes of members except students received a small in-
crease; this was postponed but not prevented forever for students. 
With the increases in SSAR activities and in postal rates, we found 
it necessary to increase student dues by $5 effective in 1996. The 
Board did approve offering students a 20% discount on all indi-
vidual SSAR publications until 1 May 1996. The Board also 
granted the DAPTF $5000 to aid their work. SSAR is also inves-
tigating collaborative projects involving audio products, which 
could conceivably yield proceeds for DAPTF as a long-range 
source of funds. There is a need for mass marketing advice. Presi-
dent Savitzky has formed an ad hoc Committee on International 
Cooperation, chaired by Marty Crump, and including Oscar Flores, 
Tyrone Hayes, Roy McDiarmid, and Ted Papenfuss. Their charge 
is to investigate how SSAR could aid herpetologists in other coun-
tries to gain access to such items as research supplies, equipment, 
and bibliographic materials. George Pisani has put together a 
World Wide Web page (Internet) for SSAR and will be adding 
information. The Student Travel Awards Committee, coordinat-
ing their second annual fund-raising auction at Boone, will un-
dergo a change of leaders, as founding student co-chair Dawn 
Wilson is retiring; she recommended John Lee as her successor. 
The Committee made 10 travel awards of $200 each to students 
attending the Boone meeting. 

Treasurer Karen Toepfer reported that 1994 expenses paid to 
date, $165,478, were balanced by 1994 income of $186,061. There 
should be some increase in expenses for 1995, due to the increase 
in postal rates and the enlargement of Herpetological Review. At 
the time of the meeting, there were 2339 members, approximately 
150 more than this time last year; 34 new members joined at 
Boone. 

Past-President Houck reported that she had encouraged students 
to organize and conduct a students-only paper session, and one 
on amphibian developmental biology was accomplished this year. 
The Journal of Herpetology is in good shape and 1995 will be 
one of the largest ever volumes (for number of pages). Submis-
sions remain high and the Table of Contents will be added to SSAR 
World Wide Web page. Editor Bob Hansen noted that Herpeto-
logical Review exists to serve the society for information exchange. 
He also pointed out all of the changes implemented this year. The 
Catalogue of American Amphibians and Reptiles remains in good 
shape but still needs authors for accounts of North American spe-
cies. The subscription rate increased $5 for 1996. Kraig Adler, 
Editor of Facsimile Reprints in Herpetology and Contributions 
to Herpetology, announced that the "Captive Management and 
Conservation of Amphibians and Reptiles," published in Decem-
ber 1994, has already sold 1500 copies. "Lizards of Australia and 
New Zealand," by J. E. Gray and A. Giinther, was issued in June 
1995 and "The Herpetological Papers of Wilhelm Peters" in Sep-
tember 1995. Through 1996, he expects to publish the classic 
"Herpetology of Japan," by Leonhard Stejneger, and three new 
books: "Field Guide to Amphibians and Reptiles of the West 
Indies," by Blair Hedges; "Contributions to West Indian Herpe-
tology," the 1994 symposium edited by Bob Powell and Robert 
Henderson; and "Lizards of Iran," by Steven Anderson. In 1996, 
Herpetological Circulars will issue the 4th edition of "Standard 
Common and Current Scientific Names for North American Am-
phibians and Reptiles," compiled by J. T. Collins, on behalf of 
SSAR. Herpetological Conservation Editor Steve Corn expects 
to issue the first volume in the series, the "Canadian Amphibian 
Decline Symposium," edited by David Green, in 1996. 
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Awardees for GIH grants and the Kennedy Student and Seibert 
Awards were noted (see p. 170). Future meetings in Lawrence, 
Kansas (24-29 July 1996), Seattle (26 June-2 July 1997), and 
Guelph, Ontario (16-22 July 1998) were announced. Regional 
Societies Liaison Marty Rosenberg reported that the Regional 
Societies Symposium, covering such topics as marketing, educa-
tion, and research, had nine papers. Next year they have tentative 
plans to sponsor a symposium focused on local conservation ef-
forts. 

Nominations for election to SSAR office for 1996 were an-
nounced. President-elect: Henry Mushinsky and Steve Tilley; 
Secretary: Ellen J. Censky; Treasurer: Karen Toepfer; Director 
(Class of 1998): John Iverson and John Simmons; and, Director 
(non-U.S., Class of 1998): James Bogart and Diane Secoy. After 
Bob Aldridge nominated Randy Krohmer for Director, Kraig Adler 
moved (Bob Hansen second) to close the nominations; motion 
passed and the slate was accepted. Lynne Houck then read the 
resolutions (see below). With no new business added from the 
floor, Henri Seibert moved (Lynne Houck second) to adjourn, 
and President Savitzky adjourned us until 1996 in Lawrence. 

Desserts 

No annual meeting would be complete without the myriad so-
cial and other activities after the papers are done for the day. Chair-
man Van Devender and his crack committee did a great job of 
planning such relief for us! In addition to the excellent feed that 
was the luncheon buffet at the Broyhill, and such fine local food 
as barbecue, catfish, and southwestern cuisine, there was limit-
less food at the "welcome social" on the evening of the 9th and 
the SSAR auction on the evening of the 12th. There was also the 
off-campus barbecue and social the evening of the 10th, com-
plete with music and dancing. 

A large room housed the numerous exhibitors, who, among such 
other items as tee shirts, art work and research equipment, had 
more herp books than anyone could expect to read in a lifetime. It 
took two rooms in the science building to house the live herp 
exhibit, where attendees gathered daily to photograph the local 
herpetofauna (as well as a few exotics). A herp art exhibit was 
located in Broyhill. There was also a student-only program and 
social on the 1 1 th. 

The now traditional entertaining/educational events expected 
at SSAR meetings did not disappoint, either. I stopped counting 
at 300 members of the audience for the multi-media event on the 
evening of the 11th. "Amphibians of the Appalachians" and "Her-
petology of the West" by Dave Dennis and Eric Juterbock and 
"Herpetological Namesakes" by Kraig Adler, Dave Dennis, and 
Eric Juterbock were well received. The grand finale, on the evening 
of the 12th, began with the President's Travelogue, which attracted 
a standing-room-only crowd that I could not begin to count. Julian 
Lee presented "Amphibians and Reptiles of the Lowland Maya 
Area," Aaron Bauer, "The Herpetofauna of the Southern African 
Arid Zone," and Wayne Van Devender, "Amphibians and Rep-
tiles of Australia After the World Congress." Guaranteed to stimu-
late more trips to view and photograph herps in the coming years. 
Of course, the SSAR Auction rounded out the events of the week. 
With food and our favorite beverages, a huge crowd gathered to 
acquire those "must-have" items auctioned off by Joe Collins, 
who also announced the winners of the Student Travel Silent 
Auction. Over $5,000 was raised. Some of us were even able to 
partake of one of the several field trips to herp hot spots like Grand-
father Mountain, Linville Gorge, and Yonahlossee Road before 
leaving town on the 13th. 

Respectfully submitted by J. Eric Juterbock, SSAR Secretary. 

1995 SSAR Resolutions 

Honoring Outgoing SSAR Officers and Editors 

WHEREAS the following individuals have given freely of their 
time, skills, insight, and knowledge to the Society for the Study 
of Amphibians and Reptiles in this past year; and, 

WHEREAS they have been therefore 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 urges these persons not to ride off into the sunset, but 
rather to continue to be available, with or without official titles, 
as resources to guide those who follow; and, 
RESOLVED FURTHER that the Society offers its most sincere 
thanks to the following persons who have served in these capaci-
ties: 
ROBIN M. ANDREWS—Director 
A. DALE BELCHER—Chair, Grants-in-Herpetology Commit-

tee 
MARTHA CRUMP—Chair, 1994 Nominating Committee 
MAUREEN A. DONNELLY—Grants-in-Herpetology Commit-

tee 
THOMAS H. FRITTS—Immediate Past-President 
J. WHITFIELD GIBBONS—Co-Chair, 1994 Local Committee 
DAVID L. HARDY, Sr.—Elector 
LYNNE D. HOUCK—President 
RANDY JENNINGS—Herpetological Review Section Editor 
JOSHUA LAERM—Co-Chair, 1994 Local Committee 
SAM MCDOWELL—Journal of Herpetology Editorial Board 
MARY MENDOKA—Member, 1994 Nominating Committee 
CHARLES W. PAINTER—Grants-in-Herpetology Committee 
STEVE PERRILL—Member, 1994 Nominating Committee 
STEVE REILLY—Chair, 1995 Nominating Committee 
ERIC M. RUNDQUIST—Herpetological Review Section Editor 
BERN W. TRYON—Director 
DAWN S. WILSON—Grants-in-Herpetology Committee 
Adopted unanimously by the Society for the Study of Amphibians 
and Reptiles, 11 August 1995, at its Annual Business Meeting. 

Thanking The Local Committee 

WHEREAS the southern Appalachian Mountains harbor a most 
diverse and interesting salamander fauna, and provide an excel-
lent setting for herpetological meeting; and, 
WHEREAS the Society for the Study of Amphibians and Rep-
tiles is pleased to be able to hold its 1995 Annual Meeting in such 
a setting; and, 
WHEREAS Robert Wayne Van Devender and the rest of the Local 
Committee have done a fine job in managing this meeting's many 
responsibilities; and, 
WHEREAS the officials of Appalachian State University have 
cordially made their campus available to us. 
THEREFORE, be it 
RESOLVED that the Society for the Study of Amphibians and 
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Reptiles extends its most sincere thanks to the members of the 
Local Committee, and to all involved in making this meeting a 
success. 
Adopted unanimously by the Society for the Study of Amphibians 
and Reptiles, 11 August 1995 at its Annual Business Meeting. 

1994 SSAR Budget Report 

Budget Category 	Amount Allocated Amount Spent 

Annual Meeting $500 500.00 
(Keynote Speaker) 

Catalogue AA&R 8,000 8,231.13 

Contingency Fund 3,000 0 

Contributions to Herpetology 15,000 8,348.33 

Emergency & Special Projects Fund 5,000 1,695.25 

Facsimile Reprints in Herpetology 2,000 0 

Grants-in-Herpetology 1,000 2,512.00 

Herp Circulars 2,800 2,897.02 

Herpetological Conservation 0 1,153.75 

Herpetological Review 
(including editor's expenses) 

18,000 20,870.97 

Journal of Herpetology 
(including editor's expenses) 

64,342 61,244.15 

Publications Secretary 15,000 14,241.50 

Secretary 1,800 509.37 

Treasurer 7,700 9.490.83 

Total 1994 Budget 	$144,142.00 $131,694.30 

Kennedy Student Award Committee 
Annual Report — 1995 

The Kennedy Award Committee has completed its work for 
Volume 28 of the Journal of Herpetology. The Committee has 
selected "Growth Rate and Survival in Relation to Relative Head 
Size in Vipera berus" by Anders Forsman. Mr. Forsman carried 
out this work as a doctoral candidate in the Department of Zool-
ogy, Uppsala University, Uppsala, Sweden. The dissertation su-
pervision was directed by Staffan Ulfstrand. After a year of 
postdoctoral studies with Richard Shine in Australia, Anders 
Forsman is back in the Department of Zoology at Uppsala Uni-
versity as an Assistant Professor. He is currently investigating 
color polymorphism in adders, lizards, and grasshoppers. 

Twenty manuscripts were in competition this year. The Com-
mittee noted the high quality of the submitted papers. 

KEN R. MARION, Chair 
Kennedy Student Award Committee. 

Seibert Award Winners for 1995 Announced 

The fourth annual Seibert Awards were presented at the 38th 
Annual Meeting of the SSAR in Boone, 8-12 August 1995. These 
awards are named in honor of Henri C. Seibert, an early and tire-
less supporter of SSAR (having served as an officer for over 20  

years). The awards recognized outstanding student presentations 
at the annual meeting. There were 36 presentations eligible. 

The winners.—Steven Poe (First Award), Department of Zool-
ogy and Texas Memorial Museum, University of Texas at Austin 
("Phylogenetic systematics of the Crocodylia: An integrative ap-
proach"); Richard E. Anderson (Second Award), Department of 
Biological Sciences, Southeastern Louisiana University ("Sys-
tematics of the polytypic species Coluber constrictor"). 

Honorable Mention (in no particular order).—J. R. Bodie (Sa-
vannah River Ecology Lab, University of Georgia), K. R. Smith 
(Department of Biological Sciences, Southeastern Louisiana Uni-
versity), and V. J. Burke (Savannah River Ecology Lab, Univer-
sity of Georgia): "A comparison of diel nest temperature and nest 
site selection for two sympatric species of freshwater turtles." 
Dana A. Soehn and Edwin D. Michael (Division of Forestry, West 
Virginia University): "Salamander abundance in small clearcuts." 

The judges were Ellen Censky (Carnegie Museum), Rafael de 
Sa (University of Richmond), Lynnette Sievert (Maryville Col-
lege), and Norm Scott, Chair (National Biological Service). 

Items Needed for SSAR Auction 

Joe Collins will be conducting the SSAR auction during the 
annual meeting at the University of Kansas in July 1996. All pro-
ceeds from the auction go to the SSAR treasury, and help to con-
tinue the production of diverse publications and services which 
has made the SSAR the largest professional herpetological soci-
ety in the world. Items of value as well as those that lend them-
selves to humor are always welcome. Joe is skilled at removing 
large quantities of cash from auction participants through the ju-
dicious use of beer and plastic. Anyone wishing to donate auction 
items in advance should send them directly to: Joseph T. Collins, 
Natural History Museum, The University of Kansas, Lawrence, 
Kansas 66045-2454, USA. 

SSAR Student Travel Awards 

The first annual SSAR Student Travel Awards were presented 
at the SSAR meeting in Boone, North Carolina. The winners were: 
Christopher Binckley, Paul Buttenhoff, Brian Butterfield, Michael 
Gallagher, Andrew Gluesenkamp, Karen Graham, Steve Johnson, 
Kimberly Naklicki, Karan Schnuelle, and Sue Simon. Congratu-
lations to all. 

The SSAR Student Travel Awards Committee wishes to thank 
the following people for their donations to the Frameable Art Si-
lent Auction: Kraig Adler, Robert Aldridge (SSAR), Ronald Altig, 
Patty Barber, Bern Bechtel, Betty Bechtel, Martin Capron, Carib-
bean Conservation Corp., Pablo Delis, David Dennis, Kenneth 
Dodd, David Hardy, Dan Holland, Jim Horton, Barbara Kermeen 
(AVM), Dan Keyler, Julian Lee, Ernie Liner, J. Kelly McCoy, 
Roy McDiarmid (USNM), Samuel McDowell, Margo McKnight, 
Anne Meylan, Peter Meylan, Jerry Reynolds, Alan Savitzky, 
Norman Scott, Larry Settle, Jeffery Tamplin, and Bradford Winn. 

SSAR Student Travel Awards Fundraiser 
Call For Donations 

At the 1995 SSAR meetings in Boone, North Carolina, the 
SSAR Student Travel Awards Committee introduced its second 
annual Frameable Art Silent Auction to raise funds for students 

170 	 Herpetological Review 26(4), 1995 



attending and presenting papers at the 1996 meeting in Lawrence. 
The outcome of this year's silent auction was especially positive, 
with over $1700 raised. On behalf of SSAR and the Student Travel 
Awards Chair, Dawn Wilson, thanks to all who participated. Hop-
ing to continue this successful tradition, the Student Travel Awards 
Committee is pleased to announce the third annual frameable art 
silent auction to be held at the 1996 SSAR meeting in Lawrence. 
Acceptable donations include: photos of your study animal (or 
herpetologists!), line drawings, prints, paintings, or anything that 
can be put into a frame, if not framed already. If you are inter-
ested in donating an item please contact: John Lee, Savannah River 
Ecology Laboratory, Drawer E, Aiken, South Carolina 29802, 
USA; teL 803-725-5873; e-mail: LEE@SREL.EDU.  

HR Miscellany 

Effective immediately, Herpetological Review will publish e-
mail addresses for authors of articles and notes. Authors are re-
quested to include an e-mail address, if available, along with their 
postal address on all material submitted for publication in HR. 

We have a continuing need for herpetological art work for pub-
lication in HR. Original drawings should be of a scale that would 
permit reduction to approximately 30 x 90 mm or smaller. Of 
particular interest are drawings of material for which locality data 
or museum catalogue numbers are available; this information 
should be included with the drawings. Original art (or good qual-
ity copies) should be packaged to ensure safe delivery and sent to 
the Editor (address on inside front cover). 

NEWSNOTES 

Southwestern Research Station 
Positions And Grants For 1996 

VOLUNTEERS—Approximately 20 volunteer positions are 
open in 1996 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 
evaluation of their career goals. 

Volunteers are needed between March 15 and November 1. 
Appointments are for part of this period, with a minimum ap-
pointment of six weeks. Applicants for spring positions (March–
May) should submit applications by February 15, summer volun-
teers (June–August) by April 1, and fall volunteers (September–
November) may apply any time. 

For applications, write: Dr. Wade C. Sherbrooke, Director, 
Southwestern Research Station, American Museum of Natural 
History, Portal, Arizona 85632 USA; tel. and fax 520-558-2396. 

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, NY 10024-5192, 
USA. Application due date: February 15, 1996. Address ques-
tions concerning the Station to: Dr. Wade C. Sherbrooke, Direc-
tor, Southwestern Research Station, Portal, Arizona 85632 USA; 
tel. and fax 520-558-2396. 

SEASONAL OFFICE ASSISTANT—Assist in operations of 
biological research station office and nature shop: taking reserva-
tions, answering phones, greeting guests, supervising volunteers, 
etc. Begin March 15, 1996, through September 1996. Five-day 
week; salary $190/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. 

Graduate and Post-Graduate Research Grants 

The Biological Research Station of the Edmund Niles Huyck 
Preserve offers grants (max. = $2500) to support biological re-
search which utilizes the resources of the Preserve. Among the 
research area supported are basic and applied ecology, animal 
behavior, systematics, evolution, and conservation. The 2000 acre 
Preserve is located on the Helderberg Plateau, 30 miles south-
west of Albany, New York. Habitats include northeast hardwood-
hemlock forests, conifer plantations, old fields, permanent and 
intermittent streams, 10 and 100 acre lakes, and several water-
falls. Facilities include a wet and dry lab, library, and houses/ 
cabins for researchers. Deadline = 1 February 1996. Application 
material: Dr. Richard L. Wyman, Executive Director E.N. Huyck 
Preserve and Biological Research Station, P.O. Box 189, 
Rensselaerville, New York 12147, USA. 

Reptilia 

A new bimonthly magazine devoted to reptiles and amphib-
ians is being published. Reptilia is the only herp magazine pub-
lished in Spanish for herpetoculturists. 

The main objectives of Reptilia are to spread information about 
the diverse aspects involved in keeping terrarium animals; to 
report on their natural history and thus facilitate the understand-
ing of their needs; to encourage breeding; to give credible and 
easily understood veterinary information to amateurs and pro-
fessionals alike; to offer information about legislation and regu-
lation; to demythologize the world of these animals through 
knowledge of their relationship to different cultures; and to serve 
as a medium through which all interested parties can communi-
cate. For more information contact: Reptilia, Muntaner 88, 5° 
la, 08011 Barcelona, Spain. Fax (93) 280 64 94. 
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International Hylid Society 

The International Hylid Society is a new organization dedicated 
to treefrog enthusiasts worldwide. Membership is open to any-
one with an interest in treefrogs. This includes anyone from the 
pet-keeper to the professional herpetologist. The focus of the or-
ganization is on treefrogs—not just those of the family Hylidae-
but any of the many "treefrog" species throughout the world. This 
is a non-profit organization that serves as a resource and informa-
tion exchange center to benefit the members and the well being 
of the treefrog species they keep or study. 

Members will receive The Bulletin of the International Hylid 
Society on a quarterly basis. This will contain articles on a variety 
of topics such as species profiles, husbandry techniques, breed-
ing information, vivarium construction, insect culturing methods, 
up-to-date information from several zoos, hard-to-find interna-
tional articles, various tips and ideas on a variety of subjects. The 
Bulletin will also include classified ads (free to members), a 
breeder directory, and full color photos. 

Volume 1 Number 1 will be published Jan/Feb 1996. We are 
currently accepting article and photograph submissions. Classi-
fied ads are also being accepted. Membership is US $15.00 per 
year. If you would like your name to appear in the breeder direc-
tory along with the species you work with, please include the 
scientific name(s) of those species. This directory will be made 
available to members only. Please make check or money order 
payable in U.S. funds to: The International Hylid Society, and 
send it with your postal information to: William Brown, do Am-
phibian Conservation and Research Center, 1423 Alabama St., 
Lafayette, Indiana 47905, USA. Tel. (317) 742-5331; e-mail 
102436.2415 @ compuserve. com  

LEGISLATION & CONSERVATION 

Call for information on the status of amphibians and reptiles. This col- 
umn serves to update the herpetological community on the regulatory 
status and protection measures implemented for rare, threatened, and 
endangered herps. We are in need of more information especially on the 
State and Province level. Please send pertinent information to the Sec-
tion Editor. 

USA: The U.S. Fish and Wildlife Service is seeking public com-
ments on a proposal to list the frog guajon (Eleutherodactylus 
cooki) as threatened on the the Federal list of threatened and en-
dangered species. This frog is found only on the island of Puerto 
Rico, where it is known only from the Pandura Mountain range 
in the extreme southeastern part of the island. No critical habitat 
will be proposed for the species. Comments should be submitted 
to the Supervisor, U.S. Fish and Wildlife Service, Caribbean Field 
Office, P.O. Box 491, Boqueron, Puerto Rico 00622, USA. (In- 
formation summarized from a USFWS News Release, dated 2 
October 1995). 

USA: U.S. Fish and Wildlife Service: The Director of the US-
FWS signed a new "Policy on Candidate Assessment and Peti-
tion Management Under the Endangered Species Act" (19 July 
1995). This policy changes the Service's designation of candi-
dates for listing pursuant to the Act. As of 19 July, the term "can- 

didate" means only those species for which the Service has suffi-
cient information indicating that listing may be appropriate (i.e., 
species that were previously known as category 1 candidates). 
Species formerly known as category 2 candidates will now be 
referred to as "species at risk." (Information summarized by Cindy 
Schultz, USFWS). 

USA: The U.S. Fish and Wildlife Service was petitioned on 23 
May 1995 by the Environmental Protection and Information Cen-
ter of Garberville, California, and ten co-petitioners including the 
Sierra Club and the California Sportfishing Alliance, to list the 
southern torrent (formerly Olympic) salamander (Rhyacotriton 
variegatus), as threatened. On 29 June 1995, USFWS published 
a "90 day finding" in the Federal Register stating that the petition 
has merit, thus initiating a one year status review period in which 
to gather additional information. The southern torrent salamander 
resides in headwater habitats of conifer-dominated, usually ma-
ture and old-growth forests from north central Oregon to north-
western California. This salamander is patchily distributed and is 
found along cold, clear, highly oxygenated waters. Adults have 
low fecundity and low vagility; larval metamorphosis requires 4-
5 years. These natural history attributes make this species highly 
susceptible to perturbations which increase sedimentation and raise 
water temperatures. Comments and concerns should be addressed 
to: Ann Chrisney, USFWS, 2800 Cottage Way, Room E-1803, 
Sacramento, California 95225-1846, USA. (Information provided 
by Hart Welsh, Redwood Sciences Laboratory, 1700 Bayview 
Drive, Arcata, California 95521, USA). 

CITES: The U.S. Fish and Wildlife Service approved the export 
from the U.S. of American alligators (Alligator mississippiensis) 
harvested during 1995-1997 harvest seasons from certain states 
previously approved for such export for the 1992-1994 seasons 
(AL, FL, GA, LA, MS, SC, TX) and Arkansas, which was previ-
ously approved for the 1994 harvest season. The approval stipu-
lates that monitoring procedures previously established be con-
tinued and states the manner in which tags are to be attached to 
the hides at the time of export and the conditions for export of 
parts and products. (Federal Register, 21 August 1995). 

USA: U.S. Fish and Wildlife Service: The USFWS has received 
a petition for a rule to list southern California populations of the 
mountain yellow-legged frog (Rana muscosa) under the Endan-
gered Species Act. The petitioners state that the best current sci-
entific evidence indicates that the southern populations of this 
frog constitute a distinct taxonomic unit separate from frog popu-
lations inhabiting the Sierra Nevada mountain range. The peti-
tion was submitted on 10 July 1995 and places response require-
ments on the USFWS. For more information contact: Biodiversity 
Legal Foundation, P.O. Box 18327, Boulder; Colorado 80308-
1327, USA. 

USA: Alabama: Alabama has initiated a Herpetological Atlas 
project and is looking for participants. The goal is to have as many 
volunteers in as many areas of the state as possible. For further 
details on how to get involved contact: Alabama Natural Heri-
tage Program, P.O. Box 301455, Montgomery, Alabama 36130-
1455, USA. Tel. (334) 242-3033. 

KURT BUHLMANN 
SSAR Conservation Committee. 
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A New Book from the Society for the Study of Amphibians and Reptiles 

Contributions to 
West Indian Herpetology 
A volume edited by ROBERT POWELL and ROBERT W. HENDERSON 

With a foreword by 
THOMAS W. SCHOENER 

THIS NEW BOOK (with contributions by 59 authors from the 
United States, Europe, and the West Indies) provides an intro- 

duction to Antillean herpetology, including a history of West Indian 
herpetology, an updated checklist of the herpetofauna (including full 
literature citations for the original descriptions of all 622 species), 
and a section of COLOR PLATES illustrating representatives of all 
genera of native West Indian amphibians and reptiles. Also included 
are papers providing a broad view of current herpetological research 
in the West Indies (with a strong emphasis on field-oriented projects). 
All research chapters are abstracted in English, Spanish, and French. 

Authors: 
Kraig Adler 
Karen Anderson 
Antonio Aponte 
Karen A. Bjorndal 
Javier Blanco 
Alan B. Bolten 
Robert W. Bourgeois 
Patricia A. Burrowes 
Marguerite A. Butler 
Ellen J. Censky 
Mark L. Day 
C. Kenneth Dodd, Jr 
William E. Duellman 
Harold A. Dundee 
Richard Franz 
Joel Friesch 
Harry W. Greene 
Carla Ann Hass 
S. Blair Hedges 
Robert W Henderson 
Duncan J. Irschick 
Thomas A. Jenssen 
Rafael L. Joglar 
Hinrich Kaiser 
Rhema Kerr 
James Lazell 

Julian C. Lee 
Lori A. Lenart 
Allen R. Lewis 
Pamela T Lopez 
Jonathan B. Losos 
John D. Lynch 
Walter E. Meshaka, Jr. 
John C. Murphy 
Richard Nelson 
Jose A. Ottenwalder 
John S. Parmerlee, Jr. 
Robert Powell 
Douglas P. Reagan 
Neftali Rios 
Javier A. Rodriguez-

Robles 
Jonathan Roughgarden 
Richard A. Sajdak 
Gloria Santana 
Andreas Schubert 
Michael E. Seidel 
Jose Sepulveda 
Sharoni Shafir 
Donald D. Smith 
Scott P. Sowell 
Margaret M. Stewart 
Richard Thomas 
Rebecca L. Thompson 
Roger S. Thorpe 
Grissell Tirado 
Peter J. Tolson 
Daniel S. Townsend 
Peter Vogel 
R. Allan Winstel 

Specifications: 460 pages, 31 black-and-white photographs, numerous figures, 8 color plates (71 photographs), index to 
scientific names. Format 8 1/2  x 11 inches (21.5 x 28 cm). Clothbound. To be issued March 1996. ISBN 0-916984-37-0. 

Prices: SSAR members before publication . . . .US$40 • Institutions and Non-members 	$60 
Shipping: In USA, add $2; non-USA, add $4. 

Send orders to: Robert D. Aldridge, SSAR Publications Secretary, Department of Biology, St. Louis University, 3507 
Laclede Avenue, St. Louis, Missouri 63103, USA (Telephone: area code 314, 977-3910 or —3916; fax: 314, 977-3658; 
e-mail: SSAR@sluvca.slu.edu).  Make checks payable to "SSAR." Overseas orders must be paid in USA funds using a draft 
drawn on American banks (include an additional amount to cover bank conversion charges) or by International Money 
Order. All persons may charge orders to MasterCard or VISA (please provide account number and expiration date). 
Details concerning membership in SSAR and a complete list of Society publications can be obtained on reauest to Dr. Aldridae. 



MEETINGS 

Meetings Calendar 

12-14 April 1996—Minton Symposium, Indiana Academy of 
Sciences, Indiana University/Purdue University Conference Cen-
ter, Indianapolis, Indiana, USA. Refer to meeting announcement 
in this issue for details. 

Mid-April 1996-2nd International Conference on the Biology 
and Conservation of the South Asian Amphibians and Reptiles, 
University of Peradeniya. Contact: Anslem de Silva, Conference 
Director, Faculty of Medicine, University of Peradeniya, Sri 
Lanka. Tel. 94-08-88130. Fax 94-08-32572. 

13-19 June 1996-76th Annual Meeting, American Society of 
Ichthyologists and Herpetologists, together with the 44th Annual 
Meeting of The Herpetologists' League, New Orleans, Louisi-
ana, USA. Hosted by the University of New Orleans. Deadline 
for receipt of abstracts 1 April 1996. Contact: Dr. Bob Cashner, 
ASIH Local Committee Chair, Dept. Biological Sciences, Uni-
versity of New Orleans, New Orleans, Louisiana 70148, USA. 
Tel. (504) 286-6741; fax (504) 286-6121; E-mail 
RCCBS@UNO.EDU  

24-29 July 1996-39th Annual Meeting, Society for the Study 
of Amphibians and Reptiles. Hosted by The University of Kan-
sas, Lawrence, Kansas, USA. Refer to meeting announcement in 
this issue for details. 

20-24 August 1996-2nd International Symposium and World 
Congress on the Preservation and Conservation of Natural Sci-
ence Collections: "Natural Science Collections—A Resource for 
the Future." To be held at St. John's College, Cambridge, U.K. 
Contact: Chris Collins, Natural Sciences Congress '96, Geologi-
cal Conservation Unit, Department of Earth Sciences, Downing 
Street, Cambridge, CB 2 3EQ, United Kingdrom. Tel. (0223) 
62522; fax (0223) 60779. 

British Herpetological Society Meetings for 1996 

The British Herpetological Society has released a preliminary 
timetable for meetings during 1996. Further details concerning 
time and venue for most of these meetings will be published in 
the BHS Bulletin as soon as they become available. Additional 
information concerning meetings or membership may be obtained 
by correponding with: The Secretary, British Herpetological So-
ciety, do Zoological Society of London, Regent's Park, London 
NW1 4RY, U.K. 

1. Herpetofauna Recorders Meeting (HRM) (early February; 
Edinburgh probable site). 

2. Annual General Meeting, Birkbeck College, London (23 
March). Speakers include Dr. Susan Evans: "Origin, evolu-
tion and diversification of lizards;" Colin Fitzsimmons: "The 
role of the BHS Education Officer." 

3. London Zoo Day (30 March). 
4. Conservation & Education Event, Jersey Zoo (4-5 May). 
5. Visit to Beam Brook (mid-May).  

6. Captive Breeding Meeting (i) (25 May). 
7. Captive Breeding Meeting (ii) (20 July). 
8. Captive Breeding Meeting (iii) (12 October). 
9. Autumn General Meeting, Birkbeck College, London (26 

October). Speakers include Prof. J. Davenport: "Intertidal 
Madeiran lizards—miniature marine iguanas;" Dr. M.R.K. 
Lambert: "Herpetofauna as bioindicators to assess environ-
mental impact of a pesticide spill in Somaliland." 

10. Captive Breeding Open Day, New Denham (9 November). 
11. Research Meeting, Birkbeck College, London (7 December). 

New York Turtle & Tortoise Society Meetings 

The New York Turtle & Tortoise Society has established the 
following meeting schedule for early 1996: 21 January, 18 Feb-
ruary, 17 March, and 21 April. Meetings are held at the American 
Museum of Natural History (Room 319) in New York. For fur-
ther information contact: NYTTS, P.O. Box 878, Orange, New 
York 07051, USA. Tel. (212) 459-4803; E-mail 
asalzberg@aol.com  

SYMPOSIUM IN HONOR OF 
DR. SHERMAN A. MINTON, JR. 

12-14 April 1996, Indianapolis, Indiana 

rrhe Indiana Academy of Sciences is sponsoring a Sym- 
1 posium in April of 1996 in honor of Sherman A. 

Minton, Jr. on the occasion of the publication of his revi-
sion of the Amphibians and Reptiles of Indiana. The sym-
posium will be held 12-14 April 1996 in Indianapolis at the 
Indiana University/Purdue University Conference Center. 
Dr. Minton is well known for his work on venomous rep-
tiles, the reptiles of Pakistan, the regional herpetology of 
the midwest, and popular books on herpetology. 

The Symposium will include a Friday evening (12 April) 
dinner featuring Whit Gibbons as the after dinner speaker. 
The morning program of the Saturday Conference (13 April) 
will focus on the career of Dr. Minton with talks by Carl 
Gans (Minton's work on the reptiles of Pakistan), David 
Hardy (pitviper bites), Bernard Bechtel (abnormalities in 
reptiles), and Harold Voris (venomous sea snakes). The af-
ternoon session will focus on "Hoosier Herpetology" and 
the publication of Minton's revision of his classic mono-
graph on the herpetofauna of Indiana; biologists working 
on the amphibians and reptiles of Indiana will present brief 
overviews of their research and provide a perspective on 
herpetological research in Indiana today. On Sunday (14 
April) there will be optional field trips. 

For registration information, contact: Harriet A. Rodenberg 
(Minton Conference), University Place, Conference Center 
and Hotel, 850 West Michigan Street, Indianapolis, Indiana 
46202-5198, USA. Tel. 317-274-5053; Fax: 317-274-3878; 
e-mail: hrodenbe@indycmslupui.edu  
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CURRENT RESEARCH 

The purpose of Current Research is to present basic summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a wide variety of taxa and topics. To 
ensure that the coverage is as broad and current as possible, authors are 
invited to send reprints to the Current Research section editor: Breck 
Bartholomew, 195 West 200 North, Logan, Utah 84321-3905, USA; e-
mail: breckbarth@aol.com.  Comments and suggestions are also welcome. 

Snake Systematics and Evolution 

Using three different types of taxonomic characters, Murphy et 
al. examined the rattlesnakes Crotalus ruber and C. exsul. The 
two species differed by a single nucleotide in the 297 base cyto-
chrome b gene sequenced and in the allelic frequency of one (of 
29) allozymes. The authors recommend the two species be con-
sidered a single species, C. exsul, consisting of three subspecies, 
C. e. exsul, C. e. ruber, and C. e. lorenzoensis, the latter being 
restricted to the Isla San Lorenzo Sur population. 

By sequencing the cytochrome oxidase I (COI) region of the 
mtDNA, Wuster and Thorpe found a cryptic species of Asiatic 
spitting cobra, Naja siamensis. This cryptic species is an impor-
tant cause of snakebite in Thailand and the authors urge compari-
sons of venom composition and antivenin between this species 
and Naja kaouthia to ensure optimal snakebite treatment. 

One species or two? Top: Crotalus exsul (Mexico: Baja California: 
Isla Cedros). Bottom: Crotalus ruber (Mexico: Baja California: Bahia 
de los Angeles). Photos by Louis Porras. 

MURPHY, R. W., V. KOVAC, 0. HADDRATH, G S ALLEN, A. FISHBEIN, AND N. 
E. MANDRAK. 1995. mtDNA gene sequence, allozyme, and morpho-
logical uniformity among red diamond rattlesnakes, Crotalus ruber 
and Crotalus exsul. Can. J. Zool. 73:270-281. 

Naja siamensis, a newly described species of Asiatic spitting cobra, 
occurs in two color phases. Top: Uniformly brown morph from Khok 
Samrong District, Lop Buri Province, Thailand. Bottom: Black-and-white 
morph from Ta Khli District, Nakhon Sawan Province, Thailand. De-
spite these stunning color differences, the authors found no differences 
in cyctochrome oxidase subunit I sequence. Photos by Wolfgang Wuster. 

In another paper, Whster et al. compare morphology and mtDNA 
sequences to determine the population systematics of Asiatic co-
bras. The distribution of four Naja species are mapped and many 
problematic populations are resolved. The usefulness of the COI 
region of mtDNA is discussed. 

WUSTER, W., AND R. S. THORPE. 1994. Naja siamensis, a cryptic species 
of venomous snake revealed by mtDNA sequencing. Experientia 
50:75-79. 

WOsTER, W., R. S. THORPE, M. J. Cox, P. JINTAKUNE, AND J. NABHITABHATA. 
1995. Population systematics of the snake genus Naja (Reptilia: 
Serpentes: Elapidae) in Indochina: Multivariate morphometrics and 
comparative mitochondria' DNA sequencing (cytochrome oxidase I). 
J. Evol. Biol. 8:493-510. 

A new snake genus, Xenophidion, as well as two new species 
were recently described by Gunther and Manthey. Xenophidion 
is regarded as a distinct evolutionary lineage, presumably of the 
Colubridae. It is distinguished from all other snakes by "the posi-
tion and shape of the palatine process and with it the anterior 
connection between the maxilla and palatine, the broad and long 
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ectopterygoid process of the maxilla, the form of the anterior 
dentary with an enlarged caniniform tooth, as well as the pholidosis 
on the head." The authors plan to compare Xenophidion to snakes 
representing all existing families and subfamilies to determine its 
systematic position. 

GUNTHER, R., AND U. MANTHEY. 1995. Xenophidion, a new genus with 
two new species of snakes from Malaysia (Serpentes, Colubridae). 
Amphibia-Reptilia 16(3):229-240. 

Jackson and Fritts examined tooth surface morphology of sev-
eral colubrid and elapid snakes to determine the origin of the 
proteroglyph fang. The authors propose that ridges on the poste-
rior maxillary teeth have rotated to form a hollow fang in 
opisthoglyphous snakes. The morphology of opisthoglyph and 
proteroglyph fangs appears to be homologous, suggesting a pos-
terior maxillary origin for the proteroglyph fang. 

JACKSON, K., AND T. H. FRrrrs. 1995. Evidence from tooth surface mor-
phology for a posterior maxillary origin of the proteroglyph fang. 
Amphibia-Reptilia 16(3):273-288. 

North American Tortoises 

The effect of precipitation, average maximum temperature, and 
average minimum temperatures on the growth rate of the four 
species of North American tortoises was examined in a recent 
paper by Germano. His preliminary analysis suggests that these 
environmental factors are not the main determinants of growth in 
tortoises. In addition, growth rates were used to determine the 
mean age at maturity for each of the four species. 

GERMANO, D. J. 1994. Growth and age at maturity of North American 
tortoises in relation to regional climates. Can. J. Zool. 72:918 -931. 

Unpublished reports state the desert tortoise, Gopherus 
(=Xerobates) agassizii, has experienced dramatic declines during 
the last 100 years. These reports were important to the U.S. Fish 
and Wildlife Service decision to list G. agassizii as threatened. In 
reviewing the data in these reports, and additional information, 
Bury and Corn failed to find any evidence of the presumed dense, 
wide-spread historical populations. Using this example the au-
thors stress the use of peer-reviewed data in formulating manage-
ment decisions. 

BURY, R. B., AND P. S. CORN. 1995. Have desert tortoises undergone a 
long-term decline in abundance? Wildl. Soc. Bull. 23(1):41-47. 

Amphibian Systematics and Evolution 

Riehl and colleagues used micro-complement fixation (MC'F) 
to clarify the relationships among some Palearctic hylid frogs of 
the genus Hyla. The groups distinguished by MC'F are consis-
tent with patterns of speciation that can be supported by biogeo-
graphical history. 

RIEHL, C. J., J. T. LELL, AND L. R. MAXSON. 1995. Relationships among 
Paleartic Hyla: Insights from immunology. Biochem. Syst. Ecol. 
23(3):245-249. 

DNA sequences of the conservative 12S and 16S ribosomal 
RNA genes were used to develop a phylogeny for amphibian 
higher classification. The monophyly of the three amphibian or-
ders and two anuran suborders (Neobatrachia and 
Archaeobatrachia) are supported by the data. Relationships be-
tween familes are also discussed, although within Caudata, fam-
ily relationships are not resolved at significant confidence levels. 

HAY, J. M., I. RuviNsicy, S. B. HEDGES, AND L. R. MAXSON. 1995. Phyloge-
netic relationships of amphibian families from DNA sequences of mi-
tochondrial 12S and 16S ribosomal RNA genes. Mol. Biol. Evol. 
12(5):928-937. 

Phylogenetic relationships within the salamander family 
Salamandridae were examined using both DNA sequences and 
morphology. The two data sets were highly congruent. Mono-
phyly of the family is supported, however some of the genera 
within the family are found to be paraphyletic. 

TITUS, T. A., AND A. LARSON. 1995. A molecular phylogenetic perspective 
on the evolutionary radiation of the salamander family Salamandridae. 
Syst. Biol. 44(2):125-151. 

Amphibian Parasites 

Vojtkova and Roca review the trematode parasites found in Eu-
ropean anurans. They found that 49 species of adult Digenea and 
39 species of larvae have been recorded from 16 species of 
anurans. These data are presented in several tables, and are di-
vided by the parasites recorded for each species of anuran, geo-
graphic distribution, as well are the organ parasitized. An impor-
tant list of references is also provided. 

VOJTKOVA, L., AND V. RocA. 1994. Parasites of the frogs and toads in 
Europe. Part II: Trematoda. Rev. Esp. Herp. 8:7-18. 

Drought Ecology 

Germano et al. discuss the effect of a one-year drought on the 
behavior and reproduction of a population of Gambelia sila. Dur-
ing the drought adults were not found above ground and did not 
breed. Yearling lizards, however, were found above ground. The 
authors consider three hypotheses to account for the response of 
these iteroparous lizards to drought. 

GERMANO, D. J., D. F. WILLIAMS, AND W. TORDOFF III. 1994. Effect of 
drought on blunt-nosed leopard lizards (Gambelia sila). Northwest. 
Nat. 75:11-19. 

Quantitative Genetics 

The heritability of locomotor speed and endurance were deter-
mined for a population of the lizard Lacerta vivipara. Heritabil-
ity was low for speed but high for endurance and the authors found 
no evidence for a trade-off between the two characters. The au-
thors discuss their data with respect to the hypothesis of a genetic 
trade-off between speed and endurance. 

SORCI, G., J. G. SWALLOW, T. GARLAND, AND J. CLOBERT. 1995. Quantita- 
tive genetics of locomotor speed and endurance in the lizard Lacerta 
vivipara. Physiol. Zool. 68(4):698-720. 
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GRgENTR CKS 

announcement a paid non-political advertisement announcement 

Bill Lamar and George Gorman's 

GREEN TRACKS 
ECO-TOURISM WITH A HERPETOLOGICAL TWIST 

Amazonia Costa Rica Ecuador South Africa 

WANTED!! Herpetologists looking for exciting busman's holidays! 
University Groups Extension Classes 

Green Tracks is unique among ecotour companies in being owned and operated by herpetologists  

Bill Lamar is the co-author of the well known Campbell/Lamar monograph : 
The Venomous Reptiles of Latin America 

He has years of field experience in Amazonia, dating back to the early '70's when he began working 
with Federico Medem. He's a great field naturalist- a typical one week Green Tracks Tour out of Iquitos 
will lead to over 100 identified species of herps. 

George Gorman has recently joined with Bill as co-owner. George was a Professor of Biology at UCLA 
who has worked extensively in the West Indies and other island groups. He also went to law school, but 
we don't tell anyone. 

We have regular departures from Miami to Iquitos, Peru for Amazonian Boat expeditions; plus trips to 
Ecuador, Costa Rica and elsewhere. Currently planning a South African herpetotour for August '96 in 
conjunction with Bill Branch . 

Of course, we would welcome readers of Herpetological Review to join us on a trip - 

but the main motivation for this announcement is 
to get you to think about how your institution might work with us 

Extension courses; Field biology semesters; Tropical Ecology 

Green Tracks has led custom trips for the Vancouver Aquarium, the Denver Zoo, National Geographic 
etc. We offer great natural history tours in a relaxed and friendly atmosphere. 

Contact us and let's work on a customized tour. 

for a list of upcoming trips call 1-800-9Monkey 
fax 510 527 7087 email paganda@ix.netcom.com  
Greentracks P.O. Box 9516 Berkeley California 94709 
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LETTER TO THE EDITOR 

The Last Word 

The response to my cladistics article, both in volume of pub-
lished pages and in prestige and scholarly standing of respondents, 
was heartening. I am particularly pleased that Peter Meylan insti-
gated discussions of my paper with Henry Mushinsky's herpetol-
ogy discussion group at USF, and delighted to hear also from Wayne 
King that the paper had been circulated to participants in the OF 
herpetology course for review and discussion. My purpose was to 
stimulate thought by providing an unequivocal counterpoint to cla-
distic dogma, and I could not have asked for a more gratifying 
response, even though the four responses included few words of 
praise. I take heart from the fact that, of the many dozens of spe-
cific points and criticisms I raised, only isolated ones were selected 
for response. But whether the many unchallenged points are in-
deed unanswerable is for others to judge. 

Reading the responses and pondering their messages, I actually 
find less fundamental disagreement than might be anticipated. Dr. 
Kluge selected a defense of the principle of parsimony as his theme, 
although I wish he had been less theoretical and instead had given 
some concrete examples. I remain convinced that an unbiased cladist 
might indeed place Galapagos and Aldabra tortoises in a single 
Glade. But the truth is that I obviously do not reject commonsense 
use of parsimony or identification of shared derived features, nor 
does Dr. Kluge portray these as paths to absolute truth. We just lie 
at different points on a continuum. Where our philosophies diverge 
is as follows: I concede that any and all approaches to systematics 
use a form of commonsense cladism, by identification of obvious 
synapomorphies. The African and Indian elephants, although ge-
nerically distinct, obviously form a Glade separate from other ex-
tant taxa (although including numerous extinct forms), and it doesn't 
take a computer analysis to conclude that large ears, tusks, trunk, 
giant size, etc. are, in this case, indicative of genuine relationship. 
I also acknowledge that "commonsense" conclusions based upon 
morphology can be disturbed or even reversed by genetic or mo-
lecular data. Kluge's thesis is that far more refined taxonomic con-
clusions (or hypotheses) can be made by consideration of more 
and finer-grained characters and by subjecting the data gathered to 
computer analysis. My conclusion, by contrast, is that there is a 
point where common sense and "gestalt cladism" ends, and that 
this is where one should stop. Too many events—ranging from 
uncertain character polarity, to dubious sister-group selection, to 
excessive reliance upon the principle of parsimony to choose be-
tween ambiguous scenarios, to arbitrary or subjective character 
selection, to the phenomenon of parallel adaptive modifications in 
unrelated organisms generating, not one, but a suite of false shared 
derived characters—can intervene to make the more rarified ex-
tremes of cladism unlikely to show convergence with actual past 
events. Adherents claim that their hypotheses are testable, but this 
is not strictly true—an absolute test would require that the exist-
ence of "node" forms in the fossil record, and the characters that 
distinguish them, would be predicted and then confirmed by actual 
discovery. If, on the other hand, "nodes" have no real existence, 
past or present, and cladists do not even seek them, as Meylan has 
argued, then I suggest that they have no place in science. 

I found Darrel Frost's comments, that might be paraphrased "The 
man is DANGEROUS! He has a FOLLOWING! He must be 
STOPPED!" somewhat ad hominem in nature. Obviously I am 
happy that people read my stuff. Moreover, to disparage turtle hob- 

byists is unwise and unjust. The most dedicated ones provide an 
important counterpoint to theoretical systematists, in that they ac-
tually handle large numbers of specimens—living ones at that—of 
species that may be very poorly represented in museums, and they 
develop an "eye" for shades of regional variation—or even new 
species—that often elude those dependent upon available museum 
series. Indeed, the majority of new turtle taxa described in the last 
decade were discovered by hobbyists. Moreover, hobbyists' taxes 
help pay for publicly-funded turtle research, and this, I believe, 
gives researchers with government grants an obligation to make 
their findings comprehensible to an educated lay audience. 

But all good debates must come to an end, and the time comes 
when one must call for a vote. I start from behind—four resound-
ing "nay" votes were received by Hop. Review. But these must be 
weighed against fourteen written responses (I exclude numerous 
verbal messages of support) that reached me directly—and not from 
hobbyists, but in all cases from professional herpetologists and 
evolutionary biologists, all with instant name-recognition and stand-
ing within the professional community. Excerpts from some of these 
letters, all of which were supportive, are as follows: 

"This is the most heartening discourse I've ever read on the subject of 
cladistics, although you go where angels fear to tread. It is an expository 
gem, intelligible throughout (what a rarity in this subject's literature), 
thorough in treatment, disarmingly documented—a scholarly master-
piece." 

"Just a note to thank you for the wonderful article you obviously took 
great pains to prepare.... I had felt like a 19th century naturalist, isolated 
from scientific respectability with a tiny number of others, until I read 
your piece." 

"I've just read your article on cladism..., and found myself actually 
laughing aloud—sympathetically—while reading a professional contri-
bution. I heartily agree with your feelings, which you are certainly at 
pains not to disguise, and with your points, which are well made in-
deed." 

"Very much enjoyed your unClad attack.... Said things I always wanted 
to say, but didn't have the background. Good show!" 

"I don't know how long it has been since I enjoyed a scientific paper 
as much as I did your Cladism: The Great Delusion." 

"Thanks for the thoroughly enjoyable paper. This was salve for my 
soul, after so many confrontations with the cladistic police. Count me 
among the reactionary forces of numerical taxonomy downtrodden but 
sure to rise again.... Thanks for the breath of fresh air.... It is true that 
there has been a revolution in systematics, resulting in many new jour-
nals, many exciting conclusions, and a lot of stimulating debate. But this 
revolution isn't cladistics. Molecular systematics is a genuine 'new way 
of seeing,' and cladistic methodologies have not fared well in this arena." 

"Your recent article on cladism is passionate, reasoned and illuminat-
ing. I believe the voices of dissent are getting louder.... I suspect that 
cladism will never really disappear because it promises something that 
the new generation so badly desires—the promise of instant gratification 
and with it the bonus of innumerable opportunities to christen new names 
for old taxa." 

"The title of your article—the great delusion—could be taken one step 
further. Cladists now assign polarities to characters. These characters are 
then used to override their own computer pronouncements. The cladists 
are, therefore, no more than traditional morphologists in computer cloth-
ing. The problems your article raised about confusing opinion with fact 
need no more expansion to you." 

"We will overcome someday." 

Gentlemen (for no ladies voted)—it seems the ayes have it. 

PETER C. H. PRITCHARD 
Florida Audubon Society 
460 Hwy 436 #200 
Casselberry, Florida 32707, USA. 
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ARTICLES 

Age at Maturation, Body Size, and 
Life-History Evolution in the 

Salamander Family Plethodontidae 

Tilley and Bernardo (1993) have done herpetologists a great 
service in their review of life history evolution in the salamander 
family Plethodontidae. They are quite correct in their interpreta-
tion that our current understanding of plethodontid life history 
evolution is based more on traditional viewpoints (e.g., Dunn 
1926) than on real data. My intent in this paper is to supplement 
their suggestions on research directions in this family of sala-
manders. 

What are the Important Aspects of 
Plethodontid Life Histories? 

Because body size affects nearly every aspect of plethodontid 
evolutionary ecology (e.g., Hairston 1987; Tilley and Bernardo 
1993), I will focus on this key trait. I will argue that the primary 
influences on interspecific and intraspecific variation in body size 
are duration of the larval period and juvenile period. 

My arguments require several assumptions. First, while there 
are good reasons not to ignore the effects of egg size (e.g., Bernardo 
1991a, 1994), I do so only to simplify my arguments. Second, I 
assume that growth after maturation contributes negligibly to in-
terspecific variation in adult body size. At least for females, a 
significant component of energy formerly dedicated to growth is 
allocated to reproduction after maturity is attained (Hom 1988; 
Tilley 1980). This assumption may have less validity for males 
(Bruce 1993; Tilley 1980). 

Egg size effects aside, there are only four ways to change body 
size in an amphibian: change (1) larval growth rate; (2) juvenile 
growth rate; (3) duration of the larval period; and (4) duration of 
the juvenile period. I will argue that variation in plethodontid life 
histories is due primarily to the latter two, and variation in growth 
rate contributes negligibly to variation in life histories. 

For example, Desmognathus monticola attain a larger body size 
as adults than do D. ochrophaeus (Organ 1961). They do so pri-
marily by extending the length of the juvenile period; growth rate 
and egg size play less important roles (Bruce 1990). The result is 
an additional year of growth prior to maturity, with all the corre-
lated effects, e.g., increased clutch size and egg size (Bernardo 
1994; Tilley 1968). Extending the comparison to the largest spe-
cies in the genus, D. quadramaculatus, the larger size of this spe-
cies seems to be due to an increase in larval period, relative to D. 
monticola and D. ochrophaeus (Bruce 1988a). 

Changing the duration of the larval or juvenile period can also 
explain intraspecific variation in adult body size. Tilley (1973) 
specifically ascribed large body size of high elevation D. 
ochrophaeus (relative to low elevation conspecifics) to delayed 
maturity. The growth curves of Tilley (1980) document that the 
larger size of high elevation individuals is due to an additional 
year of growth as juveniles, with variation in growth rate contrib-
uting little to the difference in adult body size. In an elegant study, 
Bernardo (1994) convincingly demonstrated that this life history 
variation is due to genetic difference in maturation age and that 
growth potential does not differ between these populations. 

In order to determine whether this trend is a general one for the 
desmognathines, I used the data that Tilley and Bernardo pro- 

vided (their Table 1) to calculate approximate growth rates and 
evaluate the degree of interspecific variation in this trait (these 
rates should not be regarded as estimates of growth rate in natural 
populations). These rates are presented in Table 1. 

As a test of the utility of these estimates, I constructed a table 
that listed the contributions of hatching size, growth rates, and 
age at maturation to the difference in adult body size between D. 
monticola and southern D. ochrophaeus. This table was compared 
with that listed in Bruce (1990)—who used real animals—and 
the differences between my estimates and Bruce's appeared to be 
small enough (Table 2) to allow interpretation of growth rate data 
of Table 1. (Because Tilley and Bernardo's table used Bruce 
[1990], I removed any data attributable to this reference so that 
the estimates presented in Table 2 were as independent as pos-
sible. Thus, in constructing Tables 1 and 2, I used Juterbock [1984] 
as my primary reference for D. monticola. However, the only es-
timate of minimum age at maturity for this species is found in 
Bruce [1990]. Thus the two data sets present in Table 2 are not 
completely independent.) 

TABLE 1. Rates of growth estimated from Tilley and Bernardo (1993). 
Larval growth rate is calculated as 

(size at metamorphosis – hatching size) 

(age at metamorphosis). 
Juvenile growth rate is calculated as 

(size at maturity – size at metamorphosis) 

(age at maturity – age at metamorphosis). 

Data are medians taken from Tilley and Bernardo. Desmogathus aeneus 
and D. wrighti are direct-developers (Collazo and Marks 1989; Harrison 
1967; Organ 1961; Wake 1966). 

Species 	 larval growth rate juvenile growth rate 
(mm SVL/mo) 	(mm SVL/mo) 

Desmognathus quadramaculatus 	0.62 0.67 
Leurognathus marmoratus 	 0.59 1.08 
Desmognathus monticola 	 0.30 0.80 
Desmognathus fuscus (northern) 	0.63 1.17 
Desmognathus ochrophaeus (southern) 0.40 0.54 
Desmognathus aeneus 	 — 0.48 
Desmognathus wrighti 0.40 

The growth rates do not differ dramatically across taxa in the 
way one would expect if variation in growth rate is a significant 
component of interspecific variation in body size (Table 1). In 
addition, I used the growth rates present in Table 1, and the data 
on minimum SVL at maturity and minimum age at maturity from 
Tilley and Bernardo, to generate Pearson correlation coefficients 
among these traits. Larval growth rate was not correlated with 
SVL at maturity (r = 0.36, df = 3, P > 0.05); nor was juvenile 
growth rate (r = 0.59, df = 5, P > 0.05). However, age at maturity 
was positively correlated with SVL at maturity (r = 0.77. df = 5, 
P < 0.05). Thus, it appears that variation in body size in desmog-
nathine salamanders is most related to variation in maturation age. 
Maturation age is simply a function of the duration of the larval 
and juvenile periods. 

Does this pattern hold for the other groups of the plethodontids, 
i.e., the tribes Plethodontini, Bolitoglossini, and Hemidactyliini 
of the subfamily Plethodontinae? As noted by Tilley and Bernardo, 
there is little information concerning life histories in the 
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Plethodontini and Bolitoglossini, but dramatic variation in sev-
eral species of the Hemidactyliini has been well documented and 
suggests that the trend for the desmognathines also holds for the 
hemidactyliines. 

For example, the hemidactyline Gyrinophilus porphyriticus in 
the southern Appalachians exhibits variation in age at matura-
tion. In the Cowee, Nantahala, Balsam, and southern Blue Ridge 
Mountains, the larval period is 3-5 yr (Bruce 1980). In the 
Nantahala and Balsam Mountains and Cowee Mountains north-
west of Watauga Gap, G. porphyriticus individuals follow meta-
morphosis with a one year juvenile period, whereas those from 
the southeast Cowee Mountains and southern Blue Ridge Moun-
tains are mature at metamorphosis (Bruce 1972, 1978). The re-
sult of this accelerated maturation is smaller animals. Further, G. 
porphyriticus from the Great Smoky Mountains metamorphose 
at a small size (suggestive of a short larval period) but mature at a 
size comparable to the Northwest Cowee, Nantahala, and Balsam 
Mountain populations, suggesting an extended juvenile period 
(Bruce, unpubl. data). This indicates that geographic differences 
in adult body size in G. porphyriticus are due to variation in lar-
val period and juvenile period. 

Thus, a key question for researchers involves the relationship 
between larval period and juvenile period. A relationship usually 
exists between age at metamorphosis and age at maturation. How-
ever, the correlation is usually a spurious one: paedomorphs not-
withstanding, a long larval period is accompanied by a delay in 
maturation. There may be no correlation between length of the 
juvenile period and length of the larval period (for the species of 
Table 1: r = -0.23, df = 5, P > 0.05). While this analysis is based 
on only a few data, it suggests the hypothesis that age at matura-
tion and age at metamorphosis are free to evolve independently. 
Previously, Bruce (1989) suggested that the two factors are not 
tightly linked in desmognathine salamanders. The presence of 
paedomorphic hemidactyliines further supports this hypothesis. 

I suggest that the evolution of body size in plethodontids is 
largely a result of changes in age at metamorphosis and matura-
tion. I believe that a focus on questions that address variation in 
larval period and/or juvenile period is most likely to result in in-
formative work. A critical way to address these questions is to 
generate mortality schedules. 

Mortality Schedules and 
Life History Evolution in Plethodontids 

What are the causes of variation in age at maturation in the 
plethodontid salamanders? All other factors being held equal, life 
histories evolve when mortality schedules are varied 
(Charlesworth 1980; Schaffer 1974). For example, Charlesworth 
(1980) showed that when a delay in reproduction is associated 
with an increase in fecundity, e.g., via an increase in body size 
(the case for salamanders [Kaplan and Salthe 1979]), there is se-
lection for delayed maturation when early age mortality is in-
creased. Organ (1961) suggested the hypothesis that the mortal-
ity of more aquatic, stream-dwelling plethodontids (i.e., larger 
species) is higher early in life than in more terrestrial species (i.e., 
smaller species). If this hypothesis is correct, then high early life 
mortality can explain delayed maturation and large body size in 
aquatic plethodontids. 

Viewed in this context, the need for clear mortality schedules 
is outstanding. Currently, there are schedules of survival for only 
four species of plethodontids: D. ochrophaeus (Tilley 1980), D. 
fuscus (Danstedt 1975; Spight 1967), Plethodon jordani (Hair-
ston 1983), and Eurycea wilderae (Bruce 1988b). Some compari-
sons can be made among the life tables for these four species. For  

example, Bruce (1988b) noted that the most aquatic species (E. 
wilderae) has the highest early life mortality and shortest mean 
generation time, and the most terrestrial species (the direct-de-
veloping P. jordani) has the lowest early life mortality and long-
est mean generation time. 

TABLE 2. Comparison of two estimates of contributions to difference 
in adult body size between Desmognathus monticola and D. ochrophaeus. 
The estimate from this study is derived from median data taken from 
Tilley and Bernardo (1993). To facilitate this comparison the juvenile 
growth rate of D. monticola was assumed to be constant. 

Source of 
difference 

Bruce (1990) 

SVL (mm) 	% 

This study 

SVL (mm) 	% 

Hatchling size 2.4 13.8 3.20 15.6 
Age at maturation 11.5 66.1 13.45 65.6 
Growth 3.5 20.1 3.85 18.8 

Total 17.4 100.0 20.50 100.0 

However, more meaningful interpretations will result from life 
tables of groups of species that are closely related. For example, 
Organ (1961) provided life tables for five species of 
desmognathines that suggested that the more aquatic species suf-
fer higher mortality early in life than species that are more terres-
trial. However, Organ suggested that all the species he studied 
matured at the same time, and there is basis for reconsideration of 
his estimates (e.g., Bruce 1989). 

In generating their life tables, these workers assumed that mor-
tality in mature plethodontids is constant. A useful study would 
be one that tests this assumption, and new techniques for estimat-
ing the age of individuals (e.g., osteochrononlogy [Houck and 
Francillon 1988]) would help in this evaluation. 

Age at Maturation and Adaptive Radiation? 

While age at maturation is the primary determinant of adult 
body size in plethodontids, how is it related to other aspects of 
plethodontid evolution? I suggest that variation in age at matura-
tion is related to, at least, two phenomena that are important as-
pects of adaptive radiation: speciation and specialization. 

Bernardo (1991b) has suggested that because body size influ-
ences the distance moved after deposition of a spermatophore 
(Arnold et al. 1993), divergence in body size between popula-
tions can result in sexual isolation. There appears to be signifi-
cant sexual isolation between the northwest and southeast Cowee 
Mountain populations of Gyrinophilus porphyriticus and this iso-
lation appears to be due to population divergence in body size via 
differences in age at maturation (Beachy, in press). It seems ten-
able that much of the species diversity of the family is due to 
evolution of body size and the unique tail-straddle walk of the 
plethodontids. 

Phyletic shifts in body size have been associated with, and may 
be a cause of, major ontogenetic changes that produce profound 
new morphologies in amphibians (Hanken 1989). A spectacular 
example of how change in body size affects morphology, behav-
ior, and ecology is the tropical plethodontid genus Thorius (Han-
ken 1982, 1985). 

Researchers often avoid the "tedious" tasks of elucidating life 
histories and mortality schedules. The work is usually time-con-
suming and descriptive (problematic for the graduate student look-
ing to make a breakthrough during a time when the power of the 
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ecological experiment has been fully appreciated [e.g., Hairston 
1986; Wilbur 1987]). However, commitment to this descriptive 
program will provide important insights to plethodontid evolu-
tionary ecology. For at least the Desmognathinae and 
Hemidactyliinae (the less derived of the four major groups of 
plethodontids), shifts in maturation age (and sometimes metamor-
phic age) seem to be the dominant correlate with changes in body 
size. If changes in body size in plethodontids are due primarily to 
changes in age at maturity, then the study of life histories is intri-
cately bound with morphology, ecology, and adaptive radiation 
in, this, the most successful group of caudate amphibians. 
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A Second External Character for Distinguishing 
Garter Snakes (Thamnophis) from 

Water Snakes (Nerodia) 

In the course of accumulating data on meristic and mensural 
characters for a book on garter snakes (Rossman et al., in press), 
I was struck by the fact that Thamnophis validus appeared to 
have the scales in the first dorsal scale row (DSR 1) less enlarged 
(as reflected by the ratio: maximum vertical height of DSR 
mum width of vertebral row) than those of its congeners that I 
had examined up to that point. Since the placement of validus in 
the genus Thamnophis is a recent development (de Queiroz and 
Lawson 1994; Lawson 1987) and runs contrary to the evidence 
provided by the divided condition of its anal plate-which tradi-
tionally had resulted in that species being included in Nerodia 
(Conant 1961)-I surveyed a series of each of the 39 species cur-
rently included in the two genera, a total of 641 specimens. 

The results of my survey are summarized in Table 1. Not only 
does validus have a less enlarged DSR 1 than all other Thamnophis 
(save for the ribbon snakes, about which more below), but so did 
all Nerodia except female N. floridana (one of 13 species exhibit-
ing significant sexual dimorphism in this character-in each case 
the females have the more greatly enlarged DSR 1). 

The data were subjected to one-way ANOVA, and pairwise sta-
tistical significance at the 95% confidence limit was determined 
both by the Fisher PLSD and the Scheffe F-test. Generally, these 
tests revealed that values at the lower end of the Thamnophis range 
are usually not significantly different from those at the higher 
end of the Nemdia range, although the lack of overlap in the means 
of these genera (excepting T validus, the ribbon snakes, and fe-
male N. floridana) certainly seems to be indicative of a trend. 

The greatest enlargement of DSR 1 in Thamnophis occurs in 
the highly aquatic T gigas as well as in the terrestrial T fulvus, T 
scalaris, and T scaliger; the least enlargement in garter snakes 
(excluding T proximus and T sauritus) is found in the primarily 
terrestrial T marcianus and T radix. Thus the enlargement of DSR 
1 is not obviously correlated with either ecology or behavior, and 
it may well reflect phylogeny. If this is the case, what are we to 
make of the failure to conform to their apparent generic mode in 
the cases of T validus, the ribbon snakes (one of which, T sauritus, 
has significantly lower values than even the water snakes, a fea-
ture noted by Cope 1900), and female N. floridana? I confess that 
the latter baffles me, but the other three species previously had 
proven to be taxonomically enigmatic, so the evidence from this 
new character may help to clarify their relationships... or it may 
serve to further "muddy the water," depending upon one's per-
spective. In the case of T validus, the possession of a weakly 
enlarged DSR 1 and a divided anal plate cannot by themselves 
justify setting aside the taxonomic conclusions based on molecu-
lar data; nevertheless, they strongly suggest that the question of 
whether validus is a garter snake or a water snake has not been 
resolved beyond doubt and deserves further study. 

As for the ribbon snakes, T proximus and T sauritus have long 
been recognized as being somewhat aberrant within the genus 
Thamnophis on the basis of mensural, meristic, visceral, and mo-
lecular data (Dowling et al. 1983; Rossman 1963; Rossman et al., 
in press; N. Rossman et al. 1982) and this new character simply 
adds to the array. One hopes that a phylogenetic analysis of mor-
phological characters (Rossman, Boundy, and Good, in progress) 
will help resolve the status of the ribbon snakes-and T validus, 
as well. 

TABLE 1. Relative height of the first dorsal scale row (maximum verti-
cal height of DSR 1/maximum width of vertebral row) in 39 species of 
Thamnophis and Nerodia. Where no statistically significant sexual dimor-
phism was revealed (NS), values for males and females were combined. 
Each set of values includes mean ± standard deviation, range of variation 
(in parentheses), and number of specimens. 

Species Males (or combined) 
Females (if sig. cliff.) 

P 

T atratus 2.3 ± 0.15 (2.1-2.6) 13 >.001 
2.6 ± 0.21 (2.2-2.9) 9 

T brachystoma 2.5 ± 0.22 (2.1-2.8) 27 NS 
T butleri 2.3 ± 0.18 (2.0-2.5) 11 NS 
T chrysocephalus 2.3 ± 0.14 (2.1-2.5) 6 >.005 

2.6 ± 0.15 (2.3-2.7) 6 
T couchii 2.6 ± 0.14 (2.3-2.8) 13 NS 
T cyrtopsis 2.5 ± 0.20 (2.1-2.9) 19 NS 
T elegans 2.3 ± 0.23 (2.1-2.8) 8 >.005 

2.5 ± 0.18 (2.3-2.8) 9 
T eques 2.8 ± 0.24 (2.3-3.2) 24 NS 
T errans 2.6 ± 0.20 (2.3-2.9) 11 NS 
T exsul 2.5 ± 0.19 (2.2-2.6) 4 [sample too small] 
T. fulvus 2.6 ± 0.21 (2.2-2.8) 11 >.001 

3.0 ± 0.31 (2.5-3.5) 12 
T gigas 2.5 ± 0.21 (2.3-2.8) 6 >.005 

2.9 ± 0.27 (2.7-3.4) 9 
T godmani 2.6 ± 0.34 (2.3-3.2) 11 NS 
T hammondii 2.5 ± 0.27 (2.1-3.0) 11 NS 
T marcianus 2.2 ± 0.22 (1.9-2.6) 10 >.025 

2.4 ± 0.25 (2.1-2.9) 15 
T melanogaster 2.4 ± 0.17 (2.1-2.7) 13 NS 
T mendax 2.4 ± 0.10 (2.3-2.5) 7 NS 
T nigronuchalis 2.5 ± 0.24 (2.2-2.9) 10 NS 
T ordinoides 2.4 ± 0.10 (2.2-2.5) 7 >.0025 

2.6 ± 0.18 (2.3-2.9) 13 
T postremus 2.4 ± 0.16 (2.1-2.6) 21 NS 
T proximus 1.6 ± 0.11 (1.3-1.7) 14 >.05 

1.7 ± 0.12 (1.5-1.8) 6 
T pulchrilatus 2.7 ± 0.44 (2.2-3.7) 11 NS 
T radix 2.2 ± 0.17 (1.8-2.5) 19 >.005 

2.5 ± 0.23 (2.2-2.8) 6 
T rufipunctatus 2.4 ± 0.18 (2.1-2.7) 18 NS 
T sauritus 1.2 ± 0.10 (1.1-1.4) 9 >.0005 

1.5 ± 0.14 (1.3-1.8) 14 
T scalaris 3.0 ± 0.32 (2.3-3.6) 19 NS 
T scaliger 2.6 ± 0.19 (2.4-2.9) 9 >.005 

3.0 ± 0.22 (2.7-3.3) 9 
T sirtalis 2.4 ± 0.23 (2.2-2.9) 7 >.05 

2.6 ± 0.17 (2.3-2.9) 14 
T sumichrasti 2.6 ± 0.13 (2.4-2.8) 9 NS 
T validus 1.7 ± 0.12 (1.6-1.9) 13 NS 
N. clarkii 1.7 ± 0.15 (1.3-1.9) 15 NS 
N. cyclopion 1.9 ± 0.12 (1.7-2.1) 13 NS 
N. erythrogaster 1.9 ± 0.17 (1.6-2.2) 19 NS 
N. fasciata 1.7 ± 0.15 (1.5-2.0) 18 NS 
N. floridana 1.8 ± 0.12 (1.7-1.9) 3 >.05 

2.3 ± 0.21 (2.1-2.9) 13 
N. harteri 2.0 ± 0.11 (1.9-2.3) 19 NS 
N. rhombifer 1.8 ± 0.16 (1.4-2.0) 17 NS 
N. sipedon 2.0 ± 0.15 (1.7-2.2) 13 NS 
N. taxispilota 1.7 ± 0.19 (1.4-2.1) 18 NS 
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Some Aspects of the Ecology of 
Pseudis paradoxa from 
Northeastern Argentina 

During the past seven years, we have made an attempt to gather 
species diversity data in an ecological preserve in northeastern 
Argentina (Yanosky et al. 1993). Ecological data have been taken 
on 32 species of anurans. One of these is the paradoxal frog, 
Pseudis paradoxa. In the Argentine Chaco, this frog breeds in 
temporary ponds and the tadpoles reach rapid maturity and trans-
formation. Yet in permanently wet areas, the tadpoles reach enor-
mous proportions (up to 220 mm), and at transformation they are 
of adult size (Cei 1980; Emerson 1988). 

Cei (1980) states that P. paradoxa platensis is typically found 
in permanent marshes alongside major rivers and lagoons. It feeds 
upon small frogs and aquatic insects. Mating seems to be highly 
correlated with sudden rainfall or other seasonal events. 

Egg laying occurs in this environment and frothy masses of 
greenish eggs are laid at random among the aquatic plants of the 
shores. The hatched larvae retain a greenish color on their venters 
for several days following hatching. 

We present data on breeding activity of adults and ontogenetic 
pattern change among the tadpoles of a northeastern Argentine 
population of Pseudis paradoxa. 

Results.—Pseudis paradoxa was heard calling for the first time 
at 1800 h, on 26 November 1993, in a vegetated pond at the en-
trance to the El Bagual Ecological Reserve Station. This animal 
was later captured on the same night with a dip net as it called 
from a floating position with only the eyes, nostrils, and vocal sac 
visible. This individual called over a water depth of 55 cm. It 
measured 53 mm SVL and weighed 15.8 g. During 30 Novem-
ber a large chorus of Pseudis was heard calling for the first time 
from two artificial ponds near a road. On the night of 1 Decem-
ber, amplexing pairs were seen on the surface of the water with  

and without floating vegetation. Ten floating amplexing pairs were 
observed at various depths of water as follows: two pairs were 
observed at 70 cm deep, two at 50 cm deep, three at 40 cm deep 
and three at 20 cm deep, with air temperature of 17°C at 2300 h. 
These 20 individuals were captured. The female and male weights 
and SVL measurements are 13.5-18.0 g (mean = 14.9), 9.0-15.5 
g (mean = 12.9); 47-59 mm (mean = 51.8), 45-53 mm (mean = 
49.9), respectively. They begin calling at dusk (near darkness) 
and continued through the first hours of the night. On several 
non-rainy days following rains, Pseudis called during daylight 
hours (morning and afternoon). The initial call was heard 26 No-
vember after the rainy season began on 12 November 1993. Indi-
viduals called through the remainder of November, all of Decem-
ber, and the two first weeks of January. In general, choruses were 
heard from most water bodies by 3 December. Maximum time 
period between first rain of the season, first possible appearance 
of eggs and metamorphosis is 12 November to the first week of 
January (about 50-56 days). However, since Pseudis vocaliza-
tions were not heard prior to 26 November, using the latter date 
as the first attempt to call and mate, development takes about 40 
days. 

Tadpoles were found in artificial and natural pools between 10-
15 cm to 70-80 cm deep. The tadpoles were found throughout the 
water column, observed singly, and cohabit ponds with a large 
number of other anuran tadpoles. During periods of no rainfall, 
early stages of small tadpoles were continuously found, agreeing 
with observations for continuous calling and mating. 

Tadpole growth in captivty is very slow. The larvae are mo-
tionless most of the time at the bottom of the water column and 
feed on vegetables and goldfish food. 

Pseudis paradoxa tadpoles show an ontogenetic shift in color 
pattern from stage 25 through stage 38. The smallest tadpole (5 
mm, stage 25) is almost colorless, but by a total length of 7 mm 
(stage 25) the tadpole appears to have three black spots: one spot 
just behind the body on the dorsal muscle and part of the dorsal 
fin, the second as a black spot in the tail muscle about midway 
from body to tip of tail, and the third spot at the tip of the tail. 
Tadpoles 10-15 mm in total length (stage 25) tend to have the 
anterior black spot extending downward and anteriorly across the 
body, the middle spot has formed a narrow bar that progressively 
extends above and below the tail muscle, and the tip of the tail 
black spot is expanding forward. As the tadpole grows in length 
and weight, the most posterior black spot (tail tip) spreads anteri-
orly, eventually creating a blackish tadpole. An illustration of the 
ontogenetic pattern differences of the Pseudis tadpole from stage 
25 (21 mm TL tadpole) to stage 26 (76 mm TL tadpole) (Gosner 
1960), is presented in Figure 1 a-le, and described below for ad-
ditional stages. 

Stages 21-25: A tadpole with a transparent tail changes to a 
tadpole with a transparent tail with small dark spots and three 
vertical black bars, one in contact with the body, a median one 
and the third near the tip of the tail. All specimens contain a black 
stripe from the mouth to the eye, and a dark dorsal wedge be-
tween the eyes to the tip of the snout, bordered by two conspicu-
ous white lines. Measurements for one specimen are: TL = 45.7 
mm; BL = 15.1 mm; MBH = 13.9 mm and W = 0.8 g. 

Stages 26 and 27: The posterior half of the tail turns black 
beginnning with individual tadpoles 46 mm long. Cephalic white 
lines are not as pronounced as observed in previous stages. The 
cephalic lines are absent in stage 27. Depressions occur along 
each side of the dorsal fin, from its insertion on the head to the 
posterior part of the body. There is great variation in size indi-
vidually and the transparent parts of the fin are not clearly vis-
ible, because of dense dark spots. Measurements of one speci- 
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men are: TL = 59.1 mm; BL = 16.5 mm; MBH = 18.2 mm and W 
= 1.35 g. 

Stage 28: The black vertical bars in the tail have disappeared 
and the tail is almost completely black. In animals 68 mm long 
there is a very dark border on the ventral side of the fin. The 
posterior end of the tail is no longer black but intensely black 
spotted. Head depressions are very evident. Measurements for 
three individuals are: TL = 70.3, 73.2 and 68 mm; BL = 21.5 mm, 
22.5 and 19.3 mm; MBH = 24.4 mm, 27.7 and 22.2 mm; W = 
3.15, 4.4 and 2.6 g. 

Stage 35: Head depressions are present and the dorsum is green-
ish. Measurements for two specimens are: TL = 67.1 and 62.3 
mm; BL = 23.3 and 23.2 mm; MBH = 24.7 and 24.8 nun; W = 7.8 
and 4.05 g. 

Stage 37: Head depressions are present, dorsum greenish and 
the anterior part of the belly is olive, passing posteriorly into light 
brown, pearl silver, and eventually pinkish. The black border on 
the ventral side of the fin is very evident. The fin is now "tiger 
spotted." Measurements for two specimens are: TL = 96 mm and 
76.2 mm; BL = 25 and 24.4 mm; MBH = 28 and 25.5 mm; W = 
6.5 and 5.3 g. 

Stage 38: The cephalic depressions are deeper; the dorsum be-
comes more green; the body and tail become less blackish and 
with many small dark and rounded spots. Measurements of one 
individual are: TL = 92 mm; BL = 34.2 mm; MBH = 37.6 mm; W 
= 13.5 g. 

In summary, between stages 34 and 38, (TL between 76 and 
135 mm), there is a progressive loss of black pigment. The black 
spots or tiger-like markings become progressively smaller, until 
there is an almost greenish-like tadpole with obscure brownish or 
dark gray body markings. The pronounced "valleys" on either 
side of the insertion of the tail fin onto the head and body are 
strongly evident. 

Discussion.-Kehr and Basso (1990) present a description of 
the Lysapsus limellus tadpole. They note that the tip of the tail is 
colorless at stage 28, but progressively becomes black between 
stages 30 and 39. However, in this species of Lysapsus the black 
tail spot never exceeds 25% of the tail length. Caldwell (1982, 
1986) stated that the black tail spot may function as disruptive 
selection to avoid differential predation pressures. This hypoth-
esis was tested by Caldwell (1982), and under the constraints of 
the laboratory tests, was supported. In her experiments, Caldwell 
used populations of Acris with and without black tail tips. If we 
assume that all water bodies at the site contain equal numbers of 
aquatic insect predators (all tadpoles were patterned with black), 
then the ontogenetic pattern changes of Pseudis tadpoles may carry 
them beyond certain differential predation limits. However, popu-
lations of Pseudis tadpoles may be polymorphic. Cei (1980) il-
lustrates a 94 mm total length Pseudis paradoxa tadpole without 
black tail spots. However, without prior knowledge of the local-
ity of Cei's tadpole or of other possible color patterns, this pattern 
type may support Caldwell's (1982) hypothesis of differential 
predation pressure, which depends upon water depth, type of 
predator, and permanency of water. 

Emerson (1988) discusses various aspects of tadpole size and 
patterns of development of Pseudis paradoxa. Emerson describes 
giantism as a possible function of two hormones, thyroxine and 
prolactin. A hypothesis is presented concerning these hormones, 
but the hypothesis is not testable at this time. Tadpole size is of-
ten independent of tadpole stage in the Argentine sample of 
Pseudis paradoxa. For example, total lengths of tadpoles in stage 
25 vary from 5-46 mm, stage 35 vary only from 62-67 mm, while 
at the same time total lengths of tadpoles in stage 26 may reach 
76 mm. It seems that length (and weight) of P paradoxa tadpoles 

Flo. 1. Ontogenetic pattern of Pseudis paradoxa tadpoles at (a) 21, (b) 
27, (c) 44, (d) 52, and (e) 76 mm total length, from a temporary pond on 
El Bagual Ranch, Formosa, Argentina. Tadpoles represent Gosner (1960) 
stages 25-26, and the black bar = 5 mm. Figure If represents a view of 
the tadpole mouth parts. 
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may be a function of available food and environmental tempera-
tures, independent of developmental stages. 
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Fire Ecology of the Florida Box Turtle, 
Terrapene carolina bauri 

The effects of habitat fires, both natural and those caused by 
humans, on amphibian and reptile populations have been of some 
recent interest (Mushinsky 1985, 1986, 1992; Mushinsky and 
Gibson 1991; Mushinsky and Wirtz 1993; Patterson 1984). In 
Florida the influence of periodic burning is especially important 
in the pine flatwoods and dry prairie ecosystems (Abrahamson 
and Hartnett 1990). Natural fires maintain the habitat as a stable 
and essentially nonsuccessional association; however, human al-
teration of the natural fire frequency commonly brings about rapid 
successional changes in these ecosystems (Monk 1968; Peroni 
and Abrahamson 1986; Richardson 1977). The major natural cause 
of these wild fires is a lightning strike (Abrahamson et al. 1984), 
and fires were common in pre-1900 Florida before human struc-
tures such as roads, cultivated fields, or urban developments lim-
ited the amount of area burned (Abrahamson 1984). Originally, 
most natural fires probably occurred during the summer dry pe-
riod from June to September allowing for recovery during the 
rest of the year, but currently managed burning also occurs dur-
ing the dry winter season (Abrahamson and Hartnett 1990). These 
changes in the frequency of burning, in addition to human agri-
cultural and urban development, have brought about a decrease 
in the total area of the pine flatwoods and dry prairie ecosystem 
in Florida. The end result of this activity has been a reduction in  

the available critical habitat of some amphibian and reptile spe-
cies. 

The Florida box turtle, Terrapene carolina bauri, ranges over 
most of central and eastern peninsular Florida and the Keys 
(Ashton and Ashton 1985; Ernst et al. 1994; Iverson and 
Etchberger 1989). Carr (1952) also reported it to be most abun-
dant in the limestone flatwoods of southern Dade County. Over 
the range of T. c. bauri, the flatwoods habitat with which it is best 
associated (Abrahamson and Hartnett 1990) is subject to periodic 
burning. To what extent is the Florida box turtle adversely af-
fected by such events? 

While examining a series of T. c. bauri in the collections of the 
United States National Museum of Natural History, Smithsonian 
Institution (USNM), and George Mason University (GMU), a rela-
tively large proportion (30%) of the specimens exhibited burn 
damage to their carapace. This damage was manifested as ex-
tremely scarred or warped areas on the carapacial scutes and of-
ten included the underlying bones. The USNM and GMU collec-
tions contain over 1000 specimens of T. carolina, representing all 
six known subspecies (Ernst and McBreen 1991b), but no other 
subspecies had as many fire damaged individuals (< 5% each in 
those from the United States), possibly indicating that fire plays a 
more important role in the ecology of T. c. bauri. 

All T. c. bauri examined were adults. Carapace length and height 
were analyzed using a large sample approximation of the Mann-
Whitney U-test. Both carapace length and height were found to 
be sexually dimorphic in an overall comparison of males and fe-
males (Z = -4.07, p = 0.05; Z= -2.26, p= 0.05, respectively) and in 
a subsample of unburned males and unburned females (Z = -2.58, 
p = 0.05; Z = -2.02, p = 0.05, respectively). However, in compar-
ing burned males with burned females, carapace length, but not 
carapace height, was sexually dimorphic (Z = -2.54, p = 0.05; Z = 
-1.19, p = 0.05, respectively). Observed differences in carapace 
length, height, and age of burned and unburned males and fe-
males are provided in Table 1. 

Sexual dimorphism in carapace length and height is well docu-
mented in the genus Terrapene (Ernst et al. 1994; Ernst and 
McBreen 1991a, 1991b; Milstead 1969); however, it does not ad-
dress whether age, size, or sex influence the probability of being 
damaged by fire. A chi-square test of independence was used to 
determine if sex and burn damage were independent of age class 
or size (carapace length and height). Age classes identified were 
< 15, 16-20, > 21 years, and the size classes (in mm) used were 
105-120, 121-135, and > 135 for carapace length and 50-60, 
61-67, and > 68 for carapace height. Comparisons between vari-
ous group combinations are presented in Table 2. The results in-
dicate that age group and carapace height are independent of fire 
damage, but that carapace length is not. Since carapace length is 
not independent of fire damage when comparisons are made be-
tween both burned and unburned animals and burned females and 
burned males, it is possible that wild fires do not randomly affect 
adult populations of Terrapene c. bauri. Fossorial Floridian liz-
ards and snakes occupying burrows have high survival rates dur-
ing fire events (Mushinsky 1985; Mushinsky and Wirtz 1993). 
Terrapene c. bauri does not dig a subterranean burrow. However, 
it does construct a shallow form in litter for sleeping and aestivat-
ing (Ernst, pers. obs.), and it is likely most turtles that survived 
burning occupied such forms. This is supported by the location of 
burn damage on carapace, which was generally limited to the neu-
ral and anterior costal bones. The Florida box turtle will enter 
other animals' burrows, and those lucky enough to be underground 
at the time of a fire are probably unharmed. Those individuals 
caught in the open are likely killed. Hatchling and juvenile T. c. 
bauri usually hide under litter (Ernst, pers. obs.), and such behav-
ior would not favor survival in the event of fire. 
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TABLE 1. Sizes and ages of Terrapene carolina bauri examined. 

Burned Females Unburned Males Unburned Females 

19 36 35 
128.8 (9.4) 140.8 (17.1) 130.3 (11.0) 

112.8-145.5 105.1-198.2 109.1-166.4 

19 35 34 

	

67.4 (5.1) 
	

66.6 (6.9) 
	

68.3 (5.2) 

	

54.5-77.0 
	

52.5-89.6 
	

57.1-79.1 

19 36 35 
21.4 (6.1) 18.4 (5.9) 20.4 (6.2) 

12-27 10-27 9-27 

Burned Males 

CARAPACE LENGTH 

N 
	

13 
Mean (SD) 
	

139.1 (10.1) 
Range (mm) 
	

117.4-155 

CARAPACE HEIGHT 

N 	 12 
Mean (SD) 	64.3 (4.8) 

Range (mm) 	57.4-75.6 

AGE 

N 	 13 
Mean (SD) 	19.6 (5.7) 

Range (mm) 	13-27 

The above observations indicate that fire may play a critical 
role in the ecology of Florida box turtle populations. Unfortu-
nately, so little has been published on the life history of this ani-
mal that it is difficult to assess its ecological and behavioral re-
quirements with any degree of certainty. A thorough study of this 
turtle in view of its fire-related ecological consequences would 
be worthwhile. 
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TABLE 2. Comparison of age and size of burned and undamaged 
Terrapene carolina bauri (* = significant difference at p = 0.95). 

Category x2  df 

AGE CLASS 

Burned v. Unburned 0.2110 2 
Burned Male v. Burned Female 4.416 2 
Unburned Male v. Unburned Female 2.7778 2 
Unburned Male v. Burned Male 2.3442 2 
Unburned Female v. Burned Female 3.5484 2 
All Groups 8.9487 6 

CARAPACE LENGTH CLASS 

Burned v. Unburned 10.8* 2 
Burned Male v. Burned Female 4.22 2 
Unburned Male v. Unburned Female 7.0404* 2 
Unburned Male v. Burned Male 0.6087 2 
Unburned Female v. Burned Female 0.9429 2 
All Groups 13.73* 6 

CARAPACE HEIGHT CLASS 

Burned v. Unburned 1.9847 2 
Burned Male v. Burned Female 1.7789 2 
Unburned Male v. Unburned Female 2.5447 2 
Unburned Male v. Burned Male 1.7876 2 
Unburned Female v. Burned Female 1.0342 2 
All Groups 6.7035 6 
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RECENT POPULATION CHANGES 

Historical Distribution, Current Status, and a 
Range Extension of Bufo boreas in Utah 

The boreal toad (Bufo boreas) is proposed for Federal protec-
tion as a Category 2 species, under the Endangered Species Act. 
This listing indicates the species may be threatened or endan-
gered with extinction due to declining populations in Colorado, 
New Mexico, and Wyoming (Federal Register 1991). In Utah, 
the distribution and status of this toad are unknown, especially in 
southern Utah (Stebbins 1985). Amphibian populations in por-
tions of the western United States are experiencing rapid declines 
(Bradford 1991; Corn and Fogelman 1984; Fellers and Drost 
1993). Carey (1993) discussed the disappearance of B. boreas 
due to disease and interrelated factors in Colorado. 

Early accounts and collections portray B. boreas as a common 
toad in some areas of Utah. Tanner (1931) described B. boreas as 
being "far more common in the northern part of the state than in 
the southern. It is the common species in the canyons and moun-
tains of central and northe[r]n Utah." Woodbury (1952) wrote 
that this species is "known from the northern portion" of the Great 
Salt Lake Valley and is a "common 'garden' toad." Tanner (1931) 
found B. boreas "common around the shores of Great Salt Lake." 
Van Denburgh and Slevin (1915) collected 87 specimens from 
five locations in Salt Lake and Utah counties. Slevin (1928) re-
ported B. boreas from Juab and Summit counties. Records in the 
University of Utah Museum of Natural History indicate 10 speci-
mens were taken from one site in Wasatch County on 12 July 
1959. While Hardy (1938) described this species as "common in 
the Colorado River drainage in Sevier and Wayne counties" in  

southern Utah, there are only 4 museum records from those coun-
ties. Hardy (1938) also wrote that B. boreas was "not common in 
Carbon County" in southern Utah. 

We queried 57 institutions in the United States for their hold-
ings of B. boreas. Twelve institutions reported a total of 100 speci-
mens from 52 localities in Utah (Fig. 1). All museum material 
was collected prior to 1971. Museum records for which elevation 
data were available (N = 29) ranged from 1374 m to 3136 m in 
elevation. Museum acronyms follow Leviton et al. (1985). 

We found 22 localities in unpublished reports and personal com-
munications. We queried two professional biologists who col-
lected or observed amphibians in boreal toad habitat. There is 
one report of B. boreas in southern Utah (F. Turner, pers. comm.). 
While records are lacking in adjacent Nevada (Linsdale 1940), 
the nearest record is about 150 km northwest of this observation. 
Turner (pers. comm.) also observed B. boreas at four locations in 
northern Utah (Fig. 1). 

The majority of historical locations were from northern Utah 
(Table 1) and may reflect collection effort. We (P.H. or D.A.R.) 
last observed evidence of reproduction (tadpoles or juvenile B. 
boreas) in three sites between 1982 and 1988 in northern Utah 
(Fig. 1). At least one subsequent survey was conducted at each of 
these sites. Tadpoles (N = 200) were also observed at one site in 
northern Utah (Pederson 1977a). Other recent observations of B. 
boreas in Utah are scattered and usually are of one to several 
adults (Fig. 1). In 1976, four adults were observed in northern 
Utah (Pederson 1977b). Two observations at a separate locality 
in northern Utah during 1978 through 1980 were reported by 
Shields and Moretti (1982). 

TABLE 1. Number of historical locations, number of locations resur-
veyed, and number of sites occupied by Bufo boreas in northern and 
southern Utah. New sites are indicated in parentheses and number of 
occupied sites with evidence of reproduction (i.e., egg masses, tadpoles) 
is given in parentheses. 

Number of 	 Number of 
	

Number of 
Historical Locations* 	Resurveyed Sites 

	
Occupied Sites 

64 

(3) 

7 

(3) 

Totals 71 

Northern Utah 

5 	 0 

3 (2) 

Southern Utah 

3 	 0 

3 (2) 

8 	 6 

*Specific locality information may be acquired by contacting the Aquatic Sec-
tion, Utah Division of Wildlife Resources, Salt Lake City. 

Early literature (Tanner 1931) alludes to the presence of B. 
boreas along the Great Salt Lake (Salt Lake County) and Utah 
Lake (Utah County). Our search revealed no museum records 
within 17 km of either of these localities. We believe that B. boreas 
occupies montane habitats and sometimes valley wetlands ad-
joining montane habitat but does not use valley habitats distant 
from mountains. One report from southern Utah (Tanner 1927) is 
not represented by a museum specimen. 
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Three new locations represent southern extensions of the range 
of B. boreas (Fig. 1). The first locality is from 2500 m in eleva-
tion. We (RAF, TCE, DAR) observed adult toads (N = 70) at 
several beaver ponds and egg strings (N = 35) in 5 ponds in 1994. 
Metamorphs (about 17 mm SVL) were observed at two of these 
ponds during July. We (RAF) observed adult B. boreas (N = 15) 
and numerous metamorphs at a second new locality at 3030 m in 
elevation during 1994. We observed adult B. boreas (N = 3) at a 
third new locality at 2803 m in elevation during 1994. 

Based on these limited observations, the current distribution of 
B. boreas in Utah is not well documented. Montane habitats in 
southern Utah are disjunct (Wahlquist 1981) and, as such, may 
predispose B. boreas populations to extirpation as a result of an-
thropogenic factors. Surveys should be expanded and continued 
to determine the distribution and population status of this anuran, 
and factors affecting its populations. 
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TECHNIQUES 

Experimental Use of Remotely-triggered 
Cameras to Monitor Occurrence of 

Timber Rattlesnakes (Crotalus horridus) 

Populations of Crotalus horridus are in decline across the north-
eastern U.S. (Brown 1993), and assessment of the density of spe-
cific rattlesnake populations is important. Clipping ventral scales 
and painting rattles will identify individuals, but recapture is of-
ten difficult; snakes are averse to handling and may avoid areas 
of capture (Brown 1992). Radiotelemetry has been successfully 
employed to study habitat use (Reinert 1993), but is expensive 
and time-intensive. Deployment of remotely-triggered cameras 
at potential den and basking sites is a less intrusive and time-
intensive method of studying rattlesnake populations. 

To determine whether an infrared beam transmitter would alter 
rattlesnake behavior, we placed an active infrared-beam trans-
mitter (TrailMaster® TM 1500, Lenexa, Kansas 66215, USA, [not 
an endorsement of product] game monitoring system [Kucera and 
Barrett 1993]) and a neutral object of the same size near a captive 
rattlesnake in an enclosure. The snake investigated, but did not 
display aversion to, or exhibit prolonged interest in, either unit. 
When the infrared receiver and transmitter were positioned so 
that the snake would have to cross the beam to reach a dead ro-
dent provided for food, the snake crossed the beam, tripped the 
camera, and fed at a normal rate. A second feeding followed the 
first and, again, the snake's behavior appeared normal. 

Three sites where timber rattlesnakes had either been observed 
or where shed skins had been found recently were each moni-
tored with two TrailMaster® systems for twelve days. Another 
site known for rattlesnake use was monitored for one week with 
one unit. The four sites included a talus slope with 50% canopy, a 
large level rock slab with potential as a basking site, and two 
crevices at ground level below massive rock outcrops. 

Monitoring units can be programmed to optimize the likeli-
hood of recording the desired species. A medium sensitivity set-
ting of 10 was optimal for recording rattlesnakes and prevented 
blowing leaf litter, moving shrub stems, heavy fog or rain from 
activating the monitor-connected cameras. A 35mm, motor-driven, 
auto-focus/flash/advance Olympus camera with a 50mm lens was 
supplied with the system. A delay of 15 minutes between expo-
sures prevented using the entire roll of film during any one activ-
ity period. 

Problems unique to deployment of units at ground level in rattle-
snake habitat included disruption by curious animals, pooling of 
rain water, and excessive exposure to sunlight. Cameras placed 
on a rock slab were tipped and their wires disconnected by shed- 

ding snakes (skins were found nearby) or other animals. Building 
a small rock cairn around the camera and tripod, and taping or 
caulking the wire connections, prevented recurrences. In areas 
with talus we positioned the camera above the site by strapping 
the camera to dead limbs with velcro straps and placing the limbs 
across rocks. 

The transmitter/receiver units are designed to be strapped ver-
tically to trees so that rain will not enter a small opening on the 
bottom of the units which maintains normal internal pressure over 

FIG. 1 (a—c). Photographs taken by remotely-triggered camera stations. 
la (top): heads of Crotalus horridus. lb  (middle): two C. horridus, one 
with same scar appearing in la. lc (bottom): rattle segments can be 
counted to approximate ages of individuals. 
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a range of temperatures. Since we needed to place the units hori-
zontally on the ground with the beam closely parallel to the sur-
face, we silicone-caulked wire connections and pointed the bot-
tom of the units downward on any incline, avoiding areas where 
puddling could occur. None of our units was damaged by rain but 
the manufacturer recommends enclosing the transmitter and re-
ceiver in clear plastic bags and taping the open end around the 
wires. 

Bright sunlight can interfere with the infrared beam and over-
heat the units. Our best results were achieved at a site where the 
receiver and transmitter were placed in partial shade. The beam 
monitored only one meter along the interface between rock out-
cropping and the ground where snake activity had been observed. 
At the end of one week, 35 of 36 frames of black and white film 
(400 ASA) contained images of rattlesnakes. In one frame three 
Crotalus heads, one yellow and two black (Fig.la), were together. 
One black and one yellow morph had been observed previously 
at the site, and the remotely-triggered cameras verified the pres-
ence of an additional individual after only 2 h of effort had been 
expended on placement and film collection. This compared with 
8.7 person-hours of active search effort for each of the other indi-
vidual snakes recorded. Camera and receiver recorded date and 
time of events; a scar on the head of one snake identifies the same 
individual in separate photographs (Fig. l b). In other frames, rattle 
segments can be counted (Fig.1c) providing some indication of 
age of snakes. Use of color film, although more expensive than 
black and white, would allow for identification of specific indi-
viduals because of unique coloration and patterning. 

Camera units also recorded nighttime use of the rock slab by a 
bobcat (Lynx rufus), raccoons (Procyon lotor), and an unidenti-
fied bird. In the talus, mice (Peromyscus sp.) and squirrels 
(Sciurus carolinensis) were often recorded. 

The presence of units at a site may attract attention leading to 
the harassment or capture of the snakes and is not advisable in 
areas with high human visitation. Because rattlesnake dens are 
frequented by poachers and collectors, theft of camera units is 
also a distinct possibility. Use of this system to monitor remote 
sites on a daily basis over an extended period of time, however, 
is worthwhile. Given the low population densities of some en-
dangered species, documentation of even one more living indi-
vidual at a site is important. 
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Radio Transmitter Attachment for 
Turtle Telemetry 

Variations in chelonian size, differences in behavior and habi-
tat preference, and diverse research goals pose problems for fas-
tening radio transmitters to turtles. Transmitters glued to turtles 
with aquarium sealant are quickly dislodged in the field; the bond 
from 5-minute clear epoxy deteriorates within one season (D. C. 
Holland, pers. comm.). Some fast-setting epoxies create a strong 
bond between transmitter and scute, but can emit enough heat to 
pose a burn hazard to underlying tissue (Renaud et al. 1993). 

PC-7 (Protective Coating Co., Allentown, Pennsylvania, USA) 
is a slow-setting epoxy that emits no significant heat and secures 
material to scutes with a bond that endures for years. PC-7's vis-
cosity will also hold a transmitter in place as it dries, and this 
simplifies application. Attachment with PC-7 (best started at night, 
so the epoxy can cure when the turtle is less active) proceeds as 
follows: 

1)Thoroughly clean the attachment site with ethanol and a tooth 
brush (phenolic impurities are highly toxic to turtles [Hillyer 
1993]). 

2) Use thin strips of masking tape to cover all scute junctions 
near any area to be epoxied. Growth occurs at these boundaries 
and rigid adhesives (like PC-7) must not span them. 

3) Lay a ring of caulking down along the perimeter of the scute 
to receive the transmitter. Reusable winter window caulking "rope" 
(FROSTKING FINGERTIP CAULK by Thermwell Products Inc.) 
is ideal for constructing this rim. The rim helps prevent epoxy 
from extruding onto neighboring scutes when the transmitter is 
pressed into place. 

Aquatic Turtles.—For aquatic species, on which attached in-
struments can serve to snag and drown the turtle, the procedure 
continues as follows: 

4) Apply epoxy within the caulk rim on the target scute and 
gently press the transmitter (AVM Instruments, Livermore, Cali-
fornia, USA) into the well of epoxy. Do not apply pressure to the 
transmitter coils (red coiled wires) as this can detune the unit. 

5) Epoxy the antenna in as wide an arc as possible just inside 
the marginal scutes. Trim the antenna to ensure that its arc will 
not constitute more than 75% closure of a circle when in its final 
position. A transmitter's signal is muted if the antenna's tip nears 
its base. To preclude snagging on underwater twigs, the unepoxied 
antenna segments at all scute junctions must be covered; a pliable 
adhesive like 5-minute epoxy should be used on these narrow 
interstices. 

FIG. 1. Rubber holder with openings oriented laterally; plastic spanner 
in position. 

While PC-7 provides a reliable bond that endures aquatic stress, 
it does make replacing transmitters difficult. Prying an old trans-
mitter off can tear scutes bonded to the epoxy. Begin the removal 
process with a Dremel drill (with an emery cutting wheel), and 
follow the drill with a jeweler's saw to safely separate transmitter 
from scute. This is faster (one hour per transmitter) than using 
only a jeweler's saw to slice through the epoxy. An exacto knife 
will gently tease any epoxy residue off the scute. 

FIG. 2. Battery positioned within rubber holder; transmitter (t) project-
ing from posterior hole (at left) and anchoring pin (p) protruding through 
anterior puncture (at right). 

Terrestrial Turtles.—For terrestrial turtles, our method can be 
adapted, after step 3, as follows: 

4) Apply a thin patch of PC-7 epoxy within the putty rim on the 
target scute (on male box turtles, vertebral scute #2 is used; on 
females, pleural scute #1 is used instead, so the attached trans-
mitter will not impede mounting by courting males). Work the 
epoxy into the scute's surface irregularities. 

5) Cut a 3 cm length from a 1.25 inch bicycle inner tube. Make 
3 to 5 holes of approximately 4 mm each in what will serve as the 
bottom half of this 3 cm rubber ring. The holes will allow epoxy, 
extruded from inside the ring in step #8, to bond the rubber holder 
to the expoxy on the scute. 

6) Line the interior of the rubber ring's top half with tape and 
polyethylene to preclude its getting glued to the bottom. 

7) Set a wad of epoxy on the center of a 3.5 cm x 8 cm polyeth-
ylene sheet. With its epoxy side down, slip one of the long ends 
of poly sheet into, and through, the rubber ring and draw the sheet 
into the ring until the epoxy is directly over the holes. 

8) Coat a hard 3 cm x 4 cm plastic rectangle with vegetable oil 
so it can not adhere to epoxy. Slip this oiled plastic spanner into 
the narrow space above the polyethylene sheet's upper, clean sur-
face. The space that the spanner creates between the sheet and the 
ring's roof further reduces the risk of gluing the ring's rubber 
walls together (Fig. 1). Insertion of the spanner extrudes epoxy 
through the holes in the bottom of the rubber ring, and out of its 
two ends. 

9) Press the ring down, with its holes facing toward the cara-
pace, onto the prepared scute. To ensure a strong bond, gently 
rotate the assembly to blend ring and scute epoxies. Orient the 
ring's blind ends sagittally, and its open sides laterally (Fig.1), so 
the antenna will emerge posteriorly in Step #11 (Fig.2). 

10)After 12 h of epoxy curing, remove the plastic spanner and 
as much of the polyethylene and tape shielding as possible from 
inside the rubber ring. Cut a 1 cm hole in the posterior end of the 
rubber holder, and make a small puncture in its anterior end. 

11)Thread the antenna, and then push the transmitter through 
the posterior 1 cm hole. The posterior hole's perimeter grips the 
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transmitter tightly. The short metal pin (built into the unit, upon 
request, by AVM Instruments) projecting from the end of the bat-
tery opposite the transmitter will anchor the anterior end when 
slipped into the puncture at the front of the rubber ring (Fig.2). 

12) This secured rubber holder enables simple, fast (2 min) field 
replacement of transmitters. Covering the assembly with duct tape 
will protect the rubber from twig snags and abrasion. 
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HERPETOLOGICAL HUSBANDRY 

Five Year Study of Nesting of Captive 
Terrapene carolina triunguis 

Very little information has been published on nesting by the 
three-toed box turtle, Terrapene carolina triunguis (Dundee and 
Rossman 1989). Most published information is on the nesting of 
other subspecies of Terrapene carolina ( Allard 1935; Carr 1952; 
Congello 1978; Cross 1980; Ernst and Barbour 1972; Ewing 1933; 
Stuart and Mullen 1987; Tucker and Funk 1977), and much of 
this is anecdotal. In order to obtain more information, we con-
ducted a study from 1990 through 1994 on the egg-laying habits 
of this subspecies. 

Materials and Methods.—The study site was located in 
Morehouse Parish about 40 km N of Monroe, Louisiana, USA, 
(32°47'N, 91°52'W), at an elevation of 45 m. Observations were 
conducted within a 31 x 34 m relatively flat area surrounded by a 
1.23 m high chain link fence. Seven water pools (diameter = 31 
cm, depth = 7.5 cm) were placed in the ground, and numerous 
places to hide and brumate were available. Supplemental food 
was provided at least once a day. Native grasses and weeds cov-
ered most of the ground. The area also contained trees, ornamen-
tal bushes, strawberry plants and, at times, mushrooms. 

The turtles came from within 10 km of the study enclosure with 
the exception of four that came from approximately 137 km south 
of the area. We obtained turtles by collecting those found on roads. 
When one was found, we weighed it, noted any unusual charac-
teristics, and released it within the study area. The turtles varied 
considerably in their coloration and markings, and we used those 
differences to identify individuals. A camcorder was used to record 
nesting behavior. 

We weighed 61 mature, healthy adult turtles. The mean (± SE 
here and elsewhere) body mass of the females was 456 ± 6 g 
(range 323-658, N = 37), and the mass of the males was 350 ± 7 
g (range 276-414, N = 24). 

During the study 35 females were observed; 7 for the entire 
five-year study, 6 for four years, 3 for three years, 3 for two years, 
and 8 for one year. The remaining 8 were observed for only a 
portion of one egg-laying season. 

We attempted to record every clutch laid by watching the fe-
males each evening from early May through mid-August. Be-
cause we were unable to observe them during parts of the morn-
ing and afternoon, and because some females nested in places 
difficult to discover, some nests could have been missed. We pa-
trolled the study area at about 15-minute intervals from 1600 h 
until dark. The area was searched again at 2200 h. When we dis-
covered a female digging we marked the location of her nest while 
she was at the site. The next morning we covered the nest with a 
square of hardware cloth and labeled it with the turtle's identity 
and the date of oviposition. After about 60 days, we replaced the 
hardware cloth with a domed aluminum colander (diameter = 20.5 
cm) so the neonates would not be trapped inside the nest. If neo-
nates did not emerge after 80-102 days (depending on the tem-
perature and location), we opened the nests. 

Results: Nest Site Selection.—A female typically began search-
ing for a nesting site after 1600 h. She searched slowly, examin-
ing the earth. Many times she paused, scratched the surface with 
her front feet and "smelled" where she had scratched. If the spot 
was acceptable, she moved forward so that her back legs were  

over the spot she scratched. She then began to dig a nest with her 
hind feet, alternating between feet. Sites were sometimes aban-
doned if roots or other hard objects were encountered, or if the 
nest cavity broke into a tunnel made by a crayfish or other ani-
mal. A hard rain storm generally caused a female to abandon a 
nesting site, but light rain showers did not seem to interfere. Some-
times nests were abandoned for no apparent reason. 

Aggressiveness by female T carolina during the nesting sea-
son was reported by Zeiller (1994). Similarly, we found that sev-
eral females became aggressive and restless just prior to laying 
their eggs; we observed this behavior at no other time. Two fe-
males were especially aggressive toward other females that were 
searching for nesting sites. On several occasions they appeared to 
attempt to push other females from their nesting sites. 

We observed, as did Pope (1939), that if a female had lost a 
part of a back leg, she would still try to dig with the nub. In that 
event the nest would not be as large as a nest dug with two back 
feet. Frequently the nest was not large enough for all of her eggs. 
In such cases, one or two eggs would be left lying on the ground 
near the nest. 

TABLE 1. A comparison of the lengths of internesting intervals and 
number of clutches laid per season for three-toed box turtles in Louisi-
ana. Mean = mean internesting interval (days) ± SE. N = total number of 
intervals. 

Clutches 	Mean (days) 
per season 

2 22.0 ± 6.3 16-33 5 

3 20.8 ± 4.7 14-38 46 

4 18.4 ± 3.1 14-25 36 

5 18.9 ± 3.9 14-24 8 
6 16.1 ± 3.7 12-24 10 

Most females did not lay the first evening they began to search. 
Frequently a female began two or three nests in one evening, but 
left them unfinished. The following evening she would again at-
tempt to nest. Of the 243 clutches observed, only 30% of the 
clutches were laid the day that the female began to search, 22% 
the second; 16% the third; 11% the fourth; 7% the fifth; 4% the 
sixth and the remaining 10% later. 

There was a considerable variety in the locations and substrates 
that females attempted to use for nesting. Most clutches were laid 
in open areas that received direct sunlight during a portion of the 
day, but a few were laid in areas that never received sunlight and 
under bushes in the loose soil of flower beds. Two females at-
tempted to dig nests on a concrete patio. 

There was some variability in the way individual females dug 
their nests. Most carefully lifted dirt from the hole with the hind 
feet and laid it behind the hole; however, one female threw dirt 30 
cm or more behind her. She did not continually hold her position 
with her front feet, but rotated some 270° around the hole as she 
dug. With few exceptions, excavated nest cavities were flask-
shaped. The size of the nest cavities appeared to be determined 
by how far the female could reach with her hind legs, as she seemed 
to dig as long as she could reach soil and remove it from the hole. 

Oviposition.—The nesting process normally took several hours 
to complete (Allard 1935; Carr 1952; Ernst and Barbour 1972). 
When the typical female had completed nest excavation, there 

Range 
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was a crescent-shaped pile of loose dirt behind the hole. After the 
nest was excavated, the female continued to put one back foot 
and then the other into the hole. After a short time, she fully ex-
tended her head, then retracted her neck, pulled her head into her 
shell, and strained to push an egg from her body. Sometimes a 
female appeared to have difficulty laying an egg and she strained 
for extended periods of time. On 24 occasions we recorded ovi-
position of 11 different females using a camcorder. The mean 
amount of time between the laying of two eggs was 203 ± 17 s 
(range 60-574, N = 55, median = 166 s). 

Covering the Nest.-The typical female started covering her 
eggs about a minute after laying her last egg. She did not begin 
by using the dirt evacuated from the nest, but instead reached 
forward with her rear feet to the area near the bridge of her shell 
and raked grass and/or litter from the surface of the ground into 
the nest. After packing a mixture of soil and organic material into 
the egg chamber, she finished covering the nest by utilizing the 
soil excavated from the hole. This method explains the previously 
observed difference in density between the soft material surround-
ing the eggs and the hard-packed dirt in the "neck" of the flask-
shaped nest (Zeiller 1994). The soft material around the eggs may 
aid in the emergence of the neonates from the nest (see below). 

At times, after pulling a bit of material into the hole, the female 
tamped the material with the upper side of her toes. She put both 
feet on the material and tamped, alternating feet every 0.5 to 0.7 
sec. She tamped for a variable length of time, and then returned 
to raking material into the hole. She alternated raking and tamp-
ing until she finished filling the nest. 

Often after completion of nesting, females got into one of the 
water pools and sat for long periods of time, occasionally exer-
cising her hind legs in the water. Dickson (1953) reported similar 
behavior. 

Neonate Emergence.-The relatively soft material surround-
ing the eggs in the nest allowed some movement of the neonates 
after pipping. Movements of the neonates apparently contributed 
to the collapse of the cap of soil above the egg chamber, as we 
never found an egg chamber caved in without a live neonate in-
side. The collapse of the egg chamber cover frequently took place 
during or soon after a heavy rain. 

Twins have been reported for T c. triunguis (Crooks and Smith 
1958) and T c. major (Tucker and Funk 1976). Of 464 eggs that 
hatched, one egg contained twins. When the nest was opened we 
found one egg partly pipped. It contained both a live turtle and a 
dead one. The twin lived from 13 October until 22 March the 
following year. 

Reproductive Output.-There have been conflicting reports con-
cerning the reproductive strategy of the box turtle, many of which  

have been anecdotal. Iverson (1977) reported that T carolina laid 
one clutch per year. Laying of more than one clutch per nesting 
season has been reported for T carolina (Dickson 1953), T c. 
carolina (Ewing 1935; Finneran 1948; Riemer 1981; Zeiller 1994), 
T c. major (Tucker et al. 1978; Jackson 1991), and T c. bauri 
(Dodd and Franz 1994). Ernst et al. (1994) state that two clutches 
per season are normal for T carolina subspecies other than. T c. 
major. 

In our study the mean number of clutches per female per sea-
son was 3.31 ± 0.13 (N = 230 clutches). The mean internesting 
interval was 19.1 ± 0.3 days (N = 156 intervals), and the mean 
number of eggs per clutch was 3.40 ± 0.7 (range 1-7, N = 247 
clutches; Fig. 1). 
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FIG. 1. The mean number of eggs per clutch varies during the nest-
ing season. Clutch means ± 1 SE are plotted. (N) = number of clutches. 

The mean weight of eggs was 9.64 ± 0.45 grams (range 8-11, 
N = 7). The mean egg length was 34.14 ± 0.82 mm (range 24.7-
40.2, N = 21). The mean width was 20.56 ± 0.41 mm (range 17.1-
24.3, N = 21). Most of the eggs measured were infertile. 

The hatching success for 845 eggs was 55%. The mean weight 
of neonates was 7.2 ± 0.1 grams (range 4.2-9.8, N = 133). The 
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TABLE 2. Incubation periods and hatching success for three-toed box turtles in Louisiana varied among eggs laid during different periods in a 
nesting season. Mean = mean incubation period (days) ± SE. % Hatch = percent of eggs that hatched. N = number of eggs. 

Periods of Oviposition 

May 1-15 June 16-30 June 1-15 July 16-31 July August 

Mean 91.3 ± 0.7 84.1 ± 0.6 81.4 ± 0.8 82.7 ± 0.8 78.0± 1.7 90.6 ± 0.2 

Range 80-102 64-98 62-109 71-106 66-114 90-91 

% Hatch (N) 30.6 (160) 63.4 (224) 63.8 (188) 62.8 (161) 45.7 (83) 38.5 (13) 
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mean neonate weight per clutch was 24.7 ± 1.4 grams (range 14.1-
37.8, N = 24 clutches). These 24 clutches were laid by 16 differ-
ent females. 

Some females laid more clutches per season than others. Se-
verely injured or sick turtles did not nest. The length of the nest-
ing season, which differed from year to year, and the length of the 
interclutch intervals were two other factors that helped determine 
the number of clutches a female could lay in one season. One 
female twice laid 6 clutches in one season, and she and two other 
females laid 5 clutches in a season. The other females laid from 
one to four clutches in a season (Table 1). 

In calculating incubation periods we considered a neonate 
hatched when it no longer had a visible yolk sac. We defined a 
nesting season as the time from the laying of the first clutch of a 
year through the laying of the last. All clutches were laid between 
13 May and 13 August, and 71% of the clutches were laid be-
tween 1 June and 20 July. 

The small size of the study area limited the variety of nesting 
sites and this probably influenced the length of time females 
searched before nesting. We attempted to protect the nests from 
vertebrate predators and from dehydration, and this influenced 
the hatching success and incubation periods. 

Occasionally there were long wet periods during May. The study 
area was relatively flat and the soil had a high clay content. This 
did not promote rapid drainage and was probably an important 
factor in the lack of hatching success for clutches laid in May. 
The greater hatching success of eggs laid in June and July ap-
peared to be due not only to the warmer weather, but also to the 
drier environment (Table 2). 

We feel certain that confinement to the study area had no sig-
nificant influence on the number of clutches laid per season, and 
that healthy three-toed box turtles in northeast Louisiana normally 
lay 3-4 clutches per nesting season. 
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Delayed Fertilization in the 
Monitor Lizard Varanus gouldii 

Delayed fertilization has been reported in a large number of 
squamates (Blackwell 1954; Darevsky 1971; Fitch 1970; Greer 
1989; Groves 1973; Haines 1940; Joss and Minard 1985; King 
1977; Philipp 1979; Wall 1905; Woodward 1933), but there has 
only been one suspected instance reported in varanids (Auffenburg 
1981). This report describes a case of delayed fertilization in 
Varanus gouldii at the Dallas Zoo. 

A pair of V gouldii were observed copulating on several occa-
sions between 2 July and 17 September 1994. On the latter date, 
the male was removed due to a dermal infection. Twenty-one days 
later, the female deposited a clutch of ten eggs. After a few weeks 
these eggs began to desiccate and fertility could not be determined. 
The same female deposited a second clutch of eight eggs 65 days 
after oviposition of the first clutch. After three months of incuba-
tion, a fiberoptic egg candler revealed the presence of embryos 
and blood vessels, confirming fertility in four of the eggs. The 
male had not been housed with the female after 17 September 
1994. Since gestation is unknown for this species, the exact length 
of sperm storage cannot be determined. 

Acknowledgments.-We thank J. B. Murphy, L. A. Mitchell, C. M. 
Garrett, D. M. Boyer, D. T. Roberts, K. A. Bradley, and A. C. Walters for 
helpful advice in the preparation of this manuscript. 

LITERATURE CITED 

AUFFENBURG, W. 1981. The Behavioral Ecology of the Komodo Monitor. 
University of Florida Press. Gainesville, Florida. 406 pp. 

BLACKWELL, K. 1954. Some notes on the egg-laying and retention of sper-
matozoa by the African snake, Boaedon lineatus. British Jour. Herp. 
1(10):189-190. 

DAREVSKY, I. S. 1971. Delayed fertilization in the Brazilian colubrid snake 
Xenodon merremii (Wagler). J. Herpetol. 5:82-83. 

FITCH, H. S. 1970. Reproductive Cycles in Lizards and Snakes. The Uni-
versity of Kansas Museum of Natural History. Lawrence, Kansas. 247 
pp. 

GREER, A. E. 1989. The Biology and Evolution of Australian Lizards. 
Surrey Beatty & Sons PTY Limited. Chipping Norton, NSW. 264 pp. 

GROVES, J. D. 1973. Delayed fertilization in the snake, Boiga dendrophilia. 
Herpetologica 29(1):20-21. 

HAINES, T. P. 1940. Delayed fertilization in Leptodeira annulata polysticta. 
Copeia 1940:116-118. 

Joss, J. M. P., AND J. A. MINARD. 1985. On the reproductive cycles of 
Lampropholis guichenoti and L. delicata (Squamata: Scincidae) in the 
Sydney region. Aust. J. Zool. 33:699-704. 

KING, M. 1977. Reproduction in the Australian gecko Phyllodactylus 
marmoratus (Gray). Herpetologica 33:7-13. 

PHILLIPP, G. A. 1979. Sperm storage in Moloch horridus. West. Aust. 
Nat. 14(6):161. 

WALL, F. 1905. A popular treatise on the common Indian snakes. Part 1. 
J. Bombay Nat. Hist. Soc. 16:533-554. 

WOODWARD, S. F. 1933. A few notes on the persistence of active sperma-
tozoa in the African night adder, Causus rhombeatus. Proc. Zool. Soc. 
London 1933:189-190. 

MARK DOLES 
and 
WINSTON CARD 
Department of Herpetology 
Dallas Zoo 
621 East Clarendon Drive 
Dallas, Texas 75203, USA. 

NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in vol-
ume 26, number 1. 

CAUDATA 

AMBYSTOMA TAYLORI (Taylor's Salamander). RECORD 
SIZE. Ambystoma taylori is a poorly studied Mexican salamander 
endemic to Laguna Alchichica, one of several crater lakes 
(axalapazcos) in the llanos of eastern Puebla, Mexico, located at 
2345 m (97°24'00"WL, 19°24'13"NL). The maximum snout-vent 
length (SVL) reported for A. taylori is 113 mm (Brandon et al. 
1981. S. California Acad. Sci. 80(3):112-125.). Herein I report a 
female 126 mm SVL (to the median point of the cloaca), 230 mm 
TL, and 76.04 g live wet weight collected 27 February 1994 at 
2030 h. The specimen was found struggling in a vertical position 
at the surface of the lake approximately 1 m from the edge. At 
this point the lake is approximately 1 m in depth. The specimen 
(ENEPI 6035) is deposited in the herpetological collections at 
the Universidad Nacional Autonoma de Mexico, Campus Iztacala. 
I am grateful to Julio Lemos-Espinal who read an initial draft of 
this note. 

Submitted by MIGUEL ANGEL SANTINELLI-RAMOS, 
Fuente de Tauro #15, Lomas de Tecamachalco, Edo. de Mexico 
53950, Mexico. 

ANEIDES FERREUS (Clouded Salamander). REPRODUC-
TION. Arboreality is common among tropical plethodontid sala-
manders (Lynch and Wake 1976. Nat. Hist. Mus. Los Angeles 
Co. Sci. Bull. 25:1-65), and it is probable that many of these 
species nest in trees (e.g., Good and Wake 1993. Herpetol. Monogr. 
6:131-159; McCranie and Wilson 1993. Herpetol. Rev. 23:115-
116). However, temperate plethodontids are generally terrestrial 
or fossorial (but see Jaeger 1978. Copeia 4:686-691; Madigon 
and Shoop 1970. Science 168:1484-1487), except for some mem-
bers of the genus Aneides. Stebbins (1951. Amphibians of West-
ern North America. Univ. California Press, Berkeley) reported A. 
lugubris in tree cavities as high as 20 m, and also reported nest-
ing sites in hollow trees. Van Denburgh (1916. Proc. California 
Acad. Sci. 4th ser. 6(7):215-221) reported A. ferreus 6.6 m high 
in a snag, and Leonard et al. (1993. Amphibians of Washington 
and Oregon, Seattle Audubon Society, Seattle, Washington) re-
ported A. ferreus 40 m high in a snag. Dunn (1942. Copeia 
1942:52), and Storm (1947. Herpetologica 4:60-62) described 
nests of A. ferreus in decaying logs; however no tree nests have 
been reported. During August 1988, one of us (RAW) was exam-
ining the canopy foliage of recently felled trees from a logging 
operation in an old-growth stand at the Yurok Experimental For-
est in Del Norte Co., California, USA, for evidence of marbled 
murrelet (Brachyramphus marmoratus) nests. The forest was pre-
dominately redwood (Sequoia sempervirens), with western hem-
lock (Tsuga heterophylla) and Douglas-fir (Pseudotsuga 
menziesii). The trees being harvested were 70-100 m in height, 
with breast height diameters of 2-3 m and first limbs >20 m above 
ground. On a large redwood tree RAW discovered a cluster of six 
salamander eggs. The egg cluster had been dislodged from a fern 
clump (Polypodium spp.) that had broken open from the impact 
of felling. No adult salamander was observed in attendance when 
the cluster was discovered. The fern was at the base of a limb 
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