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About Our Cover: Rhacodactylus ciliatus 

Islands are fertile ground for the 
birth of species, thanks to their 
unique and complex mix of circum-
stances including isolation, small 
gene pools, and a limited number of 
predators. Reptiles endemic to is-
lands sometimes evolve highly de-
rived characteristics that would not 
normally be viable on a continental 
ecosystem. Gigantism is a case in 
point. Many reptile families can 
count island taxa among their larg-
est extant members. 

The French territory of New 
Caledonia is home to the richest 
herpetofauna of any non-archipe-
lagic island group in the Pacific. It 
also harbors more endemic taxa, 

both in absolute numbers and as a percentage of its whole, than any other 
island in the Pacific except New Guinea (Bauer and Sadlier 1994. Pacific Sci-
ence 48[4]:353-366). Among its suite of herpetological oddities are some of 
the world's largest geckos. 

Giant geckos of the genus Rhacodactylus are endemic to New Caledonia. 
Six species are known to occur in the island's rainforests and marquis, the 
peculiar heath-like vegetation communities that thrive on the toxic, nickel-rich 
soils. The largest of these, with a snout-vent length of 245 mm or more, is R. 
leachianus, considered to be the world's largest living gekkonid. This great 
flabby gecko with its long, horse-like face and loose folds of skin is relatively 
common in humid forests throughout New Caledonia. 

But perhaps the most enigmatic and spectacular is the crested gecko (R. 
ciliatus). This extraordinary lizard, with a snout-vent length of 'only' 130 mm, 
has an elaborate pair of spinose crests sweeping back from above each eye to 
form a parallel series on the nape. It also has extensive webbing at the rear of 
the hind limbs and a thin, cylindrical tail with a flattened, spatulate tip bearing 
adhesive lamellae. 

Rhacodactylus ciliatus was described as Correlophus ciliatus by Guichenot 
in 1866. The type locality, given as simply Nouvelle -Calidonie, sheds no light 
on its provinence. A series of some 20 specimens collected in the latter part of 
the 1900's are labelled Ciu and Noumea but the latter is more likely a point of 
shipment than a collecting site for specimens (Bauer 1990. Bonn. Zool. Monogr. 
30:1-220). No more were found for nearly a century and it was feared the 
lizard may have become extinct. In 1994 Rhacodactylus ciliatus was rediscov-
ered on Ile des Pins (Isle of Pines), a small island about 50 kilometres off the 
southern tip of New Caledonia. Recently, more intensive field work has re- 

vealed crested geckos in at least three separate sites on the southern New 
Caledonian mainland. 

Little has been documented on the crested gecko in the field. Bavay (1869. 
Mem. Soc. Linn. Normandie 15:1-37) considered it an inhabitant of montane 
forests that was seen only after rain, but field observations over the past several 
years revealed that it also occurs in warm, moist lowland forests. Fecal exami-
nations reveal fruit to be a significant part of its diet although, not surprisingly, 
captive individuals thrive on a variety of insects. Original tails are uncommon 
on adults and they are said to be incapable of growing a new one, regenerating 
little more than a stump. 

The large adult pictured, complete with original tail, was one of three speci-
mens including two juveniles that were found foraging on saplings and tree 
limbs in dense forest in southern New Caledonia. In keeping with Bavay's ob-
servations of 130 years ago, they were active during and after torrential down-
pours. The endemic genera Bavayia and Eurydactylodes, along with another 
giant gecko, R. auriculatus, were found in the same forest. The gecko was pho-
tographed in situ by Australian herpetologist Steve Wilson, in May 1998. Steve 
used an Olympus 0M4Ti, a 50mm f3.5 macro lens and a single hand-held manual 
flash. He prefers to use a single flash, with a small pen-light attached to help 
focus in the dark and indicate precisely where the shadows will lie. 

Steve is a supervisor in the Inquiry Centre of the Queensland Museum in 
Brisbane. He also works freelance as a wildlife photograper and writer. Steve 
has been photographing reptiles, amphibians, insects, and spiders for more than 
25 years. The two main focal points of his work are the comprehensive cover-
age of the Australian lizards and snakes, and the herpetology of tropical is-
lands. With co-author Dave Knowles, he published Australia's Reptiles—a Pho-
tographic Reference to the Terrestrial Reptiles of Australia (Collins Australia, 
1988). Their book, bringing together the combined talents of some of Australia's 
leading reptile photogra-
phers, features a near 
complete pictorial cov-
erage of Australia's liz-
ards and land snakes. 
Steve's photography and 
articles are widely pub-
lished in books and 
magazines throughout 
Australia. His next 
project is the publication 
of a field guide to the 
reptiles in his home state 
of Queensland. 

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

SSAR BUSINESS 

New Editor at the Journal of Herpetology 

Richard Seigel, long-time Editor of the Journal of Herpetology, 
is stepping down. The journal has flourished under Rich's expert 
guidance, with manuscript submissions increasing each year. Ef-
fective 1 December 2000, Dr. Brian Sullivan will assume the role 
of Editor. Please send all new submissions and editorial corre-
spondence to him at the following address: 

Brian Sullivan 
Department of Life Sciences 

PO Box 37100 
Arizona State University-West 
Phoenix, Arizona 85069, USA 

Sherman A. Minton Student Travel Awards 
for 2001: Appeal for Contributions 

The Board of Directors of SSAR have approved one time mul-
tiple travel awards to honor the memory of the late Sherman A. 
Minton, M.D., which would will also serve to recognize his many 
important contributions in herpetology, toxinology, and medicine. 

Approximately ten awards will be made to students to help de-
fray travel expenses to the SSAR/HL Annual Meeting in India-
napolis in July 2001. These awards would be in addition to the 
SSAR Student Travel Awards, and will have the same criteria. 
The winners will be recognized in Herpetological Review, De-
cember 2001 issue. Donors will be recognized in appropriate ways, 
unless they ask to remain anonymous. Many feel Dr. Minton has 
a special place in their memory and we hope they will express 
their feelings by making a significant contribution to these awards. 
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Southern Torrent Salamanders are limited to headwaters of 
streams, seeps, and springs within coniferous forests in northern 
California and southern Oregon. Larvae take up to 3.5 yr to reach 
metamorphosis and an additional 1-1.5 yr to achieve maturation. 
Adults are rarely found more than 50 m from lotic waters. Timber 
harvesting, particularly the impacts of road-building and 
clearcutting on streams, is perceived as the primary threat to popu-
lation viability. Effects of timber harvesting on hydrological sta-
bility, microhabitat integrity (i.e., low siltation and a rocky sub-
strate), and temperature profiles have been identified as concerns. 
However, the practice of clearcutting has been strongly curtailed 
in this region over the past decade, and there appears to be some 
evidence that R. variegatus persists in altered habitats. Currently 
there are inadequate data to conclusively demonstrate that the spe-
cies has low genetic variability, although it is likely the most ge-
netically distinct (isolated) of Rhyacotriton species. 

The Southern Torrent Salamander is listed as a species of spe-
cial concern in California and as a vulnerable and sensitive spe-
cies in Oregon. However, the species distribution is limited on 
California and Oregon state lands (2% and 1%, respectively, of 
the total species range). Thus, R. variegatus has no protection 
throughout the vast majority of its distribution, which is over-
whelmingly on private (60%) and federal (37%) lands. 

For further information, contact: Ann Chrisney, US Fish and 
Wildlife Service, Sacramento Fish and Wildlife Office, 2800 Cot-
tage Way, W-2605, Sacramento, California 95825-1864, USA. 

USA: Department of the Interior: The US Fish and Wildlife 
Service proposed to declare 193,600 ha spread over nine counties 
in central and southern California as critical habitat for the Arroyo 
Southwestern Toad (Bufo microscaphus californicus; now usually 
regarded as a distinct species, B. californicus). Bufo microscaphus 
californicus is a small toad native to the drainages of central 
(coastal) and southern (coastal and desert) California southward 
to Mexico's northern Baja California. The wetlands within these 
drainages are highly variable. Adult B. microscaphus californicus 
prefer to breed in shallow pools in low-gradient streams and are 
most often found near the breeding sites throughout the year (within 
0.5 km). Females are quite fecund, with clutch sizes approaching 
10,000. The larval period is relatively brief, lasting less than 3 
mo. Males and females may reach maturity by 2 yr post-hatching, 
although some females may require an additional year. 

Bufo microscaphus californicus is believed extirpated from more 
than 75% of historical localities. Habitat alteration is regarded as 
the key threat to continued survival. If the proposed rule is adopted, 
destruction and/or severe modification of the critical habitat by 
any federally-funded or -approved activity would be prohibited. 
However, less than half of the critical habitat is located on feder-
ally-owned lands. 

The public comment period on the proposal ended 7 August 
2000. For further information, contact: Grace McLaughlin, Ventura 
Fish and Wildlife Office, 2394 Portola Road, Suite B, Ventura, 
California 93003, USA. 

USA: Department of the Interior: The US Fish and Wildlife 
service proposed to list the Chiricahua Leopard Frog (Rana 
chiricahuensis) as threatened under the Endangered Species Act. 
The Chiricahua Leopard Frog is found in central and southern 

Arizona and New Mexico and in the adjoining region of Mexico. 
The species breeds in mid- to high-elevation (between 1,000 and 
2,700 m) isolated wetlands that are frequently surrounded by arid 
terrestrial habitats. Recent surveys for R. chiricahuensis have in-
dicated that the species appears to be absent from up to 80% of 
historical localities in the US. Less than 80 populations are be-
lieved to remain in this country. 

One threat to R. chiricahuensis is competition and predation 
from non-native vertebrates, especially centrarchid fishes, Bull-
frogs, and Tiger Salamanders. In a recent study, R. chiricahuensis 
was absent from nearly all wetlands where non-native vertebrates 
were present, and it was present in habitats lacking the non-native 
vertebrates. In addition, chytrid fungus—which is believed respon-
sible for amphibian population declines and local extinctions in 
Australia and Central America—has been discovered on the skin 
of dead Chiricahua Leopard Frogs. 

Several federal agencies, Arizona Game and Fish Department, 
New Mexico Department of Game and Fish, private landowners, 
and local groups are working in consort to develop management 
and conservation plans for the Chiricahua Leopard Frog. 

The public comment period on the proposal ended 12 Septem-
ber 2000. For further information, contact: Jim Rorabaugh, Ari-
zona Ecological Services Field Office, US Fish and Wildlife Ser-
vice, 2321 West Royal Palm Road, Suite 103, Phoenix, Arizona 
85021-4951, USA. 

International: Convention on International Trade in Endangered 
Species (CITES): The 11th Conference of CITES was held on 10-
20 April 2000 in Kenya. The following resolutions were AC-
CEPTED by the delegates at the convention: 

• Include Asian box turtles (Cuora spp.) in Appendix II. 
• Transfer African Spurred Tortoise (Geochelone sulcata) from 

Appendix H to Appendix I. 
• Delete Sonoran Green Toad (Bufo retifonnis) from Appendix 

II. 
• Include Mantella frogs (Mantella spp.) in Appendix II. 

The following resolutions were REJECTED by the delegates at 
the convention: 

• Include Spotted Turtle (Clemmys guttata) in Appendix II. 
• Transfer Hawksbill Turtle (Eretmochelyes imbricata) from Ap-

pendix Ito Appendix II. 

Appendix I species are threatened with extinction and may be 
affected by trade. Appendix II species are not currently threatened 
but such status is likely unless trade is restricted. 

For more information, contact: CITES Secretariat, 15 chemin 
des Anemones, 1219 Chatelaine-Geneva, Switzerland. tele-
phone:(+4122) 917 8139/40, fax: (+4122) 797 3417, e-mail: 
cites  @unep.ch. 

USA: Michigan: On 24 June 2000, the Detroit Zoological In-
stitution opened the National Amphibian Conservation Center 
(NACC). The NACC is a $6 million facility covering 12,000 square 
feet, with the goal of drawing attention to the perceived world-
wide amphibian decline problem. While much of the space at 
NACC is devoted to exhibits featuring about 1,000 amphibians, 
about half of the facility is devoted to husbandry, reproduction, 
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A New Book from the Society for the Study of Amphibians and Reptiles 

THE HERPETOFAUNA OF NEW CALEDONIA 
by AARON M. BAUER and Ross A. SADLIER 

with French summaries by Ivan Ineich and 189 color photographs 

NEW CALEDONIA, INCLUDING THE LOYALTY ISLANDS AND AN ASSOCI-

ated group of smaller islands and reefs, is a French territory 
located in the tropical Southwest Pacific equidistant from New 
Guinea, New Zealand, and Australia. This ancient group of islands 
supports one of the most highly endemic and species-rich 
herpetofaunas in the Pacific region. Among the 71 species of terres-
trial reptiles, 86% are endemics, and most belong to endemic gen-
era. Despite being only 2.5% the size of New Guinea, New Caledo-
nia has 36% as many lizard species. In addition, the New Caledo-
nian barrier reef system, one of the largest and most diverse in the 
world, is inhabited by a dozen species of seasnakes. Because of the 
diversity of its flora and fauna and the fragility of its habitats, New 
Caledonia is regarded as a biodiversity "hot spot," one of the earth's 
biologically richest and most endangered terrestrial ecoregions. 

This book—at the same time a scientific monograph and a field 
guide—is the first modern review of the amphibians and reptiles of 
New Caledonia. It covers the frogs, family Hylidae (1 species), gec-
kos of the families Diplodactylidae (20) and Gekkonidae (6), the 
Scincidae (42), snakes of the families Boidae (1), Elapidae (12, all 
marine), and Typhlopidae (2), and the sea turtles, Cheloniidae (3). 
Geckos and skinks, in fact, are the most numerous and dominant 
terrestrial vertebrates in New Caledonia. These two groups have 
undergone extensive generic and specific diversification, including 
the world's largest living geckos (Rhacodactylus) and more than a 
dozen genera of skinks including the giant skinks (Phoboscincus). 

The authors, Aaron M. Bauer (USA) and Ross A. Sadlier (Australia) 
are both noted authorities on the Pacific herpetofauna. Their exten-
sive field work in New Caledonia began more than 20 years ago. As a 
result of their research, numerous new genera and species of New 
Caledonian geckos and skinks have been described and named, but 
this book represents the first synthesis of their 20 years of study. 

Organization of the Book 
• Geography, Vegetation, Geological History, and Biogeography 
• Ecological Patterns of Terrestrial and Marine Species 
• Conservation 
• Humans and the Herpetofauna, including a History of Scientific 

Studies 
• Systematic Accounts of Genera and Species: 

Keys; Synonymies; Descriptions; Distribution (spot map for 
each species); Natural History; Conservation Status; Remarks 
and Status 

• Incidental Taxa, Taxa of Questionable Occurrence, and Those 
Erroneously Recorded from New Caledonia 

• Fossil and Subfossil Species 
• Literature Cited and Bibliography of New Caledonian Herpetology 

(more than 1000 references) 
• Gazetteer of Place Names; Index to Scientific Names 

The 153 color photographs of animals depict nearly every species. 
There are also 36 photographs of New Caledonian habitats. 

Specifications: 325 pages, 7 x 10 inches (18 X 22.5 cm), plus 189 color photographs of animals and habitats on 24 plates, 47 maps, 63 
figures, and 4 tables. Clothbound. ISBN: 0-916984-55-9. To be published December 2000. 

PRICES: Pre-publication to SSAR members US$50; Institutions and non-members us$60. SHIPPING: USA address, add us$3; non-USA, uS$6 

SEND ORDERS TO: Dr. Robert D. Aldridge, SSAR Publications Secretary, Department of Biology, Saint Louis University, 3507 Laclede 
Avenue, Saint Louis, Missouri 63103-2010, USA (telephone: area code 314, 977-3916 or —1710; fax: 314, 977-3658; e-mail: ssar@slu.edu).  
Please make checks payable to "SSAR." Overseas orders must be paid in USA funds using a draft drawn on American banks or by International 
Money Order. Orders may also be charged to MasterCard or VISA (please provide the account number and card expiration date). SSAR 
membership information and a complete list of all Society publications can be obtained on request to Dr. Aldridge. 
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and research. The NACC is prepared to engage in collaborative 
projects with some of the leading conservation organizations, such 
as The Nature Conservancy and the IUCN's Declining Amphib-
ian Populations Task Force. 

For more information, contact: Andy Snider, Curator of Herpe-
tology, Detroit Zoological Institute, 8450 West 10 Mile Road, P.O. 
Box 39, Royal Oak, Michigan 48068-0039, USA. 

USA: US House of Representatives: On 11 May 2000, the 
House of Representatives passed the Conservation and Reinvest- 

ment Act (H. R. 701). The act would establish a Conservation and 
Reinvestment Act Fund, which would have a $2.825 billion an-
nual budget. The Fund would support states' coastal conservation, 
development and implementation of endangered and threatened 
species recovery plans, federal and land restoration, among other 
programs. The bill was sent to the Senate where it was referred to 
the Committee on Energy and Natural Resources. 

For more information, contact: Senator Frank Murkowski, Chair-
man, Energy & Natural Resources Committee, US Senate, Wash-
ington, DC 20510, USA; tel. (202) 224-6665; fax (202) 224-5301. 

SSAR Grants-in-Herpetology 

Proposals are now being accepted for the 2001 SSAR Grants-in-Herpetology Program. This program is intended to provide financial 
support for deserving individuals or organizations involved in herpetological research, education, or conservation. Grant proposals will be 
considered in the following categories: 

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

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

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

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

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

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

7. BIBLIOGRAPHIC RESEARCH. This special category continues for 2001 thanks to a donation from Itzchak and Carolyn Gilboa. 
Proposals should address a major need to consult library or other information resources. The project must focus on a herpetological topic. 
Proposals from individuals only, accompanied by a letter of support from someone knowledgeable about the applicant and about the impor-
tance of the project. 

In keeping with the Society's goal of encouraging participation by the broadest possible community, preference may be given to indi-
viduals who might not have access to other funding sources. All applicants must be students AND members of the SSAR with the exception 
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1 logical books dating from the 16th to the 20th centuries. It results from a display arranged by the 
Kenneth Spencer Research Library of the University of Kansas on the occasion of the 1996 SSAR meeting 
held at the university. Books such as these, many of which have exquisitely handcolored illustrations by 
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the Kansas exhibit has encouraged us to make this printed version available. The author, Sally Haines, 
Associate Special Collections Librarian at the Spencer Library, is in charge of the natural history collections. 
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Ptyas is a genus of large, terrestrial snakes that range from south-
ern China and Afghanistan through the Malayan Peninsula and 
the Philippines to Sulawesi (Celebes) in the east (Fig. 1). This 
genus (Ptyas Fitzinger, 1843:26) has been recognized as valid at 
least since Stejneger (1907:345) who used this name in his "Her-
petology of Japan." It was a surprise, therefore, to encounter re-
cent zoogeographic studies (Das 1996, 1998) using the Linnaean 
genus Coluber for the species heretofore referred to Ptyas. As com-
monly recognized, Coluber is a North American genus, with its 
closest relative, Masticophis Baird & Girard (1853:98), also re-
stricted to the Americas (Fig. 1). 

The European racers formerly included in Coluber have been 
shown to belong to other genera (i.e., Hemorrhois F. Boie, 1826, 
and Hierophis Fitzinger, 1834) by various authors in the last sev-
eral decades. Inger and Clark (1943) pointed out that they differed 
in dorsal scale row reduction patterns, Schatti (1986 et seq.) showed 
them to differ in skull, vertebral, and hemipenial morphology, and 
Lopez and Maxson (1995) showed them to differ in mitochon-
drial DNA sequences. Still, the weight of Boulenger's catalogues 
(1893-1896) lingers on, barring full acceptance of these data. 

The confusion between Ptyas and Coluber apparently was initi-
ated by Lazell (1998:134), who stated, "There is no morphologi-
cal basis for recognition of a genus `Ptyas' as separate from Coluber 
sensu stricto." We will show here that not only is this statement 
erroneous, but that Lazell's method of "proof' was, itself, invalid. 

The type species of Coluber is C. constrictor Linnaeus (1758), 
of North America. That of Ptyas is P mucosus (Linnaeus 1758), 
of the tropics and subtropics of Asia. These two species (and the 
other species generally associated with each of them) differ in many 
features. We bring additional morphological information, as well 
as chromosomal, immunological, and genomic data to demonstrate 
the distinctness of these genera. 

Morphology.—Ptyas and Coluber, along with 45 or more other 
genera, are members of the family Colubridae (sensu stricto). As 
such, they lack hypapophyses on their posterior body vertebrae, 
have the typical nine caenophidian crown scutes, and have the 
typical colubrid asymmetrical hemipenes (i.e., mirror-image ba-
sally, similar apically), with proximal spines, distal calyces, and a 
simple, dextrally trending sulcus spennaticus. 

Although these genera are somewhat similar in general mor-
phology, they differ in body size and proportions, scutellation. 

Fin. 1. Approximate geographic distributions of the colubrid (s.s.) snake genera Plyas and Coluber. Note that the genus Plyas (b) is restricted to the 
Oriental region of Asia, whereas Coluber (a) is restricted to Nearctic North America. [The closely related genus Masticophis ranges from the southern 
United States to Colombia and Venezuela.] The arrow indicates the range (Sulawesi = Celebes) of Ptyas dipsas, the major subject of Lazell's studies.  
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FIG. 2. Head morphology of Ptyas mucosus (a) and Coluber constric-
tor (b). Note especially the larger eye and the presence of a "brow ridge" 
in Ptyas. ["a" from Smith (1943: Fig. 49; "b" original (HGD-HISS) from 
AMNH 99107. 

dentition, vertebral proportions, and hemipenial structure (cf. 
Ortenburger 1928:178-181, pls. 27-30, and Smith 1943:158-166). 

The species of Ptyas (including P mucosus) are much larger 
snakes than Coluber constrictor, with record lengths of P. mucosus 
exceeding 358 cm (Smith 1943:160) versus the 185.4 cm record 
of C. constrictor (Conant 1975:178). The eye in Ptyas is propor-
tionately larger and has an overhanging "brow ridge" not found in 
Coluber (Fig. 2). As shown by Clark and Inger (1942), the two 
genera also differ in the mode of dorsal scale reduction. 

The maxillary teeth differ in number (20-25 in Ptyas; 13-16 in 
Coluber) and size, with the two posterior teeth of Coluber being 
distinctly larger than the others, and often set off by a diastema, 
whereas those of Ptyas are more uniform in length (Smith 1943: 
Fig. 48, p. 159). 

The vertebrae differ in proportions (reflecting the larger size of 
mature Ptyas), even when specimens similar in size are compared: 
those of Ptyas are more massive in structure and have distinctly 
higher neural spines than do those of Coluber. 

The most definitive difference, however, is in the morphology 
of the everted hemipenis (Fig. 3). Coluber (and the closely related 
Masticophis) has a distinctly bilobed organ, covered distally with 
distinct, closely associated calyces. Ptyas, in contrast, has a most 
unusual hemipenis, lingulate (tongue-like) in shape, with flounces 
basal to an almost transparent region on which the broad calyces 
are only faintly inscribed. There are no lobes, and, in fact, the 
hemipenis differs greatly from that of any other genus of snake in 
which the everted organ has been described. The hemipenis of 
Ptyas shows no resemblance to that of Coluber except in those 
features typical of the Colubridae (s.s.): basal spines, apical caly-
culi, and a simple, dextrally trending sulcus. 

Chromosomes.—The chromosome number for Ptyas mucosus 
has been reported (Bhatnagar 1957) as 34, showing the loss of a 
pair of microchromosomes from the "standard" snake chromo-
some number of 36, which is characteristic of Coluber constrictor 
(Baker et al. 1972). The significance of this, however, is not clear. 

Molecular data.—An immunological study (Dowling et al. 1983) 
showed Ptyas mucosus to be 24 AID (albumin immunological dis-
tances) from Masticophis flagellum, which was only 10 AID from 
Coluber constrictor. A later electrophoretic study (Dowling et al. 
1996) showed Ptyas mucosus to differ from Coluber constrictor 
in one of four "slow evolving" protein loci: the same distance as 
shown between C. constrictor and the Nearctic greensnake, 
Liochlorophis vernalis. 

The relationships suggested above were further supported by a 
genomic study (Lopez and Maxson 1995) that showed Oriental 
Ptyas to cluster closely with Oriental Zaocys (and distantly with 
Nearctic Opheodrys), in contrast to Nearctic Coluber, which clus-
tered closely with Nearctic Masticophis and only distantly with 
the Oriental genus Gonyosoma. 

Behavior.—P. mucosus inflates the throat when disturbed and 
is reported to "growl" at an attacker (Pope 1935:222). Neither of 
these behaviors is found in Coluber. 

Discussion.—Lazell (1998) gave no description of the features 
of Ptyas and Coluber that served to support his action in synony-
mizing the former, but referred to a previous paper for details 
(Lazell et al. 1991). Inspection of this paper shows that he had 
been impressed with a "Black Racer" (Ptyas dipsas) on Sulawesi, 
commenting that Coluber constrictor was "probably its closest 
living relative." It should not be necessary to point out that black 
populations of Ptyas are known from elsewhere (Smith 1943:160), 
and that C. constrictor populations are black only in the eastern 
United States. Western populations may be gray, blue, or spotted. 
Neither are genera ordinarily identified by "eye-balling" their color 
patterns. As emphasized some years ago by Cope (1895), Dunn 
(1928), Bogert (1940), and Bourgeois (1969), it is necessary to 
consider other characters (often internal) in identifying the taxa 
and establishing the relationships of snakes. 

Lazell (in Lazell et al. 1991) did examine a specimen of P dipsas 
in the British Museum and gave an account of his observations, 
including some features of the (inverted) hemipenis. He also ex-
amined inverted hemipenes of "Coluber korros and Coluber 
mucosus" at the Museum of Comparative Zoology (MCZ), which 
"revealed conditions intermediate between these simple organs 
[of P. dipsas] and the strongly bilobate hemipenes of Coluber con-
strictor, C. flagellum, and other American members of the genus." 

It is understandable that Lazell found it difficult to determine 
the shape of the hemipenis of P. dipsas, because he was examin-
ing a retracted organ that had been split and spread open. The 
same was true of the MCZ specimens. However, inasmuch as the 
hemipenis of Ptyas has flounces and no lobes, whereas the 
hemipenis of Coluber and Masticophis has no flounces and is bi-
lobed (and the shape of the organ is difficult to see in the retracted 
state), it is difficult to place great reliance on these observations. 
Further, our hemipenis preparations (Fig. 3) show that the 
hemipenis of Ptyas mucosus is by no means "intermediate." Actu- 

FIG. 3. Hemipenial morphology in Ptyas mucosus (a) and Coluber con -

strictor (b). Note especially the greatly expanded (and almost transpar-
ent) apical region of Ptyas in contrast to the bilobed, distinctly calyculate 
apical region in Coluber. The single sulcus spermaticus trends to the right 
(a colubrid s.s. feature) in both genera. [Sketch "a" from HGD Field Se-
ries #72726, and "b" from a photograph in Ortenberger (1929: Pl. 29.] 
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ally, it is much more different from that of Coluber than Lazell 
reported. His description of the inverted hemipenis of P. dipsas 
may be compared with Smith's (1943:160, 164) similar observa-
tions of the inverted hemipenes of P mucosus and Zaocys carinatus. 
Excellent photographs of the everted hemipenes of Coluber (sensu 
stricto) and several species of Masticophis may be found in 
Ortenberger (1928). 

Lazell's major error, however, was to choose P. dipsas to dis-
criminate between the genera Ptyas and Coluber. If the data had 
so indicated, he might have been able to demonstrate that P dipsas 
was actually a Coluber, but this would not have disturbed the sta-
tus of the genus Ptyas. If a genus is to be synonymized, it must be 
done through comparisons of the type species of the genera. 
Coluber constrictor is the type of its genus, but Ptyas dipsas is 
not. Ptyas mucrosus is the type, and Lazell did not compare the 
two type species. Thus his referral of Ptyas to the synonymy of 
Coluber is both wrong and illegitimate. Our data clearly demon-
strate that Coluber and Ptyas are not closely related to one an-
other. 

We suggest on the basis of the numerous and profound differ-
ences between the type species of these genera that Ptyas Fitzinger 
(1843) should be reinstated as a distinctive Oriental taxon, and 
that Coluber Linnaeus (1758) be restricted to the Nearctic racers, 
as it is commonly applied. 

Acknowledgments.-We thank Janann Jenner for the sketches of the 
hemipenes. We also thank the two reviewers, Ted Papenfuss and Joe 
Slowinski (and the editor) for helping us to focus this paper on the more 
important elements of the review. The title is derived from that of Tho-
mas Barbour (1917), written in reference to a somewhat similar situation. 
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The holotype of Sauromalus ater (MHNP 813) was collected 
during a circumnavigational voyage of the French frigate, La 
Danaide, and presented by Lieutenant M. Jaures, without locality 
data, to the Museum National d'Histoire Naturelle in Paris (Brygoo 
1989). The absence of a type locality for S. ater has remained ever 
since, an acknowledged problem for taxonomists working with 
Sauromalus (Hollingsworth 1998; Schmidt 1922; Shaw 1945). 

Shaw (1945), unable to study the holotype due to political con-
ditions in Europe, believed he had uncovered clues in the litera-
ture as to its origin. In a redescription by Dumeril and Bocourt 
(1870) and remarks pertaining to color pattern by Mocquard (1899), 
some details seemed to suggest that the type had originated from 
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one of the islands off the coast of the southern part of the Baja 
California peninsula. Thus, for the type locality, Shaw (1945) 
stated: "Not definitely known but undoubtedly one of the several 
islands in the southern part of the Gulf of California where this 
species is known to occur." Subsequently, Smith and Taylor (1950) 
further restricted the type locality to Isla Espiritu Santo without 
justification. Their restriction apparently was not based on any 
specific information about the holotype (de Queiroz 1995), but 
they may have selected this island simply because it is the largest 
island close to the port settlement of La Paz. 

In a comprehensive systematic revision of the genus Sauromalus, 
Hollingsworth (1998) relegated S. obesus (Baird) 1858, and S. aus-
tralis Shaw 1945, to the synonymy of S. ater. Using principal com-
ponents and discriminant function analyses of meristic characters, 
he demonstrated substantial overlap within multivariate space 
among the three taxa, including the subspecies previously assigned 
to obesus and ater. He also described a zone of color pattern tran-
sition between obesus and australis in Baja California, which sug-
gested conspecificity between the two mainland forms. Further-
more, based on additional evidence, he restricted the type locality 
of S. ater to southern Sonora. 

Hollingsworth (1998), in an effort to determine the probable 
type locality of S. ater, drew upon both univariate and multivari-
ate statistical data as well as color pattern information. He exam-
ined 8 meristic and 3 proportional characters, comparing the ho-
lotype with various population samples (see his Tables 10-15). 
He considered, in this context, only coastal and insular locations 
and excluded any sample area as the possible type locality if the 
holotype's character state fell outside the sample limits. 

Herein, I argue that Hollingsworth's (1998) analysis to deter-
mine the provenance of the type specimen is unconvincing be-
cause of limitations of his data, leading to ambiguous results and 
an unsubstantiated conclusion. My arguments are based on the 
examination of his original thesis (which contains raw meristic 
data and color photographs of the holotype of S. ater), as well as 
the published version of his work. I also suggest that the specific 
name, Sauromalus obesus (Baird) 1858, should be conserved be-
cause the name has been widely used in the literature and the type 
locality is known (Shaw 1945; Montanucci, in press). 

Hollingsworth (p. 119) asserted that there is agreement between 
the holotype of S. ater and southern Sonoran samples in color 
pattern, but the similarities were not stated explicitly. Hence, the 
reader is left only with the implication that the holotype is more 
similar to the southern Sonoran samples than to the Baja Califor-
nia and gulf island chuckwallas. In fact, Hollingsworth classified 
Baja California Sur, southern gulf islands, and southern Sonoran 
populations in the same pattern class (see his Fig. 48), and gave 
no indication of differences between these populations on oppo-
site sides of the Gulf of California. Hollingsworth (p. 116), dis-
cerned five indistinct dark brown transverse bands composed of 
strong to weak reticulations on the dorsum of the holotype. He 
referred to the most distinctive of these as a "pectoral" band which 
is confusing and incorrect; the appropriate adjective would be 
"scapular" or "interbrachial." The bands are not evident in his 
published photographs (see his Fig. 44C), nor in his unpublished 
thesis (see color photograph, Fig. 57A). I could not confirm the 
presence of five indistinct dorsal bands in the holotype when I 
recently examined it. Dumeril's (1856) description of the holo- 

type does not allude to the presence of faint dorsal cross bands, 
and Dumeril and Bocourt's (1870) redescription simply mentions 
that the body is covered by small black spots. However, Mocquard 
compared a male specimen from Baja California with the type 
specimen and noted, apparently in both, a faint black, transverse 
band in the interbrachial area just posterior to the forelimb inser-
tions. Hollingsworth's interpretation of the color pattern may be 
inaccurate, as the type specimen had been in preservative over 
140 years when he examined it. 

In his univariate analysis of meristic characters, Hollingsworth 
(p. 119) ruled out certain populations as the potential source of the 
holotype because the holotype's value fell outside the range limits 
of the sample. The sample sizes for the excluded populations range 
from N = 3 to N = 27. One could reasonably argue that some of 
these samples are too small to justify their exclusion with confi-
dence. To determine whether or not Hollingsworth was justified 
in excluding these localities, prediction intervals (Hahn and Meeker 
1991) were calculated using the formula: Mean ± - t) [s 2(1 + 
1/N1 12 . On the basis of the sample size, mean, and variance, the 
formula yields the predicted range limits within which any future 
observation is likely to fall with 95 percent confidence. The method 
assumes the sample is drawn from a population with a normal 
distribution; in this case, the meristic characters were found to 
conform to, or closely approximate, normality. The predicted range 
limits were calculated and the values of the holotype were then 
considered "future" observations which either fell within, or out-
side, the calculated limits. 

Table 1 summarizes the statistics of dispersion and calculated 
prediction intervals for sampled localities which Hollingsworth 
excluded as the potential type locality. On the basis of number of 
caudals, the holotype's value (27) falls well outside the predicted 
range limits for the MNLND-A sample. Thus, Hollingsworth may 
have been justified in excluding this area as the potential type lo-
cality. The holotype's value for dorsals (32) falls very close (within 
rounding error) to the predicted range limits for the Isla Espiritu 
Santo (IES) sample, and I would hesitate to exclude this locality 
on that basis. The remaining localities in Table 1 have predicted 
range limits that encompass the holotype's values, and therefore 
Hollingsworth was not justified in excluding them. 

Additionally, several localities have character range limits that 
do not encompass the holotype's value, yet they were not excluded 
by Hollingsworth on that basis. These include: MNLND-A (N = 
27) for ventrals (145-195; holotype 144), and for brachials (41-
57; holotype 39); IDANZ (Isla Danzante) for ventrals (N = 3, 127-
138; holotype 144), for caudals (N = 3, 28-29; holotype 27), for 
supralabials (N = 3, 25-30; holotype 24), for infralabials (N = 2, 
27-29; holotype 26); ISD (Isla San Diego) for ventrals (N = 7, 
126-141, holotype 144), for dorsals (N = 5, 27-31; holotype 32), 
and for supralabials (N = 7, 22-23; holotype 24). Prediction inter-
vals with an a level of 0.05 were calculated for these samples as 
well, and in all cases, the holotype's value was encompassed by 
the predicted limits. Hence none could be excluded as the poten-
tial type locality. 

The holotype has five rostral scales, a value encompassed by 
the samples from islas San Diego, Santa Cruz, Danzante, and Baja 
California Sur, and several continental samples (see Tables 13 and 
15 in Hollingsworth). On the basis of rostral counts, Hollingsworth 
explicitly excluded only Isla Partida Sur (limits 3-4; N = 16) and 
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TABLE 1. Localities excluded as the source of the holotype of S. ater with data from Hollingsworth 
(1998). See text for calculation of prediction intervals. Localities are: Baja California Sur (MNLND-
A); Cape region (CAPE); Isla Espiritu Santo (IES); Isla San Marcos (ISM); Isla San Francisco (ISF); 
Isla Santa Cruz (ISCRZ); Isla San Jose (ISJ). 

Character N Mean S' Observed 
Range 

Holotype 
Value 

Predicted 
Range 

Caudals 

MNLND-A 27 37.44 3.7249 31-38 27 30.40-38.48 

CAPE 19* 31.53 5.1529 28-37 26.64-36.42 

Dorsals 

IES 7 29.43 0.9604 28-31 32 26.87-31.99 

ISM 3 29.33 2.3409 28-31 21.73-36.93 

ISF 6 28.50 2.3104 27-31 24.28-32.72 

Infralabials 

ISJ 5 28.40 2.3104 27-31 26 23.78-33.02 

Femoral Pores 

ISCRZ 23 35.65 3.9601 33-40 32 31.43-39.87 

* Table 14 in Hollingsworth gives N = 231 which is in error based on his unpublished thesis. 

Isla Tiburon (limits 3-4; N = 10) as the potential type locality. 
Using his method, however, several additional localities could be 
excluded: Cape region (limits 3-4; N = 19); Isla San Jose (4; N = 
5); Isla Espiritu Santo (limits 3-4; N = 22); Isla San Marcos (4; N 
= 14), and Isla San Francisco (limits 3-4; N = 21). The rostral 
count data do not conform to either a normal or Poisson distribu-
tion because the values in each sample are either a 3 or a 4. The 
calculation of prediction intervals therefore requires the use of a 
distribution-free method. Using that approach, the equation for 
the range limits having an a value of 0.05 requires a sample size of 
39 or greater (Hahn and Meeker 1991). Hence, exclusion of any 
of the above-mentioned localities would be unjustified because 
the sample sizes are insufficient to render a decision with confi-
dence. 

Hollingsworth (p. 48), stated that the fragmented rostrals of 
Sauromalus are slightly larger as compared with supralabials (see 
his Fig. 7 B). His illustration depicts the ideal distinction between 
rostrals and adjacent supralabials. However, there is variation in 
the size of the rostral scales due to horizontal as well as vertical 
fragmentation. These scales can be larger, smaller, or the same 
size as scales comprising the supralabial series. Also, the lateral 
extent of the series of enlarged scales varies (depending on the 
size and number of scales) relative to the position of the external 
nares, thus raising questions about homology. Such variation in 
size and position presents difficulties in distinguishing rostrals from 
adjacent supralabials (Fig. 1). Hollingsworth did not use any other 
criterion, except size, to distinguish these scales. Without discrete 
reference points to begin and terminate the counts, there is poten-
tial ambiguity in counting rostral scales. Hence, the character is of  

doubtful utility in determining the origin of the holotype. Further 
support for my conclusion comes from Hollingsworth's data analy-
ses. The rostral character was not used in the canonical variates 
and principal components analyses in his unpublished thesis. Yet, 
the inclusion of the rostral count data in the published analyses 
did not materially affect the position of the holotype relative to 
known samples when the unpublished and published plots are com-
pared (see discussion below). 

Hollingsworth stated that the holotype is missing the tip of its 
tail, and its actual tail length/total length ratio is 0.500. He (p. 
119) estimated a hypothetical tail length/total length ratio of 0.519 
(by arbitrarily adding 10 mm). On the basis of actual (uncorrected) 
and estimated ratios, he excluded the following localities: Cape 
region (limits 0.522-0.529, N = 2); Isla Danzante (0.551, N = 1); 
Isla Espiritu Santo (limits 0.514-0.552, N = 6); Isla San Diego 
(limits 0.523-0.534, N = 4), and Isla Santa Cruz (limits 0.524-
0.554, N = 10). However, note that using the estimated ratio, the 
Isla Espiritu Santo sample was erroneously excluded. 

According to Hollingsworth (p. 119) the Isla Danzante chuck-
wallas (based on a single male and two females), have relatively 
long tails; the male has a ratio of 0.551. If for the sake of argu-
ment, this is accepted as near the upper limit, then a lower limit 
difference of 0.032 or greater would easily encompass the esti-
mated ratio for the holotype. Indeed this magnitude of difference 
and greater occurs among males from Isla Espiritu Santo (0.038), 
Isla Partida Sur (0.039), and from Isla San Francisco (0.052); see 
Hollingsworth's Table 10. The same argument can be made for 
Isla San Jose (limits 0.540-0.554, N = 2) which was not excluded 
by Hollingsworth on the basis of the tail length ratio. 

The estimated tail length ratio in the 
holotype exceeds the lower limit ratios 
of Isla Santa Cruz and Isla San Diego 
samples by only 0.005 and 0.004 respec-
tively. Assuming a comparison between 
the holotype and another specimen of 
identical total length, these ratio differ-
ences convert to an actual measurement 
difference of only 1.33 mm for the Isla 
Santa Cruz sample, and 1.07 mm for the 
Isla San Diego sample. These differences 
are exceedingly small, and errors of this 
magnitude can be expected in repeated 
measurements of these lizards using a 
metric ruler with 1 mm increments. Fur-
thermore, a difference of 1 mm falls 
within the 90% confidence interval of 
Hollingsworth's estimate (he added 10 
mm to the tail length). Hence, in all of 
these cases, the exclusions are unjustified 
because: 1) the holotype's tail length can 
only be estimated; 2) the holotype's ratio 
falls outside the limits of samples by a 
very small value that is within the range 
of experimental error; 3) the sample sizes 
are inadequate to calculate distribution-
free prediction intervals with 95% confi-
dence (N = 39 or greater would be re-
quired). 
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FIG. I. Examples of the difficulty distinguishing rostra! and supralabial 
scales in Sauromalus obesus. (A) Three small scales in the rostral area 
flanked by large scales of the same size as those in the supralabial area 
(RRM 2869). (B) Small, dark median "rostral" scale, flanked by larger 
scales showing little or no size diminution into the supralabial area. One 
slightly larger scale interrupts the size continuity on the anatomical left 
(RRM 2793). Photos by David H. Lewis. 

Hollingsworth also linked the holotype with Sonora because it 
has four postrostrals, a number typical of Sonoran populations (lim-
its 3-4), whereas Baja California Sur and the southern gulf island 
chuckwallas have 2-3 postrostrals. However, without information 
on sample sizes, the usefulness of this character is difficult to judge. 
Furthermore, it is unclear if Hollingsworth is suggesting a dis-
crete character difference between these populations (which could 
be used to diagnose species), or a non-discrete statistical differ-
ence, which may have dubious value in determining the type lo-
cality. 

My analysis of Hollingsworth's univariate statistical compari-
sons indicates that due to inadequate sample sizes most insular 
and southern coastal mainland sites cannot be ruled out as the 
source of the holotype. Furthermore, although Hollingsworth em-
ployed an objective method to exclude certain localities, the 
univariate approach has an intrinsic weakness. It is possible for a 
specimen from a given population to exceed the sample range limits 
for one character, while conforming to a series of others. Thus, to 
exclude an unknown individual from a population sample on the 
basis of a single character is inherently risky. On the other hand, a 
multivariate approach to determine the origin of the holotype is 
theoretically much more robust because it takes into consideration 
all the characters used in the analysis. 

The multivariate classification analysis places the type speci-
men with the southern Sonoran sample (Hollingsworth, p. 119 and 
Appendix V). This assignment has a posterior probability of 0.51;  

in other words, the level of confidence that the holotype origi-
nated from southern Sonora is 51 percent. The next highest prob-
ability is 0.22 for Isla San Diego. 

However, the result of this classification analysis is contradicted 
by the discriminant function analysis dispersion plot 
(Hollingsworth, p. 137, Fig. 51). In that plot, the holotype falls 
within the dispersion polygon for Isla San Francisco, lies adjacent 
to the boundary of Isla San Marcos, and slightly farther away from 
the boundary of the southern Sonora sample. The principal com-
ponents analysis plot (Hollingsworth, p. 139, Fig. 52) also does 
not clearly support the classification analysis. Although there is 
considerable overlap among taxa, the type specimen appears to be 
positioned well within the cluster of points representing 
Sauromalus ater ater, but falls marginally relative to those points 
identified as S. obesus townsendi of Sonora along the first princi-
pal axis. In accepting the result of his classification analysis, 
Hollingsworth did not attempt to reconcile the apparent discrep-
ancies between it and the discriminant functions (canonical vari-
ates) and principal components analyses, nor did he explain why 
he favored the former over the latter two. 

Hollingsworth did not depict the position of the holotype rela-
tive to known samples in plots based on additional axes (e.g., third 
and fourth canonical and principal components axes). Presumably, 
if these plots had supported his hypothesis of a Sonoran origin for 
the holotype, he would have published them or provided some 
discussion. Plots for the first and third axes for the canonical vari-
ates and principal components analyses can be found in his un-
published thesis. However, the position of the holotype is not in-
dicated in these plots. The axes beyond the first two explain pro-
gressively smaller percentages of the total variance in the data. 
Thus, even if the holotype were positioned within the dispersion 
polygon for Sonora using subsequent axes, this result would be 
less convincing than that based on the first two axes. Hypotheti-
cally, an exception would be conflicting results using PC I and PC 
II versus PC I and PC III, because in Hollingsworth's data the 
percentages for PC II and HI are nearly identical (see his Appen-
dix V). 

Hollingsworth (p. 137) stated that only 60.8 percent of the males 
could be classified into their respective populations, and (p. 138) 
that the principal components analysis yielded no separation be-
tween taxa and no groups could be designated. In view of these 
statements, his decision to restrict the type locality to southern 
Sonora appears to be indefensible. In my opinion, no evidence 
has been presented by Hollingsworth that definitively supports 
the designation of southern Sonora as the type locality to the ex-
clusion of the southern peninsula and adjacent gulf islands of Baja 
California. I acknowledge that southern Sonora must be given con-
sideration. But without additional evidence, I believe the prov-
enance of the holotype remains open to speculation and conjec-
ture. 

The name Sauromalus ater was proposed by A. Dumeril in 1856, 
and therefore has priority over the name S. obesus (Baird) 1858. 
But, S. ater has been little used and is essentially restricted to pa-
pers published in technical journals, whereas the name S. obesus 
appears in numerous papers and books, ranging from technical to 
popular. Beaman et al. (1997) listed 626 titles of technical and 
popular articles pertaining to the genus Sauromalus, and several 
others have since been published. Out of this total, the name S. 
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ater is used in approximately 46 titles. Most of these (34) were 
published before 1950, and nearly all concern taxonomy or distri-
butional records. 

The literature for S. obesus is far more extensive by compari-
son, and the number of publications in which the name is used is 
conservatively estimated to be about 90 percent of the total, or 
over 550 works. Even in papers that deal with another species of 
Sauromalus, e.g. S. varius or S. hispidus, the name S. obesus often 
appears in reference to the common western chuckwalla. 
Sauromalus obesus is almost exclusively used in the literature deal-
ing with physiological ecology of chuckwallas (about 133 papers), 
most of the ecological studies (about 71 papers), as well as mor-
phological studies (about 92 papers). 

Clearly, the name S. obesus has had a long history of usage to 
the present, and is deeply entrenched in both the scientific and 
popular literature. Replacing it with the name S. ater, which is 
barely known outside the field of lacertilian taxonomy, would re-
sult in permanent and serious havoc. Therefore, in the interest of 
nomenclatural stability in herpetology, I intend to petition the In-
ternational Commission on Zoological Nomenclature to conserve 
the long used and well known specific name of Sauromalus obesus. 
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Saudi Arabian waters are home to several green turtle (Chelo-
nia mydas) populations in need of management and conservation. 
In the Arabian Gulf a large nesting population utilizes four small 
Saudi Arabian islands (Miller 1989), but the Red Sea has, until 
now, remained a poorly studied region in terms of sea turtle nest-
ing and foraging populations. Frazier and Salas (1984) indicated 
diffuse populations along the Egyptian shoreline, but also high-
lighted some of the difficulties of working in the region. In 1982, 
a comprehensive survey of turtle population in the Arabian region 
highlighted even further the dearth of information in the Red Sea, 
linked to lack of response to questionnaires and lack of available 
data to report on by several governments (Ross and Barwani 1982). 
Along the 1800 km Saudi Arabian Red Sea mainland coast, green 
turtles nest almost entirely at Ras Baridi, a 6 km stretch of the 
shoreline on five isolated sandy beaches (Miller 1989; Pilcher et 
al. 1990). The nesting beaches' close proximity to a sizable ce-
ment factory and its associated environmental degradation 
prompted research and conservation efforts by the National Com-
mission for Wildlife Conservation and Development (NCWCD). 
The effect of the cement dust on hatching success were described 
by Pilcher (1999). The area immediately south of the main Ras 
Baridi headland was also the only confirmed feeding and foraging 
range for green turtles in the Saudi Arabian portion of the Red Sea 
(Pilcher 1992), although the Farasan bank in the south was be-
lieved to support a similar foraging population. 

The objectives of this project were to conduct seasonal survey s 

from 1989 to 1992, to detail for the first time the general repro-
ductive biology, inter-seasonal migrations, reproductive output and 
status of green turtles at Ras Baridi, and to determine the morpho-
metric characteristics of the nesting population, eggs, and 
hatchlings. 
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FIG. 1. The Ras Baridi rookery in Saudi Arabia. Nesting beaches NI to 
N4 are north of the cement factory, Si to S5 are the nesting beaches south 
of the factory and in the path of wind-blown cement dust. 

METHODS AND MATERIALS 

The Ras Baridi rookery is located 70 km north of Yanbu Al-
Bahr and extends from 24° 14'N, 37°45'E to 24°26'N, 37°25'E (Fig. 
1). There are no villages and the area is only infrequently visited 
by local fishermen. The only industrial activity is a cement fac-
tory located south of the Ras Baridi headland. Four nesting beaches 
are located north of the cement factory on which a minor amount 
of nesting occurs (N1 to N4). South of the cement plant there are 
five nesting beaches on which the majority of nesting takes place 
(Si to S5). An exposed fossil reef extends inland 500-1000 m and 
forms a flat ledge 2-3 m above sea level. Among this formation 
small sandy coves make up the nesting beaches, which range from 
10 m to 1.2 km in length and 2-500 m in width with sand depths 
ranging from 0.5 to 2 m. The beach surface is littered with rocks, 
and vegetation is comprised of small halophytic plants that form a 
partial cover above the dune line. Hard, raised limestone reefs 
form the borders to all the beaches which effectively seal the sides, 
leaving only the rear open to occasional vehicle passage and turtle 
and hatchling movement. A fringing reef 20-200 m offshore forms 
a lagoon that ranges from 20 cm to 5 m in depth. The nesting 
beaches consist of fine to medium-coarse sands mixed with ce-
ment dust. Since the cement factory started operations in 1979, 
prevailing winds have blown the cement dust toward and over the 
main nesting beaches, and nesting activities by sea turtles have 
mixed the original sand with the fine (< 0.15 mm particle size) 
cement dust that now penetrates down to 1 m below the surface. 

Surveys were carried out from June to December 1989 to 1992 
to estimate the number of adult females, egg production and sub-
sequent hatchling emergence, along with details of the nesting ac-
tivity. Study periods spanned peak nesting, incubation and emer- 

gence. Data were collected on adult, egg, and hatchling 
morphometrics, nesting activity and frequency, and on the effects 
of cement dust from the nearby factory. 

Turtles were tagged, measured, and weighed after oviposition. 
Adult females were tagged with two titanium tags (Stockbrands 
Pty. Ltd.) applied between the first and second proximal scales (in 
1989), or through the first scale (in 1990-1992) on the trailing 
edge of the front flippers. On one of the tags the address was printed 
in Arabic and on the other it was in English. Turtles were weighed 
using a Salter hanging spring balance (± 0.5 kg). Measurements 
were made using a flexible fiberglass tape for curved carapace 
length and width, head width and tail length (± 0.5 cm) and with a 
large set of calipers for straight length and width (± 0.5 cm). Mea-
surements followed Limpus et al. (1983) except tail length which 
was measured from the tip of the tail to the tail/carapace junction. 

In 1989 ten nests were dug up to determine average sizes and 
weights of the eggs. Each egg was marked on the top of the shell 
as it was removed from the nest to reduce the chances of rotation 
through the vertical axis, as this movement is known to be a cause 
of egg mortality (Limpus et al. 1979). During the 1990-1992 moni-
toring periods, ten eggs were collected as the female continued to 
lay the balance of the clutch. These were weighed and measured 
and returned to the nest prior to the conclusion of egg-laying, to 
reduce the chances of movement-induced mortality and promote 
egg survival. After a customary 55-60 day incubation period, fur-
ther surveys were carried out to determine incubation and emer-
gence success. Hatchlings were collected on the beach and their 
tracks were traced back to the point of emergence, whereupon the 
nest was dug up to determine the total number of egg shells, num-
ber of infertile eggs and partially developed embryos. Eggs and 
hatchlings were weighed on a Sartorius electronic balance (± 0.1 
g). The maximum egg diameter and hatchling Straight Carapace 
Length and Width were measured using dial-scale calipers (± 0.1 
mm). 

12-Sep 	12-Oct 
	

11-Nov 

FIG. 2. Renesting trends during the four-year project. Solid lines repre-
sent linear trends (based on regression) in the percentage of recaptures 
with each season. The intersection of these trends with the end of each 
monitoring period (dashed lines) represent the estimated percent of turtles 
tagged during each season (see text for details). 
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RESULTS 

Remigration and Nesting Dynamics.—Fifteen out of the 194 
turtles that were recorded on the beaches between 1989 and 1992 
returned for second nesting seasons. Five of these had been previ-
ously tagged in 1987 by J. Miller. The maximum remigration in-
terval (between nesting seasons) was four years, the minimum was 
1 year (mean = 2.7, SD = 0.87, N = 6). Of the remigrants, four 
turtles returned to nest at the same beach they were originally 
tagged on, and five moved less than 50 m between S2 and S3 (Fig. 
1). 

The number of turtles nesting between 1989 and 1992 fluctu-
ated between 14 and 99 individuals per year. Due to the length 
and variation of monitoring periods it was not possible to tag and 
count every nesting female, therefore, based on simple mark-re-
capture probabilities, straight line regressions of renesting trends 
were used to estimate annual nesting population size (Fig. 2). 

It was estimated that a large portion of the turtles that would 
have nested each season were encountered during the surveys, 
based on simple mark-recapture probabilities. After turtles were 
tagged and allowed to return to the internesting habitat, they were 
assumed to mix evenly among non-tagged individuals. During sub-
sequent nesting attempts, the ratio of tagged turtles to non-tagged 
turtles was used to estimate the percentage of that season's turtles 
that had been tagged up to that point in time. 

In 1990 and 1991, it was estimated that 100% of the nesting 
turtles were tagged (horizontal dashed lines, Fig. 2) by the end of 
the monitoring period (dashed arrows, Fig. 2). In 1989, the per-
centage of tagged turtles at the end of the season was estimated to 
be 78% and in 1992 it was 40%. These estimates assume that the 
turtles that were not observed during the nesting periods behaved 
in a similar manner and renested at similar frequencies to those 
that were observed. Extrapolation from the number of turtles that 
were tagged in 1989 (59), suggests the total nesting population 
size may possibly have been 76. Similarly, the estimated total nest-
ing population sizes for 1990, 1991, and 1992 were 14 (100%  

recaptured), 99 (100% recaptured), and 53 (40% recaptured) re-
spectively. 

Nesting occurred from July to November and peaked during 
September. Although beaches were frequently monitored during 
daytime, turtles were rarely encountered prior to 1700 h. Beaches 
were patrolled each morning to find signs of any nesting not re-
corded the night before Late afternoon nesting was never recorded, 
although by early evening a slight amount of nesting took place. 
Most nesting (96.7%) took place between 1900 and 0200 h, with a 
large proportion (46%) emerging during high tide (Fig. 3). 

No significant differences were found between renesting inter-
vals among the years (-1.73< z < 1.03, P > 0.05). Overall, recap-
tures indicated a renesting interval of 12.1 days (SD = 2.68, range 
5-20, N = 147). These figures exclude turtles returning to the beach 
within five days as it is believed these attempts follow unsuccess-
ful first nesting attempts (Mortimer and Portier 1989). They also 
exclude turtles nesting more than 20 days after first sighting as the 
turtles might have nested during this period but not been observed. 
Classified into 1 st, 2nd, 3rd, and 4th renesting occurrences, the 
internesting intervals were 13.1 (SD = 2.47, N = 74), 10.6 (SD = 
2.15, N = 45), 10.2 (SD = 1.58, N= 14), and 11.4 (SD = 1.14, N = 
5) days, with a significant shortening of interval after the first 
renesting occurrence (z0.05 = 5.899, P < 0.05) (Fig. 4). 

Turtles nested 1-5 times in a season (mean = 1.9, SD = 1.88, N 
= 118), but 32.5% were found to nest only once. In 1991 and 1992, 
only five nesting attempts were missed (determined by track counts 
during the day), virtually eliminating the possibility of recording 
error. Most nesting (70%) took place on the two larger beaches 
south of the cement factory, S1 and S5. Only 6 nesting attempts 
(1.04%) were documented on the beaches north of the cement fac-
tory during the four years, though the beaches are similar in shape, 
size, and sand type. The fixation for a single headland and its five 
beaches, and lack of movement to nearby beach clusters, suggest 
there may be no nesting by these females at any other location. Of 
194 turtles, 77 (40%) returned to the same nesting beach on all 
nesting attempts, again mostly on beaches S I and S5, although 16 
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FIG. 4. Renesting intervals between successful nesting attempts for green 
turtles at Ras Baridi, 1989-1992. x represents the numerical mean of each 
recapture interval. 
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TABLE 1. Summary of morphometric data for adult female green turtles at Ras Baridi. SD = 
Standard Deviation: N = Sample size; CCL = Curved Carapace Length; CCW = Curved Cara-
pace Width; SCL = Straight Carapace Length; SCW = Straight Carapace Width; PL = Plastron 
Length; PW = Plastron Width; TL = Tail Length; HW = Head Width, all in cm; WT = Weight 
(kg). 

CCL CCW SCL SCW PL PW TL HW WT 

Mean 105.1 94.6 97.2 74.9 82.7 74.4 20.2 13.7 124.7 
SD 8.15 5.30 5.75 4.80 3.95 6.28 3.45 1.26 16.28 
Min 89.0 81.0 78.0 60.0 71.0 59.0 12.0 11.5 82.0 
Max 193.0 110.0 110.0 92.0 91.5 87.0 26.0 19.0 156.0 
N 200 199 199 200 77 76 84 187 72 

turtles also returned to within 30 m of their original nest location 
on the small beaches S2 and S3 (Fig. 1). 

Adult Morphometrics and Growth.-Sizes and weights of turtles 
were pooled from the four annual data sets (Table I). No signifi-
cant differences were detected for curved carapace length (CCL) 
(1.294 z -0.357) and weight (-0.778 z -0.203) over the 
four years which, in the absence of sufficient other long-term nest-
ing data, suggests a degree of uniformity among nesting aggrega-
tions with a proportional number of recruits and seasoned nesters. 
Carapace sizes ranged from 88 cm to 115 cm (CCL) and were 
found to be normally distributed with a small number of recruits 
and older age/size classes (Fig. 5). Average female straight cara-
pace length was 97.2 cm (SD = 5.75, N = 199) and average weight 
was 124.7 kg (SD = 16.28, N = 72). The smallest egg-laying fe-
male (smallest size at maturity for the site) measured 89.0 in CCL 
and 78.0 cm in SCL, and weighed 82.0 kg. 

The relative shape of the carapace may be indicative of a preda-
tor avoidance strategy related to hydrodynamics. Because sizes 
alone may not completely reveal the character of the turtles' cara-
pace, an index of carapace shape (domed vs. flat) was also calcu-
lated. A relative index of carapace curvature among 100 females 
(as per Balazs, 1980) yielded a ratio (curved to straight carapace 
length) of 1.08 (± 0.05, range 1.01-1.24). Predominant adult male 
and female coloration was dark brown/green with occasional high-
lights of olive green and yellow. 

Egg and Hatchling Morphometrics and Clutch Viability.-
Weights and diameters were measured for over 700 eggs, and clutch 
size was determined in 66 cases. No significant differences were 
noted between the four years (for weight and diameter: z < 0.5, P 
< 0.01). The average clutch size was 99.7 (SD = 29.06, range 7-
158) and the number of small, yolkless eggs per clutch was 0.4 
(SD = 1.82, range 0-19). Eggs averaged 51.3 mm maximum di-
ameter (SD = 6.8, N = 717) and weighed 44.5 g (SD = 2.2, N = 
717) (Table 1). Regression analysis found no significant relation-
ship between total clutch size and number of small deformed eggs 
(r= 0.255, N = 43). 

The mean incubation period was 59.7 days (SD = 2.9, range 
50-82, N = 39 nests). Incubation success in 28 nests from which 
hatchlings emerged averaged 80% (SD = 16.0, range 32-98.9) 
inclusive of infertile eggs (which averaged 10.1 per clutch, SD = 
8.1) but exclusive of small deformed yolkless eggs. 

Samples of six to ten hatchlings were taken from 70 nests and 
hatchlings weighed an average of 24.6 g (SD = 3.8, N = 847). 
Mean SCL was 48.7 cm (SD = 2.5, N = 847) 
and mean SCW was 37.8 cm (SD = 3.0, N = 
847) (Table 1). These fall within the narrow 
2-3 mm and 4-5 g variation that is common 
to green turtle hatchlings (Hirth 1997). 

Mortality.-Mortality of adults on nesting 
beaches was rare. Three turtles (1 on beach 
S2 and 2 on beach S3) were found dead after 
having wandered beyond the beach, across the 
fossil reef and then fallen off the edge to land 
inverted. Nesting females were subject to in-
water predation as evidenced by numerous 
scars and several missing rear flippers and 
although the nearby waters were home to a 
number of species of sharks, no conclusive  
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FIG. 5. Size class distribution of nesting females at Ras Baridi. CCL = 
Curved Carapace Length; SCL = Straight Carapace Length. 

data exists that suggests they were actually responsible. No land-
based predation was noted on adult turtles. 

On one occasion a fisherman was found searching for eggs, but 
our presence during the nesting seasons probably dissuaded fur-
ther egg collection. Only a small number of fishermen were active 
in the area, and they collected eggs infrequently. Due to religious 
customs, adult turtles are not eaten by Saudi nationals. 

The beaches are frequently patrolled by falcon hunters during 
the nesting season as it coincides with the migration of peregrine 
falcons (Falco peregrinus), a highly prized catch in the Kingdom. 
Though not a direct threat to sea turtles, these falconers cross the 
beaches in 4x4 vehicles at day and at night following the birds. 
Several times dead hatchlings were found in the tire tracks of these 
vehicles, and adult turtles were disturbed by the moving lights on 
the nesting beaches (particularly on 51). 

A frequent predator on the beaches was Rueppel's fox (Vulpes 
rueppelli). The foxes (estimated to number 5-10 in the area from 
personal observations) frequently dug up nests for eggs and 
hatchlings. Foxes waited for the hatchlings to emerge, and then 
decapitated as many hatchlings as possible before they reached 
the sea. The foxes then returned to consume those that they had 
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killed. In this manner it was believed they were able to consume 
more hatchlings than if they had consumed one at a time after 
emergence. Ghost crabs (Ocypode saratan) were found to feed on 
hatchlings, but were never observed to actively chase seaward-
bound hatchlings, nor were their burrows ever found infiltrating 
exhumed nests. 

DISCUSSION 

Sea turtles share a similar life cycle and general reproductive 
biology with only slight variances among species. An extensive 
literature exists on the biology, reproductive techniques, egg de-
velopment, hatchling behavior, and morphology for sea turtles (re-
viewed by Hirth 1997). One important aspect of sea turtles' natu-
ral history is that they must emerge onto dry land to lay their eggs. 
At this point they are vulnerable to a number of threats, including 
harvesting by man and habitat degradation. Because turtles are 
not generally known to change nesting sites in the course of their 
lifetime (Limpus et al. 1983b), the protection of the nesting habi-
tat and the preservation of normal nesting behavior at that site are 
critical to ensuring the long-term survival of the nesting popula-
tion. For this reason the protection of the only large mainland nest-
ing aggregation along the Saudi Arabian Red Sea coastline is con-
sidered vital. Although not as numerous as the Oman and Arabian 
Gulf populations, the Ras Baridi turtles represent the only known 
major aggregation on the Saudi Red Sea. 

Remigration and Nesting Dynamics.—The nesting process was 
found to be consistent with that generally reported for green turtles 
(reviewed by Hirth 1997). Turtles were not found to deviate from 
the normal pattern of nesting at night, although a few nesting inci-
dences were recorded during daylight hours. In general turtles 
nested at, or just before, high tide. It is thought that this occurs 
because at high tides females have the most time to complete the 
nesting process and return to deep water before being stranded on 
the reef or in the shallow lagoon as the tide recedes. At low tides, 
the fringing reef that borders the beach is exposed and difficult to 
cross. 

In general, turtles displayed a high degree of site fidelity over 
remigration intervals, comparable to that found on Ascension 
(Mortimer and Portier 1989) and in Australia (Limpus et al. 1992). 
Because the nesting site consists of only a few small beaches, and 
no nesting was recorded on similar beaches that exist nearby, it is 
believed that the nesting beaches at Ras Baridi are the only beaches 
upon which these turtles emerge to lay eggs. 

Although migrations between foraging and nesting sites have 
been well documented for this species (Balazs 1976; Mortimer 
and Carr 1987), no movements of this type have been recorded in 
the Red Sea. Neither FAO (1973) or Hirth and Carr (1970) indi-
cate any movements into the Red Sea from turtles tagged in the 
Gulf of Aden, Oman, and the eastern coast of Somalia in their 
reports on long-distance migrations for green turtles in this re-
gion. Similarly, no tags have been returned from these areas after 
tagging programs within the Red Sea. Ross and Barwani (1982) 
report on the only known instance where a tag originating in 
Masirah was returned from Ethiopia, though the turtle was prob-
ably caught off the Somali coast (P. Ross, pers. comm.). The cy-
clic ocean currents within the Red Sea (Edwards 1987) and the 
relatively narrow Straits of Bab Al Mandeb (29 km), are suggested  

as possible explanations for the lack of movement between the 
two water bodies. The only two sites known or thought to support 
significant numbers of foraging turtles in Saudi waters are at Sharm 
Al Khaur (next to Ras Baridi) and Farasan (south Red Sea) (pers. 
obs.). Miller (1989) suggests a more extensive distribution of for-
aging areas, but in aerial surveys of the region during the present 
study only the two mentioned above (also noted by J. Miller) had 
significant numbers of resident turtles. 

Green turtles feed primarily on seagrass (Bjorndal 1985), and 
whereas along the Red Sea the seagrass distribution is near-con-
tinuous, pastures are sparse in the northern latitudes and only mod-
erately dense from mid- to southern latitudes along the Saudi Ara-
bian coastline, and the presence of turtles is rare (Price and 
Crossland 1988). Frazier and Salas (1984) indicate that foraging 
sites along the Egyptian Red Sea may also be rare. If this case 
proves true, the few areas that Red Sea-resident turtles do use will 
warrant strong and effective protection, particularly if turtles do 
not emigrate from the Red Sea to forage. 

Adult Morphometrics.—The smallest egg-laying female (small-
est size at maturity for the site) measured 89.0 cm in CCL and 
weighed 82.0 kg, comparable to that of the Arabian Gulf (CCL 
89.5 cm; Miller 1989) but larger than that of Yemen (CCL 68.2 
cm; Hirth and Carr 1970). The relative index of carapace curva-
ture among Ras Baridi nesting females was similar to the Arabian 
Gulf turtles (1.07 ± 0.02, data extracted from Miller 1989), while 
in general turtles were larger than that reported for Oman (83.9 
cm; Ross 1985) and Yemen (83.2 cm; FAO 1968), where turtles 
nest on beaches facing the Indian Ocean. 

The larger size of the nesting females within the Red Sea may 
be explained by the fact that nesting populations on both coasts of 
the Red Sea are small in comparison to those nesting on the south-
ern coast of the Arabian peninsula. These populations possibly 
exert smaller pressure on foraging grounds, eliminating food as a 
limiting factor to growth. It is also possible that little or no migra-
tion occurs from the Red Sea to the Gulf of Aden or vice versa, 
based on the lack of tag returns and that the energy formerly used 
for migration is invested in growth. 

Reproductive Output.—Average clutch size was found to be low 
on a global scale, but similar to other Arabian region findings 
(Oman: 97-103, Ross and Barwani 1982; Arabian Gulf: 87-89, 
Miller 1989; Yemen: 88.1, Hirth and Carr 1970). However, the 
incubation period was consistent with that found at other rooker-
ies (48-72 days: Hirth 1971), and the hatching success was high 
on a global scale. 

It must be noted though, that the reproductive success calcula-
tions involved only nests from which hatchlings emerged, and the 
overall rate for the rookery was believed to be lower because up to 
40 % of nests do not hatch at all. Egg and hatchling survival at the 
site was addressed through a separate series of trials. 

Mortality.—A major cause of mortality was the cement dust and 
light from the cement factory. During investigations in 1992, 
hatchlings from beaches S1 and S2 were attracted to the light as 
they emerged and an average of 9.3 dead hatchlings were found 
each day along the factory perimeter fence for 28 days (260 
hatchlings) (Pilcher 1999). During this study it was found that the 
partially-processed cement dust was carried by prevailing winds 
to the five southern nesting beaches, and had mixed with the sand 
over 17 years of turtle nesting to penetrate to depths over 1 m. The 
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cement dust in the sand, combined with ambient moisture, formed 
a domed ceiling above the nest, in effect creating an artificial pocket 
from which hatchlings were often unable to escape. It was be-
lieved that this accounted for up to 40% of hatchling and nest 
mortality (Pilcher 1999). The overall hatching success rate in 1989 
(including nests from which no hatchlings emerged) was 39%. In 
1990 and 1991, when concentrated efforts were made to assist 
nests that might not hatch due to cement dust clogging, overall 
hatching success rose to 71% and 81% respectively (Pilcher 1999). 

A reduction in light emission would reduce the number of 
hatchlings disoriented in their journey to the sea, but a reduction 
in cement dust output would only partially solve the problem en-
countered by emerging hatchlings. The dust that has accumulated 
over 21 years is now mixed with the sand so that even if there was 
a complete reduction in cement dust output, the nests would still 
be subject to the same problem. A nest marking and assisted emer-
gence program is one of the only practical solutions at this time. 

The effect of artificial lights on hatchling orientation have been 
well documented (Lohmann et al. 1990; Salmon and Witherington 
1995) and the brightness of the factory lights are similar to, if not 
brighter than, those from beach-front condominiums and other resi-
dential areas. It is suggested that a reduction in light output, by 
shielding the security floodlights and by eliminating many of the 
fluorescent lights at underutilized areas would greatly increase the 
numbers of hatchlings that reached the sea. 
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Four species of marine turtles have been observed in Alaska 
waters (Bane 1992; Hodge 1979, 1981, 1992; Wing and Hodge 
1998). Although occurrences of marine turtles in Alaska have been 
reported geographically, there is no published information on the 
frequency of occurrence and abundance of turtles in Alaska. In 
this paper we discuss the frequency and abundance of marine turtle 
occurrences in Alaska waters since 1960. 

Reports of marine turtles were gathered from several sources. 
The senior author compiled records from museums, 
correspondence, interviews, and questionnaires distributed to 
fishermen, biologists, and school teachers in Alaska coastal 
communities. The junior author compiled records from field notes, 
correspondence, newspaper articles and reporters, biologists and 
records in the herpetological collection of the National Marine 
Fisheries Service Auke Bay Laboratory, Juneau, Alaska. The 
authority/source references for all occurrences are in the Auke Bay 
Laboratory herpetological collection records. 

Mean August sea surface temperature records from Auke Bay, 
Alaska (Wing and Pella 1998) were used to characterize 
environmental conditions for years in which turtles occurred in 
Alaska. Mean sea surface temperatures within one standard 
deviation (1 SD) of the long-term mean were considered normal-
water years. Years with mean sea surface temperatures 1 SD or 
higher above the long-term average were considered warm-water  

years; years with mean sea surface temperatures 1 SD or lower 
below the long-term mean were considered cool-water years. All 
Alaska marine turtle records were plotted in relation to warm-
water year, normal-water year and cool-water year occurrences. 

Alaska marine turtle occurrences since 1960 include 19 
leatherbacks, Dermochelys coriacea (including one sighting of two 
turtles), 9 greens, Chelonia mydas, 2 Pacific Ridleys, Lepidochelys 
olivacea, 2 loggerheads, Caretta caretta, and 2 unidentified hard 
shell turtles (Table 1, Fig. 1). Marine turtles have been observed 
in Alaska waters 14 of the past 39 years (Fig. 2) during all months 
except February and April (Fig. 3). Stinson (1984) and Starbird et 
al. (1993) identify a 'turtle season' in the northeast Pacific Ocean 
as July, August and September. Our data identify a similar Alaska 
`turtle season' as July through October with 75% of occurrences 
during this four-month period. 

Historically, marine turtle occurrences in the high latitudes of 
the North Pacific Ocean have been associated with warm-water 
years (Eckert 1993). However, in Alaska Dermochelys occurrences 
do not reflect a warm-water year connection, with only 53% of 
occurrences in warm-water years. Dermochelys has occurred in 3 
warm-water years (10 occurrences), in four normal-water years (9 
occurrences) and none in cool-water years (Fig. 2). Likewise, hard 
shell turtle (Chelonia, Caretta, Lepidochelys) occurrences in Alaska 
do not reflect a warm-water year connection, with only 47% of 
occurrences in warm-water years. Hard shell turtles were recorded 
in two warm-water years (7 occurrences), in five normal-water 
years (8 occurrences) and none in cool-water years (Fig. 2). 

The State of Alaska is 3840 km east (Hyder, 55°54.7'N, 
130°01.3'W) to west (Attu Island, 52°55'N, 172°57'E) (Fig. 1). 
Hyder is in the northeastern Pacific Ocean; Attu Island is in the 
northwestern Pacific Ocean, west of the international date line. 
Amatignak Island (51°17'N, 179°08'W) in the Aleutian Islands is 
the southernmost point in Alaska. Alaska has 10,624 km of 
coastline and 54,246 km of shoreline (including islands). Because 
of low human population throughout most of the coastal area, 
chances for human-turtle contact are minimal. Much of the 
coastline, especially Southeast Alaska (south of 59°N and east of 

Fin. 1. Marine turtle occurrences in Alaska waters. 
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TABLE 1. Marine turtle occurrences in Alaska waters, 1960-1998. 

Lat. (N) Long. (W) Comments 

59.50 139.75 Carcass 

55.33 131.63 Carcass 

58.52 152.50 Carcass 

57.33 135.87 Sighting 

57.00 134.05 Sighting 
57.20 134.28 Carcass 
54.50 130.67 Repeated sightings 
59.50 151.72 Sighting 
59.67 151.67 Carcass 
56.65 133.72 Sighting 
60.42 145.00 Live-sent to San Diego 
59.38 139.43 Carcass 
59.53 139.85 Carcass 

59.67 151.62 Sighting 
58.00 152.10 Sighting 

58.07 134.02 Sighting 
60.42 145.00 Netted & killed 
55.93 132.07 Netted & released 
55.47 133.05 Netted & killed 
55.47 133.05 Netted & released 
55.45 131.85 Sighting 
55.72 132.27 Sighting 
55.82 132.22 Netted & released 
55.13 131.58 Netted & killed 
55.97 159.47 Carcass 
59.00 139.00 Sighting 
55.00 134.00 Sighting 
57.92 136.57 Sighting 
57.95 136.58 Sighting, 2 individuals 
58.33 136.00 Sighting 
56.43 133.83 Sighting 
59.50 139.65 Carcass 
57.00 135.80 Sighting 
57.00 135.55 Sighting 

Date 	 Location 

Lepidochelys olivacea 

Jan-86 	Cannon Beach 
Jun-91 	S. of Ketchikan 
Caretta caretta 

Dec-91 
	

Shuyak Island 
Jul-93 
	

Cape Georgena 
Chelonia mydas 

Oct-76 
	

Point Macartney 
Nov-76 
	

Eliza Harbor 
Sep-81 
	

Dundas Island, B.C.* 
Oct-93 
	

Seldovia 
Oct-93 
	

Homer (Bishop Beach) 
Oct-96 
	

Rocky Pass 
Oct-96 
	

Copper River Flats 
May-98 
	

Blacksand Spit 
Oct-98 
	

Ocean Cape 
Unidentified Hard Shell 
Aug-74 	Kachemak Bay 
Aug-79 	Marmot Bay 
Dermochelys coriacea 

Aug-63 
	

Stephens Passage 
Sep-63 
	

Copper River Flats 
Jul-78 
	

Eaton Point 
Aug-78 
	

Craig 
Aug-78 
	

Craig 
Aug-78 
	

Gravina Island 
Aug-78 
	

Myer's Chuck 
Aug-79 
	

Union Bay 
Aug-79 
	

Metlakatla 
Mar-83 
	

Perryville 
Jul-83 
	

Yakutat 
Aug-83 
	

Noyes Island vicinity 
Aug-83 
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137'W) and the Aleutian Islands, is not readily accessible to beach 
combing. We suspect most cold-killed, grounded turtles are 
probably destroyed by wave action (pounding on rocks) and 
scavengers before anyone finds the evidence. Consequently, all 
reported Alaska marine turtle occurrences are in clusters near 
centers of human population; 21 in Southeast Alaska, 5 near 
Yakutat, 2 near Cordova, 3 near Homer on the lower Kenai 
Peninsula, 2 in the Kodiak Island group and 1 at Perryville on the 
Alaska Peninsula (Fig. 1). 

Dermochelys was first recorded from British Columbia in August 
1931 (MacAskie and Forrester 1962) but not recorded from Alaska 
until 1963. MacAskie and Forrester (1962) reported 10 
observations of Dermochelys from British Columbia over a 31-
year period (1931-1961) and were impressed the turtles were active 
at sea surface temperatures near 11.7°C. We have 19 Alaska 
Dermochelys occurrences for a 39-year period (1960-1998) and 
similarly low sea surface temperatures in 
September, which average 10.9°C, and 
range from 9.95°C to 12.28°C (Wing and 
Pella 1998). Dermochelys regularly 
occurs in cold temperate waters of high 
latitudes (Bleakney 1965; Pritchard 1980; 
Eckert et al. 1989). North of 60°N latitude 
in the northeastern Pacific Ocean, 
Dermochelys has been recorded from the 
Copper River flats (60°25'N, 145°00'W) 
near Cordova, Alaska (Hodge 1979). 
North of 60°N latitude in the Bering Sea 
Dermochelys has been recorded at Cape 
Navarin, Russia (62°17'N, 179°13'E) 
(Bannikov et al. 1971). Cape Navarin is 
450 km northwest of Saint Matthew 
Island, Alaska and 1200 km due north of 
Amchitka Island (Aleutian Islands), 
Alaska. Dermochelys is a cold-tolerant 
turtle with recorded body temperatures 
well above ambient water temperatures, 
heat retention capabilities, and 
demonstrated endothermy (Ernst and 
Barbour 1989; Ernst et al. 1994). It is not 
surprising Dermochelys represents 58% 
of Alaska marine turtle occurrences. 

The cold-tolerant Dermochelys may 
respond favorably to the Alaska 
environment. Late summer sea 
temperatures are frequently within or 
above the 15-16°C (Wing and Pella 
1998) associated with Dermochelys off 
the California coast (Starbird et al. 1993). 
Atlantic Ocean Dermochelys maintain 
elevated body temperature (25.5°C) in 
much colder water (7.5°C) (Frair et al. 
1972; Paladino et al. 1990). Estimated 
mean selected body temperature of 
Dermochelys ranges from 25.5-33°C 
(Mrosovsky 1980; Spotila and Standora 
1985), easily attainable in late summer  

presumed foods of Dermochelys are often abundant in the Gulf of 
Alaska during late summer and fall and are concentrated in the 
deep scattering layer (e.g., siphonophores) and along thermal fronts 
(e.g., salps, scyphozan and hydrozoan medusae). 

The hard shell turtles that occur in Alaska waters (Chelonia, 
Caretta, Lepidochelys) are considered tropical, subtropical, and 
warm temperate species that rarely stray into cold waters (Eckert 
1993). Most hard shell turtles seek optimal sea water temperature 
near 18°C and are cold-stressed at sea water temperatures below 
10°C (Mrosovsky 1980; Schwartz 1978). North of 60°N latitude 
in the northeastern Pacific Ocean, Chelonia mydas has been 
recorded from the Copper River flats near Cordova, Alaska (Table 
1). This is the northernmost Pacific Ocean record to date. Although 
four Chelonia have been observed alive in Alaska as late as October, 
they probably could not survive to return to warmer waters. Two 
occurrences of live Chelonia (October-November 1976 and 

and early fall Alaska waters. Known or *Dundas Island, British Columbia is 11 km south of the international boundary. 
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FIG. 2. Annual distribution of marine turtle occurrences in Alaska waters and annual variation of August sea surface temperatures at Auke Bay, 
Alaska. 

October 1993) are believed to be individuals later found and 
reported as carcasses (Table 1). The Chelonia captured October 
1996, near Cordova, Alaska, was obviously cold-stressed and 
transported to Sea World Aquarium, San Diego, California, for 
rehabilitation. This turtle did recover and subsequently was tagged 
and released off southern California (Hubbs-Sea World 1998). 

Marine turtles are a natural part of the Alaska marine 
environment, although they are uncommon in the northeast Pacific 
Ocean north of Oregon (Stinson 1984). Marine turtles occur in 
Alaska waters too frequently to be considered 'accidental' as 
defined in ornithological literature. The occurrence terminology 

v , 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Unidentified Hard Shell 
	

Chelonia 

Lepidochelys 
	 ■ Dermochelys 

Caretta 

FIG. 3. Seasonal distribution of marine turtle occurrences in Alaska 
waters.  

developed for Alaska birds by Isleib and Kessel (1973) and 
referenced by Armstrong (1990) appears to apply equally well to 
Alaska marine turtle occurrences and marine turtle occurrences 
generally. Using this terminology, Dermochelys are uncommon, 
Chelonia rare, and Caretta and Lepidochelys casual visitors to 
Alaska waters. The low frequency of occurrence of hard shell turtles 
in Alaska indicates they are straying beyond their tolerable range. 
The higher frequency of occurrence of Dermochelys suggests they 
are ranging into marginal habitat that may not be consistently used 
from year to year. 
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Maternal care is often reported among mammal, bird, and croco-
dilian taxa. It also occurs less commonly among oviparous 
squamates, usually in the form of attendance of eggs by the fe-
male (Shine 1988). It is, however, rare among viviparous lizards 
(but see Niekisch 1975 and Halloy and Halloy 1997 for excep-
tions). Maternal care in viviparous species includes female de-
fense of a home range that also contains neonates (Halloy and 
Halloy 1997), and increased female aggression to the approach of 
humans after the birth of her offspring (e.g., Tiliqua nigrolutea; A. 
Edwards, pers. comm) 

Some species of mammals and birds exhibit both maternal care 
and, rarely, maternal infanticide. Many reptiles and amphibians 
exhibit a form of infanticide-oophagy-where a female consumes 
her own eggs for nutrition or to remove dead or decaying eggs and 
thus enhance survivorship of the remaining clutch (Mitchell and 
Groves 1993). However, most reports of consumption of live young 
involve adults devouring unrelated neonates. Maternal infanticide, 
where a female consumes her own live young, is still considered 
rare (Jenssen et al. 1989). 

Maternal infanticide may be advantageous if it results in re-
duced competition for limited resources either for the adult or for 
its remaining offspring, if it provides otherwise unavailable en-
ergy resources, or if it improves inclusive fitness of parents by 
selective killing of deficient offspring (Huntingford and Turner 
1987). 

In this note we report maternal care and infanticide in the Aus-
tralian skink, Egemia stokesii. This medium-sized lizard (average 
adult SVL = 19 cm) occupies crevices in rocky outcrops through-
out central and southern Australia. It forms stable aggregations of 
up to seventeen individuals. One adult of each sex and their off-
spring share several crevices within highly overlapping home 
ranges. These groups remain together both between and within 
years. Other unrelated adults are also often found in some groups. 
Juveniles remain in their natal group for up to five years (G. 
Duffield, pers. comm). 

Eleven gravid females, collected in January 1996 from several 
sites in South Australia, were held in glass tanks (35.5 x 30 x 60 
cm) with shelter, water ad libitum, and food twice weekly. Live 
young were born in February and early March 1996. Births in two 
litters were video recorded on 25 February 1996 in tanks with 
shelters removed (but with the glass sides covered with paper to 
minimize disturbance and awareness of lizards in other tanks). 
Seven births, four from Female 1 and three from Female 2, were 
recorded over 6.5 h, beginning at 1340 h. Before parturition, con-
tractions, shown by a lateral movement of the tail, lasted up to 40 
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min. Neonates were fully emerged and moving within 10 s of the 
appearance of the head. 

Infanticide.—Female 1 produced one young at 1340 h, a second 
at 1600 h, and a third 2.5 min later. On the video playback, the 
third neonate appeared no different from the first two. It was mov-
ing 13 s after birth, similar to the first two neonates, and it seemed 
fully formed in all respects. The mother appeared to still be hav-
ing contractions until she approached the newborn 100 s after birth, 
grasped it in her mouth, struggled with it for 75 seconds during 
which time it was still alive, and had consumed it completely within 
a further 32 s. In the next minute, the female approached one of 
her other neonates, "nosed" it, then lay still in the corner of the 
tank for 90 min before producing a fourth neonate. The mother 
showed no signs of aggression toward this juvenile, and produced 
four additional live young (unrecorded) in the next 20 h. 

Without direct observation of each birth, it is difficult to esti-
mate the frequency of maternal infanticide. Egg sacs are quickly 
consumed by neonates or their mother, removing any possible evi-
dence of such occurrences. Unexplained disappearances of neo-
nates have occurred, but normally these tanks have contained both 
parents, so even if infanticide is assumed it is impossible to deter-
mine which parent was involved. Anyway, these cases differ from 
the one just described, because they have occurred hours or even 
days after birth. 

Maternal assistance.—The video playback showed that Female 
2 produced two young in the period 1400-1800 h. The mother 
began further contractions at 1840 h and produced a third young 
at 1903 h. After 15 s the baby was still in the embryonic sac and 
had not moved. A minute after birth, the baby began to move, but 
seemed unable to free itself from the sac. The mother began to 
touch the baby with her snout after a further 30 s, and 10 s later 
she began to chew on the membrane. After another 20 s (and two 
minutes after parturition) the neonate was free from the sac and 
moving around. For two more minutes both mother and baby ap-
peared to be eating the remains of the embryonic sac. The mother 
had nosed the area where the embryonic sacs had been for the first 
two births, but had not actively attempted to eat them while those 
young were still inside. These first two neonates emerged quickly 
(< 10 s) from their embryonic sacs and then ate the sacs them-
selves. Female 2 produced an additional three offspring (unre-
corded) in the next 24 h. 

Maternal infanticide may be advantageous if the offspring is 
unlikely to survive because it is deficient or deformed, and the 
mother can gain greater nutritional value from consuming it be-
fore it dies naturally (Huntingford and Turner 1987). In this case, 
the birth video record showed no obvious problem. Selective kill-
ing of some young to reduce competition for resources among 
survivors seems an unlikely explanation, because subsequent off-
spring were not killed. Stress due to captivity is another possible 
cause of the infanticide, although it is unclear why the female be-
haved aggressively to only one offspring. 

This report suggests infanticide can occur in litters of E. stokesii. 
Since most births were unrecorded, we cannot comment on the 
frequency of infanticide among the other nine captive females, 
nor do we know if this behavior occurs in field populations. 

Similarly, we cannot report on the frequency of mothers giving 
assistance to young in emerging from the embryonic sac, as ob-
served in the second female. If the mother is only trying to derive  

nourishment, she would be expected to attempt to eat more em-
bryonic sacs. It is more likely that the mother is providing assis-
tance for those juveniles that cannot emerge from the sac without 
help. 

Closely related species exhibit both similar and completely con-
trary behavior. Egernia cunninghami will bite through the umbili-
cal cord if the neonate cannot free itself, but unlike E. stokesii, the 
female will wait for up to 15 min before intervening (Niekisch 
1975). Conversely, Tiliqua nigrolutea will allow its offspring to 
die of exposure rather than assist them with removal of the em-
bryonic sac (A. Edwards, pers. comm.). 
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Field Biologist Positions Available 

Three paid positions and two volunteer positions for a 
herpetological survey of northeastern Colorado are 
available. There is also the possibility of conducting 
this work as part of a Master's program at UNC. One 
position is available immediately, two additional posi-
tions available 1 July 2001; all positions are contin-
gent on continued funding. Survey is projected to run 
April-October, 2000-2002; schedule will be 10 days 
on/four off. Applicants must be able to conduct field-
work in difficult arid conditions (shortgrass prairie) with 
minimal supervision. Previous experience with field-
work and a familiarity with rattlesnakes are helpful and 
preferred, as are diplomatic communication skills. For 
further information and initial consideration, please 
contact Dr. Stephen P. Mackessy at 
spmacke@bentley.unco.edu . Applicants will be re-
quired to submit a letter of qualifications, intention and 
experience, and two letters of recommendation, to: Dr 
Stephen P Mackessy,  Department of Biological Sci-
ences, University of Northern Colorado, CB 92, 501 
20th Street, Greeley Colorado 80639-0017, USA. 
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TABLE I. Comparison of parent-female and neonate data of three litters of Xenosaurus platyceps 
from km 154, Mex-Hwy 101 (Jaumave-Cd. Victoria), Tamaulipas. 

Female SVL and BM, 
before and after 

parturition 

Neonate SVL 
(Mean ± SE) 

Neonate BM 
(Mean ± SE) 

Parturition date 

120.0 mm 50.5 ± 0.289 mm 2.312 ± 0.037 g 15 June 1998 
32.2 g N = 4 (2M + 2F) 

24.14 g 

112.0 mm 47.5 ± 1.5 mm 1.740 ± 0.560 22 June 1998 
25.9 g N=2 (1M+ IF) 
21.1 g 

110.0 mm 54.5 ± 0.5 mm 1.475 ± 0.325 26 June 1998 
30.5 g N= 2 (1M+ IF) 
25.9 g 
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Xenosaurus platyceps is a poorly studied lizard found in the 
central part of the Mexican state of Tamaulipas. Recently there 
have been some reports about female reproduction (Ballinger et 
al., in press); prey chemical discrimination (Cooper et al. 1998); 
antipredatory behavior (Cooper et al., in press); and natural history 
(Lemos-Espinal et al. 1997) of this crevice-dwelling lizard. 
However, nothing is known about the size of neonates at birth, or 
the sex ratio of litters of this viviparous lizard. The purpose of this 
report is to document those characteristics in X. platyceps. 

On 7 February 1998 we collected four adult female (106-120 
mm SVL; 20.3-25.8 g BM), and two male (120 and 125 mm SVL; 
19.6 and 28.0 g BM) X. platyceps at km 
154.0 on Mexican highway 101 
(Jaumave-Cd. Victoria), Municipio de 
Cd. Victoria (1210 m elevation). Lizards 
were transported to Laboratorio de 
Herpetologia - Vivario of Escuela 
Nacional de Estudios Profesionales 
Iztacala - UNAM, and housed 
individually in 51 x 26 x 26 cm glass 
terraria, each one containing a water 
bowl, peat moss substrate, and small 
rocks arranged to simulate rock crevices. 
Lizards were fed crickets, king meal 
worms, and wax worms every other day. 
Room temperature was maintained at 
25°C, which is near the mean body 
temperature in nature (Lemos-Espinal et 
al. 1997). We also provided a light cycle 
of 12L: 12D.  

of Xenosaurus newmanorum at Xilitla, San Luis Potosi, and 
Xenosaurus grandis at Cuautlapan, Veracruz. Mating should, 
therefore, occur in August-September as it does in these other 
Xenosaurus species (Ballinger et al., in press). Of the eight 
neonates, four were females and four were males, suggesting a 
sex ratio in nature of 1:1 although larger samples are needed to 
confirm this pattern. Neonates size varied from 46.0 to 55.0 mm 
SVL, similar to minimum sizes of individuals collected in the field 
(53.0 mm SVL, 31 March 1996; 50.0 mm SVL, 8 August 1996; 
Lemos-Espinal, pers. obs.). 
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Three of the four captive females gave 
birth in June 1998 (average litter size = 2.6 ± 0.66; Table 1), the 
remaining female laid two large undeveloped eggs in the same 
month. All neonates were born with yolk sacs that were completely 
absorbed within 8.5 h of birth. Data on litter size presented here 
fall in the range reported by Ballinger et al. (in press) for X. 

platyceps (range = 2-4). In addition, all four females were gravid 
when captured, suggesting that X. platyceps from this population 
may reproduce every year, as reported by Ballinger et al. (in press). 
Parturition occurred in the same period as reported for populations 
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Marking techniques must be chosen carefully according to the 
main purpose of the study, the effectiveness of the technique, the 
ease of application, and the effect on behavior or survival of the 
animal (Donnelly et al. 1994). The most commonly used marking 
technique for adult anurans is toe-clipping. Yet, toe-clipping may 
result in decreased survival (Clark 1972; Golay and Durrer 1994; 
van Gelder and Strijbosch 1996) and might interfere with loco-
motor performance. Another disadvantage is the regeneration of 
toes, which makes this technique unsuitable for long term stud-
ies. Other marking techniques such as Panjet dye marking and 
Passive Integrated Transponder (PIT) tags had no detected effect 
on survival or growth, but Indian ink Panjet marks are known to 
fade within 20 days (Brown 1997), whereas PIT tags are expen-
sive and are often lost (Schooley et al. 1993). The most promis-
ing method so far is a pressurized fluorescent marking technique, 
but it is still expensive, heavy to transport into the field, and the 
application is potentially harmful to small anurans (Schlaepfer 
1998). No references for use in adult amphibians are available. 
Although other micro-tagging techniques have been successfully 
used in fishes, such as Coded Wire Tag (1.1 mm x 0.25 mm stain-
less steel wire; Mattson et al. 1990; McMahon et al. 1996), and 
Visible Implant Alphanumeric Tags (small, 1.0 x 2.5 mm bio-
compatible implants with an alphanumeric code; Buckley et al. 
1994; Frenette and Bryant 1996; McMahon et al. 1996), refer-
ences to their application in adult amphibians are lacking. 

We report here on the use of Visible Implant Fluorescent Elas-
tomer (VIE) tags to mark amphibians. These tags consist of a bio-
compatible elastomer (Northwest Marine Technology Inc., http:/ 
/www.nmt-inc.com) which has been successfully used for mark-
ing fish (Bonneau et al. 1995; Emata and Marte 1992; Willis and 
Babcock 1998) and anuran tadpoles (Anholt et al. 1998). The tag-
ging material consists of two components, a liquid elastomer ma-
terial and a curing agent, which are mixed prior to injection. After 
injection, the mixture cures into a pliable solid within a few hours 
at room temperature. Once mixed, the elastomer can be stored as 
a liquid in the freezer for two to three weeks prior to injection. 

We used this technique to mark 40 adult Rana esculenta. The 

Flo 1. The VIE tag becomes highly visible under ultraviolet light. 

animals were anesthetized using a solution of MS-222 (3-ami-
nobenzoic acid ethyl ester) in a 0.5 g/L concentration (Bonath 1977; 
Green 1979). The fluorescent mixture was injected into the trans-
parent skin between two toes using a 3/10cc insulin syringe. After 
marking, the animals were placed in fresh water for 20 minutes to 
allow recovery, after which they were released in their terrarium. 
The next day all markings were found to be clearly visible under 
UV-light (Fig. 1). After four months, retention of the marks was 
still 100%, although some of them decreased in size as much as 
20%. At eight months post-injection, the marks had not changed 
any further. 

Effects on survival in the field have not been reported. Yet, 
Govindarajulu and Anholt (pers. comm.) marked 100 Rana 
catesbeiana metamorphs and adults without incident. They recap-
tured adults in subsequent years with no evidence of mark dete-
rioration. Consequently, VIE tags may be an effective technique 
for marking anurans because of the low costs (US $240/4000 
marks; UV-light $35), the ease and swiftness of application (it 
takes about one minute, after anesthesia), the high rate of reten-
tion, and the possibility of marking many individuals. Because 
each foot has five webbed toes, this gives a total of eight locations 
for tag placement. Because the tags are available in four fluores-
cent colors, a high number of individuals can potentially be marked. 
Theoretically, with 'no mark' used as part of the marking system, 
58-1 = 390,624 possible combinations can be made when all eight 
locations are used. If exactly two tags are put on each individual, 
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448 unique marks are obtained. In species with webbed front legs, 
an additional six marking places are available. Other promising 
advantages, especially for use in the field, are the visibility at night 
(after recapture and using a UV-source) and the low volume and 
weight of the equipment. 
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Estimating animal populations involves capturing and marking 
a large portion of the population and then releasing and recaptur-
ing a significant proportion of those marked (Nichols 1992). Popu-
lations of animals that are difficult to encounter often cannot be 
estimated (Nichols 1992). Few population estimates have ever been 
made for monitor lizards (Varanus spp.). This is probably because 
they are difficult to encounter owing to their large size and their 
wide-ranging, non-social, and secretive habits (Greer 1989; King 
and Green 1993; Stamps 1977). 

Populations of wild cats have been estimated by identifying in-
dividuals from measuring track characteristics, such as paw length 
and width, and toe spread and angle, and clustering the like char-
acteristics (Riordan 1998; Van Dyke et al. 1985). Monitor lizards 
leave distinctive tracks on sandy substrates when walking in their 
regular motion from which inferences about their biology can be 
made (King and Green 1993; Pianka 1994). These tracks are rec-
ognizable by a curving line, formed by the side to side motion of 
the tail imprinting in the sand, and foot prints, imprinted either 
side of the tail line (King and Green 1993). It may be possible to 

FIG. 1. Measurement taken to estimate the amplitude, periodicity, and 
foot length of monitor tracks encountered. 
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TABLE 1. Summary of likely beach inhabited, tail width, stride length 
and foot length of individual track characteristics derived from k-means 
cluster analysis. 

Variable 

Track 

Beach Amplitude 
(cm) 

Periodicity 
(cm) 

Foot 
Length (cm) 

1 2 1.9 37.5 8.7 
2 2 1.8 38.9 9.8 
3 3 1.3 37.9 9.2 
4 3 2.6 39.3 10.6 
5 4 1.7 35.7 9.2 
6 2 1.4 35.6 8.9 
7 2 1.5 33.9 9.8 
8 3 3 35.2 9.8 
9 2 4 38 10.5 
10 4 4.7 37.8 9.2 
11 4 2 38.5 7 
12 3 2.5 35.4 7.4 
13 4 3 40.2 9.7 
14 2 2.3 34.2 8.6 
15 3 3.3 33.5 13 
16 4 1.9 40.6 12.4 
17 3 3.5 37.6 12.4 
18 4 2.5 33.3 8.3 
19 2 4.3 33.8 8.5 
20 2 2 30.8 8.8 
21 2 2.2 42 8.5 
22 3 2.1 41.7 9.4 
23 4 2.3 32.7 10.5 
24 2 4.2 41 9.8 
25 2 5 42 11.3 
26 2 1.9 44.7 7.6 
27 4 2.2 43 11.7 
28 2 2.3 43.8 10.8 
29 3 2.1 43.2 9.5 
30 2 1.8 31.9 6.3 
31 2 4.5 44.7 9.7 
32 1 5 46 11 
33 3 2.3 46.2 11.2 
34 3 1.9 28.8 7.3 
35 2 3 28.5 10.1 
36 3 4.3 47.5 9 
37 2 4.1 48.3 11.6 
38 3 1.4 24.9 6.4 
39 2 3 25 10.3 
40 3 2.3 19.7 7.4 
41 3 3.3 52.3 11.3 

estimate the population of sand dwelling monitors by measuring 
certain track characteristics and clustering those that are alike. In 
a recent study I used tail width (amplitude), stride length (period-
icity), foot length, and region (beach) to estimate the population 
of Varanus inhabiting a beachfront in tropical northern Australia 
over a two-year period. 

The study site was a 51cm stretch of beach, at Fog Bay (12°43'S; 
130°20'E to 12°40S; 130°21'E), approximately 150 km southwest 
of Darwin, Northern Territory, Australia. The sand dunes lining 
the beach run parallel to the water's edge, vary in height from one 
to 13 m, and are set back approximately 35 m from the water's 
edge. The entire stretch of beach is divided into four smaller 

Maximum cluster for individual track 

100 
	

200 	 300 

Linkage Distance (Euclidean) 

FIG. 2. Hieratical cluster analysis to differentiate individuals from track 
characteristics (amplitude, periodicity, and foot length). A Ward's (1963) 
minimum sum of squares linking criteria was used. Line representing the 
95% separation point (maximum clustering for an individual) is indicated. 

beaches, labelled beach 1 to 4, each of which is approximately 1.2 
km long (Blamires and Guinea 1998). During a two-year exten-
sive study of the area, the only monitor lizard species ever ob-
served at the site was Varanus panoptes (Blamires 1999); there-
fore all the preceding measurements were assumed to be of this 
species. 

The area was visited every two weeks for two to seven days 
over a two-year period. On each trip, all four beaches were walked 
at sunrise and sunset in order to view tracks when they were most 
visible (Pianka 1994). Each beach was walked approximately 200 
times over two years. Each beach took approximately 0.5 h to 
walk. 

Three measurements were made: amplitude, periodicity, and foot 
length. Monitor lizard tracks leave a sinusoidal imprint in the sand. 
Amplitude was measured as the width of the imprint (Fig. 1). Pe-
riodicity was the length of stride made by the hind feet and was 
measured as the straight distance between the heels of the hind 
footprints on the right side of the tail impression (Fig. 1). Foot 
length was measured from foot impressions, as the distance from 
the tip of the furthest claw to the base of the heel (Fig. 1). Fore-
prints were not measured, as they were usually covered by the 
hind foot print or the tail drag mark. Every track encountered on 
each beach was measured to the nearest 0.1 cm with a flexible 
metal measuring tape. Ten footprints per track were measured and 
an average taken. All measurements were taken on tracks on the 
beach scarp. The beach (1, 2, 3, or 4) each track was observed on 
was recorded. After measuring, each track was raked clear to en-
sure it was not recounted on subsequent visits. It was assumed 
that monitors on beaches 1 and 2, and 3 and 4 were isolated, since 
a creek divides beaches 2 and 3 and there was no evidence from 
tracks that any monitors crossed the creek. 

A hierarchical cluster (Everitt 1980) was used to link like char-
acteristics. Measurements taken for amplitude, periodicity, foot 
size, and beach were linked by a minimal sum of squares cluster-
ing criteria (Ward 1963). The number of branches in the cluster at 
95% separation was assumed to equal the number of individual 
monitor tracks measured (Fig. 2). A k-means cluster analysis (Seber 
1984) was used to determine the likely amplitude, periodicity, foot 
length, and the beach for individual monitors. 
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A total of 172 tracks were measured over the study period. From 

the cluster analysis, I estimated these represented the tracks of a 
minimum of 41 individual monitors. Amplitude, periodicity, foot 
length, and beach for individual tracks are shown in Table 1. Am-
plitude was positively correlated with periodicity (r = 0.343; P = 
0.028) and foot length (r = 0.387; P = 0.013), and periodicity was 
positively correlated with foot length (r = 0.437; P = 0.004; Fig. 
3). 

Potential difficulties occur if individual lizards alter tail posture 
during running or certain displays (Green and King 1993) and 
change movement posture in response to a sloping terrain 
(Reichman and Aitchison 1981). Therefore, multiple measurements 
must be taken on numerous tracks, ensuring a consistent slope. I 
made no measurements of tracks that traversed the dunes. The 
population at Fog Bay may be overestimated due to the same 
individual's tracks having the same amplitude but different peri-
odicity when re-encountered due to running or display. Accord-
ingly, if any tracks with the same mean amplitude occur on the 
same beach they may be regarded as belonging to the same indi-
vidual. Thus, there may be as few as 28 individuals inhabiting the 

FIG. 3. Correlation plots and equations for associations between ampli-
tude, periodicity and foot length.  

area. From Table 1; tracks 1 and 2; 6 and 7; 4 and 12; 15 and 41; 5 
and 16; 19 and 24; 23 and 27; 22 and 29; 26 and 30; 3 and 38; 35 
and 39 and 28, 33 and 40 may be the same individual. 

Recognition of individual monitors from tracks on a sandy sub-
strate, may prove useful in ways other than estimating the popula-
tion, for example it may relieve the need to capture and release, or 
radio track individual monitors to estimate activity area. A data-
base with track characteristics of individuals in an area may be 
created. Each individual's tracks can then be readily recognized 
by measuring the characteristics of any tracks left in the substrate. 
Each individual's movements may be determined by following its 
track. Furthermore, burrow sites of individuals may be determined, 
and by collecting and analyzing the contents of scats associated 
with an individual's track, the diet of each individual could be 
determined. 

Following the tracks of sand-dwelling monitors has been used 
to determine foraging paths and daily distances moved for differ-
ent species of Varanus (Pianka 1986, 1994). However, by taking 
further measurements additional knowledge may be gained about 
the habits of sand-dwelling monitors. This should reduce the need 
to locate individual lizards and eliminates any behavioral changes 
that might be caused from applying tags. 
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We frequently use drift fences along with other techniques to 
monitor terrestrial movements of turtles and other small animals 
in Iowa. Through the 1970s and early 1980s we used pitfall traps 
straddled by a drift fence as our primary terrestrial sampling 
method. Our observation of terrestrial turtles going great distances 
to avoid entering a pitfall trap caused us to seek alternatives. Iverson 
(1991) field-tested a funnel (box) trap, a rectangular version of his 
aquatic trap (Iverson, 1979) and sent us a sample to copy. This 
new device was initially much more effective for collecting 
terrestrial turtles than were our pitfall traps. However, we frequently 
observed turtles walking around wire box traps just as they had 

FIG. 1. Specifications of flip-top lid on 19-liter (5-gallon) bucket set in 
drift fence. 

FIG. 2. Flip - top lid on 19-liter (5-gallon) bucket with basking 
Cnemidophorus. All traps tested were set in openings in the drift fence 
similar to the one shown. 

our pitfall traps, especially after several recaptures. As a result, 
we began experimenting with other types of drift fence trap. This 
paper compares the effectiveness of open 19 liter (5-gallon) pitfall 
traps, Iverson's wire box traps set in the fence line rather than 
along the fence, and our final design of a flip-top lid 19 liter pitfall 
trap. It examines effectiveness in capturing a variety of turtles, 
lizards, amphibians, and a few small mammals and discusses our 
earlier designs for covered pitfall traps and our reasoning for 
selecting the design we now use. 

Because turtles, especially adults of terrestrial forms such as 
Terrapene ornata and Kinosternon flavescens, usually walked 
around the open pit presented by an uncovered 19-liter pitfall trap, 
it appeared to be almost as effective a barrier as the drift fence. 
Because of our need to sample species that do not freely enter 
pitfall traps and can not be trapped effectively by wire box traps, 
we tried to develop a trap that was effective for turtles and 
reasonably effective for other species. 

Our first attempt was to use pitfalls of a variety of sizes, 3.8-19 
liter (1-5 gallon) covered with star-cut plastic of several different 
grades of thickness. The soft plastic top was spray painted the 
color of the sandy environment and fastened to wooden crochet 
rings that were slightly larger than the opening to the pitfall. The 
intent was to have a surface that was level with and the same 
consistency and color as the surrounding soil. The flaps of cut 
plastic were intended to bend downward as the animal reached the 
middle and to return to their original position when the animal fell 
through into the pitfall. Although we conducted numerous trials, 
we were unable to find a plastic with enough elasticity to return to 
the original position, especially in the hot sun, and enough 
flexibility to dump an animal even as heavy as a small turtle, into 
the trap. We rejected this design and began experiments with flip-
top lids. 

Our first 19-liter pitfalls with flip-top lids had circular, brown 
plastic tops supported by plastic rods that were glued to the top 
across the center of the circle with about 2.5 cm of rod projecting 
from each side. The lid was then fitted into two holes drilled in 
opposite sides of the pitfall bucket. While somewhat effective, we 
found that sand became wedged between the rod and the plastic of 
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TABLE 2. Number of captures (% of total) at the Eddyville Dunes for 2062 trap nights and chi-square 
values for open 19-liter (5-gallon) and flip-top lid (covered) 19-liter traps set along drift fences in 1998. 
Significance of difference from expected values *=p<.05; "p<.01. 

Open 5-gal Covered 5-gal Total Chi-Square 

1 (25.0%) 3 (75.0%) 4 1.130 
1 (6.7%) 14 (93.3%) 15 10.355** 

6 (46.2%) 7 (53.6%) 13 0.096 
25 (62.5%) 15 (37.5%) 40 3.417 
8 (47.1%) 9 (52.9%) 17 0.065 
8 (42.1%) 11 (57.9%) 19 0.318 
15 (71.4%) 6 (28.6) 21 4.667* 
18 (56.3%) 14 (43.8%) 32 0.911 
20 (60.6%) 13 (39.4%) 33 2.144 
36 (80%) 9 (20%) 45 18.548** 

19 (63.3%) 11 (36.7%) 30 2.871 
16 (57.1%) 12 (42.9%) 28 0.979 

Species 

Terrapene ornata (adult) 
Chrysemys picta (adult) 
Chrysemys picta (hatchling) 
Cnemidophorus sexlineatus 
Ambystoma texanum & tigrinum 
Bufo americanus 
Rana clamitans 
Hyla chrysoscelis 
Perognathus, Peromyscus, Zapus 
Sorex cinereus 
Blarina brevicauda 
Microtus and Synaptomys 

TABLE 1. Number of captures (% of total) at the Big Sand Mound preserve for 5620 trap nights and chi-square values for 
open 19-liter (5-gallon), flip-top lid (covered) 19-liter, and wire box traps set along drift fences at Big Sand Mound in 1995 
and 1997. Significance of difference from expected values among all three traps *=p<.05; "p<.01; *** = traps that were 
significantly more effective than the next best trap (p<.05) when Chi 2  was rerun comparing the two best traps. 

Species Box trap Open 5-gal Covered 5-gal Total Chi2  

Kinosternon flavescens (adult) 29 (17.7%) 18 (11.0%) 117 (71.3%)*** 164 135.780** 
K. flavescens (hatchling) 7 (21.9%) 10 (31.3%) 15 (46.9%) 32 5.272 
Terrapene ornata (adult) 38 (33.3%) 14 (12.3%) 62 (54.4%)*** 114 38.041** 
Chrysemys picta (adult) 3 (5.4%) 6 (10.7%) 47 (83.9%)*" 56 78.775** 
C. picta (hatchling) 9 (25.7%) 11 (31.4%) 15 (42.9%) 35 3.348 
Trachemys scripta (hatchling) 0 (0%) 11 (47.8%) 12 (52.2%) 23 14.197** 
Graptemys pseudogeographica (h) 1 (6.7%) 12 (80.0%)*** 2 (13.3%) 15 15.610** 
Cnemidophorus sexlineatus 8 (6.8%) 73 (62.4%)"* 36 (30.8%) 117 61.766** 
Bufo woodhousii fowleri 42 (7%) 379 (63.0%)"* 181 (30.1%) 602 332.564** 
Rana catesbeiana 7 (10.4%) 50 (74.6%)*** 10 (14.9%) 67 54359** 
Perognathus, Peromyscus, Zapus 0 (0.0%) 13 (65.0%)*** 7 (35.0%) 20 14.221** 
Sorex cinereus 0 (0.0%) 4 (57.1%) 3 (42.9%) 7 4.347 
Blarina brevicauda 0 (0.0%) 6 (42.9%) 8 (57.1%) 14 9.252** 
Microtus, Synaptomys 1 (2.9%) 24 (68.6%)*** 10 (28.6%) 35 25.301** 

the pitfall making it difficult for the lid to flip (rotate down, 
dumping the animal) and to return to its original position. In 
addition, the solar-heated glue tended to melt, allowing the lid to 
separate from the rod, and the plastic rod polymerized and easily 
broke. 

These problems were corrected by using wooden tops supported 
by metal rods and by cutting grooves in the opposite sides of the 
pitfall bucket instead of drilling holes. We experimented with 
various designs in the early 1990s and produced our final design 
in 1995 (Fig. 1). The nearly circular lid was made of 6.5 mm (1/4 
inch) plywood with a 31.8 cm metal rod stapled along the maximum 
diameter. Slight variations in lid diameter allowed the lid to rotate 
freely in buckets of slightly different size leaving a 7 mm space 
between lid and bucket wall (Fig. 2). Notches cut into the tops of 
the buckets allowed the rod to rotate without the binding that 
occurred with drilled holes. The rod was placed in line with the 
fence and an opening was cut in the fence to allow the lid to rotate 
and to tempt the animal to try to 
pass through the fence at that 
point (Fig 2). 

We began testing our final 
design in April 1995 at Big Sand 
Mound, a large relict sand prairie 
just south of Muscatine, Iowa. 
Approximately 1500 m of drift 
fence was constructed along 
several pools at that site. The traps 
were spaced about 8 m apart with 
the flip-top lid pitfalls alternating 
with wire box traps set across 
openings in the fence, and open 
19-liter pitfalls also set in 
openings in the fence, so that 
every 24 m had each trap type 
represented. Capture results based 
on 5620 trap nights at Big Sand 

Mound are shown in Table 1. Table 2 shows a comparison of a 
similar set of drift fences, but without the wire box traps, for 2062 
trap nights at Eddyville dunes, a sand prairie in Wapello Co., south-
central Iowa in spring 1997. Our traps were normally sampled 
four times each day at approximately 0800h, 1000h, 1700h, and 
1900h. 

Our tests confirmed Iverson's observation that wire box traps 
were more effective than open pitfalls in catching adult Kinosternon 
flavescens and Terrapene ornata although his traps were set along 
the two sides of the fence while ours were set in openings in the 
fence, making comparisons less precise. However, Tables 1 and 2 
clearly show that adult turtles (Terrapene, Chrysemys, Kinosternon) 
were much more likely to enter flip-top lid traps than either open 
19-liter traps or wire box traps. Hatchling turtles, except Graptemys 
pseudogeographica, were more frequently caught in flip-top lid 
traps than any other kind but not significantly more. Open pitfalls 
were more effective in collecting Graptemys pseudogeographica 
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hatchlings, Cnemidophorus sexlineatus, Bufo woodhousii, Rana 
catesbeiana and Rana clamitans. Small mammals were usually 
more frequently found in open pitfalls than in flip-top lid traps 
and were almost never found in wire box traps. 

We suspect that frogs and toads may be attracted to the open 
pitfalls by the abundant insects that accumulate there and this could 
be a feature in attracting lizards as well. Cnemidophorus sometimes 
used the flip-top lids as basking places, tilting the angle of the lid 
appropriately into the early morning sun (Fig. 2). The biases 
introduced by trap type should be considered along with the biases 
created by drift fences and proximity to other structures reviewed 
by Dodd (1991), Corn (1994), and Brown (1997). The results of 
this study suggest that flip-top 19-liter pitfall traps are much more 
effective in capturing adult terrestrial turtles than are either wire 
box traps or open pitfalls. Open pitfalls were more effective at 
capturing amphibians, lizards, and small mammals. Because of 
these observations, we suggest that a combination of open pitfalls 
and flip-top lid pitfalls be used in studies intended to sample reptile 
and amphibian species richness. Box traps set on the two sides of 
the fence need to be tested to determine their effectiveness in 
comparison to flip-top lid pitfalls. 
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The study of animals in the field usually requires their capture 
and this often can be a challenging part of research. The number 
of possible techniques for capturing small- to medium-sized liz-
ards continues to grow. "Active traps" include noosing (Strong et 
al. 1993; Durden et al. 1995), or elastic bands and varied grabbing 
devices (Bedford et al. 1995; Durtsche 1996; Witz 1996), but some 
lizards are particularly elusive and difficult to capture by these 
methods. "Stable traps" include drift fences (Greenberg et al. 1994; 
Enge 1997), pit traps (Greenberg et al. 1994), glue traps (Bauer 
and Sadlier 1992; Rodda et al. 1993; Zani and Vitt 1995; Whiting 
1998), and wire mesh traps (Doan 1997; Zani and Vitt 1995), but 
these kinds of traps need to be checked frequently or animals may 
die in them. 

We studied a growing population of European wall lizards 
(Podarcis muralis), introduced near Victoria, British Columbia, 
Canada. Although we were able to capture most animals with a 
simple noose, we noticed that some lizards consistently avoided 
the noose and that other lizards used habitat unsuitable for noos-
ing (e.g., brush and tall grass). To capture these additional lizards, 
we installed pit traps around the habitat. These traps were suc-
cessful, but we found that predatory animals, such as raccoons, 
were quick to prey on the trapped lizards Raccoons were adept at 
catching the lizards despite partial lids over the traps, frequent 
checking of traps, and relocation of traps. As well, frequent relo-
cation of traps led to considerable disruption of the habitat area. 

To overcome these difficulties, we developed a "habitat trap" 
for Podarcis muralis. We believe that this kind of trap likely also 
would be effective for catching many other small- to medium-
sized lizards and other terrestrial animals. The trap consists of an 
artificial construct of a preferred habitat, which is placed on a large 
piece of camouflaged plastic. Once the animals begin to occupy 
the artificial habitat, the plastic sheet is lifted at all edges and the 
animals are trapped. 

To catch wall lizards, we decided to simulate a rockpile or wood-
pile, structures in which these animals naturally seek shelter. First, 
we excavated a shallow pit about 15 cm deep, gradually tapered in 
depth, with a total area of about 1 m 2 . Whether a pit is a required 
part of the trap is not known, but we thought that it would increase 
the attractiveness of this artificial habitat to lizards by allowing 
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them to go deeper, especially at night. A clear plastic sheet was 
then laid in the shallow pit with a border of plastic approximately 
30 cm beyond the excavated area. The edges of the plastic were 
buried in a shallow layer of soil or surrounding substrate. Then, 
we placed large cover structures, each approximately 30 cm', such 
as cinder blocks, stones or pieces of wood, centrally on the plas-
tic. We arranged these objects to simulate a natural shelter habitat. 
Additional cover objects could have been added to assist in cam-
ouflaging the plastic and make the habitat structure more attrac-
tive to the lizards, but we found this to be unnecessary for wall 
lizards. Camouflaging the edge of the plastic sheet with cover 
leaves or grass also must be balanced against the added time of 
locating captured lizards in the clutter of excess camouflage litter 
when the edges of the plastic are lifted. For wall lizards, 2-3 days 
was sufficient time for lizards to be attracted to the trap. 

A limiting feature of our trap is that at least two people are needed 
to lift the plastic and catch the entrapped lizards We approached 
the trap from opposing sides, in order to reduce the likelihood of 
lizards fleeing the trap from a side away from us. This method in 
fact seemed to encourage the lizards to take refuge inside the shel-
ter habitat, rather than attempting to leave. We then simultaneously 
lifted the edges of the plastic, while trying to ensure that soil at the 
perimeter fell to the outside of the plastic. We kept the edges of 
the plastic raised and rolled it while moving towards the center of 
the trap. The large stone and wood cover objects, along with any 
litter, were removed carefully to ensure that lizards were not in-
jured. The trapped and exposed animals could then easily be col-
lected from the bottom of the bowl formed by the plastic sheet. 
After we had recorded data on the lizards, we returned them to the 
now reassembled trap. This experience did not seem to have any 
long-term effect on the lizards and they continued to use the trap 
after re-assembly. It took about 20 minutes to disassemble the trap, 
capture the lizards, and then reassemble the trap. 

Because we constructed only one trap and terminated the study 
shortly afterwards, we cannot give any experimental results that 
test its effectiveness. We used the trap from 15 July-19 August 
1992. During this period, we caught 33 individual lizards at the 
study site, six of which were caught in the trap; one of the six was 
a recapture from earlier in the study. Repeated sampling at the 
trap resulted in repeated capture of the same lizards. Thus, it ap-
pears that lizards, at least temporarily, adopted the trap as a regu-
lar refuge. Because wall lizards do not move around very much 
(unpublished data), we would have needed to set up traps through-
out the study site to sample the population more broadly. None-
theless, the results of this short trial suggest that this is a feasible 
approach for studying this species. 

The main advantage of this trap is that it allows the animals to 
live in their "natural" habitat with safe hiding places, without re-
quiring us to check the traps at any particular time. The only cost 
is the expense of plastic sheeting and the brief period of time re-
quired for assembly and sampling. We believe that the habitat trap 
would be an effective way to catch various kinds of lizards and 
other terrestrial animals. 
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In reptiles, prolonged anesthesia is often the frustrating conse-
quence of a relatively slow metabolic rate combined with the use 
of traditional anesthetics. A drawn out anesthetic procedure is per-
haps most problematic in field studies because prompt return of a 
fully recovered reptile to its habitat minimizes data artifacts which 
may be generated by stress, anesthesia, fasting, or dehydration. 
Propofol is a new generation, non-barbiturate, substituted isopro-
pyl phenol anesthetic (Weaver 1990). Its benefits include rapid 
onset and rapid recovery from anesthesia, short duration of ac-
tion, safety for use in physiologically compromised animals, lack 
of significant side effects, and minimal equipment requirements 
(Sebel and Lowden 1989; Smith et al. 1994). Its main disadvan-
tage is that it must be administered into a blood vessel or bone 
marrow cavity. Propofol has a very large volume of distribution, 
which results in a rapid drop of anesthetic blood levels once the 
drug is discontinued (Biebuyck 1989; Branson and Gross 1994). 
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As a result, the recovery is rapid and virtually independent of 
metabolic rate. Several authors have reported useful doses for in-
duction of anesthesia in captive boids, green iguanas, and turtles 
(Bennett et al. 1998; Divers 1996; Lawton 1992; Pye and Carpen-
ter 1998). Although propofol has been evaluated in snakes under 
experimental laboratory conditions (Anderson et al. 1999), this is 
the first study to evaluate the use of propofol as a field anesthetic 
for the implantation of intracoelomic radio-transmitters in free 
ranging reptiles. 

During November and December 1997, we collected 11 brown 
treesnakes (Boiga irregularis) using traps and visual surveys on 
the Northwest Fields region of Andersen Air Force Base on the 
island of Guam. This area consists of typhoon impacted, lime-
stone rain forest interspersed with unused, paved runways. We 
weighed snakes to the nearest gram with spring scales (0 to 300 g, 
PesolaTm, Pesola, Switzerland) and then prepared a 5 mg/kg dose 
of propofol, (10 mg/ml, RapinovetTm, Mallinckrodt Veterinary, Inc., 
Mundelein, Illinois, USA), (Anderson et al. 1999) in a 0.5 ml tu-
berculin syringe with a 3/8 inch, 27 gauge needle. Based on the 
history of propofol causing a brief (< 60 sec) apnea (temporary 
stoppage of breathing) in brown treesnakes (Anderson et al. 1999), 
we also prepared a 2.0 mg/kg dose of a respiratory stimulant 
(doxapram HC1, 20 mg/ml, DopramR-V, Fort Dodge Laboratories, 
Inc., Fort Dodge, Iowa, USA; Carpenter et al. 1996) to administer 
if apnea lasting longer than one minute occurred in study snakes. 
Prior to administration of the anesthetic we recorded baseline res-
piratory and heart rates. 

Although with proper training, propofol is easily administered 
to most snakes via the tail vein, the small size and fragility of 
these vessels in brown treesnakes required us to administer the 
anesthetic into the lumen of the heart. We used a standard 
cardiopuncture technique to administer the propofol (Jenkins 
1996). Cardiopuncture is a relatively risk-free procedure in snakes 
(Anderson et al. 1999; Jenkins 1996; Johnson et al. 1997; Mader 
et al. 1985), but proper training and excellent restraint are essen-
tial to consistently place the tip of a needle in the lumen of the 
ventricle and to minimize trauma to the heart. Although the snakes 
resisted restraint, we did not recognize any additional response by 
the snakes to the intracardiac injection. All snakes were uncon-
scious with little to no muscle tone within 45 sec of a complete 
injection. When induction of anesthesia was complete, one person 
finished the aseptic preparation of the skin for surgery and started 
the radio-transmitter implantation procedure while another per-
son measured the snake's heart and respiratory rates. Maintenance 
of surgical anesthesia was monitored by the absence of a pain re-
sponse (movement, increased heart rate) by the snakes. The length 
of the radio-transmitter implantation procedure from time of in-
jection to placement of last suture ranged from 10-17 min. Excel-
lent surgical anesthesia was achieved in all snakes for this time 
period. In addition to documenting induction time and length of 
procedure, we also recorded presence of apnea, heart rate, time 
until release, and condition of snake upon release to the wild. 

In three out of eleven cases, movement by the snake during in-
jection resulted in some or all of the propofol dose to be adminis-
tered outside the lumen of the heart. Because propofol enters the 
blood stream extremely slowly after injection into peripheral tis-
sues, additional doses of propofol were required to induce surgi-
cal levels of anesthesia. Supplementary doses of propofol ranged  

from 2-5 mg/kg. Lower doses were chosen when a decrease in 
muscle tone or righting ability indicated that a snake had received 
a part of the initial dose into the lumen of the heart. In other spe-
cies of snakes, use of the tail vein would minimize the injection 
difficulties that we experienced. 

The heart rate dropped from a baseline average of 93 beats per 
minute (SE = 2.3) to 76 beats per minute (SE = 2.8) by 1-5 min 
post-injection. Although this is a statistically significant change 
(Minitab, 2 sample t-test, P = 0.0011; Ramsey and Schafer 1997), 
the heart rates remained within expected values for anesthetized 
snakes (Muir and Hubbell 1995). All animals maintained normal 
perfusion judged from mucous membrane color and infra-opera-
tive evaluation of coelomic blood vessels. Although direct effects 
of propofol cannot be ruled out, the most likely explanation for 
the decreased heart rate is loss of consciousness and cessation of 
struggling against restraint. Because pain is associated with in-
creased heart rate, the drop in heart rate is one indication that an-
algesia (pain relief) was adequate. The heart rate did not change 
significantly between 5 min after induction of anesthesia (mean = 
76 bpm, SE = 2.8) and the end of the surgery (mean = 77, SE = 
1.7) (Minitab, 2 sample t-test, P = 0.88; Ramsey and Schafer 1997) 
which suggests that the snakes' cardiovascular status was stable. 

In general, propofol-induced apnea is short lived and self-limit-
ing (Anderson et al. 1999; Bennett et al. 1998; Muir and Gadawski 
1998). All of the brown treesnakes stopped breathing post-injec-
tion of propofol; all but three snakes resumed spontaneous respi-
rations in < 1 min. Although brief apnea associated with propofol 
anesthesia in captive brown treesnakes did not seriously affect the 
partial pressure of oxygen of heart blood (Anderson et al. 1999) 
and is not likely to affect the health of a snake in general (Bennett 
1991), we chose to be conservative and administered doxapram 
HC1 intramuscularly to these three snakes after 1 min. Spontane-
ous respirations resumed within 1 min of receiving doxapram HC1 
in two of the three snakes. The snake that did not respond to 
doxapram HC1 within 2 min had been particularly difficult to re-
strain and as a result required a total of four injections of propofol 
to induce anesthesia. We intubated the snake's trachea with a plas-
tic urinary catheter and administered artificial ventilation at a rate 
of 1-4 breaths per min for 24 min, after which the snake com-
menced breathing on its own (Muir and Hubbell 1995). All three 
snakes recovered uneventfully and were indistinguishable from 
other snakes at release and during a two week radio-telemetric 
study that followed. 

Twenty to 25 min after injection, seven snakes had righting re-
flexes and four of these snakes were making active escape attempts. 
After 2 h, all snakes were conscious and active. We released snakes 
by untying and placing a cloth bag containing the snake at the 
original capture site. At release, 2-3.5 h post-injection, most snakes 
immediately left the bag and some exhibited defensive strikes. As 
part of the field study, we caught, examined, and weighed these 
snakes every four days for a total of 12 days. Snakes appeared 
healthy at these times. No weight losses were noted. At the end of 
the study, lizard remains were identified in the stomachs of 70% 
of the snakes. No obvious temporal differences in distances trav-
eled or refugia selected were observed over the 12-day tracking 
period (Anderson, unpubl.). 

It is possible that lingering effects of anesthesia could bias sub-
sequent data collection. The consequences of anesthesia can be 
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reduced by minimizing the time that an animal is removed from 
its regular environment and altered from its normal metabolic state. 
In reptiles, the use of traditional injectable forms of anesthesia 
(ketamine, barbiturates) at a surgical level often results in recov-
ery times of several hours to days (Bennett 1991) and can cause 
death. The use of vapor anesthetics such as isoflurane or halothane 
usually results in shorter recovery times (0.5-4 h), but the open 
drop technique frequently used in the field allows little control of 
the concentration of anesthetic vapor administered to a snake. As 
a consequence, even when researchers follow seemingly similar 
techniques, small differences in ambient temperature, volume of 
the induction chamber, snake posture, or sponge material can re-
sult in marked changes in anesthetic concentration. Low concen-
trations are associated with prolonged inductions and high con-
centrations can be associated with prolonged recoveries or death 
(Bennett 1991). Precise control of vapor anesthetic concentrations 
requires vaporizers and pressurized oxygen tanks, which are un-
wieldy for field use. There are also potential health risks of es-
caped anesthetic vapors to human workers such as organ damage, 
spontaneous abortions, and birth defects that need to be consid-
ered (Hill et al. 1998). Use of propofol circumvents these prob-
lems. 

Propofol has several limitations. Its short action time is a disad-
vantage for procedures lasting longer than 15-20 min. A continu-
ous infusion or multiple venous injections (at lower doses) are 
required in such cases. Administration of an intravenous injection 
during a procedure can be challenging even with proper training 
and experience. The incidence and severity of complications in-
creases as the dose and length of anesthesia are increased (Bennett 
et al. 1998). Once an animal begins to recover from propofol an-
esthesia, there is no maintenance of pain relief, so it is not useful 
for procedures likely to induce prolonged pain without the con-
current use of an analgesic. This characteristic also makes it ex-
tremely important to finish painful procedures prior to recovery 
from anesthesia (Branson and Gross 1994). Induction with propofol 
followed by vapor anesthesia or vapor anesthesia alone is recom-
mended for prolonged procedures. 

The dose of propofol required to induce anesthesia is species 
dependent. Due to the limited data base available for safe, effec-
tive dosages in reptiles, it is imperative to determine this informa-
tion prior to use in experiments in the field. As an example, a 
common induction dose of propofol for boids is 10-12 mg/kg 
(Divers 1996). In pre-study testing of brown treesnakes, this dose 
resulted in a surgical level of anesthesia lasting 30 min to 2 h, 
apnea lasting up to 7 min, and return of righting reflex occurring 
in 2-4 h. Snakes receiving this dose of propofol did not return to a 
pre-anesthetized state for several hours. In continuing pre-study 
testing, one brown treesnake receiving a dose commonly used in 
turtles (15 mg/kg; Divers 1996), became apneic, did not respond 
to doxapram HCI, and required artificial ventilation for 2 h. Al-
though the magnitude of the difference is not as great, dosage also 
varies by individual. In general, agitated and obese individuals 
require a 10-20% increase in propofol dose (Anderson et al. 1999).  

their help in obtaining snakes for this study. All work was performed with 
the approval of The Ohio State University animal care and use commit-
tees. 
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Reptiles can be stored in a variety of containers; however, the 
most convenient and widely used are glass aquaria. Glass aquaria 
provide adequate housing for small reptiles, but are not very prac-
tical options for housing large reptiles because they are heavy and 
easily broken. Large reptiles are housed in a wide variety of con-
tainers. Frequently used cages include custom made wood and 
glass cages, cattle tanks, plastic terraria, and commercially avail-
able cages (Mason et al. 1991). While these certainly provide ad-
equate housing options, they are often cost prohibitive, heavy, and 
difficult to properly sanitize. 

We designed an inexpensive cage for large reptiles (1-5 kg) 
from materials available at any local hardware and/or department 
store. The cages consist of modified storage containers, hardware 
cloth and plastic cable ties. Each cage takes roughly 30 minutes to 
assemble and costs approximately US $12.00. In addition, the cages 
are lightweight (ca. 2 kg), very rugged, easily sanitized, and ad-
here to the general guidelines established for housing reptiles by 
the National Research Council (Guide for the Care and Use of 
Laboratory Animals). 

Large storage containers (Sterilite ®, ca. 30 gal) were purchased 
at a local department store. Two front windows ( 25 cm long x 15 
cm high) were cut into the long side of the container with a utility 
knife. Instead of one large hole, two smaller holes were cut to lend 
structural integrity to the wall of the storage container (Fig. 1). 
Our containers were stored under lab benches in a university ani-
mal holding facility. Thus to provide a heat source for the animal, 
we cut another 20 cm x 20 cm window in the short side of the cage 
so that a heat lamp could heat and illuminate the cage. Additional 
windows may be cut into the container if so desired. One might 
rather cut a 22 cm x 44 cm window in the lid of the container for 
additional air flow or heating options. Any of these designs allow 
for sufficient heat and light sources while retaining the ability of 
the containers to be stacked for storage purposes. 

Hardware cloth (grid size 0.65 cm x 0.65 cm) serves as a cover 
for the windows in the walls of the container. Using tin snips, 
hardware cloth cutouts were cut to the appropriate window size. 
The dimensions of the cutouts were one inch larger than each di-
mension of the window to allow for proper fastening. Holes were 
drilled around each window at roughly 8 cm intervals so that plas-
tic cable ties could be threaded through the hardware cloth cutout, 
through a hole in the container wall, and then out through the ad- 

FIG. 1. Inexpensive cage designed to house large reptiles. 

jacent hole and hardware cloth. Cable ties were secured with the 
female end of the tie on the outside of the container to keep any 
sharp edges away from the animal. Once secured, the ends of the 
cable ties were clipped. 

The lid of the container snaps to the container body. This alone 
should be sufficient to secure most 1-2 kg animals. However if 
additional security is needed for large or active snakes or lizards, 
two inch binder clips fit the lid and wall of the container well and 
provide considerable additional fastening strength. We housed large 
lizards (gold tegus, Tupinambis teguixin; savannah 
monitors, Varanus exanthematicus; ca. 1.5 kg, 30+ cm SVL) using 
two binder clips evenly spaced on each side of the lid. Over a nine 
month period, no lizards escaped with this arrangement. Thus, these 
cages proved to provide safe and adequate housing with the added 
benefits of being lightweight, inexpensive, and easy to sanitize. 
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Announcing Two New Herpetological Circulars from the Society for the Study ofAmphibians and Reptiles 

State and Provincial Amphibian and Reptile Publications 
for the United States and Canada 

by John I Moriarty and Aaron M. Bauer 

HERPETOLOGICAL CIRCULAR 28 

This new publication provides a complete listing of 818 published articles and books dealing with the herpetofauna at the 
state and provincial level. The bibliography covers material published from the 1830's up to December 1999. This 
circular is essential to anyone interested in herpetology and herpetological history at the state or provincial level. iv + 52 
pages. ISBN 0-916984-52-4. June 2000 

Prices: Prepublication (SSAR members only) 
first copy: US$8.00 postpaid 

additional copies: $5.00 postpaid 

After 15 November 2000 
Shipping: First copy 

Additional copies 

  

US$9.00 
$2.00 
$1.00 

      

Scientific and Standard English Names of Amphibians and 
Reptiles of North America North of Mexico, with 

Comments Regarding Confidence in our Understanding 
by the Joint Committee on Scientific and Standard English Names 

Brian I. Crother, Chair 

HERPETOLOGICAL CIRCULAR 29 

This new list of current scientific and standard English names provides up-to-date taxonomy, with annotations and references, on 
all species of amphibians and reptiles in the United States and Canada. This list has been adopted as the Official List of the Society 
for the Study of Amphibians and Reptiles, The Herpetologists' League and the American Society of Ichthyologists and Herpetolo-
gists. This publication also provides guidelines on the formation of standard English names and a framework for the creation of 
future names. Approx. 90 pp. ISBN 0-916984-54. To be published October 2000. 

Prices: Prepublication (SSAR members only) 
	

After 31 December 2000 
	

US$11.00 

	

first copy: US$10.00 postpaid 
	

Shipping: First copy 
	

$2.00 

	

additional copies: $7.00 postpaid 
	

Additional copies 
	

$1.00 

SEND ORDERS To: Dr. Robert D. Aldridge, SSAR Publication Secretary, Department of Biology, Saint Louis University, 3507 Laclede Ave., St. Louis, 
Missouri 63103 USA. Telephone 314-977-3910:fax 314-977-3658; e-mail: ssar@slu.edu.  Make checks payable to "SSAR." Overseas orders must be paid in 
USA funds using a draft drawn on American banks or by International Money Order. Orders may be charged to VISA or MasterCard (Account number and 
expiration date must be provided). SSAR membership derails and a complete list of Society publications can be obtained on request to Dr. Aldridge. 
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