
VAN GELDER, J. J., AND R. BUGTER. 1987. The utility of thermo-telemetric 
equipment in ecological studies on the moor frog (Rana arvalis Nilsson): 
a pilot study. Beih. Schriftenr. Naturschutz Landschaftspfl. Niedersachs. 
19:147-153. 

VAN NULAND, G. J., AND P. F. H. CLAUS. 1981. The development of a radio 
tracking system for anuran species. Amphibia-Reptilia 2:107-116. 

WAYE, H. L. 2001. Teflon tubing as radio transmitter belt material for 
northern leopard frogs (Rana pipiens). Herpetol. Rev. 32:88-89. 

WERNER, J. K. 1991. A radiotelemetry implant technique for use with Bufo 
americanus. Herpetol. Rev. 22:94-95. 

WHITE, G. C., AND R. A. GARROTT. 1990. Analysis of Wildlife Radio-track-
ing Data. Academic Press, Inc., Toronto, Canada. 383 pp. 

RECENT POPULATION CHANGES 

Herpetological Review, 2002, 33(3), 194-197. 
2002 by Society for the Study of Amphibians and Reptiles 

A Historical Study of the Distribution of 
Blanchard's Cricket Frog (Acris crepitans 

blanchardi) in Southeastern Michigan 

RICHARD M. LEHTINEN 
University of Michigan Museum of Zoology 

Division of Reptiles and Amphibians, 1109 Geddes Avenue 
Ann Arbor, Michigan 48109-1079, USA 

e-mail: rmlehtin@umich.edu  

"We have seen it from New Jersey to Georgia, Louisiana, Texas and 
Iowa, but like most workers we have neglected this most ubiquitous tree 
frog. Everyone remarks their choruses." (Wright and Wright 1949) 

Unfortunately, Wright and Wright's (1949) characterization of 
the abundance of Acris crepitans is no longer accurate. In recent 
years, there have been numerous reports of declines in popula-
tions of Blanchard's cricket frog (Acris crepitans blanchardi), 
particularly in the midwestern US and adjacent Canada (e.g., Min-
nesota [Oldfield and Moriarty 1994]; Wisconsin [Hay 1998; 
Mossman et al. 1998]; Iowa [Hemesath 1998; Lannoo et al. 1994]; 
northern Illinois [Mierzwa 1998]; northern Indiana [Brodman and 
Killmurry 1998]; Ontario [Oldham 1992]). Frost (1983) and 
Hammerson and Livo (1999) have also reported declines from the 
western edge of its range. 

In Michigan, Blanchard's cricket frog was historically widely 
distributed in the southern half of the lower peninsula (Harding 
1997; Ruthven et al. 1912). Isolated records also exist for popula-
tions in the northern portion on the lower peninsula (Lee 1998; 
Ruthven et al. 1912). However, there has been no recent, pub-
lished report of the current distribution of these frogs in Michi-
gan. Surveys by the Michigan Department of Natural Resources 
and data from the Michigan Frog and Toad Survey indicate that 
this species is still somewhat abundant in southwestern Michigan, 
but is rare in the southeastern part of the state (Lee 1998). 

Long-term monitoring of distribution and abundance is critical 
to the ability to detect and respond to declines (Pechmann and 
Wilbur 1994). Museum specimens, when accompanied with ap-
propriate locality data, provide unequivocal evidence of the oc-
currence of a species at a certain time and place. These, and other 
records, provide us with information on the historic distribution  

of a species and can be used in conjunction with contemporary 
surveys to assess its current distribution and conservation status 
(Shaffer et al. 1998). 

To assess the historic distribution of Blanchard's cricket frog in 
southeastern Michigan, I compiled a database of historic locali-
ties for this species in 14 counties in southeastern Michigan, USA. 
This database was based on records from museums, the scientific 
literature, the Michigan Natural Features Inventory, the Michigan 
Frog and Toad Survey, and reports from local naturalists. I limited 
my search for historical information to the following counties in 
southeastern Michigan: Genesee, Hillsdale, Ingham, Jackson, 
Lapeer, Lenawee, Livingston, Macomb, Monroe, Oakland, 
Shiawassee, St. Clair, Washtenaw and Wayne. A total of 79 his-
toric localities were found in the study area dating from 1878 to 
1999. These historic localities included three habitat types: lakes 
(35%), ponds (39%) and rivers or streams (26%). 

A difficulty in conducting historical studies is that the quality of 
information varies greatly, particularly in older records. For ex-
ample, many specimens or literature records simply refer to a town-
ship or a city, (e.g., "Norvell Township" or "Ann Arbor") without 
any specific locality data. Also, some older records use long for-
gotten names (e.g., "Steere's marsh" or "Fiegel's woods"). Some 
of these were located after consulting old maps, but others had to 
be excluded from further consideration. In all, 60 localities were 
sufficiently informative that they could be relocated and surveyed. 

Chorusing surveys were conducted at these 60 sites for 
Blanchard's cricket frogs during the peak breeding season. At each 
site, after a five minute acclimation period, I listened ten minutes 
for vocalizations of male cricket frogs. If cricket frogs were de-
tected, I attempted to collect a reference specimen. Chorusing sur-
veys were conducted between 2000 and 0100 h. The minimum air 
temperature to conduct a chorusing survey for cricket frogs was 

FIG. 1. Location of sixty historical localities (1878-1999) for Acris 
crepitans blanchardi in fourteen counties in southeastern Michigan, USA. 
Open circles represent extinct populations, shaded circles represent ex-
tant populations, based on 2001 surveys. 
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FIG. 2. Number of sites in southeastern Michigan, USA where Acris crepitans blanchardi specimens 
were collected, 1878-2001. 
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18°C. Chorusing surveys were not 
conducted if it was raining heavily. 
Surveys began on 18 May and ended 
on 9 July, 2001. Each site was visited 
once. 

Only two of the 60 sites surveyed 
(3%), had extant populations of 
cricket frogs (Fig. 1). One is located 
in Lenawee County in an abandoned 
gravel pit on a nature preserve. Pre-
vious work at this site indicates that 
other ponds in the preserve also have 
cricket frogs (R. Lehtinen, unpubl. 
data). The other site is a pond in a 
rapidly urbanizing area of Ypsilanti 
in Washtenaw County. Construction 
has already begun on a housing de-
velopment on the east side of this 
site. Both of these sites had 
relatively large numbers of cricket 
frogs and full choruses of males and 
successful reproduction were detected. A reference specimen from 
the Lenawee County site was deposited at the Division of Reptiles 
and Amphibians at the University of Michigan Museum of Zool-
ogy (UMMZ 227792). 

To estimate the timing of the decline, I tabulated the number of 
sites in southeastern Michigan from which cricket frogs had been 
collected in ten year intervals from pre-1900 to the present using 
all available museum specimen data (Fla 2). While sampling ef-
fort was not uniform over this time period, this data does give a 
qualitative estimate of the timing of the decline. Reasonably large 
numbers of extant sites are present in each decade until the 1970s. 
As populations well into northern Ohio and Indiana (Lipps 2000; 
R. Brodman, pers. comm.) also seem to be declining, it seems 
likely that this decline began at least thirty years ago. 

The decline in Blanchard's cricket frogs in southeastern Michi-
gan is not novel, as every other state in the upper Midwest has 
reported similar trends (Minnesota [Oldfield and Moriarty 1994]; 
Wisconsin [Hay 1998; Jung 1993]; Iowa [Hemesath 1998; Lannoo 
et al. 1994]; Illinois [Mierzwa 1998]). In 1996-1997, Lee (1998) 
found six extant populations in southeastern Michigan, although 
some of these were based on volunteer data and might have been 
erroneous (see discussion below). Cricket frog populations in 
southwestern Michigan seem to be doing better than in the south-
eastern part of the state, with at least 41 sites known according to 
Lee (1998). 

States adjacent to Michigan have also reported declines. In north-
western Ohio, Lipps (2000) conducted surveys for cricket frogs in 
fifteen counties from 1997 to 1999. He found extant populations 
at 18 out of 99 historical sites (18%, nine out of fifteen counties) 
and concluded that Acris is much less abundant in northern Ohio 
than in the past. Similarly, Brodman and Kilmurry (1998) found 
that cricket frogs had been extirpated from Jasper County in north-
western Indiana and have declined throughout much of the north-
ern part of the state (R. Brodman, pers. comm.). 

Only two of eleven sites in southeastern Michigan reported to 
have cricket frogs by Michigan Frog and Toad Survey volunteers 
(1996-1999) were found to be extant. There are three likely (and  

non-mutually exclusive) explanations for this discrepancy. Firstly, 
these populations might have very recently gone extinct. Secondly, 
due to sampling error, I might have failed to detect cricket frogs in 
my surveys at these sites. This is relatively unlikely as cricket frog 
vocalizations are conspicuous and surveys were carried out dur-
ing the most favorable periods. Or thirdly, cricket frogs might have 
been erroneously reported from these areas. This is particularly 
likely for sites that were never confirmed by an expert. 

Many causal factors have been suggested to explain the decline 
of Blanchard's cricket frog. These include introduced predators or 
competitors (Lannoo et al.1994), agricultural chemicals (Jung 
1993; Oldham 1992), wetland alteration (Lannoo 1998), prolonged 
droughts (Lannoo 1998), acid deposition (A. Resetar, unpubl. data), 
and habitat change (Hay 1998). The most commonly cited reason 
for amphibian declines is habitat loss and degradation (Pechmann 
and Wilbur 1994). In this study, three sites (5%) had been de-
stroyed since the original data was collected. Eleven other sites 
(18%), while still in existence, have been modified to such an ex-
tent that, in my estimation, they no longer represent useable habi-
tat. This was most often noted at lakes where the shorelines had 
been completely developed. Clearly, habitat loss and degradation 
has been an important factor in some cases for cricket frogs in 
southeastern Michigan. While there is little data currently avail-
able to test rigorously any of these hypotheses, the natural history 
of the species might give us important clues into the causes of this 
decline. 

Firstly, cricket frogs are early successional species (Harding 
1997). On the E.S. George Reserve in Livingston County, Michi-
gan (an area where cricket frogs once occurred—see Collins and 
Wilbur 1979), Skelly et al. (1999) reported that forest cover had 
increased from 30% in 1937 to 67% in 1999 (see also Roller 1974). 
In addition, Hart (1968) reported that more than 1.6 million ha of 
farmland were abandoned in Michigan between 1910 and 1959, 
most of which reverted to forest. These successional trends are 
typical of eastern North America (Goigel Turner and Ruscher 1990) 
and can have a great influence on the distribution of amphibians 
(Werner and Glennemeier 1999). 
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Secondly, cricket frogs are short-lived. Data from Kansas, Loui-
siana, and Texas indicate that the average life expectancy of a 
cricket frog is about four months, only 5% of the population sur-
vives the winter, and complete population turnover takes place 
every 16 months (Bayless 1966, 1969; Burkett 1984). These de-
mographic facts, combined with a modest dispersal capacity (see 
Pyburn 1958), greatly predispose this species to periodic local ex-
tinction. 

Lannoo (1998) has suggested that metapopulation structure in-
teracting with environmental stochasticity (i.e., droughts) and an-
thropogenic changes in habitat quality might have resulted in the 
observed declines. In the past, when wetland habitats were more 
abundant and less isolated, populations might have been more buff-
ered from extinction by immigration (the "rescue effect"-Brown 
and Kodric-Brown 1977) and areas experiencing local extinction 
might have been recolonized relatively easily. In the current land-
scape, isolation and dispersal barriers might result in higher ex-
tinction rates and lower recolonization rates. 

Metapopulation theory suggests that when the number of suit-
able patches in a metapopulation is reduced, extinction of the en-
tire metapopulation becomes increasingly probable (the "extinc-
tion debt"-Tilman et al. 1994). Therefore, over time, the loss of 
individual populations will reduce the viability of the entire 
metapopulation. The threshold number of suitable patches needed 
for metapopulation persistence has been termed the minimum vi-
able metapopulation size (Hanski et al. 1996). This approach could 
be used to predict the vulnerability and dynamics of cricket frog 
metapopulations in different landscapes. Unfortunately, no em-
pirical information is currently available on cricket frog 
metapopulation dynamics. 

Local extinctions are a frequent occurrence in metapopulation 
dynamics (Marsh and Trenham 2001). Therefore, we would ex-
pect a certain proportion of historic sites to be unoccupied, even 
in the absence of any decline. Then, the question is, how many 
local extinctions indicate a decline? In this case, 58 of 60 historic 
populations (97%) appear to be extinct, with no other populations 
known in the area. I conclude that Blanchard's cricket frogs are 
not only declining, but are nearly extirpated from southeastern 
Michigan. 

Metapopulation structure, habitat loss and alteration, and re-
gional successional trends might be important factors in the decline 
of Blanchard's cricket frog. If these factors are the primary causes 
of declines in this species, habitat restoration (including wetland 
and grassland/oak savanna restoration) combined with repatria-
tion of cricket frogs to suitable areas should be effective 
conservation measures. Alternately, if other mechanisms are 
primarily responsible for cricket frog declines (e.g., introduced 
predators or competitors), repatriated cricket frog populations will 
not persist. 

What is required now, rather than further speculation, are em-
pirical tests of these (and other) causal mechanisms. Comparative 
data on population dynamics would be particularly useful in areas 
where cricket frogs are declining and where they are not declining. 
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CAUDATA 

AMBYSTOMA LERMAENSE (Lake Lerma Salamander). 
REPRODUCTION and DEVELOPMENT. Ambystoma 
lermaense is an endemic and endangered species from the Estado 
de Mexico, Mexico. Here we provide the first data on reproduction 

and development of this species. On 3 July 1995 we collected four 
Ambystoma lermaense (two males and two females) at San Pedro 
Tlaltizapan Lake (19°12'34"N, 99°30'26"W) Municipio de 
Tianguistenco, Estado de Mexico, Mexico. The specimens were 
transported to the laboratory at Facultad de Ciencias, Universidad 
Autonoma del Estado de Mexico in an 18.9-liter water container. 
During transportation, one female (TL 192 mm; SVL 101 mm; 
mass 35.1 g) began to lay eggs at 1215 h and continued until after 
we reached the laboratory at about 1325 h. Adults and eggs were 
separated and placed in aquaria with continuous aeration of water 
from the collecting locality; pH was 8.2-8.5. 

Clutch size was 841 eggs. In a sample of 40 eggs, the average 
ovum diameter was 2.40 ± 0.36 mm (range 1.8-3.9) and the exter-
nal capsule diameter was 7.59 ± 0.64 mm (range 6.0-8.7). Egg 
fertility was low (26%). Embryonic development to hatching took 
240-250 hours at 16.5-21.0°C. Embryo mortality was 10%. A total 
of 196 embryos hatched at stage 39 or 40, and hatchling size was 
9-10 mm. After several months in captivity, the female died and 
was deposited in the Coleccion Nacional de Anfibios y Reptiles, 
Instituto de Biologfa, Universidad Nacional Autonoma de Mexico 
(IBH 11400). These observations were part of a project supported 
by CONACYT of Mexico (Proyecto1165P-N) and Universidad 
Autonoma del Estado de Mexico (Clave 995/94). 

Submitted by XOCHITL AGUILAR-MIGUEL, Centro de 
Investigacion en Recursos Bi6ticos, Facultad de Ciencias, 
Universidad Autonoma del Estado de Mexico, Instituto Literario 
#100, Toluca, Edo. de Mexico, Mexico, C.P. 50000 (e-mail: 
xam@coatepec.uaemex.mx),  GUSTAVO CASAS-ANDREU, 
Instituto de Biologfa, Universidad Nacional Aut6noma de Mexico, 
A.P. 70-153, 04510, Mexico, D.F., Mexico (e-mail: gcasas@  
servidor.unam.mx ), and EDUARDO PINEDA-ARREDONDO, 
Instituto de Ecologla, Xalapa, Veracruz, Mexico. 

ANURA 

ADENOMERA aff. MARMORATA (NCN). REPRODUCTION. 
The first reports on reproduction in the genus Adenomera dealt 
with populations in southeastern Brazil, and indicated a highly 
terrestrial reproductive mode (Lutz 1931. C. R. Soc. Biol. Paris 
109:755-756; Lutz 1947. Copeia 1947:242-252). Subsequent in-
ferences derived from larval morphology supported this notion 
for a species in the Amazon Basin (Heyer and Silverstone 1969. 
Field. Zool. 51[111:141-145), and the idea became generalized 
for the group. However, there was some indication from preserved 
larvae that perhaps reproduction was not as terrestrial in certain 
populations in southeastern Brazil (Heyer 1973. Contr. Sci. Nat. 
Hist. Mus. Los Angeles Co. 251:1-50), but this was not conclu-
sive (De la Riva 1996. J. Herpetol. 30:556-558). Herein we report 
on the reproductive mode of a population in southeastern Brazil. 
On 30 September 2000, three Adenomera foam nests were found 
and collected beneath leaf litter, each in a small chamber in the 
ground. The general habitat is a cocoa plantation within an allu-
vial forest in the locality of Povoacao (19°33'S, 39°46'W), 30 km 
from the town of Linhares, Espirito Santo, Brazil. The foam nests 
were roughly elliptical in shape and had a maximum diameter of 4 
cm; ca. 3 cm were below ground level. One of the nests contained 
cream-colored eggs with an average diameter of 3 mm (N = 3), 
from which 29 tadpoles emerged; the other two nests already had 
27 and 28 brown tadpoles. The foam had dried up 9 days later, and 
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in one of these nests the tadpoles had perished; in the other two 
they were still alive, and water was added. The following day the 
foam had been reconstituted. A few days later (23 October 2000) 
the earthen chambers crumbled apart and 28 tadpoles were placed 
in water. Before this they seemed to stall development at stages 
25-27 (sensu Gosner 1960. Herpetologica 16:183-190) for 23 days. 
In the next few days these tadpoles increased dramatically in size, 
developed a sinistral spiracle, and were feeding on fish food and 
lettuce. The first metamorph emerged 77 days after the collection 
date. Our observations support the notion that this population ex-
hibits a more aquatic reproductive mode than that previously de-
scribed for the group in southeastern Brazil, and more similar to 
that reported by De la Riva (1995. Stud. Neotrop. Fauna Environ. 
30:15-29). 

The genus is currently undergoing significant taxonomic 
changes. We have termed this population as Adenomera aff. 
marmorata as we know it is not the same species as that reported 
by Kwet (1998. Herpetol. Rev. 29:48) because of distinct adver-
tisement calls. Specimens will be deposited at the Museu de 
Biologia Mello Leitao — MBML, Santa Teresa, Espirito Santo. 

We thank W. R. Heyer for reviewing this manuscript. Support 
for AA was provided by operating NSERC grant #4946 to G. K. 
Morris. Thanks to R. Penha da Silva for field work assistance. 
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ELACHISTOCLEIS OVALIS (NCN). DEFENSIVE BEHAV-
IOR. Defensive behavior is quite variable in anurans, particularly 
among Leptodactylidae, Hylidae, and Bufonidae (Duellman and 
Trueb 1994. Biology of Amphibians. Johns Hopkins Univ. Press 
670 pp.). On 6 September 2000, we collected an adult male 
Elachistocleis ovalis (Museu de Biodiversidade do Cerrado [AAG-
UFU] 2118) (SVL 20.3 mm) in Nova Alianca municipality 
(21°11'S, 49°42'W), Sao Paulo State, Brazil. While being manipu-
lated for photographs during the daylight, the specimen assumed 
a defensive behavior: pushing the forelimbs against the ground, 
stretching the hind limbs out perpendicular to the body, raising 
the ventral region off the soil surface, and inflating the lungs. This 
stationary posture was held for 20 sec. A similar posture has been 
observed in Xenohyla truncata (Napoli 2001. Herpetol. Rev. 32:36-
37), Hyla geographica (Azevedo-Ramos 1995. Rev. Brasil. Biol. 
55:45-47), and Scythrophrys sawayae (Garcia 1999. Herpetol. Rev. 
30:224). Orange stripes evident on the posterior region of the hind 
limbs might function as aposematic coloration. 

We thank Ariovaldo A. Giaretta for critically reading this manu-
script; fellowship by CNPq to MNCK and CAPES to MM. 

Submitted by MARCELO N. DE C. KOKUBUM and 
MARCELO MENIN, Laborat6rio de Ecologia e Sistematica de 
Anuros Neotropicais, Programa de POs-Graduacao em Ecologia e 
Conservacao de Recursos Naturais, Universidade Federal de 
Uberlandia, 38400-902, Uberlandia, Minas Gerais, Brazil. 

PHYSALAEMUS PUSTULOSUS (Tungara Frog). DISPLACE-
MENT OF AMPLECTANT MALES. Aggressive behavior is 
common during the sexual behavior of many anurans. Aggressive 
behavior during courtship has been occasionally observed in 
Physalaemus pustulosus (Ryan 1985. The Tungara Frog. The Uni-
versity of Chicago Press. 230 pp). Males were occasionally ob-
served trying to pull off amplectant males; however, these attempts 
were all unsuccessful. Ryan also reported that males of P. 
pustulosus emit a "release call" when they are clasped by another 
male. 

Here we describe the aggressive behavior of a male P. pustulosus 
that successfully displaced a larger amplectant male. On 6 Octo-
ber 2000 (2214 h), we observed a male P. pustulosus (SVL 30 
mm) trying to remove an amplectant male (SVL 33 mm) from the 
back of a female (SVL 34 mm) in Golfito, Puntarenas Province, 
SE Costa Rica (8°40'N, 83°10'W). The intruder bit the thigh and 
foot of the amplectant male several times, pulling him forcefully 
while emitting a release-like call. The amplectant male kicked the 
aggressor several times and the couple moved away several centi-
meters. The intruder followed the couple and again began the re-
lease-like call, and then tried to separate the pair by pushing his 
head between their bodies. Then he bit the amplectant male on the 
waist and emitted a release-like call: The amplectant male kicked 
the intruder, pushing him aside, but the aggressor returned quickly 
and seized the amplectant male by the armpits. Approximately 26 
minutes after we first saw them, the intruder pulled the amplectant 
male off of the female and immediately mounted her and seized 
her by the armpits. The displaced male tried unsuccessfully to re-
cover the female, but the couple swam away from the displaced 
male. 

Contrary to the observations of Ryan (1985, op. cit.), this male 
was able to remove an amplectant male. Interestingly the winning 
male was of smaller size. We suggest that the release-like call 
emitted by the intruder male could be a sensory trap (Ryan 1999. 
Science 283:1083a) to facilitate removal of the amplectant male. 

We thank Gilbert Barrantes, Robert Puschendorf, and William 
Eberhard for their valuable comments and revisions of this note. 
These observations were carried out on a field trip of the amphib-
ian course of the Escuela de Biologia, Universidad de Costa Rica. 

Submitted 	by 	BRANKO 	HILJE 	(e-mail: 
branko@biologia.ucr.ac.cr ), MARCO BARQUERO (e-mail: 
marco@biologia.ucr.ac.cr),  and GUIDO SABORIO-R. (e-mail: 
gsaborio@biologia.ucr.ac.cr),  Escuela de Biologia, Universidad 
de Costa Rica, 2060 San Pedro, San Jose, Costa Rica. 

TESTUDINES 

CHELODINA EXPANSA (Broad Shell River Turtle) and 
EMYDURA SIGNATA (Brisbane Shortneck Turtle). REPRO-
DUCTION. In several species of freshwater turtle, the adminis-
tration of oxytocin for egg collection (Ewert and Legler 1978. 
Herpetologica 38:314-318) has triggered nesting behavior in 
gravid females. For example, this occurs in the snapping turtle 
(Chelydra serpentina), wood turtle (Clemmys insculpta), and musk 
turtle (Sternotherus carinatus) (Ewert 1979. In M. Harless and H. 
Morlock [eds.], Turtles: Perspectives and Research, pp. 313-413. 
John Wiley and Sons Inc., Florida.). Tucker et al. (1995. Herpetol. 
Rev. 26:138) reported that administration of oxytocin could also 
induce nesting behavior in female red-eared sliders (Trachemys 
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scripta elegans) hours after they deposited eggs. This nesting be-
havior was attributed to the continued hormonal effects of oxyto-
cin in turtles following induction. If the administration of oxyto-
cin triggers nesting behavior as is suggested by the above obser-
vations, then nesting behavior is less likely to occur many days 
after oxytocin administration as its concentration in the body will 
have returned to pre-injection levels (Plumb 1999. Veterinary Drug 
Handbook 3rd  Edition. Iowa State Univ. Press, Iowa. 750 pp.). Here 
I report nesting behaviors in two species of Australian freshwater 
turtles (Chelodina expansa and Emydura signata) many days af-
ter collection of their eggs through administration of oxytocin. 

A female C. expansa was captured leaving the water after heavy 
rain to nest at the University of Queensland lakes, St Lucia, Aus-
tralia on 6 May 1999. X-ray revealed 14 oviducal eggs. Initial 
administration of oxytocin (Syntocin, 1.5 ml/kg) yielded only two 
eggs over two days. A second x-ray revealed that no eggs had 
been broken and were preventing further oviposition. Calcium 
gluconate (Theracalcium, 1.0 ml/kg) was administered (McArthur 
1996. Veterinary Management of Tortoises and Turtles. Blackwell 
Science Ltd., Oxford. 176 pp.) the night prior to a second admin-
istration of oxytocin at 1100 h the following morning. Eleven eggs 
were deposited within 1.5 h. The final egg was laid later that day. 

This female was kept in captivity for a period of 10 days after 
egg harvesting and was marked by scute notching prior to release. 
Five days later (i.e., 15 days following the second dose of oxyto-
cin and the deposition of all eggs) the same female (identification 
by scute notching) was found carrying out nesting behavior dur-
ing heavy rain. She was observed to complete nesting behavior 
including backfilling of the nest and compacting the nest plug. 
Excavation of the nest indicated a proper egg chamber of typical 
size for a C. expansa; however, the nest contained no eggs. 

This behavior has also been observed in E. signata from the 
same site on 27 October 1999. Several females were captured and 
x-rayed to reveal egg numbers. Two of the females who were in-
duced to lay their eggs via oxytocin injection, were found attempt-
ing to nest many days after oviposition. The first female laid 21 of 
21 eggs in the lab and was found attempting to nest 21 days after 
oviposition. A second female who laid 18 out of 18 eggs upon 
oxytocin induction was found attempting to nest 21 days after 
oviposition. All of these females left the water to attempt nesting 
during heavy rain, which suggests that rain may be an important 
nesting cue. 

Clearly these findings demonstrate that oxytocin administration 
per se was not the cause of the nesting behavior observed in these 
cases. Oxytocin caused the uterine contractions directly associ-
ated with egg laying, however it is clear that other factors are the 
cue for nesting behavior and that there are probably many behav-
ioral and hormonal steps involved in completing a nesting bout. If 
a female on her way to nest is captured and her eggs gathered 
artificially by oxytocin administration, an important instinctual 
behavior associated with oviposition, i.e., nest construction is not 
completed and it appears that the female perceives she is still car-
rying eggs. This perception may be attributed to the failure of a 
normal nesting-related hormonal sequence to occur during artifi-
cially induced oviposition. 

For example, Guillette et.al . 1991 (Gen. Comp. Endocrinol. 
82:121-130) found that in loggerhead turtles (Caretta caretta) a 
hormonal sequence takes place from the onset of body pitting (or 
the start of the nesting process). They found that the onset of body  

pitting induced the release of Arginine Vasotocin (AVT), which in 
turn induced the synthesis and release of Prostoglandin F (PGF). 
Prostoglandin E2 (PGE2) is released at the same time as PGF how-
ever the stimulus for the synthesis and release of this hormone is 
unknown. All three hormones (AVT, PGF, PGE 2  ) then act to pro-
mote uterine contractions and therefore egg laying. Therefore, 
behavior associated with nest site choice and beginning to dig a 
suitable nest may be important to the endocrinology of oviposi-
tion in that it might initiate the hormonal sequence necessary to 
complete the laying bout. If this type of hormonal sequencing oc-
curs in all turtles, females in which oviposition is artificially in-
duced might still perceive they are gravid until they have had the 
chance to go through a complete nesting procedure and thus un-
dergo the successive hormonal sequence associated with nest con-
struction. 

The discovery of non-gravid C. expansa and E. signata females 
attempting to nest many days after oxytocin injection and egg har-
vesting, suggests that these species might exhibit a sequence of 
hormone release similar to that of Caretta caretta where behav-
iors associated with nesting (e.g., body pitting or beginning to dig 
the nest) trigger the beginning of the hormone sequence and the 
nesting bout (Guillette et al., op. cit.). Endocrine studies on the 
different stages of hormone release in these species would need to 
be undertaken however, before this can be confirmed. 

Submitted by JULIA McCOSKER, Department of Zoology 
and Entomology, School of Life Sciences, University of 
Queensland, St. Lucia 4072, Australia. 

CHELONIA MYDAS (Green Sea Turtle). ADULT MALE SIZE. 
Only a handful of studies have reported on adult male sea turtles 
(Booth and Peters 1972. Anim. Behay. 20:808-812; Limpus 1993. 
Wildl. Res. 20:513-523; Limpus 1994. Mem. Queensland Mus. 
35:139-154). A major logistical difficulty is finding and observ-
ing adults in the marine environment. Serendipitously, we have 
been able to observe and capture adult male Chelonia mydas in 
Atol das Rocas, Brazil (3°52'S, 33°49'W) while they are available 
in the central lagoon of this ring-shaped atoll at high tide. On sev-
eral separate occasions, from 1990 through 1997, males were cap-
tured by hand during free dives. While still in the water, they were 
tagged with monel or inconel tags, and were measured for curved 
carapace length and width (CCL and CCW). A total of 48 Chelo-
nia mydas males were captured a total of 56 times. The males 
were on average smaller than nesting females from Atol das Rocas 
(t = 12.5, p < 0.0001, Welch t-test„ see Table 1), which is not 
unlike the green turtle populations in Australia (Limpus 1993, 1994, 
op cit.). 

Few females were captured in the central lagoon, despite the 
fact that many females nest in Atol das Rocas during the nesting 
season (Bellini and Sanches 1996. Marine Turtle Newsl. 72:1-2). 
It is likely that most females remain in the waters outside the ring-
shaped atoll, although dangerous diving conditions kept us from 
investigating these areas in detail. On a few occasions, we came 
across pairs of copulating turtles, usually accompanied by several 
extra males, but no captures were made. On three separate occa-
sions, copulating pairs of Chelonia mydas were observed up on 
the beach; on one of these occasions in 1991, the female success-
fully nested with a male (100.0 cm CCL) securely attached to her 
carapace. 
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TABLE 1. Carapace size (mean ± SEM) of Chelonia mydas males in 
the waters of Atol das Rocas, Brazil. Data for nesting females are from 
Bellini and Sanches (1998. Anais Semana Nacional de Oceanografia, 
11, Rio Grande, RS, pp. 335-337). 

Males Nesting Females 

CCL (cm) 105.4 ± 0.84 115.9 ± 0.001 
N 45 1702 
range 85.0-118.0 100.0-134.0 

CCW (cm) 97.1 ± 1.15 107.6 ± 0.001 
N 43 1147 
range 69.0-110.0 94.0-123.0 

We are grateful to Augusto C. C. D. da Silva and Jaqueline C. 
de Castilhos and everyone else who helped with the captures. 
Thanks to N. Mrosovsky for stimulating us to publish these data, 
to M. H. Godfrey for helping with the translation, and to the Reserva 
Biologica do Atol das Rocas - IBAMA for logistical support. 
Projeto TAMAR-IBAMA is co-managed by the Fundacao Pr6- 
TAMAR and is officially sponsored by Petrobras. 

Submitted by TAISI M. SANCHES, Fundacao Pr6-TAMAR, 
Caixa Postal 50, Fernando de Noronha - PE, 53990-000 Brazil, 
and CLAUDIO BELLINI, Projeto TAMAR-IBAMA, Caixa 
Postal 50, Fernando de Noronha - PE, 53990-000 Brazil (e-mail: 
cbellini  @ tamar.org.br). 

DERMOCHELYS CORIACEA (Leatherback Sea Turtle). SIZE 
Carapace length and mass are nearly exclusively used as indica-
tors of body size in sea turtles. Of the two, carapace length is more 
often measured, because of the logistic challenges associated with 
weighing animals that might exceed several hundred kilograms 
Carapace length can be converted to body mass using previously 
published formulae (e.g., Boulon et al. 1996. Chel. Conserv. Biol. 
2:141-147; Leslie et al. 1996. Chel. Conserv. Biol. 2:159-168). 
The carapace of D. coriacea lacks the thickened bony plates typi-
cally associated with hard-shelled turtles, and is composed of a 
mosaic of small irregular ossicles that can be less than 5 mm thick. 
The carapace of D. coriacea terminates at the caudal end in a thin 
peduncle (Fig. la), which comprises one end of the midline used 
in standard carapace measurement as described by Bolten (1999. 
In Eckert et al. [eds.], Research and Management Techniques for 
the Conservation of Sea Turtles, pp. 110-114. IUCN/SSC Marine 
Turtle Specialist Group Publication No. 4). This unique anatomy 
increases susceptiblity to abrasion and damage; indeed, up to 20% 
of nesting D. coriacea might have visible wounds, either fresh or 
healed, on the carapace, with many having damaged or missing 
(Fig. IA) peduncles (Fretey 1981. Rev. fr. Aquariol. 8:199-128; 
Rueda-A. et  al. 1992. In Rodriguez-Mahecha and Sanchez-Paez 
[eds.], Contribucion al Conocimiento de las Tortugas Marinas de 
Colombia, Libro 4, pp. 1-131. Serie de Publicaciones Especiales 
del INDERENA, Santafe de Bogota, Colombia). These injuries 
can be caused by predators such as sharks, killer whales, or bill-
fish (Eckert et al. 1994. Herpetol. Rev. 25:63-64; Frazier et al. 
1994. Envir. Biol. Fishes 39:85-96), and from debris on nesting 
beaches (Fretey, op. cit.; B. Godley, pers. comm.). These injuries 

complicate accurate measurement and lead to inconsistency in data 
collection. 

As a potential solution to this problem, we investigated the cor-
relation between curved carapace length (CCL) and length of the 
second pair of keels parallel to the midline keel of the carapace in 
D. coriacea with undamaged peduncles, to see if this measure-
ment would have utility as an estimator of CCL in individuals 
with peduncle damage. We measured the carapaces of nesting fe-
male D. coriacea on Awala-Yalimapo Beach in French Guiana, 
from 23 May-2 June 2000 and 14-21 July 2001. We limited the 
measurements to a span of 10 days or less to avoid remeasuring 
the same female, as the within-season renesting interval for D. 
coriacea in French Guiana is about 10 days (Girondot and Fretey 
1996. Chel. Conserv. Biol. 2:204-208). For nesting females with-
out any carapace deformities, CCL was measured as described in 
Bolten (op. cit.): using a flexible metal measuring tape laid on the 
lateral side of the midline keel from the nuchal notch to the end of 
the caudal peduncle (Fig. 2). Side keel length was measured on 
both sides of the midline, from the anterior edge of the carapace to 
the posterior edge, alongside the keel ridge (Fig. 2). We chose the 
second parallel keel, rather than the first, because the latter termi-
nates towards the end of the caudal peduncle, and thus injuries 
that affect midline CCL measurement would also likely affect the 
measurement of the first parallel keel. In all cases, the tape was 
laid flat, to the right of and as close as possible to the midline of 
the keel. Measurements were recorded to the nearest 0.5 cm. Simple 
correlation coefficients were determined and significance analyzed 
by an F-test (Zar 1999. Biostatistical Analysis. Prentice Hall, Up-
per Saddle River, New Jersey. 663 pp). 

Mean ± SD CCL from 91 adult female D. coriacea was 158.2 ± 
7.7 cm (range = 139-180 cm), while left side keel length (SKL) 
was 113.5 ± 6.2 cm and right SKL was 113.3 ± 6.1 cm (absolute 
mean length difference between left and right SKL = 1.6 ± 1.9 cm, 
range = 0-13 cm). The correlation coefficient (r) between CCL 
and left SKL was 0.80 (Fig. 3). The correlation coefficient (r) be-
tween CCL and right SKL was also 0.80, and both of these corre-
lation coefficients were significantly different from zero (p < 
0.0001). The correlation between left and right keels was also 
highly significant (r = 0.92, p < 0.0001), as was the correlation 
between CCL and the mean value of the two side keels (r = 0.82, 

FIG. 1. A) Posterior half of carapace of a nesting D. coriacea, with an 
intact terminating peduncle. B) Posterior end of carapace of a nesting D. 
coriacea turtle with damaged terminating peduncle. 
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Fin. 2. Schematic representation of measurements collected from nest-
ing D. coriacea females in French Guiana. 

p < 0.0001). The equation for the linear relationship between left 
SKL and CCL is Y = 0.995X + 45.26, where X is the left SKL and 
Y is CCL. The equation for the right side keel is Y = 1.008X + 
44.06. These equations can be used to estimate CCL from SKL for 
D. coriacea with damaged carapaces. 

Based on our observations, it is possible to use SKL to estimate 
CCL. We found a significant correlation between SKL and CCL 
in non-injured D. coriacea. However, the correlation was not 
strong. It might be the case that the relationship between these 
two measures changes according to body size, perhaps with a dif-
ferent relationship for juveniles or subadults, and a likely differ-
ence between males and females. We also suspect that the rela- 
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FIG. 3. Relationship between curved carapace length (CCL) and left 
side keel length (SKL) of 91 individual female D. coriacea in French 
Guiana. Simple linear regression analysis is shown by the solid line (Y = 
0.995X + 45.26; r = 0.80), and the two dashed lines bind the 95% confi-
dence interval.  

tionship between these two measures might be population spe-
cific; hence we recommend that prior to using SKL as an index of 
CCL in other populations, a similar correlation analysis be per-
formed. The variation in the relationship between side and center 
keel length in D. coriacea is also likely to be affected by the de-
gree of curvature of the carapace. On high density nesting beaches 
in French Guiana and Suriname, we have observed a wide range 
of variation in curvature of the carapace of D. coriacea, ranging 
from oblique to sharp, and occasionally we have seen kyphotic 
individuals. This variation in curvature is not limited to D. coriacea, 
but is seen in other species of turtles, and is likely because of de-
velopmental defects (Tucker 1997. Bull. Maryland Herpetol. Soc. 
33:171-177). One way to minimize the influence in variation in 
curvature is to collect straight-line measurements (Bjorndal and 
Bolten 1989. Bull. Mar. Sci. 45:189-192; Frazier, op. cit.). How-
ever, the calipers required to take straight-line measures are large 
and awkward, reducing their practicality in difficult and isolated 
field conditions. In many situations, including ours, CCL is the 
only feasible option for measurement of D. coriacea. In some cases, 
the carapace damage of nesting females affects an area large enough 
to impede measurement of the side keel length. If both sides of the 
carapace are damaged, we recommend excluding data from that 
individual from a dataset on standard lengths. However, we sug-
gest that this method of estimating CCL will enable researchers to 
include more individuals in their studies, and will help standard-
ize the measurement of CCL in D. coriacea. 

We are grateful to Johan Chevalier, Brendan Godley, and Marc 
Girondot for comments and suggestions. Support for annual ma-
rine turtle research in the Reserve Naturelle de l'Amana comes 
from DIREN (Guyane), and is administered by SIVU-Amana. 
Funding for MHG came from the Natural Sciences and Engineer-
ing Research Council of Canada. 

Submitted by MATTHEW H. GODFREY, Laboratoire 
d' Ecologie, Systematique et Evolution, University Paris XI, 
Batiment 362, 91405 Orsay, France & Reserver Naturelle de 

Amana, 270 avenue Paul Henri, 97319 Awala-Yalimapo, French 
Guiana (e-mail: matthew.godfrey@ese.u-psud.fr),  and OUISSEM 
DRIF, 6, rue Koenig, 94700 Maisons-Alfort, France. 

GRAPTEMYS GIBBONSI (Pascagoula Map Turtle). PREDA-
TION. On 26 September 1999, a ca. 600 g spotted bass 
(Micropterus punctulatus) was caught in Pushepatapa Creek, NW 
of Hwy 21, in Washington Parish, Louisiana, USA. While clean-
ing the fish, a small specimen of Graptemys gibbonsi (NLU 70484) 
was dissected from the stomach. The turtle measured 35.6 mm in 
carapace length and 31.5 mm plastron length. It was a recently 
emerged hatchling as judged by the presence of an acute ventral 
flexure of the bridge along the longitudinal seam between pecto-
ral-abdominal and marginal scutes, plus a plastral fontanelle indi-
cating the presence of a fresh umbilical scar at the time of death. 
Damage to the specimen was limited to the margin of the poste-
rior carapace where peripheral bones and/or marginal scutes were 
missing from ca. marginals 6-9 on the left and 4-12 on the right. 
Costal scutes 3 and 4 on the right were also missing. 

There are no previous reports of specific predators for any life 
stage of this species (Ernst et al. 1994. Turtles of the United States 
and Canada. Smithsonian Institution Press, Washington, DC. 578 
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pp.). Predatory fish such as bass have only infrequently been re-
ported to eat hatchling turtles (Semlitsch and Gibbons 1989. Copeia 
1989:1030-1031; Britson and Gutzke 1993. Copeia 435-440); 
however, it is not possible to state whether the specimen reported 
here was ingested alive or dead. Both studies reported that 
Micropterus salmoides (largemouth bass) eat dead hatchling turtles, 
but not live ones. The presence of the hatchling in a fish at this 
location indicates that there is nesting along Pushepatapa Creek 
by G. gibbonsi, and that nest emergence occurs in late summer-
early fall. 

We thank Randy Lanctot for saving the specimen and deposit-
ing it in the Museum of Natural History. 

Submitted by JOHN L. CARR, Department of Biology, The 
University of Louisiana at Monroe, Monroe, Louisiana 71209-
0520, USA, and MARTHA ANN MESSINGER, 2022 Gemini 
Drive, Bastrop, Louisiana 71220-3467, USA. 

CROCODYLIA 

CAIMAN LATIROSTRIS (Broad-snouted Caiman). COMMU-
NAL NESTING. Communal nesting is described for many 
squamates (e.g., Capula and Luiselli 1995. Herpetol. Rev. 26:38; 
Rand 1968. Copeia 1968:552-561; Shanbhag 1999. Herpetol. Rev. 
30:166; Swain and Smith 1978. Herpetologica 34:175-177), but 
little is known about this behavior among crocodilians. Yanosky 
(1990. Revue Fr. Aquariol. 17:19-31) mentioned communal nest-
ing in Caiman latirostris, but did not detail his evidence. Here, I 
describe evidence for communal nesting in C. latirostris from 
Estancia El Lucero in the northern part of Departamento San 
Cristobal, Provincia de Santa Fe, Argentina. 

During harvest of caiman eggs for Proyecto Yacare in the 
unusually dry season of January 2000, I discovered a small (ca. 1 
ha) lagoon within a dense bulrush (Scirpus) and cattail (Typha)- 
dominated marsh 8 km N Estancia El Lucero (29°54'43"S, 
60°50'36"W). This lagoon was the only body of water within 20 
km. During my survey of the lagoon, I found 23 C. latirostris 
nests scattered in its floating vegetation that contained a total of 
879 eggs. Three of these nests exhibited evidence of oviposition 
by more than one female: egg numbers were higher than clutch 
sizes reported for C. latimstris, clusters of eggs of at least two 
different sizes were present, and nests were at least partly divided 
into two or more chambers. Two of the three nests had 59-67 eggs, 
two different sizes of eggs, and partial division of the nest into 
two chambers. The remaining nest had 129 eggs, was divided into 
four chambers, but had a central chamber with eggs of different 
sizes, some of which were broken. These data suggest that 2 or 4 
females created these nests. Clutch size range reported for C. 
latirostris (23-44, mean = 37.1; Larriera 1991. Rev. Asoc. Cienc. 
Nat. Litoral 22:19-23) is similar to the number of eggs in the other 
20 nests I found in the lagoon (19-41; mean = 31.2), which supports 
the idea that one female made each one. Nests with evidence of 
communal oviposition did not differ substantially in size and shape 
from remaining C. latirostris nests. 

I thank Marc P. Hayes for his suggestions on the manuscript. 

Submitted by ALEJANDRO LARRIERA, Proyecto Yacare 
(CONVENIO MAGIC/MUPCN), Pasaje Privado 4455 (Centeno 
950), Santa Fe 3000, Argentina; e-mail: yacare@arnet.com.ar.  

CROCODYLUS ACUTUS (American Crocodile). HATCHLING 
DIET. Few field studies of hatchling crocodilian diets exist, and 
the feeding ecology of hatchling C. acutus is unstudied. We provide 
the first report on the diet of hatchling C. acutus based on data 
from Turneffe Atoll, Belize, a ca. 50-km island chain located 35 
km E of the mainland. 

On 9 July 1997, we captured 26 hatchlings from a black 
mangrove (Avicennia germinans) lagoon (<1 ha) next to a known 
C. acutus nesting beach (Platt and Thorbjarnarson 2000. Copeia 
2000:869-873) on Northern Cay (17°29'N, 87°47'W). Despite 
recent heavy rainfall, salinity (measured with an Atago S-10E ® 

 optical refractometer) in the lagoon matched that of seawater (34 
ppt). Hatchlings were captured by hand from 2000 to 2230 h with 
the aid of a headlamp. Two adult crocodiles also present in the 
lagoon did not respond to distress calls of hatchlings during the 
latter's capture. Hatchlings were measured (total length [TL]; 
snout-vent length [SVL]; and head length [HL]: measured dorsally 
from the tip of snout to median posterior edge of the cranial roof), 
permanently marked by notching a unique series of caudal scutes, 
and then released at the capture site the next night. Mean (± SD) 
hatchling morphometrics were: TL = 28.8 ± 1.0 cm (range = 26.2-
34.0 cm); SVL = 13.7 ± 1.0 cm (range = 12.4-16.3 cm); HL = 4.3 
± 3.1 cm (range = 3.9-5.0 cm); HL/SVL ratio = 0.31 ± 0.004 (range 
= 0.30-0.32). Based on presence of an egg tooth and open umbilical 
scar, 20 of the hatchlings were probably < 7 days old; the remainder 
were estimated at 7-21 days old. 

Stomach contents were flushed using a modification of the 
technique Taylor et al. (1978. J. Herpetol. 12:415-417) described. 
A flexible plastic tube (30 cm long; 5.5 mm exterior diameter) 
lubricated with vegetable oil was eased down the esophagus and 
into the stomach. Water (ca. 4 cc) was slowly poured into the tube 
until the abdomen distended visibly. Gently palpating the abdomen 
caused a mixture of water and stomach contents to surge into the 
tube. The hatchling was then inverted and the mixture directed 
across a fine mesh screen. The process was repeated (usually 3-4 
times) until only water free of stomach contents was observed. 

We recovered prey items from 18 (69%) hatchlings; six of 20 
(30%) hatchlings < 7 days old and two of six (33%) older hatchlings 
had empty stomachs, indicating that neonates initiate feeding within 
a week of hatching. Similarly, Platt (1996. The Ecology and Status 
of Morelet's Crocodile in Belize. Dissertation, Clemson University, 
Clemson, South Carolina) found hatchling C. moreletii began 
feeding 4-7 days post-hatching, and prey items have been 
recovered from 1-2-day-old Caiman crocodilus (JBT and T. 
Escalona, unpubl. data). Hatchling C. acutus with empty stomachs 
were not included in our dietary analysis. Stomach flushing 
suggests that hatchling C. acutus feed mostly on invertebrates. 
Insect remains were recovered from 12 (67%) hatchlings and 
consisted primarily of highly macerated bits of chitin and fleshy 
material unidentifiable to taxon, although one contained parts of a 
beetle (Coleoptera). The stomach contents of five (27%) hatchlings 
contained crustaceans, probably fiddler crabs (Uca sp.), which were 
abundant along the shoreline. Thorbjarnarson (1988. Bull. Florida 
State Mus., Biol. Sci. 33:1-86) found fiddler crabs to be the most 
important prey of juvenile (TL < 0.5 m) C. acutus in Haiti. A 
partially digested fish (length = 13.5 mm) recovered from one (5%) 
hatchling was the only vertebrate found among the stomach 
contents we examined. We expected higher levels of fish 
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consumption as this might be an important way for hatchling C. 
acutus to behaviorally osmoregulate in saline environments 
(Thorbjarnarson 1989. In P. M. Hall [ed.], Crocodiles: Their 
Ecology, Management, and Conservation, pp. 228-258. IUCN, 
Gland, Switzerland). 

Fischer et al. (1991. J. Herpetol. 25:253-256) contend that 
hatchling Alligator mississippiensis cannot effectively capture 
small prey owing to a long snout in relation to body size (Mean 
HL/SVL ratio = 0.31; S.E. = ± 0.001; N = 288), and instead rely 
on metabolizing residual yolk as an energy source. However, no 
significant difference exists between the HL/SVL ratio of C. acutus 
and A. mississippiensis hatchlings (ANOVA; F1 ,312 = 0.002; P > 
0.05), and the prevalence of prey remains among stomach contents 
indicates C. acutus neonates are adept predators, which begin 
feeding within 7 days of hatching. Therefore, failure of A. 
mississippiensis hatchlings to capture small prey might not be 
because of morphological constraints. 

Submitted by STEVEN G. PLATT, Wildlife Conservation 
Society, 2300 Southern Boulevard, Bronx, New York 10460-1099, 
USA (e-mail• splatt225@aol.com), THOMAS R. RAINWATER, 
The Institute of Environmental and Human Health, Department 
of Environmental Toxicology, Texas Tech University Box 41163, 
Lubbock, Texas 79409-1163, USA (e-mail: 
thomas.rainwater@tiehh.ttu.edu ), and JOHN B. 
THORBJARNARSON, Wildlife Conservation Society, 2300 
Southern Boulevard, Bronx, New York 10460-1099, USA 
(Jthorbjarnarson@wcs.org). 

CROCODYLUS INTERMEDIUS (Orinoco Crocodile). AGE AT 
FIRST REPRODUCTION. Hunting pressure has extirpated or 
nearly extirpated many crocodilian populations. As a consequence, 
conservation efforts in many countries have focused on both 
protecting land and head-starting wild-caught or farmed neonates 
which are then reintroduced to protected areas. Orinoco crocodiles, 
Crocodylus intermedius, were nearly extirpated in the Venezuelan 
llanos prior to a ban on their commercial harvest during the 1970s 
(Munoz and Thorbjarnarson 2000. J. Herpetol. 34:397-403; 
Thorbjarnarson 1992. Crocodiles: An Action Plan for their 
Conservation, IUCN/SSC. 136 pp.). Since 1990, conservation 
efforts have resulted in the release of > 1300 juveniles in protected 
private and public lands (C. Chavez, pers. comm.). To date, only 
modest efforts have been devoted to assessing success of 
reintroduced individuals. Available data show that animals survive 
and remain in protected areas (Munoz and Thorbjarnarson, op. 
cit.), but whether re-introduced individuals were reproducing was 
uncertain. Here, we document the successful nesting of 
reintroduced crocodiles in two large cattle ranches located in 
Distrito Munoz, State of Apure, Venezuela (7°30'N, 69°18W). 

Both ranches, Hatos El Frio (80,000 ha) and El Cedral (54,000 
ha), are located in the flooded savannas of the Venezuelan Ilanos 
that previously harbored C. intermedius, where hunting pressure 
had locally extirpated the species (Arteaga and Hernandez 1996. 
Proceedings of the 13th Working Meeting of the Crocodile 
Specialist Group, pp. 207-222, IUCN). In 1990, an initial group 
of 31 juveniles 1-4 years of age was released in Hato el Frio. In 
1994, five juveniles were released in Hato El Cedral; four of these 
were born in 1993 (sizes ranging roughly from 60 to 80 cm in  

total length) and the remaining juvenile was between 3 and 5 years 
old. These reintroduced juveniles were regularly observed, but lack 
of appropriate nesting habitat in the near vicinity limited 
opportunities for reproduction. As a result, from 1996 to 2001 
management built artificial nesting sites. These artificial sites 
consisted of —1 m3  holes excavated in the edges of the water bodies 
that were filled with river sand from beaches where C. intermedius 
had nested historically. 

In March 1998, we found the first two nests (52 and 56 eggs) 
with fertile eggs. The females that laid these clutches were not 
captured, so their age is uncertain; however, this site had animals 
up to 12 years old. In March 2001, at least two of the females 
released in El Cedral laid eggs. Clutch fertility (30+ eggs in one 
case; predators destroyed the other nest) could not be assessed 
because ranch workers mistakenly removed the eggs and they were 
not incubated for any length of time. 

Females that laid the eggs at El Cedral were not caught, but the 
only C. intermedius present were from the 1994 release. Thus, 
minimum reproductive age for females is no greater than 8 years 
because only one older C. intermedius was known to be present 
and two clutches were laid. Two of the released females caught in 
January 2001 were 322 and 342 cm total length, and weighed 145 
and 175+ kg, respectively. 

Some release sites selected for C. intermedius have been on 
public lands protected only on paper (Arteaga and Hernandez, op. 
cit.; Munoz and Thorbjamarson, op. cit.). Fishing and poaching 
have resulted, at best, in limited success for such public land re-
introductions. Our data show that re-introductions on private lands 
where systematic protection is enforced can be successful, at least 
over a few years. Continued investigation of this promising pattern 
is needed to determine whether it will continue. 

Estacion Cientifica Amigos de Doiiana, Available Light, The 
National Geographic Society, and Association for Conservation 
Research and Education provided funding and logistic support; 
COVEGAN allowed us to work on their ranch; and Mauricio 
Urcera, Jose Ayarzaguena, Tulio Aguilera, Carlos Chavez, Pedro 
Azuaje, and John Thorbjarnarson helped in data collection . 

Submitted by JESUS A. RIVAS, National Geographic 
Television, 1145 17th Street NW, Washington, D.C. 20036, USA 
(e-mail: anaconda@prodigy.net),  and RENEE Y. OWENS, 1152 
Sloan Canyon Road, Jamul, California 91935, USA. 

LACERTILIA 

ANOLIS QUERCORUM (Gray Mole). GENERAL ECOLOGY. 
An unfortunate consequence of the huge diversity in the genus 
Anolis (> 300 spp.; Guyer and Savage 1986. Syst. Zool. 35:509-
631) is that ecology of many species is unknown. Sparse knowledge 
for anoles is marked in Mexico, where few taxa have been studied 
(e.g., Ramirez-Bautista and Vitt 1997. Herpetologica 53:423-431). 
Here, we address this gap through provision of a few data on the 
infrequently observed anole Anolis quercorum, a species for which 
no data have become available since its description from 
Nochixtlan, Oaxaca, Mexico (Fitch 1978. Contrib. Biol. Geol., 
Milwaukee Pub. Mus. 20:1-15). 

Over 4 days (14 May, 12 July, and 2 and 22 September 1998), 
we collected six A. quercorum (four females [field numbers: JLE 
3004-5, 3024; and LOL 014] and two males [JLE 2551 and LOL 
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015]) in the town Zapotitlan de las Salinas, Puebla, Mexico 
(19°07'19"N, 97° 19'24"W) at 1420 m elevation. Vegetation consists 
of patchwork remnants of thorn forest, xerophilic brushland, and 
deciduous tropical forest (Rzedowski 1978. Vegetacion de Mexico. 
Editorial Limusa, Mexico) heavily altered by human activities. 
All anoles were reproductively active adults caught on sunny days 
between 1300 and 1830 h. They were captured on or under rocks, 
a dead cactus (Neobuxbaumia tetetzo), or a dry "mesquite" tree 
(Prosopis laevigata). Shortly after a heavy rain at dusk on 22 
September, we observed male LOL 015 attempt to court female 
LOL 014 from 1730 to 1830 h. Both anoles were perched in a 
mesquite tree. The male was facing downward ca. 2 m above the 
ground, and flashing his dewlap at the female located 1.25 m away 
and 0.75 m below the male. The female ignored the male despite 
his continued advances, and ultimately fled to a remote part of the 
tree. After 35 min of courting attempts by the male, the female 
jumped to a nearby rock heap, and concealed herself. The male 
then positioned himself in front of the rock heap for -15 min, but 
then returned to the tree, where he again began flashing his dewlap. 

We thank Hobart M. Smith for providing literature; Felipe 
Correa, Guillermo Woolrich, Jorge Gonzalez for their assistance 
in the field; Julio Lemos for allowing us to use specimens the 
third author (VMS) collected; Marc P. Hayes for suggestions; and 
the Direccion General de Apoyo al Personal Academic° (Proyecto 
No. IN208398) for funding. 

Submitted by AURELIO RAMIREZ-BAUTISTA, LUIS 
OLIVER-LOPEZ, and VICENTE MATA-SILVA, Facultad de 
Estudios Profesionales Iztacala, Unidad de Biologia, Tecnologia 
y Prototipos (UBIPRO), Laboratorio de Ecologia, Universidad 
Nacional Autonoma de Mexico, Avenida de los Barrios s/n, los 
Reyes Iztacala, Tlalnepantla, Edo. de Mex. C.P. 54090, A.P. 314; 
e-mail (ARB): raurelio@servidor.unam.mx ; (LOL): 
bufohammer@yahoo.com ; and (VMS): vimasil@yahoo.com . 

ANOLIS SMALLWOODI (Chipojo). FOOD HABITS. Schwartz 
and Henderson (1991. Amphibians and Reptiles of the West Indies: 
Descriptions, Distributions and Natural History. Univ. Florida 
Press, Gainesville. 720 pp.) note that in captivity Anolis smallwoodi 
consumes plant matter, meat, other anolines, and house mice. 
However, no reports on the diet of A. smallwoodi under natural 
conditions exist. Here, we provide the first field report of A. 
smallwoodi diet. 

On 12 September 1999, we witnessed an adult A. smallwoodi 
(ca. 150 mm SVL) eating a juvenile (ca. 45 mm) Cuban treefrog, 
Osteopilus septentrionalis (Hylidae), in the Botanical Gardens of 
Santiago de Cuba. The lizard sat on the shaded branch of a 
Salvadera tree (Hura crepitans) 8 m above the ground. When first 
observed at 1000 h, the anole had grasped the hindquarters of the 
frog, and the latter was emitting squeaks similar to those when it 
is being swallowed by a Cuban racer, Alsophis cantherigerus (see 
Buide 1985. Reptiles de Cuba, Gente Nueva, La Habana, 90 pp.). 
For ca. 1 h, the anole tried to swallow the frog, shaking it vigorously 
and striking it against the branch until the frog stopped moving or 
vocalizing. For another hour, the lizard kept repositioning the frog 
in attempts to swallow it. Finally around 1200 h, the A. smallwoodi 
swallowed the frog. During the 2 h of prey handling, the anole 
changed position several times, switched branches, went up and  

down ca. 40 cm in the tree, but always remained in the shade. 
This is the first record of A. smallwoodi consuming an anuran. 

Some giant anoles are known to prey on vertebrates (Losos et al. 
1991. Caribb. J. Sci. 27:173-179), such as amphibians, anoline 
lizards, and birds. Nevertheless, among Cuban giant anoles, only 
A. equestris has been reported to feed on Osteopilus (Schwartz 
and Henderson, op. cit.). The lengthy prey handling interval may 
indicate that 0. septentrionalis is infrequent prey for A. smallwoodi. 

We thank Iliana Boza for helping with the English translation 
and Renata Platenberg for her review. 

Submitted by ANSEL FONG G., Centro Oriental de 
Ecosistemas y Biodiversidad (BIOECO), Museo de Historia 
Natural "T. Romay," Enramadas #601, Santiago de Cuba 90100, 
Cuba (e-mail: ansel@bioeco.ciges.inf.cu),  and JOSEFINA 
BLANCO OJEDA, Departamento de Biologia, Universidad de 
Oriente, Santiago de Cuba, Cuba. 

ANOLIS SMALLWOODI SMALLWOODI (Chipojo). 
MAXIMUM SIZE. The reported maximum size (as SVL) for A. 
smallwoodi smallwoodi is 158 mm for females and 172 mm for 
males, both from Sierra Maestra in eastern Cuba (Schwartz 1964. 
Bull. Mus. Comp. Zool. 131:403-428, Schwartz and Garrido 1972. 
Stud. Fauna Curacao Caribbean Isl. 134:1-86). Here, I report on a 
larger individual also collected in eastern Cuba. 

At 1430 h on 8 December 1996, Leopoldo Villa collected a 
female A. smallwoodi from the branch of shrub 2.5 m above the 
ground in a garden in the village of El Modelo, El Caney, Santiago 
de Cuba Province (20°02'46"N, 74°46'40"E). This female A. 
smallwoodi smallwoodi was 177 mm SVL (tail = 325 mm, mass = 
155 g), which exceeds the previous record for the species by 5 
mm, and for females by 19 mm. The specimen (BSC.H 828) was 
deposited in the herpetological collection of the Centro Oriental 
de Ecosistemas y Biodiversidad (BIOECO) in the Museum of 
Natural History "T. Romay". 

I thank Leopoldo Villa for donating the specimen, John E. Cadle 
for providing key literature, Iliana Boza for helping with the English 
translation, and Renata Platenberg for her review. 

Submitted by ANSEL FONG G., Centro Oriental de 
Ecosistemas y Biodiversidad (BIOECO), Museo de Historia 
Natural "T. Romay," Enramadas # 601, Santiago de Cuba 90100, 
Cuba; e-mail: ansel@bioeco.ciges.inf.cu.  

EGERNIA STOKESII (Gidgee Skink). OPPORTUNISTIC 
DISPERSAL. In the Flinders Ranges of South Australia, Egernia 
stokesii occupy crevices in isolated rocky outcrops (Gardner et al. 
2001. Mol. Ecol. 10:175-183). In these outcrops, we have recorded 
E. stokesii family groups of up to 17 lizards forming stable 
aggregations that can persist for over five years. Multiple groups 
can be found in an outcrop, group members share small home 
ranges, and dispersal is relatively rare (Gardner et al., op. cit.). 
Some lizards that occupy crevices on the edges of family group 
territories, termed floaters, may have greater opportunity for 
dispersal. Here we report on the car-mediated opportunistic 
dispersal of a male floater, recorded during our six-year (1992-
98) study of 17 family groups occupying a single 1.5-ha outcrop, 
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Camel Hill, near Hawker (31°53'26"S, 138°25'24"E), South 
Australia. 

We first recorded and individually marked a male E. stokesii 
(182 mm SVL) on the Camel Hill outcrop during the 1995-96 
field season, when it occupied marginal crevices in the abutting 
territories of two stable family groups. Undetected during the 1996-
97 field season, we recaptured this male in May 1997 (two months 
after completion of fieldwork) in the engine of GAD's car in 
Adelaide, 500 km S of the study area. The car had been regularly 
parked at a location 350 m from the outcrop. We inferred from 
deposited scats and scratch marks in the oil that the lizard had 
occupied the engine for some time. The front grill of the car had 
accumulated numerous grasshoppers over the previous summer. 
Scat deposits contained grasshopper remains. Crevice-like aspects 
of the engine structure and/or presence of grasshoppers on the 
grill may have induced this male E. stokesii to take up residence 
in the car's engine. 

After being kept over winter in Adelaide, we released the male 
E. stokesii the following spring (September 1997) in a crevice it 
previously had occupied on the Camel Hill outcrop. We recaptured 
it on the outcrop in October 1997, but it moved to a rock pile 300 
m north of Camel Hill in the same month, and was not subsequently 
seen. 

Our observation indicates that opportunistic transport can result 
in the movement of E. stokesii, and that this form of dispersal, 
albeit rare, may provide opportunities for range expansion. We 
thank the Australian Research Council for supporting this research. 

Submitted by GLEN A. DUFFIELD and C. MICHAEL 
BULL, School of Biological Sciences, Flinders University, GPO 
Box 2100, Adelaide, South Australia 5001, Australia; e-mail 
(CMB): michael.bull@flinders.edu.au . 

HELODERMA SUSPECTUM (Gila Monster). EGG 
PREDATION BY JUVENILES. Highly specialized, wide-
ranging foraging for patchily distributed vertebrate nests (e.g., 
newborn mammals in their burrows, ground-nesting bird eggs and 
nestlings, and tortoise eggs) is a well-documented aspect of the 
life history of adult Heloderma suspectum (Beck 1990. J. Herpetol. 
24:56-68; Jones 1983. Herpetologica 39:247-253; Porzer 1981. 
Movement, Behavior, and Body Temperature of the Gila Monster, 
Heloderma suspectum Cope, in Queen Creek, Pinal County, 
Arizona, Masters Thesis, Arizona State Univ., Tempe. 100 pp.). 
However, no published studies to date have addressed the diet of 
juvenile Gila monsters, which are rarely observed in the wild. Lowe 
et al. (1986. The Venomous Reptiles of Arizona, Ariz. Game and 
Fish Dept., 115 pp.) and Brown and Carmony (1991. Gila Monster: 
Facts and Folklore of America's Aztec Lizard, High-Lonesome 
Books, New Mexico, 127 pp.) refer to the ability of "young" Gila 
monsters to consume 50% of their body weight, but the age, size, 
diet, and status (captive or wild) of the H. suspectum supporting 
their statements was not reported. Accordingly, I provide here the 
first report of juvenile Gila monster diet in the wild. 

I removed the stomach contents of two juvenile H. suspectum 
salvaged as road-kills in Arizona. Both of these specimens, along 
with four of six reptile eggshells in their stomachs, are deposited 
in the California Academy of Sciences (CAS). I salvaged the first 
(CAS 212926: 130 mm SVL, 66 mm TL) as a fresh kill on 3 August  

1996 at 0714 h on U.S. Hwy I-10 frontage road 0.6 mi E State 
Hwy 83 (-20 mi SE Tucson), Cochise Co. The small size of this 
specimen is notable as it falls within the range of captive-hatched 
neonates (Peterson 1982. Herpetol. Rev. 13:122-124; unpubl. SVL 
data for 43 neonates: mean = 127 mm; range = 108-143 mm). 
Three reptile eggs and a small amount of mammal hair were 
retrieved from its digestive tract. Measurements of the eggshells 
inflated with water prior to preservation were 17.0 x 11.5 mm, 
17.0 x 11.5 mm, and 18.3 x 11.5 mm. The second juvenile (CAS 
212927:175 mm SVL, 88 mm TL) was salvaged as a fresh kill by 
Brendan McGraw on 17 August 1990 at 2056 h on State Hwy 96 
at MM 6 between the towns of Hillside and Bagdad, Yavapai Co. 
I also removed three reptile eggs from this specimen. Shells of 
two of the eggs measured 18.0 x 12.5 mm and 20.0 x 12.5 mm 
(the third egg was not precisely measured but was the same size as 
the other two). In each specimen, all eggs were in the same initial 
state of digestion, suggesting that they were consumed as a group. 
If the two sets of three eggs represent an entire clutch, their size, 
shape, and number indicate that they are likely to be lizard eggs, 
perhaps those of Cnemidophorus tigris (Fitch 1970. Univ. Kansas 
Mus. Nat. Hist. Publ. 52:1-247; Fitch 1985. Univ. Kansas Mus. 
Nat. Hist. Publ. 76:1-76; BMM, unpubl. data). 

Reptile eggs, typically deposited in well-concealed, often 
subterranean locations, are presumably widely distributed in the 
wild. The difficulty in locating such prey testifies to the well-
developed sensory capability of Gila monsters at an early age, a 
capability previously only documented in adult H. suspectum. 
These stomach contents also show that the widely foraging strategy 
of adults to prey on nests also extends to juvenile Gila monsters. 

Specimens were collected under authority of Arizona Game and 
Fish Department Scientific Collecting Licenses SP655335 (CAS 
212926) and SP780427 (CAS 212927). 

Submitted by BRIAN M. McGURTY, 24419 Top Court, 
Diamond Bar, California 91765-1870, USA; e-mail: 
mcgurty  @adelphia.net . 

LEIOCEPHALUS MACROPUS (Bayoya). SAUROPHAGY. 
Leiocephalus macropus is a moderate-sized (75-95 mm SVL) 
terrestrial lizard (Schwartz and Henderson 1991. Amphibians and 
Reptiles of the West Indies: Descriptions, Distributions and Natural 
History. Univ. Florida Press, Gainesville. 720 pp.) that feeds 
primarily on invertebrates (insects, spiders, centipedes, and 
mollusks), but also consumes plant material, mainly flowers 
(Sampedro et al. 1979. Cien. Biol. 3:129-139). Saurophagy and 
cannibalism had been reported for other generally larger Cuban 
species of Leiocephalus—L. carinatus (Martinez and Rodriguez 
1987. Misc. Zool. 29:1-2), L. stictigaster (Martinez et al. 1990. 
Poeyana 403:1-18), and L. cubensis (Martinez and Fernandez 
1994. Cien. Biol. 26:21-29; Milera 1984. Misc. Zool. 22:2)—but 
never for L. macropus. Here, we provide the first report of 
saurophagy in L. macropus. 

During a recent study of the trophic ecology of lizards of Eastern 
Cuba, two adult (67 and 68 mm SVL) male L. macropus were 
collected at Siboney, Santiago de Cuba on 10 March 1998. Both 
individuals were collected as they were climbing on rocks in xeric 
coastal shrub (Capote and Berazain 1984. Rev. Jardin Bot. 5:1-
49). Examination of the gastrointestinal tract of the larger male 

Herpetological Review 33(3), 2002 	 205 



revealed an adult Anolis jubar (40 mm SVL, 1.66 g mass) and 
several insects, principally ants and beetles. Anolis jubar is an 
abundant lizard in Siboney, commonly found on the ground and at 
the base of tree trunks (Castillo 1998. Partici& del Nicho Ecologic° 
en la Comunidad de Saurios de la Reserva Natural Siboney, 
Santiago de Cuba. Tesis de Licenciatura, Santiago de Cuba). These 
characteristics and the fact that L. macropus forages on the ground 
would potentially make A. jubar relatively accessible prey for L. 
macropus. 

We thank Rolando Viria for field help, Iliana Boza for the English 
translation, and Renata Platenberg for her review. 

Submitted by ANSEL FONG G., Centro Oriental de 
Ecosistemas y Biodiversidad (BIOECO), Museo de Historia 
Natural "T. Romay," Enramadas # 601, Santiago de Cuba 90100, 
Cuba (e-mail: ansel@bioeco.ciges.inf.cu),  and E. B. DEL 
CASTILLO, Departamento de Biologfa, Universidad de Oriente, 
Santiago de Cuba, Cuba. 

PHRYNOSOMA CORNUTUM (Texas Horned Lizard). NOC-
TURNAL NESTING, EGGS, NEST PREDATION, 
HATCHLINGS. In reporting nocturnal nesting of Phrynosoma 
modestum (Sherbrooke 2000. Herpetol. Rev. 31:242-243), I re-
viewed nesting reports of P. cornutum, which included diurnal 
and nocturnal observations. Between 29 May and 1 June 2000 
three female Texas horned lizards (that later nested) were road 
collected in the Playas Valley, Hidalgo Co., New Mexico, USA 
(Sherbrooke 2002. Herpetol. Rev. 33:21-24). Snout-vent length 
(SVL) and mass were as follows (in sequence of lizards presented 
below): 88 mm, 40.7 g; 103 mm, 66.3 g; 104 mm, 68.5 g. They 
were maintained with other P cornutum in captivity at the South-
western Research Station, Portal, Arizona, in an outdoor screened 
cage, 7.0 x 3.8 x 2.4 m. Animals were fed seed-harvester ants 
(Pogonomyrmex spp.; Sherbrooke 1995. Herpetol. Rev. 26:25-
26) and crickets (Acheta domesticus) daily, and provided with water 
by hose sprinkler and natural rainfall for "rain-harvesting" 
(Sherbrooke 1990. J. Herpetol. 24:302-308). While held in cap-
tivity all three females gained weight from time-of-capture mass. 
Nest sites, nesting activities, and hatchling emergence were pho-
tographed. 

On 25 July (0730 h MST) a group of 24 P cornutum was moved 
from the holding cage, where the soil was compact clay, to an 
identical unit in an animal behavior observatory that had looser 
and sandier soil, and an alternately-arranged pattern of artificial 
"shrubs" of Ephedra trifurca branches (70 cm high) and groups of 
four rocks (5 cm diam), spaced at 1 x 0.75 m. Lizards were num-
bered (18 point type) dorsally with glued-on white paper tags. Two 
females proved to be gravid; 25 July mass of each was 53.3 g and 
71.0 g. Previous rainfall in July was 2.7 cm, with 1.4 cm falling 16 
July, and early-evening trace amounts falling on 23, 25, and 26 
July. On 29 July 0.4 cm of rain fell. Daily 24-hour high and low 
temperatures (between 1700 h) were as follows: 24-25 July 32.7/ 
13.3°C; 25-26 July 32.7/15.0°C; 26-27 July 32.9/18.3°C. 

At 2045 h on 25 July one female was discovered digging a nest 
in the moist soil midway between a shrub and rock site. She was 
completely underground in the slanted tunnel (in further than 5 
cm). Freshly-dug soil was scattered at the surface. The following 
morning (26 July; 0730 h) the filled-in tunnel was covered to the  

surface where the female was resting. The soil covering the en-
trance was distinct from the surrounding soil. A coin was placed 
on the entrance site. By 1030 h the surface had been covered with 
scattered pebbles, matching the texture of surrounding areas, and 
the penny was buried from view. The lizard, sitting under a shrub 
when I entered the cage, moved toward the nest, a behavior re-
peated when I again entered at 1300 h. On 28 July this female 
weighed 32.3 g, having lost 21.0 g (39.4% of pre-laying body 
weight). 

At 2100 h on 26 July a second female in the same group and 
cage was found digging a nest in moist soil midway between a 
shrub and rock site. At 2200 h she was actively working under-
ground, but with her tail and hindquarters visible. By six hours 
later (0400 h; 27 July) she had laid her clutch of eggs and refilled 
most of the soil in the tunnel to within 5 cm of the opening. She 
was still working at this task. Facing away from the tunnel, she 
raked soil behind her, with front and hind legs, into the remaining 
entrance of the tunnel and then turned 180° to face into the de-
pression. Then she repeatedly head butted the soil so as to com-
pactly fill the cavity. By 0515 h the underground/covered tunnel 
was filled in, but the female was still below the surface level in the 
indentation leading to the tunnel. At 0715 h she was in final stages 
of covering the depression with surface sand and gravel when a 
light rain started. At 0930 h scratch marks were noted in areas 
adjacent to the former entry indicating where surface materials 
had been removed to disguise the nest. On 28 July this female 
weighed 40.1 g, having lost 30.9 g (43.5% of pre-laying body 
weight). 

The morning of 31 July both nest sites were excavated for ex-
amination of nest tunnel form, and egg recovery. The former tun-
nel entrance of the first nesting was oriented toward the north-
northwest. The delicate eggs were 16 cm down the soil-filled tun-
nel, with the uppermost layer of eggs at 12 cm deep. Eggs were 
tightly packed with damp sandy soil in a terminal oval chamber 
which measured 2.5 cm deep and 5 cm across. Twenty eggs were 
recovered, four of which were broken; several more leaked tiny 
amounts of fluid. The orientation of the opening of the second 
nesting had also been toward the north-northwest. The former-
tunnel channel sloped downward for about 10 cm before reaching 
the top of a spherical terminal chamber, 4 cm deep and 5.5 cm 
across. The uppermost eggs, tightly packed in moist soil, were 12 
cm below the soil surface. The 40 eggs were arranged in three to 
five layers, all in very close proximity to each other. Three eggs 
were damaged and not weighed. 

Of the first clutch, 16 eggs were weighed: mean = 1.16 ± 0.05 
SD g/egg. Using the mean-egg-weight for the four unweighed eggs, 
the estimated mass of the 20-egg clutch was 23.14 g. This was 
2.14 g more than the laying-associated weight loss (21.0 g) of the 
female, indicating a clutch weight gain of 9.2% (apparently due to 
water uptake and soil adhesion). 

Thirty-seven of the second-clutch eggs were weighed: mean = 
0.87 ± 0.05 SD g/egg. Using the mean-egg-weight for the three 
unweighed eggs, the estimated mass of the 40-egg clutch was 34.89 
g. This was 3.99 g more that the laying-associated weight loss 
(30.9 g) of the female, indicating a clutch weight gain of 11.4% 
(seemingly because of water uptake and soil adhesion). 

A third female was fitted with a Holohil PD-2 radiotransmitter 
(3.4 g; 148 kHz, pulse 0.6 sec; whip antenna 16 cm; glued to the 
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central back with clear silicone and sprinkled with soil for back-
ground camouflaging) and released 12 July 2000 (1130 h; lizard 
mass 75.6 g) in Chihuahuan Desert habitat 5 km E of Portal, Ari-
zona, in the San Simon Valley. During the subsequent five days 
the lizard was relocated 2-3 times/day (13 times). 

When located at 2135 h (air temperature, AT 27°C) on 14 July 
the lizard was in the process of excavating a cavity in moist soil 
into which its head and body had entered, but into which it did not 
disappear from view. The lizard removed soil with its hind feet 
while digging with its forefeet. Later, when revisited at 2330 h 
there was only minimal progress on enlarging the cavity. The next 
morning (15 July) at 0930 h (AT 31°C) the lizard was found in the 
shade of an Acacia constricta one meter from the cavity entrance. 
The east-facing opening was 3-4 cm high, 7 cm wide, and 12 cm 
deep, with a notch in the roof apparently worn by the 
radiotransmitter package. At 1320 h (AT 35°C) the lizard was 2 m 
from the cavity at the base of an acacia shrub, and the cavity, with 
a pile of soil at the entry, appeared undisturbed since morning. 
That night, at 2140 h (AT 24°C), the female was back digging in 
the nest, at times entirely underground. The following morning 
(0900 h; AT 28°C; 16 July) the lizard was encountered standing 
high on stretched legs while facing the sun from on top of the 
former-cavity entry, now completely filled and covered with soil. 
By 1330 h (AT 31°C) the nest-cavity site had been raked over 
with small pebbles, as had two or three places up to 0.75 m away; 
the lizard was 2 m away in the shade of a shrub. Heavy rain fell at 
1400 h. At 2125 h (AT 24°C) the female was sleeping 4 m from 
the nest under an acacia shrub, and the following day (17 July) by 
1330 h she was 100 m away. Later (2205 h), she was recaptured, 
still distant from the nest site. This lizard's mass on 18 July (0700 
h) was 42.2 g, with a weight loss of 33.4 g (44.2% of pre-laying 
body weight). Nesting was accomplished over a two-night period, 
with intervening cessation of digging activities during the heat of 
day. 

On 29 July (0710 h) this desert nesting site was revisited and 
found to have been disturbed (and predated). When excavated, 
the tunnel cavity was found to be 22 cm long. Seven eggs (five of 
which were damaged during removal) were located 10 cm below 
the surface; weights of two intact eggs were both 1.09 g. Based on 
female loss of body mass (in laying eggs) and increased weights 
of eggs hydrated in nests (see two captive females above), I esti-
mate that eggs gained 10% in mass after laying (10% above fe-
male body-weight loss). Thus, this radiotelemetered female, hav-
ing lost 33.4 g in laying, must have had a nest clutch weighing 
33.4 + 3.3 (10% gain) = 36.7 g. With an egg weight of 1.09 g for 
recovered nest eggs, the unpredated clutch size is estimated to 
have been 33.7 (probably 34) eggs. The disturbance characteris-
tics of the nest site (a narrow hole) by the predator and its extrac-
tion of eggs from the long tunnel cavity suggests that an ophidian 
predator consumed 27 eggs, 79.4% of the clutch. 

Considering the SVLs of the three gravid females (88, 103, and 
104 mm), the smallest lizard laid the lowest percentage of its body 
weight as percent body-mass lost (39.4%, 43.5%, and 44.2%), and 
the smallest female laid the smallest clutch of eggs (20 vs. 40 and 
34-estimated). 

Eggs of the three females were placed on dampened vermicu-
lite (50% distilled water by weight) in glass bowls inside clear 
plastic bags (Zweifel 1961. Copeia 1961:112-113) and incubated  

at 23.3-33.3°C. Two eggs (of the remaining four) of the field-
predated nest hatched 21 September 2000, after 68 days; the re-
maining two eggs had molded. Hatchling masses were 0.81 and 
0.83 g; dry shell masses were 0.05 and 0.07 g. The same day four 
eggs (N = 16 incubated, of 20), from the first cage-nesting female, 
hatched 59 days after laying. Five more eggs of this clutch hatched 
the following day, and the final seven eggs hatched on the next 
day, 23 September. Included in these successfully incubated eggs 
were several that had leaked some egg fluid when removed from 
the nest site. Hatchling mass was mean = 0.87 ± 0.07 SD g, and 
shell mass was mean = 0.04 ± 0.02 SD g. 

On 23 September the eggs (N = 36 incubated, of 40) of the 
second cage-nesting female were moved, in anticipation of hatch-
ing, from the incubation chamber into the bottom of a glass 
aquarium (15.5 x 51 x 31 cm high) where they were arranged in a 
single-layer, six-eggs x six-eggs square pattern, 6 cm across. More 
than half of the eggs leaked fluid as a result of handling. Eggs 
were covered with 8 cm of moist, sandy soil. The tank was usually 
placed in the sun during the day, and indoors at night. On 25 Sep-
tember at 0600 h several eggs had started hatching, 62 days after 
being laid. They were seen through the glass bottom of the tank. 
On the 26th and 27th of September additional hatching move-
ments were noted. A hardened evaporation-soil-crust had formed 
by the early morning of the 28th and this was broken up and re-
moved, thus reducing the soil-cover depth to 6.5 cm. One emerg-
ing hatchling was uncovered in the process. Hatchlings continued 
appearing at the surface throughout the afternoon and evening 
(1200-2200 h), and by 0630 h on 29 September 32 hatchlings had 
emerged via seven exit holes (4.57 hatchlings/hole). Up to four 
hatchlings simultaneously occupied an expanded exit-hole open-
ing before fully emerging onto the soil surface. The exit holes 
covered an area 6 x 10 cm. Twenty-one of the surfaced hatchlings 
(N = 32) had egg teeth; in 11 hatchlings egg teeth were missing. 
Of those egg teeth in place, some were loosely attached, and some 
were still tightly attached. At 1400 h (30 September) the remain-
ing unemerged eggs were excavated. They were located at the 
bottom of the soil, on the aquarium glass. All four hatchlings had 
partially emerged, one its head only, and three with head and front 
legs emerged. Three were dead (and partially deteriorated), and 
one was breathing. By 1700 h the live lizard had extricated itself 
from its shell; its weight (0730 h, 1 October) was 0.61 g, low for 
its clutch. What its fate would have been if it had remained undis-
turbed is unknown. But, another hatchling of identical mass (the 
lowest) had emerged earlier to the surface. 

The emerged hatchlings were weighed (mean = 0.73 ± 0.05 SD 
g). Thus the mean mass of each hatchling was 83.9% of the initial 
(nest) egg mass (mean = 0.87 g). This compares to the 1-day ear-
lier nesting by the smaller female where the mean mass of each 
hatchling (0.87 g) was 75.0% of mean initial (nest) egg mass (1.16 
g). Of the two, the smaller female laid larger eggs which produced 
larger hatchlings. 

Burrow (2000. MS. Thesis, Oklahoma State University, 
Stillwater. 144 pp.), working with radiotelemetered P. cornutum 
in southern Texas, found seven nests all dug in the morning and 
concealed by evening or the following morning (no night obser-
vations). Nests were located under shrub clumps, where herba-
ceous vegetation was absent. Nests were usually dug straight down 
and later turned 90 degrees. The three Arizona nestings of P. 
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cornutum reported here, also another nesting of P. cornutum re-
ported earlier and one for P. modestum (Sherbrooke 2000, op. cit.), 
contrast with the southern Texas observations of P. cornutum by 
Arizona nests (1) being located away from shrubs, (2) being dug, 
oviposited, and covered at night, and (3) being sloped into the 
soil. Regional climatic conditions or genetic differences might play 
a role in nesting behavior of P. cornutum. 

Submitted by WADE C. SHERBROOKE, Southwestern Re-
search Station, American Museum of Natural History, P.O. Box 
16553, Portal, Arizona 85632, USA; e-mail:wcs  @ amnh.org . 

PHRYNOSOMA HERNANDESI (Short-horned Lizard). SUC-
CESSFUL OPEN-MOUTHED THREAT DEFENSE. On 11 
April 1988 at 1600 h MST a group of three individually color-
banded Mexican jays (Aphelocoma ultramarina), part of a resi-
dent flock of 18 individuals under study at the Southwestern Re-
search Station in the Chiricahua Mountains of southeastern Ari-
zona, were seen by one of us (ERB) to be mobbing an adult 
Phrynosoma hernandesi. One bird picked up the lizard in its beak 
and flew to a branch of an alligator juniper (Juniperus deppeana 
Steud.), about 1.5 m off the ground, where all three birds congre-
gated. Shortly the lizard freed itself from the bird and dropped to 
the ground. The dominant bird (the dominance hierarchy of this 
flock has been studied) continued pursuit, keeping the other two 
birds from approaching the lizard. The lizard raised itself up on all 
four legs, faced the bird and opened its mouth widely (showing 
red inside; observed with binoculars). Hissing, often exhibited with 
open-mouthed defensive displays in various species of horned liz-
ards (Sherbrooke 1991. Am. Midl. Nat. 126:187-195; Sherbrooke 
and Middendorf 2001. Copeia 2001:1114-1122), was not heard, 
but might have been executed. The defense was successful as the 
jay, known to eat some lizards (Brown 1994. In A. Poole and F. 
Gills [eds.], The Birds of North America, No. 118:1-16), flew 
away leaving the lizard (5-10 min after originally seen) appar-
ently unharmed and defensively motionless on the ground. No de-
fensive blood-squirting (Middendorf and Sherbrooke 1992. Copeia 
1992:519-527) was observed. On 9 April 1999 a two-year-old ju-
venile Mexican jay from a neighboring resident flock (a second 
bird was seen departing) was observed (by Adrienne Smith for 12 
min beginning at 1645 h MST) pecking a small-adult short-horned 
lizard (approximate snout—vent length 70 mm) on a branch while 
sitting in an alligator juniper. The lizard was held by the bird in its 
feet and was pecked at vigorously, and later was held in its beak 
before the bird departed with the dead lizard. One of these obser-
vations documents a successful use of a postulated antipredator 
display, open-mouth threat, against a predatory species. The sec-
ond observation shows that the Mexican jay can be a lethal horned 
lizard predator. 

Submitted by WADE C. SHERBROOKE, Southwestern Re-
search Station, American Museum of Natural History, P.O. Box 
16553, Portal, Arizona 85632, USA (e-mail:wcs@  amnh.org), 
ESTHER R. BROWN and JERRAM L. BROWN, Department 
of Biological Sciences, State University of New York at Albany, 
Albany, New York, 12222, USA (e-mail:JLB81@albany.edu).  

PHRYNOSOMA HERNANDESI (Short-horned Lizard). DE-
FENSIVE HISS. On 24 July 1993 a gravid adult female (SVL 78 
mm; mass 39.2 g) was collected 5.3 miles S jct. NM Hwy 130 on 
NM Hwy 6563 south of Cloudcroft, Lincoln National Forest, Sac-
ramento Mountains, 2727 m elev., Otero Co., New Mexico (USA), 
and brought to Portal, Arizona. When handled this lizard exhib-
ited open-mouth threats and hissed, and on 26-27 July 1993 re-
cordings were made of four hiss sounds at room temperature. Os-
cillograms and frequency spectrograms were prepared of the four 
similar hisses; one was selected for illustration (Fig. 1). Open-
mouthed threats and hissing have been reported in several species 
of Phrynosoma (Carpenter and Ferguson 1977. In Gans and Tinkle 
[eds.], Biology of the Reptilia Vol. 7, Ecology and Behaviour A. 
pp. 335-554. Academic Press, London; Sherbrooke 1991. Am. 
Midl. Nat. 126:187-195), but their audio characteristics have not 
previously been analyzed. 

The recordings were made with a Marantz PMD 430 stereo-
cassette tape recorder (flat response to 19 kHz) fitted with a Schoeps 
CMC-4-UK cardioid response microphone (flat response to 22 
kHz; a Sennheiser MZW 201 windscreen protected the micro-
phone) and a customized microphone preamplifier. The tape re-
cording was transferred to a computer via an analogue:digital con-
verter (8bits; 60,000 samples/sec), and the digital signal was fil-
tered (high-pass, set at 200 Hz) and analyzed by appropriate soft-
ware which also provided the printout. 

The hisses ranged from 220 to 228 ms in duration (Fig. la), and 
had frequencies extending from < 0.5 kHz to > 5 kHz (Fig. lb). 
This broad frequency range is comparable to that found in the 
warning sounds (rattling) of rattlesnakes (Young and Brown 1993. 
Amph.-Rept. 14:373-380; Cook et al. 1994. Herpetologica 50:358-
368), which can vary with temperature (Martin and Bagby 1972. 
Copeia 1972:482-485), and whose characteristics can be assessed 
by some potential prey of rattlesnakes (Swaisgood et al. 1999. 
Anim. Behay. 57:1301-1310) and possibly their potential preda-
tors. 

Hisses and other sounds produced by animals during defensive 
displays may startle potential predators (Edmunds 1974. Defense 
in Animals: A Survey of Anti-predator Defenses. Longman Group 
Limited, Essex. 357 pp.; Young et al. 1999. J. Herpetol. 33:557-
566) by engaging an additional sensory modality—an auditory 
one—in an abrupt fashion so as to trigger reflexive defensive re-
sponses. The widespread ability of vertebrate hissing, resulting 
from exhalation of respiratory air (Gans and Maderson 1973. Amer. 
Zool. 13:1195-1203), to elicite startle responses suggests its de-
fensive utility. The behavioral context of hissing by homed liz-
ards fits this pattern. One adaptive value of broad-band hisses may 
be that they are likely to be heard by diverse receivers having 
different auditory ranges. We suggest that hissing behavior by 
horned lizards might be one component of a multiple array of dis-
plays exhibited in response to approach by particular predators. 
Moreover, the broad-band frequency characteristics of the hiss 
(hostile in bird and mammal communications; Morton 1977. Am. 
Nat. 111:855-869) are similar enough to snake hisses, rattlesnake 
rattling, and hostile homeotherm acoustic communications as to 
cause some predators to innately hesitate, thus disrupting subju-
gation-attack sequences. Functioning thus, hissing might be an 
antipredatory form of acoustic Batesian mimicry (Rowe et al. 1986. 
Ethology 72:53-71). 
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FIG. I (a). Oscillogram illustrating energy versus time of Phrynsoma 

hernandesi hiss induced by human handling. (b). Frequency spectrogram 
of Phrynosoma hernandesi hiss induced by human handing. In both (a) 
and (b) the y-axis is scaled in arbitrary, linear units. 

Submitted by WADE C. SHERBROOKE, Southwestern Re-
search Station, American Museum of Natural History, P.O. Box 
16553, Portal, Arizona 85632, USA (e-mail: wcs  @ atnnh.org), and 
MICHAEL D. GREENFIELD, Department of Ecology and Evo-
lutionary Biology, University of Kansas, Lawrence, Kansas 66045-
2106, USA (e-mail: greenfie@ukans.edu).  

TUPINAMBIS TEGUIXIN (Teiti, Tegu). DIET. Tupinambis 
teguixin is reported to have a generalized diet. Foods range from 
seeds and fallen fruits to a suite of vertebrates (fishes, amphibians, 
lizards, snakes, birds, and small mammals) and invertebrates 
(arachnids, gastropods, and insects) (Cei 1986. Monog. IV, Mus. 
Reg. Sci. Nat. Torino, 527 pp.; Cei 1993. Monog. XIV, Mus. Reg. 
Sci. Nat. Torino, 949 pp.; Dessem 1985. Copeia 1995:245-247; 
Duellman 1978. The Biology of an Equatorial Herpetofauna in 
Amazonian Ecuador. Misc. Publ. 65, Kansas Univ. Press, 352 pp.; 

Gallardo 1979. In W. E. Duellman [ed.], The South American 
Herpetofauna: Its Origin, Evolution, and Dispersal, pp. 299-307, 
Univ. Kansas Press; Gudynas 1982. Bull. Chicago Herpetol. Soc. 
16:29-39; Martuscelli and Olmos 1996. Herpetol. Rev. 27:21; 
Norman and Naylor 1994. Amphibians and Reptiles of The 
Paraguaian Chaco, Vol. I. Privately published, 281 pp.; Rivas et 
al. 2001. Herpetol. Rev. 32:108; Vanzolini et al. 1980. Repteis das 
Caatingas. Acad. Bras. de Ciencias Ed., 161 pp.). However, with 
scattered exceptions the specific identity of vertebrate prey has 
been rarely provided. Specific-level identity of prey is essential to 
characterize precisely a species' life history. Here, we provide the 
first record of amphibian prey for T teguixin identified to species. 

On 16 November 2001, we collected a large juvenile (SVL = 
329 mm) T teguixin next to the Tocantins River, municipality of 
Minacu in the Cana Brava region, Brazil (13°34'11"S, 
48°06'49"W). Examination of the stomach contents revealed most 
of the posterior limbs and pelvic region of an adult Leptodactylus 
mystaceus (femur 24.4 mm; tibia 27.1 mm; tarsus 14.6 mm). 
Leptodactylus mystaceus is a terrestrial frog common in the 
Brazilian Cerrado, the adults of which frequent vicinity of water 
in primary or secondary forest (Duellman, op. cit.; Rodriguez and 
Duellman 1994. Guide to the Frogs of the Iquitos Region, Univ. 
Kansas Press, 80 pp.). Thus, T. teguixin has opportunity to 
encounter this species during its terrestrial foraging. 

The T teguixin specimen (CEPB/IFS 227-01) and its anuran 
prey were deposited in the herpetological collection of the Centro 
de Estudos e Pesquisas Biologicas at the Universidade Catolica 
de Goias in Goiania, Brazil. 

Submitted by IVAN FRANCA E SOUZA, HELDER LUCIO 
RODRIGUES SILVA, and NELSON JORGE DA SILVA JR., 
Laboratorio de Herpetologia, Centro de Estudos e Pesquisas 
Biologicas, Universidade Catolica de Goias, Ave. Universitaria, 
1440, Setor Universitario, 74.210-010, Goiania, Goias, Brazil; e-
mail: souzai@terra.com.br.  

SERPENTES 

AGKISTRODON CONTORTRIX PHAEOGASTER (Osage 
Copperhead). BREEDING. Records of in situ copulations by 
Agkistrodon contortrix phaeogaster have rarely been reported. 
Fitch (1960. Univ. Kansas Publ. Mus. Nat. Hist. 13:85-288) 
suggests that copperheads are primarily late spring breeders 
although there is no set breeding season. The Osage copperhead 
barely enters Nebraska and is restricted to the extreme southeastern 
part of the state. Nothing is known about the reproductive season 
and cycle of A. c. phaeogaster. 

On 27 August 1998, at 0820 h in Gage County, Nebraska, USA, 
a pair of Osage copperheads was found copulating. The habitat, 
located on the west bank of the Big Blue River west of the town of 
Barneston (T1N, R7E, Sec. 13, SE1/4), can be characterized 
generally as riparian woodland dominated by cottonwood (Populus 
deltoides) and American elm (Ulmus americana). The copulating 
snakes were located on top of leaf litter in a patch of stinging 
nettles (Urtica dioica). They were observed and photographed for 
ca. 5 min. before they separated, at which time they were captured 
and examined. The snout—vent length (SVL) for the female was 
53.1 cm and she weighed 157 g. The male measured 73.2 cm SVL 
and weighed 398 g. The male copperhead was a recapture from 
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the previous spring and was located 350 m from his emergence 
den. The ambient temperature was 25.7°C. This is the first report 
of the reproductive season for Osage copperheads in Nebraska. 

Submitted by DANIEL D. FOGELL, Department of Biology, 
University of Nebraska at Omaha, Omaha, Nebraska 68182-0040, 
USA, TED J. LEONARD, 14067 Monroe Circle, Omaha, 
Nebraska 68137, USA, and JAMES D. FAWCETT, Department 
of Biology, University of Nebraska at Omaha, Omaha, Nebraska 
68182-0040, USA. 

COLUBER CONSTRICTOR CONSTRICTOR (Northern Black 
Racer). INGESTION OF PLANT MATERIAL. Incidental 
ingestion and subsequent passage of plant material by snakes is 
rarely reported, but might not be an uncommon occurrence in some 
species (e.g., species that feed in leaf litter, or on prey that have a 
moist exterior to which debris is likely to adhere). Plant material 
adhering to ingested prey may generally be of little consequence, 
but might occasionally pose a threat because of mechanical 
blockage of the intestine. 

On 1 October 2000, we discovered a female black racer (1030 
mm SVL, 325 mm TL, 372.6 g mass) beneath a cover board at 
Shield's Cove at the juncture of Grainger, Union, and Knox 
counties, Tennessee, USA (36°11'N, 83°42'30"W). We captured 
the snake by hand and noticed a pine needle (Pinus taeda) 
protruding from the cloaca. The needle was slowly pulled from 
the cloaca, revealing two additional needles. The first needle broke, 
was dropped and lost. The two needles left intact each measured 
16.1 cm in length and came out tips first, followed by the bundle 
to which all three needles were attached. As the needles were 
removed, the snake excreted uric acid as well as an unidentified 
liquid. 

The snake was returned to the Reptile Ethology Laboratory at 
the University of Tennessee, Knoxville where it was measured, 
sexed, and weighed, implanted with a PIT tag, and subsequently 
released to the site of capture. 

Submitted by MATTHEW T. BEALOR, Department of 
Environmental, Population and Organismic Biology, University 
of Colorado at Boulder, Boulder, Colorado 80309, USA (e-mail: 
matthew.bealor@coloradol.edu),  and GORDON M. 
BURGHARDT, Department of Psychology, University of 
Tennessee, Knoxville, Knoxville, Tennessee 37996, USA. 

COLUBER HIPPOCREPIS (Horseshoe Whip Snake). CAUDAL 
AUTOTOMY. The ability to shed or to readily lose the tail as a 
method of escape from enemies is developed to varying degrees 
in certain salamanders, in tuataras, in many lizards, in some 
amphisbaenids, in a few snakes, and in certain rodents. Snakes 
have the most elaborate antipredator mechanisms yet described 
among reptiles (Greene 1988. In Gans and Huey [eds.], Biology 
of the Reptilia, 16, Ecology: Defense and Life History, pp. 1-152. 
Alan R. Liss Inc., New York). However, tail autotomy in snakes is 
a very rare condition. Intervertebral autotomy has been reported 
in the colubrids Pliocercus sp., Rhadinea decorata, 
Scaphiodontophis venustissimus, and Sibynophis, all characterized 
by very long tails (Arnold 1988. In Gans and Huey [eds.], Biology 
of the Reptilia, 16, Ecology: Defense and Life History, pp. 235— 

273. Alan R. Liss Inc., New York). Herein I report curling behavior 
and caudal autotomy of Coluber hippocrepis under natural 
conditions. 

On 28 October 2000, at Grazalema Natural Park (Cadiz, Spain), 
I captured a C. hippocrepis of ca. 800 mm total length. When I 
grasped the snake by the tail, the snake quickly and actively curled 
the body as a screw, transmitting strong pressure to the curled tail 
at the point where my hand grasped it. After a few seconds, the 
snake broke off the end of its tail next to my hand and fled. The 
shed tail (50 mm) moved vigorously for few minutes as happens 
with autotomized lizard tails. 

This species is a medium size snake with a relatively long tail. 
It is diurnal and when threatened it tries to escape or displays 
aggressive behavior. A posterior morphological study of 66 C. 
hippocrepis from the collection of the Doriana Biological Station 
(Sevilla, Spain) showed that tail loss was common in adults of this 
species and tail autotomy could have contributed to the high rate 
of tail loss. None of 19 young snakes (< 50 mm SVL) showed any 
evidence of tail loss. However, 22 of 47 (46.8%) adult snakes (> 
50 mm SVL) exhibited some degree of tail loss. These individuals 
had blunt tails that were usually black. There was no evidence of 
tail regeneration. Tail curling and tail autotomy have not been 
previously described for this species. This antipredator response 
could be very useful when its main predators, diurnal raptors or 
carnivorous mammals, capture this snake. 

Submitted by ADOLFO MARCO, Estacion Biologica de 
Doiiana, Apartado 1056, 41080, Sevilla, Spain (e-mail: 
amarco@cica.es).  

CROTALUS CERBERUS (Arizona Black Rattlesnake). DIET 
and PREY SIZE. Herein we report for the first time, to the best 
of our knowledge, prey of neonatal Crotalus cerberus (Coues) 
(see taxonomic revision in Douglas et al. in press. In Schuett, 
Hoggren, Douglas, and Greene [eds.], Biology of the Vipers, Eagle 
Mountain Publishing, L.C., Eagle Mountain, Utah) and informa-
tion on prey size. On 30 September 2000, as we inspected dens 
(hibernacula) and observed denning behavior of C. cerberus at 
several nearby sites ca. 23 km S of Flagstaff, Arizona, USA 
(Coconino County; 2172 m elev.), we located a neonate at 1545 h, 
in shade, lying on needles of Ponderosa pine (Pinus ponderosa) 
and partly covered by a cone of the same species. This animal was 
ca. 50 m W of a den (den entrance was west-facing) used by adult, 
juvenile, and neonatal conspecifics. Ground temperature was 25°C, 
air temperature (1 m above ground) was 25.4°C, and relative hu-
midity was ca. 25%. 

The noteworthy observation concerning this animal was that it 
appeared to have recently consumed an unusually large prey item, 
thus rendering it incapable of rapid movement because of prey 
size rather than low temperatures. This conclusion was supported 
by the observation that another neonate (with no conspicuous meal) 
found 45 min earlier (30 cm off the substrate on a rock ledge ca. 
10 m below the den entrance), in shade and exposed to slightly 
higher substrate (28°C) and air (27°C) temperatures quickly re-
treated from one of us (GWS) when approached. Palping the neo-
nate revealed that it had consumed a lizard, but attempts to induce 
regurgitation failed and hence specific identification was not pos-
sible. The neonate was collected and retained for further observa- 
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FIG. 1. Autopsy of a neonatal Crotalus cerberus (Coues) found alive on 
30 September 2000, and an adult male Sceloporus undulatus that it had 
recently consumed. 

tions but died within several hours likely as a result of handling. 
Prior to dissection, we determined body mass of the neonate (with 
the prey intact) to be 17 g, SVL was 218 mm, and tail length (to 
the base of the button) was 17 mm, with only a button present. 
Sex was female. Upon dissection it was revealed that an adult 
male Sceloporus undulatus had been consumed. Body mass of the 
prey was 9.05 g, SVL was 68 mm (the snout was partially di-
gested), and length of the tail (fully intact) was 92 mm (Fig. 1). 
The prey's partially digested snout was positioned at the caudal-
most region of the neonate's stomach, its fully intact limbs were 
adpressed against its body, and its tail was extended cranially (with-
out curvature) in the esophagus. Harry W. Greene verified identi-
fication of both species, and they (and Kodachrome slides) are 
deposited at Cornell University Museum. 

Recently, Cundall and Greene (2000. In Schwenk [ed.], Feed-
ing: Form, Function, and Evolution in Tetrapod Vertebrates, pp. 
293-333, Academic Press, San Diego, California) provided an 
overview and synthesis of the feeding mechanisms and ecology 
of snakes, emphasizing in several lineages (e.g., Boidae and Vi-
peridae) the capacity to subjugate and consume bulky prey of ex-
treme relative body mass (Type III prey; prey/predator mass ra-
tios can exceed unity). In our case, the prey/predator mass ratio 
was 1.138. Importantly, our observation documents that in neona-
tal C. cerberus (a) highly agile prey, such as adult male sceloporine 
lizards, can be subjugated (presuming the prey was alive) and con-
sumed, (b) first prey in life can be extremely large, exceeding their 
own body mass, and (c) the capacity to retreat quickly with large, 
ingested prey is compromised. Consumption of large prey by neo-
nates likely increases vulnerability to predators (or enemies) and 
critical environmental factors such as low temperatures and in-
clement weather (for a similar conclusion, see Pauly and Benard 
2002. Herpetol. Rev. 33:56-57). Two weeks following the obser-
vations of the present neonates the den site was revisited, and at 
that time (15 October 2000) mid-day air temperature was 14.5°C, 
and snow showers occurred the following day. 

Submitted by GORDON W. SCHUETT, Department of Life 
Sciences, Arizona State University, P.O. Box 37100, Phoenix, 
Arizona 85069-7100, USA (e-mail: gschuett@asu.edu),  ERIKA 
M. NOWAK, USGS Forest and Rangeland and Ecosystem Sci-
ence Center, Colorado Plateau Field Station, Northern Arizona 
University, P.O. Box 5614, Flagstaff, Arizona 86011, USA (e-mail: 
erika.nowak@nau.edu),  and ROGER A. REPP, National Optical 
Astronomy Observatory, 950 North Cherry Avenue, Tucson, Ari-
zona 85719, USA (e-mail. repp@noao.edu ). 

CROTALUS HORRIDUS HORRIDUS (Timber Rattlesnake). 
HABITAT. Records of Crotalus horridus horridus using 
agricultural fields as summer habitat are anecdotal at best (Klauber 
1972. Rattlesnakes: Their Habits, Life Histories, and Influence on 
Mankind. 2"d ed. Univ. California Press, Berkeley. 1533 pp.). We 
report here the use of row crop fields by five C. horridus in southern 
Gage County, Nebraska, USA, during a single-season 
radiotelemetry study in 1999 (N = 8). 

On 1 July 1999, a gravid female C. horridus (84.8 cm SVL, 700 
g mass) was radiotracked to an alfalfa field. She traveled through 
the field and eventually took refuge in a pile of discarded wood 
and metal adjacent to an active hog shed. Although woodland 
corridors existed, they were ignored as the snake opted for a more 
direct route through the alfalfa field. On 29 August 1999, this same 
snake left her refuge and traveled back to her previous location by 
way of a grazing pasture and a sorghum field, once again ignoring 
woodland corridors. 

Another instance of a C. horridus traveling through a row crop 
field occurred on 21 August 1999. A non-gravid female (87.0 cm 
SVL, 574 g mass) crossed a milo field and took refuge in a woodpile 
in a roadside ditch as she traveled between two woodland patches. 
She traveled across this field again on 21 September 1999 as she 
returned to her previous location. In this case a woodland corridor 
was not available. 

The remaining three snakes were not found traveling through 
agricultural fields but had instead taken refuge in them on various 
occasions. On 8 August 1999 a small female C. horridus (68.2 cm 
SVL, 250 g mass) was radiotracked to a cornfield adjacent to the 
wooded area she had previously been occupying. She remained in 
the cornfield for 13 days during which time she shed her skin and 
successfully fed. On 14 September 1999, an adult male C. horridus 
(88.7 cm SVL, 547 g mass) was found in a soybean field exhibiting 
a classic ambush posture. He remained in the soybean field for 14 
days but did not successfully feed and was subsequently found 
foraging in a woodland strip adjacent to the soybean field on the 
15th day. Neither of these individuals used row crop fields on more 
than one occasion. However, a female (73.0 cm SVL, 320 g mass) 
used a soybean field on two separate occasions for a total of 34 
days, which constituted 31.5% of her total summer activity time. 
She initially entered the soybean field on 19 July 1999 and 
remained there for 20 days, at which time she entered a strip of 
tall grass and shrubs separating the soybean field from a small 
creek. She shed and fed while in this grassy area and re-entered 
the soybean field to digest her food on 6 September 1999, remaining 
there for 14 days until she began migrating back to her den. This 
snake did not appear to be foraging in the soybean field and in fact 
left the beans to feed in the buffer strip. We suspect that the 
microclimate beneath the soybean canopy was favorable, which 
may explain an apparent preference by this snake for such an 
unusual habitat. 

The high incidence of agricultural field use by C. horridus in 
Nebraska may be explained by their biogeography. This population 
of C. horridus is at the extreme periphery of their range, thus 
preferred habitat is scarce and available habitat is sub-optimal. 
These kinds of pressures often create situations where such aberrant 
behaviors are more prevalent than they are in the center of a range. 

We thank the University of Nebraska at Omaha (UNO) 
Committee on Research, the UNO Department of Biology, The 
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Chicago Herpetological Society, and the Nebraska Herpetological 
Society for financial assistance with this study. 

Submitted by DANIEL D. FOGELL, Department of Biology, 
University of Nebraska at Omaha, Omaha, Nebraska 68182-0040, 
USA (e-mail: dfogell  @unomaha.edu ), TED J. LEONARD, 14067 
Monroe Circle, Omaha, Nebraska 68137, USA, and JAMES D. 
FAWCETT, Department of Biology, University of Nebraska at 
Omaha, Omaha, Nebraska 68182-0040, USA. 

CROTALUS HORRIDUS HORRIDUS (Timber Rattlesnake). 
CLIMBING. During a radiotelemetry study in Gage County, 
Nebraska, USA, climbing behavior by Crotalus h. horridus was 
observed on four separate occasions. On 18 May 1999, a subadult 
female C. h. horridus (68.2 cm SVL, 250 g mass) was radiotracked 
to a riverbank where she was located ca.1.5 m high in a recently 
felled tree. The snake was wedged between the outer bark and the 
inner wood. She remained in this position for two days. Her 
previous location was < 1 m above the water line of the Big Blue 
River, thus it is possible that rising water levels in the river because 
of recent heavy precipitation may have forced an upward retreat. 

On 19 May 1999, an adult male timber rattlesnake (89.0 cm 
SVL, 545 g mass) was found coiled and basking on a primary 
branch of an ash tree (Fraxinus sp.) at a height of ca. 3 m. This 
snake was captured for inclusion in the radiotelemetry study and 
was released on 22 May 1999 on the same branch. After being 
released, the snake retreated into a hole in the branch and remained 
there for one day. The tree was located in a clearing on the upper 
slope of riparian woodland and was commonly used as a basking 
site for adult black rat snakes (Elaphe obsoleta obsoleta). 

Another radiotracked female (73.0 cm SVL, 320 g mass) was 
observed on 12 June 1999 leaving the lower branches of a small 
cottonwood tree (Populus deltoides) ca. 2 m above the ground. 
Her shed skin was found interwoven among the branches. The 
site was located on the bank of a dry stream. Apparently, this snake 
was using the tree branches to assist in sloughing off her skin. 

A gravid female (84.8 cm SVL, 700 g mass) was radiotracked 
on 7 July 1999 at 0900 h to a large pile of discarded corrugated 
metal at the base of a red mulberry tree (Morus rubra). A dead 
branch was lying across the metal pile at a height of 2 m above the 
ground and 1 m above the metal. The gravid female timber 
rattlesnake was stretched along the dead branch in such a position 
that her abdominal region was draped over the branch and above 
the metal so that the developing follicles were receiving reflective 
heat from the warm metal surface. The air temperature on the 
branch above the metal was 30.5°C whereas the temperature 2 m 
away from the metal was 27.4°C. 

Although climbing behavior has been previously reported in C. 
horridus (Saenz et al. 1996. Herpetol. Rev. 27:145), it is uncommon 
and is often explained as either foraging behavior or an attempt to 
escape rising flood waters. Of the four accounts described above, 
only one (19 May 1999) could possibly be described as foraging 
behavior, however none of the telemetered snakes in this study 
fed before 20 June 1999. The 18 May 1999 account is probably 
explained by rising water. The remaining two, however, clearly 
were neither foraging nor escaping rising water. Additionally, there 
have been no other reports of gravid timber rattlesnakes exhibiting 
climbing behavior. 

We thank the University of Nebraska at Omaha (UNO) 
Committee on Research, the UNO Department of Biology, The 
Chicago Herpetological Society, and the Nebraska Herpetological 
Society for financial assistance with this study. 

Submitted by DANIEL D. FOGELL, Department of Biology, 
University of Nebraska at Omaha, Omaha, Nebraska 68182-0040, 
USA (e-mail: dfogell  @unomaha.edu ), TED J. LEONARD, 14067 
Monroe Circle, Omaha, Nebraska 68137, USA, and JAMES D. 
FAWCETT, Department of Biology, University of Nebraska at 
Omaha, Omaha, Nebraska 68182-0040, USA. 

ELAPHE OBSOLETA OBSOLETA (Black Rat Snake). MALE 
COMBAT. A proximate goal of male combat in Elaphe obsoleta 
obsoleta is to achieve physical superiority over an opponent and 
establish dominance (Gillingham 1987. In Seigel et al. [eds.], 
Snakes: Ecology and Evolutionary Biology, pp. 184-209. 
McGraw-Hill Publishing Co., New York). Presumably, the ultimate 
goal of such combat is to provide the victor with priority access to 
an estrous female. However, the functional significance of combat 
in the reproductive biology of the species has not been clearly 
demonstrated. 

There are few published observations of male combat in free-
ranging black rat snakes. Stickel et al. (1980. Amer. Midl. Nat. 
103:1-14) recorded three instances of combat in a 35-year 
Maryland study and one observation each was reported by Rigley 
(1971. J. Herpetol. 5:65-66) and Mitchell (1981. Catesbeiana 1:7-
9). All of these observations have taken place during the spring to 
early summer breeding season; however, the presence of a female 
was noted in only one report (Mitchell, op. cit.) with no male-
female interactions recorded. 

Whatever role combat may play in reproduction, these records 
suggest that the physical presence of a female is not essential to 
initiate male combat. It is possible that females have been present 
but hidden during observations of combat in free-ranging males; 
however, in laboratory trials of male combat conducted with captive 
male black rat snakes, initiation of combat sequences did not 
involve females (Gillingham 1980. Herpetologica 36:120-127). 

On 9 June 1996, we observed male combat in a pair of free-
ranging E. o. obsoleta and did not find any females present. We 
were able to recognize behaviors analogous to those defined by 
Gillingham (op. cit.) from combat sequences with captives. These 
observations occurred in Hanging Rock State Park in Stokes 
County, North Carolina, USA, and are summarized below. 

The snakes were initially discovered 2.5 m from a residence 
and adjacent to an area where one or more unidentified E. o. 
obsoleta had been observed regularly over several days. When 
first observed at 1305 h, the snakes were fully entwined along 
their body lengths except for their anterior 20-25 cm. This 
intertwining was maintained during the entire combat episode, 
although it was not a static position. At times the smaller snake 
appeared to be held in a "corkscrew" of the larger snake's coils 
(Fig. 1). The snakes would occasionally entwine almost to their 
heads. The larger of the two snakes (122 cm) appeared to be 
attempting to press down upon the smaller (107 cm) snake's head. 
During periods of these head pressing jousts, both snakes formed 
short, lateral, and U-shaped curves of the neck immediately 
posterior to the head (Fig. 2) and used these to press downwards 
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FIG. 1. Smaller snake held in "corkscrew" of dominant male's coils 
during combat between male Elaphe obsoleta in Stokes County, North 
Carolina, USA. 

FIG. 2. Head pressing posture in the form of lateral, U-shaped curves of 
the neck during combat between male Elaphe obsoleta in Stokes County, 
North Carolina, USA. 

on the opponent. Intermittently, the larger snake would poise this 
body arrangement over the head of the smaller snake (Fig. 2) and 
would then attempt additional downward presses. When both 
snakes formed this U-shaped posture in opposite directions they 
would seem to face each other, forming a "caduceus." At times, 
both snakes' fore bodies would lift off the ground to nearly vertical, 
and then the larger snake would press down upon the area 
immediately posterior to or directly on the head of the smaller 
snake bringing him back horizontal to the ground. At no time during 
active engagement did the snakes seem concerned about human 
observers 2 m away. 

At 1350 h the smaller snake broke away and was pursued by the 
larger snake into shrubbery adjacent to the house. The smaller snake 
fled the shrubbery, moving back into the open yard, and was no 
longer pursued by the larger snake. Remaining in the shrubbery, 
the larger snake appeared to be moving towards an opening in the 
house's siding 2 m away. With the combat apparently terminated, 
both snakes were captured for sexing and measurement and were 
then immediately released at their points of capture. After release 
the smaller snake left the area and the larger snake fled 15 m from 
the release site and entered root tunnels beneath dense vegetation. 

At 1530 h the larger snake (identified by old scars along his dorsum) 
had returned to the point of combat. Due to rapid tongue flicking 
and a sweeping motion of the head he appeared to be searching. 
No other snakes were found. 

Black rat snakes are mobile, exhibit overlapping home ranges 
(Fitch 1963. Copeia 1963:649-658), and frequent certain large, 
isolated trees that serve as focal points common to the range of 
many individuals in the population. These focal trees are visited 
repeatedly by both sexes and are used for basking, shedding, 
courtship, and mating (Stickel et al., op. cit.; J. Flora, pers. comm.). 
Perhaps the stimulus to establish male intrasexual dominance in 
the absence of females is based on the expectation of future 
encounters in the presence of estrous females. 

We thank M E Dorcas, W. H. Martin, J. C. Mitchell, and M. P. 
Rowe for comments on the manuscript. 

Submitted by JOHN B. SEALY, Department of Biology, 
Appalachian State University, Boone, North Carolina 28608, USA 
(e-mail: jsealy  @boone.net ), and JAYE C. DOW, 1040 Residence 
Road, Westfield, North Carolina 27053, USA (e-mail: 
jbird1959@webtv.net).  

ELAPHE OBSOLETA OBSOLETA (Black Rat Snake). 
PREDATION. Birds are among the many vertebrate predators of 
snakes. In particular, raptors and herons have frequently been 
observed preying on snakes (Fitch 1963. Copeia 1963:649-658; 
Godley 1980. Ecol. Monogr. 50:411-436; Toland 1985. J. Field 
Ornithol. 56:419-422; Jennings 1997. Herpetol. Rev. 28:205-206; 
Vandermast 1999. Herpetol. Rev. 30:169). Predation on snakes by 
birds other than raptors or herons is less common and these species 
generally prefer small individuals. American robins (Turdus 
migratorius), loggerhead shrikes (Lanius ludovicianus), and 
bluejays (Cyanocitta cristata) are some of the species that prey on 
small snakes (Plummer 1990. J. Herpetol. 24:327-328; Mahrdt 
and Banta 1996. Herpetol. Rev. 27:81; Hedeen 1998. Herpetol. 
Rev. 29:103). Herein, we report a predation attempt by an American 
crow (Corvus brachyrhynchos) on an adult of a large species, the 
black rat snake, Elaphe obsoleta obsoleta. 

On 31 May 2000 at ca. 1600 h we observed a live adult E. o. 
obsoleta (920 mm SVL, 980 mm TL) on the pavement on the 
south side of Little River Road, Great Smoky Mountains National 
Park, Tennessee, USA ca. 0.5 mi E of Metcalf Bottoms 
Campground (Wear Cove Quadrangle, 35°40'19"N, 83°38'23"W, 
ca. 561 m elevation). An adult C. brachyrhynchos was pecking 
the snake. The snake had ca. 10 wounds on its head and body, 
with the greatest number of wounds (4) concentrated cranially. 
The right eye had been enucleated, the right mandible and the 
crown of the skull lacerated, and the snake could not tongue-flick 
and had great difficulty moving and orienting. After we collected 
and euthanized the snake, it was palpated and no additional injuries 
(spinal fractures or other major traumas) were observed, ruling 
out the possibility that the snake was first hit by a car and then 
attacked by the crow. All wounds appeared to be consistent with 
injuries sustained during the observed predation attempt. 

American crows are predators of small snakes and will mob 
potential predators, including snakes (Kale and Maehr 1990. 
Florida's Birds. Pineapple Press, Sarasota, Florida. 288 pp.). The 
event described here does not appear to have begun as a mobbing 
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incident, however, as no other crows were present at the time of 
the observations and Fitch (op. cit.) observed that actual attacks 
on E. o. obsoleta during mobbing are very unusual. Predatory 
attacks by passerine birds on adults of large snake species are also 
unusual, and this is the first documentation of a predatory attack 
by C. brachyrhynchos on an adult E. o. obsoleta. 

These observations were made in conjunction with the USGS 
Southeastern Amphibian Research and Monitoring Initiative under 
permits from Great Smoky Mountains National Park (GRSM 00-
025) and the Tennessee Wildlife Resources Agency (No. 1103). 
The specimen will be deposited in the National Museum of Natural 
History. We thank Lora L. Smith and C. Kenneth Dodd, Jr. for 
comments on the manuscript. 

Submitted by KEVIN G. SMITH, JAYME L. WALDRON, 
and WILLIAM J. BARICHIVICH, U.S. Geological Survey, 
Florida Caribbean Science Center, 7920 NW 71st Street, 
Gainesville, Florida 32653, USA. 

ERYX JAYAKARI (Arabian Sand Boa). REPRODUCTION. No 
published accounts of reproduction for Eryx jayakari could be 
found, yet this species is generally assumed to be viviparous as 
has been recorded for several other Eryx species. We report here 
the first recorded successful captive breeding, egg laying, and 
hatching for this species. Both oviparity and viviparity are repre-
sented in other genera of snakes (e.g., Elaphe, Vipera, Natrix, 
Trimeresurus) (Tinkle 1977. Misc. Pub. Mus. Zool. Univ. Michi-
gan, No. 154), however, this is the first record for both reproduc-
tive modes within the genus Eryx. 

One female (64 g) and two male (23 and 51 g) Eryx jayakari 
(imported from Saudi Arabia in 1999) were introduced after a mild 
brumation. The female later showed obvious signs of pregnancy 
and laid one infertile and six fertile eggs on 12 August 2001. The 
eggs were incubated in slightly moistened vermiculite at 31-33°C. 
The hatchlings pipped the eggs on 17 October 2001 after incubat-
ing for 66 days. Just prior to hatching (01 October), egg masses 
were 9.9, 10.2, 10.6, 11.5, and 12.7 g. The masses of the hatchlings 
were 4.5, 4.8, 4.9, 5.3, and 5.5 g. The sixth fertile egg began to 
decompose part way through the incubation, and contained a par-
tially developed embryo. 

FIG. 1. Two Eryx jayakari emerging from eggs. The tight fit of the egg 
shell around the hatchling's neck upon emergence is especially visible in 
the animal on the left. 

The hatchlings did not appear to possess an egg tooth. Instead 
they ruptured the thin shell of the egg with their head by force. 
This action created rough tears in the shell rather than smooth cuts 
as has been observed for other species including Calabaria 
reinhardtii (pers. obs.). 

We have recently become aware of a second instance of oviparity 
in sand boas. A captive female Eryx muelleri laid four thin-shelled 
eggs and a single hatchling emerged after a very short incubation 
period (14 days). The hatchling, as in E. jayakari, also lacked an 
egg tooth (Bruce Miller, pers. comm.). 

Submitted by RICHARD E. STAUB, Department of Nutritional 
Sciences and Toxicology, University of California, Berkeley, Cali-
fornia 94720, USA (e-mail: rstaub@nature.berkeley.edu),  and 
JOHN EMBERTON, East Bay Vivarium, 1827 Fifth Street, Ber-
keley, California 94720, USA. 

LAMPROPELTIS PYROMELANA (Sonoran Mountain 
Kingsnake). DIET. Here I provide the first evidence for 
chiropterophagy by the genus Lampropeltis (see Schaal. 1984. 
Bonn. Zool. Beitr. 35:335-342, for a review of chiropterophagy 
by snakes). An adult female L. pyromelana (705 mm SVL) was 
collected DOR on Hwy 80, 37 km S of Interstate 10, Hidalgo Co., 
New Mexico, USA by Sandilee Burgess, August 1996. A long-
legged myotis bat (Myotis volans) was found partially digested in 
the stomach of the snake. The snake and bat were deposited into 
the collections of the University of Michigan Museum of Zoology 
(UMMZ 225039, 172544 respectively). 

Subitted by GLENN M. FOX, Department of Ecology and 
Evolutionary Biology and Division of Reptiles and Amphibians, 
University of Michigan Museum of Zoology, Ann Arbor, Michigan 
48109-1079, USA; e-mail: foxg@umich.edu.  

MASTICOPHIS FLAGELLUM (Coachwhip). OPHIOPHAGY. 
Masticophis flagellum is known to take a variety of prey items 
including snakes: Arizona elegans (Small et al. 1994. Herpetol. 
Rev. 25:28); Diadophis punctatus and Heterodon platirhinos 
(Hamilton and Pollack 1956. Ecology 37:519-526); Opheodrys 
aestivus (Reams et al. 2000. Herpetol. Rev. 31:247); Thamnophis 
butleri and T sirtalis (in captivity); Crotalus atrox (Ortenburger 
1928. Mem. Univ. Michigan Mus.1:1-247); and Crotalus viridis 
(Tabor and Germano 1997. Herpetol. Rev. 28:90). Smith (1956. 
Misc. Publ. Univ. Kansas Mus. Nat. Hist. 9:1-357) also described 
M. flagellum as preying on other snakes. Here we report a snake 
as a prey item not previously documented for M. flagellum. 

On 4 May 1980 a M. flagellum was observed ingesting a live 
gopher snake (Pituophis catenifer) between Black Canyon 
Petroglyphs and Harper Dry Lake (north of Barstow), San 
Bernardino County, California, USA. The M. flagellum had hold 
of the P catenifer by the tail and was proceeding to swallow it. 
The two snakes struggled for almost one hour before the M. 
flagellum had completely ingested the P catenifer. The snakes were 
photographed and a color slide was deposited in the Natural History 
Museum of Los Angeles County (LACM PC 1339). 

Submitted by KENT R. BEAMAN, Section of Herpetology, 
Natural History Museum of Los Angeles County, 900 Exposition 
Boulevard, Los Angeles, California 90007, USA (e-mail: 
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kbeaman@nhm.org ), and JACK M. HARRIS, 4104 Jefferson 
Street, Riverside, California 92504, USA. 

MICRURUS CORALINUS (Coral Snake). ENDOPARASITES. 
Travassos (1917. Mem. Inst. Osw. Cruz 9:5-62) first reported 
Oligacanthorhynchus spira cystacanths in snakes. Travassos (op. 
cit.) found larvae attached to the peritoneum of many snakes 
including Boa, Clelia, Erythrolamprus, Liophis, Lystrophis, 
Mastigodryas, Philodryas, Waglerophis, Bothrops, and a snake 
possibly misidentified as Dipsadomorphus dendrophilus. Adults 
were also found in the intestines of birds including Cathartes, 
Coragyps, Sarcoramphus, and Buteogallus. This note reports the 
first occurrence of cystacanths of 0. spira in Micrurus corallinus 
(Elapidae). 

Snakes (N = 89) were collected in Sao Paulo state, southeastern 
Brazil, fixed in 10% formalin and preserved in the collection of 
Instituto Butantan (Sao Paulo, SP). They were dissected, and the 
cystacanths were extracted and dehydrated in ethyl alcohol and 
gradient cleared in methyl salicylate, a procedure modified from 
Torres and Puga (1996. Mem. Inst. Osw. Cruz 91:717-719). All 
larvae of 0. spira were found in the peritoneum of the snakes. The 
prevalence of cystacanths was 28.08% and the mean intensity of 
infection was 24.92 larvae/snake (±1.01 SD), ranging from 1 to 
144 larvae/snake. 

Micrurus corallinus feed mainly on amphisbaenians, a few 
elongate lizards, caecilians, and other snakes (Marques and Sazima 
1997. Herpetol. Nat. Hist. 5:88-93), whereas cystacanths often 
occur in invertebrates (Schmidt and Roberts 1996. Foundations of 
Parasitology. 5 th  ed.W. C. Brown Publ., Dubuque. 659 pp.). We 
suspect that M. corallinus become infected with cystacanths by 
consuming insectivorous prey. 

We thank Otavio Marques and Francisco Luis Franco for help 
in current snake taxonomy and permission to examine specimens. 
We also thank Marlene T. Ueta for general suggestions. Finally, 
we thank Andre Victor Lucci de Freitas, Arial° X. Linhares, Ivan 
Sazima, and Jose Roberto Trigo for critically reviewing this note. 

Submited by LiGIA PIZZATTO, Undergraduate Course of 
Biology, Instituto de Biologia, Depto. Zoologia, Universidade 
Estadual de Campinas, CP 6109, 13083-970, Campinas, Sao Paulo, 
Brazil (e-mail: ligia_oceanica@yahoo.com),  and RUBENS R. 
MADI, Depto. de Parasitologia, Instituto de Biologia, 
Universidade Estadual de Campinas, CP 6109, 13083-970, 
Campinas, Sao Paulo, Brazil (e-mail: rmadi@unicamp.br).  

MICRURUS FRONTALIS PYRRHOCRYPTUS (Coral Snake). 
PREDATION. Observations of predation on Micrurus by birds 
are scarce (Pough 1988. In Gans and Huey [eds.], Biology of the 
Reptilia Vol. 16, pp. 153-234. Alan R. Liss, Inc., New York; Roze 
1996. Coral Snakes of the Americas: Biology, Identification and 
Venoms. Krieger Publ., Malabar, Florida. 328 pp). Here I report 
predation by Cariama cristata (red-legged chufia or seriema, Ayes: 
Cariamidae) on Micrurus f pyrrhocryptus. The event occurred on 
10 April 2000 at 1500 h in the Graciela Ranch (29°40.945'S, 
64°02.443'W), Departamento Sobremonte in the northwest of the 
Province of Cordoba, Argentina. The adult snake (ca. total length 
30 cm) was first seen by the semi-tame, but wild, bird from a 
distance of ca. 6 m. The bird ran rapidly toward the snake and 

captured it by the head. I followed and observed the encounter 
from a distance of a meter or less. First, the bird crushed the head 
with repeated closures of its beak, then still holding it by the head, 
it lifted the coral snake into the air and rapidly swung it downwards 
onto the ground. The action was similar to that used by roadrunners 
("centrifugal-slam" technique; Sherbrooke 1990. Wilson Bull. 
102:171-174). Possibly this was to ensure that the snake was dead. 
Then it dropped the snake onto the ground and waited 15-30 sec. 
before picking it up again in its beak, near the head. The bird then 
proceeded to reposition its thin-bodied prey in its beak several 
times before beginning to ingest it, a section posterior to the head 
entering first and leaving two portions extending from its mouth. 
Ingestion (encompassing at least 2 min.) proceeded until first the 
head end was completely engulfed and then the tail end. Snakes 
are uncommon prey items of Cariama cristata (Sick 1993. Birds 
in Brazil: A Natural History, pp. 217-219. Princeton University 
Press, New Jersey). This observation suggests that the red-legged 
chufia or seriema does not have an innate fear response to coral-
snake colors and pattern, as has been reported in other birds (Smith 
1975. Science 187:757-760; Smith 1977. Nature 265:535-536), 
and that coral snakes, despite being venomous, may not have an 
effective defense against the bird's attack. 

I thank Wade C. Sherbrooke, Mike Westphal, and M. Gabriela 
Perotti for assistance. 

Submitted by MARIANA PUETA, Catedra de Diversidad 
Animal II, F.C.E.F y N, Universidad Nacional de C6rdoba, Av. 
Velez Sarsfield 299, CP 5000, Cordoba, Argentina; e-mail: 
maripueta@hotmail.com.  

RHADINAEA FORBESI (Forbes's Graceful Brown Snake). 
REPRODUCTION. Reproductive data for this species are 
unknown owing to its rarity in collections—a consequence of 
fossorial habits and geographic restriction to the high mountainous 
region of central Veracruz, Mexico (Myers 1974. Bull. Amer. Mus. 
Nat. Hist. 153:1-262). Miguel Angel de la Torre Loranca collected 
a gravid female at Petlacala, Municipio de San Andres Tenejapan, 
Veracruz, Mexico (18°47'N, 97°06'W, 2100 m elev.) on 11 March 
2000 in a pine-oak forest (see Lopez-Luna et al. 1999. 
Herpetologica 55:382-389, for a complete description of the habitat 
and location). The snake deposited four eggs measuring 10 mm x 
23.2 mm and weighing 1.4 g (mean) on 12 April 2000. The female 
weighed 17.6 g on 11 April the day before oviposition, and 12.1 g 
on 12 April after oviposition. The eggs were incubated in a 1:1 
ratio by weight of vermiculite and water at a constant temperature 
of 28°C. Four hatchlings emerged after 51 days of incubation. 
Hatchlings measured 15.97 cm total length and weighed 1.69 g 
(mean). The female and hatchlings were deposited in the 
herpetological collection of Estacion de Biologia Tropical Los 
Tuxtlas. This is the first known register of reproduction for this 
species. 

Submitted by MIGUEL A. DE LA TORRE-LORANCA and 
MARCO LOPEZ-LUNA, Centro de Investigaciones 
Herpetologicas de Veracruz A.C. Apt. Post. 473, Cordoba Veracruz 
Mexico C.P. 94500 (e-mail: delatorreloranca@hotmail.com),  and 
RICHARD C. VOGT, Estaci6n de Biologia Tropical Los Tuxtlas, 
Apt. Post. 91, C.P.95700 San Andres Tuxtla, Veracruz, Mexico (e-
mail: dickturtle@aol.com).  
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STORERIA DEKAYI DEKAYI (Northern Brownsnake) and S. 
OCCIPITOMACULATA OCCIPITOMACULATA (Northern 
Red-bellied Snake). MORPHOLOGY. Apical pits are reportedly 
absent in snakes of the genus Storeria (Boulenger 1893-1896. 
Catalogue of Snakes in the British Museum (Natural History). 2nd 
ed. 3 vols. Taylor and Francis, London. 727 pp.; Trapido 1944. 
Amer. Midl. Nat. 31:1-84.; Wright and Wright 1957. Handbook 
of Snakes of the United States and Canada. 2 vols. Comstock Publ. 
Co., Ithaca, New York. 640 pp.; Marx and Rabb 1972. Fieldiana 
Zool. 63:92-99). Herein, I report on the discovery of apical pits in 
two species of Storeria. 

As part of an ongoing project dealing with the identification of 
shed skins, I examined 145 sheds of 21 species of North American 
snakes. Of the 145 sheds, six S. d. dekayi and eight S. o. 
occipitomaculata sheds were included for study. After being cut 
into sections and mounted, sheds were examined using a stereo 
microscope under 10x and 30x magnification. Data for various 
characters, including the presence or absence of apical pits were 
recorded. Two S. d. dekayi and four S. o. occipitomaculata sheds 
had apical pits on scales on the dorsal neck region (Fig.1), whereas 
scales beyond the nape had no observable pits. 

Several factors may have been responsible for apical pits being 
overlooked in Storeria for so long. First, apical pits may be 
restricted and or more apparent on certain areas of the body (e.g., 
some specimens of Lampropeltis triangulum; Williams 1978. 
Systematics and Natural History of the American Milk Snake, 
Lampropeltis triangulum. Publ. Biol. Geol. Milw. Publ. Museum 
2:1-258). Second, apical pits are best seen in shed skins (Gloyd 
and Conant 1990. Snakes of the Agkistrodon Complex. SSAR, 
Oxford, Ohio. 614 pp.). Also, it is evident that significant 
interspecific and intraspecific variation occurs in some groups (Ball 
1996. Reptile & Amphibian Magazine. July/Aug 1996:112-116); 
less than half (43%) of the Storeria sheds in the present study had 
observable apical pits. The techniques used to prepare (e.g., 
mounting) and examine (e.g., intensity and angle of lighting) shed 
skins or actual specimens may affect how easily these structures 
are observed. If a structure is reported as absent, some may choose 
not to look for them. Intraspecific variation in the occurrence of 
apical pits warrants additional study. 

FIG. 1. Dorsal scales with apical pits on a shed skin of Storeria dekayi 
dekayi from Erie Co., Pennsylvania, USA. 

I thank Brian Wettekin and Paul Curtis for providing field 
collected sheds, Hobart Smith for help with the literature and 
reviewing an earlier version of the manuscript, James Ball for 
confirming the presence of apical pits on the Storeria sheds, 
providing the microphotograph, and for reviewing a draft of the 
manuscript. I also thank James Harding whose suggestions were 
helpful in the final preparation of the manuscript. 

Submitted by BRIAN S. GRAY, 1217 Clifton Drive, Erie, 
Pennsylvania 16505, USA. 

XENOPELTIS UNICOLOR (Asian Sunbeam Snake). DIET. 
Tooth morphology of Xenopeltis unicolor is specialized for han-
dling lizard prey (e.g., skinks; Greene 1997. Snakes: The Evolu-
tion of Mystery in Nature. Univ. California Press, Berkeley. 351 
pp.). We report the first occurrence of oophagy by X. unicolor. An 
adult male X. unicolor (774 mm SVL) had two unidentified squa-
mate eggs, measuring 23 and 29 mm in length, in its stomach. 
Each egg had been slit along the side one or more times and was 
empty. The snake was collected by Kamuran Tepedelen in central 
Java, Indonesia in June 1999. Both the X. unicolor and its stom-
ach contents are part of the herpetological collections at the Uni-
versity of Michigan Museum of Zoology (UMMZ 227200 and 
UMMZ 227201, respectively). 

Submitted by KATHERINE A. DARIN and GLENN M. FOX, 
Department of Ecology and Evolutionary Biology and Division 
of Reptiles and Amphibians, University of Michigan Museum of 
Zoology, Ann Arbor, Michigan 48109-1079 USA (e-mail: 
foxg  @umich.edu). 

GEOGRAPHIC DISTRIBUTION 

Instructions for contributors to Geographic Distribution appear in 
Volume 33, Number 1 (March 2002). Additional note: The responsibility 

for checking literature for previously documented range extensions lies 
with authors. Do not submit range extensions unless a thorough litera-
ture review has been completed. 

CAUDATA 

AMBYSTOMA TIGRINUM (Tiger Salamander). USA: NORTH 
DAKOTA: DICKEY Co: State Hwy 11, 16.9 km E Ellendale 
(46°00'N, 98°19'W). 20 July 1999. Dean A. Croshaw. Sam Noble 
Oklahoma Museum of Natural History (OMNH 38270). Verified 
by Janalee P. Caldwell. Branchiate adult found on road. First county 
record (Hoberg and Gause 1992. North Dakota Outdoors 55:7-
19). 

Submitted by DEAN A. CROSHAW, Department of Zoology, 
University of Oklahoma, 730 Van Vleet Oval, Norman, Oklahoma 
73019, USA; e-mail: croshaw@srel.edu.  

AMBYSTOMA TIGRINUM MAVORTIUM (Barred Tiger Sala-
mander). MEXICO: CHIHUAHUA: Reservoir at La Bamba 
(30°5'47.4"N, 105°24'55.0"W), 1330 m elev. 8 June and 30 July 
2001. Julio A. Lemos-Espinal. Herpetological Collection of Unidad 
Biotecnologia y Prototipos (UBIPRO 6971-7007, 7863-67); Mpio. 
Camargo, Reservoir El 33, Rancho Agua Zarca (29°54'34.3"N, 
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