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Radio telemetry is a useful technique for gathering information 
about amphibians when associated caveats are applied (Bartell and 
Peterson 2000). A number of designs for transmitter attachment 
are available for larger anurans including a harness-type attachment 
(van Nuland and Claus 1981) and various belt designs (Bartelt 
and Peterson 2000; Rathbun and Murphey 1996; Waye 2001). 
Attaching radios to small anurans is particularly problematic 
because of their mass, shape, and delicate skin. Small radios, 0.61 
grams or less, are available, although battery life is usually only 
2-3 wks (e.g., Holohil Systems Ltd; Carp, Ontario, Canada'). The 
issues remaining are the weight and longevity of the attachment 
system, ease of application to the animal, and effect on the behavior 
and health of the animal. 

Here I describe an attachment assembly tested in the laboratory 
on juvenile leopard frogs (Rana pipiens) and used on wood frogs 
(Rana sylvatica) in the field. 

The goal of the field study was to fit radio assemblies to 8 wood 
frogs (4 males and 4 females) and to follow them for approximately 
2 wks (the life of the battery) during and immediately after the 
breeding season (May-early June). Male wood frogs generally 
breed in their second spring when they are between 34 and 40 mm 
snout-vent length (SVL); females generally breed in their third 
spring when they are between 45 and 54 mm SVL (Hammerson 
1999). Currently available attachment methods were unacceptable 
for these small ranid frogs. 

I used Holohil BD-2A transmitters (0.61 g). The transmitters 
were configured so that the battery was placed on top of the 
transmitter rather than in front of it (Fig. lb). In earlier trials, using 
the belt system described by Bartelt and Peterson (2000) and the 
original, linear arrangement of the transmitter, frogs were unable 
to properly orient themselves in the water. This was because the 
length of the assembly system made the transmitter ride too far up 
on the frog's back and because the belt material was too bulky. 

I used very fine craft elastic (gossamer floss, B. Toucan, Inc., 
US $1.64 for 5 yds) and size 14 Japanese glass seed beads in olive 
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FIG. 1. (A) Male wood frog with transmitter and belt assembly. (B) 

Sketch of belt assembly with radio for small ranid frogs. 

matte (F458, US $3.45 for thousands) to make the belt. The elastic 
was threaded through the small attachment tube on the transmitter 
pack and beads were strung on the elastic. The elastic was tied in 
a knot and the knot stuffed into the tube on the pack. This small 
belt (Fig. 1 a) was able to stretch enough to be held open by 2-3 
fingers while the back legs of the frog were pushed through with 
the other hand. It was easy to determine if the belt fit correctly: 
too tight and the frog's skin was pinched and it was unable to 
move naturally, too loose and daylight was visible between the 
frog and the belt. When fitted properly, the belt should roll easily 
when manipulated. Because we were interested only in relatively 
small movements, in and near the breeding pond, I shortened the 
14 cm whip antennae to 9.5 cm. This reduced the range of the 
transmitter and the mass of the assembly (slightly), but more 
importantly, reduced the possibility of entanglement for the frog. 

I used 2 captive, juvenile leopard frogs to test the harness 
prototype before the 2002 field season. Both animals were ca. 9 g. 
Animals were housed together in a 15 gal. aquarium with rocks, 
plants, and an upturned plastic tub for shelter. The aquarium was 
set on an angle to provide aquatic and non-aquatic habitat. Frogs 
were fed small crickets, ca. 8 per animal per week. 

After a number of fitting trials, a belt assembly (22 beads) with 
dummy transmitter (0.73 g total mass), was placed on leopard frog 
1 (ca. 9 g, 41.3 mm SVL) on 10 March. The other frog was ap-
proximately the same size and was not fitted with a belt. The frogs 
were checked 2-4 times daily. Hiding and feeding behaviors were 
noted and frog 1 was assessed visually for abrasions. The assem-
bly was removed on 14 and 18 March to check for abrasions manu-
ally and then replaced. I isolated frog 1 to confirm that it was 
eating and defecating 18-25 March. The assembly was removed 
on 7 April. 

Pilot data collected in 2001 provided an estimate for our expected 
size of individuals: mean mass = 8.7 g, mean SVL = 43 1 mm (N 
= 8). Our criterion for selecting individuals to carry the transmitter 
was adult animals 8.5 g. This follows the general rule that 
transmitters and assembly systems should not exceed 10% of total 
body mass (Richards et al. 1994). 

Neither the movements of the two leopard frogs around their 
environment, nor their appetites appeared to be affected by the 
assembly on frog 1. Both belted and non-belted frogs consumed 
crickets (7 and 8 crickets, respectively) and produced 
approximately equal amounts of waste (3 and 4 pellets, 
respectively), when housed together and separately. On 7 April, a 
small (2-3 mm) cut was found underneath the belt on frog 1. The 
assembly was removed and the cut cleaned. The assembly was 
not refitted. The leopard frog tolerated the belt assembly for 4 
wks, about 2x longer than I expected the batteries to last. It was 
not until the fourth week that there were any signs of abrasion. 
After the belt was removed, the wound healed within 2 days. 

In May we fitted 11 different wood frogs with transmitters (Table 
1, Fig. 1) at the field site. The smallest frog fitted was 8.5 g and 
the complete belt assembly with 22 beads weighed 0.73 g, 8.6% 
of the frog's mass. Of these, 5 frogs (3 M and 2 F) shed the belts 
soon after they were fitted 4 days) and 6 frogs retained the belt 
assembly from 7 to 30 days (mean = 21 days, males; 16 days, 
females). There is a relationship between mass and the number of 
beads needed for the belt (R 2  = 0.81) (Fig. 2), but there are too few 
data to build a reliable predictor. 

Animals were located 3 times daily (1200, 1800 and 2400 h), 
but inspected visually (for abrasions or problems with the belts) 
only once per 24 h period. In 4 of 5 cases the animals that shed 
their belt assemblies within 24 h of attachment were smaller than 
their counterparts that retained their belts of the same number of 
beads. Detectability of the transmitter signal was not related to the 
length of the whip antennae although transmitters varied in battery 
life (Table 2). All females fitted with belt assemblies were gravid 
and lost appreciable mass (0.9-4 g) over the course of the study 
after their eggs were deposited. Males either lost or gained minor 
amounts (± 1-1.5 g) except for one. This male retained the belt 
assembly for 22 days before any abrasions were noted. At that 
point, the belt was removed, the frog weighed and the small 
abrasion was treated with Bactine ®, and a second belt was attached. 
When the assembly was removed on 31 May, 10 days later, the 

FIG. 2. Mass of frog versus number of beads used in belt assembly (N = 
6: 3 females and 3 males). * This point represents 2 males. 
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TABLE 1. Animals that received radio transmitter belt assemblies, sex, SVL, mass, belt construction and length of time belt worn. 

Animal Frequency 
i.d. 

Sex SVL 
(mm) 

Initial 
mass 
(g) 

Final 
mass 
(g) 

Number 
of beads 
on belt 

Date 
transmitter 

attached 

Date 
transmitter 

removed/lost 

Reason 
transmitter 

removed/lost 

Number 
of days 

with belt on 

Number 
of 

locations 

212 164.048 M 8.5 22 7 May 8 May Shed by frog 1 2 

222 164.048 F 49 14 (gravid) 13.1 28 16 May 1 Jun Battery dead/ 
transmitter 
removed 

16 24 

233 164.143 F 47.8 10 23 22 May 28 May Battery dead/ 
transmitter 
removed 

7 6 

202 164.170 M 10.5 28 2 May 3 May Shed by frog 1 3 

214 164.170 F 44.3 15 (gravid) 11.0 9 May 23 May Battery dead/ 
transmitter 
removed 

15 22 

214 164.007 F 44.3 15 (gravid) 11.0 23 May 4 Jun Shed by frog 13 18 

221 164.007 F 13 (gravid) 29 16 May 17 May Shed by frog 1 1 

43 164.007 F 17.5 (gravid) 18 May 21 May Shed by frog 4? 1 

1811 164.085 M 41.9 10 10.5 22 4 May 20 May Battery dead/ 
transmitter 

not recovered 

15 30 

210 164.119 M 9.0 22 3 May 6 May Shed by frog 4 1 

55 164.248 M 43 10.5 11.0 22 1 May 22 May Battery dead/ 
transmitter 
removed 

22 4( ) 

55 164.119 M 43 11.0 8.5 22 22 May 31 May Battery dead/ 
transmitter 
removed 

8 I 	() 

53 164.207 M 43 9.5 9.5 25 1 May 21 May Battery dead/ 
transmitter 

not recovered 

19 

TABLE 2. Battery life of BD-2A transmitters, antennae length, and fate. 

Transmitter 
No. 

Frequency Battery life* 
(days) 

Antennae 
length: 

Original = 14 cm 
Modified = 9.5 cm 

Number of 
detections 

(= frog 
locations) 

Fate of 
transmitter: 

Received = R 
Lost = L 

70643 164.007 18 0 20 R 
70644 164.048 17 0 26 R 
70645 164.085 15 M 30 L 
70646 164.119 12 0 17 R 
70647 164.143 7 0 6 R 
70648 164.170 16 M 25 R 
70649 164.248 22 M 40 L 
70650 164.207 19 M 45 R 

* transmitter was turned off with magnet when not on frog. 
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frog had lost 2.5 g (23% of its mass determined on 22 May). 
Advantages to this system are its weight, flexibility in sizing, 

and low cost. Secondarily, the color can be adjusted easily for the 
target species given the wide variety of bead colors available. The 
belt also has the potential to tear away if the frog becomes entangled 
in vegetation, although this was not tested in the field. 

The weight of the assembly depends on the number of beads 
used in the belt. The difficulty in fitting the belt was in estimating 
the number of beads to use. The relationship between mass and 
number of beads serves as a rough guideline to determine the length 
necessary for the belt (Fig. 2). 

The process of assembling the belt system requires the use of 
tweezers or a fine needle to thread the beads. This can be a 
disadvantage when ambient air is cold enough to make numb hands 
an issue. Collars can be assembled before the field session, but a 
certain amount of fine-tuning when the frogs are captured should 
be expected. 

This belt assembly is recommended for relatively brief studies 
where long-distance movements are not expected. We found no 
frogs with skin irritations or abrasions during the first three weeks 
of this study. 

Acknowledgments.—I thank Rocky Mountain National Park for research 
support, Dale Crawford for artwork, Mica Steele, Suzanne Rittmann, Sarah 
Street and Rick Scherer for material suggestions. Rick Scherer offered 
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To clarify the status of an endangered species, it is necessary to 
estimate population size. Blaustein et al.(1994) recommended mark 
and release as the best method for assessing populations. Toe clip-
ping is commonly used as a mark-recapture method for mammals, 
reptiles, and amphibians (Demaynadier and Hunter 1998; Dole 
1965; FitzGibbon 1997; Lips 1998; Loredo and Van Vuren 1996). 
However, Clarke (1972) found the probability of recapture de-
creases as the number of toes removed increases in Bufo 
woodhousei fowleri. Golay and Durrer (1994) marked 96 Bufo 
calamita and found that 12 out of 66 recaptured animals had in-
fections arising from toe-clipping. Lemckert (1996) pointed out 
that generalities about the effects of toe-clipping on anurans are 
difficult to make. Because of these problems we regarded the toe-
clipping method as unsuitable for endangered species. 

Recently, a photographic technique that identifies individuals 
from their spot pattern has been used for spotted salamanders, 
Ambystoma maculatum (Loafman 1991), and leatherback turtles, 
Dermochelys coriacea (McDonald et al. 1996). This technique 
has several advantages, as the animals are not injured, the tech-
nique is easy to use, and it is inexpensive (Doody 1995). There-
fore, this method should be useful for endangered populations. 

The Japanese Environment Agency recognized the daruma pond 
frog, Rana porosa brevipoda, as a threatened, vulnerable species 
in 1997. Moreover, the Forestry Department, Hiroshima Prefec-
ture Office, recognized Rana porosa brevipoda which live in 
Hiroshima as an endangered species in 1995. In the Hiroshima 
prefecture, R. p. brevipoda occurs only in a few sites, where the 
population was reduced by conversion of its habitat to new rice 
paddy fields. A population that was reintroduced after the recla-
mation of the rice paddies is being monitored (Okochi et al. 1997). 
To avoid hurting the frogs, Okochi et al.(1997) used direct counts 
of individuals in fields as an index of population size. However, 
this method is unlikely to provide an accurate estimate. To solve 
this problem, we estimated the population size by photographic 
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identification of individuals, and compared this estimate to that of 
the direct count. 

The study was carried out in rice fields in Kisa Town, Hiroshima 
prefecture, southern Japan (132°59'E, 34°42'N). The study site is 
a typical rice paddy in a drainage basin, and contains many rod-
row plots surrounded by levees and concrete ditches. The site is 
dry from harvest in September until planting in May. On 4 and 11 
October 1998, after reaping, seven to eight people walked through 
the study paddies and searched for Rana porosa brevipoda under 
the rice straws in each rice rod-row plot. Some of us have studied 
this species since the 1980s, and confirmed that the dot pattern 
does not change over several days. Because individual frogs have 
a distinctive pattern of black dots on the body, the pattern can be 
used to identify individual frogs. The pattern on each frog was 
photographed from three sides (the right and left flanks, and the 
back) and the individual was then released back into the rice paddy 
where it was captured. After these field surveys, we checked the 
pictures directly three times, and identified recaptured frogs. Each 
of the tests were evaluated entirely by different people, and each 
of their estimation from the photographs corresponded to the other. 

We found 76 froglets on 4 October and 114 froglets and 6 adults 
on 11 October. Fourteen froglets were recaptured on the second 
occasion. Of these, nine were recaptured in the same paddy rod-
row plot as in the first survey, three were found in the adjacent 
plot, and two were found two plots away from the original site. 
No recaptured frogs crossed the 30-40 cm deep concrete ditches 
in the fields (Fig. 1). This suggests that the concrete ditches might 
be barriers for froglets. Therefore, the number of young frogs in 
each group of rice plots enclosed by concrete gutters was calcu-
lated separately using the simple average and Bailey's estimate 
(Donnelly and Guyer 1994). 

Bailey's estimate = 

(Froglets captured on 4 Oct ) (froglets captured on 11 Oct +1) 

(Recaptures +1) 

For three groups of rice paddies, the simple average of the direct 
count on the two survey days was 19.5, 49.5, and 26 froglets and 
the overall average was 95. The estimated populations were 133.3 
± 61.5, 197.8 ± 52.3, and 232 ± 109.9 (± 1SE). The total estimated 
population was 563.2, which is 5.9 times larger than the simple 
average. 

The photographic technique was used successfully to recognize 
individual R. p. brevipoda by their spot patterns and thus to esti-
mate population size. We found 196 uniquely-patterned individual 
frogs. Such a population-size difference means that the true popu-
lation may be bigger than estimates based on a direct count. Be-
cause the spot pattern of R. p. brevipoda changes with growth, the 
photographic technique is only useful for identification in the short 
term, and how long it is effective has not yet been determined. 

It is important to determine the results of conservation efforts 
and to develop better conservation programs. We believe that this 
photographic identification technique based on spots is suitable 
for monitoring endangered populations. 
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Concern over the decline and loss of amphibian populations has 
lead to repeated calls for 1) routine long-term monitoring of 
amphibian populations and 2) more detailed studies of their 
autecology (Alford and Richards 1999; Blaustein et al. 1994c; 
deMaynadier and Hunter 1995; Pechmann and Wilbur 1994). These 
approaches are complementary because long-term data are 
necessary to unambiguously identify unusual declines, and detailed 
species-specific knowledge of life history, behavior, and population 
ecology is needed to identify the causes, likely outcomes, and 
means by which such declines might be mitigated should they 
occur (Alford and Richards 1999; Blaustein et al. 1994c). Detecting 
trends in amphibian populations is notoriously difficult because 
annual recruitment is highly variable, and the distribution of 
individuals fluctuates seasonally as breeding aggregations form 
and microhabitat availability changes (Alford and Richards 1999; 
Pechmann et al. 1991). Also, many, perhaps most, amphibian 
populations persist because of metapopulation dynamics, and 
temporary local stochastic extinctions might be common (Alford 
and Richards 1999; Blaustein et al. 1994c). Furthermore, a 
population might be a reproductive source or sink, but its status in 
any particular year unpredictable and ephemeral (Hanski 1999; 
Pulliam 1988). A site with apparently suitable habitat but lacking 
a particular species might represent a temporary local extinction, 
a disruption of metapopulation dynamics, may have never been 
occupied because of its isolation, or might be deficient in some 
essential combination of resources and conditions. 

One approach to resolving these problems is to use historical 
records as a baseline for comparison with current patterns of 
distribution and abundance (e.g., Corn et al. 1989; Drost and Fellers 
1996; Fisher and Shaffer 1996). Historical records are typically 
limited in scope. However, when combined with knowledge of 
specific human-induced alterations of habitat they can help identify 
declines and extinctions, focus monitoring and research efforts, 
and suggest which actions might be effective in restoring 
populations and preventing additional losses. Here we report on a 
local extinction of the western toad, Bufo boreas, at a relatively 
undisturbed site on southern Vancouver Island, British Columbia, 
Canada. Based on field notes and other information, this site 
supported a population of B. boreas in the 1970s, but no toads  

have been seen since 1983, despite intensive searching in 1997-
2002. The reasons for this loss are unknown, but the introduction 
of exotic fish and habitat fragmentation may have been contributing 
factors. Although there is abundant evidence that population 
declines and local extinctions of B. boreas have occurred 
throughout much of the southern part of its range (see below), this 
is the first such report from Canada. 

Of the several amphibian species that have suffered population 
losses or declines in western North America, the Western Toad, B. 
boreas, represents one of the most dramatic and best-documented 
examples (Corn 1994). Corn et al. (1989) failed to find B. boreas 
at 49 of 59 (83%) historical sites in Colorado and Wyoming in 
1986-1988, although toads were found at two sites where they 
had not been recorded previously. Carey (1993) reported that 11 
populations of B. boreas disappeared between 1974 and 1982 in 
central Colorado. Other surveys in Colorado found fewer 
populations than existed previously (Corn 1994; Corn and Vertucci 
1992), and the elevational range of breeding sites appears to have 
been reduced in Colorado and Wyoming (Livo and Yeakley 1997). 
Olson (1992) described declines of two B. boreas populations in 
the Oregon Cascades, and Blaustein and Olson (1991) described 
mass mortality of toad eggs at a third site. In Yosemite National 
Park, surveys in 1915 and 1919 described B. boreas as "exceedingly 
abundant," but only small numbers were found in 1992, and of 
eight historical sites, B. boreas was found at only one (Drost and 
Fellers 1996). Similarly, Fisher and Shaffer (1996) described the 
decline of B. boreas in California's Central Valley. Disease, habitat 
modification, susceptibility to UV radiation, acid precipitation, 
and predation have been suggested as possible causes for these 
declines, but unequivocal evidence is lacking (Blaustein et al. 
1994a,b; Carey 1993; Corn and Vertucci 1992; Olson 1989). 
Despite these reports from the United States, there are no published 
reports of population trends of B. boreas in Canada. 

Jordan Meadows (48°34'N, 123°53'W) is an undisturbed 
marshland adjacent to Weeks Lake (elevation 518 m), ca. 40 km 
NE of Victoria, British Columbia. These extensive wetlands (ca. 
0.5 x 4.5 km) support abundant wildlife and are dominated by 
plants typical of marshlands on southern Vancouver Island, 
especially hardhack (Spiraea douglasii) and Labrador tea (Ledum 
groenlandicum). Jordan Meadows proper appears to be 
undisturbed, and the forest immediately surrounding the meadows 
was uncut until 1999. However, an extensive network of logging 
roads exists throughout the area, and logging activities and clearcuts 
are common Recent (1999) logging has extended to the edge of 
the meadows. 

From 1975 to 1979, one of us (PTG) saw 1-5 B. boreas on each 
of 16 visits he and his companions made to Jordan Meadows (July 
1974: 1 visit, 3 h; May—July, 3 visits, 14.5 h; June—September 
1976, 2 visits, 3.75 h; April—September 1977, 7 visits, 12.8 h; May—
September 1978, 3 visits; 13.4 h; April—June 1979, 3 visits; 8.2 h; 
total search effort: 19 visits, 53 h). During this period, toads were 
found at the rate of at least 0.8 toads h 1 . Toads were found in the 
meadows proper and in forested upland areas near the meadows. 
From 1980 to 1994, fewer visits were made to the meadows (5 
visits, 6 h), and during this period, only one juvenile toad was 
found. 

Despite intensive daytime searching in Jordan Meadows in 
1997-2001, including monitoring six pitfall traps in 1997, no toads 
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were seen. TMD and assistants used visual encounter surveys 
(Heyer et al. 1994), walking back and forth across meadows and 
making thorough searches of the margins of streams and ponds. 
We also searched small ponds and streams for tadpoles and looked 
for toads basking on logs. We searched the same areas where PTG 
found toads in the 1970s, but the search effort in 1997-2002 was 
much more intensive (April-August 1997: 11 visits, 38.5 h; May-
July 1998: 7 visits, 19 h; May-August 1999: 6 visits, 14.3 h; May-
July 2000: 3 visits, 13.5 h; May-July 2001: 3 visits, 6:6 h; June-
July 2002: 2 visits, 4.3 h; total search effort: 32 visits, 96.1 h). 
Furthermore, toad sightings in the 1970s were incidental to searches 
for garter snakes (Thamnophis spp.), whereas the searches in 1997-
2002 were focused on amphibians, particularly B. boreas. Egg 
masses and larvae of the northwestern salamander (Ambystoma 
gracile), Pacific treefrog (Hyla regilla), and red-legged frog (Rana 
aurora) were common in 1997-2002, and adult H. regilla and R. 
aurora were seen frequently. 

Weeks Lake (0.4 lure surface area) is the main water source for 
Jordan Meadows and was probably the primary reproductive site 
for the Jordan Meadows B. boreas population. In 1971, Oliver 
(1973) observed "several dozen" amplexing pairs of B. boreas in 
Weeks Lake. This lake has been stocked with about 1000 rainbow 
trout (Oncorhynchus mykiss) each year since 1984 (L. Friis, pers. 
comm.). 

From 1997 to 2002, we searched the entire shoreline of Weeks 
Lake by boat on 22 separate occasions (total search time: 14.6 h). 
We scanned logs and the water for adult toads, and looked for 
tadpoles in shallow water. No B. boreas were seen, but other 
amphibians were common, especially the rough-skinned newt 
(Taricha granulosa) and R. aurora. Also, when conditions appeared 
to be favorable for toad activity, we searched along logging roads 
in the vicinity of Weeks Lake by motor vehicle on three nights in 
1998 and one night each in 1999 and 2002 (total search time: 8.03 
h). Again, no toads were seen, but other amphibians were common. 
In contrast, toads were routinely found using this method at another 
site 15 km east of Jordan Meadows (TMD, unpubl. data) 

Because B. boreas is likely to exhibit dramatic year-to-year 
population fluctuations typical of r-selected species, it is important 
to continue to monitor Jordan Meadows to distinguish between a 
true local extinction and a temporary decline due to routine natural 
population fluctuations. Despite this caveat, our searches in Jordan 
Meadows suggest that recovery of this population is highly unlikely 
without recolonization and there are no known source populations. 
We do not know whether this extinction occurred because of adult 
mortality, failure of recruitment, or both, so it is difficult to assign 
causation. However, terrestrial habitat loss, road mortality, acid 
precipitation and chemical pollution are unlikely causes because 
the area has experienced little disturbance until recently. The 
introduction of exotic pathogens, either as a consequence of the 
introduction of rainbow trout to Weeks Lake or other human 
activities, is a more likely explanation. 

Salmonid species probably are not responsible for declines of 
toad populations directly because B. boreas tadpoles are 
unpalatable to them (Drost and Fellers 1996; Kiesecker et al. 1996). 
However, these fish are highly susceptible to an oomycete 
pathogen, Saprolegnia spp., which can be introduced into lakes 
and ponds during fish stocking (Kiesecker and Blaustein 1997). 
The pathogen can either be reintroduced with each stocking or  

can become established as the result of a single stocking event. 
Infection of toad eggs and developing embryos by Saprolegnia 
spp. can cause significant embryo mortality (Blaustein et al. 1994b; 
Kiesecker and Blaustein 1997; Kiesecker et al. 2001b). The 
infection rate is increased by higher levels of UV radiation, to 
which B. boreas eggs are susceptible (Blaustein et al. 1994a,b; 
Kiesecker and Blaustein 1995; Kiesecker et al. 2001a). There are 
no other exotic vertebrate species known from this area, so 
synergistic effects as the result of multiple exotic species are 
unlikely to have occurred (e.g., Kiesecker and Blaustein 1998). 
Avoidance of introduced fish by tadpoles could have some negative 
effects on tadpole growth and development, although such behavior 
in B. boreas has not been investigated systematically. However, 
even if avoidance behavior does occur, it is unlikely to result in 
significant mortality or decreased growth rates because the 
preferred tadpole microhabitat is in shallow shoreline areas devoid 
of fish (TMD, pers. obs.). 

Another possible cause of the extinction at Jordan Meadows is 
the introduction of bacterial or fungal diseases into the adult 
segment of the population. Populations of B. boreas in Colorado 
are thought to have disappeared as the result of infection with 
Aeromonas hydrophila, the bacterium that causes red-leg disease 
(Carey 1993). Other closely related species of Bufo are subject to 
a variety of fatal fungal infections, some of which have only 
recently been identified (Berger et al. 1998; Carey 2000; Carey et 
al. 1999; Taylor et al. 1999a,b,c,d). However, there is no direct 
evidence of any epidemic disease at Jordan Meadows, and whether 
or not such an epidemic occurred at this site is unknown. 

The extinction at Jordan Meadows may be part of an overall 
decline of B. boreas on Vancouver Island. From 1995 to 1999, 
TMD failed to find B. boreas in lakes near Victoria, British 
Columbia for which there are historical museum specimens. 
Similarly, extensive amphibian surveys of lakes in the greater 
Victoria region in 1998-1999 failed to detect B. boreas (P. 
Govindarajulu, pers. comm.). Individual toads, dispersing 
metamorphs, and small schools of tadpoles were found in the 
Greater Victoria Watershed (GVW) in 1997-1999, 30 km NW of 
Victoria near Sooke Lake (48°34'N, 123°40'W), but GVW 
employees recall much denser breeding aggregations in the past. 

Given the decline of this species in the southern part of its range, 
these observations from Vancouver Island highlight the need to 
assess and routinely monitor extant, apparently robust, populations 
of B. boreas. Although B. boreas is common at many locations in 
British Columbia, we have few data on the location of populations, 
their spatial distribution, or the numbers of individuals within 
populations. Without this information we are unlikely to detect 
population trends of B. boreas, or to identify the causes of local or 
regional extinctions. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 
34, Number 1 (March 2003). 

CAUDATA 

AMBYSTOMA GRACILE (Northwestern Salamander). EGG 
PREDATION. Northwestern salamanders (Ambystoma gracile) 
share breeding ponds with roughskin newts (Taricha granulosa) 
throughout their ranges in the Pacific Northwest, USA (Nussbaum 
et al. 1983. Amphibians and Reptiles of the Pacific Northwest. 
Univ. Idaho Press, Moscow. 353 pp.). Taricha granulosa and 
closely related California newts (T torosa) are known to prey 
extensively on aquatic amphibian eggs, including those of 
conspecifics, foothill yellow-legged frog (Rana boylii), and Pacific 
treefrog (Pseudacris regilla) (White 1977. Northwest Sci. 51:114-
118; Evenden 1948. Copeia 1948:219-220; Kats et al. 1992. 
Herpetol. Rev. 23:7-8). However, to my knowledge there are no 
published observations of field predation by Taricha on A. gracile 
eggs, nor reports of A. gracile eggs in Taricha stomach contents. 
Herein, I report a field observation of attempted egg predation by 
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T granulosa on an A. gracile egg mass in the Willamette Valley, 
Oregon. 

On 28 Feb 2002, I observed a mature male T granulosa (ca. 65 
mm SVL, 155 mm TL) swimming around an A. gracile egg mass 
in a semi-permanent pond on the W. L. Finley National Wildlife 
Refuge, 15 km S of Corvallis. The egg mass was an elongated 
globe ca. 7 cm diam x 13 cm height attached to a submerged 
spikerush (Eleocharis sp.) in ca. 60 cm of water, which is a typical 
oviposition site for A. gracile in this region. During 15 min of 
observation, the T granulosa repeatedly propelled itself against 
the egg mass nose-first, continually adjusting its location around 
the periphery of the mass. I did not observe the T granulosa 
gleaning items off the egg mass surface, and it did not appear 
affected by the presence of the observer. The T granulosa was 
observed swimming away from the egg mass after all apparent 
attempts to penetrate the mass failed. 

The heavy gelatinous matrix of A. gracile egg masses is known 
to allow embryos to survive exposure to air associated with 
receding water levels (Marco and Blaustein 1998. Herpetol. J. 
8:207-211). These field observations suggest that an additional 
benefit of the heavy gelatinous matrix of A. gracile egg masses 
may offer protection from their oophagous pond associate, T 
granulosa. 

This study was funded by the USEPA as part of an interagency 
agreement between the Environmental Protection Agency and the 
USGS Biological Resources Division. Reviews by R. B. Bury and 
R. Hoffman improved this manuscript. 

Submitted by CHRISTOPHER A. PEARL, USGS Forest and 
Rangeland Ecosystem Science Center, 3200 SW Jefferson Way, 
Corvallis, Oregon 97331, USA; e-mail: 
christopher_pearl@usgs.gov.  

AMBYSTOMA MACULATUM (Spotted Salamander) and RANA 
SYLVATICA (Wood Frog). HABITAT. Regular extinction and 
recolonization in well-defined habitat patches, small relative to a 
matrix of lesser quality, are distinguishing characteristics of 
metapopulations (Hanski 1997. In Tilmand and Kareiva [eds.], 
Spatial Ecology: The Role of Space in Population Dynamics and 
Interspecific Interactions, pp. 21-45. Monographs in Population 
Biology 30, Princeton, New Jersey). For vernal pool-breeding 
amphibians, such as Rana sylvatica and Ambystoma maculatum, 
the patch consists of the breeding pool itself and the surrounding 
forest. These appear to be rarely unoccupied (Marsh and Trenham 
2001. Cons. Biol. 15:40-49). We report on what seems to be an 
empty patch: a peninsular area with apparently suitable upland, 
several pools having optimal hydroperiod, and no evidence of 
breeding by wood frogs or spotted salamanders. The neighboring 
mainland has almost 90% pool occupancy and 100% occupancy 
of all optimal hydroperiod pools randomly surveyed. For 
comparison we describe a similar peninsular land mass farther 
north along the coast that does maintain breeding populations of 
these two species. 

Two land masses connected to the mainland by causeways in 
coastal Maine have, by chance, been included in intensive studies 
of pool-breeding amphibian species: Biddeford Pool ("the Pool") 
(N43°26.76', W70°20.67), and Sears Island (N44°26.66', W68° 
52.88'). The land masses are remarkably similar in size and  

connection to the mainland. Biddeford Pool (100 ha) is 1.4 km 
from the mainland. Sears Island (380 ha) is 0.80 km from the 
mainland. Sears Island was historically connected to the mainland 
by a sandbar that emerged twice daily at mid to low tide. A 
causeway and paved road were built in 1984. Biddeford Pool has 
a causeway of dune and marsh on which a road was recorded in 
1803. It was improved in the 1920s and now is paved, connecting 
a year-round human community to the mainland. The Pool was 
settled in the 1600s. Prior to the 1930s Sears Island was used for 
timber harvesting and grazing, and has been largely uninhabited 
since then. The most significant difference between the two land 
masses for amphibian population dynamics appears to be the 
greater historical and current human use of the Pool. 

Evidence collected during the spring and summer of 2002 
strongly indicates that Biddeford Pool has no breeding by wood 
frogs or spotted salamanders, even though it has at least four 
suitable breeding sites and about 20 ha of the forest is undeveloped. 
The Pool does support breeding by green frogs (Rana clamitans). 
Occupancy was determined by multiple searches for egg masses 
and breeding animals, and larval trapping using minnow traps, 
April–August. 

Ninety-three randomly selected vernal pools surveyed on the 
mainland adjacent to Biddeford Pool revealed that 88% of them 
were used for breeding. Those not used were at the shortest end of 
the hydroperiod—small, shallow pools (R. Baldwin, unpubl. data). 
However, 4 pools of the 6 identified by 1:12000 aerial photo 
interpretation on Biddeford Pool were visited 4 times during the 
season, from egg-laying to metamorphosis, and only breeding green 
frogs were detected, indicating that the land mass is devoid of 
wood frogs and spotted salamanders. The Pool pools were long-
hydroperiod temporary pools (mean 140 days from egg laying). 
On the mainland the density of wood frog (Pearson's r = .269) and 
spotted salamander (r = .507) egg masses increased with 
hydroperiod (N = 93, a = .05). Based on these mainland trends, if 
these animals were present on the Pool, one would expect them to 
be breeding in the pools surveyed. 

In contrast, Sears Island maintains significant breeding 
populations of wood frogs and spotted salamanders, as well as 
green frogs. Amphibian sampling was conducted at three created 
pools on the island from 1999 to 2002 using 100% enclosure drift-
fences and pitfall traps. Adults of all three species bred in each 
pool, with thousands of wood frog and hundreds of green frog and 
spotted salamander juveniles produced in most years (D. 
Vasconcelos, unpubl. data). A survey in 1975 documented the pre-
causeway presence of wood frogs and spotted salamanders on the 
island. 

In conclusion, it appears that there is an empty patch for pool-
breeding amphibians on the coast of Maine—Biddeford Pool. 
However, given the presence of pool-breeding amphibians on Sears 
Island, a land mass of similar size and orientation to the mainland, 
it seems unlikely that unoccupied patches are a common 
occurrence. All pools with optimal hydroperiod in the sample on 
the mainland adjacent to the Pool are used intensively for breeding 
by wood frogs and spotted salamanders. It seems that the same 
would be true in the Pool, if the area were occupied. It is not 
surprising that the animals have been unable to colonize or 
recolonize the patch by walking down a busy road with ocean and 
bay on either side. However, the mainland is fully occupied and, 
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as Sears Island shows, similarly isolated land masses can and do 
have breeding populations. 

Submitted by ROBERT F. BALDWIN and DANIEL 
VASCONCELOS, Department of Plant, Soil and Environmental 
Sciences, University of Maine, Orono, Maine 04469, USA; e-mail 
(RFB): rob_baldwin@umenfa.maine.edu . 

PLETHODON CINEREUS (Eastern Red-backed Salamander). 
CANNIBALISM. It has been hypothesized that the risk of adult 
cannibalism of juveniles is an important force affecting the 
socioecology of some plethodontid species (Jaeger and Forester 
1993. Herpetologica 49:163-175; Camp and Lee 1996. Copeia 
1996:78-84; Jaeger et al. 1995. Ecology 76:533-543). However, 
evidence of cannibalism by plethodontids is limited, particularly 
in wild populations. It is hypothesized that juvenile red-backed 
salamanders, Plethodon cinereus, reside within the territories of 
related adults (presumably their parents) in part to reduce the risk 
of cannibalism from other adults (Jaeger and Forester 1993, op. 
cit; Jaeger et al. 1995, op. cit.). Adult cannibalism of juvenile P 
cinereus has been reported in staged laboratory encounters 
(Bachmann 1984. Herpetologica 40:436-443; Wareing 1997. 
Honor's Thesis, State Univ. New York at Binghamton, Binghamton, 
New York); however, in published studies that summarized 
thousands of P. cinereus diets there is not a single report of 
cannibalism. Prior to this report, the lead author had sampled 
thousands of adult P. cinereus diets from 20 sites in New York and 
Pennsylvania, through all seasons, and under a variety of 
conditions, and never found a single event of cannibalism. 

On 9 May 2001, within 24 h of rain, we conducted a routine 
survey of artificial coverboards at a long-term mark-recapture study 
site in Syracuse, New York. During the survey we collected diet 
samples from 52 P cinereus by stomach flushing (sensu Fraser 
1976. Ecology 57:459-471). We recovered a juvenile P cinereus 
from the stomach of an adult male conspecific. The juvenile was a 
striped morph 11 mm in length between the fore and hind limbs 
(could not determine SVL because of state of digestion), which 
indicates the juvenile was a young of year that hatched in August 
2000. The head of the juvenile was almost completely digested, 
and the forelimbs were partially digested with all the skin gone. 
From mid-trunk posteriorly the animal was slightly digested with 
most of the skin intact and the stripe clearly visible except the 
juvenile's tail was detached and well digested. This suggests that 
the male attacked once, causing the juvenile's tail to autotomize. 
After the male consumed the tail, he attacked the juvenile a second 
time, apparently toward the head, and swallowed the juvenile 
headfirst. 

The male that consumed the juvenile was a lead morph, 39 mm 
SVL, reproductively active, and a recurring resident under the 
coverboard. We captured him under the same board on 18 April, 
26 April, 9 May, and 27 July 2001. On 9 May, the day we recovered 
the cannibalized juvenile from the male, we also found another P 
cinereus young of year and a 35 mm SVL, immature P cinereus 
under the same coverboard. In addition to the juvenile P. cinereus, 
the male's stomach contained a centipede (1.46 x 0.67 mm), an 
isopod (1.83 x 1.28 mm), a small dipteran (1.55 x 1.01 mm), and 
part of an earthworm (4.66 x 0.94 mm). The number and volume 
of prey in the male's diet was normal to above average (Maerz  

2000. Ph.D. Diss., State Univ. New York at Binghamton, 
Binghamton, New York). Based on the amount of other prey in 
the male's stomach and that the sample was collected within 24 h 
of rain when access to prey is generally not limited for P. cinereus 
(Jaeger 1980. Oecologia 44:335-341), it is unlikely that the male 
was food-limited at the time he cannibalized the juvenile. 

Our observation of adult P cinereus cannibalism of a juvenile 
in a wild population is the first such observation of which we are 
aware. Because the diets of P. cinereus have been studied 
extensively, it is unlikely that the rarity of cases of cannibalism in 
wild populations is the result of limited observation. Rather, it is 
likely that behavioral adaptations reduce the real occurrence of 
cannibalism in the wild. Adult P. cinereus can identify (probably 
chemically) and avoid cannibalizing their own offspring (Jaeger 
et al. 1995, op. cit.; Waering 1997, op. cit.; Wareing 1998. Master's 
Thesis, State Univ. New York at Binghamton, Binghamton, New 
York), and some juvenile P cinereus can use chemical cues to 
avoid unrelated adults and their territories (Wareing 1997, op. cit.; 
Forester and Anders 2000. In Bruce et al. [eds.], The Biology of 
Plethodontid Salamanders, pp. 407-416, Kluwer Academic/ 
Plenum Publishers, New York). Our observation shows that 
cannibalism does occur in wild P cinereus populations, and, though 
such observations are rare, when considered in the context of 
laboratory studies, supports the hypothesis that cannibalism is a 
force shaping P cinereus social behaviors. 

Submitted by JOHN C. MAERZ and JEREMIAH M. 
KARUZAS, Department of Natural Resources, Cornell University, 
Ithaca, New York 14853-3001, USA; e-mail (JCM): 
jcm63@cornell.edu . 

PLETHODON ELONGATUS (Del Norte Salamander). 
FEMALE-FEMALE AGGRESSION. Behavioral aggression 
appears to be widespread among terrestrial plethodontid 
salamanders (Jaeger and Forester 1993. Herpetologica 49:163-
175; Maerz and Madison 2000. In Bruce et al. [eds.], The Biology 
of Plethodontid Salamanders, pp. 395-405. Kluwer Academic/ 
Plenum Publishers, New York), however this behavior has not been 
reported for Plethodon elongatus. In this paper we report a field 
observation of two P elongatus found under an 18 cm rock; the 
two salamanders ("A" and "B") were twisted around and biting 
one another. Animal A was biting animal B's tail, while in turn B 
was biting A's trunk at midbody. This observation was made on 5 
Nov 2000 under weather conditions optimal for surface activity 
(9.5°C air temp, 10°C soil temp, and 82% relative humidity). Both 
individuals appeared to be adult females (by their short and swollen 
tails, swollen bodies, and rounded snouts) and both released one 
another after being disturbed. Closer examination revealed fresh, 
non-lethal, surface wounds at the bite locations on both animals. 
This observation of aggressive biting in P elongatus occurred 
within the courtship season for this species and is consistent with 
the period of increased aggressiveness seen in P cinereus (Livezey 
1959. Herpetologica 15:41-42; Stebbins 1962. Amphibians of 
Western North America. Univ. California Press, Berkley and Los 
Angeles, California. 539 pp.; Welsh and Lind 1992. In McCullough 
and Barrett [eds.], Wildlife 2000, pp. 419-437. Elsevier Applied 
Science, New York). 
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ACRIS CREPITANS BLANCHARDI (Blanchard's Cricket Frog). 
BEHAVIOR. Acris crepitans blanchardi is a common inhabitant 
of permanent bodies of water in the midwestern USA where it is 
associated with many terrestrial ambush predators such as bullfrogs 
and leopard frogs and aquatic predators such as fish. During early 
February 2002 in a non-farm pond near Pella, 45 miles SE of Des 
Moines, Iowa, I observed 3 individual A. c. blanchardi leap from 
hidden basking sites into 10-11°C water containing much recently 
shed and floating cattail (Typha) litter. Each frog initially landed 
on a piece of cattail litter, gradually sliding off during shoreline 
wave action and then floating freely. The frogs assumed a rigid 
body posture with knees held distally. Air bubbles adhered to each 
frog's dorsal bumps making each buoyant. Over a time span of ca. 
5 minutes the bubbles gradually detached from the frogs. Each 
frog remained static as it sank, becoming briefly active on contact 
with submerged spikerush (Eleocharis). Frogs grasped the 
spikerush and remained static for ca. 20 minutes. Cricket frogs 
away from cattail litter dove directly to the bottom and clasped 
vegetation, remaining static for 17 to 23 minutes. Neither of these 
responses matches the shoreline orientation escape strategy as it 
is described for A. crepitans (Stebbins and Cohen. 1995. A Natural 
History of Amphibians. Princeton University Press, Princeton, New 
Jersey). The floating cryptic and direct diving behaviors were no 
longer seen by spring when all cattail litter was submerged and 
decaying, and when water temperatures reached 18°C. By that time 
all cricket frogs followed shoreline orientation strategy. The 
floating behavior appears to be associated with cool water 
temperatures and the presence of floating cattail litter. 

Submitted by STEPHEN R. JOHNSON, Division of Health 
and Life Sciences, William Penn University, Oskaloosa, Iowa 
52577-1799, USA. 

ATELOPUSVARIUS (Harlequin Frog). FUNGAL INFECTION. 
The chytrid fungus Batrachochitryium dendrobatidis (Longcore 
and Nichols 1999. Mycologia 91:219-227), which affects the 
amphibian integument, has been associated with mass mortality 
in amphibian populations around the world (Berger et al. 1998. 
Proc. Natl. Acad. Sci. USA 95:9031-9036). Previous studies have 
found the fungus in tissues of Atelopus specimens collected in 
Panama (Lips 1999. Cons. Biol. 13:117-125), close to the Costa 
Rican border. 

I examined specimens ofAtelopus varius collected in Costa Rica 
from the Museum of Zoology at the University of Costa Rica. 
This species was previously widely distributed in Costa Rica, and 
it is well represented in the collection. It has been found infected 
in Panama, near the Costa Rican border, but the genus Atelopus 
(Bufonidae) now seems to be extinct in Costa Rica, where it was 
represented by four species (F. Bolafios, pers. comm.). 

A small (ca. 1 cm') section of the skin in the groin area was 
removed, and processed for histological examination. After paraffin 
embedding, 3-4 mm sections were stained with hematoxylin and  

eosin. I examined 37 A. varius specimens, 14 collected between 
1990 and 1996, 16 collected between 1986 and 1988, and 6 
collected between 1979 and 1985. Two were infected. The first 
infected specimen was collected in 1992, already dead and dried 
out, in Rivas, San Isidro del General (UCR 11403) in the Talamanca 
Mountain Range. Many sporangia were present. This was the only 
specimen used in this study that was not alive when collected, and 
a second individual found in a nearby area was alive and clear of 
infection. These were the only specimens ofAtelopus varius located 
on an expedition in the southern part of Costa Rica in 1992 (H. 
Prohl, pers. comm.). The second individual is from San Ramon, 
Sarapiquf in the Cordillera Central Mountain Range (UCR 13303); 
it was collected in 1986. Only a small focal infection with few 
sporangia was present. 

These data demonstrate that a potentially harmful fungus has 
been present in Costa Rican Atelopus varius since at least 1986. 
Further research will be needed to determine its possible impact 
on the local amphibian communities. 

This study would not have been possible without the help of 
Idea Wild, Lee Berger, Maria del Carmen Obando, Joyce Longcore, 
Ana Victoria Lizano, Federico Bolafios, William Eberhard, and 
the Pathology Department of the National Children's Hospital of 
Costa Rica. 

Submitted by ROBERT PUSCHENDORF, 3824-1000 San 
Jose, Costa Rica; e-mail: rpuschen@biologia.ucr.ac.cr.  

BUFO BUFO (Common Toad), ALYTES OBSTETRICANS 
(Midwife Toad), and RANA TEMPORARIA (Common Frog). 
TREE CLIMBING. No information on tree climbing activity in 
European anurans belonging to non-climbing families has been 
published. In July 2000 I observed numerous individuals utilize 
the tabular roots and low oak-trunks section of a centenary oakwood 
at the Natural Recreative Area of the Orgi Wood (42°57'N, 
1°40'W), a protected area in Lizaso, Navarra province (Northern 
Spain). Since then I have collected more than 200 observations of 
this climbing behavior. Bufo bufo (N = 129) reaches 39 cm average 
height, maximum height recorded 197 cm; Alytes obstetricans (N 
= 66) 34 cm average height, maximum height 135 cm; R. 
temporaria (N = 9) 14 cm average height, maximum height 30 
cm. The search for moisture on the epyphitic moss colonizing the 
tree bark may help explain this arboreal activity, as 79% of the 
anurans are observed on this moss or other substratum (AG, 
unpubl.). During the wet season (March to early June) the climbing 
activity observed was scarce. However, during the dry period 
(September—October), 72-82% of the climbing anurans observed 
were on the absorbent substrate. Thus, this climbing behavior could 
be related to searching for moisture when soil surface dries. 
Furthermore, these anurans repeatedly used the same trees, where 
they were recaptured over three months later. They are active all 
night, and at dawn seek shelter in burrows excavated at the base 
of the tree. 

Submitted by ALBERTO GOSA, Uztarroz, 42. 4° izqda., E-
31014 Pamplona, Spain. 

BUFO HOUSTONENSIS (Houston Toad). GROWTH. To 
determine behavior and development, emergent juvenile Bufo 
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houstonensis were followed during post-emergence at the Griffith 
League Ranch, Bastrop County, Texas, USA during the early 
summers of 2001 and 2002. The data for juveniles reported herein 
were collected from 12 March to 17 June 2001 and from 18 April 
to 25 June 2002. Observations were made in the morning (ca. 0700-
1000 h), weather conditions were generally hot and/or humid with 
occasional rain. 

Three Bufo houstonensis egg strands were each surrounded by 
three concentric aluminum fences placed 2 m, 5 m, and 8 m from 
the water line to capture juveniles upon emergence. Pitfall traps 
(2.5 L plastic paint buckets) were placed every 2 m along the fences. 
However, most juveniles were collected throughout the vegetation 
encircled by the traps rather than in the pitfall traps. Standard 
measurements were taken at the time of capture. Weight (WT) 
was measured to the nearest 0.001 g with an Acculab portable 
scale (model PP2060D). Snout—vent length (SVL), and head width 
(HW) were measured to the nearest 0.01 mm with 20 cm vernier 
calipers. Juvenile B. houstonensis were marked as a cohort, with 
each cohort receiving the same toe clip pattern. Juveniles were 
released 10 minutes after capture on the other side of the fence in 
which they were trapped in an attempt to determine movement 
and dispersal patterns. 

Over the 68-day period, 336 juvenile Houston toads were 
captured, measured, and marked with 509 recaptures during the 
same period. Because of the cohort marking, individual identity 
could not be determined and, therefore it is unknown how many 
times an individual was recaptured. 

Our data are compared with the results of work performed at 
the Houston Zoo (Quinn 1981. Final Report of the Captive 
Propagation/Release Program of the Houston Toad, Bufo 
houstonensis. Unpubl. Rept. to the U.S. Dept. of Interior, Fish and 
Wildlife Service, Office of Endangered Species. Submitted by 
Dept. of Herpetology, Houston Zoological Gardens. 51 pp.). Those 
data have not been published, however the authors have made those 
data available for these comparisons. Development of the Houston 
toad is poorly understood especially in the juvenile stage. Quinn 
and Mengden's (1983. Unpubl. ms.) summary of the measurement 
of Houston toad growth between 1981 and 1982 is one of the few 
data sets that can be compared in examining Houston toad 
development. However, those studies were performed in captive 
animals and thus may be only loosely comparable to results from 
the wild. 

The span of 68 days was broken up into three periods to 
determine a more exact growth rate. SVL was determined to be an 
important indicator for growth. For the first period (18 April-10 
May), SVL ranged from 7 to 14 mm (mean 8.6 mm; SD ± 1.28 
mm). For the second period representing a second cohort emerging 
from 11 May to 2 June, SVL ranged from 8 to 13 mm (mean 9.8 
mm; SD ± 1.59 mm). For the final cohort, during the period from 
3 to 25 June, SVL ranged from 8 to 19 mm (mean 13.4 mm; SD ± 
4.43 mm). 

Captive juveniles (Quinn and Mengden, op. cit.) were not 
significantly larger than the wild-caught B. houstonensis reported 
herein. At age 1.8 months the captive juveniles measured 9-13 
mm SVL (mean 11 mm; SD 1 mm); at 2.4 months 21-24 mm 
(mean 23 mm; SD 2 mm). Thus the growth rates determined in 
captivity (Quinn and Mengden, op. cit.) are very nearly those found 
for B. houstonensis in the wild. 

Body weight was also determined to be an important indicator 
of growth and development. Quinn (1981) did not measure weight 
until 11.4 months of age, and therefore weight measurements 
cannot be compared between the two studies. However, in the wild 
for the first period, mean weight was 0.084 g (SD ± 0.048 g) and 
average growth rate was 0.004 g/day; for the second period average 
growth rate was 0.006 g/day with a mean weight of 0.113 g (SD ± 
0.046 g). During the last period mean individual weight was 0.382 
g (SD ± 0.321 g) with an average growth rate of 0.019 g/day. 
Considerable variation was found among individuals over the time 
period for both size and weight within a cohort. 

Quinn (1981) determined that growth was most rapid during 
the first few weeks of life and then gradually declined as the toads 
reached adult size during the first year for males and second year 
for females. During the past two years, we have collected and 
observed juveniles during the first months of the year (Jan—Mar). 
This is important given the belief that breeding maturation can 
occur during the first year of life. Such parameters are critical for 
efficient population modeling of the species. 

We thank H. Quinn, G. Mengen, staff of the Houston Zoo, and 
J. R. Dixon for assistance in obtaining background information 
from captivity. We thank M. Gaston, T. Swannack, and T.L. 
Ahlbrandt for assistance in the field. This work was supported, in 
part, by a collaborative grant to MRJF from the United States Fish 
and Wildlife Service, Texas Parks and Wildlife Department, 
Southwest Texas State University, and the Capital Area Council-
Boy Scouts of America. Additional funding was provided by 
ALCOA, Inc. 

Submitted by KENSLEY L. GREUTER and MICHAEL R.J. 
FORSTNER, Department of Biology, Southwest Texas State 
University, San Marcos, Texas 78666, USA. 

BUFO OCELLATUS (Ocellated Toad). DIET. Bufo ocellatus 
occurs in Minas Gerais, Mato Grosso, Goias, and Para in Brazil 
(Frost 1985. Amphibian Species of the World. Allen Press, Inc. 
and Assoc. Systematics Collections. Lawrence, Kansas. 732 pp.). 
Aspects of the trophic ecology of this species have been little 
investigated in natural populations from central Brazil. We analyzed 
the stomach contents of 13 specimens (43.3 ± 4.3 mm SVL) 
collected during the Corumba I Hydroelectric Power Plant reservoir 
formation (17°59'S, 48°31'W), Caldas Novas municipality, Goias 
State, between Sept 1996 and April 1997. Although isolation of 
populations, and therefore variation in food resource availability 
may occur during reservoir formation (Paiva 1999. Conservacao 
da Fauna Brasileira. Ed. Interciencia. Rio de Janeiro. 260 pp.), 
these analyses indicated the most frequently taken prey items were 
Coleoptera (N = 16; 3.6%), Hemiptera (N = 2; 0.45%), 
Hymenoptera (N = 298; 67.1%, Formicidae), Isoptera (N = 124; 
27.9%), and miscellaneous (N = 3; 0.7% plant material; N = 1; 
0.2% stones). 

The volume of the items were: Coleoptera 418.4 mm 3, Hemiptera 
17.8 mm3, Hymenoptera (ants) 7045 mm 3• and Isoptera 4893.3 
mm3 . Coleoptera were present in nine stomachs, Hemiptera in one, 
Hymenoptera (ants) in thirteen, Isoptera in five, plant matter in 
three, and stones in one. The diet of the 13 B. ocellatus was 
dominated numerically and volumetrically by Hymenoptera 
(Formicidae). 
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BUFO PARACNEMIS (Cururu Toad). DIET. Although aspects 
of trophic ecology of Bufo paracnemis were discussed by some 
authors (Guix 1993. Rev. Esp. Herpetol. 7:65-73; Lajmanovich 
1995. Alytes 13:87-103; Dure and Kehr 1996. Herpetol. Rev. 
27:138), in natural populations of Cerrado region, Central Brazil, 
the diet has been little investigated. Stomach contents of 24 
specimens (males: N = 5, 134.5 ± 5.6 mm SVL; females: N = 19, 
114.25 ± 10.75 mm SVL,) collected between September 1996 and 
April 1997during the Corumba I Hydroelectric Power Plant 
reservoir formation (17°59'S, 48°31'W), Caldas Novas 
municipality, Goias State, were analyzed. The diet was represented 
most numerically and volumetrically by Formicidae. Table 1 
summarizes data collected during this study. 

DERMATONOTUS MUELLER! (Mueller's Narrow-mouthed 
Frog). DIET. Dermatonotus muelleri has a wide distribution in 
northern Argentina, Paraguay, southeastern Bolivia, and 
southeastern, central, and northeastern Brazil, from Maranhao State 
to Sao Paulo State (Frost 1985. Amphibian Species of the World. 
Allen Press, Inc. and Assoc. Systematics Collections. Lawrence, 
Kansas. 732 pp.; Silva et al. 2002. Herpetol. Rev. 33:144). We 
investigated the diet of 27 specimens (males: N = 15, 56.9 ± 4.0 
mm SVL; females: N = 12, 64.1 ± 10.9 mm SVL,) collected 23-
25 October 2000, in Minacu municipality (13°34'32"S, 48° 
06'94"W), Goias State, Central Brazil. The diet was composed of 
Hymenoptera and Isoptera; the following termites were identified: 
Nasutitermes kemneri, Constrictotermes cyphergaster, 
Cornitermes snederi, Grigiotermes sp., and Ruptitermes sp. 
Although other authors have reported ants and termites in the diet 
of this species (Cei 1980. Amphibians of Argentina. Monitore 
Zoologico Italiano [NS] Monog. 2:609; Norman and Naylor 1994. 
Amphibians and reptiles of Chaco Paraguayo. Ed. San Jose, 1:281), 
this is the first report of the diet from populations of the Cerrado 
region in central Brazil. 

TABLE 1. Prey consumed by Bufo paracnemis (N = 24) from Corumba I 
Hydroelectric Power Plant Reservoir, Brazil. 
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ELEUTHERODACTYLUS NOBLE! (NCN). 
REPRODUCTION AND PARENTAL CARE. The 
genus Eleutherodactylus contains ca. 600 species of New 
World frogs that comprise a substantial component of 
many neotropical herpetofaunas (Savage 2002. The 
Amphibians and Reptiles of Costa Rica. Univ. Chicago 
Press, Chicago, Illinois, 934 pp.). Although data on 
reproduction are lacking for most species, all species 
for which data are available are characterized by 
terrestrially-deposited eggs and direct development of 
the embryos. Most species exhibit parental care in the 
form of nest attendance by either the female or male. 
Few data on reproduction are available for members of 
the exclusively mainland subgenus Craugastor, and 
reproduction and parental care have not been described 
for any of the 11 species in the gollmeri species group. 
Eleutherodactylus noblei belongs to the subgenus 
Craugastor, and is a member of the gollineri species 
group. Herein we describe a clutch of eggs, nest site, 
and presence of parental care in E. noblei from a lowland 

Items N % Total Vol (mm3 ) % Vol. Freq. 

ARACHNIDA 
Araneae 
Araneae (Mygalomorphae) 
Scorpiones 

INSECTA 
Apidae 
Coleoptera 
Coleoptera (Tenebrionidae) 
Dermaptera 
Formicidae 
Formicidae (Atta sp.) 
Hemiptera 
Isoptera 
Orthoptera 
Larva 

MYRIAPODA 
Diplopoda 
Chilopoda 

VERTEBRATA 
Ayes (Passeriformes) 

PLANT MATERIAL 
UNIDENTIFIED MATERIAL 
TOTAL 

3 
2 
1 

2 
32 
59 

3 
340 

39 
2 

115 
3 
5 

1 
I 

1 
10 
2 

621 

0.48 
0.32 
0.16 

0.32 
5.15 
9.50 
0.48 

54.75 
6.28 
0.32 

18.51 
0.48 
0.80 

0.16 
0.16 

0.16 
1.61 
0.32 

43.67 
9914.59 
1144.12 

48.89 
9133.05 

41121.71 
412.05 

50159.20 
54.33 

8.36 
2523.94 

73.77 
27 .55 

463.71 
295.92 

11255.90 
0 

27151.09 

0.02 
6.43 
0.74 

0.03 
5.92 

26.68 
0.26 

32.55 
0.03 
0.005 
1.63 
0.04 
0.18 

0.30 
0.19 

7.30 
0 

17.62 

3 
1 
1 

2 
16 
7 
3 

10 
4 
2 
1 
2 
1 

1 
2 

1 
8 
2 
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tropical forest in northeastern Costa Rica. 
On 03 May 2000, we found one adult female E. noblei (46.6 

mm SVL) sitting on a clutch of 29 eggs at La Selva Biological 
Station, Heredia Province, Costa Rica. The nest was deposited 
beneath leaf litter between the buttresses of a large tree. There 
was no nesting cavity, but the eggs were located in a shallow 
depression (< 10 mm deep). Although we witnessed no direct 
parental behaviors, E. noblei is relatively uncommon at this site, 
and direct association of a female with embryos of such a late 
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developmental stage strongly indicates nest attendance. 
The eggs measured ca. 5 mm in diameter and were yellowish-

cream below. We used a staging table for development of embryos 
in E. coqui (Townsend and Stewart 1985. Copeia 1985:423-436) 
in order to estimate developmental stage of embryos. Although 
this staging table is specific to E. coqui, we believe it may be 
useful to provide a rough estimate of developmental stage in E. 
noblei. We estimated that the eggs were at Stage 5— 6 of 15 stages: 
the embryos had evident front and hind limbs, conspicuous eyes, 
and were observed moving within the eggs. 

We collected four eggs from the clutch and placed them in a 
plastic container filled with leaf litter in the laboratory to observe 
development. We monitored the remaining eggs in the field 
periodically, but never saw the female at the nest site again, possibly 
because of our disturbance of the nest site. The remaining eggs in 
the field were depredated between 4-7 May. One of the four eggs 
in the laboratory began to mold by 13 May and was removed; the 
remaining three eggs hatched on 22 May. Only one hatchling was 
measured (9.1 mm SVL). Given the advanced developmental stage 
in which the eggs were found, development time for this species 
must be considerably longer than 19 days. 

While there is considerable variation in the sex of the parent 
providing parental care throughout this genus, nest attendance by 
the female is typical for the subgenus Craugastor (Townsend 1996. 
In Powell and Henderson [eds.], Contributions to West Indian 
Herpetology, a Tribute to Albert Schwartz, pp. 229-239. SSAR 
Contrib. Herpetol. Vol. 12. Ithaca, New York, 457 pp.). The data 
provided herein for E. noblei suggest that reproduction in the 
gollmeri species group may be similar to other species within the 
subgenus Craugastor. 

Submitted by STEVEN M. WHITFIELD, Florida International 
University, Department of Biological Sciences, U.P. Campus, OE 
167, Miami, Florida 33199, USA (e-mail: 
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Evergreen State College, Olympia, Washington 98505, USA (e-
mail: maya_pierce@hotmail.com).  

HYLA VERSICOLOR (Gray Treefrog). BEHAVIOR. The 
Chinese tallowtree, Triadica sebifera (Euphorbiaceae), is an 
introduced noxious weed (USDA, NRCS. 2002. The PLANTS 
database, ver. 3.5 [http:plants.usda.gov]; National Plant Data 
Center, Baton Rouge, Louisiana) that has become extremely 
common in disturbed habitats and along the banks of waterways 
in Louisiana. It is a deciduous tree that reaches > 10 m in height, 
and often contains tree-holes that are produced as the branches 
rot. The branches are very porous, and dead branches are apparently 
particularly vulnerable to fungi and insects. Herein I describe the 
use of these cavities and aggregate behavior in Hyla versicolor, 
neither of which has been previously reported to my knowledge. 

On 25 January 1998 (1400 h), while removing a Chinese 
tallowtree (75 cm diam at breast height [DBH]), I discovered three 
H. versicolor within a tree-hole cavity (ca. 10 cc) in a 15 cm diam 
branch. The branch was 3 m above the ground before the tree was 
felled. The tree was located 5 km W of Hammond, Louisiana 
(Tangipahoa Parish). The temperature was 13°C, weather was 
overcast with a 10 km/h north wind, and all frogs were apparently 
in good condition, nestled on top of one another in the bottom of  

the cavity. 
In a similar situation involving tree removal on 10 January 2002 

(1100 h, weather clear, wind calm, temp. 16°C), 2 km E of Ville 
Platte, Louisiana (Evangeline Parish), I discovered four H. 
versicolor in a tree-hole cavity in the trunk of a Chinese tallowtree 
(85 cm diam DBH), 2.5 m above the ground. In this case, the 
frogs began emerging from the cavity once the tree was felled, 
and were also apparently in good condition. 

These observations are significant as they document the use of 
an introduced tree species as microhabitat, as well as aggregate 
(potentially overwintering) behavior in H. versicolor. These tree-
hole cavities may represent an introduced resource to treefrogs 
(and other cavity dwelling species), as tree-hole cavities may be 
generally limited in abundance, and shelter defense is widespread 
in anurans (Duellman and Trueb 1986. Biology of Amphibians. 
Johns Hopkins Univ. Press). 

Submitted by CLIFFORD L. FONTENOT, JR., Department 
of Biological Sciences, Southeastern Louisiana University, 
Hammond, Louisiana 70402, USA; e-mail: cfontenot@selu.edu.  

LEPTODACTYLUS FALLAX (Mountain Chicken). 
OPHIOPHAGY. Leptodactylus fallax is one of the world's largest 
frog species. Adults commonly reach 190 mm SVL and often weigh 
in excess of 600 g. They are now found only on the West Indian 
islands of Dominica and Montserrat, though are believed to have 
occurred on Martinique, St. Kitts, Nevis, Antigua, and St. Lucia. 

On 27 Aug 2001 at 2129 h during a population assessment of 
the mountain chicken in the Centre Hills of Montserrat, an adult 
female mountain chicken (175 mm SVL, 510 g) was caught 
consuming a Montserrat black racer Alsophis antillensis manselli 
(female; 650 mm TL, 75 g). 

The frog was sitting, partially concealed in leaf litter, to one 
side of a trail through the forest. Dangling from its mouth was ca. 
150 mm of snake tail. Upon capture, the frog immediately started 
to regurgitate its dead prey. The 500 mm of snake which had been 
inside the frog had presumably been there for some time, as the 
frog's digestive juices had reduced it to little more than a skeleton. 
The posterior portion not ingested remained largely intact, though 
it had started to decompose. 

From what is known of the feeding behavior of L. fallax observed 
in captivity (pers. obs.), it is unlikely the racer was eaten dead. 
Most likely the frog pounced on movement in the leaf litter, seized 
the head of the snake and then started to ingest it. The stomach of 
the frog was unable to accommodate the entire length of the 
animal—hence the protruding tail. It is possible that the frog would 
have succeeded in ingesting the remaining portion of the snake, 
once the anterior part had been sufficiently digested. 

There is one earlier report of L. fallax eating a snake. Brooks 
(1982. Biotropica 14:301-309), in his analysis of prey consumed 
by mountain chickens in Dominica, found a specimen that had 
eaten a blind snake, Typhlops dominicana. Unfortunately the size 
of the prey item was not recorded, although T dominicana do not 
exceed 385 mm TL (Schwartz and Henderson 1991. Amphibians 
and Reptiles of the West Indies. University of Florida Press, 
Gainesville). It is likely that other voracious anurans (e.g., 
Ceratophrys ornata, Discodeles guppyi, and Rana catesbiana) are 
regular predators of large prey, including snakes (Duellman and 
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Trueb 1986. Biology of Amphibians. The John Hopkins University 
Press, Baltimore). However, I cannot find any previous records of 
an anuran attempting to ingest such a large snake prey item as 
reported herein. 

My thanks to the staff of the Forestry Department of Montserrat, 
in particular Calvin Fenton and Lloyd Martin, also to Sian Buley 
for constant help, advice, and knowledge during the fieldwork, 
and to Mark Stanley-Price and Anna Feistner for comments on 
the manuscript. 

Submitted by KEVIN R. BULEY, Department of Herpetology, 
Durrell Wildlife Conservation Trust, Les Augres Manor, Trinity, 
Jersey, Channel Islands, JE3 5BP, British Isles; e-mail: 
kevin.buley  @durrellorg. 

LEPTODACTYLUS LABYRINTHICUS (Labyrinth Frog). DIET. 
Leptodactylus labyrinthicus occurs in cerrados and caatingas of 
northern (Roraima), northeastern and central Brazil, coastal 
Venezuela, eastern Paraguay, and southeastern Brazil (Frost 1985. 
Amphibian Species of the World. Allen Press, Inc. and Assoc. 
Systematics Collections. Lawrence, Kansas. 732 pp.). Some aspects 
of the ecology of L. labyrinthicus were discussed by Cei (1980. 
Amphibians of Argentina. Monitore Zoologico Italiano [NS]. 
Monogr. 2, 609 pp.), but the diet has been little investigated in 
natural populations from Brazil. We analyzed the stomach contents 
of four specimens (male: 158 mm SVL, N = 1; females: 144.9 ± 
14.7 mm SVL, N = 3) collected during the Corumba I Hydroelectric 
Power Plant reservoir formation (17°59'S, 48°31'W), Caldas Novas 
municipality, Goias State, between September 1996 and April 1997. 
Table 1 summarizes data collected during this study. 

Submitted by WILIAN VAZ-SILVA, HELDER LUCIO 
RODRIGUES SILVA and NELSON JORGE DA SILVA 
JUNIOR, Laborat6rio de Herpetologia, Centro de Estudos e 

TABLE 1. Prey consumed by Leptodactylus labyrinthicus (N = 4) from C 
Power Plant reservoir, Brazil. 

Pesquisas Biologicas, Universidade CatoIlea de Goias, Ave. 
Universitaria 1440, Setor Universitario, 74.210-010, Goiania, 
Goias, Brazil (e-mail: wilianvaz@uol.com.br).  

PHYSALAEMUS NATTERERI (NCN). MALE-MALE 
COMBAT: Physalaemus nattereri has a wide distribution in 
central and southeastern Brazil and Eastern Paraguay (Frost 2002. 
Amphibian Species of the World: An Online Reference.V2.20. 
American Museum of Natural History). Despite this wide 
distribution, little data are available concerning its behavior. Herein 
we describe agonistic interactions between two male P. nattereri 
in a temporary pond ca. 1 m deep and 4 m diameter at Patrocfnio, 
Minas Gerais State, Brazil (1008 m elev.) (18°59'47" S, 40°48'13" 
W). 

The observations took place during the night of 9 Oct 2001 when 
many species of anurans were vocalizing and P. nattereri were 
observed in amplexus. We observed two male P. nattereri from 
1910 to 2005 h. The agonistic interactions followed these steps: 
while emitting an advertisement call male A moved to a stump 
and stood partially submersed in the water for ca. 10 min; male B, 
also emitting advertisement calls, approached male A but was 
expelled, this caused an increase in the call rate of male B; male A 
then moved to a small round hole under the stump and continued 
to emit advertisement calls; ca. 15 minutes later male B moved 
and sat next to the hole, emitting advertisement calls for 4 min, 
while male A remained calling; male B entered into the hole and 
sat beside male A; both males began an acoustic duel by 
alternatively emitting advertisement calls; male A pushed male B 
out of the hole, but male B returned and was pushed under the 
water where it was held for ca. 20 seconds by male A; male B then 
emerged behind male A, which turned and again pushed male B 
away from the hole; male B persisted in trying to return to the 
hole but was once again pushed away; after a third attempt, male 

B finally left male A's territory and moved 
()rumba I Hydroelectric to the edge of the pond ca. 3 m from the 

stump where it resumed calling. During 
physical combat, both males emitted calls. 
After this agonistic encounter, observations 
continued for 30 minutes but additional 
interactions were not observed. 

We thank Brandt Meio Ambiente and 
Programa de Bolsas de Iniciacao Cientffica 
(PROBIC) of PUC Minas for the financial 
support, and Dr. Carlos Alberto Gonsalves 
Cruz and Henrique Wogel for suggestions 
and comments on the manuscript. 

Submitted by FILIPE MARCOS 
HORTA NUNES (e -mail: 
fmocoto@hotmail.com),  VINICIUS 
BARBOSA DE ASSIS, BRANDT MEIO 
AMBIENTE, and LUCIANA BARRETO 
NASCIMENTO, Museu de Ciencias 
Naturais and Departamento de Ciencias 
Biologicas/PUC Minas, 30535-610, Belo 
Horizonte, MG, Brazil (e-mail: 
luna@pucminas.br).  

Items N % Total Vol (mm3 ) % Vol. Freq. 

ARACNIDA 
Araneae 1 2.32 24.45 0.02 1 

INSECTA 
Coleoptera 2 4.65 1024.30 1.20 3 
Coleoptera (Tenebrionidae) 5 11.62 7536.12 8.86 1 
Hymenoptera (Formicidae) 9 20.93 387.48 0.45 1 
Isoptera 4 9.3 21.31 0.02 3 
Orthoptera 2 4.65 40.96 0.04 2 

VERTEBRATA 
Amphibia (Physalaemus nattereri) 4 9.3 34487.34 40.58 2 
Amphisbaenia (Amphisbaena vermicularis) 2 4.65 695.75 0.81 1 
Sauna (Ameiva ameiva) 2 4.65 30545.67 35.94 2 
Serpentes (Typhlops brongersmianus) 1 2.32 358.85 0.42 1 
Serpentes (Leptothyphlops koppesi) 3 6.97 1093.68 1.28 1 
Mammalia (Muridae) 1 2.32 8758.17 10.30 1 

INCIDENTAL INGESTION 
Plant matter 4 9.3 4 
Stones 3 6.97 3 

TOTAL 43 
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14.54%). The values of the index of relative importance (IRI) 
revealed that the main diet of P. riograndensis is made up of 
arachnids (IRI = 4038) and hymenopterans (IRI = 2564). The 
results showed that P riograndensis is a non-specialised "sit-and-
wait" predator. 

We thank Norberto Muzzachiodi for his assistance in the field 
survey. 

Submitted by JAVIER A. LOPEZ, PAOLA M. PELTZER, 
and RAFAEL C. LAJMANOVICH, National Institute of 
Limnology (INALI-CONICET-UNL). Jose Macias 1933. (3016) 
Santo Tome, Santa Fe, Argentina; e-mail: inali@ceride.gov.ar.  

PHYSALAEMUS RIOGRANDENSIS (NCN). DIET. In 
Argentina, Physalaemus riograndensis occurs in Corrientes, Entre 
Rios, and Santa Fe provinces, and otherwise ranges from southern 
Brazil to Uruguay, inhabiting marshy, hygrophilous wood and wet 
pasture lands. This frog is often found during daylight hours 
floating on the water's surface or in vegetation beside lagoons at 
night. Although select aspects of the ecology of this leptodactylid 
were discussed by Gallardo y Varela de Olmedo (1992. Fauna de 
agua dulce de la Republica Argentina. 1:116) and Langone (1994. 
Museo Damaso Antonio Larrailaga, N° 5:123), the diet has not 
been described. 

Thirteen individuals were collected in a pristine reserve "Parque 
General San Martin" (31°40'S; 60°30'W, Entre Rios province, 
Argentina), (7 males, mean = 20.37 mm ± 0.09; and 6 females, 
mean = 19.98 mm ± 0.14 SVL). The individuals were captured 
with "wet pitfall traps" between the first week of December 1999 
and 14 March 2000 following the Vogt and Hine (1982) criterion. 

Table 1 summarizes dietary data of P. riograndensis; 110 prey 
items belonging 10 prey categories were identified (7 Insecta, 2 
Arachnida and 1 Miriapoda items). The minimum sample (H i) 
calculated was 11 individuals, and the trophic diversity (H) was 
1.48 (± 0.38). The most frequently taken prey items were arachnids 
(N = 40; 36.39 %), followed by hymenopterans (N = 20; 18.23 
%), collembola (N = 17; 15.45 %), and coleopterans (N = 16; 

TABLE 1. Prey items consumed by Physalaemus riograndensis. N = total number of organisms 
found in 13 gastrointestinal tracts; Freq. = absolute frequency in the gastrointestinal tracts; % N = 
percentage of each category in the total number of prey; % Vol. = percentage of each prey volume 
(mm3); % FO = occurrence frequency percentage; IRI = index of relative importance. 

Prey Items Freq. % N %Vol. % FO IRI 

INSECTA 
COLLEMBOLA 17 6 15.45 8.06 46.15 1084.99 
COLEOPTERA 16 6 14.54 12.80 46.15 1261.74 
DIPTERA 1.8 1.66 15.38 53.21 

Dixidae 1 1 
Muscidae 

HEMIPTERA 1.8 7.11 15.38 137.03 
Corixidae 1 1 

HOMOPTERA 0.9 1.89 7.69 21.45 

Unidentified Homoptera 1 1 
Cichadelidae 1 1 

ORTHOPTERA 3.6 6.16 23.08 225.26 

Arcridiidae 1 
Gryllotalpidae 2 
Gryllidae 1 

HYMENOPTERA 18.23 12.08 84.62 2564.83 
Apidae 1 1 
Formicidae 
Acromyrmex sp. 3 1 
Solenopsis sp. 2 2 
Crematogaster quadriformis 4 3 
Unidentified ants 10 4 

MIRIAPODA 
Chilopoda 5 2 4.54 6.63 15.38 171.79 

ARACHNIDA 
Araneae 40 10 36.39 16.11 76.92 4038.3 
Opilionidae 3 3 2.75 2.84 23.08 129.02 

Unidentified animal material - 11 - 24.66 84.62 - 
TOTAL 110 - 100.00 100.00 - - 

RANA CATESBEIANA (Bullfrog) 
PREDATION. Rana catesbeiana is 
known to eat a variety of small verte-
brates including snakes (Bury and 
Whelan 1984. Ecology and management 
of the bullfrog. U.S. Dept. Interior, Fish 
Wildl. Serv., Resource Publ (155):1-23, 
and references therein). 

Table 1 provides data on bullfrogs from 
the San Mateo Canyon Wilderness Area 
on the upper portion of the San Mateo 

PSEUDACRIS CRUCIFER (Spring Peeper). Predation. General 
surveys of the herpetofauna of the upper Midwest (e.g., Vogt 1981. 
Natural History of Amphibians and Reptiles of Wisconsin, 
Milwaukee Public Museum, Milwaukee, Wisconsin; Oldfield and 
Moriarty 1994. Amphibians & Reptiles Native to Minnesota, 
University of Minnesota Press, Minneapolis, Minnesota) do not 
mention specific predators of spring peepers, although Harding 
(1997. Amphibians and Reptiles of the Great Lakes Region, 
University of Michigan Press, Ann Arbor, Michigan) stated that 
fish will eat them readily. On 20 April 2001, the remains of a P. 

crucifer were found in the gut of a brown 
trout (Salmo trutta), 21.9 cm in total 
length, collected by angling in Beaver 
Creek ca. 2 km upstream from its 
confluence with the Whitewater River, 
Winona Co., Minnesota (T108N, R1OW, 
Sec 16). The creek is bordered by 
springfed marshes, where P. crucifer 
were calling on 20 April. Harding (op. 
cit.) suggested that the habit of spring 
peepers to breed in cool waters in early 
spring reduces contact with many 
potential predators. However, brown 
trout may be more likely than most other 
fish species to prey opportunistically on 
spring peepers because they actively feed 
in relatively cool temperatures. 

Submitted by PHILIP A. COCHRAN 
and JOSEPH A. COCHRAN, Biology 
Department, Saint Mary's University, 
Winona, Minnesota 55987, USA. 
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TABLE 1. Bullfrog, Rana catesbeiana, and prey, Thamnophis hammondii, 
collected in Riverside County, California, during 2001. 

Date 
collected 

Bullfrog 
sex 

Bullfrog 
mass (g) 

Bullfrog 
SUL (mm) 

Snake 
mass (g) 

Snake 
SVL (mm) 

20 June female 402.1 140 35.2 501 
24 July 154.7 108 3.38 220 
24 July female 223.5 130 2.97 197 
22 Aug male 51 86 2.82 185 

Creek drainage, in the Cleveland National Forest, Riverside 
County, California (T7S, R5W) that contained Thamnophis 
hammondii in the stomach contents. The condition of the prey 
items collected on 20 June and 24 July suggested they had been 
recently consumed. 

In the examination of the stomach contents of over 500 bullfrogs 
collected from three California drainages no other snake species 
was observed. While anecdotal information may exist on bullfrogs 
consuming native California snakes, to the best of our knowledge 
this report is the first repeated account of bullfrog consumption of 
the two-striped garter snake, T hammondii, a species of special 
concern for the State of California. 

Submitted by TIM E. HOVEY, California Department of Fish 
& Game, 4949 Viewridge Avenue, San Diego, California 92123, 
USA, and DARRIN R. BERGEN, California Department of Fish 
& Game, 8604 La Jolla Shores Drive, La Jolla, California 92037, 
USA. 

RANA ZWEIFELI (Zweifel's Frog) DIET. On 11 May 2001 at 
2045 h, in a pond in tropical low forest at Nuevo Urecho, 
Michoacan, Mexico (19°09'03"N, 101°47'17"W) at an elevation 
of 650 m, we observed Rana zweifeli (9.6 cm SVL) devouring a 
crab (Decapoda: Pseudothelphusa dilatata). Most amphibians are 
considered opportunistic feeders and their diet generally reflects 
food availability. The R. zweifeli and the crab were photographed, 
collected, and deposited in the Coleccion Nacional de Anfibios y 
Reptiles (CNAR; IBH-13761), and Coleccion Nacional de 
Crustaceos of the Instituto de Biologia, Universidad Nacional 
Autonoma de Mexico. 

Submitted by GABRIEL BARRIOS QUIROZ (e-mail: 
gabrielb@ibiologia.unam.mx)  and GUSTAVO CASAS-
ANDREU (e-mail: gcasas@  servidor.unam.mx ), Instituto de 
Biologia, UNAM, Laboratorio de Herpetologia 3er Circuito Ext. 
s/n Ciudad Universitaria, Coyoacan, Mexico, D.F.A.P. 70-153 C.P. 
04510. 

TESTUDINES 

EMYDOIDEA BLANDINGII (Blanding's Turtle). MATING 
BEHAVIOR. This report documents E. blandingii mating behavior 
in New Hampshire, and notes variations in mating between New 
Hampshire E. blandingii and other populations. We recorded data 
on 24 E. blandingii (7 female, 16 male, 1 juvenile) within 5 wetland 
complexes in Rockingham and Strafford counties, New Hampshire. 
These complexes included freshwater marshes, scrub-shrub and 

forested wetlands, permanent open water, temporary wetlands, and 
riparian areas. Five radio-tagged E. blandingii (2 females, 3 males) 
were observed mating on 10 occasions. Emydoidea blandingii 
exhibit a mounting-type courtship display where almost all 
courtship motor patterns leading to successful copulation are 
performed during the mounting phase, with only a brief chase 
proceeding mounting (Baker and Gillingham 1983. Herpetologica 
39:166-173; Bels and Crama 1994. Copeia 1994:676-684). We 
defined a mating occurrence when we observed a male mounted 
on a female in a plastron to carapace position with the claws and 
digits of the male grasping the carapacial margins of the female. 
Mating pairs were completely or partially submerged in water. 
Male carapacial emergence during mating was noted in 63% (2 
not recorded) of the cases described here. Other studies describe 
mating pairs in union underwater (e.g., Graham and Doyle 1979. 
J. Herpetol. 13:125-127), but few studies mention partially 
emerged mating pairs. A photograph in Vogt (1981. Natural History 
of Reptiles and Amphibians of Wisconsin. Milwaukee Public 
Museum, Milwaukee, Wisconsin. 205 pp.) exemplifies male 
carapacial emergence in this species. In this study, the average 
substrate and water depth for mating pairs was 13 cm and 29 cm, 
respectively (range: substrate 3-34 cm; water 15-55 cm), and 
unconsolidated but firm organic substrates predominated. The 
significance of water and substrate depth as a factor in the initiation 
of courtship in this species is unknown but Baker and Gillingham 
(1983, op. cit.) describe obligatory breathing periods during 
courtship, and shallow water depths may facilitate respiration 
during mating. 

Mating activity was observed within emergent marshes (N = 5), 
scrub-shrub wetlands with an emergent marsh component (N = 
3), a forested wetland with an emergent marsh component (N = 
1), and a pond (N = 1). A radio-tagged male observed mating on 5 
November 2001 apparently entered dormancy soon after and 
overwintered at the site. Emydoidea blandingii have been shown 
to aggregate in overwintering sites in some populations (Ross and 
Anderson 1990. J. Herpetol. 24:6-12), and as a result chance 
meetings and mating opportunities may be enhanced. 

Mating activity was observed throughout the day (range: 0930 
h to 1830 h) from 18 June to 5 November with the following 
monthly distribution: June (1), July (1), August (3), October (4), 
and November (1). Ernst et al. (1994, Turtles of the United States 
and Canada, Smithsonian Institution Press, Washington, D.C.) note 
that field observations of mating are most common from March to 
July although E. blandingii mating activity has been recorded in 
every month from March to November. The potential importance 
of late season mating in the reproductive success of E. blandingii 
is unknown but may serve to increase mating oppotunities, 
especially in peripheral populations where chance encounters are 
decreased by small population size and discontinuity. Female E. 
blandingii can store viable sperm over the winter, and for up to 
three years after a mating (J. Harding, unpubl. data). 

Emydoidea blandingii in this population were promiscuous. We 
observed a radio-tagged female with different partners in August 
and October, and a radio-tagged male with different partners in 
October and November. In addition, multiple mating was observed 
in the same mating pair at various times throughout the field season. 
For example, a radio-tagged pair was observed mating at two 
different times in October, and another pair was observed mating 
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in June, July, and August. Moreover, the male from the latter pair 
was observed mating in August with another female residing in a 
separate wetland. 

This work was supported by the New Hampshire Fish and Game 
Department and the New Hampshire Department of Environmental 
Services with funds from the Environmental Protection Agency. 

Submitted by ROBIN J. JENKINS and KIMBERLY J. 
BABBITT, Department of Natural Resources, University of New 
Hampshire, Durham, New Hampshire 03824, USA (e-mail: 
kbabbitt@cisunix.unh.edu).  

GLYPTEMYS INSCULPTA (North American Wood Turtle). 
DIET. It has been reported that Glyptemys (=Clemmys) insculpta 
is an opportunistic omnivore and consumes a wide variety of 
vegetative and animal materials. Recorded vegetative items in their 
diet include mushrooms, algae, mosses, grasses, violets (Viola 
spp.), cinquefoil (Potentilla canadensis), strawberry leaves 
(Fragaria virginiana), blackberries and raspberries (Rubus sp.), 
blueberries (Vaccinium sp.), greenbrier (Smilax sp.) and willow 
(Salix sp.) leaves, and sorrel, while animal items noted include 
earthworms, leeches, slugs, snails, insects, fishes (Caprinus carpio 
and Castastomus commersoni, probably as carrion), tadpoles, frogs 
(Rana clamitans), and newborn mice (Ernst 2001. Chelon. Cons. 
and Biol. 4:94-99; Farrell and Graham 1991. J. Herpetol. 25:1-9; 
Niederberger and Seidel 1999. Chelon. Cons. Biol. 3:414-418; 
Surface 1908. Zool. Div. Zool. Pennsylvania Dept. Agric. 6:105-
196). Here we document additional food items not previously 
reported. All observations were made in the vicinity of a Delaware 
River tributary in Warren County, New Jersey, USA. On 1 August 
2001, at 1148 h, we observed an adult male G. insculpta (CL = 
198.5 mm) eating corn (Zea mays) in an agricultural field. The 
turtle had torn away the husk and was eating the corn directly off 
the cob. Fecal material collected from two additional G. insculpta 
contained corn, indicating that the former observation was not 
isolated. In the study area, the foraging activities of black bears 
(Ursus americanus) and beavers (Castor canadensis) in cornfields 
adjacent to G. insculpta riparian habitat appear to increase the 
accessibility of corn to the turtles. Black bears pull down large 
stands of mature corn while feeding, and beavers cut large numbers 
of mature corn stalks and drag them to the nearby stream. 
Numerous corncobs were observed along the stream bank and 
bottom during the late summer in 2000-2002. 

On 6 July 2000, at 1145 h, we observed an adult male G. insculpta 
(CL = 210.5 mm) consume the stem and leaves of a 1 m tall 
milkweed plant (Asclepias sp.). Additionally, on 4 June 2002, at 
1530 h, we observed a gravid female (CL = 174.7 mm) consume 
the stem of a young milkweed plant emerging in an agricultural 
field. The stems, leaves, and roots of Asclepias contain steroid 
glycosides and toxic resinous substances reported to be moderately 
to severely toxic for some herbivores (Aiello [ed.] 1998. The Merck 
Manual, 8th  ed. Merck & Co., Inc., Whitehouse Station, New 
Jersey). 

On 2 October 2001, at 1410 h, we observed a juvenile G. 
insculpta (CL = 153.5 mm) consuming the berries of a pokeweed 
plant (Phytolacca americana). This individual was foraging at the 
base of the plant and eating the fallen berries. The turtle's beak 
was covered with the berries' scarlet juice. All parts of the  

pokeweed plant contain oxalic acid and a saponin (phytolaccotoxin) 
which may cause death in domestic livestock (Aiello [ed.] 1998, 
op. cit.). Pokeweed is also consumed by the sympatric Eastern 
Box Turtle (Terrapene carolina), and passage of pokeweed seeds 
through the Box Turtle's digestive tract (and presumably that of 
G. insculpta) may increase the germination rates for this species 
(Braun and Brooks 1987. Amer. Midl. Nat. 117:312-318). 

Submitted by CHRISTINA M. CASTELLANO, Department 
of Biological Sciences, Fordham University, 441 East Fordham 
Road, Bronx, New York 10458, USA (e-mail: expansa@aol.com),  
JOHN L. BEHLER, Department of Herpetology, Wildlife 
Conservation Society, 2300 Southern Boulevard, Bronx, New York 
10460-1099, USA (e-mail: jbehler@  wcs.org). 

MACROCHELYS TEMMINCKII (Alligator Snapping Turtle). 
REPRODUCTION. We are aware of only one published 
observation of natural nesting by this species in Georgia, USA. 
Powders (1978. Copeia 1978:154-156) discovered a female 
completing a nest (clutch of 10 eggs) on 3 June 1975 30 m from 
Muckalee Creek (Flint River drainage) in Sumter Co. Additionally, 
Redmond (in Pritchard 1989. The Alligator Snapping Turtle: 
Biology and Conservation. Milwaukee Publ. Mus., Milwaukee, 
Wisconsin. 104 pp.) reported that slaughtered females from Terrell 
County (Hint River drainage) contained shelled eggs from 15 May 
to 15 June, and at least some captive females there nested in late 
May 1982. Here we report two additional observations of nesting 
in nature. 

On 12 May 1999, Georgia Department of Natural Resources 
ranger Danny Bishop observed an alligator snapping turtle nesting 
in an open wildlife food plot ca. 70 m from Muckaloochee Creek 
(Flint River drainage), ca. 10 km N of Leesburg, Lee Co. Seven 
hatchlings were found emerging 26 August, but others may have 
emerged earlier or later. Photographs of the nesting female and 
resulting hatchlings were provided to JBJ. 

On 24 April 2000, a hunter (G. Timmons) reported to DRJ the 
accidental excavation of an alligator snapping turtle nest from an 
open wildlife food plot situated ca. 30 m upslope from the 
Ochlockonee River, 1 km upstream of the confluence of Tired 
Creek, Grady Co. (30°44'31"N, 84°12'55"W ). The site was ca. 7 
km N of the Florida state line and 11 km N of the northernmost 
Florida nesting observed 10 May 1973 by Ewert (Ewert 1976. 
Herpetologica 32:150-156). The turtle had walked only 3 m into 
the food plot before nesting. The clutch of 42 eggs was salvaged 
and incubated. Forty eggs hatched 27 July-6 August, and all 
hatchlings (documented by color slide OF 134684, Florida Museum 
of Natural History Herpetology Dept. photographic archive) were 
released 24 August. 

These new observations suggest that nesting in southernmost 
Georgia may begin nearly as early as in northern Florida (Ewert 
and Jackson 1994. Florida Game and Freshwater Fish Commission 
Nongame Wildl. Progr. Final Rpt. NG89-20), where reproduction 
has been much better studied, and that clutch sizes are comparable. 
Data summarized here also suggest that nesting occurs somewhat 
later as one moves only a small distance northward. 

We thank Michael Ewert for reviewing a draft of the manuscript. 

Submitted by DALE R. JACKSON, Florida Natural Areas 
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Inventory, 1018 Thomasville Road, Suite 200-C, Tallahassee, 
Florida 32303, USA (e-mail: djackson@fnai.org),  and JOHN B. 
JENSEN, Georgia Department of Natural Resources, 
Nongame-Endangered Wildlife Program, 116 Rum Creek Drive, 
Forsyth, Georgia 31029, USA (e-mail: 
John_Jensen@dnr.state.ga.us).  

PSEUDEMYS CONCINNA SUWANNIENSIS (Suwannee 
Cooter). REPRODUCTION, LIFE SPAN. Data on reproductive 
longevity are scant for many freshwater turtles, particularly those 
that normally lack visible growth annuli. Such is the case for the 
Suwannee Cooter, the largest North American emydid, whose 
reproductive biology was delineated by Jackson and Walker (1997. 
Bull. Florida Mus. Nat. Hist. 41:69-167) based on a six-year study 
at Wakulla Springs State Park (WSSP), Wakulla County, Florida. 
On 28 April and 30 June 1999, 28 June 2000, and 7 April and 29 
June 2001, an attempt was made to recapture nesting female cooters 
that had been marked by shell-notching during 1988-1993 at WSSP 
(Jackson and Walker, op cit.). An additional observation from 18 
May 2002 was provided by R. Franz. Eleven of 31 emergent 
females were confirmed as having first been observed nesting in 
1988(4), 1989(4), 1990(2), or 1991(1). Minimum reproductive life 
spans ranged from 10 to 15 years. It is unknown how many years 
these females had nested prior to being marked. Given that 
minimum age to maturity is at least 10 years (Jackson and Walker, 
op cit.), all of the females were > 20 years old upon recapture. 
Growth rates of these females (plastron lengths, PL = 335-365 
mm; carapace lengths, CL = 372-417 mm; carapace widths, CW 
= 277-301 mm; shell heights, SH = 143-165 mm; N = 10, all 
measurements maximal) were extremely low, with annual mean 
increases of 0.5 mm (PL), 0.8 mm (CL), 0.6 mm (CW), and 0.5 
mm (SH). 

I thank Carla McGowan, Dick Franz, and George Heinrich and 
his turtle workshop students for assisting with field work. 

Submitted by DALE R. JACKSON, Florida Natural Areas 
Inventory, 1018 Thomasville Road, Suite 200-C, Tallahassee, 
Florida 32303, USA; e-mail: djackson@fnai.org.  

RHINOCLEMMYS RUBIDA (Mexican Spotted Wood Turtle). 
DIET. Rhinoclemmys rubida occurs along the west coast of Mexico 
from Jalisco to Chiapas and in the lowlands of the Rio Balsas 
Basin. Little is known about its feeding habits. Ernst and Barbour 
(1989. Turtles of the World. Smithsonian Institution Press, 
Washington, D.C. 313 pp.) state that "one was caught while eating 
a large caterpillar, but captives also eat plant foods." Here we report 
on feeding observations of wild and captive individuals of this 
species. 

On 10 August 2001 at 1315 h., while conducting a herpetofaunal 
survey in the Cuixmala-Chamela Biosphere Reserve on the coast 
of Jalisco, Mexico, one individual of R. rubida (130 mm CL) was 
observed feeding on a ripe fruit of Carica mexicana that was lying 
on the forest floor. Two other individuals (96, 112 mm CL) were 
within 2 m of the fruit, presumably attracted to it. 

In captivity, three individuals of this species (149, 106, 119 mm 
CL) have accepted a variety of fruits, showing preference for 
Carica papaya. They have also eaten lettuce leaves, snails and  

earthworms. 
We thank Susana Garcia-Tellez, Elizabeth Raya-Lemus, and 

Miriam Quintero-Mora for assistance in field work and the 
Coordinacion de Investigacion Cientifica, UMSNH project 5.5 for 
financial assistance. 

Submitted by JAVIER ALVARADO-DIAZ, ALFREDO 
ESTRADA-VIRGEN, DANIEL GARCIA-PARRA, and IRERI 
SUAZO-ORTUSIO, Departamento de Zoologia, Instituto de 
Investigaciones sobre los Recursos Naturales, UMSNH, Aptdo. 
35-A, Morelia, Michoacan, Mexico; e-mail (JAD): 
jadiaz @zeus.ccu.umich.mx . 

TRACHEMYSDECUSSATAANGUSTA (North Antillean Slider). 
LONGEVITY. Documented records of natural (non-captive) lon-
gevity in aquatic turtles are relatively scarce. Extensive research 
on the Yellow-bellied Slider, Trachemys scripta scripta, in South 
Carolina (Gibbons 1990. Life History and Ecology of the Slider 
Turtle. Smithsonian Inst. Press, Washington, D.C. 368 pp.) has 
provided the best estimates. Gibbons and Semlitsch (1982. J. Anim 
Ecol. 51:523-527) reported that this temperate climate species has 
a maximum lifespan of 35 years. However, little is known about 
longevity of slider turtles (Trachemys) in the tropics. Moll and 
Legler (1971. Bull. Los Angeles Co. Mus. Nat. Hist.11:1-102) 
studied a population of T venusta in Panama and identified a large 
female (323 mm carapace length, CL) which was only 13-14 years 
old. They speculated that 30 years is a logical estimate of longev-
ity for that population, but were unable to provide any direct evi-
dence. 

As an adjunct to a larger population study of slider turtles (T 
decussata angusta) on Grand Cayman B .W.I. (Seidel 1990. J. 
Herpetol. 24:191-196), a small freshwater pond was sampled for 
turtles in 1983. The pond, locally known as "mud hole" at 
Newlands, is 8.5 km E. of George Town, Grand Cayman. The 
island has a tropical climate with daily mid-temperatures which 
peak at 28.4°C in July and fall to a minimum of 24.8°C in Febru-
ary (Burton 1994. In Brunt and Davies [eds.], The Cayman Is-
lands, Natural History and Biogeography, pp. 51-60. Kluwer Acad. 
Publ., Netherlands). From 1 April-2 May 1983, 28 adult T 
decussata were captured in baited hoop-nets; then measured, sexed, 
marked, photographed, and released. Each turtle was numerically 
coded by notching the marginal scutes (and underlying peripheral 
bones) according to a system modified from Cagle (1939. Copeia 
1939:170-173). Their size ranged from 149-271 mm CL (plas-
tron length, PL, 129-230 mm). 

During a return visit to Grand Cayman 15 years later (1998), 
three baited hoop-nets were set at "mud hole" on 28 March. Among 
five adult sliders captured, one female and one male were recap-
tures marked in 1983. The notches on these two turtles were very 
worn, but discernable, and positive identification was also veri-
fied by comparison to photographs. When initially captured in 
1983, the female was a young adult (165 mm PL, 189 mm CL) 
and at least 5-6 years old (Seidel, op. cit.). Upon recapture in 1998 
she demonstrated considerable growth over 15 years (reaching 214 
mm PL, 251 mm CL) and was ca. 21 years old. Eggs were not 
detectable by palpation. The recaptured male was older than the 
female when they were initially marked in 1983. At that time he 
was 159 mm PL and 189 mm CL, showed evidence of melanism 
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Flo. 1. Ventral views of a male T decussata on Grand Cayman cap-
tured in 1983 (above) and recaptured in 1998 (below). The narrow dark 
areas evident along plastral seams in both photographs are typical of the 
melanistic pattern for this species (Seidel 1988. Amer. Mus. Novitates 
2918:141). 

(Fig. 1), and was probably more than 12 years old (Seidel, op. 
cit.). Although variable, male T scripta in South Carolina gener-
ally exhibit signs of melanism after 10-14 years (Gibbons, op. 
cit.), similar to the approximate age melanism develops in T 
decussata on Grand Cayman (Seidel, op. cit.). Upon recapture in 
1998, the male was 169 mm PL, 204 mm CL, and at least 27-30 
years old. Maximum longevity for sliders on Grand Cayman is 
probably >30 because Seidel (op. cit.) reported that males reach 
plastron lengths of 191-210 mm, and females 251-270 mm PL. 

The natural history of slider turtles in the tropics shows a num-
ber of parallels to temperate populations, including similar repro-
ductive strategies (Moll and Legler op. cit.). Nevertheless, an 
eminent difference in temperate climates is that turtles remain 
dormant (torpid) and demonstrate arrested growth for three to six 
months each year due to low environmental temperatures. There 
has been speculation that these turtles may remain physiologically 
"younger" compared to tropical turtles (which are active and grow-
ing over a longer portion of the year) and therefore reach greater 
chronological ages (Sacher 1978; cited in Gibbons 1987. 
BioScience 37:262-269). Data from the two T decussata recap- 

tured on Grand Cayman provides some evidence that tropical slid-
ers may live as long in natural populations as their temperate rela-
tives. 

I thank Gina Ebanks-Petrie (Director of Environment, Cayman 
Islands government) and Fred Burton (Director of Environmental 
Programs, National Trust for the Cayman Islands) for their assis-
tance and permission to conduct fieldwork. I thank Marshall Uni-
versity for partial financial support, Margarita Seidel for field as-
sistance, Whit Gibbons for comments on the manuscript, and 
Mandy Stuck for typing. 

Submitted by MICHAEL E. SEIDEL, Department of Biology, 
University of North Florida. Current address: Department of Bio-
logical Sciences, Marshall University, Huntington, West Virginia 
25755, USA; e-mail: seidel@marshall.edu.  

LACERTILIA 

CALLOPISTES PALLUMA (Chilean Racerunner, Iguana 
Chilena). CANNIBALISM. Intraspecific predation is well 
documented in lizards (Mitchell 1986. Cannibalism in Reptiles: A 
Worldwide Review. SSAR, Oxford, Ohio. 37 pp), but rarely 
reported among South American teiids. Callopistes palluma is a 
moderate-sized (81.5-173.0 mm SVL) teiid that inhabits extended 
sand burrows in scrubland habitats of northern Chile (Donoso-
Barros 1966. Reptiles de Chile. Ediciones de la Universidad de 
Chile, Santiago, Chile. 458 pp.). Dietary data indicate that C. 
palluma feeds mostly on plants and invertebrates (Fuentes 1976. 
Ecology 57:3-17). In Fray Jorge National Park, a diet of small 
rodents (Abrothrix olivaceus), lizards (Liolaemus), and 
invertebrates has been reported (Mellado 1982. Acta Vertebrata 
9:372-373). However, as intraspecific predation is unrecorded in 
C. palluma, we describe an instance here. 

At 1725 h on 6 November 2002, during a study of C. palluma 
thermal ecology, we collected an adult male (123.3 mm SVL; 45.1 
g; 20.1 mm head width) at Chacrita, Vallenar, Provincia de 
Atacama, Chile (28°23'39.3"S, 70°42'49.4"W; elev. 644 m). The 
habitat is a scrubland with the shrubs Encelia canescens 
(Asteraceae) and Skytanthus acutus (Apocynaceae) as dominants. 
While processing the lizard and recording temperature data, it 
regurgitated a juvenile female (86.2 mm SVL; 11.7 g; 13.4 mm 
head width) of the same species (Fig. 1). Callopistes palluma is 
sexually dimorphic in ventral color (females white, males red) 

FIG. I. Male of Callopistes palluma regurgitating a juvenile female of 
the same species. 
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(Donoso-Barros, op. cit.), so we were certain of the smaller lizard's 
gender. This observation represents the first record for cannibalism 
in this species. 

This specimen was deposited in the herpetological collection of 
the Museum of Zoology at the University of Concepci6n 
(MZUC27485). We thank Viviane Jerez and Jaime Pizarro for field 
assistance. 

Submitted by MARCELA A. VIDAL and JUAN CARLOS 
ORTIZ, Departamento de Zoologia, Facultad de Ciencias 
Naturales y Oceanograficas, Universidad de Concepcion, Casilla 
160-C, Concepcion, Chile; e-mail: (MAV) marvidal@udec.cl . 

CNEMIDOPHORUS ALPINUS (Mexican Alpine Whiptail 
Lizard). REPRODUCTION. Cnemidophorus alpinus, the least 
understood gonochoristic species in the genus, is known only from 
small areas in the states of Puebla, Tlaxcala, and Veracruz in 
southern Mexico (Maslin and Walker 1965. Univ. Colorado Stud., 
Series in Bio1.19:1-8; Walker 1980. J. Herpetol. 14:353-359; 
Sanchez-Herrera and Lopex-Garcia 1987. Herpetol. Rev. 18:41). 
Here, I report on 3 additional specimens of this rare whiptail and 
include preliminary data on its reproductive characteristics. 

I recently discovered 3 adults of C. alpinus in the Texas 
Cooperative Wildlife Collection (TCWC) provisionally identified 
as C. septemvittatus that were collected 13 May 1973 by J. R. 
Dixon and E S. Hendricks in Tlaxcala, at the upper attitudinal 
limits known for the genus. Two specimens (TCWC 38308-09) 
were collected 2.9 km (1.8 mi) E of Huamantia at 2377 m (7800 
ft); the remaining animal (TCWC 38312) was from 7.5 km (4.7 
mi) E of Huamantia at 2468 m (8100 ft). The sexually mature 
male (84 mm SVL; TCWC 38312) has swollen testes 7.5-8.0 mm 
in length. One adult female (84 mm SVL; TCWC 38308) has 3 
yolked eggs 8-10 mm in diameter in each ovary. The remaining 
individual (82 mm SVL; TCWC 38309) has 7 eggs (7.5-8.5 x 13-
14 mm), 3 in the left oviduct and 4 in the right oviduct. 

These data, the only available on clutch size in C. alpinus, reveal 
an unexpectedly high fecundity in this medium-sized highlands 
whiptail. In the giant species C. sacki sacki at 500-1600 m in Puebla 
and Oaxaca (Walker 1981. J. Herpetol. 15:321-328), females must 
be 105-120 mm to produce clutches of 6-7 oviductal eggs 10 x 16 
mm in size that match the numbers of eggs in the two much smaller 
C. alpinus females from Tlaxcala reported here. In C. gularis 
colossus at 500-1550 m in Queretaro (Dixon et al. 1971. 
Herpetologica 27:244-354), the largest females (84 mm SVL) had 
clutches of 5 or fewer eggs. 

I thank Kathryn Vaughan (TCWC Collection Manager) for 
permission to study specimens in her care. 

Submitted by JAMES M. WALKER, Department of Biological 
Sciences, University of Arkansas, Fayetteville, Arkansas 72701, 
USA; e-mail: jmwalker@comp.uark.edu.  

CNEMIDOPHORUS COSTATUS BARRANCARUM (Barranca 
Whiptail Lizard). HABITAT. Cnemidophorus costatus 
barrancarum (corrected spelling of barrancorum on advice of 
HMS) is one of many named, but biologically unknown, reptiles 
in remote areas of Mexico. Information on the habitat of this 
whiptail lizard is limited to a remark by Zweifel (1959. Bull. Amer. 

Mus. Nat. Hist. 117:57-111) that it occurs in Tropical Deciduous 
Forest. We describe habitat characteristics for C. c. barrancarum 
based on the observations and collections made by the first author 
on 13-17 July 2000 and 16-19 June 2001 at lowland sites at 435-
687 m in the Barranca Region, Municipality of Batopilas, 
southwestern Chihuahua, Mexico. Voucher specimens of the taxon 
obtained in the municipality are: El Duraznito, 27°0'32.4"N, 
107°46'3.6"W [16 July 2000 (JLE 5918)]; N of Batopilas near km 
50.5 on Chihuahua Hwy 75 from Samachique to BatOpilas, 687 
m, 27°6'53.8"N, 107°39'52.4"W [16 June 2001 (JLE 7316); 17 
June 2001 (JLE 7317-7319)1; Rio Batopilas near Batopilas [18 
June 2001 (JLE 7373)]; Batopilas (town), Arroyo El Camuchil, 
435 m, 27°1'34.1"N, 107°45'44.5"W [17 July 2000 (JLE 5940); 
19 June 2001 (JLE 7369)]; Satevo, 567 m, 26°59'25.8"N, 
107°45'52.9"W [18 June 2001 (JLE 7328-7330)] ; Satevo Church, 
26°59'19.4"N, 107°42'52.7"W [15 July 2000 (JLE 5910)]; along 
road to Satevo [15 July 2000 (JLE 5908, 5909)]. Cnemidophorus 
costatus barrancarum is the only known whiptail lizard inhabitant 
of the tropical lowland intrusion into the Barranca Region of 
southwestern Chihuahua. This area consists of deep canyons with 
steep sides eroded out of the Sierra Madre Occidental by several 
river systems. In the vicinity of the old mining town Batopilas 
(pop. ca. 2000), situated in a side canyon on the Rio Batopilas, the 
entire canyon floor is and with vegetation that corresponds to the 
Tropical Deciduous Forest of Rzedowski (1983. Vegetacion de 
Mexico. Limusa, Mexico. 432 pp.) and the Short Tree Forest of 
Gentry (1942. Carnegie Institution of Washington. Publ. 527). Trees 
in this habitat are short to medium height (2-7 m), the most 
conspicuous species being Pithecellobium dulce (Guamuchil), 
Gauzuma ulmifolia (Guasima), Ipomoea arborescens (Palo Santo), 
and Acacia sp. (Acacia). There is little available land for cultivation 
in the region because of the steep canyon walls, human population 
density is low, and resulting environmental damage to the area is 
moderate in the context of Mexico. Not unlike most species of 
whiptail lizards, C. c. barrancarum prefers disturbed habitats with 
open patches of substrate for basking, foraging, and escape sprints. 
It is easily the most ubiquitous and abundant ground-dwelling 
saurian species on the playas and roadsides near the Rio Batopilas, 
as well as in many pig, donkey, and cattle corrals (averaging about 
1 ha) in the area. This lizard was also observed in abundance along 
the road from Batopilas to La Bufa (air distance 17.3 km). The 
most conspicuous saurians observed with C. c. barrancarum were 
Sceloporus clarkii, S. nelsoni, Urosaurus bicarinatus, and 
Ctenosaura macrolopha. The small total sample size (N = 14) for 
C. c. barrancarum resulting from several days of collecting by 
JLE in 2000 and 2001 in the Barranca Region was not by choice. 
Despite its abundance, it was possible to collect only an occasional 
individual of this wary lizard with rubber bands, the use of 
handguns being prohibited in Mexico. 

Submitted by JULIO A LEMOS-ESPINAL, Laboratorio de 
Ecologia, Unidad de Biologia, Tecnologia y Prototipos, Escuela 
Nacional de Estudios Profesionales Iztacala, Universidad Nacional 
Autonoma de Mexico, Apartado Postal 314, Avenida de los Barrios 
s/n, Los Reyes Iztacala, Tlalnepantla, Estado de Mexico, Mexico 
54090 (e-mail: lemos@servidor.unam.mx),  JAMES M. 
WALKER, Department of Biological Sciences, University of 
Arkansas, Fayetteville, Arkansas 72701, USA (e-mail: 
jmwalker@comp.uark.edu),  and HOBART M. SMITH, 
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Environmental, Population and Organismic Biology, and Museum, 
University of Colorado, Boulder, Colorado 80309, USA (e-mail: 
hsmith@spot.colorado.edu).  

CNEMIDOPHORUS COSTATUS BARRANCARUM (Barranca 
Whiptail Lizard). REPRODUCTION. Information on the 
reproductive biology of Cnemidophorus costatus barrancarum is 
limited to these comments published by Zweifel (1959. Bull. Amer. 
Mus. Nat. Hist. 117:57-111): clutch size, three oviductal eggs in 
each of two females of 71 mm SVL collected at Guirocoba, Sonora, 
Mexico, on 10 and 11 August 1950; maximum size of females, 87 
mm SVL; and maximum size of males, 107 ram SVL. We dissected 
14 specimens of this teiid lizard collected by one of us on 15-17 
July 2000 (JLE 5908-5910, 5918, 5940) and 16-19 June 2001 
(JLE 7316-7319, 7328-330, 7369, 7373) at lowland sites at 435-
687 m in the Barranca Region in the Municipality of Batopilas in 
southwestern Chihuahua, Mexico. Complete locality data for this 
small sample of C. c. barrancarum, an abundant and wary lizard 
that is difficult to collect using a rubber band, are included in 
Lemos-Espinal et al. (2003. Herpetol. Rev. 34:365-366). The three 
males in the sample (JLE 5910, 7319, 7373 of 70, 81, 91 mm 
SVL) contained enlarged testes of 6.5-7.0 mm in length indicating 
sexual readiness when the lizards were collected. Nine females 
contained the following numbers of vitellogenic ovarian follicles 
(size range within the sample 3.5-9.0 min): 67 mm SVL (potential 
for a clutch of 2 eggs); 71 mm (4); 75 mm (3); 78 mm (4); 78 mm 
(4); 83 mm (4); 83 min (5); 86 mm (5); and 95 mm (7). Two females 
contained the following numbers of oviductal eggs (size range 9 x 
14-8.5 x 14.5 mm): 73 mm SVL (3 eggs) and 77 mm (4). Data for 
our specimens combined with the report of Zweifel (op. cit.) 
established these reproductive characteristics for C. c. 
barrancarum; clutch size, 3.92 (2-7, N = 13) eggs; size of oviductal 
eggs, approximately 9 x 14 mm; size of reproductive females, 77.5 
(67-95 mm) SVL; size range of mature males, 70-107 mm SVL; 
reproductive season, minimally June—August and probably much 
longer; and reproductive potential, likely multiple clutches given 
the maturation of both sexes at a small body size (67-70 mm SVL) 
within tropical regions of southwestern Chihuahua and 
southeastern Sonora. No individuals of C. c. barrancarum were 
observed by JLE during a visit to southwestern Chihuahua in the 
first half of April 2001, though Sceloporus lizards were active, 
suggesting that this teiid lizard may not be active throughout the 
year. 

Submitted by JAMES M. WALKER, Department of Biological 
Sciences, University of Arkansas, Fayetteville, Arkansas 72701, 
USA (e-mail: jmwalker@comp.uark.edu),  JULIO A. LEMOS-
ESPINAL, Laboratorio de Ecologia, Unidad de Biologia, 
Tecnologia y Prototipos, Escuela Nacional de Estudios 
Profesionales Iztacala, Universidad Nacional Aut6noma de 
Mexico, Apartado Postal 314, Avenida de los Barrios s/n, Los Reyes 
Iztacala, Tlalnepantla, Estado de Mexico, Mexico 54090 (e-mail: 
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University of Colorado, Boulder, Colorado 80309, USA (e-mail: 
hsmith@spot.colorado.edu).  

CNEMIDOPHORUS COSTATUS BARRANCARUM (Barranca 
Whiptail Lizard). COLOR PATTERN. Information on the color 
pattern of females of Cnemidophorus costatus barrancarum is 
limited to these remarks by Zweifel (1959. Bull. Amer. Mus. Nat. 
Hist. 117:57-111): "...all have the primary six stripes distinct. In 
none is the spotting well defined, and one as large as 78 mm, has 
only faint traces of light areas in the dark fields." We present a 
more complete description of the color pattern in females of this 
teiid lizard based on three males and 11 females collected by one 
of us on 15-17 July 2000 (JLE 5908-5910, 5918, 5940) and 16-
19 June 2001 (JLE 7316-7319, 7328-7330, 7369, 7373) at 
lowlands sites (elev. 435-687 m) in the Barranca Region in the 
Municipality of Batopilas in southwestern Chihuahua, Mexico. 
Complete locality data for this sample are included in Lemos-
Espinal et al. (2003. Herpetol. Rev. 34:365-366). Data for the 
number of granules (scales) between the paravertebral stripes (PV) 
and percentage of the number of granules around midbody located 
between the paravertebral stripes (PV/GAB x 100) in 11 gravid 
females of C. c. barrancarum are: PV, 13.4 (12-15) and PV/GAB, 
13.8 (11.8-16.8). All females have a pair of incomplete 
ventrolateral stripes, one on each side of the body from beneath 
the ear to the postaxillary region, and six complete primary stripes 
configured in three bilateral pairs which subdivide the dorsal 
ground color on each side of the body into lower lateral, upper 
lateral, and dorsolateral dark fields. On each side of the body there 
is a wide lateral stripe from below the eye onto the anterior surface 
of the thigh, an intermediate width dorsolateral stripe from the 
superciliary scales onto the tail, and a narrow paravertebral stripe 
from the lateral parietal scale to the base of the tail. The vertebral 
(middorsal) field between the paravertebral stripes is either 
occupied by a brown band or two thinly divided secondary stripes. 
In JLE 7369 (67 mm SVL), which is very similar to the smallest 
mature male in the sample (JLE 5910, 70 mm SVL), the vivid 
stripes are hues of off-white to dull cream, the fields are black-
brown (except for gray-tan near the ventral scales), and faint 
incipient spots are apparent in the posterior parts of the dorsolateral 
fields. Only one female (JLE 5940; 83 mm SVL) differs markedly 
from having the sharply contrasting pattern of stripes and fields 
apparent in JLE 7369. In JLE 5940, contrast between the fields 
and stripes is much reduced, incipient spots are present in all fields 
except the middorsal, and there is evidence of spot formation on 
the primary stripes. The largest individual of C. c. barrancarum 
(JLE 7330, 95 mm SVL) verified that females of this form undergo 
marked ontogenetic changes in color pattern from the striped 
dorsum in juveniles and young adults to development of spots on 
the stripes, hind legs, base of the tail, and in the upper lateral and 
dorsolateral fields. Apparently, complete loss of the stripes does 
not occur in females of C. c. barrancarum. Tail colors among the 
females in the sample are: basal third, brown to dark tan and distal 
part, buff-tan. Ventrally, these females vary from cream to dull 
blue-green with no evidence of the black pigment that is present 
in large males of the subspecies. 

Incomplete knowledge of color pattern in females of C. c. 
barrancarum contributed to Zweifel's (op. cit.) uncertainties about 
its separation from parthenogenetic C. exsanguis and gonochoristic 
C. gularis scalaris in Chihuahua. Both of these species are now 
known to be allopatric to C. c. barrancarum and, because of their 
greater profusion of vivid dorsal spots and much lower PV and 
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PV/GAB numbers (Walker, unpubl. data; Walker et al. 2001. 
Copeia 2001:747-765), should not be confused with the Barranca 
Whiptail. 

Submitted by JAMES M. WALKER, Department of Biological 
Sciences, University of Arkansas, Fayetteville, Arkansas 72701, 
USA (e-mail: jmwalker@comp.uark.edu),  JULIO A. LEMOS-
ESPINAL, Laboratorio de Ecologia, Unidad de Biologia, 
Tecnologia y Prototipos, Escuela Nacional de Estudios 
Profesionales Iztacala, Universidad Nacional Autemoma de 
Mexico, Apartado Postal 314, Avenida de los Barrios s/n, Los Reyes 
Iztacala, Tlalnepantla, Estado de Mexico, Mexico 54090 (e-mail• 
lemos@servidor.unam.mx ), and HOBART M. SMITH, 
Environmental, Population, and Organismic Biology, and Museum, 
University of Colorado, Boulder, Colorado 80309, USA (e-mail: 
hsmith@spot.colorado.edu).  

CYCLURA PINGUIS (Stout Iguana, Anegada Rock Iguana). 
JUVENILE BEHAVIOR. Following its repatriation in 1986, 
Cyclura pinguis is flourishing on Guana Island, British Virgin Is-
lands (Laze11 2002. Ecol. Restor. 20:179-185). Recently hatched 
juvenile iguanas are now frequently encountered in early October, 
but their behavior remains unstudied. As part of a census effort, 
the marking of iguanas during October 2002 afforded the oppor-
tunity to follow animals and individually identify them. Here, we 
provide preliminary observations on agonistic behaviors of juve-
nile C. pinguis from Guana Island. 

During the month-long study, a white water-based latex paint 
was used to individually mark iguanas throughout the 340-ha is-
land. Sightings occurred throughout Guana Island (18°38'N, 
65°25'W), though most were near the hotel area (for additional 
information on Guana see Lazell 1996. Guana Island. The Con-
servation Agency, Jamestown, Rhode Island, 20 pp.). We observed 
no obvious adverse effects from the marking. Recently hatched 
individuals were repeatedly sighted, typically within a 10-m ra-
dius of previous sightings. Overall, we observed 13 marked and 
an unknown number of unmarked juvenile C. pinguis during the 
month. Many of them were observed on multiple occasions, re-
sulting in over 35 sightings. All observations were made between 
0800 and 1700 h. 

On four separate occasions, a juvenile C. pinguis was seen dis-
playing aggressive behaviors towards two other juveniles seen in 
the same area. Agonistic behaviors were varied. Head bobs and 
push-ups were seen in all interactions and were the most common 
aggressive behaviors observed. In one case, biting occurred dur-
ing the display stage. During one lengthier interaction that lasted 
> 10 min, we also observed full apposition (the lizards were paral-
lel to one another with their heads pointing in the same direction) 
and lateral compression of the bodies such that the side facing the 
other lizard appeared larger than normal. Chasing typically fol-
lowed up to 10 min of displays, lasted less than 1 min, and cov-
ered less than 5 m. The loser left the area following each interac-
tion, though the distance it traveled is not known. In the case of 
one pair of lizards, the lizard subsequently returned and interac-
tions were observed daily for three days. In the other case, we 
never saw the loser again following the interaction. 

Cyclura pinguis adults are known to avoid the centers of activ-
ity of conspecifics (Mitchell 1999. In Alberts [ed.], West Indian 

Iguanas: Status Survey and Conservation Action Plan, pp. 45-70. 
IUCN/SSC West Indian Iguana Specialist Group. IUCN, Gland, 
Switzerland and Cambridge, UK) and display aggression towards 
both adults and juveniles that approach them (N. Mitchell, unpubl. 
observ.). Our observations imply that juvenile C. pinguis begin 
establishing territories early in life, and that aggressive encoun-
ters may be important in determining the boundaries of these na-
scent territories. 

We thank the staff of Guana Island for technical assistance, and 
Henry and Gloria Jarecki for access to Guana Island. Through a 
grant from the Falconwood Foundation, The Conservation Agency 
provided financial support. This is manuscript T-9-968 of the Col-
lege of Agricultural Sciences and Natural Resources, Texas Tech 
University. 

Submitted by GAD PERRY, Department of Range, Wildlife, 
& Fisheries Management, Texas Tech University, Box 42125, Lub-
bock, Texas 79409-2125, USA (e-mail: Gad.Perry  @ttu.edu ), 
KATE LEVERING, Department of Biological Sciences, Texas 
Tech University, Box 43131, Lubbock, Texas 79409-3131, USA, 
and NUMI MITCHELL, The Conservation Agency, 67 Howland 
Ave., Jamestown, Rhode Island 02835, USA. 

CYCLURA PINGUIS (Stout Iguana, Anegada Rock Iguana). 
JUVENILE PREDATION. Cyclura pinguis was repatriated to 
Guana Island, British Virgin Islands, in 1986. Its population has 
since expanded considerably (Lazell 2002. Ecol. Restor. 20:179-
185), and sightings, especially of hatchlings, have become increas-
ingly common. Nevertheless, the ecology of this critically endan-
gered species remains poorly understood. Since 2000, our regular 
observations of recently hatched iguanas in early October have 
afforded the opportunity to better understand their ecology. In par-
ticular, predation on C. pinguis by other than exotic predators (fe-
ral cats; Mitchell 2000. In Reading and Miller [eds.], Endangered 
Animals: A Reference Guide to Conflicting Issues, pp. 22-27. 
Greenwood Press, Westport, Connecticut) has not been recorded. 
Here, we describe three predation events on juvenile C. pinguis 
involving the native fauna of Guana Island (18°38'N, 65°25'W). 

Two observations involved the locally abundant Puerto Rican 
racer, Alsophis portoricensis. On 12 October 2001 at 1530 h, we 
were told by Guana Hotel staff that an adult snake had been seen 
attempting to swallow a juvenile iguana and had the head of the 
lizard in its mouth. When we arrived, the snake was gone, and the 
juvenile iguana (106 mm SVL), already dead, had been left by the 
snake. The sighting occurred on a road, in an area containing both 
ornamental and native scrub flora. The dead iguana was preserved, 
tagged, and catalogued (JL F-4890), but remains in the British 
Virgin Islands because of CITES regulations. 

We made the second observation on 9 October 2002, in an area 
characterized by ornamental vegetation in the Guana Hotel area. 
At ca. 1840 h, the snake was coiled around the midsection of the 
lizard and biting the lizard's chest. The lizard (ca. 100 mm SVL) 
was still struggling weakly, but appeared to have already been 
envenomated. We took photographs and video footage of the in-
gestion process, which was completed at ca. 2040 h. The snake, 
subsequently caught, measured 68 cm SVL (tail length = 35 cm). 
Alsophis portoricensis primarily preys on lizards (Henderson and 
Sajdak 1996. In Powell and Henderson [eds.], Contributions to 

Herpetological Review 34(4), 2003 	 367 



West Indian Herpetology: A Tribute to Albert Schwartz, pp. 327-
338. SSAR, Ithaca, New York); these are the first records of igua-
nas in its diet. 

We observed a third predation event on 8 October 2002 around 
1530 h. A female kestrel (Falco sparverius), locally abundant on 
Guana (Lazell 1996. Guana Island. The Conservation Agency, 
Jamestown, Rhode Island, USA. 20 pp.), was observed feeding 
on a freshly killed juvenile iguana (ca. 110 mm SVL), which it 
had carried up to a tree perch. We recorded the feeding process, 
which began at the head of the lizard, for ca. 15 minutes with 
photographs and videotape. At the end of this period, the bird flew 
off with the partially consumed lizard in its talons. Much of the 
head was gone by this time, but the body and tail of the lizard 
remained mostly untouched. 

We thank Christine Matthias, Susan Slater, and Roy Snelling 
for helping us locate these events, the staff of Guana Island for 
technical assistance, and Henry and Gloria Jarecki for access to 
Guana Island. The Conservation Agency through a grant from the 
Falconwood Foundation provided financial support. This is manu-
script T-9-969 of the College of Agricultural Sciences and Natural 
Resources, Texas Tech University. 

Submitted by KATE LEVERING, Department of Biological 
Sciences, Texas Tech University, Box 43131, Lubbock, Texas 
79409-3131, USA, and GAD PERRY*, Department of Range, 
Wildlife, & Fisheries Management, Texas Tech University, Box 
42125, Lubbock, Texas 79409-2125, USA; e-mail: 
Gad.Perry@ttu.edu.  *Corresponding author. 

ELGARIA MULTICARINATA (Southern Alligator Lizard) 
BEHAVIOR. Mating behavior in alligator lizards has been 
described or illustrated for Elgaria coerulea (Svihla 1942. Copeia 
1942:54; Vestal 1940. Copeia 1940:51; Vitt 1973. Herpetologica 
29:176-184), E. kingi (Bowker 1986. Herpetol. Rev. 17:20), and 
E. multicarinata (Fitch 1935. Trans. Acad. Sci. St. Louis 29:1-38; 
Stebbins 1959. Reptiles and Amphibians of the San Francisco Bay 
Region, University of California Press, Berkeley, California. 72 
pp.), but available data address only interactions between one male 
and one female. Herein, we report an observation involving two 
males and one female Elgaria multicarinata. 

On 12 April 2002 at 1614 h, one of us (DJR) observed 3 adult E. 
multicarinata (1 female, 2 males) that were actively engaged in a 
succulent garden in La Cafiada-Flintridge, Los Angeles County, 
California, USA (34°14'05"N, 118°13'29"W). Sex was determined 
by comparing observed behavior and morphology with that 
illustrated in the literature (e.g., Bowker 1986, op. cit.; Fitch 1935, 
op. cit.; Vestal 1940, op. cit.). One male (A, middle, Fig. 1) was 
gripping the female by the head while the other male (B, bottom, 
Fig. 1) was attached in the same way to male A. Male A had oriented 
his body alongside the female and was rotating his tail over the 
female in an attempt to position his cloaca for copulation. Male B 
was exhibiting similar body posturing, and because of their 
positioning, posturing appeared directed towards male A (Fig. 1) 
instead of the female. After ca. 10 minutes in this position, the 
lizards became aware of the observer, disengaged from each other, 
and moved off into nearby vegetation, negating further 
observations. 

The head-gripping posture of male A on the female agrees with 

Flo 1. Three interacting Elgaria multicarinata (Top: female; Middle: 
male A; Bottom: male B). 

descriptions of copulation or attempted copulation for E. 
multicarinata (e.g., Fitch 1935, op. cit.; Stebbins 1959, op. cit.). 
The positioning of the lizards implied that male A had initiated 
contact with the female when male B arrived. It is unclear whether 
the behavior of male B was copulatory, agonistic toward male A, 
or both. 

Submitted by KENT R. BEAMAN, Section of Herpetology, 
Natural History Museum of Los Angeles, 900 Exposition Blvd., 
Los Angeles, California 90007, USA (e-mail: 
heloderma@adelphia.net)  and DONALD J. REINING, 5535 
Rock Castle Drive, La Canada-Flintridge, California 91011, USA. 

HEMIDACTYLUS MABOUIA (Tropical House Gecko). 
MORTALITY. Predation episodes involving potentially lethal 
prey provide insights into the risks to which predators may be 
exposed. Here, we report a lethal predatory episode involving the 
house gecko, Hemidactylus mabouia. 

On 2 July 2002 at 0930 h, one of us (DGL) saw a female house-
gecko (59 mm SVL) attack a male spider (11.5 mm body length) 
of the genus Ctenus (Ctenidae; identification to species was not 
possible as both palps were missing) on a rough-textured wall in 
the Museum of Zoology Profesor Mello Leitdo in Santa Teresa 
(19°56'S, 40°36W), state of Espirito Santo, Brazil. Seconds after 
capturing the spider and attempting to swallow it, the gecko began 
to fall, but kept hanging on the wall by its midbody with all four 
legs limp and spread apart. The gecko, which remained motionless 
except for a few spasms, was picked up and placed on a table. 
where it made no attempt to move. After ca. 30 min, the gecko 
ceased to show signs of life (i.e., no breathing and heartbeat). The 
spider, apparently injured (examination revealed a dent in its 
cephalothorax and some broken legs), remained inside its mouth 
until we removed it. 

The spider probably bit the gecko inside its mouth in self defense, 
and we assume that its venom killed the lizard. Symptoms exhibited 
by the gecko following the attack on the spider strongly suggest 
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the action of a neurotoxic venom (R. Baptista, pers. comm.). Some 
ctenid spiders, particularly members of the genus Phoneutria, are 
known to have potent venom with neurotoxic effects and can be 
deadly even to humans (e.g., Biicherl 1969. Am. Zool. 9:157-159; 
Schenberg and Pereira Lima 1978. In Bettini [ed.], Arthropod 
Venoms, pp. 217-245. Springer-Verlag, New York). Members of 
the genus Ctenus, which are generally much smaller, apparently 
lack venoms potent enough to harm large vertebrates, but may 
present a significant risk to arthropods and small vertebrates 
(Massary and Ineich 1997. Rev. Fr. Aquariol. 24:3-4; Massary 
1999. Herpetol. Rev. 30:167). This episode indicates that house 
geckos can be at risk during predation attempts on ctenid spiders. 

The gecko along with the spider (MNRJ 9802) were deposited 
at the Museu Nacional, Rio de Janeiro. We thank Renner Baptista 
for identifying the spider, critically reading this note, and giving 
helpful suggestions. 

Submitted by ROGERIO L. TEIXEIRA, Departamento de 
Ciencias Biologicas, Centro Universitario Vila Velha, Rua 
Comissario Jose Dantas de Melo 121, 29102-770, Vila Velha, ES, 
Brazil, DEVANIR GERALDO LOSS, Museu de Biologia Mello 
Leitao, Av. Jose Ruschi 4, 29650-000, Santa Teresa, ES, Brazil, 
and DAVOR VRCIBRADIC, Setor de Ecologia, Instituto de 
Biologia, Universidade do Estado do Rio de Janeiro, Rua Sao 
Francisco Xavier 524, 20550-019, Rio de Janeiro, R.T, Brazil; e-
mail: (DV) vdavor@uol.com.br . 

MABUYA UNIMARGINATA (Central American Mabuya). 
ENDOPARASITES. Mabuya unimarginata (= M. mabouya), 
sensu Wilson and McCranie (2002. Herpetol. Rev. 33:90-94) 
occurs from sea level to ca. 1100 m in a variety of forest habitats 
in Honduras, Central America (Meyer and Wilson 1973. Contr. 
Sci. Nat. Hist. Mus. Los Angeles County 244:1-39). To our 
knowledge, this is the first report of helminths from Mabuya 
unimarginata. 

Our report addresses 8 M. unimarginata (mean SVL = 70.4 mm 
± 3.2 SD, range = 66-76 mm) from the Los Angeles County Natural 
History Museum (LACM 47741-47745, 47747, 47748, 47750). 
Lizards were collected 29 July 1967 at Coyoles (14°58'N, 
86°41'W), Department of Yoro, Honduras, fixed in 10% formalin 
then preserved in 70% ethanol. The abdominal cavity of each lizard 
was opened, the gastrointestinal tract removed, slit longitudinally, 
and examined under a dissecting microscope. Helminths were 
removed to a drop of undiluted glycerol for identification. 

One species of Nematoda, Physalopteroides venancioi 
(Physalopteridae) was found lying free in the stomach or large 
intestine. Specimens were placed in a vial of 70% ethanol and 
deposited in the United States Parasite Collection (USNPC), 
Beltsville, Maryland as USNPC 92624. Prevalence of infection 
(number infected/sample examined x 100) was 4/8 (50%), mean 
intensity ± 1 SD (number of nematodes/number of infected lizards) 
was 4.8, range was 1-10. 

Hosts of P venancioi include Bufo paracnemis of Paraguay (Lent 
et al. 1946. Mem. Inst. Oswaldo Cruz 44:195-214), Ameiva ameiva 
of Brazil (Vrcibradic et al. 2000a. J. Parasitol. 86:1163-1165), and 
Mabuya agilis, M. macrorhyncha, and Tropidurus torquatus also 
of Brazil (Vrcibradic et al. 2000b. Amphibia-Reptilia 21:307-316). 
Physalopteroides venancioi has been found in the stomach, small  

and large intestines of its hosts (Vrcibradic et al. 2000b, op. cit.), 
but most likely, like other physalopterids (Anderson 2000. 
Nematode Parasites of Vertebrates: Their Development and 
Transmission 2nd Edition. CABI Publishing, Oxon, UK. 650 pp.), 
it is a stomach parasite and those found in the intestines are dead 
or dying, soon to be passed in the feces. Mabuya unimarginata 
represents a new host record for P. venancioi; Honduras is a new 
locality record. This is the first report of P. venancioi from Central 
America. 

We thank D. Kizirian (Natural History Museum of Los Angeles 
County, Los Angeles, California) for permission to examine M. 
unimarginata. 

Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 90608, USA (e-
mail: sgoldberg  @whittier.edu ), and CHARLES R. BURSEY, 
Department of Biology, Pennsylvania State University, Shenango 
Campus. Sharon, Pennsylvania 16146, USA (e-mail: 
cxb13@psu.edu).  

NOROPS HETEROPHOLIDOTUS (NCN). DEWLAP 
COLORATION. Dewlap color in anoles plays a pivotal role in 
species recognition and intraspecific interactions (e.g., Macedonia 
and Stamps 1994. Ethology 98:246-264), and as a consequence, 
biologists often use it to identify species. Norops heteropholidotus, 
an anole in the crassulus species group known from isolated 
highlands in El Salvador and Honduras (Kohler and McCranie 
2002. Herpetofauna 20:12-13), has had its dewlap color described 
as "erdbeerrot" (strawberry red) (Mertens 1952. Abh. Senckenberg 
Naturforsch. Ges. 487:1-120) and "rot mit hell-bis dunkelbraunen 
schuppen" (red with light to dark brown scales) (Kohler 2000. 
Reptilien and Amphibien Mittelamerikas. Band 2: Krokodile, 
Schildkrote, Echsen. Herpeton Verlag, Offenbach, Germany. 158 
pp). However, these descriptions were solely based on preserved 
specimens, and N. heteropholidotus has remained poorly known. 
Here, we provide the first reports on N. heteropholidotus dewlap 
coloration in life, female dewlap coloration, and the striking change 
in gorgetal scale color in the male dewlap. 

In December 2001, during fieldwork on Cerro las Nubes, 
Departamento Chalatenango, El Salvador (14°23'33"N, 89°6'17"W; 
elev. 2090 m) we observed > 25 N. heteropholidotus and collected 
9 (YPM 12422-23, 12379-85). Adult females consistently 
displayed a small orange-yellow dewlap, the rear margin of which 
extended posteriorly to the point of forelimb insertion. Males had 
a large strawberry red dewlap in life (maroon in preservative), the 
rear margin of which extended a distance posteriorly to the axilla 
roughly the diameter of the forelimb. The large gorgetal scales of 
the male dewlap displayed a striking color change depending on 
time of collection. In most specimens these scales were white, 
sometimes with a light speckling of gray pigment. However, males 
observed roughly before 1000 h had uniformly dark gray gorgetals. 
Five out of seven lizards caught before about 1000 h would have 
dark, slate gray gorgetals that would change to almost perfectly 
white in 3-4 min, while lizards were being held or kept in collecting 
bags. Male N. heteropholidotus caught after 1000 h generally 
displayed white gorgetals, although some traces of darker 
pigmentation might be present. When preserved in 70% ethanol, 
with or without previous fixation in 10% formalin, gorgetal scales 

Herpetological Review 34(4), 2003 	 369 



on the male dewlap are white, occasionally with a pink or tan hue, 
and their melanophore density varies. 

Anoles of the genus Norops are capable of considerable color 
change, but gorgetal scale coloration is generally not variable 
(Savage 2002. The Amphibians and Reptiles of Costa Rica: A 
Herpetofauna Between Two Continents, Between Two Seas. 
University of Chicago Press, Chicago. 934 pp.). Darkening of the 
gorgetal scales in N. heteropholidotus may play a thermoregulatory 
role since these anoles inhabit high elevation (> 1800 m) cloud 
forest zones. During the period of field work at Cerro las Nubes, 
the minimum temperature would drop to 7°C at night, and the 
lizards would become active when the daytime temperature 
exceeded —18°C. Other Central American highland lizards are 
known to display metachrosis, possibly as a way to help absorb 
solar radiation (Robinson 1983. In Janzen [ed.], Costa Rican 
Natural History, pp. 421-422. University of Chicago Press, 
Chicago, Illinois). 

Specimens of N. heteropholidotus were collected under permits 
from the Ministerio de Medio Ambiente y Recursos Naturales, 
San Salvador, El Salvador (MARN-DGPN-AIMA-8-01 and 
MARN-DGPN-AIMA-01-2002) and are deposited in the 
herpetology collection of the Yale Peabody Museum of Natural 
History. 

Submitted by TWAN A.A.M. LEENDERS and GREGORY 
J. WATKINS-COLWELL, Division of Vertebrate Zoology, Yale 
Peabody Museum of Natural History, 170 Whitney Avenue, P.O. 
Box 208118, New Haven, Connecticut 06520-8118, USA; e-mail: 
(TAL) twanleenders @scinax.com , (GJW) gregory.watkins-
colwell@yale.edu . 

PANTODACTYLUS SCHREIBERSI (NCN). HABITAT AND 
DIET. Pantodactylus schreibersi is a small (to 2 cm total length), 
common gymnophthalmid lizard widespread in southeastern South 
America. It inhabits a wide range of habitats from montane 
scrublands and rocky hillsides to grasslands of the pampas, 
trashpiles, and gardens (Achaval and Olmos 1997. Anfibios y 
Reptiles del Uruguary. Facultad de Ciencias, Montevideo, Uruguay. 
128 pp.; Cei 1993. Reptiles del Noroeste, Nordeste y Este de la 
Argentina. Mus. Reg. Scien. Natur. Torino, Monogr. XIV, Turin, 
Italy. 949 pp.). Despite this broad pattern of habitat use, association 
with water, as occurs in some microteids (e.g., Neusticurus: Savage 
2002. The Amphibians and Reptiles of Costa Rica: A Herpetofauna 
Between Two Continents, Between Two Seas. University of 
Chicago Press, Chicago, Illinois. 934 pp.), is unknown. Hence, 
we provide a preliminary report of P schreibersi use of semi-
aquatic habitat. 

Our observations took place near midday on 21 July 2001, while 
using a 3.5 m x 1.2 m drag seine as a bag to lift floating mats of 
camalotes (water hyacinths, Eichhornia crassipes) out of the 
Paraguay River near Fuerte Olimpo, Departamento Alto Paraguay, 
Paraguay (21 °02'30"S, 57°53'10"W; elev. 75 m). During this effort, 
we were surprised to capture two female P schreibersi, one from 
each of two different floating mats. When each individual was 
briefly placed in water to observe their behavior, both swam with 
ease using a snake-like undulating motion, which suggests that 
they were not in this semi-aquatic habitat simply by accident. 

Stomach contents of these animals reinforced the notion of semi- 

aquatic habitat use. The stomach of one specimen (32.5 mm SVL) 
contained an orthopteran nymph (Gryllidae), a homopteran 
(Fulgoridae), a moth (Lepidoptera), and a nematode parasite. The 
other lizard (41.9 mm SVL) contained 4 spiders (Araneae), an 
empty spider egg case, and plant material. Similar prey were 
common in our camalote seine-hauls. Fifty-six percent of prey in 
8 P schreiberi from Brazil were similar (Milstead 1961. Copeia 
1961:493-495), including a corresponding preponderance of 
arachnids. 

Specimens (MNHNP 10008-09) and stomach contents are 
deposited in the Museo Nacional de Historia Natural del Paraguay. 
We thank Ignacio Avila for help collecting, Bolivar Garcete for 
identification of the stomach contents, and Norman Scott for his 
advice. 

Submitted by PIER CACCIALI, Museo Nacional de Historia 
Natural, Sucursal 1, Ciudad Universitaria, San Lorenzo, Paraguay, 
(e-mail: pier_cacciali@yahoo.com),  and FREDERICK BAUER, 
Wildlife Consultant, Cervantes 911 c/ Venezuela, Asuncion, 
Paraguay (e-mail: frebauer@hotmail.com).  

UMA EXSUL (Fringe-toed Sand Lizard). PREDATION. Uma 
exsul is endemic to the sand dune systems in Viesca, 70 km SE 
Torreon (State of Coahuila), Mexico. Its biology and status have 
been moderately well studied (Gadsden et al. 2002. Bol. Soc. 
Herpetol. Mex. 9:51-66), and Gambelia wislizenii is the only lizard 
species in this dune system that was considered a predator. Here, 
we add the teid Cnemidiphorus tigris marmoratus to the list of 
predators on U. exsul. 

At 1530 h on 24 July 2002, during a survey of the sand dune 
system, we encountered an adult (180 mm SVL) male C. t. 
marmoratus chasing a young-of-the-year (32 mm SVL) U. exsul. 
We observed the C. t. marmoratus pursuing the Uma up a dune 
1.8 m high in a chase that lasted < 30 seconds. The young Uma 
was caught by the neck, ingested head first, and swallowed with 
undulatory movements of the body; the entire process lasted about 
3 minutes. 

At 1200 h on 25 July 2002, we saw another adult C. t. 
marmoratus chasing a young-of-the-year U. exsul, but this time 
the Uma managed to scape. Predation on hatchling lizards, 
including their own young, has been reported for some 
Cnemidophorus (Berrian and Banta 1979. Bull. Maryland Herpetol. 
Soc. 15:61; Etheridge and Wit 1982. Herpetol. Rev. 13:19; Galina 
et al. 1998. Herpetol. Rev. 29:237) and failed predation on larger 
individuals (Lichtenstein and Lichtenstein 1987. Herpetol. Rev. 
18:73) may indicate that opportunities for predation are largely 
restricted to hatchlings. 

We thank Ivonne Rivera for her help in the field. 

Submitted by CRISTINA GARCIA-DE LA PES1A, 
GAMALIEL CASTANEDA G., DAVID LAZCANO, and 
ADRIANA JAIME-ROSALES, Universidad Autonoma de 
Nuevo Leon, Laboratorio de Herpetologia, Apartado Postal —513, 
San Nicolas de los Garza, Nuevo Leon, C.P. 66450, Mexico; e-
mail: (CGP) crisgp15@yahoo.com  and (DL) 
dvlazcano@hotmail.com . 
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CROCODYLIA 

CROCODYLUS ACUTUS (American Crocodile). 
CANNIBALISM. Cannibalism is presumed to be common in 
crocodilians and may be an important population regulating 
mechanism in this group (e.g., Hutton 1989. Amer. Zool. 29:1033-
1049; Polis and Myers 1985. J. Herpetol. 19:99-107). Cannibalism 
has been observed in a few species (e.g., Alligator mississippiensis: 
Delany 1986. J. Wild. Manage. 50:348-353; Crocodylus niloticus: 
Cott 1961. Trans. Zool. Soc. Lond. 29:211-357), but no published 
reports exist for the American crocodile (Crocodylus acutus). Here, 
we report cannibalism by juvenile C. acutus. 

Our first observation was made 2 August 2000, while radio-
tracking hatchling C. acutus at the Florida Power and Light 
Company's Turkey Point Power Plant in southeastern Dade Co., 
Florida, USA (25°26'14"N, 80°20'17"W). We tracked a transmitter 
signal to an unmarked juvenile crocodile of undetermined sex (80 
cm total length [TL], 1.2 kg). Examination of this juvenile upon 
capture revealed that the transmitter was in its gut; we had originally 
attached it to a hatchling crocodile (26.6 cm TL, 60 g) on 20 July 
2000. We then scanned the juvenile's abdomen for the identifying 
microchip (AVID Identification Systems, Inc., Norco, California) 
used to tag the transmitted hatchling and detected 8 microchips, 
each originally placed in a different C. acutus hatchling in 1999 or 
2000, including that of the transmitted individual. This hatchling 
had been radio-tracked successfully for 5 days until on 1 August 
2000 it made an unusually long move (262 m) from the previous 
day's location. This and a sudden reduction in transmitter signal 
strength motivated us to attempt to sight or capture the transmitted 
hatchling. Two of the other microchips detected in the juvenile 
crocodile's abdomen had been placed in hatchlings released at the 
same time and place as the radio-transmitted individual. The 
remaining 5 microchips were originally used to tag hatchlings in 
July 1999. We do not know the gut residence time of a microchip, 
so we cannot distinguish whether these hatchlings were recently 
(days to weeks) cannibalized by this juvenile, or whether these 
microchips had been retained as gastroliths for up to a year. 

Our second observation involved a 117.5 cm TL (4.6 kg) C. 
acutus of undetermined sex captured in the cooling canal system 
of the Turkey Point power plant. This individual had been initially 
captured and marked by tail scute clipping on Key Largo and was 
later recaptured and microchipped in the cooling canal system of 
the Turkey Point power plant on 26 April 2000. On 19 April 2001, 
we recorded a microchip from its abdomen originally used to tag 
a 33.7 cm TL (100.8 g) C. acutus hatchling. That hatchling had 
been captured and released in the cooling canal system of the 
Turkey Point power plant on 12 August 2000. 

The Florida Power and Light Company provided financial 
support, equipment, logistical support, and allowed us to work on 
their property. The University of Miami Department of Biology, 
the Army Corps of Engineers, the Department of Interior's Critical 
Ecosystem Studies Initiative, administered by the National Park 
Service, and the USGS's Florida Caribbean Science Center funded 
PMR as part of cooperative agreement number 1445-CA09-95- 
0111 with the University of Miami. 

Submitted by PAUL M. RICHARDS, Department of Biology, 
Florida State University, Tallahassee, Florida 32306, USA (e-mail: 
prichards@bio.fsu.edu),  and JOSEPH WASILEWSKI, Florida 

Power and Light Company, Turkey Point Land Utilization 
Homestead, Florida 33090, USA. 

SERPENTES 

BOTHROPS ATROX (Common Lancehead). DIET. In July 2001, 
a male B. atrox (LPHA 1789; 1040 mm total length) was collected 
by S. Claudino on the right bank of the Tapajos River, Itaituba 
(55°59'W, 4°17'S), Para State, Brazil. The specimen was verified 
by Rubens Nobuo Yuki and was deposited in the scientific 
collection of the Linha de Pesquisa em Herpetologia da Amazonia 
in the Laboraterio de Pesquisas Zoologicas (LW) of the Faculdades 
Integradas do Tapaj6s (FIT). The stomach contents were examined 
and found to contain a male Mastigodryas boddaerti (LPHA 1790; 
ca. 670 mm total length). The body of the M. boddaerti was 
contorted and apparently had been ingested head-first because its 
anterior region was oriented toward the intestine of the B. atmx, 
and was in an advanced stage of digestion. Bothrops atrox eat 
species of lizards (Ameiva, Gonatodes, Tropidurus, and 
Cnemidophorus) (Cunha and Nascimento 1982. Bol. Mus. Para. 
Emflio Goeldi, set.. Zool. 112:1-58), small birds, rodents (Cunha 
and Nascimento 1975. Bol. Mus. Para. Emilio Goeldi, nov. ser. 
Zool. 83:1-42), amphibians, and snakes ("Leimadophis typhlus" 
[= Liophis typhlus] and Atractus torquatus) (Egler et al. 1996. 
Herpetol Rev. 27:22-23; Greene 1997. Snakes: The Evolution of 
Mystery in Nature. Univ. California Press, Berkeley. 351 pp.). 

Submitted by JOSSEHAN GALUCIO DA FROTA, Linha de 
Pesquisa em Herpetologia da Amazonia (LPHA), Laboratorio de 
Pesquisas Zoologicas (LW) das Faculdades Integradas do Tapaj6s 
(FIT), Rua Rosa Vermelha, 335, Santarem, Para, Brazil, CEP: 
68.010-200; e-mail: jgfrota@mailbr.com.br.  

CHIRONIUS FLAVOLINEATUS (NCN). PREDATION. 
Chironius flavolineatus is a medium-sized colubrid snake with a 
wide distribution, from northern Brazil to northeastern Paraguay 
and central Bolivia, but little is known about its natural history 
(Dixon et al. 1993. Revision of the Neotropical Snake Genus 
Chironius Fitzinger [Serpentes, Colubridae]. Monografie XIII. 
Museo Regionale di Scienze Naturali. 279 pp.). It is a semiarboreal 
species (pers. obs.), and feeds mainly on frogs (Dixon et al., op. 
cit.). On 9 December 2001, during a diurnal road sampling of 
snakes at about 1030 h, we observed a white-tailed hawk, Buteo 
albicaudatus, perched on a tree branch ca. 2 m above ground, 
holding a snake. The observation was made on an unpaved road in 
a pristine shrubby grassland of Cerrado (savanna-like vegetation) 
at Itirapina Ecological Station (IES; 22°13'24"S, 47°54'03"W; ca. 
750 m elev.), southeastern Brazil. Just after we spotted the hawk, 
it flew away with the snake in its talons. We followed the hawk by 
car and foot, whereupon the hawk released the snake and flew 
away. We found the dead snake on the ground. It was an adult 
female Chironius flavolineatus (estimated SVL 680 mm; SVL 
remaining 564 mm; tail length 375 mm; 155 remaining ventral 
scales) lacking the head and anterior portion of the body. The snake 
had several cuts and punctures along the body (N = 20) and a 
puncture on the tail, indicating that the hawk might have fought 
with the snake to subdue it. On the anterior portion of the body 
there were only cuts, and on the posterior portion there were 

Herpetological Review 34(4), 2003 	 371 



punctures and cuts, indicating that the hawk directed its strikes to 
the snake's head, probably to minimize the risk of injuries. 

The voucher specimen of C. flavolineatus is deposited in the 
Museu de Historia Natural, Universidade Estadual de Campinas 
(ZUEC 2650). D. Zanchetta and the staff of Instituto Florestal al-
lowed and facilitated our fieldwork at IES. FAPESP provided funds 
(00/12339-2) and grants to RJS (99/05664-5) and CAB (99/06245-
6). We thank M. Martins and C. Nogueira for suggestions on the 
manuscript. This is publication number 9 of the project Ecology 
of the Cerrados of Itirapina. 

Submitted by RICARDO J. SAWAYA (e-mail: 
sawaya@unicamp.br),  Departamento de Zoologia, Instituto de 
Biologia, Universidade Estadual de Campinas, C.P. 6109, 13083-
970, Campinas, SP, Brazil, and FELIPE SPINA, CAROLINA 
S. MONTEIRO, JULIANA L. OLIVEIRA, and CiNTHIA A. 
BRASILEIRO, Departamento de Ecologia, Instituto de 
Biociencias, Universidade de Sao Paulo, C.P. 11461, 05508-900, 
Sao Paulo, SP, Brazil. 

CRISANTOPHIS NEVERMANNI (Black Road Guarder). SIZE. 
The record total length known for Crisantophis nevermanni is 82.8 
cm (female, 66.0 cm SVL, 16.8 cm tail length) (Wellman 1963. 
Univ. Kansas Publ. Mus. Nat. Hist. 15:251-295; Villa 1971. J. 
Herpetol. 5:173-177). Here we report a female C. nevermanni, 
University of Costa Rica Museum of Zoology (UCR 16037), 
collected by MS on 13 October 2001, in Palo Verde National Park, 
in Callas, Guanacaste (northwestern Pacific versant), Costa Rica, 
with total body length of 100.7 cm (85.2 cm SVL, 15.5 cm tail 
length, ca. 2 cm of tail missing). The specimen was found during 
the morning in the abandoned airstrip adjacent to the Palo Verde 
Lagoon. A large Masticophis mentovarius was also captured in 
the spot simultaneously. From the observed wounds on the C. 
nevermanni, it seems that the large snake was trying to prey on it. 

Submitted by ALEJANDRO SOLORZANO, Serpentario 
Nacional, P.O. Box 2157-1002, San Jose, Costa Rica, and 
MAHMOOD SASA, Organization for Tropical Studies (O.T.S.), 
Costa Rica. 

CROTALUS ADAMANTEUS (Eastern Diamondback 
Rattlesnake). WINTER FEEDING. The optimum temperature 
range for quickest, most complete digestion of prey items by snakes 
is usually between 27-29°C (Rubio 1998. Rattlesnake: Portrait of 
a Predator, Smithsonian Institution Press, Washington). Generally, 
digestion is completely inhibited and snakes regurgitate food at 
temperatures less than 10°C (Lillywhite 1987. In Seigel et al. [eds.], 
Snakes: Ecology and Evolutionary Biology, pp. 422-477. 
Macmillan Publishing, New York). An oversized bolus and lower 
than preferred temperatures may result in putrefaction of prey. 

In the Coastal Plain of southeastern Georgia, adults of two large 
snake species, the Eastern Indigo Snake (Colubridae: Drymarchon 
corais couperi) and the Eastern Diamondback Rattlesnake 
(Viperidae: Crotalus adamanteus), are frequently surface-active 
during the winter (December–February) when air temperatures 
exceed 12.7°C (Timmerman 1995. Bull. Florida Mus. Nat. Hist. 
38, Pt. I[5]:127-158; D. Stevenson, unpubl. data). Both species 
use Gopher Tortoise (Gopherus polyphemus) burrows, nine-banded  

armadillo (Dasypus novemcinctus) burrows, stump holes, or similar 
retreats for winter dens. When found on the surface during the 
winter, individuals are typically close to their dens (Timmerman 
op. cit.; Moler 1992, In Moler [ed.], Rare and Endangered Biota 
of Florida, Volume III: Amphibians and Reptiles, pp. 181-186, 
Univ. Press of Florida, Gainesville). To what extent C. adamanteus 
or D. c. couperi feed during the winter is unknown. In this note, I 
discuss observations of winter feeding by adult C. adamanteus in 
Georgia. 

An adult C. adamanteus collected 1 January 2002, 8.0 km SW 
of Glennville, Tattnall County, Georgia (31°55'N; 82°00'W) 
possessed a distinct bolus near midbody. The snake was found 
coiled on the surface in direct sunlight at 1230 h (air temperature 
of 9°C). The snake was held in captivity until 6 January at which 
time it was euthanized because of severe injuries it experienced 
while being captured. The snake, a post-parturient female (139.7 
cm SVL, 148.6 cm TL, 3.12 kg with prey item) contained a partly 
digested, but essentially intact, adult eastern cottontail (Sylvilagus 
floridanus) in its stomach. 

The snake probably ate the rabbit during unseasonably warm 
(19-27°C) weather 13-29 December 2001. During the first week 
of January 2002, southeastern Georgia experienced local snow 
flurries and ice on 2 January, and a low temperature of –7.2°C 
was recorded on 5 January. Although warm, sunny conditions with 
daytime highs ca. 22°C are common in winter in southern Georgia, 
extended blocks of cold weather or sudden cold snaps associated 
with passing fronts likely force all snakes underground and may 
compromise their ability to digest prey. Average high and average 
low winter (December–February) temperatures for the Glennville, 
Georgia area are 16.6°C and 4.4°C, respectively (NOAA 2001. 
Climatological Data Annual Summary, National Oceanic and 
Atmospheric Administration, Asheville, North Carolina). 

Similar to the above observation, I found an adult C. adamanteus 
with a large bolus on the surface near a Gopher Tortoise burrow 
on 23 December 1992 in nearby Bryan County, Georgia. This snake 
was subsequently observed coiled on the surface near the burrow, 
probably basking to facilitate digestion, on warm days in early 
January 1993. However, during cold weather with daytime 
temperatures about 8°C (in early January) the snake evidently 
moved underground, as it was observed 1.5 m deep within the 
burrow or not found at all under these conditions. 

Winter feeding has been reported for C. adamanteus, but not at 
a latitude this far north. Timmerman (op. cit.) reported that a male 
C. adamanteus (SVL = 135 cm) found dead 13 January 1998 
(probably killed by a white-tailed deer) in northern Florida 
contained the remains of a mouse in its small intestine. Adult C. 

adamanteus with stomach boli have been found throughout the 
winter in central Florida (Martin 2003. In Timmerman and Martin, 
The Eastern Diamondback Rattlesnake Conservation Guide. SSAR 
Herpetol. Circ.), and adult snakes with boli have been found on 
two occasions during the winter in the Lower Coastal Plain of 
South Carolina (Jeff Humphries, pers. comm.). 

C. adamanteus that take prey during the coldest months of the 
year may be individuals with low fat reserves—such as post-
parturient females, males whose energy demands are stressed by 
mate-searching followed by unsuccessful foraging, or fast-growing 
juveniles (Timmerman and Martin, op. cit.). Snakes with boli 
observed on the surface may be attempting to maintain or attain 
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optimum temperatures for digestion, and basking could potentially 
expose the snakes to increased risk of predation (Lillywhite, op. 
cit.). An adult C. adamanteus (ca. 122 cm TL) I observed coiled 
on the surface 2 m from an armadillo burrow on a cool morning 
(12°C, 22 December 1997; Liberty County, Georgia) did not exhibit 
typical defensive behavior or try to escape when prodded, but 
instead hid its head beneath its coiled body and remained in this 
position for over a minute. Slow movements or an inability to 
mount a typical defensive posture may leave surface-active C. 
adamanteus vulnerable to predation. 

I thank Terry Norton, Beth Willis-Stevenson, Tommy Hilliard, 
Jeff Humphries, and W. H. Martin for help with this note. 

Submitted by DIRK J. STEVENSON, Fort Stewart Fish and 
Wildlife Branch, Directorate of Public Works, 1113 Frank Cochran 
Drive, Fort Stewart, Georgia, USA 31314-4940, USA; e-mail• 
stevensond@ stewart.army.mil . 

CROTALUS ADAMANTEUS (Eastern Diamondback Rattle-
snake). DIET. In the course of nuisance snake removal and relo-
cations in Alachua County, north central Florida (USA) during 
September 2000, we observed, on two separate occasions, evi-
dence of predation on Felis catus (domestic house cat) by Crow-
lus adamanteus. 

The first C. adamenteus was captured in a homeowner's front 
yard. The snake was ca. 130 cm. in length, and it had ingested a 
meal so large as to become effectively immobile. The snake was 
retained at our holding facility to allow the meal to be digested 
before relocation. Over night, the snake regurgitated a partially 
digested, large black house cat. 

A few days later, at a different location, we captured a second 
C. adamenteus in a gopher tortoise (Gopherus polyphemus) bur-
row. This snake was also grossly engorged, and it made little at-
tempt to escape. It also was taken to our holding facility prior to 
relocation. Ten days later, the snake defecated a large amount of 
feces containing black fur, teeth, and claws identified as belong-
ing to F catus. On a side note, the burrow where we captured the 
snake had, radiating away from its entrance, the first-shed skins of 
nine newborn C. adamenteus. 

In the past twelve years we have noted two other possible inci-
dents of cat predation by C. adamenteus. In these cases, missing 
pet cats and fat snakes were observed. All of these snakes were 
subsequently released into safer habitats. 

Our thanks to Paul Moler, Wildlife Biologist, Florida Fish and 
Wildlife Conservation Commission, for his welcome input. 

Submitted by PETE HOWARD and KEVIN KOPF, Snake 
Busters Reptile Rescue, 4302 NW 25th Ter, Gainesville, Florida 
32605, USA (e-mail: SnakeBusters@webtv.net).  

CROTALUS PRICE! (Twin-Spotted Rattlesnake). REPRODUC-
TION. On 1 September 2002, a pair of Crotalus pricei was ob-
served in copulation on a shaded area of talus and soil from the 
Barfoot talus slide in the Chiricahua Mountains, Cochise County, 
Arizona, USA (31°55'09"N, 109°16'43" W, 2560 m). The air tem-
perature was 23-24°C, and it was cloudy following recent rain. 
The total length of the female was ca. 46 cm; the male snake was 
41 cm. The male was on top of the dorsal surface of the female 

with their tails obviously intertwined. The male made pulsating 
movements while crawling over the female. The snakes contin-
ued mating for about an hour when the flash of a camera startled 
the pair and the female retreated under a rock. The male immedi-
ately pursued her and quickly resurfaced about 30 cm away look-
ing for the female. The male was apparently unaware of our pres-
ence. 

Little is known about the reproductive behavior of C. pricei. 
What is known has focused primarily on the fecundity of females 
and the size of their offspring (Goldberg 2000. West. N. Am. Nat. 
60:98-100; Lowe et al. 1986. The Venomous Reptiles of Arizona. 
Arizona Game and Fish Department, Phoenix, 115 pp.; Mahaney 
1997. Herpetol. Rev. 28:205). Male and female C. pricei have been 
found in close proximity to each other between mid-August and 
mid-September (Prival 2000. Sonoran Herpetol. 13:14-18). There 
is one report of captives mating in summer/autumn (Schuett 1992. 
In Campbell and Brodie [eds.], Biology of the Pit Vipers. Selva, 
Tyler, Texas). These reports suggest that these snakes breed dur-
ing the monsoon season and the females retain sperm over the 
winter. 

We thank Dave Hardy and Gordon Schuett for helpful comments 
on this note. 

Submitted by JAMES C. BALL, 1083 Jewell Road, Milan, 
Michigan 48160, USA; RICHARD H. LEGERE, 315 NW 28th 
Street, Gainesville, Florida 32607, USA; DAVID S. HOLLAND, 
P.O. Box 333, Beaufort, South Carolina 29906, USA; KATTIE 
BAYLESS, P.O. Box 1532, Montgomery, Alabama 36104, USA. 

DIPSAS CATESBYI (Catesby's Snail-eater). PREY. Snakes of 
the genus Dipsas are highly specialized moluscivores. Data on 
the diet of Dipsas have been reported almost exclusively for the 
Amazon region despite the wide occurrence of the genus in the 
Atlantic forest. The diet includes mollusks in general but there are 
also records for insects (Beebe 1946. Zoologica 31:24-25; Cunha 
and Nascimento 1978. Publ. Avul. Mus. Pan Emilio Goeldi 31:74). 
In the stomach of an individual of D. pavonina from Santarem, 
Para, a lizard's foot was found (Martins 1999. Herpetol. Nat. Hist. 
2:78-150). Here we present data on the diet of a probably isolated 
population of D. catesbyi in the Atlantic forest in the state of Ba-
hia, Brazil. The specimens were captured in cocoa groves (Alves 
2000. Biologia reprodutiva das serpentes do eller° Dipsas 
Laurenti, 1768 do sudeste da Bahia. Dissertacao de Mestrado, 
Universidade Estadual Paulista, Botucatu, Sao Paulo. 106 pp.), 
which is traditionally cultivated under the shade of the forest in a 
system locally called "cabruca." All specimens are housed in the 
Colecao Zoologica Gregorio Bondar (CZGB), of the Centro de 
Pesquisas do Cacau, in Ilheus, Bahia, Brazil. An examination of 
the stomach of 194 specimens at different ages showed that D. 
catesbyi preys primarily on slugs (N = 85) rather than snails (N = 
5). The slugs can be ingested by any extremities of their body. 
There is no correlation between the number of ingested prey and 
snout—vent length (SVL) (r = -0.031, p > 0,05) or between prey 
length and SVL (r = 0.38, p > 0,05). One female (470 mm SVL, 
174 tail length; CZGB 5942) had a gekkonid lizard ingested 
headfirst; it was positioned in the anteriormost portion of the stom-
ach near the mouth, suggesting difficulties in swallowing it. Be-
sides the lizard we also found a leg from an orthoptheran. These 
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are the first published data on the natural history of D. catesbyi 
from the Atlantic forest. 

Submitted by FATIMA QUEIROZ ALVES, Rua D, 
Loteamento Santa Teresa, n. 34, Banco Raso, 45600-000, Itabuna, 
Bahia, Brazil (e-mail: fqueiroz48@hotmail.com),  ANTONIO 
JORGE SUZART ARGOLO, Universidade Estadual de Santa 
Cruz, Depto. de Ciencias Biologicas, Km 16 Rodovia Ilheus-
Itabuna, 45650-000, Ilheus, Bahia, Brazil, and JORGE JIM, 
Universidade Estadual Paulista, Depto. de Zoologia, Rubido Jr., 
18618-000, Botucatu, Sao Paulo, Brazil. 

EPICRATES SUBFLAVUS (Jamaican Yellow Boa). DIET. Bat 
predation has been documented for Epicrates boids on the 
Caribbean islands of Cuba (Hardy 1957. Copeia 1957:151-152) 
and Puerto Rico (Rodriguez-Duran 1996. J. Herpetol. 30:533-536). 
On Jamaica, E. subflavus has been observed hanging from 
vegetation at the entrances of caves, striking at bats as they emerge 
at dusk, but to the best of our knowledge, no successful strike-
captures have been reported in the literature for this species 
(Vareschi and Janetzky 1998. Jamaica Nat. 5:34-35). 

On 7 April 2000, during monthly monitoring of the resident bat 
colony of Windsor Great Cave, Trelawny, Jamaica (18°21'N, 
77°39'W, elevation 120 m), we observed a juvenile female boa 
(94 cm SVL, 345 g) successfully capture and swallow a Jamaican 
fruit bat (A rtibeus jamaicensis). At 1700 h we hung a single-frame 
harp trap (1.5 x 1.5 m 2  frame constructed of 5 cm PVC tubing, 
tensioned 8# nylon monofilament strung at 25 mm spacing) at the 
lower entrance of Windsor Great Cave. Bats began emerging from 
the cave at 1820 h and the first bat was captured in the trap at 1835 
h. The bat colony of Windsor Great Cave includes: Pteronotus 
parnellii (forearm 54 mm, 14 g), P. macleayii (forearm 39 mm, 7 
g), P quadridens (forearm 44 mm, 8 g), Mormoops blainvillii 
(forearm 45 mm, 10 g), Macrotus waterhousii (forearm 55 mm, 
20 g), Glossophaga soricina (forearm 38 mm, 11 g), Monophyllus 
redmani (forearm 40 mm, 13 g), Artibeus jamaicensis (forearm 
60 mm, 52 g), Erophylla sezekorni (forearm 48 mm, 16 g), and 
Tadarida brasiliensis (forearm 41, 10 g) (unpubl. data). The total 
bat population is estimated to be 50,000-100,000 (Vogel 1997. 
Report to NRCA). 

At 1915 h, we noticed a boa hanging from a medium-sized liana 
at the upper portion of the cave opening. The boa's body position 
was similar to what other researchers, who have observed this 
phenomenon, have described: her tail was coiled around the vine 
and about two thirds of her body length was hanging down, with a 
slight S-shape. Her ventral surface faced inwards to the cave 
chamber. As the stream of bats flew past, the boa struck, with 
mouth agape, at those bats that appeared to make contact with her. 
At 1925 h we approached the cave entrance to remove the harp 
trap and, at 1930 h, while continuing to remove bats from the trap's 
holding bag, we heard a "squeak," signaling the successful capture 
of a bat by the boa. We did not observe the actual strike. We 
removed the catch bag from the harp trap to enable any 
additionally-captured bats a means of escape, and repositioned 
ourselves 4 m from the cave entrance to observe the snake's 
manipulation of her prey. We used dimmed headlamps and periodic 
photographic flashbulbs to record the events, which did not appear 
to disturb the snake. 

The boa maintained constriction for ca. 4 min. She then relaxed 
her coils while grasping the bat by its neck in order to re-orient the 
body for head-first ingestion (Fig. 1). The wings of the bat, which 
splayed outwards from the shoulders, clearly made intraoral 
transport difficult. The snake spent ca. 35 min. working her head 
over the bat before she was able to close her mouth completely. 
The final positioning of the bat's body and appendages as the snake 
completed oral manipulation was: left wing and head, body, and 
right wing trailing with the rump. After closing her mouth, the boa 
coiled her body three times and slid her head and neck up through 
her coils to assist in pushing the meal towards her digestive tract. 

At 2025 h we captured the boa for further observation. The 
following morning, 10 April 0800 h, the "bat bulge" was visible 
half way down the length of her body. On 15 April 0800 h, we 
collected a fecal pellet, which contained numerous mammal hairs. 
We completed collecting morphometric data, which included 
weight at time of capture (365 g), weight after passing fecal pellet 
(345 g), weight of fecal pellet (20 g), skull length (34.8 mm), and 
skull width (26.5 mm). Using photointerpretation techniques, we 
used the dimensions of the boa's skull to estimate the length of the 
bat's forearm (ca. 55-60 mm). Forearm length, coupled with the 
weight of the fecal pellet, the bat's facial features and reduced 
interfemoral membrane, lead us to identify the bat as Artibeus 
jamaicensis. The thoracic cavity of a live, adult A. jamaicensis 
measures 37 x 25 mm (dorso-ventrally compressed). 

After permanently marking the boa with caudal scale clipping, 
we returned her to the capture site on 16 April 1930 h. We have 
continued with one-night-per-month trapping of bats at the cave 
entrance and on 26 May 2001 captured another juvenile female 
boa (85 cm SVL, 195 g), which had positioned herself on the top 
bar of the harp trap. We have also observed juvenile boas at Windsor 
Great Cave on two previous occasions. On 19 July 1999 2300 h, 
SK captured, marked, and released a juvenile female (92 cm SVL, 
395 g) found on the ground at a larger, upper opening of the cave. 
In 1996 MS observed a small boa in the rear of the first cave 
chamber, approaching the second chamber, where one of the bat 

FIG. I. Following constriction, a juvenile female Epicrates subflavus 
re-orients a Jamaican fruit bat (Artibeus jamaicensis) for head-first 
consumption. 
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roosts is located. 
It is interesting to note that the boas that others and we have 

observed at Windsor Great Cave have all been relatively small 
animals. We have encountered larger adults in the Windsor environs 
(e.g., female, 148 cm SVL, 2000 g), but hunting for bats appears 
restricted to juveniles. Whether this is because of physical 
constraints of the hunting perch (Chandler and Tolson 1990. J. 
Herpetol. 24:151-157), the imposition gravity poses to blood 
circulation when larger snakes hang vertically (Lillywhite and 
Henderson 1993. In Siegel and Collins [eds.], Snakes: Ecology 
and Behavior, pp. 1-48, McGraw-Hill, New York), or because the 
bats represent low- or marginal-energy prey items for adult snakes, 
particularly as they weigh less than predicted for their maximum 
diameter because of their protruding wings (Cundall and Greene 
2002. In K. Schwenk [ed.], Feeding: Form, Function, and 
Evolution in Tetrapod Vertebrates, pp. 293-332. Academic Press, 
San Diego, California), is unknown. While the large bat roost of 
Windsor Great Cave represents a predictable, high density but 
localized prey resource, we still lack information on hunting 
success under natural conditions, when a trap is not in place that 
disrupts the bats' flight. Prior and Gibson (1997. Herpetol. Rev. 
28:72-73) recorded > 200 unsuccessful strikes by a juvenile E. 
subflavus during a period of 1 h 45 min. Research into the energetic 
costs and benefits of opportunistic bat predation would improve 
our very limited understanding of the foraging ecology of Jamaica's 
endemic boa as well as ensure adequate protection for critical 
habitat and food resources of this vulnerable snake. 

The bat research that "assisted" the boa was supported by a 
student scholarship to S. Koenig from Bat Conservation 
International and additional funding from the Jamaica Conservation 
and Development Trust. Research was conducted under Natural 
Resources Conservation Authority permit Ref No. 18/47. We thank 
Harry W. Greene for his helpful comments, particularly on prey 
types and gape diameters in snakes. 

Submitted by SUSAN E. KOENIG and MICHAEL 
SCHWARTZ, Windsor Research Centre, Sherwood Content P.O., 
Trelawny, Jamaica (e-mail [SK]: susankoenig@cockpitcountry.com ; 
[MS]: michaelschwartz@cockpitcountry.com ). 

LAMPROPELTIS GETULA NIGRA (Black Kingsnake). 
MAXIMUM SIZE. The maximum size record reported for 
Lampropeltis getula nigra by Conant and Collins (1998. A Field 
Guide to Reptiles and Amphibians of Eastern and Central North 
America. Houghton Mifflin Co., Boston, Massachusetts. 616 pp.) 
is 58 in (147.3 cm). On 4 July 1999 a recent DOR specimen was 
collected by Brainard Palmer-Ball near the Franklin School in 
Washington County, Indiana, USA. ca . 2.2 km N of Blue River 
(38°32.7'N, 85°56.3'W). Before preservation, this large male 
specimen measured 1480 mm in total length. Additional 
morphometric and meristic data are as follows: snout—vent length 
1309 mm, tail length 171 mm, ventrals 203, and caudals 48. This 
specimen is deposited in the vertebrate collections at Morehead 
State University (R4682). Examination of 27 additional male L. 
g. nigra from Kentucky gave the following ranges and mean values: 
total length 736-1211 mm (mean 981.9 mm); snout—vent length 
654-786.7 mm (mean 675 mm); tail length 158-188.7 mm (mean 
176 mm); ventrals 198-213 (mean 205.9); and caudals 41-57 

(mean 49.6) (Meade 1993. Kentucky Snakes -  Their Systematics, 
Variation and Distribution. Ph.D. dissertation, Univ. of Southern 
Mississippi, Hattiesburg, Mississippi. 609 pp.). 

Submitted by LES MEADE, Morehead State University, More-
head, Kentucky 40351, USA (e-mail: l.meade@morehead-st.edu)  
and BRAINARD PALMER-BALL, Kentucky State Nature 
Preserves Commission, 801 Schenkel Lane, Frankfort, Kentucky 
40601, USA; e-mail: brainard.palmer-ball@mail.state.ky.us.  

MASTICOPHIS BILINEATUS (Sonoran Whipsnake). PREY. 
Masticophis bilineatus is generally regarded as a generalist forager, 
and snakes occasionally are reported as food items (e.g., Grismer 
2002. Amphibians and Reptiles of Baja California, Including its 
Pacific Islands and the Islands in the Sea of Cortes. Univ. California 
Press, Berkeley, California. 399 pp.). A study by Camper and Dixon 
(2000. Texas J. Sci. 52:83-92) found no snakes in the stomachs of 
335 M. bilineatus, but Enderson (1999. Sonoran Herpetol. 12:72-
73) reported the predation of a neonate Crotalus molossus by a 
very large (1679 mm) specimen. Klauber (1972. Rattlesnakes. 
Univ. California Press, Berkeley, California, p. 1105) also relates 
a story of an adult M. bilineatus consuming a C. molossus. Here, I 
document a snake species not previously observed as prey for M. 
bilineatus. 

On 20 August 2002, while at Peck Canyon in southern Arizona 
(31 °29'N, 111 °04'W) at 1300 h, I observed an adult M. bilineatus 
(ca. 100 cm SVL) consuming a smaller Salvadora hexalepis (Fig. 
1). I did not attempt to separate the two snakes, but estimate the 
size of the Salvadora to be ca. 40-55 cm in total length. The 
Salvadora was being swallowed headfirst, and was approximately 
two-thirds consumed when I first found the snakes. I watched and 
photographed the snakes for ca. 10 minutes before leaving. During 
that time period neither snake moved; it appeared that the 

FIG. 1. Masticophis bilineatus consuming Salvadora hexalepis. 
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Masticophis was aware of my presence, and the Salvadora may 
have already been dead. This record is the first documentation of 
S. hexalepis in the diet of M. bilineatus. The ambient shaded air 
temperature was ca. 35°C at 1 m off the ground, cloud cover was 
less than 10%, and the ground was saturated from recent rains. A 
voucher slide has been accessioned at the University of Arizona 
Collection of Amphibians and Reptiles (UAZ 54678-PSV). 

Submitted by ERIC W. STITT, School of Renewable Natural 
Resources, 125 Biological Sciences East, University of Arizona, 
Tucson, Arizona 85721, USA; e-mail: estitt@u.arizona.edu.  

MASTICOPHIS FLAGELLUM (Coachwhip). PREY. The diet 
of the diurnally active, swift-moving Masticophis flagellum 
includes rodents, birds and their eggs, a variety of lizards, young 
turtles, some insects, and also snakes (e.g., Stebbins 1985. A Field 
Guide to Western Reptiles and Amphibians. Houghton Mifflin Co., 
Boston, Massachusetts). Beaman and Harris (2002. Herpetol. Rev. 
33:214-215) recently summarized seven species of snakes 
previously reported as prey of M. flagellum, as well as their own 
account of a gopher snake (Pituophis catenifer) as prey. Herein, I 
report another incidence of P catenifer being eaten by M. flagellum. 
On 30 August 2002 at 1230 h, while conducting a rare plant survey 
in a Sonoran desertscrub/semidesert grassland habitat, I chanced 
upon a P catenifer being eaten by a black-phased M. flagellum. 
The observation took place on Tohono 0' odham Nation, San 
Xavier District lands leased by ASARCO Inc., about 21 km SW 
of downtown Tucson in Pima County, Arizona, USA 
(32.021547°N, -111.039105°W). The P. catenifer was the first to 
be observed. It was located next to a clump of bush muhly 
(Muhlenbergia porteri), and the snake appeared undisturbed at 
my presence. Upon closer inspection, I noticed that a M. flagellum 
had hold of the P catenifer and that it had been swallowed headfirst 
slightly more than halfway. The M. flagellum was loosely coiled 
and fully shaded from the overhead sun by the grass cover, while 
the portion of the P catenifer not yet swallowed was completely 
exposed to the sun on the western-side of the grass cover. Soon 
after the encounter the ambient air temperature (taken at 1 m with 
a Shultheis-type thermometer) was 38.1°C, and the ground 
temperature beneath the M. flagellum in the shade was 33.8°C 
and 42.2°C under the exposed P catenifer. I inadvertently disturbed 
the snake when taking the temperature beneath its coil and it 
proceeded to regurgitate the partly digested P. catenifer, with only 
the gopher snake's mid- and tail sections being recognizable. It 
was not known exactly how long the M. flagellum had hold of its 
prey, but the P. catenifer was discolored and internally yielding, 
which indicated the onset of autolysis. I did not disturb the M. 
flagellum any further and it remained beneath the clump of grass, 
briefly shaking its tail as I departed. Because I did not try to catch 
the M. flagellum, I could only estimate its total length at ca. 110 
cm. The P catenifer being partially eaten was more difficult to 
gauge but appeared to have been about the same size as the M. 
flagellum. The two snakes were photographed as the one was 
consuming the other and a color slide was deposited in the 
University of Arizona herpetological collection (currently 
uncatalogued). 

Submitted by RUSSELL B. DUNCAN, Sage Landscape 
Architecture & Environmental, Inc., 2315 East Speedway Blvd., 

Tucson, 	Arizona 	85719, 	USA; 	e-mail: 
rbduncan@sagelandscape.com . 

MICRURUS FULVIUS TENER (Texas Coral Snake). DIET. The 
diet of M. fulvius generally consists of small lizards and snakes 
(Greene 1984. Univ. of Kansas Mus. of Nat. Hist. Spec. Publ. 
10:147-162). On 20 October 2001 a female M. f tener (SVL 734 
mm; weight 64 g) was captured on the Griffith League Ranch in 
Bastrop County, Texas, USA. The snake was taken to the lab for 
measurements. During transport, the snake regurgitated a male 
Masticophis flagellum (SVL 476.3 mm; weight 32 g) and died. 
The M. flagellum was 64.9% of the M. f tener's length and 50% 
of its weight, which is slightly higher than the mean body mass 
relationship for coral snakes and their prey determined by Greene 
(op. cit.). There are few records of coral snakes eating larger 
colubrids (Neill 1968. Florida Wildlife 21:22-25; Greene, op. cit.), 
and we were unable to locate references to M. flagellum being 
eaten by M. fulvius. Both were deposited in the Texas Wildlife 
Cooperative Museum at Texas A & M University (Micrurus: 
TCWC84720; Masticophis: TCWC 84719). 

We thank Rob Bryson and Jeff Mink for their assistance 
capturing the snake, and Martha Dollar for expediting the delivery 
of Greene's paper. 

Submitted by TODD M. SWANNACK and MICHAEL R. J. 
FORSTNER, Department of Biology, Southwest Texas State 
University, San Marcos, Texas 78666, USA; e-mail (TMS): 
tswannack@austinsr.com . 

MICRURUS STEWARTI (Panamanian Coral Snake). COLOR 
VARIATION. Color patterns in snakes of the genus Micrurus are 
relevant for comprehending coral snake mimicry systems (e.g., 
Greene and McDiarmid 1981. Science 213:1207-1212), and for 
an adequate identification of these potentially harmful snakes. 

On 23 January 2002, at night, FAS and RID found an adult male 
M. stewarti (619 mm TL, 531 SVL) active on the ground along 
the margins of a stream at Quebrada Peflalosa, Cuatro Callitas, 
Distrito de Donoso, Provincia de Colon (ca. 8°58'0.86"N, 
80°33'9.16"W, 40 m elev.), within a stream reach flowing through 
a mixture of forest and humanly disturbed areas. The snake was 
essentially bicolored black and white, having a white head with a 
black snout, a rather long black nuchal ring, and a series of 
alternating white and black rings throughout the body and tail. 
The black rings were more than twice the length of the white rings. 
The white rings have a very faint pinkish tint, somewhat more 
noticeable on the head and first two body rings, and dorsally with 
black tipped scales. The specimen was collected and tagged, 
CIrculo Herpetologico de Panama (CH 5348), and later deposited 
in the Museo de Vertebrados de la Universidad de Panama (MVUP 
1797). 

M. stewarti is a poorly known, rare species (Roze 1996. Coral 
Snakes of the Americas, Krieger Publishing Co., Malabar, Florida). 
No specimens of this species were known to have the exclusively 
black and white coloration reported herein, being previously 
regarded as a bicolor snake with black and red rings (Campbell 
and Lamar 1986. The Venomous Reptiles of Latin America, 
Comstock Publishing Associates, Ithaca, New York; Roze 1996, 
op. cit.). In addition, we have observed 8 live specimens of M. 
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stewarti from other localities in central Panama, all of them having 
black and bright red rings. Therefore, in this species, the black 
and white ringed color variant is present in a low frequency. 

In central Panama, two other species of bicolored coral snakes 
occur in sympatry with M. stewarti: M. multifasciatus, also with 
black and red rings, and M. mipartitus with black and white body 
rings, the white color replaced by orange red on the head and tail 
(Campbell and Lamar 1986, op. cit.; Roze 1996, op. cit.; pers. 
obs.). Hence, the black and white ringed color variation, observed 
in M. stewarti, conforms to the geographic concordance in color 
pattern expected among presumed coral snake models as Mtillerian 
mimics. 

The reported observation was made during the project 
"Recopilacion y Presentacion de Datos de Recursos Ambientales 
y Culturales en la Region Occidental de la Cuenca del Canal de 
Panama," funded by the Autoridad del Canal de Panama, and 
performed by The Louis Berger Group Inc., Universidad de Panama 
and Smithsonian Tropical Research Institute consortium. 

Submitted by ROBERTO IBAS1EZ D., Smithsonian Tropical 
Research Institute, Apartado 2072, Balboa / Ancon, Panama, 
Panama (e-mail: ibanezr@tivoli.si.edu),  FRANK A. SOLIS (e-
mail: solisf@tivoli.si.edu),  Universidad de Panama, Escuela de 
Biologia, Departamento de Zoologia, Panama, Panama, and 
CESAR A. JARAMILLO A. (e-mail: jaramilc@tivoli.si.edu),  
CIrculo Herpetologico de Panama, Apartado 10762, Estafeta 
Universitaria, Panama, Panama. 

NERODIA SIPEDON SIPEDON (Northern Watersnake). DIET. 
On 15 July 2001, while conducting a herpetological survey of 
Shenandoah National Park, Virginia, USA (Research Permit 
number: SHEN-2001-SCI-0005), we captured a female N. sipedon 
(350 mm SVL, 103 mm TL, 31g) at coordinates 38°14'26"N; 
78°41'24"W (NAD 27) that regurgitated a larval Gyrinophilus 
porphyriticus (74 mm SVL, 50 mm TL, 8.25 g) upon capture. 
Habitat consists of mixed deciduous woodland on Doyle's River 
with a two-step cascade of water 8.5 m high, the animal being 
found in a rocky pool at the bottom of the waterfall. This is the 
second documentation of predation on G. porphyriticus by N. 
sipedon (Uhler et al. 1939. Trans. 4th North Am. Wildl. Conf. 
1939:605-622). Prey body mass accounted for 26.6% of the 
predator's body mass. The larval salamander was consumed head-
first and was still alive upon being regurgitated by the snake. Our 
observations provide the first predator-prey morphometric and 
orientation data on these two species. We thank Boripat Siriaroonrat 
and Shelley C. Hickman for field assistance and logistical support 
during the survey. 

Submitted by JOHN L. BLACKBURN, Biological Programs, 
National Aquarium in Baltimore, 501 East Pratt Street, Baltimore, 
Maryland 2202, USA (e-mail: jblackb 1 @gmu.edu ), WILLIAM 
D. BROWN, Blue Ridge Biological, 978 Bull Yearling Road, 
Stanardsville, Virginia 22973, USA (e-mail: 
wbrown@blueridgebiological.com),  and JOSEPH C. 
MITCHELL, Department of Biology, University of Richmond, 
Richmond, Virginia 23173, USA (e-mail: jmitchel@richmond.edu).  

PORTHIDIUM NASUTUM (Hog-nosed Pitviper). PRE 1 
Porthidum nasutum ranges from southern Mexico to Ecuador and 
has been documented to feed on a variety of vertebrates. Prey items 
of P. nasutum include species of birds, rodents, lizards, and anurans 
(Greene 1997. Snakes: The Evolution of Mystery in Nature. 
University of California Press, California, 351 pp.; Alvarez del 
Toro 1983. Los Reptiles de Chiapas, 3rd ed. Instituto de Historia 
Natural, Tuxtla Gutierrez, Chiapas, Mexico, 248 pp.). Juveniles 
are also known to feed on a variety of invertebrates (Campbell 
1998. Amphibians and Reptiles of Northern Guatemala, the 
Yucatan, and Belize. University of Oklahoma Press, Norman, 
Oklahoma, 380 pp.). However, detailed accounts of most prey items 
of P. nasutum are lacking. We report an anuran prey item of P. 
nasutum that has not been previously documented. 

On 18 May 1998, we encountered a Porthidium nasutum on the 
side of the western trail (Sendero Occidental) at trail marker 50 at 
La Selva Biological Station, Costa Rica (2015 h). We observed 
the snake for ca. 30 minutes and left. One of us (DAW) returned to 
the same location 1 h later with a camera and discovered a dead 
Rana warszewitschii next to the snake. This observation suggests 
that the snake struck and envenomated the frog and then released 
it. After watching for about 5 minutes, the snake began to ingest 
the frog. Approximately 30 minutes later, the snake moved deeper 
into the forest with the frog half way in its mouth. 

We thank H. Greene and C. Guyer for encouraging us to publish 
our observation, and C. Guyer for identifying the Rana 
warszewitschii from photographs. Thanks to J. Raich and 0. Rocha 
for giving us the opportunity to study in Costa Rica. 

Submitted by DANIEL A. WARNER, Department of Animal 
Ecology, Iowa State University, Ames, Iowa 50011, USA (current 
address: School of Biological Sciences, University of Sydney, 
Sydney, New South Wales 2006 Australia; e-mail: 
dwar7923@mail.usyd.edu.au),  and JASON J. KOLBE, 
Department of Zoology and Genetics, Iowa State University, Ames, 
Iowa 50011, USA (current address: Department of Biology, 
Campus Box 1137, Washington University, St. Louis, Missouri 
63130, USA; e-mail: kolbe@biology.wustl.edu).  

PTYAS CARINATUS (Keeled Rat Snake) PREY. There are few 
data available on the feeding habits of Ptyas carinatus in the 
tropical forests of Southeast Asia (Cox 1991. The Snakes of 
Thailand and Their Husbandry. Krieger Publishing, Malabar, 
Florida. 564 pp.). On 10 July 2001 (1100 h) along the trail from 
Kampung Mukut to Sungai Raya on Pulau Tioman, West Malaysia, 
a juvenile P carinatus was observed eating a juvenile Gongylosoma 
sp. The habitat was coastal forest (Latiff et al. 1999. Raffles Bull. 
Zool. 6:11-72) with dense leaf litter. Immediately after the sighting, 
the Gongylosoma sp. was released and both snakes fled. The 
Gongylosoma sp. had bite marks on its body from the attack. Both 
snakes were captured, preserved, and deposited in the Zoological 
Reference Collection (ZRC) of the National University of 
Singapore; Ptyas carinatus (ZRC 2.5142), Gongylosoma sp. (ZRC 
2.5143). 

Submitted by RAUL E. DIAZ, SAUL GUERRERO, COLBY 
LEDBETTER, and SHANNA NEWBOLD, Department of 
Biology, La Sierra University, Riverside, California 92515, USA 
(e-mail [RED]: Frog_diaz@hotmail.com). 
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RHINOBOTHRYUM BOVALLH (Coral Cat-eyed Snake). SIZE. 
The maximum total body length reported for Rhinobothryum 
bovallii is 130.2 cm (Wilson and Meyer 1985. The Snakes of 
Honduras. Milwaukee Publ. Mus., Publ. Biol. Geol. 6, 159 pp.). 
Here I report a male R . bovallii from Costa Rica with a total body 
length of 176.2 cm (135.0 cm SVL, 41.2 cm tail length). The 
specimen, University of Costa Rica Museum of Zoology (UCR-
14916), was captured by Miguel and Norberto Solano in Guayacan 
de Siquirres, Limon province (northeastern Caribbean versant) on 
the night of 14 December 1997, while moving slowly on the floor 
in primary rainforest. 

I thank Louis W. Porras and William W. Lamar for comments 
on this note, and Federico Bolaiios and Gerardo Chaves for 
allowing me to examine specimens at the School of Biology and 
Museum of Zoology at the University of Costa Rica. 

Submitted by ALEJANDRO SOLORZANO, Serpentario 
Nacional, P.O. Box 2157-1002, San Jose, Costa Rica. 

THAMNODYNASTES STRIGATUS (Corredeira). DIET. Am-
phibians have been reported as prey of T. strigatus (Cei 1993. Mon. 
XIV Boll. Mus. Reg. Sci. Nat. Torino, 949 pp.; Achaval and Olmos 
1997. Anfibios y Reptiles del Uruguai. Serie Fauna N° 1, 128 pp.; 
Marques et al. 2001. Serpentes da Mata Atlantica: Guia ilustrado 
para a Serra do Mar. Holos Ed., 184 pp.). However, the specific 
amphibian species have not been reported. 

On 9 March 2000, we collected three T strigatus, on the eastern 
bank of the Uruguai River (28°23'43"S, 52°29'59"W), near the 
municipality of Ita, in the State of Santa Catarina, Brazil. One 
specimen (CEPB/NAT 2848; male SVL 546.3 mm) contained the 
posterior limbs of a specimen of Odontophrynus americanus (tibia: 
23.0 mm; tarsus: 18.6 mm). The second specimen (CEPB/NAT 
2497; female SVL 668.5 mm) contained most of the posterior limbs 
and pelvic region of a specimen of Hyla faber (femur: 40.5 mm; 
tibia: 46.7 mm; tarsus: 29.9 mm). The third specimen (CEPB/NAT 
2469; female SVL 630.3 mm) contained the posterior limbs of a 
specimen of Rana catesbeiana (tibia: 37.2 mm; tarsus: 17.6 mm). 
Our observations include three families of amphibians in the diet 
of T strigatus. The snakes and their respective stomach contents 
are deposited in the Herpetological Collection of the Centro de 
Estudos e Pesquisas Biologicas, at the Catholic University, Goiania, 
Goias, Brazil. 

Submitted by IVAN FRANCA E SOUZA, RAFAEL 
SILVEIRA RIBEIRO, and NELSON JORGE DA SILVA JR., 
Laborat6rio de Herpetologia, Centro de Estudos e Pesquisas 
Biologicas, Universidade Catolica de Goias, Ave. Universitaria, 
1440, Setor Universitario, 74.605-010, Goiania, Goias, Brazil (e-
mail: souzai@terra.com.br).  

THAMNOPHIS SIRTALIS SIRTALIS (Eastern Garter Snake). 
PREDATION. On 26 April 2001 in Lake Creek (T16S, R2W, 
Sec. 13, SWI/4 of NE1/4, Cache, Illinois USGS 7.5' topographic 
map) Alexander Co., Illinois, USA, one of us (WJP) observed a 
Thamnophis s. sirtalis being carried in the mouth of a gar, 
Lepisosteus sp. (either L platostomus, shortnose gar, or L oculatus, 
spotted gar) with a portion of the snake's body floating at the surface 
of the water. The gar swam with the snake for several minutes 

under and near the State Route 3 bridge before the snake was 
hooked using a fishing pole and forcibly taken from the fish. The 
snake was dead but in good condition and measured 621 mm TL. 
The attack on the snake was not observed. Gars were abundant in 
the stream and were seen cruising just below the surface of the 
water. Four gars caught by hook and line and many others observed 
that day were all L. platostomus. 

A spotted gar was reported to have eaten a small turtle, 
Sternotherus odoratus, in Missouri (Redmond 1964. Ecology of 
the Spotted Gar [Lepisosteus oculatus Winchell] in southeastern 
Missouri. M.A. thesis. Univ. Missouri. viii + 115 pp.). Additionally, 
T sirtalis has been reported in the diet of largemouth bass, 
Micropterus salmoides (Knapik and Hodgson. 1986. Herpetol. Rev. 
17:22). However, this is the first report of T. sirtalis or any snake 
being preyed on by any species of gar. The snake is deposited at 
the Illinois Natural History Survey (INHS 17214). 

Submitted by WILLIAM J. POLY and ALLAN K. WILSON, 
Department of Zoology, Southern Illinois University at Carbondale, 
Carbondale, Illinois 62901-6501, USA. 

THAMNOPHIS SIRTALIS SIRTALIS (Eastern Garter Snake) 
and PLETHODON ALBAGULA (Western Slimy Salamander). 
PREDATION. Thamnophis sirtalis sirtalis is a generalized feeder 
predating mostly on earthworms and amphibians (Uhler et al. 1939. 
Trans. North Am. Wildl. Conf. 4:605-622). Salamanders 
(Ambystoma, Desmognathus, Eurycea, Necturus, Notophthalmus, 
and Plethodon) are among the most frequently consumed 
amphibian prey (Ernst and Barbour 1989. Snakes of Eastern North 
America. George Mason Univ. Press, Fairfax, Virginia. 282 pp.). 
Herein, we describe, for the first time, predation by T s. sirtalis 
on Plethodon albagula from a mine shaft in Arkansas. 

We observed a female T s. sirtalis on 11 August 2002 while 
investigating the nesting ecology of P albagula in an abandoned 
mine shaft. The mine shaft (Spillway Mine) is a nesting sanctuary 
for this salamander species; it is located near Blakely Mountain 
Dam of Lake Ouachita (Garland County) in the Ouachita National 
Forest of south-central Arkansas. The shaft extends ca. 190 m 
horizontally into a moderately sloping, rocky hillside. We collected 
the active garter snake inside the mine shaft at ca. 2.5 m from the 
mouth of the shaft. 

The snake measured 395 mm SVL and 136 mm tail length. Upon 
necropsy, the snake contained a mostly-digested P albagula in its 
stomach. It appeared that the salamander had been ingested tail 
first. We were unable, however, to determine the age or sex of the 
prey item because of the degree of digestion. We deposited the 
snake in the Arkansas State University herpetological museum 
collection (ASUMZ 27218). 

We thank David A. Saugey (Vertebrate Biologist, United States 
Forest Service) and the Army Corp of Engineers for access to 
Spillway Mine, and Sigma Xi Grants-in-Aid (to RRK) for research 
funding. 

Submitted by ROBYN R. KONVALINKA and STANLEY E. 
TRAUTH, Department of Biological Sciences, Arkansas State 
University, State University, Arkansas 72467, USA; e-mail: (RRK): 
rkonvalinka@astate.edu ; (SET): strauth@astate.edu . 
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