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Sperm competition is recognized as an integral component of 
sexual selection, shaping life-history characteristics such as body 
size, morphology, physiology and behavior (Birkhead and Parker 
1997). Sperm competition occurs when there is competition 
between the ejaculates of different males for the fertilization of a 
given set of ova (Parker 1970). Therefore sperm competition can 
be shown by detecting mixed paternity using molecular methods 
(Queller et al. 1993; Roberts et al. 1999), by direct observation of 
multiple male - single female copulations (Birkhead and Parker 
1997; Jennions and Passmore 1993) and by comparing relative 
testis sizes and sperm traits among and within species based on 
sperm competition theory (Byrne et al. 2002; Harcourt et al. 1981). 
However, despite the relatively high number of proposed methods 
it remains difficult to assess sperm competition in external 
fertilizers, and our knowledge of the occurrence of sperm 
competition in externally fertilizing anuran taxa has remained 
scarce (Halliday 1998). 

In the externally fertilizing anurans, the production of offspring 
often numbering in the hundreds or thousands may render 
molecular paternity analyses uneconomical. Similarly, comparative 
methods using testis sizes and sperm traits require large sample 
sizes (sometimes more than a hundred) of sacrificed animals 
(Jennions and Passmore 1993; Kusano et al. 1991). This method 
is also problematic because it does not provide direct evidence for 
sperm competition (Birkhead and Parker 1997). Behavioral 
observations (e.g., Fukuyama 1991; Kaminsky 1997; Kusano et 
al. 1991) also share the latter burden. 

In order to demonstrate the occurrence of sperm competition in 
a rhacophorid frog, Jennions and Passmore (1993) proposed a 
simple method for the documentation of sperm release by 
peripheral males in multiple male amplexes. Before oviposition, 
they placed the amplexed male's lower body in a plastic bag (20 x 
20 cm) and let the pair spawn in the presence of peripheral males. 
After embryonic development they counted hatching larvae and 
unfertilized eggs. In control treatments, where peripheral males 
were excluded, fertilization success was zero, whereas in the 
experimental trial, where peripheral males were present, hatching 
success was nearly 37%. They concluded that plastic bags act as 
effective condoms, and that peripheral males sired the tadpoles in 
experimental treatments. Their method, however, has some 
substantial weaknesses: Jennions and Passmore only performed 

Herpetological Review 36(1), 2005 	 33 



two controls and one experimental trial, thus they did not test their 
method thoroughly for repeatability. They also noted that the plastic 
bag might have affected the rate at which peripheral males came 
into close contact with the female's cloaca, possibly reducing 
fertilization success. Furthermore, it is inevitable that the primary 
male would be hampered with its lower body completely wrapped 
in a 20 x 20 cm plastic bag, presumably leading to altered behavior 
and a strongly decreased ability to keep peripheral males away 
from the female. 

We propose here an alternative technique that overcomes these 
problems by using condoms instead of plastic bags. Condoms were 
washed with soap before use to remove the lubricating gel, which 
could adversely affect study animals. After rinsing soap residue 
off with water, two holes were cut opposing each other in the 
condom. The size of the hole depended on the thickness of the 
proximal end of thighs of males, as it must prevent sperm leakage 
but not compress the blood vessels of the legs. Handling and fixing 
of the condom was easier when the condom was not unrolled 
completely. Once these preparations were completed, one person 
held the condom and stretched it open so that the holes for the legs 
became wide and the other person could easily pull the hind legs 
of the male one by one through the holes and smooth out the 
condom on the abdomen. The condom was fastened with two 20 
cm long pieces of yarn bound as slings around the abdomen covered 
by the condom, one just under the fore-limbs and another above 
the hind-limbs and the cloaca (Fig. 1). The slings were tightened 
enough to prevent the condom from slipping down the body. 

Amplexed pairs of Bufo bufo were hand-collected from a 
breeding-site in the Pilis Mountains (47°42'N, 19°01'E) 25 km N 
of Budapest, Hungary on five occasions in mid-April 2002. Pairs 
were transported in covered plastic boxes to the Ecology 
Laboratory at Eotvos Lorand University, Budapest, where trials 
were conducted within 24 hours of capture. Two inflatable plastic 
wading pools (120 cm x 120 cm, 60 cm deep) filled to a depth of 
25 cm with aged tapwater were used as artificial egg-deposition 
sites. 

We ran one control (no condom) and one experimental trial (with 
condom) at a time. Treatments were assigned randomly to wading 
pools. A total of five replicates were performed for each treatment. 
Pools were washed thoroughly with aged tapwater between 
successive trials. Treatments were terminated following egg 
deposition, which occurred within 16 hours in all cases. Animals 
were then removed and returned to the site of their collection, and 
egg strings were placed into uncovered boxes (55 cm x 35 cm, 30 
cm deep) filled to a depth of 3 cm with aged tapwater. Eggs were 
stored for approximately three days at room temperature, so that 
embryonic development advanced to Gosner stage 18 (Gosner 
1960). After this time fertilized and unfertilized eggs could be 
readily distinguished. In clutches taken from experimental trials 
we counted all eggs, but estimated egg number in the controls 
only to the nearest 100, as control treatments were only applied to 
test whether the experimental design grossly modified reproductive 
behavior and/or fertilization success. Embryos were reared until 
hatching and were then released at the site of their parents' 
collection. Experimental trials were video recorded to survey if 
the condom affected the behavior of the amplexed pair and whether 
it remained set in its place. 

Bufo bufo females (N = 5) deposited on average 5305 eggs in 

FIG. 1. (a) Photograph of an amplexed Bufo bufo male equipped with 
condom. (b) Diagrammatic interpretation of photograph in (a): Female: 
white, male: light grey, condom: dark grey. 

experimental trials (N = 5; SD = 1121) and 5360 eggs in control 
treatments (N = 5; SD = 1064). We found no difference in number 
of eggs deposited between experimental trials and control 
treatments (Student t-test, t8 = 0.08; P= 0.938). Average fertilization 
success was 0.303% (SD = 0.293) in experimental trials and 93.2% 
(SD = 8.55) in control treatments, and this difference was strongly 
significant (Mann-Whitney U = 0.00; P<0.01). In two cases the 
pair in the experimental trial started egg laying first, in three cases 
it was the pair in the control. There was no observable change in 
the position of condoms in any of our experimental replicates. 
Video records confirmed that the males did not try to remove the 
condoms, that the condoms remained in their position and that the 
males remained in amplexus until egg deposition was complete. 
After treatments, condoms contained an opaque fluid that we 
checked for spermatozoa under a light microscope, at 800x 
magnification. We found actively swimming spermatozoa in high 
numbers in the condoms of all experimental replicates. 

Birkhead and Parker (1997) suggested two ways to detect sperm 
competition in internally fertilizing species: 1) by direct observa-
tion of multiple male mating assemblages, and 2) by detecting 
mixed paternity. However, it is important to note that both meth-
ods have limitations. In the first, copulation does not always re-
sult in insemination. In the second, it is possible that secondary 
males do not sire any progeny. Birkhead and Parker (1997) con- 
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cluded the combined use of both methods is desirable despite the 
difficulties in carrying out such studies. The same requirements 
should also apply to externally fertilizing species with the modifi-
cation that, instead of multiple copulations, sperm release by mul-
tiple males targeting the same set of eggs must be detected. With 
our method it is possible to satisfy both of Birkhead and Parker's 
(1997) requirements without the use of molecular markers. If the 
focal male of a pair is equipped with a condom and the resulting 
clutch contains a high ratio of fertilized eggs, sperm competition 
can be assumed to occur under natural conditions as sperm from 
males other than the focal male must have achieved those fertili-
zations. 

The testing of our method showed the following: 1) Fertiliza-
tion success was negligible in all experimental trials, indicating 
that our method is effective in the retention of sperm of the 
amplexed male; 2) Among experimental trials we found low vari-
ance in fertilization success, showing our method to be highly re-
peatable; 3) Low fertilization success was due solely to the inhibi-
tion of fertilization by condoms, as average fertilization success 
in control treatments was comparable to that found in natural popu-
lations (A. Hettyey, pers. obs.) 4) Video records showed that the 
condoms applied as described stayed in position throughout the 
trials, allowing males to use their hind-legs without any difficulty. 
The condoms fitted Bufo bufo males tightly, clinging onto the 
males' abdomen and clearly not hanging over the females' cloaca. 
Thus they would not have prevented the sperm of other males 
from fertilizing emerging eggs; 5) High numbers of live sperma-
tozoa were found in the condoms after termination of experimen-
tal trials, again documenting the efficacy of condoms in retaining 
the ejaculate. We note, however, that condoms appropriate for use 
in Bufo bufo and other large and medium-sized species may not 
be applicable for small frogs and toads. In this case pharmaceuti-
cal finger cots can be used instead of condoms (A. Hettyey, unpubl. 
data). 

The fact that our method enabled the collection of ejaculates 
suggests other applications of this technique. For instance, artifi-
cial fertilization is a widely used method in a variety of studies 
(e.g., Berger and Rybacki 1992; Rakitin et al. 1999; Semlitsch 
1994). In anurans the traditional method of obtaining sperm for 
artificial fertilization is to sacrifice and dissect the males, squash 
their testes, and then prepare sperm-suspensions (Berger et al. 
1994). Such sacrifice may bring up ethical and conservation prob-
lems, possibly constraining the researcher's ability to obtain sperm 
from some populations or species. Gutleb et al. (2001) have shown 
that water that came into intensive contact with latex gloves can 
damage amphibian larvae. However, in our experiments, animals 
did not seem to be harmed by the condoms and the condoms con-
tained live, actively swimming spermatozoa after trials. Conse-
quently, we conclude that our technique allows the collection of 
sperm without killing or damaging males and allows the use of 
ejaculated sperm (which is superior in many aspects to sperm from 
dissected testes (Wilson et al. 1998). Another possible application 
is the testing of sperm competition theory suggesting differences 
among and within males in quality and quantity of sperm spent on 
distinct ejaculates (for a review, see Parker 1998). Predictions of-
fered by theory have not been tested in anurans so far, probably 
due to the lack of an appropriate method of ejaculate sampling. As 
our technique retains almost the entire ejaculate, it offers the pos- 

sibility to examine actual ejaculates and to compare them among 
or within individuals. Potential applications of our method are the 
detection of mating preferences at the level of ejaculate expendi-
ture and toward male quality estimation based on sperm charac-
teristics. Although this might be accomplished using the traditional 
dissection approach, our method collects only ejaculated sperm 
and avoids collecting samples contaminated with cells not directly 
involved with fertilization. 
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The size and distribution of local marine turtle populations is 
critical for managers who need to know where and when the turtles 
congregate, what resources attract turtles to a given location, and 
how both the turtles and those requisite resources can be managed 
and protected. But obtaining this information is often difficult. 
Home ranges may be large, water clarity can be limited, and the 
turtles may avoid observers by fleeing or hiding before they can 
be detected. 

The Palm Beach County, Florida (USA) Department of Envi-
ronmental Resource Management has been aware that juvenile 
Green Turtles (Chelonia mydas) often were observed by local 
swimmers and divers near shallow water (1-5 m deep) reefs (Fig. 
1). These reefs are long (up to 0.5 km), narrow 12 m wide), 
hard-bottom formations that parallel the shore along the Atlantic 
coast of southeastern Florida. In parts, the hardbottom is colo-
nized by living worm reef, structures formed by the secretions of 
a colonial sabellariid polychaete (Phragmatopoma lapidosa). 
Throughout these reefs, sponges, soft and hard corals, and algae 
adhere to the hardbottom surface. Turtles feed on the macro-algae 
and seek shelter under ledges and within reef crevasses when in-
active (especially at night; Wershoven and Wershoven 1988). 
Because the reefs provide food and shelter, they may constitute an 
important "developmental" (age-specific, temporarily utilized) 
habitat (Musick and Limpus 1997) for the turtles. 

The reefs are popular boating and snorkeling sites. For that rea-
son, we suspected that in-water observers towed behind a slowly  

moving, small boat would be an effective census method because 
the animals should be acclimated to both boat traffic and swim-
mers. This surveying method, colloquially referred to as "shark 
fishing" (derived from the towing of large "baits" [observers] 
through the water) is used in Hawaii by trap and spear fishers to 
locate prey. To our knowledge, no published studies have reported 
the use of this technique for estimating turtle abundance. We esti-
mated the density of turtles in the shallowest of these discontinu-
ous reef formations, and determined whether turtles were more 
abundant over the reefs than over the sandy areas separating reefs. 
Our results indicate that the method works in clear water and might 
be useful at other subtropical and tropical reef locations world-
wide. We also describe its limitations. 

Methods.—In-water surveys were performed by two observers 
wearing a mask and snorkel, each holding one end of a 5-m long 
tagline. The other end of each line was attached to each side of a 
slowly (2-3 nautical miles/h) moving small (– 6 m long) 
powerboat, traveling directly over the reef axis parallel to shore. 
Observers visually scanned the bottom directly below and to the 
left (port observer) or right (starboard observer), as far as water 
clarity permitted (typically, 8-12 m to each side). When a turtle 
was seen, the boat operator was informed and stopped the boat to 
record the time, water depth, and the turtle's geographic position 
(using a GPS and depth sounder). 

We surveyed the county's three primary shallow reefs (north, 
south, and middle reef), as well as three sand bottom areas at simi-
lar depth between the reefs (Fig. 1). The total length of the reef 
(12.1 km) and sand (10.0 km) surveys accounted for ca. 30% of 
the county's shoreline. Surveys were carried out in July–August 
2001 (over 9 days), and in July–September 2002 (over 5 days). 

The short north and south reefs were surveyed in a single day; 
the longer middle reef required several transects done over a 2-4 
day survey period, with each sequential transect beginning where 
the previous transect ended. Longitude and latitude were noted at 
the start and end of each transect, as well as at five min intervals 
during each survey so that both transect paths and turtle sightings 
could be accurately depicted on nearshore maps. Surveys were 
usually made between 0800 and 1200 h to avoid afternoon thun-
derstorms. 

Results.—We observed 62 turtles over the reefs during the 2001 
survey, and 79 turtles during the 2002 survey; none was seen over 
open sand (2001 survey). Turtles either were resting on the bot-
tom, swimming over the reef, or feeding (apparently, on benthic 
macro-algae). As we passed them, most turtles within 5 m swam 
away slowly to one or the other side of the boat's path. Turtles 
observed at greater distance ignored us. 

During the 2001 survey, 68% (42 of 62) of the turtles were sepa-
rated by short distances 40 m) from one another (Fig. 2). This 
pattern did not change during the 2002 survey. 

Discussion.—Our shore-parallel surveys assume that all of the 
turtles can be sighted because the animals confine their move-
ments to a certain (in this case, elongated reef) area (Gerrodette 
and Taylor 1999). Support for this assumption is provided by stud-
ies in progress. One of us (CM) recently attached sonic tags to six 
turtles from the middle reef; each has confined its movements 
entirely to a discrete home range located directly over the reef. 
These results provide further support for the hypothesis that juve-
nile Green Turtles establish home ranges over reef substrates 
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(Balazs et al. 1987; Brill et al. 1995, for Hawaiian turtles; Guseman 
and Ehrhart 1990; Wershoven and Wershoven 1988, for Florida 
turtles; Seminoff et al., in press, for Baja California turtles). 

"Shark Fishing" as a survey technique has several advantages. 
It is (i) technically simple, (ii) time-efficient (5-9 d required to 
survey 12 km of reef), (iii) requires no permit (and lengthy review 
process), and (iv) does not appear to disturb the turtles. But the 
method also has limitations. Good visibility 7 m) is required. 
Because turtles are not individually identified they may be counted 
more than once, especially when reef tracts are long and require 
several days to survey. The method assumes that the population is 
static (no immigration or emigration) during the survey period. 
At our site that assumption is probably correct during the summer 
when the turtles occupy fixed home ranges, but not during the 
spring and fall when juvenile Green Turtles are known to season-
ally migrate (Bresette et al. 1998). Because size is estimated (rather 
than precisely measured), information on size class distribution is 
limited. 

In Palm Beach County and elsewhere in South Florida, similar 
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FIG. 2. Distribution of distances between turtles observed over the 
reef, 2001 field season. N = number of intervals. 
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reef formations are also located in deeper water, and Green Turtles 

A ‘‘ are routinely observed there (J. Abernathy, SCUBA adventures, 
Jupiter 

Inlet 	 pers. comm.; Ben Harkanson, Palm Beach County Reef Research 
lit Team, pers. comm.). Thus, our survey is an incomplete assess- 

ment of reef-dwelling population density; counts made by divers 

API 	

(using SCUBA) over the deep reefs are also required. 
At other developmental habitats in Florida, different methods 

Ma are used. One procedure is to count the number of turtles seen 
il surfacing to breathe as a boat and its operator travel along a transect 
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compromised when the water surface is disturbed (by waves or 
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turtles breathing at the surface during our 2001 survey. Addition- ollii 
ally, surface counts must be corrected for turtles that are submerged 
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at the time of the survey and, because individuals are not identi- • 	 WM 

iuriilt..i 	 count surveys (including those obtained by shark fishing) can be 
tied, some turtles may be counted more than once. Thus, head- 
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tion sizes. 
Another procedure, useful in shallow lagoons and tidal chan- 
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italiFIF 	 nels where visibility is limited, involves the use of tangle nets 

MO 	

(Ehrhart and Ogren 1999). Captured turtles are marked using flip- 
per tags. Their recapture probabilities are determined over repeated 

imiw NI 	 net sets. The procedure is labor intensive, but it is effective for 
.151 	estimating relative abundance if continued over several months or 
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years. Population estimates based upon mark and recapture tech- 
niques, however, also carry assumptions (e.g., there are no deaths, 

Ial _  Boca Raton 	immigration and emigration rates are constant, tags are not lost, 
pt  Inlet 	tagging does not affect recapture probability, etc.). Nonetheless, 

this is the preferred method at some habitats, such as the Indian 
River Lagoon (Ehrhart and Ogren 1999; Mendonca 1983; 

0 
	 6k3 Mendonca and Ehrhart 1982). Netting is difficult at oceanic near- 3 

shore reefs where tidal flow and surge can cause the net to be 
caught on, and damaged by, the reef. However, it has been suc- 

Flo. 1. Coastal shoreline of Palm Beach County, showing the major cessfully employed to estimate Green Turtle relative abundance 
inlets and the approximate location of the north, middle, and south in - 	 and seasonal occupancy at habitats where water clarity precludes 
shore reefs (dotted lines). 	 direct observation (Guseman and Ehrhart 1990). 
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In-water "Shark Fishing" surveys are an effective procedure for 
estimating Green Turtle population densities in clear water habi-
tats. These observations can be enhanced by using sonic and/or 
satellite telemetry to pinpoint daily and seasonal movements. This 
information is essential for specifying home range characteristics, 
and for insights into both ecological requirements as well as for 
effective management and protection strategies (Mendonca 1983; 
Musick and Limpus 1997). Our two-year study, for example, pro-
vided important baseline information to Palm Beach County per-
sonnel. A beach restoration project is planned for the coastline 
adjacent to the middle reef where the Green Turtles are most con-
centrated. Pumping sand to the beach can have consequences that 
seriously compromise the integrity of near-shore reef habitats 
(Crain et al. 1995). Our data will make it possible for the County 
to assess these effects on Green Turtles, which are currently listed 
as endangered under the authority of the Endangered Species Act 
(National Marine Fisheries Service and U.S. Fish and Wildlife 
Service 2002). 
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As human encroachment into upland areas inhabited by Gopher 
Tortoises (Gopherus polyphemus) has accelerated, the need to pro-
tect tortoises during construction activities has increased. Com-
monly, tortoises at construction sites are captured and relocated or 
temporarily displaced until construction is complete (Wester 1995). 
Various methods of capture are employed; including opportunis-
tic capture by hand, live trapping, and excavation. Capturing tor-
toises by hand depends on finding them out of their burrows. If 
the capture is made while the tortoise is within the burrow, it can 
be injured in its retrieval. Live trapping often takes many days to 
accomplish. Increasingly, excavation has become the method of 
choice for the capture and translocation of Gopher Tortoises. Ex-
cavation involves digging tortoises out of their burrows either with 
a hand shovel or by mechanical means. Although we do not advo-
cate one method of capture over another, here we report on an 
effective method for mechanical excavation of Gopher Tortoises. 

Currently, no uniformly recognized standards exist for mechani-
cal excavation of Gopher Tortoises or their commensals. We have 
used the technique described here since 1994 to excavate Gopher 
Tortoises in Mississippi, Alabama, and Florida. The method is not 
complicated, but involves expensive equipment and skilled per-
sonnel. We present our findings so that the process of mechanical 
excavation can be standardized and made safer for tortoises, bur-
row commensals, and personnel involved in the procedure. 

The equipment necessary to successfully excavate a tortoise bur-
row with the methodology described here is listed in Table 1. 

Biological Considerations.—The presence and location of tor-
toises and commensals should be determined before digging to 
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TABLE 1. Necessary equipment for Gopher Tortoise burrow excavation. 

Equipment Approximate Cost (US $) 

Backhoe Loader (416 or 420 Caterpillar or equivalent), 
equipped with 0.61-m wide bucket with a smooth 
cutting edge (i.e., no digging teeth) $300/hr with operator 

help ensure capture without injury. A burrow camera can be used 
to survey the length of the burrow for occupancy. The usefulness 
of these devices is highly dependent on equipment design, field 
conditions, and the skill of the user. If burrow occupants can be 
seen with a camera, it may be possible to determine the species 
present, number of individuals, and location within the burrow. 
Knowing the relative position of the burrow occupants will help 
avoid injury during excavation. Knowing the species present also 
may influence the process (e.g., some vertebrate species may leave 
voluntarily overnight once disturbed). 

Most mammal and bird species tend to leave tortoise burrows 
voluntarily given the opportunity. We recommend that commen-
sals that do not leave the burrow voluntarily be translocated along 
with tortoises. Commensals may include vertebrate as well as in-
vertebrate species (Franz 1986; Jackson and Milstrey 1989; Speake 
1981; Young and Goff 1939). Certain species, such as Gopher Frogs 
(Rana capito), over-wintering snakes, and Florida Mice 
(Peromyscus floridana) may require relocation via excavation. 

It is important to keep in mind certain other circumstances when 
determining burrow occupancy. Multiple occupants in a burrow, 
although not common, may occur at any time of the year, espe-
cially during the breeding season, April to June. In addition, flooded 
burrows are not necessarily unoccupied. We excavated two tor-
toises from the same burrow after a burrow camera revealed the 
burrow to be flooded and no tortoises were observed above the 
water line. Even though burrow cameras can be quite useful, they 
cannot be relied upon to determine if a burrow is unoccupied. All 
burrows should be considered occupied until proven otherwise. 

Preparing the Burrow for Excavation.—Prior to disturbing the 
burrow, measurements, photos, and other descriptive data should 
be recorded. The burrow apron then should be thoroughly exca-
vated by hand to find and protect any unhatched reptile eggs. 

Gopher Tortoise eggs, which are hard-shelled and brittle, will 
generally be found 10-26 cm deep (Diemer and Moore 1994; 
Hallinan 1923; Landers et al. 1980) between April and September 
(Brode 1959; Mount 1975). Because the nest-
ing season for Gopher Tortoises varies so 
widely across the range, we recommend ex-
cavation of the apron at any time of the year. 
Eggs should be marked on top with a pen or 
pencil; gently transferred to an insulated, 
padded container without altering orienta-
tion; immediately translocated to an area with 
similar ground quality and canopy cover, 
such as another burrow apron; protected from 
ground traffic; and buried at the same depth 
as found. To deter predators, wire fencing or 
other protection of sufficient mesh size to 
allow hatchlings to escape should be placed 
over the new nest site (Butler and Sowell 
1996; Landers et al. 1980; Wilson 1991). 

Plastic conduit tubing, such as 1.9 cm (3/ 
4 inch) outside diameter PEX tubing, with 
graduation markings along the length, and 
with an attached blunt end fitting should be 
inserted to the end of the burrow and left in 
place. An empty, single-serving plastic soda 
bottle taped to the tubing works well for this  

purpose. This serves as a guide to determine the location of the 
burrow channel during excavation. The blunt end allows the tube 
to be inserted without embedding itself in the wall of the burrow. 
Mechanical excavation can begin once the plastic conduit is fully 
inserted into the burrow. 

Excavation.—Utilization of heavy equipment is inherently dan-
gerous. Skilled, properly licensed backhoe operators and trained 
biologists should be involved. Local and federal authorities gov-
erning the disposition of tortoises or their commensals should also 
be involved in the process. This includes procurement of proper 
permits and licenses. In addition, guidelines for safe operation of 
heavy equipment and excavating procedures as put forth by the 
Occupational Safety and Health Administration (OSHA) should 
be followed. 

The backhoe is positioned ca. 4-6 m (depending on the length 
of the excavating arm) behind the burrow entrance (opposite the 
apron) and over the burrow tunnel, with the excavating bucket 
extending toward the burrow entrance. One or more ground per-
sonnel direct the backhoe operator during the entire excavating 
process. Burrow tunnel direction can be communicated to the op-
erator by placing a shovel handle in the burrow showing the long 
axis of the tunnel. The skill of the backhoe operator is essential to 
safe excavation. The flat leading edge of the bucket is used to 
scrape away earth over the top of the burrow in a horizontal pull-
ing or "sweeping" motion. It is important that the bucket be pulled 
horizontally toward the backhoe and not allowed to dip or arc into 
the tunnel. The depth of each pass of the bucket into the ground 
should increase only by centimeters with each pass. Done prop-
erly, the backhoe bucket should never enter the lumen of the tun-
nel. Ground personnel should remove the layer of earth compris-
ing the top of the burrow with hand tools and determine the direc-
tion of the tunnel. Often, the tunnel will change direction and the 
backhoe must be repositioned to orient the pull of the bucket par-
allel to the direction of the tunnel. The guide tube should be checked 
frequently for proper insertion and advanced as far toward the end 

$2,500 
$100 
$41 
$35-$75 
$5-$500 
$10 
$20 
$1 
$20 
$5 
$10 
$17 

Closed-circuit burrow camera (see Kent et al. 1997) 
Portable drill 

Calipers 
Scales 
35-mm Camera 
Tape measure 
Pump sprayer (4-12 liter garden sprayer) 
10% Chlorine bleach (sodium hypochlorite) 
Shovel 
Flexible plastic conduit (6.7 m length, 1.9 cm diameter) 
19-Liter bucket 
Latex gloves 
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of the burrow as possible. If a burrow camera could not initially 
visualize the entire length of the burrow, the camera should be 
used to recheck the burrow frequently during the excavation pro-
cess. The burrow should be carefully excavated until the guide 
tube shows at least 1.25 m or more of burrow tunnel remaining. At 
this point, only shovel and hand excavation by ground personnel 
should be used to avoid injury to the occupant(s). Frequent visual-
ization of the burrow and probing by hand should help avoid inad-
vertent injuries. 

Tortoises and commensals should be removed when sufficiently 
exposed. Although burrow occupants normally retreat to the end 
of the burrow, we have not found a definitive means for determin-
ing if the end of the burrow has been reached. Tortoise burrows do 
not typically terminate in a "chamber" or other readily identifi-
able configuration. The following criteria, however, can be help-
ful in determining when a burrow has been completely excavated: 
1.Soil may be more compact at the end of the burrow; 
2.There may be a change in soil color and/or texture; 
3.There may be a buildup of tortoise fecal material; 
4.Often there is a collection of invertebrates (e.g., camel crickets, 
Ceuthophilus spp.) and/or surface vegetation at the end of the bur-
row; and 
5.The insertion length achieved by the burrow camera and guide 
tube should correlate with the actual burrow length. 

The burrow terminus should be carefully and thoroughly exam-
ined for additional tunnel branches (uncommon), commensals, and 
tortoises. Hand excavation is complete when one is convinced the 
entire burrow has been excavated. The vertical depth of the exca-
vated trench should be measured prior to backfilling to determine 
the depth of the burrow. Burrow depth should be recorded along 
with other relevant burrow data, such as height and width of bur-
row opening and length of burrow. For an average burrow, the 
entire excavation process usually can be completed in less than an 
hour. 

All materials used in excavation, data collection, and reloca-
tion, including the backhoe bucket, should be disinfected after each 
excavation/relocation. We used a hand held pump sprayer con-
taining a 10% solution of sodium hypochlorite in water (bleach) 
(Smith et. al. 1998). The disinfectant should be allowed to dry or 
rinsed from the equipment and not contact live animals. 

Data Collection and Relocation.—Biological information may 
be gathered on tortoises and commensals prior to relocation. To 
prevent the potential spread of diseases, a clean pair of disposable 
latex gloves should be worn when handling each animal. We rec-
ommend marking (Cagle 1939) and photographing tortoises for 
future identification. All animals to be relocated should be placed 
in their own appropriate holding container, protected from sun-
light, temperature and humidity extremes, and relocated as soon 
as possible. 

Wester and Kolb (1997) and Thomas (2002) have shown evi-
dence that Gopher Tortoises displaced from their burrows but not 
released beyond major barriers such as streams or wetlands tend 
to remain in the vicinity of their release. We have noted tortoises 
attempting to re-excavate their original burrows within hours af-
ter being displaced. It is therefore important to re-check areas where 
tortoises have been excavated in order to avoid re-colonization of 
the site. 

Historical Success Rates.—The capture and relocation of Go- 

pher Tortoises by any means can cause stress, and all methods 
have some risk of injury. Excavation of burrows by mechanical 
means is a fast and effective method of displacing tortoises from 
construction areas, and if done correctly, presents minimal risk to 
the animal. Wester (1995) utilized a variety of methods to dis-
place Gopher Tortoises along a pipeline corridor. Of 1514 tortoises 
displaced using a method of mechanical excavation similar to that 
described here, 15 (0.99%) suffered relatively minor injuries and 
were subsequently released, nine died (0.59%) or were euthanized 
as a result of injuries, and nine burrows collapsed during excava-
tion and could not be reopened. Occupancy was in doubt for some 
of the collapsed burrows, but assuming a single tortoise occupied 
each, total mortality was 1.19%. Of the nine confirmed mortali-
ties, at least one tortoise ascended the burrow during excavation, 
resulting in the operator and ground crew being unaware of its 
location. In another case, the burrow ascended toward its end, leav-
ing the occupant at a shallower depth than anticipated. Other pos-
sible causes of mortality may have resulted from either operator 
error (allowing the backhoe bucket to go too deep and therefore 
invade the burrow cavity) or ground crew error (not using hand 
excavation soon enough near the burrow terminus). The nine bur-
row channels lost during excavation resulted from inadvertent re-
moval of the guide tube during excavation or inadequate place-
ment of the tube (end of the tube did not reach the end of the 
burrow) prior to digging. 

We have successfully displaced several hundred Gopher Tor 
toises using the technique described without injury/mortality to 
burrow occupants. Utilizing data from several relocation projects 
with which we have had personal experience, including Wester's 
(1995) study, we estimate that a mortality rate of less than 2% for 
mechanical excavation with experienced personnel can be ex - 
pected. 
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Cyclura lewisi (Grand Cayman Blue Iguana). Adult male, well over 
30 yrs old, held at Queen Elizabeth Botanical Gardens, Grand Cayman. 
Largest known example of this species. Illustration by John Bendon 
(Lizardwizard@btinternet.com ). 
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Many techniques exist for sampling a vast array of lizard spe-
cies, including noosing poles, grab sticks, scoop buckets, sticky 
sticks, rubber bands, sticky traps, and habitat traps (Bauer and 
Sadlier 1992; Bertram and Cogger 1971; Brattstrom 1996; Downes 
and Porges 1998; Durtsche 1996; Simmons 1987; Whiting 1998; 
Witz 1996). However, many lizard species live in habitats where 
sampling is inherently difficult. In particular, open rocky areas 
make sampling lizard populations difficult. This may be because 
lizard species inhabiting open rocky habitats often exhibit behav-
iors (e.g., increased wariness and/or flight distance), morpholo-
gies (e.g., increased relative limb length), and performance abili-
ties (Bauwens et al. 1995; Melville and Swain 2000; Vanhooydonck 
and Van Damme 2003) that can make their collection both time 
consuming and labor intensive. Collecting is further compounded 
by the large number of potential refugia that are typically avail-
able within rocky habitats, resulting in lizards usually being close 
to suitable cover (Ingram and Covacevich 1978). 

In an attempt to sample several skink species from rocky habi-
tats in eastern Australia we searched for published reports of tech-
niques that could be extended to collecting saxicolous species. In 
our experience we found most species to be too wary for capture 
by noosing, grab sticks, or sticky sticks. In an effort to increase 
capture success we used sticky traps (Zoro Zoro ®  cockroach traps, 
Japan Food Corp., Sydney, N.S.W.) baited with Tenebrio larvae 
or adult crickets (Acheta). Although this technique was an im-
provement on the former methods, it was also labor intensive, time 
consuming, and relatively ineffective in rocky habitats. For ex-
ample, capture rates were relatively low (0.76 animals/hr), even 
with two persons each operating two traps. An additional problem 
with the collection of lizards with sticky traps is that captured in-
dividuals would occasionally autotomize their tail while struggling 
to free themselves from the trap. Because we were specifically 
interested in the locomotor performance of individuals with com-
plete tails, this technique rendered such individuals inappropriate 
for study (e.g., Garland and Losos 1994; Melville and Swain 2000). 
More importantly, because a number of the species we intended to 
investigate are classified as threatened or rare, we were also con-
cerned about the possibility of mortality following capture using 
sticky traps (Vargas et al. 2000). 

Here we describe a simple and effective method for the collec-
tion of actively foraging lizards occupying rocky habitats. This 
technique may also be used to provide estimates of abundances 
within these habitats. The technique is a pitfall-style trap consist- 
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TABLE. 1. Capture-success rates using this technique and two other collection methods for five species of rock-dwelling skinks from eastern Austra-
lia. Numbers in parentheses indicate the total number of hours that each technique was used. 

TAXON 
	

HABITAT 
	

BAITED BUCKET BAITED STICKY 
	

HAND 
TYPE 
	

TRAPS 
	

TRAPS 
	

CAPTURE 
(captures/trap hr) 
	

(captures/trap hr) 
	

(captures/person hr) 

Carlia scirtetis 

Cryptoblepharus litoralis 

Eulamprus brachysoma 

E. tympanum marniae 

Lampmpholis mirabilis 

Granite boulders 
Rocky coastal zones 

Rock outcrops, boulders 
Basaltic flows 

Small river boulders 

	

2.1 (18) 	 1.1 (25) 	 0.3 (21) 

	

3.4 (22) 	 1.8 (32) 

	

3.1 (11) 	 2.6 (13) 

	

2.25 (89) 	 2.1 (83) 

	

3.8 (38) 	 2.4 (24) 	 1.9 (64) 

ing of a bucket and a tray of live food (Tenebrio larvae, or adult 
crickets, Acheta, with their hind legs completely removed). A cir-
cular tray (10 x 2 cm) containing live prey is positioned centrally 
at the same level as the mouth of the bucket or pitfall container 
(Fig. 1). The trap is then positioned between adjacent rocks or 
placed in a suitably sized vertical crevice so that the mouth of the 
trap is level with the rocks. We used traps with a 30-40 cm depth 
and a 40-50 cm mouth diameter. For traps of this size the distance 

A 

20 cm 

25 cm 

B 
Vertical tray support 

	 Tray containing live prey 

(positioned in center of bucket) 

20 cm 

FIG. 1. Two variations of the baited-bucket trap that can be used to 
collect saxicolous lizards. The food tray can either be attached to the un-
derside of a dowel spanning the mouth of the bucket (Fig. 1A), or mounted 
on top of a dowel that is fixed vertically to the center of the bucket (Fig. 
1B).  

from the edge of the prey tray to the edge of the bucket is 15-20 
cm. As both trap diameter and depth may influence the size and 
composition of lizards species collected (Blomberg and Shine 
1996), some experimentation with the design may be necessary. 
In addition, it may be necessary to secure traps into the desired 
position using supports or adhesive tape. Lizards are attracted to 
the trap by the movement of live food within the food tray. 

Depending on the target species, we use one of two variations 
of our general trap design. The food tray can either be (1) attached 
to the underside of a dowel (1-2 cm diameter) that spans the mouth 
of the bucket (Fig. 1A), or (2) mounted on top of a vertical dowel 
that is fixed centrally to the base inside the bucket, such that the 
food tray is level with the mouth of the bucket (Fig. 1B). In the 
former design lizards are trapped in either of two ways: the lizard 
falls into the bucket while negotiating the dowel in an attempt to 
reach the food tray or, because the food tray is fixed to a dowel 
that is free to move, once on the tray the mass of the lizard causes 
the dowel and food tray to rotate causing the lizard to fall into the 
bucket. In the latter design, lizards fall into the bucket when they 
attempt to jump onto or from the food tray. We achieved the high-
est success (2.1-3.8 lizards/trap hr; depending on species) when 
we placed the trap in highly visible areas where live prey is more 
likely to be seen by active lizards from perching or basking sites. 
In hot environments, traps should be placed in shaded areas to 
avoid exposing the prey and captured animals to lethal tempera-
tures, or refugia (e.g., leaf litter) could be placed in the buckets. 

This collection technique allows a single researcher to set out 
and monitor a large number of traps. We have used this technique 
to collect small (SVL 30-100 mm; 1.3-25.0 g) saxicolous skinks 
that occur in several types of rocky habitat (Table 1). Overall, the 
baited bucket method provided marginal to substantial improve-
ment in capture success for these lizards relative to other widely 
used collection techniques (Table 1). The technique is nondestruc-
tive and traps are quick to set-up and can be adapted to suit most 
types of rocky habitats. Further, because it is usually possible to 
position traps in a predetermined grid pattern within a rocky habi-
tat, this technique may also be used to estimate lizard abundance. 
Although we have specified the use of this technique in rocky 
habitats, it might also be adaptable and effective in other habitats 
(e.g., arboreal rainforest species) where traditional collection tech-
niques (e.g., pitfall trapping) are problematic. 
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Drawbacks of various marking techniques for amphibians in-
clude potential harmful effects (toe-clipping; Brown 1997), mark 
longevity (toe-clipping, ink Panjet marking; Brown 1997), and 
cost (PIT tags; Brown 1997; Ireland et al. 2003). Recent tech-
niques also can have varying negative effects such as length of 
handling time and invasiveness (e.g., pressurized fluorescent mark-
ing, coded wire tags, visible implant elastomers; see Nauwelaerts 
2000 and Ralston Marold 2001 for review). Prefabricated 
biocompatible fluorescent tags (Soft VIAlpha Numeric Tags; 
Northwest Marine Technology Inc., Shaw Island, Washington) have 
been used extensively on fish (Frenette and Bryant 1996) but have 
not been tested on amphibians. Each tag is imprinted with a letter 
(A-Z) followed by a number (00-99) available with various color 
schemes (e.g., black letters on a red, orange, or yellow fluorescent 
background or the reverse). We conducted experiments to assess 
ease of application, readability, and tag retention on a variety of 
amphibians including 376 Pseudacris regilla (Fig. 1), and 1-3 
Taricha granulosa, Bufo boreas, Rana cascadae, Spea 
intermontana, and Rana luteiventris. 

Animals were tagged by making an incision using a sterile stan-
dard-size blood lancet and then inserting the tag using forceps or 
an injector (provided by Northwest Marine Technology). Individu-
als were physically restrained by hand with no anesthesia used 
during the procedure. Depending on the species, the tags were 
placed in the subcutaneous layer near the sartorius muscle on the 
ventral side (Pseudacris, Rana, Spea, Bufo), or into the tissue near 
the base of the tail on the dorsal side (Taricha). Post-injection ster-
ilization consisted of cleaning forceps or injector with alcohol. 
Juveniles and smaller-sized amphibians such as P. regilla (size 
15-45 mm) and T granulosa (juvenile) were tagged with the 
smaller (1.0 x 2.5 mm) tags, and all other amphibians were tagged 
with the large (1.5 x 3.5 mm) tags. Retention rate, readability, and 
survival were monitored in the laboratory for 10-120 days de-
pending on species studied. Further, a field test of tag efficacy 
was conducted with P regilla. 

Pseudacris regilla were tested on three occasions. First, tags 
were forceps-inserted in 10 individuals. The procedure was te-
dious requiring at least one minute per individual. Animals were 
monitored in the lab for 120 days; tag retention was 80% (2 tags 
slipped out the original incision), all tags could be read without 
ambiguity, and all animals survived. Second, 23 individuals were 
injector-tagged (using a blood lancet to make the incision) with 
tags of different color schemes (orange, red, and green tags with 
black lettering, and black tags with orange, red and green letter-
ing) to compare readability. Injections took less than 15 sec per 
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FIG. 1. The alpha numeric tag for individual identification of amphib-
ians. 

animal, and animals were housed in the lab for 90 days; all tags 
were retained and readable without ambiguity. Survival of marked 
animals was 96%. One animal died because it became trapped 
between the cage and its lid. Third, 468 P regilla were tagged and 
released into their natural habitats, of which 59 individuals were 
recaptured up to 210 days after tagging, with no apparent inflam-
mation or swelling of insertion area, or deterioration of tags. 

One T granulosa was injector-tagged into tissue. The proce-
dure took about 30 sec, the animal was housed for 60 days, during 
which time the tag was retained and was readable without ambi-
guity. Similarly, B. boreas (N = 1), R. cascadae (N = 1), R. 
luteiventris (N = 1), and S. intermontana (N = 3) were injector-
tagged. The procedure took less than 30 sec, individuals were 
housed for 10 days, during which time all survived and retained 
their tags which were readable without ambiguity. 

We found VIAlpha tags were efficiently applied when the tag 
injector was used in combination with a blood lancet. Survivabil-
ity of animals and retention of tags was high. Further, tags were 
readable with no deterioration after 210 days. Tags cost approxi-
mately US $1.00 per tag, and the injector is approximately US 
$120.00. This appears to be an effective and low cost method for 
individually marking and identifying amphibians. 
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Karyotyping is an effective and simple tool for analyzing basic 
genetic characteristics of organisms. This method is especially 
useful when assessing the presence in a given area of the morpho-
logically indistinguishable species of the Gray Treefrog complex, 
Hyla chrysoscelis and H. versicolor (Wasserman 1970), found in 
the eastern United States because these species can be identified 
by chromosome number. Here we elaborate and improve upon 
previously published methods (Bogart 1967; Kligerman and Bloom 
1977) for the extraction and acquisition of chromosome spreads 
for anuran DNA. Our method focuses on the attainment of spreads 
where the chromosomes are spaced relatively far apart so that each 
chromosome can be identified and studied. We found that karyo-
typing methods published by Bogart (1967) and Kligerman and 
Bloom (1977) resulted in mostly layered chromosomes, which 
made individual recognition and quantification difficult. More-
over, these other methods have either focused on fish as the model 
system for karyotyping or, if they are anuran specific, are not de-
scribed in sufficient detail, which made replication in the lab dif-
ficult. 

We used Cope's Gray Treefrog, Hyla chrysoscelis, as the model 
system for this technique. In July and August 2002 twenty indi-
viduals (12 larvae and 8 adults) were captured from Green Wing 
Environmental Laboratory, a biological field station located in 
north-central Illinois. All individuals were transported alive to the 
laboratory where karyotyping methods were completed. After each 
individual was sacrificed and the necessary tissue extracted for 
karyotyping, the rest of the body was immediately fixed in 10% 
neutral buffered formalin, and each is currently stored in 70% EtOH 
in the Vertebrate Zoology Collection at Augustana College. 

Procedure.—Tadpoles in late larval stages, i.e., late 30s or early 
40s based on Gosner (1960), or adult frogs can be used for this 
procedure. If using tadpoles, allow them to swim in 0.01% colchi- 
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cine solution for 12-24 h (Kligerman and Bloom 1977). Adult 
frogs, on the other hand, will need to be injected with a small 
amount of colchicine (1 mg/ml deionized water) using a 23-gauge 
needle (1.9 cm in length). To ensure circulation throughout the 
torso the colchicine solution should be injected through the skin 
of the dorsum and into the abdomen at a depth of ca. 3 mm. A frog 
5 cm in length, such as Gray Treefrogs, should be injected with 
ca. 0.5 cc of the solution. Frogs of larger or smaller size should be 
injected with amounts scaled up or down relative to the amount 
used for adult Gray Treefrogs. Once injected, adult frogs should 
be placed into a container with a moist paper towel at 30°C for 
10-12 h (Bogart 1967). 

Once the specimens (either tadpole or adult frog) have been 
subjected to the colchicine solution for the correct time, they should 
be sacrificed by the application of Orajel® to the top of the head 
(Altig 1980). Once sacrificed, the specimens can be dissected and 
tissue samples may be taken from various locations on the speci-
men. Leg buds, gills, and intestinal tissue samples were the most 
successful from tadpoles and intestinal tissue worked best for adult 
frogs. The tissue sample should be no longer than 0.5 cm in length 
and should be placed in a small vial containing about 10 times 
their volume of 0.4% KC1 hypotonic solution and should be al-
lowed to sit for 20-30 min (Kligerman and Bloom 1977). Trans-
fer the tissue into 2-3 changes of fixative (3:1 ethanol:acetic acid 
solution) for ca. 30 min each time (Kligerman and Bloom 1977). 

Mount chromosomes on slides using heat fixation. This can be 
accomplished by heating blank slides 46-48°C. The tissue sample 
should then be placed into a separate vial containing 100 III 50% 
acetic acid (Kligerman and Bloom 1977). Tap the vial for 60-90 
sec to break apart the tissue and form a cell suspension. Using a 
pipetman, draw the cell suspension into the tip and expel it onto 
the slide. Quickly withdraw the suspension back into the pipet tip, 
leaving as little liquid on the slide as possible. 

Stain chromosomes with 4% Geimsa made up in 0.01 M phos-
phate buffer at pH 7 for 10 min. Air-dry the slides and place in 
xylene for 10 min to remove excess water. Once dried, the slides 
can be completed by using Permount and a cover slip over the 
fixed sample. 
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Passive integrated transponders are small microprocessors en-
cased in glass that transmit a unique identification number to an 
electronic reader when the tag is activated by the reader with a 
low frequency radio signal at close range (Balazs 1999). PIT tags 
were originally developed to census fish populations (Boarman et 
al. 1998) and to track fish migration (Prentice et al. 1987). How-
ever, their use has become widespread in the identification and 
monitoring of individuals of other vertebrate groups. PIT tags have 
been successfully used in studies of mammals, such as otters, rats, 
bats, mice, ferrets (Elbin and Burger 1994), and voles (Harper and 
Batzli 1996). PIT tagging has been used on a variety of amphib-
ians and reptiles, including lizards, alligators, frogs, and toads 
(Elbin and Burger 1994), neonatal snakes (Keck 1994), caiman 
hatchlings (Dixon and Yanosky 1993), and rattlesnakes 
(MacGregor and Reinert 2001). In freshwater turtles (Elbin and 
Burger 1994; Buhlmann and Tuberville 1998), and sea turtles 
(Balazs 1999; McDonald and Dutton 1996), PIT tags have also 
been proven successful. In a study of PIT tag utility, Camper and 
Dixon (1988) tagged 24 individuals of eight different species of 
freshwater turtles, including eight Trachemys scripta elegans. 

PIT tag effectiveness has been discussed in a number of differ-
ent studies, including one on the Pine Snake (Elbin and Burger 
1994), and another on a large group of Desert Tortoises (Boarman 
et al. 1998). Both of these studies came to the conclusion that PIT 
tags were an efficient and reliable method of marking and track-
ing their respective subjects. There have been relatively few re-
ports on tag retention in freshwater turtles, Buhlmann and 
Tuberville (1998) being the only one with large sample sizes known 
to us. Balazs (1999) discussed some of the advantages and disad-
vantages of tagging sea turtles with PIT tags. Advantages of the 
tags include virtually no loss or damage over time from breakage 
or corrosion, which offers the possibility of long-term reliable re-
tention in sea turtles. Disadvantages include migration within body 
tissue, inability to detect a tag without a reader, and overall higher 
cost for the PIT tags (US $6.00 each) and reader (- US $400) as 
compared to external tags. PIT tags appear to have no adverse 
effects upon the freshwater turtles into which they are injected 
(Buhlmann and Tuberville 1998). 

During the course of a study of the impact of the invasive turtle 
Trachemys scripta elegans on native Pseudemys floridana and P. 
nelsoni populations in St. Petersburg, Florida, PIT tags were in-
jected into each captured turtle in order to recognize individuals 
of all three species. Our goal here is to examine tag retention and 
tag movement in the turtles marked for that study and to report on 
the utility of a specific injection site between the pelvis and plas-
tron. Furthermore, we assess the impact of PIT tags on reproduc-
tion in female turtles. 
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Since April of 1998, retention and movement of PIT tags from 
the site of implantation in turtles of three species were studied 
using x-rays. Throughout the study, x-rays were taken to deter-
mine if captured females were carrying eggs (Gibbons and Greene 
1979). This also allowed the presence and movement of PIT tags 
to be observed. Most of our data are from adult female T scripta 
elegans; however, small samples of female Pseudemys floridana 
and P. nelsoni were also tagged, recaptured, and x-rayed, as were 
small samples of males of all three species. Females were kept 
overnight to be x-rayed at a veterinarian's office. Three males, 
two P floridana and one T s. elegans, were x-rayed to confirm 
the location of the PIT tag after a number of years. Turtles were 
released into the ponds from which they were captured. 

Turtles were captured using hoop traps (Nylon Net Co.) in six 
ponds on the Eckerd College campus, St. Petersburg, Florida (Emer 
2004; Hutchinson 1992). Upon first capture, each turtle was given 
a unique three-letter code that was drilled into their marginal scutes 
(Gibbons and Greene 1979), which was used to identify turtles in 
case of PIT tag loss. Beginning in April 1998, PIT tags were used 
along with scute drilling. Prior to injection, the turtle was placed 
on its carapace. The tag was injected with a 13-gauge needle into 
muscles and connective tissue between the pelvis and plastron just 
lateral to the midline. This location was chosen because it is be-
tween two plates of bone that move little relative to one another, 
subjecting the tag to the least disturbance possible. The needle 
was inserted just through the skin into the tissue dorsal to the 
xiphiplastron and ventral to the ischium, lateral to the cloaca. The 
tag was delivered into connective tissue and muscle by a plunger 
built into the syringe. Care was taken to avoid any inadvertent 
lateral tail movement during insertion of the needle. When turtles 
were recaptured, PIT tags were read using an AVID, Inc. scanner 
by placing the scanner along the interanal seam of the plastron. 

The locations of the PIT tags were followed using x-rays in a 
total of eleven female T s. elegans. In these turtles, the PIT tags 
stayed in essentially the same location into which they were in-
jected. These eleven females had been PIT tagged over a period of 
five months (April—June 1998). They were found to have retained 
the tags at subsequent captures, ranging from 30 days to 48 months 
later. In two females, the PIT tags moved from one side of the 
midline to the other over a period of 16 days to 16 months, respec-
tively. Another female died during the course of the study of causes 
not related to the tag implant; this female had lost a PIT tag and 
had a second one injected. It is believed that this turtle lost the 
first tag because it was placed too far posterior of the ideal injec-
tion site and was lost through the injection site. The second tag 
was placed in the proper position and was retained for 45 months 
until her death. At least two females developed, carried, and laid 
clutches of eggs without affecting the position of the PIT tag, nor 
did the tag appear to interfere with the normal reproductive pro-
cess. One male T.s. elegans was x-rayed 50 months after implan-
tation of the PIT, and the tag was found to be in the same location 
into which it was injected originally. Seventeen other males were 
tagged, and retained their PIT tags without loss between captures 
spanning from 73 days to 35 months. All tags were readable at 
each recapture. 

PIT tags in a total of eight Pseudemys floridana and three P. 
nelsoni were also monitored. Two female and six male P. floridana 
were tagged, but only one female and two males were subsequently 

FIG. I. X-ray of male Pseudemys floridana showing the location of the 
PIT tag; located laterally and to the right of the midline. 

x-rayed. Two males were x-rayed at recapture; one had retained 
the PIT for 36 months, and the other for 14 months between cap-
tures (Fig. 1). The female was tagged and x-rayed on first capture, 
but was not recaptured. In the turtles that were checked with the 
scanner but not x-rayed, tags could be read at subsequent recap-
tures, spanning periods of 20-30 months. Only one of three P. 
nelsoni has been tagged and subsequently recaptured. This adult 
female had retained the PIT tag for 32 months. 

It appears that PIT tags are reliable if properly injected into the 
location described above, and the tags do not get lost when placed 
in connective tissue where very little movement occurs. In this 
study, the tags did not appear to be more effective than carapacial 
drilling. However, if tracking of large numbers of turtles were 
necessary (Boarman et al. 1998), or for tagging of softshell turtles, 
PIT tags would be more efficient. Another consideration with the 
use of the PIT tag system is that while electronic readers cost on 
average US $400, PIT tags remain expensive at US $6 per tag. 
This may affect the use of PIT tags in a study that monitors large 
numbers of animals. The tags are an easier and quicker method of 
marking turtles than scute drilling, and while carapacial scute 
markings may grow back after one to two years in juvenile 
Pseudemys (Meylan, unpubl.), the PIT tags remain in place and 
are readable for at least 50 months after implantation. The lifespan 

46 	 Herpetological Review 36(1), 2005 



of a PIT tag is theoretically the lifetime of the animal; because a 
PIT tag is a passive marking system, as long as it remains inside 
the animal, it should be readable. The first successful PIT tag was 
made in the early 1990s, and is still working today, so the lifetime 
is at least 14-15 yrs (AVID, Inc., pers. comm., 16 January 2004). 
PIT tags are easier to read and provide a means of confirming 
drilling or notching, thus leading to fewer errors when large num-
bers of collaborators collect data, or when large numbers of ani-
mals are used in a study. 
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Despite being such a large, conspicuous snake, the King Cobra 
(Ophiophagus hannah) was not described until 1836 (Cantor 1836). 
To date, little is known regarding its natural history and reproduc-
tive biology. For a summary of field observations of reproductive 
behavior see Table 1. 

Examination of reproductive data reveals some interesting trends. 
In general, mating occurs in the post-winter warming period, egg 
development within the female occurs in the tropical summer, nest-
ing and egg laying coincide with pre-monsoon showers, and hatch-
ing occurs at the peak of the monsoon. Captive snakes in locales 
far removed from monsoon seasons remain faithful to this breed-
ing cycle. While the monsoon in Chennai (where no King Cobras 
occur) is in the winter, reproductive behavior in our captive King 
Cobras followed the southwest monsoon cycle of southwestern 
and northeastern India. 

In 1996, we established a conservation-oriented captive-breed-
ing program for King Cobras at the Madras Crocodile Bank/Cen-
tre for Herpetology (MCB/CFH). The objectives were to (a) de-
velop methods and a protocol for the breeding of King Cobras in 
India, and (b) to offer captive bred King Cobras to zoos in order to 
discourage the taking of animals from the wild. Herein, we report 
husbandry and captive breeding information along with previously 
published data. 

Husbandry.-In 1996, MCB/CFH received seven (three males 
and four females) adult King Cobras; four of these were on breed-
ing loan from Indian zoos and three had been seized by the Wild-
life Department from snake collectors. 

A block of eight rooms was constructed of brick and mortar 
with light roofing. Each room measured 3.5 x 1.5 x 2 m (L X W x 
H). At the rear of each room (opposite the door) is a 100-mm air 
duct connected to an air conditioner, which from April to Septem-
ber (1000-1600 h) creates a temperature gradient of about 6°C, 
increasing to 30°C towards the door. Outside the rooms, the ambi-
ent temperature may reach 40°C + during this period. Throughout 
the rest of the year (cooler months with lows of 18- 20°C), a heat-
ing pot containing a 25-watt bulb placed in an upturned mud pot is 
situated in the rear corner of each room. The surface temperature 
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TABLE 2. Nesting data for Ophiophagus hannah from the Madras Crocodile Bank (CS = clutch 
size; and nest temperature in °C). 

CS 	No. viable 	No. hatched 	Incubation 	Oviposition 	Nest 
(% of CS) 	(% of viable eggs) periods (days) 	time (h:min) temperature 

18 18 (100) 11 (61.1) 57-61 

37 34 (92.0) 14 (41.1) 58-63 4:35 31.2-32.3 

16 12 (75) 5 (41.7) 57-59 3:45 29.8-33.1 

18 0 (0) 0 (0) 4:03 29.2-32.8 

TABLE 1. A summary of Ophiophagus hannah breeding data. Incubation period is recorded from oviposition to first hatching. 

Mating Nesting/laying Gestation Hatching Incubation Captive/wild Source 
(days) (days) 

Apr, May, Jul Wild, Burma Evans 1902 

Jul 1927 Wild, Burma Mustill 1936 

Jun 1936 Wild, Burma Mustill 1936 

Jan 1955 Apr 1955 94 Jul 1955 75 Captive Oliver 1956 

Mar 1956 Apr 1956 42 Captive Oliver 1956 

Mar 1957 May 1957 45 Captive Oliver 1957 

May 1966 May–Jul Wild, Thailand Leakey 1969 

1966 (N = 16 nests) 

Mar 1974 Jun 1974 112 Sep 1974 74 Captive Burchfield 1977 

Apr 1975 Jun 1975 52 Captive 

Mar 1976 May 1976 68 Captive 

Jun 1976 Jul 1976 Wild, Andamans R. Whitaker 1977 

Jun 1977 Wild, Andamans R. Whitaker 1984 

Feb 1984 Apr 1984 68 Jun 1984 70 Captive Dattatri 1987 

Mar 1996 May 1996 44 Jul 1996 58 Captive R.Whitaker and Naseer 1997 

Mar 1996 May 1996 47 Jul 1996 57 Captive R.Whitaker and Naseer 1997 

Mar 1996 May 1996 43 Jul 1996 58 Captive R.Whitaker and Naseer 1997 

Mar 1996 May 1996 46 Captive R.Whitaker and Naseer 1997 

of the exposed section of the pot averages 31°C. Each room has a 
large wooden hide box measuring 60 x 60 x 30 cm with a lid and 
a small sliding entry door (12 x 20 cm). 

Reproduction.—After laying eggs on the open pile of leaves, 
the females gathered more leaves and covered the eggs with a 
thick layer. They then crawled on top of the nest and burrowed 
into the leaves. These two cavities (one for the eggs and another 
for the female) are probably the "two chambers" described by 
Mustill (1936). In the wild, rain and the weight of the female com-
pacts the nest, and towards the end of incubation the female often 
lies exposed on top of the nest (as observed by Leakey 1969 and 
Whitaker 1977). See Table 2 for summary of nest data. 

A relationship between female length and clutch size in 
Ophiophagus hannah has been postulated (Leakey 1969). Corre-
lation between both brood size and clutch size in oviparous elap-
ids from Australia is known (Greer 1997). Using linear regression 
analysis we observed a linear relationship between female total 
length and clutch size. Localities for specimens examined are north- 

eastern and southwestern India, Thailand, Burma, and Malaysia. 
From this relationship, we developed equations for predicting fe-
male total length from clutch size (formula 1) and clutch size from 
female size (formula 2, SEE = standard error of the estimate). 

(1) Female total length = 126.457 + 5.244 x clutch size (r 2  = 
0.79; N = 23; SEE = 21.8); 

(2) Clutch size = -13.121 + 0.151 x female total length (r 2  = 
0.79; N = 23; SEE = 3.69). 

The 23 samples used were derived from a larger population. 
Hence samples from the same population would yield different 
SEEs. In order to apply the SEE to the population and derive esti-
mates of total length from clutch size (formula 1), and clutch size 
from total length (formula 2), a Students t-distribution was used. 
The 95% confidence limit (t = 2.080; df = 21) would for equation 
1 be ± 45.35 cm, while it would be ± 7.68 eggs for equation 2. 
Hence, using equation 1 and assuming a clutch size of 22 eggs, 

predicted total length can be calculated as fe-
male total length = 126.457 cm + 5.244 cm x 
22 = 241.83 cm. Calculating SEE (t. 05) results 
in 21.8 cm(2.08) = ± 45.34 cm. Therefore, a 
clutch size of 22 eggs has a 95 % confidence 
limit that a female would be 241.83 cm long 
(± 45.34 cm). 

Both equations have management implica-
tions. In such cases where females are often 
not observed at nest locations, one may utilize 
formula 1. If a mature female is captured, her 
probable clutch size may be predicted from her 
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dimensions by formula 2. The r2  value (0.79) is high, 
and this can be interpreted by stating that 79% of 
variation in clutch size/female total body length was 
explained by the other factor. Additional factors that 
might account for the residual 21% are female body 
condition and environmental effects. Regression 
equations were significant in both cases (ANOVA; 
F= 78.92, N = 23 for equation 1, and F = 79.89, N = 
23 for equation 2). The relationship between female 
total body length and clutch size is illustrated in Fig. 
1. 

TABLE 3. Ophiophagus hannah growth rate summary based on snakes hatched at Ma-
dras Crocodile Bank. Age in months, followed by number of males, females, and unsexed. 
TL = mean total length in centimeters. 

Age 	 Male TL 
	

Wt 
	

Females TL 
	

Wt 
(± SD) 
	

(grams) 
	

(± SD) 
	

(grams) 

6 (0.0.30) -80 -80 
12 (0.0.26) -150 -150 
55 (4.11.0) 234 (37) 1587 (916) 210 (25.6) 1036 (225) 
62 (3.7.0) 239 (47) 1800 (1562) 216 (25.23) 1000 (200) 

The eggs were elongate and leathery, 3-5 cm in 	 
length, and 2-3 cm in width. As many as 51 eggs 
have been reported in a clutch (Oliver 1956). Our snakes produced 
16-37 eggs. Each egg was set up individually. Eggs were kept on 
a vermiculite and water mixture, 1:0.8 by weight. Incubation tem-
peratures ranged from 27.5°C to 33.0°C with a humidity of 85-
90%. Each jar was opened daily to allow fresh air exchange. 

Eggs hatched in 57-63 days, a shorter incubation period than 
reported for other captive breedings (70 -75 days; Burchfield 1977; 
Dattatri 1987; Oliver 1956). We attribute shorter incubation time 
to higher incubation temperatures. 

Neonate Care.-Upon hatching, animals were housed accord-
ing to standard setups for most neonate snakes. This included in-
dividually housing animals in small plastic boxes with newspaper 
substrate and cage furniture. The only exception was lack of a 
water bowl (neonates were soaked separately). 

Because many captive King Cobras hatchlings initially refuse 
to feed (Burchfield 1977; Dattatri 1987; Leakey 1969), we found 
it necessary to assist-feed our animals with pinkies (Mus boodaga) 
and small skinks (Riopa punctata). 

Long-term successful maintenance of hatchling King Cobras 
requires a clean, humid environment with optimal temperature 
range of ca. 25-33°C. These conditions facilitated rapid growth 
(Table 3). 

As of July 2003, ten of the offspring have been sent to five zoos 
in India, and a pair to the National Zoological Gardens, Sri Lanka. 
King Cobras have also been bred at several US zoos (Gladys Por-
ter Zoo, Riverbanks Zoological Park, Toledo Zoo, and Black Hills 

55 
50 • 

45 
40 -•.- • 
35 • • •• •• 
30 • ,t,."* . 	• 
'75 
20 

•• 
15 
10 
5 
0 
200 220 240 260 280 KO 320 340 380 380 400 420 

Female total body length (cm) 

Flo. 1. Relationship between female total body length and clutch size 
in Ophiophagus hannah (N = 23). 

Reptile Gardens). Apart from data gleaned from captive animals, 
the reproductive biology and status of this species in the wild re-
mains poorly known 
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represent more than the isolated documentation of developmental aberrations; and 
3) possess a natural history perspective. Individual notes should, with few excep-
tions, concern only one species, and authors are requested to choose a keyword or 
short phrase which best describes the nature of their note (e.g., Reproduction, 
Morphology, Habitat, etc.). Use of figures to illustrate any data is encouraged, but 
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Sphenodon; mhayesrana@aol.com ); Charles W. Painter (amphibians; 
cpainter@state.nm.us ); Andrew T. Holycross (snakes; holycross@asu.edu ); and 
James Harding (turtles; hardingj @pilot.msu.edu ). 

Standard format for this section is as follows: SCIENTIFIC NAME, COM-
MON NAME (for the United States and Canada as it appears in Crother [2000. 
Scientific and Standard English Names of Amphibians and Reptiles of North 
America North of Mexico, with Comments Regarding Confidence in Our Under- 
standing. Herpetol. Circ. 29:1-82; available online at <http://herplit.com/SSAR/  
circulars/HC29/Crother.html>]; for Mexico as it appears in Liner [1994, Scientific 
and Common Names for the Amphibians and Reptiles of Mexico in English and 
Spanish, Herpetol. Circ. 23:1-113]), KEYWORD. DATA on the animal. Place of 
deposition or intended deposition of specimen(s), and catalog number(s). Then 
skip a line and close with SUBMITTED BY (give name and address in full—spell 
out state names—no abbreviations). (NCN) should be used for common name 
where none is recognized. References may be briefly cited in text (refer to this 
issue for citation format). 

Recommended citation for notes appearing in this section is: Lemos-Espinal, 
J., and R. E. Ballinger. 1994. Rhyacosiredon leorae. Size. Herpetol. Rev. 25:22. 

CAUDATA 

AMBYSTOMA CALIFORNIENSE (California Tiger Sala-
mander). PREDATION. Although a variety of predators likely 
feed on A. californiense larvae, few have been reported (Petranka 
1998. Salamanders of the United States and Canada. Smithsonian 
Inst. Press, Washington D.C., 586 pp.; Balfour and Stitt 2003. 
Herpetol. Rev. 34:1). On 12 April 2002, at 1230 h, we observed a 
pair of adult American Avocets (Recurvirostra americana) land at 
a shallow (ca. 20 cm), 0.011-ha, seasonal pool situated in non-
native annual grassland near Brentwood, Contra Costa County, 
California, USA (37°55'18.5"N, 121°45'28.7"W). Both birds im-
mediately began feeding by aggressively sweeping their bill side 
to side in shallow water. Within 2 min, one American Avocet moved 
quickly out of the pool with an A. californiense larva in its bill. To 
confirm our observation, we immediately flushed the birds and 
the larva was dropped ca. 30 m away. We recovered the late-stage 
larva (98 mm TL; 52 mm SVL), took photographs, and returned it 
to the pool, although a small laceration near the left gill may have 
been fatal. A digital photograph of the larva was deposited in the 
Natural History Museum of Los Angeles County (LACM PC 
1389). 

On 31 March 1998, at 0830 h, we observed a Forster's Tern 
(Sterna forsteri) take a small A. californiense larva from a deep 

(ca 1.7 m), ca. 0.28-ha, seasonal stockpond situated in non-native 
annual grassland and salt grass (Distichlis spicata) near Byron 
Airport in southeastern Contra Costa County, California, USA 
(37°49'13"N; 121°37'42"W). The Forster's Tern captured the larva 
by plunging from a height of ca. 10 m. Ten minutes later, after 
preening on the ground during a light rain, another A. californiense 
larva was caught in the same way. Binoculars (10 power) were 
used to identify both larvae, which were briefly held in the bill 
before being consumed. On 17 March 1998, aquatic sampling of 
the stockpond with a seine detected only larval A. californiense 
that averaged 18.2 mm SVL (range: 8-30 mm SVL; N = 20). 

Submitted by MARK L. ALLABACK (e-mail: 
mawildlife@aol.com),  DAVID M. LAABS, Biosearch Associates, 
P.O. Box 1220, Santa Cruz, California 95061, USA; SARA E. 
HIGGINS, 822 Encino Drive, Aptos, California, USA; and TED 
P. WINFIELD, Ted Winfield & Associates, 1455 Wagoner Drive, 
Livermore, California 94550, USA (e-mail: tpw_jr@pacbell.net).  

AMBYSTOMA CALIFORNIENSE (California Tiger Sala-
mander). FUNGAL INFECTION. First described as a new spe-
cies in 1999 (Longcore et al. 1999. Mycologia 91:219-227), 
Batrachochytrium dendrobatidis is a recently emerged chytrid 
fungus that has been identified as a causative agent in selected 
amphibian declines around the world (Berger et al. 1998. Proc. 
Nat. Acad. Sci. USA 95:9031-9036; Daszak et al. 1999. Emerg. 
Infect. Diseases 5:735-748; Bosch et al. 2001. Biol. Cons. 97:331-
337). To date, this pathogen has been reported in the wild from 8 
anuran species and the Santa Cruz Long-toed Salamander (Am-
bystoma macrodactylum croceum) in California (Speare and Berger 
2000. Global distribution of chytridiomycosis in amphibians [11 
November]. (http://www.jcu.edu.au/school/phtm/PHTM/frogs/  
chyglob.htm); Vredenburg and Summers 2001. Herpetol. Rev. 
32:151-152). It has also been reported in Sonoran Tiger Sala-
manders (A. tigrinum stebbinsi) in Arizona (Davidson et al. 2003. 
Copeia 2003:601-607). Herein, we report the first case of B. 
dendrobatidis in California Tiger Salamanders (CTS; A. 
californiense), a urodele currently federally listed as Endangered 
in parts of California (Anonymous 2000. CFR 65:7241-57264; 
Anonymous 2002. CFR. 67:47726-47740). 

A total of 11 larval CTS from five different ponds in Joseph D. 
Grant County Park, Santa Clara County, California, USA 
(37°20'29"N, 121°42'17"W; elev. 650 m) were collected, preserved 
in alcohol, and later examined. We removed small pieces of toe 
skin from each specimen and microscopically examined unstained 
tissue for B. dendrobatidis zoosporangia. Two specimens from two 
different ponds were positive for the pathogen, as indicated by the 
presence of non-hyphal spherical zoosporangia with one or more 
inoperculate discharge papillae (Longcore et al. 1999. Mycologia 
91:219-227) (Fig. 1). These data demonstrate that the potentially 
harmful pathogen is present in wild populations of CTS. Thus, 
translocating CTS to areas containing amphibian species that are 
mortally affected by B. dendrobatidis could have profound nega-
tive effects on our endemic herpetofauna. As translocation is of-
ten encouraged by state and federal agencies as part of rescue ef-
forts (Dodd and Seigel 1991. Herpetologica 47:336-350), testing 
for this pathogen should be a routine part of the protocol prior to 
any CTS relocation attempts. 
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We thank Thomas Floyd and Elizabeth McGhee for verifying 
measurements. 

FIG. 1. Unstained toe skin from Ambystoma californiense; arrow indi-
cates thin wall within thallus of Batrachochytrium dendrobatidis; arrow-
heads indicate open discharge papillae (fide Longcore, op. cit.). Size bar 
= 10µm. 

Permission to collect CTS specimens was authorized by per-
mits issued by the California Department of Fish and Game 
(801160-02) and the County of Santa Clara Parks and Recreation 
Department to Gretchen E. Padgett-Flohr. Specimens (CAS 
GEF101-GEF112) are deposited at California Academy of Sci-
ences, San Francisco, California. We thank Daniel Clark, Karen 
Coffer, Molly Goble, Mark Jennings, Maya Khosla, Don Rocha, 
and Jeffrey Wilcox for assistance in the field, and Mark Jennings 
for suggestions on the manuscript. 

Submitted by GRETCHEN E. PADGETT-FLOHR, 5082 
Yellowstone Park Drive, Fremont, California 94538-3916, USA 
(e-mail: RanaResources@aol.com);  and JOYCE E. 
LONGCORE, Department of Biological Sciences, University of 
Maine, Orono, Maine 04469-5722, USA. 

DESMOGNATHUS AENEUS (Seepage Salamander). MAXI-
MUM SIZE Desmognathus aeneus is one of the smallest sala-
manders native to North America, reaching a previously docu-
mented maximum SVL (measured to anterior end of vent) of 29 
mm (Harrison. 1967. Amer. Midl. Nat. 77:356-370). 

On 28 October 2003, we collected an adult male D. aeneus (de-
posited at the Georgia Museum on Natural History, GMNH 49482) 
near Stanley Creek at Rock Creek Road, Gilmer County, Georgia 
(within the Rich Mountain Wilderness Area) that surpassed the 
previous record length. Following preservation, this specimen 
measured 31.20 mm SVL (measured to anterior vent; 33.48 mm 
to posterior vent) and 64.50 mm TL; however discoloration of the 
posterior end of the tail revealed regeneration. Additionally, the 
specimen has three testicular lobes on each side, which is indica-
tive of a very old individual (Harrison, op. cit.). 

Submitted by JOHN B. JENSEN, Georgia Department of Natu-
ral Resources, Nongame-Endangered Wildlife Program, 116 Rum 
Creek Drive, Forsyth, Georgia 31029, USA (e-mail: 
john_jensen@dnr.state.ga.us),  and CARLOS D. CAMP, Depart-
ment of Biology, Piedmont College, 165 Central Avenue, 
Demorest, Georgia 30535, USA. 

HEMIDACTYLIUM SCUTATUM (Four-toed Salamander). 
NESTS. Hemidactylium scutatum is a small secretive salamander 
associated with bogs and mossy forests. Communal nesting has 
been reported in that species, in which nests are highly associated 
with Sphagnum moss. Nevertheless, despite the numerous notes 
about new localities for that species in Quebec, Canada, at its 
northeastern range limit, no data about the ecology of this 
salamander are available. Here we report the nests of the species 
at four different localities in Quebec, with inferences about the 
occurrence of communal nesting, based on the number of females 
and eggs at nest, and the characteristics of the nests (height, water 
depth, and substrate). 

The sites were located on the Canadian Shield, north of St. 
Lawrence River (45°39'N, 75°03'W; 46°36'N, 72°36'W; 46°33'N, 
72°24'W; 46°45'N, 71°19'W; NAD83 map datum). They were 
visited in May 2002 and 2003. Nests were sought by turning over 
mats of mosses, Sphagnum, and grass adjacent to stagnant water, 
in habitats where we previously found Hemidactylium. Every time 
a nest was found, the eggs were counted, if possible without 
touching the females, though most females were put in a small 
plastic bag with Sphagnum during the count of eggs. This did not 
seem to disturb females, and only one lost its tail during the 
procedure. The height of the nests above water and the water depth 
were measured using a metric plastic rule. 

A total of 107 nests of H. scutatum were found during May in 
small pools where Sphagnum occurs, bordered by mixed woods. 
The average number of eggs in a nest was 28.1 (range 4-114) and 
in only 4.7% of nests did we observe two females. Considering an 
average clutch of 40 eggs per female (Petranka 1998. Salamanders 
of the United States and Canada. Smithsonian Institution Press, 
Washington and London, p. 293), only 12.2% of the nests were 
communal. Nevertheless, if we consider the maximal possible 
known number of 80 eggs/female (Wood 1953. Amer. Nat. 87:77-
86) only 2.8% of all nests are certainly not from a single female. 
Sphagnum is the most often used substrate for deposition of eggs, 
occurring in 95.3% of all nests and the only substrate in 88.8% of 
cases. Only five nests were found without any Sphagnum—four 
in mosses and one in grass. The height of nests from water varied 
from 4.5 to 18 cm (average 11.2 cm) and the depth of water under 
nests varied from 2.3 to 19 cm (average 9.1 cm). 

These data help in understanding the ecology of H. scutatum at 
its northeastern range limit. Although commonly described as a 
communally nesting species, this seems not to be the standard rule 
in Quebec. Maybe this is a consequence of smaller populations, 
near their range limit, allowing many potential nesting sites for 
each female. 

We thank E W. Schueler for useful comments on the first draft 
of this note. 
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Submitted by JEAN-FRANcOIS DESROCHES, 8940 Avenue 
Pradier, Charlesbourg, Quebec, G1G 5S5 Canada; and DANIEL 
POULIOT, 2325 41eme  Avenue, Quebec (Quebec), G1J 3E9 
Canada. 

PSEUDOTRITON RUBER RUBER (Northern Red Salamander). 
TREE CLIMBING. On 10 June 2003 at 1830 h in a second growth 
forested stream/seep area 1.5 km WSW of Ward Chapel, Tennes-
see (Coffee Co., 35°28'07"N, 86°11'32"W), a recently metamor-
phosed Pseudotriton ruber ruber (42 mm SVL, 68 mm TL) was 
observed 90 cm above ground on a 20 cm diameter Carya sp. 
(hickory). The salamander was oriented perpendicular to the ver-
tical axis of the tree and remained motionless for 10 min after 
which time measurements were taken. The forest floor and tree 
were wet following the passage of a thunderstorm that moved 
through the area 30 minutes before the observation producing rain-
fall in excess of 1 in (2.54 cm). Air temperature was 23°C and a 
light rainfall was detected at the time of observation. 

A few ground-dwelling plethodontids are known to be effective 
foragers utilizing vegetation. Jaeger (Copeia 1978:686-691) re-
ported Plethodon cinereus climbing plant stems to forage but only 
during periods of high humidity on rainy nights due to risk of 
desiccation. Recently, Plethodon glutinosus was reported climb-
ing a pine tree during a rainy night from Coffee Co., Tennessee by 
Regester and Samoray (2002. Herpetol. Rev. 33:45). This obser-
vation is believed to be the first report of tree climbing by P. ruber 
ruber. 

Submitted by MATTHEW L. NIEMILLER, Department of 
Biology, Middle Tennessee State University, Murfreesboro, Ten-
nessee, 37132, USA; e-mail• mln2a@mtsu.edu . 

ANURA 

BUFO BOREAS (Western Toad). SEED DISPERSAL. On 22 
Aug 2003, during surveys as part of an amphibian monitoring pro-
gram in Elk Island National Park, Alberta, Canada (53°36'N, 
112°53W) we captured two young-of-the-year Bufo boreas with 
seeds attached to their heads. Both individuals had a single achene 
of the nodding beggartick (Bidens cernua; Asteraceae) embedded 
in the sphenethmoid and frontoparietal regions of the head be-
tween the eyes. The beggartick is a native annual common on 
muddy shores of lakes and ponds in Elk Island (Griffiths and 
Cotterill 2002. Vascular Plant Species List: Elk Island National 
Park. Unpubl. report). Its seeds are 5-7 mm long and bear 2-4 
barbed awns used in a "stick-tight" dispersal strategy in late sum-
mer (Johnson et al. 1995. Plants of the Western Boreal Forest and 
Aspen Parkland. Edmonton). Initially we did not recognize the 
seed and pulled the achene from the head of one of the toads, 
which was then released at the capture site. The spines at the base 
of the achene were bloody after removal. We were unable to re-
move the achene from the second animal (Fig. 1), and retained 
this individual in captivity for observation. It died on 7 Sept 2003. 
The mean length of 30 individuals measured at the same site was 
18.7 mm (range: 15.5-21 mm); the individual with the seed in its 
head measured 13.0 mm in length (measured after preservation in 
70% ethanol). The animal did not appear emaciated or stressed 
when it was captured, and was observed attempting to eat small 

FIG. 1. Living young-of-the-year Bufo boreas with achene of nodding 
beggartick attached to head. (a) Lateral view; (b) dorsal view; (c) close-
up of seed insertion point on head, with two of the barbed awns of the 
seed visible (arrows). The animal was captured 3 days prior to the photo-
graphic session. 

crickets we provided in captivity. The toad did not exhibit any 
obvious signs of distress, and was never observed trying to re-
move the seed. 

We examined a total of 293 Western Toads, 755 Wood Frogs 
(Rana sylvatica), and 408 Boreal Chorus Frogs (Pseudacris 
triseriata) during the summer of 2003 in and around Elk Island 
National Park; 87 of these were YOY Western Toads from the 
same pond as the seed-bearing individuals. None of the other 
anurans examined bore seeds. Although seed dispersal by verte-
brates is a well-known and important process in many ecosys-
tems, seed dispersal by amphibians seems rare. This is the first 
report of an anuran passively transporting plant seeds. Presum-
ably the toads pick up the adhesive achenes as they move through 
plants growing on the shores of ponds and lakes. 

Thanks to R. Mandryk for photographing the specimen. Parks 
Canada allowed access to the study site. Ducks Unlimited Canada, 
Friends of Elk Island, and the Parks Canada Species at Risk Re-
covery Action and Education Fund provided support for amphib-
ian sampling at Elk Island. 

Submitted by BRIAN R. EATON, Alberta Research Council, 
Integrated Resource Management, Sustainable Ecosystems, P.O. 
Box 4000, Vegreville, Alberta, Canada T9C 1T4 (e-mail: 
brian.eaton@arc.ab.ca);  CONSTANCE L. BROWNE and 
CYNTHIA A. PASZKOWSKI, Department of Biological Sci-
ences, University of Alberta, Edmonton, Alberta, Canada T6G 2E9; 
ZACHARY C. EATON, 6810 110 Street, Edmonton, Alberta, 
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Canada T6H 3E7; and ROSS CHAPMAN, Parks Canada, Elk 
Island National Park, Site 4, RR#1, Fort Saskatchewan, Alberta, 
Canada T8L 2N7. 

BUFO BOREAS HALOPHILUS (California Toad) and RANA 
CATESBEIANA (American Bullfrog). AMPLEXUS. Attempted 
mating between native and introduced anurans has been docu-
mented for a number of species. For example, North American 
anurans such as Rana aurora have been observed in amplexus 
with introduced R. catesbeiana (Storm 1952. Herpetologica 8:108). 
We here provide the first documentation of Bufo boreas halophilus 
in amplexus with R. catesbeiana. 

On 21 June 1997 while conducting a herpetological survey of 
Cache Creek in the vicinity of Rumsey, Yolo County, California 
(USA), we observed three instances of male B. b. boreas attempt-
ing to mate with juvenile R. catesbeiana. Male Bufo were calling 
in a number of ponds and oxbows along Cache Creek in the evening 
after 0015 h. Rana catesbeiana, which are introduced to Califor-
nia, are common in this part of the creek. Upon careful examina-
tion of several clumps of salt-cedar (Tamarix sp.) along the stream, 
we observed three separate instances of adult male B. b. halophilus 
in amplexus with R. catesbeiana. Two of these amplexing pairs 
were captured intact (pair #1: Bufo 91.0 mm SUL, 59.0 glRana 
88.0 mm SUL, 54.6 g; pair #2: Bufo 98 mm SUL, 86.8 glRana 84 
mm SUL, 51.2 g), while the third pair separated and escaped. These 
four specimens (CAS 203248-9, 203160-1) were all healthy in-
dividuals, although the male Bufo had rubbed the undersides of 
the Rana raw where they had amplexed with their thumbs and 
forelimbs. The repeated observations of B. b. halophilus in am-
plexus with R. catesbeiana indicate that this is not an isolated in-
cident during the breeding season and further show that R. 
catesbeiana can have a negative effect on native anurans by inter-
fering with reproduction. This is significant as most detrimental 
effects of introduced bullfrog populations center on their vora-
cious predatory habits (Cook and Jennings 2001. Herpetol. Rev. 
32:182-183), their ability to displace other anurans from suitable 
aquatic habitats (Kiesecker and Blaustein 1997. Ecology 78:1752-
1760), and their effects on native gartersnakes (Thamnophis spp.) 
as potential food items (Kupferberg 1994. Herpetol. Rev. 25:95-
97). 

Submitted by MARK R. JENNINGS, Rana Resources, 39913 
Sharon Avenue, Davis, California 95616-9456, USA, and Research 
Associate, Department of Herpetology, California Academy of 
Sciences, Golden Gate Park, California 94118-9961, USA; JOHN 
J. CRAYON, California Department of Fish and Game, 78078 
Country Club Drive, Bermuda Dunes, California 92201, USA; 
and ROGER L. HOTHEM, U.S. Geological Survey, Western 
Ecological Research Center, Dixon Field Station, 6924 Tremont 
Road, Dixon, California 95620-9648, USA. 

ELEUTHERODACTYLUS RANOIDES (NCN). DRY FOREST 
POPULATION, REFUGE FROM DECLINE? Amphibian de-
clines in pristine and apparently undisturbed habitats have occurred 
in many highland areas in tropical Latin America (Young et al. 
2001. Cons. Biol. 15:1213-1223). One member of the 
Eleutherodactylus "rugulosus group" is E. ranoides. Known from 

lowlands and premontane slopes from eastern Nicaragua to ex-
treme western Panama, it was previously common in the Area de 
Conservacion Guanacaste in northwestern Costa Rica. In at least 
two herpetological surveys of the same area in 2001 and 2003 no 
E. ranoides were found, even though suitable habitat was explic-
itly examined in several occasions (D. Laurencio, pers. comm; 
RP, pers. obs.). Because it had not been recorded since 1987, this 
species has been listed by the IUCN as Endangered (InfoNatura: 
Birds, mammals, and amphibians of Latin America [web applica-
tion]. 2004. V. 3.1. Arlington, Virginia: NatureServe. Available: 
http://www.natureserve.org/infonatura . Accessed: 23 April 2004). 
However, Sasa and Solorzano (1995. Herpetol. Nat. Hist. 3:113-
126) and Sasa (pers. comm.) reported finding E. "rugulosus" in 
1994 and 1995 at the lowland (5-20 m elev.) Rio Murcielago site 
in the ACG in Sector Murcielago at the northern base of the 
Peninsula Santa Elena in the Dry Tropical Forest life zone of 
Holdrige (Tosi, 1969), though no voucher specimens were col-
lected. 

We returned to the Rio Murcielago site in May 2003 to confirm 
these earlier observations. On 24 May 2003 we surveyed ca. 2 km 
of the banks of the Rio Murcielago. This was the end of the dry 
season, and the habitat was extremely dry but the river was flow-
ing from springs. The temperature of the water in the stream was 
28°C. No frogs were found between 1700 and 1800 h, however on 
our return soon after dusk, we collected eight specimens of E. 
ranoides on rocks and under boulders in the stream in ca. 1 h of 
search. Specimens were deposited at the Museum of Zoology, Uni-
versity of Costa Rica. 

Our findings confirm the observations of Sasa and Solorzano 
(op. cit.) and demonstrate the continued survival of at least one of 
the five rugulosus group species in Costa Rica. We emphasize 
that the lowland Rio Murcielago site is 24 km due W of Volcan 
Cacao and central to the 80,000 ha of coastal lowland regenerat-
ing dry forest that separates the Cordillera Guanacaste from the 
Pacific Ocean. However, this portion of the Rio Murcielago is 
exceptional for dry forest in having year-round flowing water in a 
least some portions, though the water temperature in the Rio 
Murcielago is quite high. Historical collections of E. ranoides at 
Volcan Cacao are from sites of much lower water temperatures 
and much wetter. We hypothesize that the high temperature and 
six-month dry season at the Rio Murcielago site protect the frogs 
from whatever made their populations decline at Volcan Cacao. 

We thank Daniel Janzen, William Eberhard, Alan Pounds, 
Jonathan A. Campbell, and Bruce Young for comments on the 
manuscript. 

Submitted by ROBERT PUSCHENDORF, Escuela de 
Biologia, Universidad de Costa Rica, San Pedro, Costa Rica (e-
mail: rpuschen@biologia.ucr.ac.cr);  GERARDO CHAVES, 
Escuela de Biologia, Universidad de Costa Rica, San Pedro, Costa 
Rica (e-mail:cachi@biologia.ucr.ac.cr);  ANDREW J. 
CRAWFORD, Smithsonian Tropical Research Institute, Apto. 
2072, Balboa, Ancon, Panama (e-mail: crawfordaj  @naos.si.edu ); 
and DANIEL R. BROOKS, Department of Zoology, University 
of Toronto, 25 Harbord Street, Toronto, Ontario, Canada M5S 3G5 
(e-mail: dbrooks@zoo.utoronto.ca).  
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HYLA CHRYSOSCELIS (Cope's Gray Treefrog). TADPOLE 
OVER-WINTERING. Relatively little is known about larval 
ecology of anurans from northwestern Louisiana. On 10 Nov 2003 
we observed 10-12 Hyla chrysoscelis tadpoles living in a 30 cm 
deep, 3-m diam unheated pond with a running fountain and con-
crete basin located on the grounds of Holy Angel's Residential 
Facility, about 15 km S. of Hwy 3132 on Ellerbe Rd. in Shreve-
port, Louisiana (Caddo Parish). Unidentified odonates and 
bellostomatids were present in the pond. Vegetation included emer-
gent Equisetum sp., Typha sp., and Nymphaea sp. Fallen oak 
(Quercus sp.) leaves and pine (Pinus sp.) needles covered the 
pond's substrate. Two of the tadpoles had fully emerged rear legs. 
Upon returning to the site 1 Jan 2004, two H. chrysoscelis tad-
poles with early developing hind limbs were observed actively 
foraging on the substrate. A third tadpole was observed secluded 
among pine needles and was lethargic. The calling season for this 
species continues into late summer and early fall (Dundee and 
Rossman 1996. The Amphibians and Reptiles of Louisiana, Loui-
siana State University Press, Baton Rouge, Louisiana). Our ob-
servations provide some evidence that this species can faculta-
tively overwinter as a tadpole if needed. This anecdote also repre-
sents the first known observation of overwintering in this species. 
All larvae were returned to the pond after observations. We thank 
Holy Angel's Residential Facility for access to the pond. 

Submitted by: MALCOLM L. McCALLUM (e-mail: 
mmccallu@pilot.lsus.edu)  and JAMIE L. McCALLUM, Red 
River Watershed Institute and Museum of Life Sciences, Depart-
ment of Biological Sciences, Louisiana State University in Shreve-
port, One University Place, Shreveport, Louisiana 71115, USA. 

PHYLLOMEDUSA ROHDEI (Leaf-tree Frog). FIGHT INJU-
RIES? A population of P. rohdei was observed for 84 nights (411 
h), during July 1999—July 2000, in a temporary pond ca. 170 m 2 , 
located in the edge of a forest at Palmital (22°50'S; 42°27'W), 
Municipality of Saquarema, State of Rio de Janeiro, southeastern 
Brazil. During breeding activities, agonistic interactions, includ-
ing escalated aggressive behavior from non-physical to physical 
encounters (Wogel et al. 2004. Herpetol. Rev. 35:239-243), were 
common between males in courtship sites. Although males of P 
rohdei do not have any anatomical weapons that could cause inju-
ries in a fight, several males' backs were covered with scratches. 
Less severe scratches were observed in only three females (ca. 
4%). Similar scratches also were observed in males of 
Phyllomedusa burmeisteri (Abrunhosa and Wogel, in press. Am-
phibia-Reptilia) that engaged in physical combats. At least two 
hypotheses might explain these observations: 1) the injuries were 
caused directly by males using their nuptial excrescences during 
fights, or 2) the injuries were caused indirectly by the surrounding 
vegetation at the combat site or when males fell down, a common 
observation when males were fighting. 

We thank Flavio N. Ramos for field assistance. This research 
was supported by CAPES and CNPq. 

Submitted by HENRIQUE WOGEL (e-mail: 
hwogel  @acd.ufrj.br), and PATRICIA A. ABRUNHOSA, Museu 
Nacional / UFRJ, Departamento de Vertebrados, Setor de 
Herpetologia, Quinta da Boa Vista, Sao Cristovao, 20940-040 Rio  

de Janeiro, RJ, Brazil. 

PHYSALAEMUS SIGNIFER (Girard's Dwarf Frog). COMMU-
NAL OVIPOSITION. Communal oviposition is known in sev-
eral explosive-breeding anurans (Wells 1977. Anim. Behay. 
25:666-693). Here, we describe communal egg laying in 
Physalaemus signifer from Reserva Biologica Uniao, Municipal-
ity of Rio das Ostras, State of Rio de Janeiro, southeastern Brazil. 

A temporary pond ca. 800 m 2, located in an open area at the 
edge of the forest (22°25'03"S, 42°02'10"W), was filled with wa-
ter from November 2002 to the beginning of March 2003 during 
one year of study (Sept 2002—Aug 2003). After a dry month at the 
end of the summer 2003, the rain regressed on 17 March, and the 
pond became a muddy area. On the following night, 10 P. signifer 
formed a chorus at the pond with activity, beginning at 1800 h and 
lasting until 200 h. Flooded footprints along the edge of the pond 
had become suitable oviposition sites, and several amplectant pairs 
were observed using the footprints to spawn. At about 2145 h we 
observed communal oviposition in P signifer, consisting of five 
amplectant pairs (mean SVL and mass as follows: males 27.7 ± 
1.2 mm SVL, 1.6 ± 0.2 g mass, N = 5; females: 31.0 ± 1.0 mm 
SVL, 2.2 ± 0.2 g mass, N = 5) spawning inside a footprint 29 x 12 
cm, 15 cm depth, and 5 cm of water retention. Wogel et al. (2001. 
Iheringia 92:57-70) and Weber and Carvalho e Silva (2001. Bol. 
Mus. Nac. 462:1-6) reported the preference of P signifier for call-
ing and spawning in shallow areas, such as along the margins of a 
pond. As suggested for P. ephippifer (Hodl 1990. Copeia 1990:547-
554), the observed communal oviposition in P. signifer could re-
sult from a shortage of suitable sites for nests. 

We thank Coordenacao de Aperfeicoamento de Pessoal de Nivel 
Superior (CAPES) for fellowships, Conselho Nacional de 
Desenvolvimento Cientifico e Tecnologico (CNPq) for financial 
support, and Reserva Biologica Uniao for logistic support and re-
search permission. 

Submitted by PATRICIA A. ABRUNHOSA and HENRIQUE 
WOGEL, Departamento de Vertebrados, Museu Nacional / UFRJ, 
20940-040 Rio de Janeiro, RJ, Brazil; e-mail (PAA): 
abrunhos@acd.ufrj.br . 

PSEUDACRIS CRUCIFER CRUCIFER (Northern Spring 
Peeper). AGGRESSIVE BEHAVIOR. In natural populations 
males may compete for a limited resource and in pond-breeding 
anurans, this resource is usually receptive females. Because of 
direct competition, aggressive bouts between males occur 
(Duellman 1966. Herpetologica 22:217-221). There have been 
several reports of aggressive behavior in Pseudacris crucifer rang-
ing from territoriality calling (Rosen and Lemon 1974. Copeia 
1974:940-950) to grappling events. However, previous reports 
have documented grappling events and aggressive encounters last-
ing only a few seconds. 

On 8 March 2002, at one of our (JMM) research ponds in 
Kickapoo State Park, Vermilion County, Illinois (USA), we heard 
a large intermittently calling chorus of P. c. crucifer. Males were 
calling from perches of emergent vegetation or from low in the 
water. In some areas where the vegetation was more abundant, 
males were clustered close together (< 2 m). At ca. 2200 h, we 
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heard quick trills indicative of P crucifer territoriality calls. After 
ca. 5 min of searching, we located two males in close proximity (< 
0.2 m). They began exchanging territoriality calls in rapid succes-
sion. When male one approached male two, the intensity of call-
ing from both males increased. The males oriented toward each 
other and continued to rapidly call. Male two approached male 
one and the frogs locked their forearms. At this time, the calling 
had nearly ceased. Both frogs began pushing each other and in 
some instances rose slightly up on their hind legs. Wrestling con-
tinued for a minute, then male one broke free and turned away. 
Male two hopped onto his back and they began to jostle for the 
top position. The jostling continued for ca. 2 min until male one 
retreated ca. 0.5 m away and held a low posture in the water. Male 
two returned to the original perch and commenced advertisement 
calling. After another two to three minutes, male one moved within 
ca. 0.2 m of male two but remained postured low in the water. 
Male one remained in this position for about three minutes then 
swam away. 

Submitted by: MICHAEL J. DRESLIK and JENNIFER M. 
MUI, Illinois Natural History Survey, Center for Biodiversity, 607 
East Peabody Drive, Champaign, Illinois 61820, USA. JMM cur-
rent address: Field Museum of Natural History, Department of 
Zoology, Division of Amphibians and Reptiles, 1400 S. Lake Shore 
Drive, Chicago, Illinois 60605-2496, USA. 

PSEUDACRIS TRISERIATA (Western Chorus Frog). REPRO-
DUCTION. Pseudacris triseriata is widespread throughout the 
upper Yampa River Valley (ca. 2100 m) in northwestern Colorado 
(Hammerson 1999. Amphibians and Reptiles in Colorado. 2nd 
Edition. Univ. Press of Colorado and Colorado Division of Wild-
life. 484 pp.). After most natural temporary breeding habitats 
(snowmelt ponds and wet meadows) dry, P. triseriata often repro-
duces in available irrigated meadows. Irrigated meadows have 
variable and unpredictable hydroperiods, so they may represent 
risky reproductive sites. Although P triseriata can lay eggs in ar-
eas that dry before metamorphosis (Hammerson, op. cit.), their 
success in irrigated meadows is undocumented. Here, I provide 
preliminary data on P. triseriata survivorship in irrigated mead-
ows. 

In mid-June 1999, I located nine irrigated meadows that P. 
triseriata were using by following their breeding calls. I moni-
tored sites only if they were currently irrigated or had been within 
the past week, determined by asking local ranchers. Meadows ir-
rigated by the same ditch were considered independent only if a 
barrier, such as a flowing irrigation ditch separated them. I searched 
each site until 2-5 P triseriata egg clusters were found. I flagged 
each cluster to enable relocation and measured water depth and 
water temperature at subsequent visits. Sites were visited during 
early morning, mid-afternoon, or early evening to encompass day-
time temperature variation. Dating the initiation of hatching in 
each egg cluster allowed me to estimate the minimum period from 
oviposition by counting back 2 days (i.e., the minimum period 
from oviposition to hatching [Pettus and Angleton 1967. Evolu-
tion 21:500-507]). I revisited the meadows every 3-5 days until 
they dried. 

In five (56%) meadows, the water level dropped steadily over 
the monitoring period and the pools within dried completely. In  

the remaining four meadows, water depth fluctuated as irrigation 
water was increased or cut off. Maximum pool temperature ranged 
from 24-35°C; less than the critical thermal maxima for both pied-
mont and montane P. triseriata tadpoles (Hoppe 1978. 
Herpetologica 34: 318-321). Although all monitored egg clusters 
hatched tadpoles, the longest hydroperiod for any of the meadows 
was 51 days. 

As a minimum hydroperiod of ca. 65 days is required from ovi-
position to metamorphosis (Smith 1983. Ecology 64:501-510), 
100% mortality is implied. Because P. triseriata began calling at 
least 30 days prior to initiation of my study (Anne Davis, pers. 
comm.), substantial breeding had likely already taken place. There-
fore, irrigated meadows may have acted as mortality sinks only to 
late-season breeders. Because P. triseriata may lay two clutches 
per season (Degenhardt et al. 1996. Amphibians and Reptiles of 
New Mexico. Univ. New Mexico Press, Albuquerque. 431 pp.), it 
is possible that the unsuccessful eggs could have been second at-
tempts or that many of the clusters within individual pools were 
from a single female. These alternatives notwithstanding, these 
data imply that further investigation of irrigated pastures as mor-
tality sinks is warranted. 

Submitted by JULIAN A. MEISLER, 4707 Montgomery Drive, 
Santa Rosa, California 95409, USA; e-mail: jmeisler@pon.net.  

RANA PALUSTRIS (Pickerel Frog) and AMBYSTOMA 
MACULATUM (Spotted Salamander). REPRODUCTIVE BE-
HAVIOR. Pickerel Frogs and Spotted Salamanders are early spring 
breeders (Johnson 1997. The Amphibians and Reptiles of Mis-
souri. Missouri Department of Conservation). Although both spe-
cies may breed in the same pond, the potential for interspecific 
interference seems small, as both species have widely different 
reproductive behavior. The salamander mating system is based on 
olfactory communication, whereas the frog attracts mates via 
acoustic/vibrational communication. Nevertheless, here I report 
several instances of inter-species amplexus. 

On the night of 7 March 2004, I visited a pond at Three Creeks 
CA (Boone Co., Missouri, USA). While there were many sala-
manders in the pond, I found very few Rana palustris and did not 
observe any signs of reproduction (e.g., calling activity or pairs). 
However, I encountered two different cases in which a male R. 

FIG. 1. A male Rana palustris in amplexus with an Ambystoma 
maculatum of unknown sex, found in central Missouri on 7 March 2004. 
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palustris had amplexed an Ambystoma maculatum. Both pairs were 
found on the bottom of the pond, in 0.3-0.6 m of water. Although 
I caught the pairs to examine them and take photographs, the frog 
maintained the amplexus. Between-species amplexus may incur 
several costs for both participants. Besides lost feeding opportu-
nity and increased risk for predation there is also the cost of lost 
mating opportunity. 

Two weeks later I visited the site again. This time I found sev-
eral dozen R. palustris, heard males call, and found many egg 
clutches. I also observed another between-species interaction: as 
a salamander swam by a male R. palustris, the frog turned and 
amplexed the salamander. The frog quickly released the sala-
mander, however. Further observations are needed to verify 
whether males are less prone to mating mistakes when conspe-
cific mating opportunities are available. 

Submitted by GERLINDE HOBEL, Division of Biological Sci-
ences, 204 Tucker Hall, University of Missouri, Columbia, Mis-
souri 65211, USA; e-mail: hoebelg@missouri.edu.  

RANA RUGOSA (Wrinkled Frog). ENDOPARASITES. Rana 
rugosa is endemic to Japan, Korea, and northeastern China (Frost 
[ed.]. 1985. Amphibian Species of the World: A Taxonomic and 
Geographical Reference. Allen Press, Inc. and The Association of 
Systematics Collections, Lawrence, Kansas. 732 pp.). It was in-
troduced to Hawaii from Japan in 1895 or 1896 (Bryan 1931. Mid-
Pacific Magazine 43:61-64; Oliver and Shaw 1953. Zoologica 
38:65-95). The purpose of this note is to report the acanthoceph-
alan Acanthocephalus bufonis in R. rugosa from Oahu, Hawaii. 

One R. rugosa (52 mm SVL) was collected 2 May 2000 at Ho-
nolulu, Hawaii. It was deposited in the herpetology collection of 
the University of Michigan, Ann Arbor, Michigan as UMMZ 
227582. The esophagus, stomach, small intestine, large intestine, 
lungs, and urinary bladder were opened and examined separately 
for helminths under a dissecting microscope. The body cavity was 
also searched. Two adult acanthocephalans were found in the small 
intestines. They were each cleared in a drop of concentrated glyc-
erol, identified as Acanthocephalus bufonis and subsequently de-
posited in the United States Parasite Collection, USNPC, Beltsville, 
Maryland as USNPC 94316. 

Acanthocephalus bufonis has an oriental distribution (Kennedy 
1982. Can. J. Zool. 60:356-360). It has been reported in Bufo 
marinus from Honolulu, Hawaii by Barton and Pichelin (1999. 
Parasite 6:269-272). Whether A. bufonis reached Hawaii in B. 
marinus, R. rugosa or in an intermediate host is not known. 
Acanthocephalus bufonis in R. rugosa is a new host record. 

Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 90608, USA (e-
mail: sgoldberg  @whittier.edu); CHARLES R. BURSEY, Depart-
ment of Biology, Pennsylvania State University, Shenango Cam-
pus, Sharon, Pennsylvania 16146, USA (e-mail: cxb@psu.edu);  
and FRED KRAUS, Bishop Museum, Department of Natural 
Sciences, 1525 Bernice Street, Honolulu, Hawaii 96817, USA (e-
mail: fkraus@hawaii.edu).  

TESTUDINES 

ACTINEMYS MARMORATA (Pacific Pond Turtle). DIET. The 
diet of Actinemys marmorata is known to include a wide variety 
of items from benthic invertebrates, to plant materials, to carrion 
(Bury 1986. J. Herpetol. 20:515-521). An opportunistic forager, 
they often eat the most abundant food resource available (Holland 
1985. Herpetol. Rev. 16:112-113). In this note, we provide the 
first observation of a Pacific Pond Turtle consuming fish eggs. 

On 14 May 1997 while conducting a herpetological survey of 
the Cache Creek drainage in Wolf Creek at the mouth of Quartz 
Canyon in Lake County, California (USA), one of us (MRJ) ob-
served a spawning aggregation of ca. 100 California Roach 
(Lavinia symmetricus). The fish had schooled into a tight ball ca. 
40 cm diam and were spawning over a cobble substrate in 50 cm 
of water. Closer examination revealed the presence of a Pacific 
Pond Turtle under this spawning aggregation. The turtle was rest-
ing on the cobble substrate and remained motionless except for 
occasionally retracting its head to avoid being hit by swimming 
and darting fish. I carefully watched the turtle between 1550-1615 
h and soon observed that it was foraging for fish eggs being de-
posited in the cracks of the substrate. There was no attempt to 
catch swimming fish as they moved by the turtle's head or bounced 
off the turtle's head, neck, and front legs. After my observations 
were completed, I removed the turtle from the spawning aggrega-
tion and found that it was an adult female, 145 mm straight-line 
carapace length. 

This record provides another observation of an opportunistic 
feeding event by a Pacific Pond Turtle; the consumption of fish 
eggs may also benefit female turtle fitness by providing a rich 
source of nutrients for their own egg development. 

Submitted by MARK R. JENNINGS, Rana Resources, 39913 
Sharon Avenue, Davis, California 95616-9456, USA, and Research 
Associate, Department of Herpetology, California Academy of 
Sciences, Golden Gate Park, California 94118-9961, USA; and 
ROGER L. HOTHEM, U.S. Geological Survey, Western Eco-
logical Research Center, Dixon Field Station, 6924 Tremont Road, 
Dixon, California 95620-9648, USA. 

CHELONIIDAE (Marine Turtle). NEST PREDATION BY 
BOBCATS. A variety of mammal species are known as primary 
predators (initial excavators) of marine turtle nests in Florida (e.g., 
Stancyk 1982, In Bjorndal (ed), Biology and Conservation of Sea 
Turtles, pp. 139-152. Smithsonian Institution Press, Washington, 
D.C.). Raccoons (Procyon lotor) are probably the most widespread 
and destructive nest predator (Stancyk, op. cit.), depredating up to 
95% of nests in some areas, unless control measures are imple-
mented (Bain et al. 1997. Sea turtle nesting and reproductive suc-
cess at the Hobe Sound National Wildlife Refuge (Florida), 1972-
1995. Report to U.S. Fish and Wildlife Service, ARM Loxahatchee 
NWR). Spotted Skunks (Spilogale putorius), Gray Foxes (Urocyon 
cinereoargenteus), Opossums (Didelphis virginiana), and Red 
Wolves (Canis rufus) are other native species that depredate nests, 
while Nine-banded Armadillos (Dasypus novemcinctus), Coyotes 
(Canis latrans), feral swine (Sus scrofa), and Red Foxes (Vulpes 
vulpes) are destructive exotic mammal species (Atencio 1994. Proc. 
Sea Turtle Symp. 13:201-204; Bain et al., op. cit.; Drennen et al. 
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1989. Mar. Turt. Newsl. 1989:7-8; Engeman et al. 2003. Biol. 
Cons. 113:171-178; Foote et al. 2000. Proc. Sea Turtle Symp. 
18:189-190; Helmstetter and Atencio 1997. Endangered Species 
Update 14:3-5; Lewis et al. 1996. Proc. Sea Turtle Symp. 15:162-
164; Mroziak et al. 2000. Chel. Cons. Biol. 3:693-698; Rusenko 
et al. 2000. Proc. Sea Turtle Symp. 18:209-211; Woolard et al. 
Herpetol. Rev. in press; Wright et al. 2000. Proc. Sea Turtle Symp. 
12:210-212). Here we provide the first observations of Bobcat 
(Felis rufus) acting as a primary predator (excavator) of marine 
turtle nests. 

We have made observations since 1997 on the beach at Hobe 
Sound National Wildlife Refuge (HSNWR), Jupiter Island, Florida. 
HSNWR offers undeveloped and protected beach habitat for nest-
ing by loggerhead (Caretta caretta), leatherback (Dermochelys 
coriacea), and green (Chelonia mydas) turtles, each of which is 
listed as threatened or endangered. Our first observation of bobcat 
excavation and predation of a turtle nest occurred in 2001. In that 
year 251 of the 1259 loggerhead nests, all 16 green turtle nests, 
and all 58 leatherback nests were marked for observation, for a 
total of 325 marked nests. On 10 September, a loggerhead nest 
was depredated by a bobcat. This was the only bobcat-predated 
nest during the 2001 nesting season, and it is the first observation 
of which we are aware where a bobcat excavated and predated the 
eggs of a marine turtle nest. The destruction of a single nest repre-
sented 0.4% of marked loggerhead nests and 0.3% of total marked 
nests for all marine turtle species. 

In 2002, a total of 307 turtle nests were marked for observation; 
132 of the 1062 loggerhead nests, all 142 green turtle nests, and 
all 33 leatherback nests. Two of the marked loggerhead nests were 
excavated and depredated by bobcats. This represented 1.5% of 
loggerhead nests and 0.7% of total marked nests on the refuge. 
Bobcat predation occurred on 29 and 30 July, which is when the 
maximal number of nests would be expected to be in this beach 
(e.g., Engeman et al., op. cit.). 

Raccoons and armadillos are removed at HSNWR in an ongo-
ing effort to protect turtle nests from these most destructive nest 
predators (Engeman et al., op. cit.). A predation rate around 1% by 
bobcats is negligible, especially when compared to depredation 
by raccoons and armadillos. While bobcat predation on turtle nests 
at its current level does not merit remediation, their populations 
and predation should be simultaneously monitored each year along 
with those for raccoons and armadillos in case their predation in-
creases (for methodology see Engeman et al., op. cit.). On the 
other hand, if bobcat depredation remains at very low levels, then 
their presence on the beach may have the beneficial effect of de-
terring other, potentially more destructive, nest predators. 

Submitted by, R. ERIK MARTIN, Ecological Associates, Inc., 
P.O. Box 405, Jensen Beach, Florida 34958, USA; RICHARD 
M. ENGEMAN*, USDA/Wildlife Services, National Wildlife 
Research Center, 4101 LaPorte Ave, Fort Collins, Colorado 80521-
2154, USA (e-mail: Richard.M.Engeman@aphis.usda.gov);  
HENRY T. SMITH, Florida Department of Environmental Pro-
tection, Florida Park Service, 13798 S.E. Federal Highway, Hobe 
Sound, Florida 33455, USA; CARRIE K. CRADY, Ecological 
Associates, Inc., P.O. Box 405, Jensen Beach, Florida 34958, USA; 
MARGO STAHL, Hobe Sound NWR, 13640 S.E. Federal Hwy., 
Hobe Sound, Florida 33455, USA; and BERNICE 
CONSTANTIN, USDA/Wildlife Services, 2820 East University 

Ave., Gainesville, Florida 32641, USA. *Corresponding author. 

GOPHERUS POLYPHEMUS (Gopher Tortoise). PREDATION. 
Gopherus polyphemus is eaten by numerous native predators 
throughout its range (Ernst et al. 1994. Turtles of the United States 
and Canada. Smithsonian Institution Press, Washington. 578 pp.). 
Here, we document a non-native reptile species, the Savannah 
Monitor (Varanus exanthematicus), preying upon a juvenile G. 
polyphemus in Florida. 

On 22 September 2002, an adult male (37.3 cm SVL, 1.2 kg) V 
exanthematicus was collected by residents at 1212 Alhambra Way 
S., St. Petersburg, Pinellas Co., Florida (27°43.39'N, 82°39.10'W), 
and brought to a staff member at nearby Boyd Hill Nature Park. 
On 24 September 2002, this V exanthematicus defecated scutes 
and all four legs of a juvenile G. polyphemus (ca. 50 mm CL), as 
well as body parts of two adult ox beetles (Strategus antaeus). 
The V exanthematicus and prey items were deposited in the Florida 
Museum of Natural History (UF 135537). 

This V exanthematicus was collected in a residential area ca. 
335 m SSE of the largest remaining G. polyphemus population on 
the southern Pinellas County peninsula (pers. obs.). Gopherus 
polyphemus is a protected species throughout its range and is listed 
as a species of special concern in Florida (Moler 1992. Rare and 
Endangered Biota of Florida, Vol. III. Amphibians and Reptiles, 
Univ. Press of Florida, Gainesville, 291 pp.). Major threats to the 
Gopher Tortoise include habitat loss and degradation (Diemer 1986. 
Herpetologica 42:125-133), but heavy predation on G. polyphemus 
nests and juveniles is also a threat, due to the species' deferred 
sexual maturity and low fecundity (Diemer 1992. In Moler [ed.], 
Rare and Endangered Biota of Florida, Vol. III. Amphibians and 
Reptiles, Univ. Press of Florida, Gainesville, pp. 123-127). 

Presently, more than 40 non-native herpetofaunal species are 
reported to be established in Florida (Townsend et al. 2003. Iguana 
10:111-118), including three large lizards, the Mexican Black 
Spiny-tailed Iguana (Ctenosaura pectinata), Black Spiny-tailed 
Iguana (C. sinillis), and Nile Monitor (Varanus niloticus) (Campbell 
2003. Iguana 10:119-120; Enge et al. 2004, unpubl.; Krysko et al. 
2003. Florida Sci. 66:74-79; Townsend et al. 2003. Herpetozoa 
16:67-72) that can potentially prey on G. polyphemus. Although 
there is presently no evidence that V exanthematicus has estab-
lished itself in Florida, this note documents the first predation of a 
protected reptile species in Florida by a non-native reptile spe-
cies. Although it is illegal to release nonindigenous animals with-
out a permit from the Florida Fish and Wildlife Conservation Com-
mission (FWC), enforcement difficulties and inadequate regula-
tory control suggest that the release of non-native fauna will con-
tinue to be a major contributor to the state's battle with invasive 
non-native species. 

We thank the collectors and Donna M. Heinrich (Boyd Hill 
Nature Park) for making the specimen available to us. We also 
thank Joan E. Berish, Kevin M. Enge, Paul E. Moler (Florida Fish 
and Wildlife Conservation Commission), and D. Bruce Means 
(Coastal Plains Institute and Land Conservancy) for helpful com-
ments on this note. Michael C. Thomas (Entomology, Florida Di-
vision of Plant Industry) provided insect identification. 

Submitted by AUDREY K. OWENS*, Florida Museum of 
Natural History, Division of Herpetology, University of Florida, 
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Gainesville, Florida 32611, USA; KENNETH L. KRYSKO, 
Florida Museum of Natural History, Division of Herpetology, 
University of Florida, Gainesville, Florida 32611, USA (e-mail: 
kenneyk@flmnh.ufl.edu);  and GEORGE L. HEINRICH, 
Heinrich Ecological Services, 1213 Alhambra Way S., St. Peters-
burg, Florida 33705-4620, USA (e-mail: highpine3@aol.com).  
*Present address: Warnell School of Forest Resources, University 
of Georgia, Athens, Georgia 30602, USA (e-mail: 
aud555@aol.com).  

GOPHERUS POLYPHEMUS (Gopher Tortoise). JUVENILE 
BURROW COHABITATION. Hatchling and neonate chelonians 
have received little attention from field biologists (Morafka et al. 
2000. Herpetol. Monogr. 14:353-370); thus most aspects of their 
ecology, including social behavior, are not well understood. In 
Gopherus polyphemus, adults often cohabit burrows with other 
conspecifics (see review in Smith et al. 1997. Chel. Cons. Biol. 
2:358-362), or may usurp and enlarge burrows formerly inhab-
ited by juveniles (Diemer 1992. J. Herpetol. 26:158-165); and 
juvenile tortoises occasionally occupy adult burrows (Douglass 
1978. J. Herpetol. 12:413-415; Smith et al., op. cit.). Burrow shar-
ing by juveniles has been previously reported (McRae et al. 1981. 
Am. Midl. Nat. 106:165-179; Diemer, op cit.); however, the au-
thors make no reference to the sizes of the animals nor do they 
provide descriptions of the sharing events. Herein we provide the 
first descriptive documentation of burrow cohabitation involving 
two juveniles, as well as another event involving two sibling 
hatchlings at the Kennedy Space Center, Brevard County, Florida. 

From 9 July-10 August 2003 a juvenile tortoise (Juvenile 1; 
carapace length = 9.8 cm) was monitored at a burrow (burrow 
width = 13.1 cm) using a motion-triggered digital camera. On 1 
August 2003 at 1023 h a Peeper video camera system (Sandpiper 
Technologies, Manteca, California, USA) was also placed outside 
of the same burrow. Analysis of the videotape revealed another 
juvenile using the same burrow. The following is a description of 
the events recorded on the videotape. (Prior to this, Juvenile 1 was 
recorded entering the burrow on 30 July at 1431 h). 

At 1053 h a juvenile tortoise (Juvenile 2; approximately the same 
CL as Juvenile 1, inferred from the videotape) walked directly up 
to the burrow and began digging at the entrance until it entered the 
burrow at 1054 h. At three separate times (from 1147-1150 h, 
1154-1155 h, and 1255-1259 h) Juvenile 2 emerged from the bur-
row headfirst, turned around to face the entrance, and worked at 
enlarging it. Between these events it was inside the burrow. At 
1504 h Juvenile 2 exited the burrow and was not seen again on the 
videotape. 

At 1519 h on the same day an adult tortoise (> 25 cm CL) ap-
proached and attempted to force itself into the juvenile burrow. 
When the adult was unsuccessful, it turned around, briefly pulled 
inside its shell as if disturbed by an unknown source, and left the 
area at 1521 h. 

At 1706 h a sand-covered Juvenile 1 emerged from the burrow, 
bit at some vegetation, began digging in the burrow entrance, and 
reentered the burrow at 1709 h. No further tortoise activity was 
observed on the videotape, which ended at 1833 h. Logistical con-
straints did not allow further videotaping of this burrow, and digi-
tal camera data did not reveal further co-occupation of juveniles  

within the burrow. Juvenile 1 left the burrow on 10 August 2003 
and no tortoises have used it since. 

At the same site, the burrow cohabitation of two hatchling tor-
toises hatched from the same nest (on 9 October 2003) was also 
observed. Both animals were given a unique mark and Hatchling 
1 was outfitted with a radiotransmitter. Hatchling 1 was tracked 
daily from release until the present observation took place. Dur-
ing this time Hatchling 1 never dug a burrow, but instead used 
multiple short pallets. Hatchling 2 was recaptured on 8 March 2004 
outside of its burrow (6.5 cm wide), fitted with a radiotransmitter, 
and released in the same location on 9 March. At the time we 
recaptured Hatchling 2 the tortoises were within 1.0 m of each 
other and both had dispersed 9.0 m from the nest since hatching. 

After 9 March, Hatchling 2 was always in its burrow and 
Hatchling 1 was located 1.6 m away in its pallet. On 29 March 
Hatchling 1 was seen walking 1.8 m from the burrow of Hatchling 
2. On 30 March both animals were found inside the burrow of 
Hatchling 2. Hatchling 2 was deeper inside the burrow and 
Hatchling 1 had about 20% of its body sticking out of the burrow. 
Over the next several days the tortoises remained in the same rela-
tive positions, but by 5 April both were completely inside the bur-
row. By 14 April Hatchling 2 had moved from the original burrow 
and dug another burrow 2.3 m away. Hatchling 1 was still using 
the original burrow. 

Burrow takeover by tortoises has been reported elsewhere 
(Diemer, op cit.). Little is known about the significance of social 
interactions between immature turtles and tortoises and even less 
is known about sibling interactions. Research into the behavioral 
interactions of Gopher Tortoises and other species, especially ju-
veniles and siblings, should be a focus of future research. 

NASA at the Kennedy Space Center, the Dynamac Corpora-
tion, Merritt Island National Wildlife Refuge, and Canaveral Na-
tional Seashore provided support. 

Submitted by DAVID A. PIKE, Department of Biological Sci-
ences, Towson University, 8000 York Road, Towson, Maryland 
21252, USA (e-mail: dpike 1 @towson.edu ); and REBECCA L. 
ANTWORTH, Canaveral National Seashore, 308 Julia Street, 
Titusville, Florida 32796, USA. 

LEPIDOCHELYS KEMPH (Kemp's Ridley Seaturtle). DIET. 
Dietary studies on post-pelagic Lepidochelys kempii document that 
crabs are a primary food source (Bjorndal 1997. In Lutz and Musik 
[eds.], The Biology of Sea Turtles, pp. 206-207. CRC Press, Boca 
Raton, Florida). Trawl fishery discards (fish or shrimp) may also 
be a supplemental food source in some regions. Portunid crabs are 
emphasized as a predominate prey item, but spider crabs, rock 
crabs, and lady crabs are also common in gut contents of live and 
stranded turtles. Here we report an attempted ingestion of a Limu-
lus polyphemus (Horseshoe Crab) by a L. kempii in the Gulf of 
Mexico. 

In September 2003, line transect surveys were conducted by the 
Sarasota Dolphin Research Program throughout Charlotte Harbor 
National Estuary along Florida's southwest coast. A survey on 8 
Sept. encountered a L. kempii at 1329 h near the mouth of Alliga-
tor Creek (26.86555°N, -82.06394°W; depth 2.5 m, sandy-mud 
bottom adjacent to seagrasses composed of Halodule, Syringodium, 
and sparse Thalassia). The turtle swam at the surface with its head 
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elevated while holding a Limulus polyphemus in its jaws, grasped 
by the posterior margin, presumably to avoid the telson. A photo 
sequence recorded with a Nikon D 100 6.1 MP digital camera il-
lustrated lateral, frontal, and dorsal views while the turtle swam at 
the surface. The extreme dorsal flexion of the crab indicated that 
the crab was alive, verifying that the turtle was not scavenging a 
dead crab from the bottom. The turtle submerged briefly, lost its 
grip on the crab and when it resurfaced, shifted its mouth grasp of 
the prey item. It was impossible to follow the turtle or its prey to 
confirm ingestion of the crab. Estimates based on photo dimen-
sions suggest that the ridley was a large subadult or adult, and the 
crab was of adult size (AAB, pers. obs.). 

Limulus polyphemus is a common prey item of Loggerhead 
Turtles (Caretta caretta) in Virginia (Lutcavage and Musik 1985. 
Copeia 1985:449-456) but has been mentioned rarely in the diets 
of ridleys (Seney 2003. Master's thesis, College of William and 
Mary). Limulus is distributed geographically from the Yucatan pen-
insula to northern Maine with peak abundance in Delaware Bay 
(Botton and Ropes 1987. Fish. Bull. 84[4]:805-812). 

We thank the Mote Scientific Foundation for support and facili-
ties in Charlotte Harbor. 

Submitted by AARON A. BARLEYCORN (e-mail: 
barleycorn@mote.org)  and ANTON D. TUCKER, Mote Marine 
Laboratory, 1600 Ken Thompson Parkway, Sarasota, Florida 
34236, USA. 

LEPIDOCHELYS KEMPII (Kemp's Ridley Seaturtle). NEST 
ARCHITECTURE. Studies describing sea turtle nest architec-
ture have been largely limited to the Loggerhead Seaturtle (Carthy 
1996. The Role of the Egg Shell and Nest Chamber in Logger-
head Turtles [Caretta caretta] Egg Incubation. Ph.D. dissertation. 
Univ. Florida, Gainesville. 123 pp.; Tiwari et al. 2003. Herpetol. 
Rev. 34:138-139). Here we report nest architecture data for the 
highly endangered Kemp's Ridley. 

Data were collected from five nesting Kemp's Ridley seaturtles 
during the 2001 nesting season at Rancho Nuevo, Tamaulipas, 
Mexico. After recording standard size and clutch data, each turtle 
was removed from the nest after oviposition but prior to refilling. 
The eggs were removed, and the egg chamber cleaned of any loose 
sand and debris. A cast was made by filling the entire nest cavity 
with minimally expanding polyurethane construction foam and 
allowed to cure. Excess foam was cut off at the top of the nest 
structure flush with the surface of the sand and the cast excavated. 
A typical sea turtle nest is roughly urn-shaped, consisting of a 
narrow neck with a larger egg chamber at the bottom. The maxi-
mum diameters of the neck and egg chamber were measured as 
well as the distance from the top of the sand to the top and bottom 
of the egg chamber. Nest volumes were determined by measuring 
the amount of water displaced when the cast was submerged. 

Mean carapace lengths (CCL) and weights of the five turtles 
were 69.8 cm (± 3.2) and 38.0 kg (± 2.9), and all five turtles were 
observed to have normal rear flippers. The mean number of eggs 
per nest was 96.4 (± 16.1). The mean depths from the top to the 
bottom of the nests were 21.6 cm (± 2.6) and 39.6 cm (± 3.6), and 
the mean diameters of the neck and egg chamber were 13.6 cm (± 
1.7) and 28.0 cm (± 2.0), respectively. The mean nest volume was 
6620 ml (± 2510). 

FIG. 1. Polyurethane nest molds of the five Kemp's Ridley Seaturtles 
showing differences in size and shape. 

The shapes and sizes of these nests varied considerably (Fig. 1). 
The shapes were probably influenced by the substrate in which 
the nests were constructed and the location on the beach. Sub-
strate materials ranged from moist broken shell to dry rocky sand/ 
soil. Variation in the dimensions of the nests, and resultant vol-
umes, could also be attributed to the type of substrate, turtle size, 
and possibly the number of eggs deposited. There was a positive, 
but weak, correlation between the number of eggs per nest and 
nest volume (r = 0.422), while better relationships were found for 
turtle length and nest volume (r = 0.835), and turtle weight and 
nest volume (r = 0.932). Consequently, Kemp's Ridley nest sizes 
appear to be more of a function of turtle size and not clutch size, 
although a larger sample size would increase confidence in statis-
tical analyses. 

It is difficult to compare nest cast sizes with those previously 
done for Loggerheads because of different measuring techniques. 
However nest volumes for the Kemp's Ridleys and the Florida 
and Brazilian Loggerheads (Tiwari et al., op. cit.) averaged 6620 
ml, 11030 ml, and 11757 ml, respectively. The much larger Log-
gerhead nest size undoubtedly reflects the equally large differ-
ence in mature sizes between Kemp's Ridleys (65 cm) and Log-
gerheads (90 cm), respectively (Marquez 1994. NOAA Tech. 
Memo. NMFS-SEFSC-343, 91 pp.; Dodd 1988. U.S. Fish Wildl. 
Serv. Biol. Rep. 88[14], 110 pp). 

Conservation biologists at Rancho Nuevo currently relocate al-
most all nests to protected corrals, using a manual post-hole dig-
ger to excavate the main part of the nest. The egg chamber is then 
hand sculpted at the bottom of the hole and the eggs are then de-
posited and covered with sand. The depth of the relocated nests is 
currently 45 cm and the dimensions of the egg chambers are at the 
discretion of the individuals transplanting that particular nest. The 
five nests observed in this study ranged in depth from 38-45 cm 
(mean = 39.6). This is shallower than the standard 45 cm cur-
rently used in the corrals. Also, when hundreds of nests are being 
transplanted in a single day, the sizes of the egg chambers tend to 
be smaller than naturally occurs (pers. obs.). Perhaps the percent 
hatching success rate might increase from the present 55-65% by 
making the nest hole shallower and the egg chamber larger. How-
ever, a follow up study using a larger sample size should be under-
taken before changes in the current conservation techniques are 
considered. 

I thank P. Burchfield, L. J. Perla, and A. S. Quintero for field 
support. 

Submitted by WAYNE N. WITZELL, National Marine Fish-
eries Service, 75 Virginia Beach Drive, Miami, Florida 33149, 
USA; e-mail: Wayne.Witzell@noaa.gov.  
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PHRYNOPS GEOFFROANUS (Geoffroy's Side-necked Turtle). 
DIET. Phrynops geoffroanus has the widest geographical distri-
bution among the South American freshwater turtle fauna, rang-
ing from the Colombian Amazon to southern Brazil, Uruguay, and 
northern Argentina. This species occurs primarily in large streams 
and lakes, and appears to be tolerant of polluted waters (Vanzolini 
1994. Smithson. Herpetol. Inf. Serv. 97:1-10). Despite this turtle's 
broad range, information on its natural diet is quite scarce. Some 
published data suggest that habitat characteristics might influence 
diet (Fachin-Teran et al. 1995. J. Herpetol. 29:536-547; Souza 
and Abe 2000. J. Zool. 252:437-446). We examined digestive tract 
contents (stomach flushing and feces) of 28 P. geoffroanus cap-
tured June-September 2003 in a dam reservoir at the upper Parana 
River, bordering Mato Grosso do Sul and Sao Paulo States, Brazil 
(20°49'15"S, 51°39'31"W). Diet analyses are summarized in Table 
1. P. geoffroanus from the sampled region exhibits predominantly 
carnivorous feeding habits, consuming fishes, crustaceans, mol-
lusks, and insects. The presence of plant material in three stom-
achs (10.7%) may represent incidental ingestion. 

We thank Universidade Federal de Mato Grosso do Sul for fi-
nancial support. 

TABLE 1. Diet of Phrynops geoffroanus (N = 28) from a dam in upper 
Parana River, Brazil. Data are expressed as occurrence frequency. 

Prey categories f f% 

Fish* 4 14.3 
Crustacea (Decapoda) 3 10.7 
Crustacea (Trichodactylidae) 2 7.1 
Insecta (Coleoptera) 5 17.9 
Insecta (Formicidae) 1 3.6 
Insecta (Chironomidae) 1 3.6 
Insecta (Odonata - Larvae) 2 7.1 
Gastropoda (Pomacea sp.) 4 14.3 
Gastropoda (unidentified snail) 1 3.6 
Bivalvia 2 7.1 
Hirudinea 1 3.6 
Unidentified animal material 12 42.9 

* Includes bones and scales from Characiiformes and Perciformes. 

Submitted by LEONARDO CORNIANI DIAS, Universidade 
Federal de Mato Grosso do Sul, Centro de Ciencias Biologicas e 
da Sadde, Departamento de Biologia, 79070-900, Campo Grande, 
Mato Grosso do Sul, Brazil); and FRANCO LEANDRO SOUZA, 
Universidade Federal de Mato Grosso do Sul, Centro de Ciencias 
Biologicas e da Sadde, Departamento de Biologia, 79070-900, 
Campo Grande, Mato Grosso do Sul, Brazil (e-mail: 
flsouza@nin.ufms.br).  

PODOCNEMIS UNIFILIS (Yellow-spotted River Turtle). 
NESTS and NESTING. Podocnemis unifilis is widely distrib-
uted along the Amazon and Orinoco Basins in South America 
(Pritchard and Trebbau 1984. The Turtles of Venezuela. Society 
for the Study of Amphibians and Reptiles, Athens, Ohio, pp. 33- 

73). Like other species of Podocnemis, P unifilis is of economic 
importance to the people who live in the region, due the high quality 
of its meat and eggs (Smith 1979. Acta Amazonica 9:87-97). Stud-
ies on this turtle's breeding biology were carried out in Colombia 
(Foote 1978. Herpetologica 34:333-339), Venezuela 
(Thorbjarnarson et al. 1993. J. Herpetol. 27:344-347; Escalona 
and Fa 1998. J. Zool. 244:303-312), but data are almost inexis-
tent for Brazil (Thorbjarnarson and Silveira 1996. Herpetol. Rev. 
27:77-78). From September to November 2000/2001 we collected 
data on nests of P. unifilis in Reserva Biologica do Rio Trombetas. 
The reserve has an area of 385,000 ha and is located in the north-
west part of state of Para, municipality of Oriximina, on the north-
east bank of Rio Trombetas (1°46'S, 55°52'W), Brazil. Nesting 
took place in the sandbanks (tabuleiros) formed by the dropping 
water levels and on lakeshore beaches. Observations and data were 
collected at Tabuleiro do Farias, Tabuleiro do Jacare, and Lago do 
Jacare. 

Nests were excavated and the nest depth (measured vertically 
between surface and incubation chamber) and the distance between 
the entrance of the nest and the incubation chamber were mea-
sured with a metric tape. Eggs were measured in the early morn-
ing immediately after nesting using a caliper with precision of 
0.05 mm and weighed to the nearest 1 g with Pesola spring scales. 
To avoid natural and human predation, eggs were transferred to 
permanently monitored areas in the same sandbank. Original po-
sition of eggs was established with a pencil mark on top of each 
egg. 

Most nests were found at a distance of 3-780 m from the water 
on lake beaches; some were on sandbanks near or covered by veg-
etation, rarely in places totally exposed to the sun. The following 
data are based on 30 nests: mean total nest depth: 17.7 ± 2.7 cm; 
depth of the first egg in relation to the surface: 9.0 ± 3.3 cm; mean 
length of the incubation chamber: 18.4 ± 3.4 cm; width of the 
incubation chamber: 16.3 ± 2.3 cm; and diameter of nest mouth: 
9.4 ± 1.3 cm. Clutch size (N = 37) varied from 7 to 27 eggs (mean 
= 19) in both years. Mean egg length was 4.4 cm (3.8-5.1 cm), 
mean egg width was 2.9 cm (2.4-3.2 cm), and mean egg mass, 
22.5 g (15.0-30.0 g). Incubation periods varied from 58 to 66 days 
(mean = 61). In these two years of study, hatching was completed 
about one month before the beginning of the rainy season. 

IBAMA provided the permit to work with Podocnemis unifilis 
at Reserva Biologica do Rio Trombetas - Brazil (IBAMA 
02010.003215/00-44). This study was supported by FAPESP 
(Fundacao de Amparo a Pesquisa do Estado de Sao Paulo), CNPq 
(Conselho Nacional de Desenvolvimento Cientffico e Tecnologico) 
and Conservation International. Thanks to IBAMA (Rio 
Trombetas) for logistic support and to the following people for 
help in the field or laboratory: Flavio de Barros Molina, Matti° 
Martins, Alberto Guerreiro, and Renata Moretti. 

Submitted by ERICA C. P. HALLER (e-mail: 
erica_haller@yahoo.com.br)  and MIGUEL T. RODRIGUES (e-
mail: mturodri@usp.br),  Departamento de Zoologia, Instituto de 
Biociencias, Universidade de Sao Paulo, Caixa Postal 11.461, Sao 
Paulo, Sao Paulo, CEP 05508-900, Brazil. 

PSAMMOBATES GEOMETRICUS (Geometric Tortoise). DIET. 
Psammobates geometricus is an endangered tortoise restricted to 
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renosterveld in the southwestern corner of South Africa. Twenty-
four genera or species of plants have been reported as food for 
these tortoises, either by visual observation or fecal analysis (Baard 
1990. Ph.D. dissertation, University of Stellenbosch, South Africa, 
208 pp.). In one study, 40% of the plant epidermi examined in 
feces were unidentifiable (Baard, op. cit.), suggesting that many 
food plant species have yet to be catalogued. 

On three consecutive days (13-15 October 2002), while research-
ing P. geometricus at the Elandsberg Private Nature Reserve 
(Hermon, Western Cape Province, South Africa 33°24'S; 19°01E), 
we observed three adult Geometric Tortoises feeding. A male tor-
toise fed on the leaves of Cyanella hyacinthoides (lady's hand), a 
monocotyledonous geophyte that has not been reported earlier as 
a food plant for P. geometricus. A female tortoise ate the leaves of 
another monocotyledonous geophyte, Lachenalia contaminata 
Aiton (wild hyacinth), also a new species for the P. geometricus 
diet list. This tortoise also ate leaves of Cynodon dactylon (quick 
grass), a low-lying grass previously reported as a food plant by 
Baard (op. cit.). Another female tortoise fed on leaves of Cynodon 
dactylon and the leaves and inflorescence of Briza maxima (quak-
ing grass, 10-40 cm tall), a grass reported as food plants (Baard, 
op. cit.; Engelbrecht 1995. Ph.D. dissertation, University of 
Stellenbosch, South Africa. 176 pp.). 

Renosterveld, a habitat once widespread in western South Af-
rica, has been reduced by over 90% due to farming, development, 
and an altered fire regime (Parker 1982. Veld and Flora 68:98-
101). These factors, as well as invasive plants and animals, con-
tinue to threaten the remaining renosterveld. Thus, to conserve P. 
geometricus, it is imperative that we identify and conserve their 
food plants. Our observations confirm previous reports that low-
lying grasses are a component of the diet of this tortoise and also 
expand the P. geometricus database of native food plants by two 
species of monocotyledonous geophytes. 

Submitted by RONALD A. BALSAMO', MARGARETHA 
D. HOFMEYR2, BRIAN T. HENEN2, FRANS WEITZ2, and 
AARON M. BAUER'. 'Department of Biology, Villanova Uni-
versity, Villanova, Pennsylvania 19085, USA (e-mail: 
ronald.balsamo@villanova.edu),  and 2Chelonian Biodiversity and 
Conservation, Department of Biodiversity and Conservation Bi-
ology, University of Western Cape, Private Bag X17 Bellville 7535 
South Africa. 

CROCODYLIA 

ALLIGATOR MISSISSIPPIENSIS (American Alligator). MOR-
TALITY. Alligators are large, long-lived carnivores (Campbell 
2003. Appl. Herpetol. 1:45-163) and non-human causes of mor-
tality (besides cannibalism; Rootes and Chabreck 1993. 
Herpetologica 49:99-107) are rarely reported. Anthropogenic fac-
tors are more commonly reported as causes of alligator deaths, 
which include direct take (Mazzotti and Brandt 1994. In Davis 
and Ogden [eds.], Everglades: The Ecosystem and its Restora-
tion, pp. 485-505. St. Lucie Press, Delray Beach, Florida), road 
mortality (Smith and Dodd 2003. Florida Sci. 66:128-140), toxi-
cants caused by pollution (Schoeb et al. 2002. J. Wildl. Dis. 38:320-
337), or bacterial infections that a variety of human-influenced or 
environmental factors may aggravate (Clippinger et al. 2000. J. 
Zoo Wildl. Med. 31:303-314). Besides road mortality (Smith and 

Dodd, op cit.) and cannibalism (Rootes and Chabreck, op cit.), 
this report is the first documentation of an American Alligator dying 
because of presumptive behavioral error. 

On 31 July 2003, we observed a large (3.6 m) dead American 
Alligator of undetermined sex on the bank of the Banana River at 
the Merritt Island National Wildlife Refuge, Brevard County, 
Florida (28°34'56"N, 80°36'45"W; elev. I m; Fig. 1). The alliga-
tor was facing away from water lying perpendicular to the bank 
on a 45° slope and a well-used emergence trail was located ca. 1 
m W of the animal. The alligator was pinned between 4 large lime-
stone rocks (Fig. 1). The forelimbs were outstretched with the an-
terior rocks extending from the axial region down to mid-body. 
Each hind leg was also hemmed in by a rock on either side of the 
pelvic region. The rocks were all sufficiently large (the smallest 
next to the left leg measured 40 x 52 x 33 cm) and heavy that an 
adult human could not move them without difficulty. 

At the time of discovery scavengers had chewed off the hands 
and feet and the skin had begun to crack open in several places, 
exposing the flesh, implying the carcass was several days old. Ex-
amination of the cracked skin showed no indication that these le-
sions represented human-inflicted wounds (including gunshot) and 
later re-examination of the skull failed to show evidence of trauma. 
The location of this find is within a secure, remote area of the 
Kennedy Space Center (where weapons are not permitted) with 
restricted access. 

FIG. 1. American Alligator (Alligator mississippiensis) found stuck be-
tween rocks along the Banana River, Brevard County, Florida. 

Herpetological Review 36(1), 2005 
	

61 



We believe that the alligator became inextricably trapped be-
tween these rocks while climbing up the steep bank and could not 
escape due to the bank angle and the awkward positioning of the 
alligator. Alligators normally use an upright high-walk posture 
when moving overland, where the limbs are erect underneath the 
body and move parallel to the body axis (Pough et al. 2001. Her-
petology. Prentice Hall, New Jersey. 612 pp.). Rocks enclosing 
the axial region of the body causing the headward extension of the 
forelimbs may have prevented the alligator from effectively posi-
tioning the limbs underneath the body. Crocodilians can also use a 
sprawling posture during locomotion to travel short distances or 
to make the transition from a resting position to a high-walk (Reilly 
and Elias 1998. J. Exp. Biol. 201:2559-2574), but this type of 
locomotion requires the limbs to be outstretched perpendicular to 
the body, an option that may not have been possible here. 

We thank NASA at the Kennedy Space Center, the Dynamac 
Corporation, Towson University, and Merritt Island National Wild-
life Refuge for support. Joseph C. Mitchell, Marc P. Hayes, and 
two anonymous reviewers provided helpful comments on an ear-
lier draft. 

Submitted by DAVID A. PIKE, Department of Biological Sci-
ences, Towson University, 8000 York Road, Towson, Maryland 
21252, USA (e-mail: dpike 1 @towson.edu ); and REBECCA B. 
SMITH, Dynamac Corporation, Mail Code DYN-1, John F. 
Kennedy Space Center, Florida 32899, USA. 

LACERTILIA 

AMEIVAAMEIVA (Calango Verde). COURTSHIP BEHAVIOR. 
Ameiva ameiva, a heliothermic teiid widely distributed in Central 
and South America, is abundant in ecotonal areas and typically 
active during prolonged sunlight intervals (Colli 1991. Copeia 
1991:1002-1012; Sartorius et al. 1999. Biol. Cons. 1999:91-101; 
Zaluar and Rocha 2000. Ciencia e Cultura 52:101-107). Despite 
this abundance and broad distribution, most aspects of courtship 
and reproduction remain unknown for most populations of this 
species. Herein, we describe courtship behavior in A. ameiva from 
southeastern Brazil. 

Our observations were made on a lawn on the grounds of the 
Serra do Cipo National Park headquarters (19°00'S, 43°40'W; elev. 
515 m) on 22 October 2001 at 1500 h. We encountered an adult 
male A. ameiva following an adult female and making ca. 80-cm 
diam circles around her while she kept moving forwards. After at 
least three attempts to intercept her over a one-minute period, the 
female stopped and the male clasped her by mounting her back, 
and wrapping his tail around hers on her left side. The male seized 
the female by her hind legs using his forelimbs and kept making 
circular movements with his tail. Copulation could not be directly 
observed from our position, but the pair remained in the same 
position for 30 sec; during that time, the female was passive and 
the male's tail kept moving. Subsequently, the female broke free 
from the male, and moved away. When she had move away a dis-
tance of ca. 0.5 m, the female encountered an adult treefrog, Scinax 
fuscovarius, in the shade. After three attempts to capture it, the 
female caught the frog by its hind limbs as it tried to escape. The 
treefrog vocalized twice, emitting a scream before being killed by 
head shaking. During this time, the male A. ameiva had remained 
behind the female. The male continued to follow the female with  

the treefrog in her mouth. When the male got too close, the female 
tried to flee, alternatively running and walking away. We saw the 
female enter and exit a drainpipe several times. When the male 
arrived, the female emerged. Sometimes, the female would briefly 
deposit the treefrog on the ground but as the male approached, the 
female would retrieve it and run away. We discontinued observa-
tions after 25-30 min as no obvious changes had occurred in the 
pair's behavior. 

We thank Pedro Amaral Oliveira for contribution during the 
observations; Edeltrudes Maria Valadares Calaca Camara e 
Leonardo Oliveira, who permitted one of the authors (FM) to par-
ticipate in the field work for the Mastozoology Project at Serra do 
Cipo National Park; Ronaldo Fernandes, Marcelo Soares, and Marc 
P. Hayes, for offering helpful suggestions on the previous ver-
sions of the manuscript; and IBAMA for providing logistic sup-
port. 

Submitted by FREDERICO PIRES MANATA, Departamento 
de Ciencias Biologicas, Pontificia Universidade Catolica de Minas 
Gerais, Brazil (e-mail: manatafp@hotmail.com);  and LUCIANA 
BARRETO NASCIMENTO, Museu de Ciencias Naturais, 
Departamento de Ciencias Biologicas, PUC Minas, Cx. P. 1686, 
CEP 30535-610, Belo Horizonte, MG, Brazil (e-mail: 
luna@  pucminas.br). 

EUPREPIS ATLANTICUS (Noronha Skink). PREDATION. 
This lizard, formerly known as Mabuya maculata or M. punctata, 
is endemic to the Fernando de Noronha Archipelago off NE Brazil 
(Mausfeld and Vrcibradic 2002. J. Herpetol. 36:292-295; Mausfeld 
et al. 2002. Zool. Anz. 241:281-293). It occurs across habitats 
from rocky seashore to insular forest, and thrives on a broad range 
of foods ranging flower nectar to human leftovers (IS, pers. obs.). 
No snakes or raptorial birds exist on the archipelago; thus, the 
Noronha Skink likely evolved without native predators. Humans 
tolerate the skink as well; all houses harbor sizeable populations 
(up to 29 animals have been counted in a six-room dwelling; IS, 
pers. obs.). However, human colonization of the archipelago has 
brought three rodent pests—Brown Rats (Rattus rattus), Norway 
Rats (Rattus norvegicus), and House Mice (Mus musculus)—as 
well as Domestic Cats (Fells catus) and Domestic Dogs (Canis 
domesticus). A few pairs of the giant tegu (Tupinambis merianae) 
were introduced in the 1950s for the alleged purpose of controlling 
rats and giant toads (Bufo paracnemis), the latter of which also 
represents an introduction. Additionally, the Cattle Egret, already 
present in the 1980s, established breeding colonies in the 
archipelago by the year 2000 (JSM, pers. obs.). Herein, we report 
on predators of the Noronha skink as well as record cannibalism 
by this lizard (Table 1). 

Except for the predation records by tegus, which we obtained 
from examination of gut contents, most records were direct visual 
observations. We obtained visual records opportunistically from 
June 2000 to January 2003, whereas tegu diet was studied from 
March 2000 to October 2001. Cats and egrets always stalked the 
skinks, whereas the tegu chased its prey—a hunting tactic it em-
ploys for smaller lizards (Sazima and Haddad 1992. In Morellato 
[ed.], Historia Natural da Serra do Japi, pp. 221-236. Edunicamp, 
Campinas). In the cannibalistic encounters, E. atlanticus adults 
robbed eggs from within shallow oviposition burrows of conspe- 
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TABLE 1. Predation records on the Noronha Skink (Euprepis atlanticus). 

Predators 
	

N 	 Comments 

Felis catus 	 23 	Kittens killed, but did not eat 2 skinks 

Mus musculus 	1 	 Potential scavenging 

Rattus norvegicus 	2 

Rattus rattus 	 1 

Bubulcus ibis 	11 

Tupinambis merianae 	5 	Actual predation event recorded once 

Euprepis atlanticus 	5 	Eggs (2); juveniles (2); adult tail (1) 

cifics, or chased smaller individuals often consuming their tail af-
ter a brief aggressive encounter. Cannibalism is recorded for the 
continental skink Mabuya frenata (Vrcibradic and Rocha 1996. 
Herpetol. Rev. 27:201-202) and occurrence of this habit in E. 
atlanticus may be related both to its well-developed opportunistic 
foraging behavior and high population densities (pers. obs.). One 
rat was found eating its prey during the day, but most probably 
took E. atlanticus in its nocturnal retreats. In all instances of con-
sumption by rodents, the skink was already dead when the event 
was recorded, so it is unclear how frequently scavenging rather 
than actual predation occurs. As the House Mouse was similar in 
size to the skink, a greater likelihood exists that consumption by 
mice involves scavenging. We lack definitive data to support the 
view that any of the predators may be causing skink populations 
to decline on the archipelago. However, we noted that houses with 
resident cats have few or no skinks in their neighborhoods. A cat 
which gave birth to four kittens weaned them with skinks, and we 
recorded eight skinks preyed on by this adult and seven others by 
its kittens. Additionally, the toll taken by Cattle Egrets also may 
be high, as we recorded a single egret catching three skinks in a 
row during a foraging bout of about 10 min. 

Submitted by JOSE MARTINS SILVA-JR., Centro Golfinho 
Rotador, CP 49, 53990-000 Fernando de Noronha, Pernambuco, 
Brazil; AYRTON KLIER PERES-JR., Departamento de 
Zoologia, Universidade de Brasilia, 70910-900 Brasilia, DF, Bra-
zil; and IVAN SAZIMA, Departamento de Zoologia and Museu 
de Historia Natural, CP 6109, Universidade Estadual de Campinas, 
13083-970 Campinas, Sao Paulo, Brazil (e-mail: 
isazima@unicamp.br).  

MICROLOPHUS PERUVIANUS (NCN). CANNIBALISM. 
Cannibalism is common among reptiles, with many cases reported 
among lizards (Polis and Myers 1985. J. Herpetol. 19:99-107; 
Mitchell 1986. SSAR Herpetol. Circ. 15:1-37). Two cases involve 
species of Microlophus (formerly included in Tropidurus; Mitchell, 
op. cit.), but M. peruvianus is not among them. Here, I report an 
observation of cannibalism in M. peruvianus from northern Peru. 

On 25 July 1997, I observed an adult male M. peruvianus in-
gesting a live conspecific juvenile in Lobos de Tierra Island, 
Departamento de Lambayeque (06°28'S, 80°50W; elev. 15 m). 
The adult was moving while carrying the juvenile in its mouth. 
After 2 min, the adult stopped and ingested the juvenile using lat-
eral movements of its head. I could only see the dorsum, posterior 
limbs and tail of the juvenile. I was unable to capture the adult  

male, but I could identify the juvenile because of its characteristic 
yellow-orange inguinal markings (Dixon and Wright 1975. Nat. 
Hist. Mus. Los Angeles Co. Contrib. Sci. 271:1-39) which are not 
present in conspecific adults nor in any other sympatric lizards 
species. 

Microlophus peruvianus was introduced to Lobos de Tierra Is-
land to control ectoparasites that affect guano bird populations 
(Vogt 1942. Bol. Cia. Admora. Guano 18:1-132). Whether it ex-
erts such an effect is unconfirmed, but M. peruvianus is the only 
known tick consumer at this locality and in similar habitat on other 
islands (Perez and Jahncke 1998. Bol. Inst. Mar del Peru 17:81-
86; Duffy 1983. Ecology 64:110-119). Microlophus peruvianus 
and Phyllodactylus microphylus are the only lizards known from 
Lobos de Tierra Island, and appear to have densities that are higher 
than those observed on the mainland. This condition may increase 
the likelihood of cannibalism (Polis and Meyers, op. cit.). 

I am grateful to Javier Icochea and Joseph Mitchell for sugges-
tions to this manuscript. 

Submitted by JOSE PEREZ Z., Departamento de Herpetologia, 
Museo de Historia Natural de la Universidad Nacional Mayor de 
San Marcos, Apartado Postal 140434, Lima — 14, PERU; e-mail: 
perezz_jm@hotmail.com.  

MICROLOPHUS THERESIAE (NCN). SAUROPHAGY. Mem-
bers of the lizard genus Microlophus are mostly insectivores (Dixon 
and Wright 1975. Contrib. Sci. Nat. Hist. Mus. Los Angeles Co. 
271:1-39). Predation by Peruvian desert Microlophus on other 
sympatric lizards is unreported. Here, we report saurophagy by 
M. theresiae from central Peru. 

At 1230 h on 10 April 2001, we captured an active adult male 
M. theresiae (65.8 mm SVL, 8.0 g., MHNSM 18600) in the Reserva 
Nacional de Lachay, Departamento de Lima (11°20'48"S, 
77°19'45"W; elev. 180 m). The stomach of the M. theresiae con-
tained two juveniles of M. thoracicus (ca. 22 mm SVL, 0.4 g, 
MHNSM 18601; ca. 27 mm SVL, 0.8 g, MHNSM 18602), which 
were the only foods items in the stomach. Given the parallel de-
gree of digestion, both lizards were probably eaten in the same 
day. The three individuals were deposited in the Herpetology Col-
lection of the Department of the Museo de Historia Natural de la 
Universidad Nacional Mayor de San Marcos, Lima, Peru. 

The site of this observation is part of the Peruvian desert, char-
acterized by sandy substrate, few rocks of different sizes, and little 
vegetation. This habitat is typical for adults of M. theresiae and 
juveniles of M. thoracicus. Overlap in microhabitat use and activ-
ity (both species are diurnal) increases their likelihood of encoun-
ter despite their apparently relatively low densities. Moreover, our 
observation of saurophagy coincided with the dry season when 
the availability of arthropods is low. 

We thank Carlos Frederico D. Rocha for comments and improve-
ments on the manuscript. 

Submitted by JOSE PEREZ Z. (e-mail: 
perezz_jm@hotmail.com)  and KATYA BALTA, Museo de 
Historia Natural de la Universidad Nacional Mayor de San Marcos, 
Apartado Postal 140434, Lima — 14, Peru. 
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PEDIOPLANIS LINEOOCELLATA (Spotted Sand Lizard). EN-
DOPARASITES. Pedioplanis lineocellata is a lacertid lizard that 
occurs in the western half of the African subcontinent but is ab-
sent from regions of deep sand, e.g., Namib desert and central 
Kalahari (Branch 1998. Field Guide to Snakes and other Reptiles 
of Southern Africa. Ralph Curtis Books, Sanibel Island, Florida. 
399 pp.). Goldberg and Bursey (2002. Afr. Zool. 37:159-164) re-
ported one species of Cestoda (Oochoristica ubelakeri) and four 
species of Nematoda (Maxvachonia dimorpha, Spauligodon smithi, 
Thubunaeafitzsimonsi, as well as ascarid larvae) in P lineoocellata 
from Botswana. The purpose of this note is to report a second 
species of Cestoda in P. lineoocellata. 

During an examination of coelomic cavities of 535 P. 
lineoocellata from the herpetology collection of the Natural His-
tory Museum of Los Angeles County (LACM), Los Angeles, Cali-
fornia, USA, three adult cestodes were found in LACM 79142 
(60 mm SVL); two adult cestodes were found in LACM 84087 
(64 mm SVL). These cestodes were regressively stained in hema-
toxylin, mounted in Canada balsam on glass slides and identified 
as Oochoristica truncata. Voucher cestodes were deposited in the 
United States National Parasite Collection (USNPC), Beltsville, 
Maryland as USNPC 94424. 

Four species of Oochoristica, namely, 0. theileri, 0. truncata, 
0. ubelakeri, and 0. zonuri, have been reported in South African 
lizards (Bursey et al. 1994. Trans. Am. Microsc. Soc. 113:400-
405). These species exhibit little host specificity. Oochoristica 
truncata, the most frequently reported taxon, is known from the 
lizard families Agamidae, Chamaeleonidae, Cordylidae, 
Gekkonidae, Scincidae as well as the snake families Boidae and 
Colubridae (Goldberg and Bursey 2004. Afr. Zool. 39:111-114). 
Pedioplanis lineoocellata is the second South African lizard re-
ported to harbor two species of Oochoristica. Agama hispida has 
been previously reported to harbor both 0. theileri and 0. truncata 
(Malan 1939. Onderstepoort J. Vet. Sci. An. Husb. 12:21-74; 
Simbotwe 1979. Afr. J. Ecol. 17:177-180). Oochoristica truncata 
in P lineoocellata is a new host record. 

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 ). 

PHRYNOSOMA ASIO (Giant Horned Lizard). COPULATION 
POSITION. Lizards in the genus Phrynosoma normally copulate 
following sometimes extensive visual and olfactory displays when 
a male assumes a position on the female's back (Baur and 
Montanucci 1998. ICrotenechsen, Herpeton, Verlag Elke Kohler, 
Offenbach, 158 pp.; Sherbrooke 2003. Introduction to Horned 
Lizards of North America, University of California Press, Berke-
ley. 176 pp.). The male maintains this position by using his jaws 
to bite and grip skin on the female's neck or nuchal fold, or by 
biting her occipital or temporal horns. The place used by the male 
to secure his jaw hold varies within and between species, with 
short-horned species preferring a neck skin hold (Baur and 
Montanucci, op. cit.). The male uses all four legs to assist in main-
taining his straddle position. Thus situated, the male wraps his tail 

to the side of the female's tail and endeavors to bring his cloaca 
into contact with the female's cloaca, ideally with her cooperation 
in positioning, prior to the male inserting one of his hemipenes 
into the female's cloaca for insemination. In the coast horned liz-
ard, P. coronatum, the male has been reported to utilize a dramati-
cally different position for copulation, one possibly unique to 
amniotes except humans (Wood 1936. Copeia 3:177; Lynn 1963. 
Ph.D. dissertation, University of Oklahoma, Norman. 75 pp.; 
Montanucci 1968. Herpetologica 24:316-320; Tollestrup 1981. 
Herpetologica 37:130-141; Montanucci and O'Brien 1991. Vi-
varium 3:27-28). The male grasps the female in his jaws by her 
neck or gular skin and, with a quick jerk, flips the female onto her 
back. Then he secures a position on top of the female that brings 
them into belly-to-belly contact (see photographs in Montanucci 
and O'Brien, op. cit.; Baur and Montanucci, op. cit.). The male 
retains his jaw hold on the female's gular skin and spreads his legs 
to maintain an upright position on top of the inverted female. He 
then positions his lower abdomen and tail to bring their cloacas 
into contact and inserts a hemipenis for copulation. Although this 
position has been observed numerous times it is not always used, 
with males of this species being seen to mount females for copu-
lation in the male-on-female's back position (Tollesrup, op. cit.; 
Baur and Montanucci, op. cit.) more widespread among horned 
lizards. Males of the giant horned lizard, P asio, are also reported 
to use the typical male-on-female's back copulatory position, hold-
ing the female's neck skin in their jaws (see photographs in Baur 
1979. Salamandra 15:1-12; Baur and Montanucci, op. cit.). Davis 
and Dixon (1961. Proc. Biol. Soc. Washington 74:37-56) reported 
observing a mating sequence in the field but did not comment on 
copulatory position, suggesting that it was not unusual (i.e., belly-
to-belly). Here, we report four field observations of mating posi-
tion in P. asio in which the male was positioned over the inverted 
female with his belly oppressed to her belly while holding her 
gular skin in his jaws. These represent the first observations of 
this unique belly-to-belly mating position being used by any spe-
cies of lizard other than P. coronatum. 

Between 1998 and 2003, one of us (EBS) and students from the 
Universidad Aut6noma de Guerrero conducted field investigations 
on P. asio and P. taurus at Cerro Tepetlayo (17°83'09"N, 
99°31'31"W; elev. 1280 m), Zumpango del Rio, Municipio de 
Eduardo Neri, Guerrero, Mexico. The following observations were 
made on four mating pairs of P. asio, all utilizing the belly-to-
belly copulatory position for mating. On 1 June 1999, a 50-g fe-
male (95 mm SVL, 49 mm tail) was found copulating with a 56-g 
male (100 mm SVL, 71 mm tail; Fig. 1). The mating was ob-
served for ca. 15 min before the two animals separated and de-
parted. On 9 June 1999, a male and female were seen to approach 
each other with the female raising her tail and wagging it from 
side to side. No vent licking (Sherbrooke 1988. Ph.D. disserta-
tion, University of Arizona, Tucson, 202 pp.) was observed. The 
male grabbed the female by the neck skin in his jaws, threw her 
onto her back, and then moved over her so that they were in a 
belly-to-belly position. He held her for 6 min before she escaped 
his hold. He followed her, but then seemed to lose interest and 
walked away. Copulation was not observed. A third pair was ob-
served on 6 June 2001. When encountered at 1030 h the male was 
following the female. Observations lasted 1.5 h. The male turned 
the female over onto her back after securing a jaw hold on her 

64 	 Herpetological Review 36(1), 2005 



FIG. 1. Male and female Phrynosoma asio in belly-to-belly copulatory 
position. 

under the neck and assumed a belly-to-belly position on top of 
her. He wrapped his tail around her tail before introducing his 
hemipenis for copulation. A fourth pair of giant horned lizards 
were found copulating about 15 days later in June 2001. The pair 
was mating in a belly-to-belly position when encountered, and the 
male's everted hemipenis was seen as the pair separated. In three 
of the four field observations of belly-to-belly mating behavior, 
copulation was observed. The absence of the typical Phrynosoma 
mating posture (except in P. coronatum) during these field 
observations of P. asio is noteworthy. Also of interest, all matings 
occurred in June, a timing parallel to the 26 June field observation 
near Chilpancingo (Davis and Dixon, op. cit.), and to a captive 
mating on 24 June (Baur, op. cit.). The mating dates recorded here 
agree with the typical time for oviparous species of horned liz-
ards, May-July (Zamudio and Parra-Olea 2000. Copeia 2000:222-
229). 

Observations of a belly-to-belly copulatory position in P. asio 
bring to two the number of species in the genus exhibiting this 
mating posture. Whether these positional differences within spe-
cies are attributable to pairs in particular encounters, individual 
behaviors, or population characteristics is unknown. Both P. asio 
and P. coronatum potentially represent the least derived taxa in 
the two evolutionary branches of the genus, the northern and south-
ern radiations (Montanucci 1987. Contri. Sci. Nat. Hist. Mus. Los 
Angeles Co. 390:1-36; Zamudio et al. 1997. Syst. Biol. 46:284-
305). Thus, whether lack of reports of this mating behavior in other 
species is due to its evolutionary loss, insufficient observations of 
matings, or other factors is unclear. Functional aspects of this un-
usual lizard mating posture remain elusive, but are intriguing. The 
position may aid the male in his attempts at maintaining a firm 
grip on the female, whose locomotion is severely restricted while 
inverted. In this position, the male is not subject to injury from the 
female's horns during copulations, which might not always in-
volve the full cooperation of the female. In P asio, the occipital 
horns are notably erect and positioned adjacent to particularly long, 
and posteriorly-projecting, supraocular spines. In P solare, a well-
armored species with extra cranial horns, males apparently avoid 
the bite-holding of horns or neck skin during copulation, main-
taining position solely with their legs (Baur and Montanucci, op. 
cit.). Cranial horn thrusts are known to be capable of inflicting  

serious wounds in male-to-male combat (Whitford and Whitford 
1973. Herpetologica 29:191-192). Phrynosoma asio also has the 
longest, most erect, and most impressive array of dorsal spines on 
its back of any species of horned lizard; these structures may im-
pose additional obstacles to a male attempting to mount and copu-
late successfully with a female that is typically larger in size than 
the male (Zamudio 1998. Evolution 52:1821-1833). Compared to 
females that mate with males who secure horns during copulation 
(Lynn, op. cit.), females in belly-to-belly copulations may experi-
ence reduced horn breakage. 

Among horned lizards, social signals involving head bobbing, 
push-ups, vent flashing, vent licking, and attempted mounting pro-
vide individuals with opportunities to visually and chemically as-
sess species identity, sex, reproductive status, and receptivity of 
other congeners (Tollestrup, op. cit.; Montanucci and Baur 1982, 
Copeia 1982:971-974; Sherbrooke 1988, 2003, op. cit.). A male's 
attempt to mount a female is near the terminal end of this sequence. 
In non-territorial horned lizards (Stamps 1977. In Gans and Tinkle 
[eds.], Vol. 7, Biology of the Reptilia, pp. 265-333. Academic 
Press, London.; Munger 1984. Oecologia 62:351-360), males can 
have difficulties encountering suitable sexual partners due to low 
population densities, restricted visual landscapes (Stamps, op. cit.. 
Sherbrooke 2002. Herpetol. Rev. 33:21-24), or brief seasonal 
sexual receptivity of females (Munger 1984, op. cit; Sherbrooke 
2002, op. cit.). Availability of multiple methods to secure an ad-
vantageous copulatory position may enhance male fitness. The 
belly-to-belly mating position may allow easier introduction of 
the male's copulatory organ, a potential advantage with reluctant 
females. 

We thank B. Roth for assistance with translation of papers writ-
ten in German, B. Baur for manuscript review, L. Milroy for dis-
cussion of unpublished observations of belly-to-belly matings in 
P. coronatum, and students from the Universidad Autonoma de 
Guerrero for help in the field. 
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PHRYNOSOMA BRACONNIERI (Short-tail Horned Lizard). 
DEFENSIVE BEHAVIOR. Sherbrooke and Middendorf (2001. 
Copeia 2001:1114-1122) recently noted that all members of the 
genus Phrynosoma do not seem to utilize the ability to eject blood 
from ocular sinuses with the same frequency. Some species (P 
mcallii, P. modestum, and P. platyrhinos) apparently are "non-
blood-squirting" based on: 1) an extremely low frequency (0.07%) 
of squirting during field encounters with humans, compared to 
5.9% with P cornutum (Lambert and Ferguson 1985. Southwest. 
Nat. 30:616-617), and 2) experimental trials with a canid model, 
dogs (Canis familiaris), in which no blood squirting was observed 
in trials with all three species (N = 11, 10, and 15, respectively). 
Moreover, the three non-blood-squirting species may represent a 
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Glade (Sherbrooke and Middendorf, op. cit.). For other species in 
the genus, particularly poorly known taxa in Mexico (P. 
braconnieri, P. ditmarsi, and P. taurus), available data were insuf-
ficient for a determination of the occurrence or frequency of blood 
squirting. Preliminary data on P. ditmarsi from trials with a dog 
(Sherbrooke and Middendorf, op. cit.; Hodges, Southwest. Nat., 
in press; W. L. Hodges, pers. comm.) suggest that this species 
uses blood squirting as an anti-predator defense, but its frequency 
of use remains unclear. A recent reevaluation of blood squirting in 
P. taurus (Sherbrooke et al. 2004 Herpetol. Rev. 35:345-347), in-
volving field encounters by humans and trials with a canid model 
(dog), suggests that P. taurus may be a non-blood-squirting spe-
cies (contra Ruthling 1919. Copeia 72:67-68). This new evidence 
of non-blood-squirting status for P taurus suggested that reevalu-
ation of its apparent sister taxon, P braconnieri, was in order. Here, 
we use field encounters and trial observations of P braconnieri to 
evaluate its blood-squirting status, which remains unreported 
(Sherbrooke and Middendorf, op. cit.). 

Five Phrynosoma braconnieri were collected in xerophytic veg-
etation on 20-21 June 2003, ca. 5 km NE San Juan Tepango de 
Lopez, Puebla, Mexico (18°35'16"N, 97°32'38"W; elev. 1800 m). 
No lizard squirted blood when encountered, picked up, and placed 
in a cloth bag. Two were adult females (59 and 63 mm SVL) and 
three were juveniles (34, 37, and 39 mm SVL). We included juve-
nile P. braconnieri because juvenile P. cornutum and P. hernandesi 
squirt blood (Sherbrooke and Middendorf, op. cit.), and juvenile 
P braconnieri might also display the behavior if this species squirts 
blood. Each lizard was tested in late afternoon on the day of cap-
ture with a canid model predator, a German Shepherd-mix dog. 
Air temperature was 20°C (20 June), and light rain fell before and 
after the five 3-min trials. During trials, the dog barked and vigor-
ously tried to paw and mouth the lizards. Due to the size and 
strength of the dog, it was restrained on a leash to prevent injury 
to the lizards. Test lizards frequently ran from the dog, requiring 
recapture and return to the test area. Nevertheless, the lizards were 
presented with close (20 cm) visual, auditory, and chemical (sa-
liva) cues from the dog, and tactile stimuli from the paws. Tactile 
stimulation of being picked up in the jaws of the surrogate preda-
tor was lacking. The person handling the lizards (WCS) had ex-
tensive experience with similar trials (Sherbrooke and Middendorf, 
op. cit.). 

Throughout the trials, the lizards' eyelids remained open and 
unswollen, with one exception. Following one trial (37 mm juve-
nile), the lizard's eyelids became "puffy" (fide Middendorf and 
Sherbrooke 1992. Copeia 1992:519-527) during handling by the 
experimenter, indicating a change in blood pressure in the ocular 
sinuses. Tactile stroking of the eyelids (2 min) in a fashion similar 
to that use to obtain blood squirting in P. cornutum (Sherbrooke 
and Middendorf, op. cit.) resulted in their enlargement (stage two 
fide Middendorf and Sherbrooke, op. cit.), but no blood squirting 
was seen. 

For human field encounters, our sample of five lizards, plus 
Hodges' six encounters, all lacking blood squirting events, sup-
port the hypothesis that P braconnieri may be a non-blood-squirt-
ing species. Further, our five trials of P braconnieri with a surro-
gate predator failed to elicit blood squirting. In similar trials with 
other species, the percentage of trials in which a positive response, 
blood squirting, was elicited were 70-100%, 50%, and 60%, with 

P cornutum (N = 55), P. hernandesi (N = 6), and P solare (N = 5), 
respectively (Middendorf and Sherbrooke, op cit.; Sherbrooke and 
Middendorf, op. cit.). This suggests that P. braconnieri is less likely 
to squirt blood in response to a canid predator threat than are these 
latter species. The likelihood of using this defense in P braconnieri 
may be similar to that of P taurus, where it seems low or absent 
(Sherbrooke et al. 2004, op. cit.). Given our re-evaluation of P 
taurus as a possible non-blood-squirting species, and the prelimi-
nary data presented here, we suggest that the use of a blood-squirt-
ing defense by P braconnieri remains incompletely understood. 
Sherbrooke and Middendorf (op. cit.) speculated that P braconnieri 
may be a blood-squirting species; that evaluation now seems pre-
mature. 

We thank Ada Molleda Contreras for assistance in the field and 
for generously providing us with accommodations and access to 
the use of a family dog (Kiara) for behavioral trials. Wendy L.  
Hodges generously provided access to her unpublished manuscript. 
Animal care and handling procedures were approved by the IACUC 
of the American Museum of Natural History, and collection of 
lizards by FMQ was facilitated by the INE. 
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UMA EXSUL (Coahuila Fringe-toed Sand Lizard). BODY TEM-
PERATURE. Relatively little ecological information exists about 
U. exsul, a Chihuahuan Province endemic (Norma Ecologica 
Mexicana, NOM-059-ECOL-2001. Diario Oficial de la 
Federacion. 2002. Mexico, D.F., Mexico. 77 pp.) considered at 
risk of extinction (Gadsden et al. 2001. Bol. Soc. Herpetol. Mex. 
9[2]:51-66) because of low genetic variability and agricultural 
development fragmenting populations. Here, we provide prelimi-
nary body temperature data on this species. 

During a 1997-1999 population study near the municipality of 
Viesca, Coahuila, Mexico, we obtained body temperature data on 
U. exsul from two dune areas, Saucillo (25°26'23"N, 102°55'23"W; 
elev. 1100 m) and Gabino Vazquez (25°28'09"N, 103°02'09"W; 
elev. 1100 m), separated by a distance of ca. 10 km. Dune vegeta-
tion is almost entirely perennial shrubs: Creosote Bush (Larrea 
tridentata), Black Seepweed (Suaeda nigrescens), and Honey Mes-
quite (Prosopis glandulosa). We conducted 15 days of fieldwork 
in May and August between 1000 and 1300 h. Individuals of U. 
exsul were captured with a noose or by hand on a 2-ha plot in each 
study area. We obtained body temperatures only from lizards cap-
tured almost immediately after they were sighted. We also did not 
obtain body temperatures on lizards that ran more than 5 m before 
capture. Each lizard was permanently marked by toe-clipping and 
also given a temporary dorsal acetate mark that could be seen eas-
ily so as to prevent recapture of individuals on the same day. Gravid 
females were excluded from this analysis since too few were cap-
tured. One body temperature (T b; to 0.1°C) was obtained for each 
lizard with a rapid-reading cloacal thermometer on each day. Data 
were taken within 10 sec of capture to avoid changes in Tb that 
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might result from manipulation Gender was identified by the pres-
ence of large postanal scales or everted hemipenes in males. We 
measured SVL (to the nearest mm) using a flexible ruler and body 
weight (W; to the nearest 0.1 g) with a Pesola' spring scale. Liz-
ards were released at the point of initial sighting following pro-
cessing. A Kolmogorov-Smirnov goodness of fit test revealed SVL, 
weight, and temperature to be normality distributed, so we used t-
tests to compare means of SVL, body weight, and 1', between fe-
males and males. We assumed all tests to be significant at a = 
0.05; measurements are reported as mean ± SE. 

We found no significant differences in Tb between Saucillo and 
Gabino Vazquez populations, so the data were pooled (t = 1.22, df 
= 202, P > 0.05). Mean SVL for females was 63.7 ± 0.5 mm (N = 
108; range = 49-83 mm) and 78.5 ± 0.5 mm (N = 96; range = 45-
100 mm) for males. The mean W of females was 8.3 ± 0.2 g (N = 
108; range = 3-12 g) and 12.5 ± 0.1 g (N = 96; range = 3-25.5 g) 
for males. Females were significantly smaller than males in length 
(t = 7.38, df = 202, P < 0.05) and body weight (t = 2.4, df = 202, P 
< 0.05). The mean Tb for females (34.3 ± 0.2°C) and males (35.5 ± 
0.4°C) was not significantly different (t = 0.71, df = 202, P> 0.05); 
Tb for both sexes pooled was 35 ± 0.1° C (N = 204, range = 31.5-
40.0°C). The mean T b  of U. exsul was slightly lower than values 
reported for the other Uma. The Tb for U. inornata is 38°C 
(Mayhew 1964. Herpetologica 20:95-113), for U. notata is 37.8°C 
(Turner and Schwalbe 1998. Final Report. Arizona Game and Fish 
Department Heritage Fund. HPAM Project No. 195042. 78 pp.), 
and Licht and Basn (1967. Nature 213:672-674) reported 37.5°C 
for U. scoparia (experimentally tested). On the contrary, U. 
paraphygas, the smallest species in the genus, has a mean body 
temperature of 34.26 ± 0.18°C (Garcia-de la Pella, unpubl. data). 
Uma inornata, U. notata, and U. scoparia are more closely re-
lated to each other than U. exsul and U. paraphygas, and vice 
versa, so the similarity in preferred temperature among each of 
these groups of species may be a function of phylogeny. How-
ever, behavioral experiments and controlled cross-species com-
parisons will be required to address alternate hypotheses. 

We thank Gamaliel Castaneda-Gaytan, Ulises Romero-Mendez, 
and Anselmo Orona-Espino for their valuable help in the field, 
and Marc P. Hayes for suggestions on the manuscript. This study 
was supported by CONACYT (1367-N9206) and CONABIO 
(L173). 
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SERPENTES 

AGKISTRODON PISCIVORUS (Cottonmouth). DIET. On 23 
May 1995, at ca. 1730 h, one of us (GY) observed and 15 minutes 
later photographed a Cottonmouth attempting to ingest, by the right 
forelimb, the carcass of a Domestic Cat (Fells catus) killed by a 
car the previous evening, and which was lying at the bottom of a 
slope adjacent to a road in Marion County, Mississippi, USA. Most 
authors consider A. piscivorus to be a generalist feeder known to 
ingest carrion (Gloyd and Conant 1992. Snakes of the Agkistrodon 
Complex. SSAR, Oxford, Ohio; Hamel 1996. J. Herpetol. 27:143; 
Heinrich 1996. J. Herpetol. 27:22), but this is the first record, to 
our knowledge, of this species attempting to scavenge on a Do-
mestic Cat. The snake released the carcass and moved into nearby 
underbrush because of the activities of the photographer. 

Submitted by LISA YAGER and GAYLE YAGER, 1675 Co-
lumbia Purvis Road, Columbia, Mississippi 39429, USA; e-mail: 
lyager@tnc.org.  

ARIZONA ELEGANS ARENICOLA (Texas Glossy Snake). 
DIET. Medium-sized diurnal lizards comprise a large proportion 
of the diet of Arizona elegans (Rodriguez-Robles et al. 1999. J. 
Herpetol. 33:87-92). Rodriguez-Robles et al. (op. cit.) suggest that 
diurnal lizards may be captured "when they are inactive by noc-
turnally wide-foraging glossy snakes." Here, we record several 
observations of diurnal foraging by A. elegans among sand dunes 
near the municipality of Viesca, Coahuila, Mexico (ca. 70 km SE 
of Torreon). On 3 April 2002 at 1030 h, an A. elegans arenicola 
was observed consuming an Aspidoscelis mannoratus (ca. 78 mm 
SVL) beneath a Desert Seepweed (Suaeda nigrescens) plant. On 
13 July 2002 at 1230 h, a second A. e. arenicola (670 mm SVL) 
was observed preying upon an A. marmoratus (ca. 80 mm SVL) 
that had been foraging beneath Creosote Bush (Larrea tridentata), 
Honey Mesquite (Prosopis glandulosa), and Desert Seepweed. The 
snake constricted the lizard for ca. 8 minutes and took 38 minutes 
to ingest it. We thank Adriana Jaime R. for field assistance. 

Submitted by GAMALIEL CASTAREDA G. (e-mail: 
biosg@yahoo.com),  CRISTINA GARCIA DE LA PENH (e-
mail: crisgp15@yahoo.com),  and DAVID LAZCANO (e-mail: 
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BOTHROPS NEUWIEDI PAULOENSIS (Jararaca Rabo-de-
osso). PREDATION. Records of predation on neotropical snakes 
are scarce. The only documented record of predation on Bothrops 
neuwiedi reports the consumption of this snake by the burrowing 
owl Speotyto (Athene) cunicularia (Valdujo and Nogueira 2000. 
Herpetol. Rev. 31:45). Here, I report predation on Bothrops 
neuwiedi pauloensis by the Little Water Opossum, Lutreolina 
crassicaudata (Mammalia: Didelphidae). The observation occurred 
on 3 November 1999 at 1600 h in Emas National Park (18°06'S, 
52°55'W), municipality of Mineiros, Goias, Brazil. The snake and 
the opossum were fighting under the thick grass layer at the edge 
of a road and rolled to the open area of the road. The pitviper was 

Herpetological Review 36(1), 2005 	 67 



coiled on the opossum and the mammal tried to bite the snake. 
After some seconds, both returned to the grass and I could only 
hear them. The snake, with several bites on the head and body, 
emerged from the grass, trying to flee, but the opossum bit the 
snake again and pulled it. Next, I observed the opossum carrying 
the dead serpent. Lutreolina crassicaudata and Didelphis 
albiventris (both members of the Didelphidae) are reported to prey 
on other pitviper species, Bothrops jararaca (Sazima 1992. Biol-
ogy of the Pitvipers, pp. 199-216). The venom of pitvipers is very 
active for most mammals, but some opossum species, including 
L. crassicaudata, have an anti-bothropic protein complex in the 
serum fraction of their blood (Perales et al. 1986. An. Acad. Bras. 
Cienc. 58:155-162; Perales et al. 1994. Toxicon 32:1237-1249; 
Farah et al. 1996. Toxicon 34:1067-1071), which presumably con-
fers a degree of resistance to pitviper venom. 
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BUNGARUS FLAVICEPS (Red-headed Krafft). VERTICAL 
DISTRIBUTION. Bungarus flaviceps is a conspicuous elapid 
snake distributed from southern Vietnam to the Malay Peninsula 
and on the islands of Sumatra, Nias, Bangka, Belitung, and Borneo 
(Kuch and Schneyer 1996. Sauria 18:3-16). Two subspecies are 
currently recognized. Bungarus flaviceps baluensis was long con-
sidered an endemic of Mount Kinabalu in northern Borneo but is 
more widely distributed on that island and may deserve recogni-
tion as a separate species (Kuch 2002. Herpetozoa 14:149-151; 
Kuch and Gotzke 2000. Sauria 22:19-22). The nominate subspe-
cies occurs throughout the remainder of the range (Brongersma 
1948. Zool. Mededelingen 30:1-29). Although the known verti-
cal distribution of B. f baluensis extends from 1550 m to as low 
as 550 m (Kuch and Gotzke, op. cit.), that of B. f flaviceps has 
been known to range from sea level (near the coast of Perak, Ma-
laysia; Tweedie 1983. The Snakes of Malaya. Singapore, Singapore 
National Printers, 167 pp.) to ca. 600 m (in the Nakhon Si 
Thammarat Mountains, Thailand; Smith 1930. Bull. Raffles Mus. 
3:1-149). 

Here we report a subadult B. f flaviceps of undetermined sex 
(683 mm SVL, 67 g; MVZ 241564) collected by J. A. McGuire 
and Humberto Wong at 2050 h on 22 November 1997 in primary 
or mature secondary forest along the road between Gunung Hijau 
Resthouse and Telkom Station, near the summit of Bukit Larut 
(Perak, Malaysia) at ca. 1200 m elevation. The present record sug-
gests that the vertical distribution of some populations of B. f 
flaviceps may overlap that of B. f baluensis (0-1200 m vs. 550-
1550 m, respectively). Additional collecting efforts are required 
to better elucidate geographic and vertical distribution in Borneo, 
where both forms may occur in parapatry or sympatry. 

We thank the Unit Perancang Ekonomi, Malaysia, the National 
Geographic Society, and Kiew Bong Heang for support and assis-
tance. 
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CROTALUS MITCHELLII STEPHENSI (Panamint Rattle-
snake). DIET. Very few literature records exist on the diet of Cro-
talus mitchellii stephensi. Klauber (1972. Rattlesnakes: Their Hab-
its, Life Histories, and Influence on Mankind. Univ. California 
Press, Berkeley. 1533 pp.) reviewed diet in this taxon and reported 
stomach contents to include small mammals (Dipodomys, 
Perognathus, and Citellus) and lizards (Callisaurus draconoides 
and Cnemidophorus tigris). Cox and Tanner (1995. Snakes of Utah. 
Brigham Young Univ. Press, Provo. 92 pp.) report that C. m. 
pyrrhus opportunistically preyed on "lizards" from can traps at 
the Nevada Test Site in southern Nevada (this is probably a record 
for C. m. stephensi, as C. m. pyrrhus is not known to occur at the 
site). Here, I report on the stomach contents of an adult male C. m. 
stephensi (LACM 36696; 781 mm SVL) collected by Lester North-
ern on 20 June 1967 from the Deep Springs Valley, Inyo County, 
California. Upon dissection, I found the snake to contain the par-
tially digested remains of a Desert Horned Lizard (Phrynosoma 
platyrhinos) and a passerine bird tentatively identified as a Thrasher 
(Toxostoma sp.). Both prey items had been ingested headfirst, with 
the P platyrhinos situated posteriorly in the alimentary tract. The 
head and most of the neck were completely missing from the bird. 
Birds have been reported from the diet of C. m. pyrrhus (Klauber 
1936. Trans. San Diego Soc. Nat. Hist. 8:149-184; Klauber, op. 
cit.), but not, to my knowledge, from C. m. stephensi. Although 
Lowe et al. (1986. The Venomous Reptiles of Arizona. Arizona 
Game and Fish Department, Phoenix. 116 pp.) included "desert 
horned lizards" as prey of C. mitchellii, specific data were not 
provided and the context of the statement suggests predation in 
captivity. To my knowledge, this is the first record of C. m. 
stephensi predation on Phrynosoma. I thank Kent Beaman for 
permission to examine specimens. 

Submitted by JESSE M. MEIK, Department of Biology, The 
University of Texas at Arlington, Arlington, Texas 76019, USA 
(e-mail: jmeik@exchange.uta.edu).  

CROTALUS WILLARDI OBSCURUS (New Mexico Ridge-
nosed Rattlesnake). FORAGING. On 10 July 1996 we surgically 
implanted a male Crotalus willardi obscurus (507 mm SVL, 100 
g) from the Animas Mountains (New Mexico, USA) with a 2.4 g 
radio-transmitter (helical antennae) and located him daily until 30 
November. At 1130 h on 22 October 1996 he was found at ca. 
2300 m elevation with a Sceloporus jarrovii in his mouth, which 
he proceeded to consume headfirst. Air temperature 1 m above 
the ground was 6.8°C and substrate temperature was 30.5°C. On 
25 October 2003 we captured an adult female C. w. obscurus (457 
mm SVL, 93.6 g) at an elevation of 1915 m in the Sierra San Luis 
(Sonora, Mexico). She contained a recent food bolus consistent in 
size, shape, and feel with a medium-sized lizard. On 13 Septem-
ber 2003 we surgically implanted a 5.2 g radio-transmitter in an 
adult female C. w. obscurus (531 mm SVL, 123.1 g) from the 
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Sierra San Luis (Chihuahua, Mexico). At 1358 h on 14 December 
2003 we found her on a NE-facing slope among oak and manza-
nita chaparral (1908 m elev.). She was last located on 3 November 
at a distance ca. 100 m away. She lay in an S-shaped ambush 
posture 3 cm beneath a 10-cm diameter downed log in complete 
shade and 25 cm from a patch of snow. Her head overlooked a 2-
cm diameter branch. When disturbed she rapidly retreated to a 
burrow entrance 30 cm away. Ten cm of snow had accumulated at 
this site on 11 and 12 December, but on 13 and 14 December clear 
and sunny conditions and highs of ca. 10°C resulted in significant 
snowmelt. Seven other radio-tagged C. w. obscurus were below 
ground when located on 13 and 14 December. 

Our observations of 1) consumption of lizards, including S. 
jarrovii, and 2) ambush posture among fallen branches and logs, 
are consistent with previous descriptions of foraging biology in 
C. willardi (Holycross et al. 2002. /n Schuett et al. [eds.], Biology 
of the Vipers, pp. 243-252. Eagle Mountain Publishing, Eagle 
Mountain, Utah). Our observations demonstrate that C. w. obscurus 
not only intermittently bask at low air temperatures (see also 
Degenhardt et al. 1996. Amphibians and Reptiles of New Mexico. 
University of New Mexico Press, Albuquerque, New Mexico. 431 
pp.), but feed late into fall and perhaps in winter. We thank Rocky 
Mountain Research Station, U.S. Forest Service for funding. 

Submitted by KIRK SETSER, Department of Biological Sci-
ences, University of Notre Dame, Notre Dame, Indiana 46556, 
USA (e-mail: ksetser@nd.edu),  ESTRELLA MOCINO-
DELOYA, Facultad de Ciencias, Universidad Nacional Autonoma 
de Mexico, Ciudad Universitaria, A.P. 70-399, Mexico, D.F. 04510, 
Mexico (e-mail: allertsemoci  @yahoo.com), and BRIAN G. 
FEDORKO, Department of Zoology, Ohio Wesleyan University, 
Delaware, Ohio 43015, USA (e-mail: 
brianiedorko.1995@owu.edu).  

LEPTOPHIS NEBULOSUS (Oliver's Parrot Snake). REPRO-
DUCTION. Leptophis nebulosus is a colubrid that occurs from 
extreme northeastern Honduras throughout Costa Rica (Savage 
2002. The Amphibians and Reptiles of Costa Rica; A Herpetofauna 
Between Two Continents, Between Two Seas. University of Chi-
cago Press, Chicago. 934 pp.). There is no information on clutch 
sizes in L. nebulosus. Here I present information on a single clutch 
from a specimen from Costa Rica. 

One L. nebulosus (LACM 151850) collected May—June 1982 
in Puntarenas Province, measured 710 mm SVL, contained eight 
enlarged ovarian follicles (mean length = 18.1 mm ± 1.4 SD, range 
= 16.8-20.1 mm). The eggs are deposited in the Natural History 
Museum of Los Angeles County (LACM), Los Angeles, Califor-
nia, USA. 

Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 90608, USA; e-
mail: sgoldberg@whittier.edu.  

MASTICOPHIS FLAGELLUM (Coachwhip). DIET. 
Masticophis flagellum is known to take a large variety of prey 
items including insects, lizards, snakes, small turtles, birds and 
their eggs and rodents (e. g., Stebbins 1985. A field Guide to West- 

ern Reptiles and Amphibians. Houghton Mifflin Co., Boston, 
Massachusetts. 336 pp.). Here we report predation on Curve-billed 
Thrasher (Toxostoma curvirostre) chicks. On 28 June 2003 in the 
San Juan y Puentes conservation area, near Aramberri (Nuevo 
Leon, Mexico) we observed two Curve-billed Thrasher chicks in 
a nest perched in a Tree Cholla (Opuntia imbricata). At 1132 h the 
same day we returned to find a M. flagellum (ca. 1300 mm TL) on 
top of the nest with a Curve-billed Thrasher chick in its mouth. 
The second chick was missing, presumably already consumed by 
the snake. The startled Coachwhip dropped the chick and escaped 
into a nearby kangaroo rat burrow. We extracted the snake for 
measurement and it promptly regurgitated the chick it had ingested. 

Submitted by DAVID LAZCANO (e-mail: 
dvlazcano@hotmail.com),  CHRISTINA GARCIA-DE LA 
PESTA, GAMALIEL CASTAS1EDA G., ARMANDO J. 
CONTRERAS-BALDERAS, J. ARNOLDO SANCHEZ-
ALMAZAN, and OSCAR BALLESTEROS-MEDRANO, 
Laboratorio de Herpetologia, Universidad Autonoma de Nuevo 
Leon. Apartado Postal 513, San Nicolas de los Garza, Nuevo Leon, 
C.P. 66450, Mexico. 

MICRURUS BALIOCORYPHUS (NCN). DIET. Little is known 
of the natural history of Micrurus baliocoryphus, and much of 
this is conjecture based on the biology of sympatric congeners. 
Members of the genus Micrurus are best known for their con-
sumption of other snakes although amphisbaenians, caecilians, and 
lizards occasionally are recorded as prey (Cei 1993. Reptiles del 
Noroeste, Nordeste y Este de la Argentina. Mus. Reg. Scien. Natur. 
Torino, Monogr. XIV, Turin. 949 pp.; Schouten 1931. Rev. Soc. 
Cien. Paraguay 3:5-32). To our knowledge, this is the first record 
of a fish being consumed by a Micrurus in South America. At 
1600 h on 10 November 1999 we found a dead male M. 
baliocoryphus (463 mm SVL, 502 mm TL) ca. 2 km W of Na-
tional Route 9 "Carlos A. Lopez," on the way to Fortin General 
Diaz (Department of Presidente Hayes, Paraguay). The specimen 
(MNHNP 5143) was collected and an anguilliform fish 
Synbranchus marmoratus (209 mm TL) was found in the stomach 
upon dissection. The snake was found a few meters from an artifi-
cial pool on the side of the road among Chacoan Xerophytic For-
est. The presence of fish in the diet of M. baliocoryphus suggests 
that it may be semi-aquatic, as has been observed for some other 
members of the genus (Perez 1999. Serpientes de Panama. Biosfera, 
UNESCO, Graf. San Antonio, Sevilla. 312 pp.). The specimen is 
deposited in the Museo Nacional de Historia Natural del Para-
guay and is also cited in Da Silva and Sites (1999. Herpetol. 
Monogr. 13:142-194). We thank Dario Mandelburguer for help 
identifying the fish. 

Submited by EMILIO BUONGERMINI PALUMBO, 
Proyecto Paraguay Silvestre, Secretaria del Ambiente, Madame 
Lynch 3500, Asuncion, Paraguay (e-mail: 
subtropy  @conexion.com.py ); and PIER CACCIALI, Museo 
Nacional de Historia Natural, Sucursal 1, Ciudad Universitaria, 
San Lorenzo, Paraguay, (e-mail: pier_cacciali@yahoo.com).  
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NERODIA ERYTHROGASTER NEGLECTA (Copper-bellied 
Watersnake). FORAGING BEHAVIOR. The foraging ecology 
of aquatic and semi-aquatic snakes has received much investiga-
tion. However, observations of prey capture are rare, with most 
studies of foraging ecology based on dissection of museum speci-
mens or regurgitations of captured snakes, both of which offer 
limited information on the locations where snakes actually en-
countered prey. Here we report predatory behavior by Nerodia 
erythrogaster neglecta at substantial distances from water in north-
western Ohio, USA. The first instance occurred on 27 July 2001 
at 1200 h. A radio-tagged male N. e. neglecta (750 mm SVL, 251 
g) was followed into the upland forest where it was observed to 
encounter, capture, and attempt to swallow an adult Bufo 
americanus. The toad avoided being swallowed by inflating its 
body. On 29 July 2002 at 1330 h, a second radio-tagged male N. e. 
neglecta (760 mm SVL, 267 g) was located in a small temporary 
wetland that had been dry for two months. The snake was probing 
dry leaf litter when it encountered, captured, and successfully 
swallowed an adult B. americanus. Both observations of terres-
trial foraging occurred in late summer, when temporary wetlands 
had dried and most toads were likely in terrestrial habitats. The 
nearest wetlands containing surface water were 75 and 90 m away 
from these locations. Whether these snakes were actively hunting 
or had opportunistically encountered prey is uncertain, because 
N. e. neglecta frequently travels through terrestrial habitats be-
tween isolated wetlands (Roe et al. 2003. Wetlands 23:1003-1014). 
To our knowledge, these are the first reported observations of ter-
restrial foraging by Nerodia. 

Submitted by JOHN H. ROE, The University of Georgia's 
Savannah River Ecology Laboratory, P.O. Drawer E, Aiken, South 
Carolina 29802, USA (e-mail: roe@  srel.edu); BRUCE A. 
KINGSBURY, Biology Department, Indiana-Purdue University, 
2101 East Coliseum Boulevard, Fort Wayne, Indiana 46805, USA 
(e-mail: kingsbur@ipfw.edu);  and MARK A. MYERS, Depart-
ment of Bioscience, Drexel University, Philadelphia, Pennsylva-
nia 19104, USA (e-mail: mam322@drexel.edu).  

OXYBELIS AENEUS (Brown Vine Snake). REPRODUCTION. 
Oxybelis aeneus is a colubrid that occurs from extreme southern 
Arizona to southeastern Brazil (Stebbins 2003. A Field Guide to 
Western Reptiles and Amphibians, 3'd  Ed., Houghton Mifflin Com-
pany, Boston, 533 pp.). Information on clutch sizes is summa-
rized by Goldberg (1998. Texas J. Sci. 50:51-56). Data on repro-
duction in populations from Arizona and Mexico is in Goldberg 
(op cit.) and Censky and McCoy (1988. Biotropica 20:326-333). 
Previously reported clutches ranged from 3-6 (Goldberg, op. cit.). 
Here I present information on clutch sizes of 0. aeneus from Costa 
Rica. 

Three gravid female 0. aeneus were examined from the herpe-
tology collection of the Natural History Museum of Los Angeles 
County (LACM). One female (LACM 153902) collected in April 
from Cartago Province, 710 mm SVL, contained four oviductal 
eggs (mean length 26 mm ± 1.6 SD, range: 25-28 mm). The sec-
ond female (LACM 153934) collected in August from Puntarenas 
Province, 785 mm SVL, contained four enlarged ovarian follicles 
(mean length 20 mm ± 4.5 SD, range: 13-24 mm). The third fe-
male (LACM 153925) collected in July from Puntarenas Prov- 

ince, 680 mm SVL, contained two enlarged ovarian follicles that 
were close to ovulating (mean length 28 mm ± 2.5 SD, range: 26-
30 mm). This clutch of two eggs represents a new minimum clutch 
size for 0. aeneus. 

Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 90608, USA; e-
mail: sgoldberg@whittier.edu.  

OXYBELIS BREVIROSTRIS (Cope's Vine Snake). REPRO-
DUCTION. Oxybelis brevirostris is a colubrid that ranges from 
eastern Honduras to western Ecuador (Savage 2002. The Amphib-
ians and Reptiles of Costa Rica; A Herpetofauna Between Two 
Continents, Between Two Seas. University of Chicago Press, Chi-
cago. 934 pp.). There is one report of a 0. brevirostris with three 
oviductal eggs (Guyer and Donnelly, unpubl. ms.). Here I present 
information on three egg clutches from 0. brevirostris from Costa 
Rica. 

A female 0. brevirostris (LACM 153887, 642 mm SVL) col-
lected in Limon Province on 8 June contained three oviductal eggs 
(mean length = 22.6 mm ± 2.2 SD, range = 21-25 mm). A second 
female (LACM 153888, 605 mm SVL) collected in Heredia Prov-
ince on 2 April contained two enlarged ovarian follicles (mean 
length =15.6 mm ± 0.4 SD, range = 15.3-15.8 mm). A third (LACM 
153885, 613 mm SVL) female collected in Heredia Province on 
28 March contained two oviductal eggs (mean length = 20.4 mm 
± 1.2 SD, range = 20-21 mm). Two eggs represents a minimum 
clutch size for 0. brevirostris. Eggs are deposited in the Natural 
History Museum of Los Angeles County (LACM). 

Submitted by STEPHEN R. GOLDBERG, Department of 
Biology, Whittier College, Whittier, California 90608, USA; e-
mail; sgoldberg@whittier.edu . 

PHYLLORHYNCHUS DECURTATUS (Spotted Leaf-nosed 
Snake). PREDATOR-PREY INTERACTIONS. On 5 Septem-
ber 2002, 2115 h MST we collected a freshly hit and nearly dead 
male Lampropeltis getula (CAS 228326; 480 mm SVL, 36 g) on 
State Highway 238, Maricopa Co., Arizona, USA. The L. getula 
had a recently consumed an adult female Phyllorhynchus 
decurtatus (CAS 228327; 290 mm SVL, 15.3 g) in its stomach 
(orientation within the stomach was not noted); the P. decurtatus 
was completely intact, with no evidence of digestion. This is the 
first record of a Spotted Leaf-nosed Snake (P. decurtatus) in the 
diet of L. getula (Kevin D. Wiseman and Harry W. Greene, pers. 
comm.). In addition, the P. decurtatus had in its stomach an opened, 
but undigested, squamate eggshell, one end of which was missing 
(length 19.45 mm; estimated length including missing end 23.3 
mm); the shell contained remnants of egg contents. September 
records of P. decurtatus in the Sonoran Desert are relatively rare, 
and of those, none had prey in their digestive tracts (Gardner and 
Mendelson 2003. Southwest. Nat. 48:550-556). 

Submitted by THOMAS R. JONES (e-mail: trjones@gcu.edu)  
and ROBERT H. HEGNA, Department of Biology, Grand Can-
yon University, 3300 West Camelback Road, Phoenix, Arizona 
85017, USA. 
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RHABDOPHIS MURUDENSIS (Gunung Murud Keelback). 
DIET. Little is known of the diet or natural history of Rhabdophis 
murudensis (reviewed by Stuebing and Inger 1999. A Field Guide 
to the Snakes of Borneo. Natural History Publications [Borneo] 
Sdn Bhd., Kota Kinabalu. 254 pp.). Stuebing and Tan (2002. Raffles 
Bull. Zool. 50:227-230) mention that captives of this natricine 
have been maintained on a diet of frogs (Limnonectes kuhlii) and 
occasionally white mice (presumably albinistic Rattus rattus). 

An adult female R. murudensis (USDZ 2.5991; 738 mm SVL; 
head width 18 mm) collected 5 May 2003 on the ridge leading 
from Tukap Murud to Batu Linanit (03°55'N; 115°31'E, elev. 2200 
m), Gunung Murud, Limbang Division, Northeast Sarawak, Ma-
laysia (Borneo), regurgitated a recently-ingested adult megophryid 
frog (Megophrys sp.; ID-7779) with a head width of 34.5 mm and 
an SVL of ca. 79 mm. Although the condition of the frog (swal-
lowed vent first) precluded specific identification, several traits 
suggest it is allied with M. kobayashii, a Gunung Kinabalu en-
demic (Malkmus et al. 2002. Amphibians & Reptiles of Mount 
Kinabalu [North Borneo], A. R. G. Gantner Verlag K.G., Ruggell. 
424 pp.), from which it differs in lacking dermal projections at 
angle of jaws, paired conical tubercles on forehead, parallel rows 
of dark spots on abdomen, and by the presence of a dark dorsal 
saddle-like marking and a pale patch anterior to a dark interorbital 
bar. The systematic status of M. kobayashii is currently under study. 
The snake also regurgitated a large nematode (78 mm TL). All 
three specimens are deposited with the Zoological Museum of 
Universiti Malaysia Sarawak, Kota Samarahan, Sarawak, Malay-
sia. 

For assistance and support we thank Fatimah Abang, the Insti-
tute of Biodiversity and Environmental Conservation (Universiti 
Malaysia Sarawak), and the Sarawak Biodiversity Centre. Finan-
cial support was provided by an Intensification of Research in 
Priority Areas Grant (number: 08-02-09-10007-EA0001) from the 
Federal Government of Malaysia. 

Submitted by INDRANEIL DAS 	(e-mail: 
idas @ibec.unimas.my ) and ANDREW ALEK TUEN (e-mail: 
aatuen@ibec.unimas.my),  Institute of Biodiversity and Environ-
mental Conservation, Universiti Malaysia Sarawak, 94300, Kota 
Samarahan, Sarawak, Malaysia. 

SAPHENOPHIS BOURSIERI (NCN). HABITAT, REPRO-
DUCTION and DIET. Saphenophis boursieri is a neotropical 
snake known from the western slopes of the Andes (elev. 1100-
1890 m) in Ecuador and southern Colombia, with disjunct records 
on the Amazonian lowlands of eastern Ecuador (Myers 1973. Amer. 
Mus. Novitates 2522). The genus Saphenophis is poorly repre-
sented in scientific collections (Myers, op. cit.; pers. obs.), and 
almost nothing is known of the natural history of any species of 
this genus. Myers (1969. Amer. Mus. Novitates 2385; op. cit.) 
reported "at least four large oviductal eggs, one (revealed by dis-
section) measuring 9 by 23 mm" in the paratype of Saphenophis 
sneiderni (394 mm SVL), and "large eggs in the oviducts" in the 
holotype of Saphenophis antioquensis (ca. 506 mm SVL). A speci-
men of Saphenophis tristriatus found "between 11 and 12 A.M... 
was lying in the sun on a wood bridge." Unfortunately, none of 
the specimens had collection dates. Herein I provide novel data 
on habitat, reproduction, and diet for S. boursieri. 

Two female S. boursieri (DFCH-USFQ 701-702) were collected 
from the "Rio Guajalito" protected forest (78°49'W, 0°14'S, elev. 
1900 m), at the beginning of the dry season in June 2001 at 1400 
h. This private reserve is located 59 km W of Quito among mon-
tane cloud forest on the northwestern slope of the Andes in 
Pichincha Province, Ecuador. One of the snakes (DFCH-USFQ 
701) was found lying motionless upon sunlit leaf litter in the bot-
tom of a dry ditch, ca. 5 m from the river and 25 m from human 
habitations. The other specimen (DFCH-USFQ 702) was found 
on the forest floor near a small trail, ca. 40 m from the river and 
100 m from human habitations. Both females were gravid. Dis-
section revealed that DFCH-USFQ 701 (467 mm SVL, mass with-
out eggs of 43.3 g) had five soft-shelled eggs that had a mean 
length of 30.4 mm (range 28.0-31.8 mm), mean width of 11.9 
mm (range 10.1-13.0 mm), mean mass of 2.6 g (range 2.3-3.3 g, 
total clutch mass = 12.9 g), and a mean volume of 2.3 cm' (range 
1.7-2.8 cm3). The second female (DFCH-USFQ 702; 410 mm 
SVL) contained five immature ovarian eggs, the largest was 16.2 
mm in length. Another female (FHGO-USFQ 003; 610 mm SVL) 
collected in April 1996 at San Antonio, Imbabura Province (near 
Ibarra, 78°09V, 00°20'S, elev. 2500 m) contained seven unshelled 
oviductal eggs. Eggs had a mean length of 24.2 mm (range 15.7-
29.6 mm). The stomach of one specimen (DFCH-USFQ 701) con-
tained a larval hymenopteran and an orthopteran nymph (volume 
of both items = 0.2 cm3). The other specimen (DFCH-USFQ 702) 
contained a partially digested gymnophthalmid lizard, Proctoporus 
cf. unicolor (volume = 0.6 cm3). These observations of S. boursieri 
support Myers' hypothesis (1973, op. cit.) that snakes of the ge-
nus Saphenophis are principally diurnal. Moreover, Saphenophis 
seem to be essentially terrestrial and feed on a variety of prey 
from invertebrates to lizards.The three females and eggs are de-
posited at the Laboratorio de Anfibios y Reptiles, Universidad San 
Francisco de Quito. 

I am grateful to Andres Leon, Kelly Swing, Maria Elena Heredia, 
Laura Heredia, and Vlastimil Zak for assistance, access to study 
sites, and financial support. This is contribution No. 4 of the 
Laboratorio de Anfibios & Reptiles FHGO-USFQ, Universidad 
San Francisco de Quito. 

Submitted by DIEGO F. CISNEROS-HEREDIA, Laboratorio 
de Anfibios & Reptiles, Universidad San Francisco de Quito, 
Avenida Interoceanica y calle Diego de Robles, Campus Cumbaya, 
Edificio Maxwell, P.O. Box 17-12-841, Quito, Ecuador; e-mail• 
diegofrancisco_cisneros@ yahoo.com . 

THAMNODYNASTES STRIGATUS (NCN). DIET. Snakes are 
important predators of anurans, particularly in the tropics where 
anuran diversity is high. Species of Thamnodynastes are frequently 
cited as predators of adult anurans (Bernarde et al. 2000. Rev. 
Brasil. Biol. 60:695-699; Ruffato et al. 2003. Phyllomedusa 2:27-
34). On 23 March 2004 at ca. 1530 h, we collected a 
Thamnodynastes strigatus (Museu de Ciencias Naturais PUC 
Minas, MCNR 987, 220 mm SVL) foraging in a forest stream at 
Serra do Caraca, Minas Gerais State, Brazil. Upon dissection, a 
partially digested Crossodactylus cf. bokermanni (16.8 mm SVL, 
tibia 8 3 mm) was found in its stomach. SVL was estimated through 
correlative morphometric comparisons of tibia and SVL measure-
ments with specimens of Crossodactylus cf. bokermanni. On 26 
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March 2004 at 1120 h, another T strigatus (MCNR 988, 219 mm 
SVL) was captured on the edge of the same stream within 60 cm 
of two calling male Crossodactylus cf. bokermanni (SVL 23.8 and 
22.0 mm). Thamnodynastes are primarily nocturnal, as are the 
majority of anurans that comprise their diet (Bernarde et al., op. 
cit.; Marques et al. 2001. Serpentes da Mata Atlantica. Guia 
Ilustrado para a Serra do Mar, Ribeirao Preto. Holos. 184 pp; 
Rufatto et al., op. cit). This is the first record T strigatus preying 
on a diurnal anuran. 

Submitted by KATIA KOPP (e-mail: kakopp@hotmail.com)  
and MILENA WACHLEVSKI (e-mail: milenawm@  yahoo.com), 
Laboraterio de Ecologia Evolutiva de Anfibios e Repteis, Programa 
de Pos Graduacao em Zoologia de Vertebrados, Pontificia 
Universidade Catolica de Minas Gerais, 30535-610, Belo 
Horizonte, Minas Gerais, Brazil. 

TRIMERESURUS ALBOLABRIS (White-lipped Pitviper). 
RESTING SITE. Although Trimeresurus albolabris is occasion-
ally found hunting on the ground at night, most accounts report 
that it is predominantly arboreal (Cox 1991. The Snakes of Thai-
land and their Husbandry. Krieger Publishing Company, Malabar. 
526 pp.; Cox et al. 1998. A Photographic Guide to Snakes and 
other Reptiles of Thailand and Southeast Asia. Asia Books, 
Bangkok. 144 pp.; Das 2002. A Photographic Guide to Snakes 
and other Reptiles of India. New Holland Publishers, London. 144 
pp.). Our own encounters have been primarily with individuals in 
trees and bushes, although several individuals were encountered 
moving on the ground at night (CAS 210108, 210665, 210690, 
210691). Cox et al. (op. cit.) mention that during the day T 
albolabris is typically found at rest in vegetation. On 13 April 
2002 at 1609 h, one of us (HW) unearthed a male T albolabris 
(625 mm SVL, 85 g; CAS 224646) near Nagmung Town, Kachin 
State, Myanmar (27°30'36.5"N, 97°49'50.4"E, WGS 84) at 613 m 
elev. The snake was inactive ca. 25 cm below ground level inside 
a termite mound located near a trail in an agricultural area in the 
midst of subtropical evergreen forest. This is the first record of 
any Trimeresurus using a termite mound as a retreat. We thank U 
Khin Maung Zaw, Alan Leviton, Jens Vindum, and the National 
Science Foundation (DEB-9971861). 

Submitted by GUINEVERE 0. U. WOGAN, Department of 
Herpetology, California Academy of Sciences, Golden Gate Park, 
San Francisco, California, USA 94118 (e-mail: 
gwogan@calacademy.org),  and HTUN WIN, Nature and Wild-
life Conservation Division, Forest Department, Ministry of For-
estry, Bayintnaung Road, West Gyogone, Insein, Yangon, 
Myanmar. 

GEOGRAPHIC DISTRIBUTION 

Herpetological Review publishes brief notices of new geographic distribution 
records in order to make them available to the herpetological community in 
published form. Geographic distribution records are important to biologists in that 
they allow for a more precise determination of a species' range, and thereby permit 
a more significant interpretation of its biology. 

These geographic distribution records will be accepted in a standard format 
only, and all authors must adhere to that format, as follows: SCIENTIFIC NAME, 
COMMON NAME (for the United States and Canada as it appears in Crother 
2000. Scientific and Standard English Names of Amphibians and Reptiles of North 
America North of Mexico, with Comments Regarding Confidence in Our 
Understanding. SSAR Herpetol. Circ. 29:1-82, available online at <http:// 
hetplit.com/SSAR/circulars/HC29/Crotherhtml >; for Mexico as it appears in Liner 
1994, Scientific and Common Names for the Amphibians and Reptiles of Mexico 
in English and Spanish. Herpetol. Circ. 23:1-113), LOCALITY (use metric for 
distances and give precise locality data), DATE (day-month-year), COLLECTOR, 
VERIFIED BY (cannot be verified by an author—curator at an institutional 
collection is preferred), PLACE OF DEPOSITION (where applicable, use 
standardized collection designations as they appear in Leviton et al. 1985, Standard 
Symbolic Codes for Institutional Resource Collections in Herpetology and 
Ichthyology, Copeia 1985[3]:802-832) and CATALOG NUMBER (required), 
COMMENTS (brief), CITATIONS (brief), SUBMT1TED BY (give name and 
address in full—spell out state or province names—no abbreviations). 

Some further comments. This geographic distribution section does not publish 
"observation" records. Records submitted should be based on preserved specimens 
which have been placed in a university or museum collection (private collection 
depository records are discouraged; institutional collection records will receive 
precedence in case of conflict). A good quality color slide or photograph may 
substitute for a preserved specimen only when the live specimen could not be 
collected for the following reasons: it was a protected species, it was found in a 
protected area, or the logistics of preservation were prohibitive (such as large turtles 
or crocodilians). Color slides and photographs must be deposited in a university or 
museum collection along with complete locality data, and the color slide catalog 
number(s) must be included in the same manner as a preserved record. Before you 
submit a manuscript to us, check Censky (1988, Index to Geographic Distribution 
Records in Herpetological Review: 1967-1986; available from the SS AR 
Publications Secretary) to make sure you are not duplicating a previously published 
record. The responsibility for checking literature for previously documented range 
extensions lies with authors. Do not submit range extensions unless a thorough 
literature review has been completed. 

Please submit any geographic distribution records in the standard format only 
to one of the Section Co-editors: Alan M. Richmond (USA & Canadian records 
only); Jerry D. Johnson (Mexico and Central America, including the Caribbean 
islands); Hidetoshi Ota (all Old World records); or Gustavo J. Scrocchi (South 
American records). Short manuscripts are discouraged, and are only acceptable 
when data cannot be presented adequately in the standard format. Electronic 
submission of manuscripts is required (as Microsoft Word or Rich Text format 
[rtf] files, as e-mail attachments). Refer to inside front cover for e-mail addresses 
of section editors. 

Recommended citation for new distribution records appearing in this section is: 
Schmitz, A., and T. Ziegler. 2003. Geographic distribution. Sphenomorphus 
rufocaudatus. Herpetol. Rev. 34:385. 

CAUDATA 

NOTOPHTHALMUS VIRIDESCENS LOUISIANENSIS 
(Central Newt). USA: INDIANA: POSEY Co: Point Township: 14 
km SSW Mount Vernon at Twin Swamps Nature Preserve. 16 June 
2004. Zack Walker, Nathan Engbrecht, Andrew Berger, and 
Michael Lodato. University of Michigan Museum of Zoology 
(UMMZ 232002-06). Verified by Greg Schneider. New county 
record and first record for "pocket" of extreme SW Indiana. 
(Minton 2001. Amphibians and Reptiles of Indiana. 2nd ed., revised. 
Indiana Acad. Sci. 404 pp). Newts appear to be common at this 
locality with its bald cypress (Taxodium distichum) and overcup 
oak (Quercus lyrata) swamps surrounded by mature forest. Adults 
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