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Drift fences used with pitfall and/or funnel traps are a standard 
field technique used to sample amphibian and reptile communi-
ties (Campbell and Christman 1982; Corn 1994). Drift-fence sam-
pling is effective in collecting large numbers of animals in a rela-
tively short period of time (Gibbons and Semlitsch 1981; Rodda 
et al. 2001). 

A variety of materials have been used for drift fences, but alu-
minum flashing is the best choice for long-term studies because 
of its durability (Gibbons and Semlitsch 1981). Aluminum flash-
ing is expensive and often is not feasible for short-term inventory 
studies that do not have a large budget. Polyurethane has been 
used for drift fences to study amphibian reproductive biology by 
encircling breeding ponds (Douglas 1979). 

Enge (1997) proposed the use of silt fencing as an alternative. 
Silt fencing is a woven polypropylene material that is about one-
third the cost of aluminum flashing and is particularly desirable 
when sampling hydric environments. Silt fencing can also be used 
in terrestrial habitats. Zug et al. (2001) report the use of silt fenc-
ing for monitoring amphibian and reptile populations at a tropical 
site in Myanmar and one of us (JHM) has used silt fencing for 
short-term sampling (2-3 months) of herpetofaunal communities 
in the Edwards Plateau of Texas. 

In the tropics, where "common species are rare and rare species 
are common" (Forsyth and Miyata 1984), drift-fence sampling 
might be an effective technique to sample amphibian and reptile 
species, yet little data are available (but see Brown et al. 1996; 
Zug et al. 2001). In the United States aluminum flashing and silt 
fencing are both readily available, but elsewhere, particularly in 
the tropics, this may not be the case. Furthermore, the cost of im-
porting aluminum flashing or silt fencing via air carrier might be 
exceedingly high because of the weight of the material. Another 
problem with drift fencing in wet tropical forest is the high rate of 
treefalls (Brokaw 1996). Treefalls can destroy aluminum or silt-
based drift fencing and require considerable effort to repair (pers. 
obs.). Therefore, for drift fence sampling to be convenient and 
feasible in a tropical forest, the material must be available, afford-
able, and the drift fence should be repairable in a modest amount 
of time. As an alternative to aluminum flashing and silt fencing, 
we herein describe the use of polystyrene to construct drift fences 
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used in a baseline amphibian and reptile inventory of Parque 
Nacional Carara (PNC) (09°46'27.0"N, 84°36'20.0"W), Puntarenas 
Province, Costa Rica. 

Polystyrene, a thermoplastic, is more rigid than polyurethane. 
We purchased 0.76-mm thick polystyrene in 180 x 120 cm sheets 
from a plastic dealer in San Jose, Costa Rica (Serigraficos Suretka 
S.A. do Plasticom M&F). The cost of this material was ca. US 
$53/trap (one trap = 19.44 m 2  offence or $2.73/m 2  of polystyrene) 
which is less expensive than US $71/trap ($3.65/m 2) for alumi-
num flashing. We cut these sheets into 40 x 180 cm sections that 
were rolled into bundles for delivery to the sampling site. Nine 
sections were laid end to end and slightly overlapped, thereby cre-
ating a drift-fence arm ca. 15 m in length. Lacquer thinner solvent 
(33.7% acetone, 2.8% methyl isobutyl ketone, 1.9% glycol ether, 
37.3% heptane, 8.6% isopropyl alcohol, 3.9% methanol, and 11.9% 
toluene) was applied to each section with a paint brush. There is a 
health risk associated with inhaling vapors of lacquer thinner and 
care should be taken to avoid excessive exposure to vapors. These 
overlapping sections were pressed together for approximately five 
seconds to fuse the sections, thereby creating a continuous fence. 
Because the sections are fused and not glued, the fence can with-
stand a myriad of weather conditions without coming apart. 

Drift fences were installed in a "Y" formation. Each fence arm 
was set upright and held in place using 40 cm wooden stakes at ca. 
2 m intervals. Leaves were then placed at the bottom of the fence 
to seal gaps and prevent animals from crawling under the polysty-
rene. Each fence arm was set at an approximately 120° angle. At 
the end of each arm and at the junction of the three arms, a 19-liter 
plastic bucket was sunk flush with the substrate. A notch was cut 
into the lip of each bucket to hold the fence in place. In the middle 
of both sides of each arm (ca. 7.5 m) a 45-cm funnel trap was 
placed flush with the polystyrene fence, for a total of six funnel 
traps/array. Funnel traps were made by rolling a 45 x 60 cm sec-
tion of 3-mm aluminum screen into a cylinder. Next, two cones 
were fashioned from two 30 x 60 cm sections of aluminum screen. 
These cones were inserted on each end of the cylinder and at-
tached with baling wire to form the completed funnel trap. 

During 154 trap nights from May 1999 to April 2000, six poly-
styrene arrays were used to sample amphibians and reptiles (one 
array open/night = one trap night). A total of 41 frogs, 76 lizards, 
and eight snakes were captured, representing 28 species of am-
phibians and reptiles. The most common frog species was 
Dendrobates auratus with 20 captures. Ameiva leptophrys was 
the most common lizard species with 28 captures. Mabuya 
unimarginata, Micrurus alleni, Rhadinaea decorata, and Urotheca 
decipiens were recorded in the park only from drift fence cap-
tures. 

In the case of treefalls, polystyrene drift fences offer advan-
tages over other materials. A treefall on aluminum flashing or silt 
fencing is difficult to repair and can leave the array with perma-
nent damage (pers. obs.). Polystyrene fences can be fixed quickly 
and easily. During this study, several treefall events occurred. Re-
pair was accomplished by moving the tree or branch, cutting out 
the broken fence sections and replacing them with new sections 
using methods described above. After tree removal, the fences were 
repaired in ca. 15 minutes. Repair is further facilitated by the fact 
that materials can be rolled into light bundles for easy transporta-
tion. 
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Brachylophus fasciatus (Fiji Banded Iguana). Illustration by John 
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For arboreal lizards, field studies often are impractical because 
of poor visibility in the canopy, whereas laboratory studies lack 
realism. The use of large, outdoor enclosures that allow for move-
ment and behavioral observation would provide the researcher an 
opportunity to observe behavior in a semi-natural setting while 
maintaining the ability to manipulate and control desired experi-
mental variables. However, the literature is void of any sugges-
tions on how to construct large, outdoor enclosures for studying 
arboreal lizards. We describe a technique for constructing large 
outdoor enclosures for arboreal lizards and outline a methodology 
for monitoring diurnal movement patterns within these enclosures 
using focal observations. 

Enclosure design and construction.— We constructed six, large 
outdoor enclosures for use in a behavioral and physiological study 
of the panther chameleon, Furcifer pardalis. In this study, it was 
necessary to observe and record behavior while simultaneously 
manipulating variables related to physiological parameters. This 
required the use of large enclosures that allowed for experimental 
manipulation and ease of behavioral observation. Each circular 
enclosure measured ca. 2.2 m in height and 2 m in diameter. We 
are presenting the specific dimensions of the enclosures used in 
our studies, however potential modifications of the dimensions to 
suit other studies will be discussed below. The enclosures were 
constructed using 1.27 x 2.54 cm mesh welded wire. Welded wire 
was purchased in 30-m rolls and measured 1.2 m in width. We 
surveyed the study site to determine the areas most suitable for 
enclosure construction. Typically, we constructed enclosures near 
trees 2 m or less in height with dense foliage. Once a central tree 
was designated, all other trees were cleared from the area within a 
2-m radius. 

Small, moveable markers were used to outline a uniform circle 
of ca. 2 m diameter around the tree. A trench was then dug to a 
uniform depth of ca. 10-15 cm along the circle. The width of the 
trench was ca. 7.5-12.5 cm to accommodate any expansion or 
sliding of the wire. We measured the circumference of the trench 
and cut a piece of welded wire commensurate in size (adding 30-
60 cm for overlap). We placed the wire in the trench, with the ends 
overlapping, and temporarily secured each end to form an enclosed 
circle. Four, small metal posts were placed along the outside of 
the enclosure, and the wire was secured to the posts to prevent 
collapse. Once secured vertically to the posts, we permanently 

Pole 2 

Pole 2 

FIG. 1A. Enclosure shown with the two PVC poles permanently at-
tached at 0 and 90 degree coordinates. B. The alignment pole was aligned 
in the same plane as the lizard (solid triangle) and the pole at 0 degrees 
(0). C. Next, the alignment pole was aligned in the same plane as the 
lizard and the pole at 90 degrees (0). Additionally, the height of the lizard 
was recorded (HL), providing a quantitative three-dimensional position. 
See text for details. 
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secured the overlapping ends of the wire using J-clamps. We then 
placed aluminum flashing with a width of 60 cm along the inside 
of the enclosure, then filled the inner portion of the trench with 
soil to press the flashing flush with the wire. The aluminum flash-
ing prevents arboreal lizards from climbing onto the welded wire 
(with the exception of lizards with adhesive toe pads), preventing 
them from using the wire rather than the enclosed habitat. Once 
the flashing was flush with the wire mesh on the inside, we filled 
the outer portion of the trench with soil. This 1.2-m high wire 
structure serves as the foundation for the rest of the enclosure. 

We then cut another section of wire of the same circumference 
as the first section of wire to serve as the second layer, adding an 
additional 80-90 cm in height to the enclosure. The second layer 
was secured to the first layer permanently using J-clamps, with 
ca. 30-40 cm overlap, yielding a total height of ca. 2.0-2.1 m. 

To allow access to the inside of the enclosure, we cut a 1 x 1 m 
square out of the side of the enclosure, and placed a piece of wire 
mesh slightly larger than the opening over the entrance, securing 
the left side using J-clamps. This procedure allows door opening 
and closing with minimal bending of the wire. We securely fas-
tened the door (the unattached end) to the enclosure using taught 
springs with hooks on each end, providing quick opening and clos-
ing of the door. 

We constructed the roof of the enclosure using two sections of 
wire mesh cut ca. 60 cm larger in diameter than the enclosure. 
These two pieces were attached using J-clamps to form a square 
piece of mesh that was larger than the diameter of the enclosure 
by 60 cm on all four sides. The square piece (roof) was securely 
attached to the enclosure by weaving it to the side of the enclosure 
with steel wire. The top piece was then cut to a circular shape, and 
we made eight additional cuts perpendicular to the cylinder to al-
low segments to be bent downward and lay flush with the sides of 
the enclosure. 

Construction of one enclosure requires approximately two days 
work, and costs ca. US $90-100. This design provides a sturdy, 
yet affordable and long-lasting enclosure. After four years, there 
have been no signs of degradation of enclosures. 

Monitoring diurnal movement patterns.—Movement patterns of 
arboreal lizards can be monitored using these enclosures. To pre-
cisely monitor movement patterns, one needs three coordinates to 
find an exact location in three-dimensional space. We marked co-
ordinates around the circumference of the enclosure, from zero to 
359 degrees. At zero degrees, we secured to the enclosure a 2.54 
cm wide PVC pole approximately the same height as the enclo-
sure. At 90 degrees, we attached another pole to the enclosure 
(Fig. 1 A). We utilized a third pole of similar size, in combination 
with the other two, to determine the.three-dimensional coordinates 
of a lizard at any given time. However, the third pole (hereafter 
referred to as the alignment pole) was not secured to the enclo-
sure, but instead was movable. We marked the alignment pole with 
height markers starting from zero at ground level. We placed the 
alignment pole along the outside of the enclosure while visually 
aligning the alignment pole, the lizard, and the pole located at 
zero degrees within the same linear plane (Fig. 1B). We then re-
corded the first coordinate by noting the degree at which the align-
ment pole was located (angle 0). To obtain the second coordinate, 
we visually aligned the alignment pole, the lizard, and fixed pole 
two (at 90 degrees) in the same linear plane and recorded the de- 

gree at which the alignment pole was located (angle (1), Fig. 1C). 
Using the height markers on the alignment pole, we next recorded 
the height at which the lizard was found (HO, giving a precise, 
quantitative three-dimensional location of the lizard (Fig. 1C). 
Utilizing this methodology, we monitored lizard movement pat-
terns throughout the enclosure for the duration of a 12-h diurnal 
period. Data collection required human presence near the enclo-
sure for brief periods, but there were no observable impacts on 
lizard behavior. However, caution must be exercised to minimize 
the duration of coordinate data collection as longer periods of data 
collection may adversely affect lizard behavior. 

This three-dimensional tracking method can be used to repli-
cate animal movements, or it can also be visually interpreted in a 
three-dimensional scatterplot. Converting actual coordinate data 
(0, (1), HL) into an x-y-z coordinate scatterplot requires the use of a 
series of relatively simple equations: 

x= 1 +a/a– p 	(1) 
y = – a (0 – 1) / 13 – a 	(2) 

z = y (HL / HT) 	(3) 

where: 

a = sin° / (cos() – 1) 

13 = (sin(I) – 1) / cosirto 

y = enclosure height / enclosure radius 

HL  = height of lizard 

HT  = height of the enclosure 

Coordinate data recorded from the enclosures (8, szto, and H L) can 
be converted to x-y-z coordinates using many types of spread-
sheet software packages. Once the data are converted to a three-
dimensional scatterplot, data points can be viewed as a cloud of 
microhabitat locations (using software packages such as SigmaPlot 
or SPSS), or the distance traveled by the organism can be calcu-
lated providing the radius and height of both the actual and virtual 
enclosures are known. In the x-y-z scatterplot, the radius of the 
enclosure is 1 unit. In our study, the height of the enclosure was 
approximately two times the radius, thus the height of our enclo-
sure in an x-y-z scatterplot is 2 units. However, the ratio of 
height:radius (y) should be adjusted for studies that deviate from 
our dimensions. 

This design establishes a protocol that might be beneficial in 
many behavioral studies. This technique can be used to determine 
movement directions, movement patterns, movement distances, 
and microhabitat use in relation to environmental variables in a 
variety of organisms. Although these enclosures were constructed 
for use in studies of arboreal chameleons, they could be used in 
other studies where behavior might be difficult to record in the 
field. This design is flexible enough to allow the researcher to 
modify enclosure size, depending on the size and spatial require-
ments of the animal. This design might be extended to other taxa 
including arboreal Sceloporus species, Abronia species, other cha-
meleon species, or even avian or small arboreal mammals. A 
shorter, larger diameter enclosure could also be employed in stud-
ies of terrestrial, non-fossorial lizards. Not only does this enclo-
sure design provide plasticity in construction parameters, but it 
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also provides an ideal way to observe and quantitatively record 
movement patterns and microhabitat locations without disturbing 
animal behavior. 
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Little is known about the activity patterns and habitat use of 
fossorial anurans. Radiotelemetry provides a solution to tracking 
such individuals over longer periods of time (Richards et al. 1994). 
However, transmitters need to be implanted for anurans that spend 
a substantial proportion of their time buried underground. In 
anurans, the healing of cuts after transmitter implantation, is made 
extremely difficult especially in small species that inflate their 
lungs in response to disturbance or as a means to enlarge under-
ground burrows. 

In this study we describe a method of immobilizing frogs that 
prevents sutures from rupturing and thus shortens the healing pro-
cess after implantation of transmitters. This method was used in a 
study of the population biology of the pig-nosed frog Hemisus 
marmoratus. Our study was conducted in the Comoe National Park, 
Ivory Coast, West Africa at the beginning of the rainy season in 
1997. Previous work in West Africa has shown that female pig-
nosed frogs provide parental care in terrestrial breeding chambers 
(ROdel et al. 1995) and release tadpoles by either opening flooded 
chambers or leading tadpoles to open water over a slide (Kaminsky 
et al. 1999). Our objective in transplanting transmitters in females 
was to obtain information on migration patterns and habitat use 
during the breeding season. 

Materials and Methods. —To determine movement patterns of 
pig-nosed frogs we implanted radiotransmitters (1.15 ± 0.04 g) 
into the body cavity of five females. We used a PLL synthesized 
tracking receiver (TRX-1000S, Wildlife Materials Inc.) and send- 

ers with individual frequencies (Holohil Systems Ltd.) that had a 
maximal range of 50 m, a life-span of two to four weeks, and were 
equipped with magnetic reed switches to activate or deactivate 
the sender. 

Females were captured at a drift fence as part of a long-term 
study of the population biology of H. marmoratus. We picked only 
females whose mass was at least 10 times that of the sender (12.7 
± 1.08 g, range 11.8-14.5 g). Males were too light to be included 
in the study (range 2.5-5.6 g). Females were anesthetized by plac-
ing them in a 0.001 % solution of MS-222 Sandoz (Sigma). After 
30 min females were turned on their backs and a small incision 
made through the ventral skin and abdominal wall. The activated 
sender was then placed in the abdominal cavity and the perito-
neum and epidermis sown together with linen thread. 

To prevent the fresh suture from rupturing when females in-
flated their lungs, a common occurrence in many anuran species, 
individuals were placed in customized plastic restrainers (Fig. 1). 
Restrainers were molded from an alginate (Alginoplast, Bayer 
Dental) imprint of a large female museum specimen. The alginate 
was diluted to a watery solution to lengthen processing time. Af-
ter the alginate had hardened and the preserved specimen had been 
removed, we poured a fast-binding dental plaster (Dento-Stone 
Klassik, Dentona) into the mold. The ventral side of the female 
mold was then covered with translucent foil (Omnidur 2 mm, 
Omnident) to form the bottom of the restrainer. The foil was heated 
with a Bunsen burner to make it workable. The dorsal side of the 
mold was fitted with light hardening plastic (Individo Lux, Voco) 
to form the top of the restrainer. Caudal and cranial holes of 3-5 
mm were left open to allow water to pass through the restrainer. 

Females who had been implanted with radiotransmitters were 
placed into the restrainer and both halves held together with rub-
ber bands. To prolong battery life, a magnet was placed on the 
restrainer to activate the switch and interrupt the current in the 
transmitter. To reduce the duration of anesthesia, water was re-
peatedly poured through the restrainer until we could clearly see 
females breathing through the translucent bottom. Restrainers were 
then packed into a wet towel to prevent females from desiccating 
and the healing process observed through the opaque half of the 
restrainer. After three days females were removed from the re-
strainers and placed into plastic terraria (23 x 15 x 24 cm) with a 
wet sponge for several days. After new epidermis had formed, the 

FIG. 1. Restrainer used to immobilize females after surgical implanta-
tion of a radiotransmitter. 
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FIG. 2. Patterns of movement of five Hemisus marmoratus females im-
planted with transmitters. Black surfaces indicate ephemeral ponds, white 
areas grass savanna, gray areas bush savanna and the hatched area is a 
dirt road. The black lines with circles show the location of a drift fence 
with pit traps. Stars indicate where females (1-5) were found and re-
leased after transmitter implantation. Arrows show the direction of move-
ment and numbers indicate the location at which females were last found. 
Last sites of females 2 and 3 were outside the area of the map. 

suture fell off together with the voided skin. Because females spent 
most of their time underneath the sponge it was possible to place a 
magnet underneath the terraria to continue interrupting the circuit 
in the transmitter. Females were released with the next rains at the 
study site after wounds had completely healed. Their position was 
determined telemetrically at regular intervals two to three times a 
day. 

Results and Discussion.—We followed five females and deter-
mined their activity pattern over a time period between 8 and 32 
days. No adverse effects of surgery were seen in females recov-
ered in the field. Fig. 2 shows the movement patterns of females. 
FEMALE 1: We followed Female 1 for 32 days. She remained for 
eight days at the release site, migrated 40 m south on a night after 
it rained and spent 11 days submerged under a clump of grass. 
Two days later Female 1 was found in amplexus at the fence; we 
placed her over the fence and two hours later she was still in am-
plexus trying to leave the fenced area. We again lifted her over the 
fence; she traveled west for 40 m where she was located under-
ground, presumably attending eggs in her nest. Female 1 remained 
at this site for the following 11 days until a downpour flooded the 
area and the signal was lost. Most probably the female opened the 
nest cavity that night, released her tadpoles and left the study area. 
FEMALE 2: Female 2 burrowed 5 cm into the ground after being 
released inside the fenced area. She did not move for 15 days at 
which time battery power was low and she was excavated. This 
female was again implanted with a transmitter and released at the 
same site; upon release she migrated over 185 m south on three 
nights when it rained. Six days after being released her signal was  

lost. FEMALE 3: Female 3 moved 150 m into the bush savanna 
during one night and spent nine days buried under a grass clump 5 
cm beneath the surface until reduced battery power led us to exca-
vate her and remove the transmitter. FEMALE 4: Female 4 spent 
four days buried underground at the release site until it rained; she 
then moved 25 m in a southerly direction, burrowed into the sub-
strate again and remained there for the next eight days. Despite an 
intensive search, no signal was detected the next day. FEMALE 5: 
Female 5 also spent four days buried underground. During the 
next rain she migrated 60 m southeast, then to the southwest. Af-
ter five days underground, we lost contact with Female 5. 

The loss of signals can be attributed to females leaving the study 
area, to predation, or to transmitter failure (although we think trans-
mitter failure unlikely). All females that were fitted with transmit-
ters were active above ground after rains. Dry periods between 
rains were spent underground where they were seemingly inac-
tive. This activity pattern is consistent with earlier studies that 
suggest the pig-nosed frog spends most of its time below ground 
and emerges mainly for reproduction and possibly to feed 
(Passmore and Carruthers 1979; Rode' 2000; Stewart 1967; Wa-
ger 1986). 

The telemetry data did not reveal use of distinct home ranges. 
Instead individual females seemed to roam widely throughout the 
area. Additional pig-nosed frogs need to be followed to determine 
whether they use distinct home ranges or not. It seems likely that 
we followed females during their excursions to and from breeding 
sites and that their home ranges lie elsewhere (see Spieler and 
Linsenmair 1998). 

None of the females recovered showed any infections, inflam-
mations, or other negative effects of the implants. Implanted trans-
mitters have the great advantage of not hampering frogs searching 
for retreat sites or in amplexus and are an absolute necessity in 
tracking fossorial species such as H. marmoratus. The restrainer 
described in this study prevents sutures from rupturing due to lung 
inflation in response to disturbance and thus considerably short-
ens the healing process. It is recommended for all small anurans 
in which transmitters are implanted. 
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Recent reports of amphibian declines have sparked increased 
efforts to inventory and monitor amphibian populations world-
wide (Keisecker et al. 2001; Pechmann and Wilbur 1994). Stan-
dard techniques for the quantitative inventory and monitoring of 
amphibian populations include systematic observations, automated 
recording of calling anurans, drift fences with pitfall traps, and 
aquatic funnel trapping of amphibian larvae (Heyer et al. 1994). 
Terrestrial drift fence arrays with pitfall traps are an effective way 
to sample general species richness of amphibians and can be espe-
cially effective at detecting rare or cryptic species (Corn 1994; 
Gibbons and Semlitsch 1982). Drift fences intercept the move-
ments of animals and guide them into traps, generally increasing 
capture rates (Corn 1994). Aquatic drift fences, or net leads, have 
been effectively used to increase trap capture rates for fish (Hubert 
1983) and turtles (Vogt 1980); however, they have seldom been 
used to sample aquatic amphibian species and life stages (but see 
Beuch and Egeland 2002; Enge 1997a). 

Rectangular Funnel Trap 

Silt Fence 

[f] 

One preferred method for sampling aquatic amphibians and 
amphibian larvae is funnel trapping of aquatic environments (Heyer 
et al. 1994; Olson et al. 1997). A variety of funnel traps have been 
used, including cylindrical wire or plastic minnow traps, collaps-
ible rectangular traps, and plastic soda bottles with the top inverted 
(Adams et al. 1997; Beuch and Egeland 2002; Willson and Dorcas 
2003). Beuch and Egeland (2002) tested the efficiency of several 
different types of aquatic funnel traps for capturing amphibian 
larvae in seasonal forested wetlands in Minnesota. They applied 
the drift fence principle to aquatic funnel trapping by staking a 
3.0-m section of minnow seine between two cylindrical minnow 
traps. They concluded that the seine did not increase trapping effi-
ciency. 

We compared the effectiveness of aquatic drift fences to tradi-
tional funnel trapping for capturing amphibians within a large 
ephemeral wetland in the western Piedmont of North Carolina. 
We used a paired-sample design, with five pairs of trap arrays, to 
account for spatial variation in amphibian abundance within the 
wetland. Each pair consisted of one experimental and one control 
array, set 1 m apart in a straight line (Fig. 1). The relative position 
(right or left) of the experimental and control arrays was deter-
mined randomly and locations for the five pairs of trap arrays within 
the wetland were chosen based on comparability of water depth 
(approximately 0.5 m) and uniformity of habitat. 

Each experimental array consisted of four collapsible rectangu-
lar mesh minnow traps [model RN 10; Memphis Net and Twine 
Co. Inc., Memphis, Tennessee; US $10.99] placed at each end and 
along the middle of a 3.0-m long section of silt fencing (Enge 
1997) supported by three wooden stakes (Fig. 1). To ensure that 
trapped animals had access to air we placed an air-filled 0.6-L 
soda bottle inside each trap to serve as a float and tied traps loosely 
to 1-m bamboo garden stakes, allowing the trap to slide up and 
down with fluctuations in water level. Each control array con-
sisted of four traps, positioned identically to the first array, but 
without silt fencing (Fig. 1). To examine the efficiency of this tech-
nique, we recorded the time required to set up and monitor both 
experimental and control arrays. 

We checked traps every other day between 17 March and 3 April 
2002 and identified to species, counted, and released all amphib-
ians captured. MANOVA (SAS 2000; alpha = 0.05) was used to 
assess the effects of fencing on amphibian captures and to make 
univariate comparisons for individual species, life stages, and num-
ber of species captured between experimental and control traps. 

Over the 18-day trapping period we captured a total of 998 am-
phibians representing 8 species (Fig. 2). Traps with drift fencing 

Wooden Stake 

• El• iEl 

1 in 	Experimental Trap Array 
	

3m 	 4 m 	Control Trap Array 
	

7 m 

FIG. 1. Design for control and experimental trap arrays. Each array consisted of a set of four rectangular funnel traps. One array of funnel traps 
was placed along a section of silt fencing and one was not. Five pairs of trap arrays were set within the wetland. 
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Flo. 2. Total captures of A) amphibian larvae and B) adult amphibians by species between trap arrays with and without drift fencing in a large 
seasonal wetland within the western Piedmont of North Carolina. Asterisks (*) denote significant differences in number of individuals captured 
between traps with and without fencing when compared using MANOVA. 

captured over twice as many individual amphibians as did control 
traps (Fig. 2; MANOVA, P < 0.0001). Univariate comparisons 
revealed that traps with fencing captured significantly greater num-
bers of larval Ambystoma opacum (F = 43.93, df = 1, p < 0.001), 
and Pseudacris triseriata (F = 12.15, df = 1, p = 0.001), and adult 
Rana palustris (F = 6.96, df = 1, p = 0.012), P crucifer (F = 15.60, 
df = 1, p = 0.003), and Notophthalmus viridescens (F = 8.81, df = 
1, p = 0.005) than did traps without fencing. Additionally, traps 
with fencing captured significantly more species or life stages per 
trap than did unfenced traps (F = 19.62, df = 1, p = < 0.001). Small 
sample sizes prevented detection of statistically significant differ-
ences in other species and life stages, though for all species, traps 
along the fences captured more individuals than traps without fenc-
ing (Fig. 2). 

The construction of aquatic drift fences added approximately 
$1.50 US to the cost and approximately 4 min to the installation 
time of each trap when compared to funnel traps without fencing. 
However, both the amount of time and money invested per am-
phibian captured was substantially lower when drift fences were 
used in conjunction with the traps (Fig. 3). 

Buech and Egeland (2002) found that net leads had no effects 
on capture rates of amphibians in Minnesota temporary wetlands. 
They speculated this result might be due to the sedentary nature of 

Fla 3. Comparisons of A) cost and B) time invested per amphibian 
captured between traps with and without drift fencing.  

the larval amphibians they captured (R. sylvatica, A. laterale, and 
P crucifer). In our study, placing funnel traps along lengths of silt 
fencing greatly improved capture rates of both large, highly mo-
bile amphibians (e.g., adult ranid frogs, P. crucifer, and N. 
viridescens) and small amphibian larvae (e.g., A. opacum and P 
triseriata). We suspect that we recorded substantially higher suc-
cess rates with aquatic drift fences than did Buech and Egeland 
(2002) because we used rectangular funnel traps, which can be 
placed flush along the side of the fencing, rather than cylindrical 
funnel traps. Cylindrical funnel traps cannot not lie flush against 
the fencing material and thus allow amphibians to easily swim 
over or under the trap openings. 

In conclusion, creating aquatic drift fences by placing rectangu-
lar funnel traps along sections of silt fencing significantly improved 
amphibian capture rates, and thus offers a valuable and efficient 
complement to traditional sampling techniques for surveying and 
monitoring amphibian populations. Although further research is 
necessary, we suspect that aquatic drift fences would also prove 
superior to traditional funnel trapping for capturing aquatic rep-
tiles (e.g., watersnakes) and detecting rare aquatic reptile and am-
phibian species. 
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Artificial refugia constructed of polyvinyl chloride (PVC) pipes 
has shown to be effective for capturing treefrogs, yet capture suc-
cess has varied among species, size classes, pipe designs, and place-
ment (Boughton et al. 2000; Moulton et al. 1996). Differential 
capture success in studies using multiple PVC pipe designs indi-
cates that at least some species or size classes of treefrogs are 
selective in their use of artificial refugia (Boughton et al. 2000; 
Moulton et al. 1996). Therefore it is reasonable to expect that varia-
tion in the PVC pipe design may change the detection probability 
of different species and sizes of treefrogs under artificial refugia, 
bias count data, and population estimates, unless this effect is 
known. Consequently, a validation experiment was undertaken to 
critically assess the influence of PVC pipe diameter on the species 
and sizes of treefrogs captured under artificial refugia in a Florida 
coastal oak scrub community. 

The study was carried out at Rookery Bay National Estuarine 
Research Reserve (RBNERR) in Collier County, Florida, USA. 
RBNERR encompasses ca. 50 ha of coastal oak scrub that occurs 
in a mosaic with pine flatwoods on well-drained and lightly col-
ored sands. The most extensive tract of oak scrub located adjacent 
to Shell Island Road was selected for study on the basis that it 
offered an area large enough for investigation (> 5 ha) with uni-
form soils, vegetation and topography, while allowing easy ac-
cess. The study site does not have a flowing water source, and the 
hydroperiod of small depression ponds is dependent upon local-
ized rainfall and rising groundwater. The low (< 4 m) canopy is 
dominated by a sparse to dense layer of Quercus chapmani, Q. 
geminata, Q. myrtifolia, and Ceratiola ericoides, with Pinus elliottii 
appearing occasionally as an emergent. The lower shrub layers 
are more complete with Serenoa repens, Lyonia lucida, Ximenia 
americana and Asimina reticulata. Ground cover is sparse yet di-
verse, frequently with bare siliceous sand, or with lichen, 
spikemoss, and occasional tufts of grass and herbs. Preliminary 
surveys at the study site captured Hyla cinerea, H. squirella, and 
Osteopilus septentrionalis taking shelter in the cavities of Q. 
chapmani and axils of S. repens (pers obs.). 

Three identical PVC pipe arrays were set out widely spaced (> 
100 m) at random. Each array was comprised of 1-m long sections 
of four different diameter pipes (13, 25, 38, and 51 mm) inserted 
upright 10 cm into the ground directly along side each other. This 
pipe design and placement was chosen because of the naturally 
low canopy height combined with the preferences of H. cinerea 
and H. squirella for long (60 cm) PVC pipes driven into the ground 
or hung vertically in trees (Boughton et al. 2000). Each pipe was 
set up 20 July 2001, and data were collected during 12 widely 
spaced (15-35 d) capture sessions from 21 July 2001 to 5 May 
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TABLE 1. Number of Hyla cinerea, H. squirella and Osteopilus septentrionalis captured and recaptured among different PVC pipe sizes. 

Species Pipe Diameter (mm) 

  

13 
	

25 	 38 

Capture Recapture Capture Recapture Capture Recapture 

H. cinerea 8 2 19 7 

H. squirella 17 4 42 22 11 
0. septentrionalis 5 1 12 10 

2002. During capture sessions, each pipe was checked between 
0900 and 1500 h. Treefrogs were removed from a pipe and placed 
in a 19-liter bucket with lid, measured, marked (Hero 1989), and 
then released directly back into the same pipe. Snout-urostyle length 
(SUL) was measured with a ruler fitted with a right-angle stop at 
one end, and age classes were specified as juvenile when SUL was 
< 37 mm for H. cinerea, < 23 mm for H. squirella (Wright and 
Wright 1949), and < 28 mm for 0. septentrionalis (Meskaka 2001). 

Capture and recapture data among different pipe sizes were ana-
lyzed as described in Boughton et al. (2000). Repeated measures 
Analysis of Variance (ANOVA) were used to identify differences 
between number of captures among pipes of each array and size. 
The Least Significant Difference (LSD) test was then used to iden-
tify differences between the levels of each significant variable. 
Count data was transformed (y' = +( y + 0.5 )) due to zero values 
and in order to normalize variances. ANOVA for unbalanced de-
signs was used to identify differences in the SUL of treefrogs us-
ing each pipe size and the duration of recapture of individuals. 
Spearman's correlation coefficient (r,) was used to detect relation-
ships in the coexistence of treefrogs among each array. Mean val-
ues are followed by ± 1 SE. 

Over a period of 289 days, there were 114 captures of 68 indi-
viduals of three species, with 46 recaptures (Table 1). Hyla squirella 
were captured most frequently (61%) followed by H. cinerea (24%) 
and Osteopilus septentrionalis (15%). These treefrogs are noctur-
nal feeders, foraging mainly on insect prey of the shrub and herb 
strata, remaining inactive and taking shelter during the daylight 
hours except when the humidity is high (Goin 1958; Goin and Goin 
1957; Haber 1926; Kilby 1945; Meshaka 2001). We currently have 
a limited understanding of why the treefrogs are using the PVC 
pipes, but the attraction might simply be because they provide 
suitable diurnal shelter from adverse environmental conditions. 
Similar to the cavities of trees and axils of bromeliads and palmettos 
(Lee 1969; Neill 1951), PVC pipes placed upright in the ground 
retain moisture and provide a place of shelter from the sun, wind, 
and predators. The preference for moist refugia is indicated by the 
data that PVC pipes hung vertically in trees capped on the bottom 
with water inside were used more frequently 
by H. cinerea and H. squirella than those 
of the same diameter that were either capped  

captured Elaphe obsoleta mssalleni in a bromeliad with two H. 
cinerea in its stomach. During this study, Coluber contractor pria-
pus were observed feeding on adult H. squirella and 0. 
septentrionalis, but this and other snakes would have difficulty 
climbing the PVC pipes and the small diameter prevents entry by 
other potential predators such as birds and mammals. 

Treefrog captures were made only within the 13, 25, and 38 mm 
diameter pipes (Table 1). Most of the captures of both H. cinerea 
(70%) and H. squirella (60%) were in the 25 mm diameter pipes. 
The majority of 0. septentrionalis captures (91%) were in the 38 
mm diameter pipes. The number of captures of all three species 
varied significantly with pipe size (P < 0.0006), but only 0. 
septentrionalis showed significant (P = 0.012) array-to-array dif-
ferences (Table 2). Hyla cinerea and H. squirella were captured 
significantly (P < 0.05) more in 25 mm pipes than in 13 or 38 mm 
pipes. Similarly, where PVC pipe refugia were driven into the 
ground, 98% and 2% of pooled H. cinerea and H. squirella cap-
tures were in 20 mm and 50 mm pipes, respectively (Moulton et 
al. 1996). These studies present consistent evidence that both H. 
cinerea and H. squirella discriminate between artificial refugia 
sizes, and the majority of individuals will take shelter within 20-
25 mm pipes. 

Some of the variation in captures of each species can be attrib-
uted to the significant positive relationship between pipe diameter 
and treefrog size (N = 114, r s  = 0.65, P < 10 4). The SUL of indi-
viduals varied with pipe size (Table 3). All species except 0. 
septentrionalis showed significant (P < 0.05) pipe-size to pipe-
size differences. Native treefrogs captured in the pipes were of 
juvenile and adult age, but all 0. septentrionalis were adults (Table 
3). Neill (1951) indicated that the majority of H. cinerea and H. 
squirella found in bromeliads were juveniles. In the same way, 
variation in the PVC pipe diameter was an important determinant 
of the sizes or age classes of H. cinerea and H. squirella that took 
shelter within it. The average size of treefrogs increased with in-
creasing pipe diameter, and only juveniles and small adults used 
the 13 mm pipes. Juveniles and adults of most sizes and age classes 
used the 25 mm diameter pipes. Only adult H. squirella and 0. 

TABLE 2. ANOVA table for repeated measures analyses, comparing number of Hyla cinerea, H. 
squirella, and Osteopilus septentrionalis captured among different arrays and PVC pipe sizes. 

on top or uncapped (Boughton et al. 2000). 
Stewart and Pough (1983) found that intro-
ducing bamboo refugia increased the 
density of a treefrog species on those plots, 
perhaps by increasing their protection from 
predators. For example, Neill (1951) 

Source df H. cinerea H. squirella 0. septentrionalis 

F P F P F P 

Array 2, 94 0.61 0.549 1.11 0.331 4.59 0.012 
Pipe Size 2, 94 18.6 < 0.0001 18.4 < 0.0001 8.3 0.0006 
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septentrionalis used the 38 mm pipes. 
Likewise, Boughton et al. (2000) discov-
ered that with 38 mm PVC pipes hung ver-
tically in trees, only a small proportion of 
all H. cinerea (1.6-3.2%) and H. squirella 
(0.9-2.4%) captures were juveniles. Thus, 
the use of pipes < 13 mm or > 25 mm di-
ameter will significantly change the detec-
tion probability of different sizes of H. ci-
nerea and H. squirella under artificial refu-
gia, bias count data, and population esti-
mates. 

Several researchers indicated that H. 
cinerea, H. squirella (Boughton et al. 2000; 
Goin and Goin 1953; Goin 1958; Moulton 
et al. 1996), and 0. septentrionalis 
(Meshaka 2001) might return day after day 

TABLE 3. Mean (± SE, range) snout-urostyle length and age classes of Hyla cinerea, H. squirella, 
and Osteopilus septentrionalis captured among different PVC pipe sizes. ANOVA differences at 
the P = 0.05 level are indicated by different letters. 

Species Pipe Diameter (mm) 

13 25 38 

H. cinerea 

Adult 

Juvenile 

H. squirella 

Adult 

Juvenile 

0. septentrionalis 
Adult 

Juvenile 

22 

26 

± 0.6a, 

8 

± 0.7a, 

14 

3 

19-24 

22-33 

32± 1.1b, 

2 

17 

34 ± 0.6b, 

42 

41 ± 1.8a, 

5 

29-42 

24-41 

37-48 

37 

45 

± 1.5b, 

11 

± 1.3a, 

12 

30-41 

41-55 

to the same resting site. Overall, 33%, 37%, 
and 65% of all H. cinerea, H. squirella, and 0. septentrionalis 
captures were recaptures. Marked individuals of each species were 
recaptured over 15-155 days during the study period, which 
suggest the maintenance of a partially confined activity range. Of 
all recaptures, 83% were within the same initial size pipe and the 
remainder moved from 13 or 38 mm to 25 mm diameter pipes. 
Excluding individuals captured only once, 0. septentrionalis oc-
cupied a pipe for the longest number of consecutive days (60 ± 
33, range = 15-155, N = 4) followed by H. cinerea (37 ± 7, range 
= 15-64, N = 7) and Hyla squirella (33 ± 4, range = 15-92, N = 
22) but differences were not significant (F 2 , 30= 1.69, P = 0.210). 
The failure of individuals to return to the same pipe over longer 
periods of time indicates that they might have occupied a much 
larger range and simply chose a different resting place, fell victim 
to some predator while out foraging, or some negative factor as-
sociated with being captured. 

Groups of treefrogs in PVC pipes are common (Boughton et al. 
2000; Moulton et al. 1996), but little is known about how differ-
ent species and age classes interact. Some of the variation in H. 
squirella captures might be attributed to the significant negative 
correlation with the coexistence of 0. septentrionalis (N = 36, re  = 
-0.54, P < 104). There were no significant correlations between 
the coexistence of H. cinerea and either H. squirella (N = 36, r, = 
-0.06, P = 0.732) or 0. septentrionalis (N = 36, re  = 0.06, P = 
0.722). Meshaka (2001) found negative relationships between H. 
cinerea, H. squirella, and 0. septentrionalis and suggested that 
predation was responsible for the unstable coexistence of these 
species across a wide variety of coastal habitats. The degree to 
which 0. septentrionalis might reduce populations of native 
treefrogs is unknown. 

Although little is known about use of artificial versus natural 
refugia, enough information might be gleaned from validation ex-
periments to know that the occurrence of different species and 
size classes of treefrogs under PVC cover will vary to some de-
gree with pipe diameter and the presence of 0. septentrionalis. 
However, by setting out a standardized number of 25 mm pipes, it 
is possible to inventory and monitor most sizes and ages classes 
of H. cinerea, H. squirella, and 0. septentrionalis with a consis-
tent sampling technique. The 13 nun and 38 mm pipes can be used 
to examine more specifically juvenile or adult populations, respec- 

tively. PVC pipes placed along transects between breeding and 
non-breeding habitats cover the greatest area and potentially pro-
vide more information on movement, home range size, and habi-
tat requirements than do random sites. Mark-recapture techniques 
might be used to examine populations of these treefrogs year-round, 
across different breeding and non-breeding habitats. 

Acknowledgments.-Support was provided by Rookery Bay National 
Estuarine Research Reserve, and collection and handling procedures were 
conducted under the auspices of permit number WV01455 of the Florida 
Fish and Wildlife Conservation Commission. Thanks to Jennifer Bartareau, 
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script. 
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We describe here a device that allows a large number of venom-
ous snakes to be transported and manipulated while minimizing 
risk to the snakes and investigators. We developed a need for such 
a device in the course of our investigations of the ecology of the 
cottonmouth (Agkistrodon piscivorous). Our device expands on 
the use of clear tubes for capture or restraint of venomous snakes 
(Fowler 1995; Murphy 1971). 

Our device, the "cottonmouth condo," consists of 10 lengths of 
polyethylene tubing (McMaster-Carr part number 2044T49) at-
tached to a pair of central spacers. We use tubes that are 60 cm 
long and 4.2 cm diam, a size that accommodates all but the largest 
individuals in our study population. The central spacers can be 
made of wood or closed cell foam (which allows the unit to float) 
the edges of which have been notched with semi-circular holes 
drilled into the margin (Fig. 1). The notches are spaced 5 cm apart 
on center to provide clearance between tubes. The tubes are glued 
onto the central spacers and then bound together with duct tape. 
The tubes are open at both ends allowing snakes to be inserted or 
removed from either end. The ends of the tubes are capped with 
replacement end caps designed for fluorescent light bulb safety 
shields (McMaster-Carr part number 1626K11). These end caps 
fit tightly and have an oval hole in the center to provide air for the 
animals inside and to drain water in the event that the unit is briefly 
submerged. Friction fit of the caps can be increased by wrapping 
thin strips of duct tape around the end of the tubes. For transport 
of animals that are small enough to fit through holes in the endcaps, 
vinyl shipping tube caps (McMaster-Carr part number 2044T69) 
with a small hole punched in the end are placed over the standard 
end caps. Alternately, vinyl coated fiberglass window screen can 
be glued inside the caps. The tubes are numbered to assist in keep-
ing track of captures and the device has a shoulder strap for easy 
transport in the field. 

For use in the field, caps are removed from one end of all tubes. 
Once a snake is encountered, the condo is laid horizontally on a 
nearby log, mud flat, or vegetation mat. The snake is then cap-
tured with Pilstrom-style tongs and the head maneuvered into an 
open tube. In general, we have found that snakes readily enter the 
tube as the jaws of the tongs are slowly relaxed. When more than 
half of the snake's body is within the tube, the tail can be grasped 
and examined safely for scale clips or other identifying marks. 
Once the snake is fully in a tube, an end cap is used to close the 
tube. Because the transport tubes often are of a larger diameter 
than the snakes being captured, care must be taken to prevent the 
snake from doubling back before the end cap is placed or while  

checking for scale clips. 
In the laboratory, snakes can be removed for further examina-

tion by removing the end cap nearest the head and inserting a sepa-
rate polyethylene tube of smaller diameter, usually just slightly 
larger than the maximum diameter of the snake (see Fowler 1995; 
Murphy 1971). Snakes that are reluctant to move can be prodded 
gently from the opposite end of the tube through the oval opening, 
allowing the end cap to remain in place. Once laboratory proce-
dures are completed, return of the snake to the condo can be ac-
complished in one of two ways. First, the tail (untubed) end of the 
snake can be placed in the condo tube and the snake's head can be 
prodded gently with a soft plunger until the snake crawls back-
ward into the condo tube. When the snake's head is four to five 
inches from the opening of the transport tube the restraining tube 
can be removed and an end cap of the condo reattached. Alter-
nately, the head end of the handling tube can be placed into the 
condo and the snake allowed to crawl forward into the condo tube. 

When releasing snakes, the end cap nearest the snake's head is 
removed and the condo held at the opposite end at a slight down-
ward angle allowing the snake to crawl out. The snake may be 
gently prodded from the opposite end, through the opening in the 
end cap, to initiate movement. 

Over three years, we have used this system to transport cotton- 

4.2 cm 

24.2 cm 

5 cm 

7 cm 

FIG. 1. Template for the construction of the central spacers for the tube 
unit. Dimensions are indicated with brackets. The wood or foam used 
should be at least 1.8 cm thick. 
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mouths on a regular basis (N = 321) without injury to the animals 
or investigators. Snakes have been safely retained within the tubes 
for up to 24 h with no obvious ill effects. Snakes handled in this 
method have been recaptured numerous times over the course of 
three years (maximum of 12 recaptures for an individual). By us-
ing the tube-to-tube transfer method, snakes are only gripped with 
tongs once throughout their capture, transport, and release. 

To limit potential stress from visual stimuli (the researcher or 
snakes in adjacent tubes) the tubes can be abraded with coarse 
steel wool or fine sandpaper to make them opaque on the sides 
and/or ends. However, we point out that the safety of this device 
is derived from the transparency of the polyethelyne tubes and 
thus care should be taken not to compromise this feature. As with 
any closed container, care should be taken to avoid overheating. 
We also suggest regularly checking tubes and caps for damage. 
Damaged tubes are easily replaced by removing the duct tape, 
removing and replacing the tube, and reapplying duct tape. Clean-
ing and sterilizing can be accomplished by using an appropriate 
sized bottlebrush taped to a dowel to scrub the insides. 

Our device costs ca. US $20.65 to build. A future improvement 
would be to incorporate screw caps, however we have been un-
able to locate any readily available source. Many diameters and 
lengths of tube can be purchased for use with other species or life 
stages of different lengths and girths. Tubing and caps can be or-
dered inexpensively from industrial supply houses such as 
McMaster-Carr Supply Company (http://www.mcmaster.com , 6 
January 2003). 

Although this technique might not be appropriate for every re-
search situation, we have found the use of this system has im-
proved both the safety and efficiency when working with cotton-
mouths. Finally, let it be said that no system is foolproof and there 
is no substitute for common sense. 
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Cyclura carinata bartschi (Booby Cay Rock Iguana). Illustration by 
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Biologists often need simple, reliable, safe, and inexpensive ways 
to identify individual study animals. For field and laboratory re-
search on snakes, identification techniques include scale clipping, 
external tags, paint marks, tattoos or brands, and natural markings 
(e.g., for reviews see Ferner 1979; Lang 1992; Wright and Minott 
1999). Recent studies have used passive integrated transponder 
(PIT) tags and radio transmitters to identify individual snakes in 
the field. However, these devices require equipment that can be 
prohibitively expensive for some projects; in such cases, alterna-
tive marking techniques are necessary. Permanent natural mark-
ings that are clearly visible, such as color patterns, can be valu-
able for non-invasive field identification of small to moderate 
samples (e.g., Carlstrom and Edelstam 1946; Francini et al. 1990; 
Hardy and Greene 1999). 

In laboratory and field studies on Western Diamondback Rattle-
snakes (Crotalus atrox), we have used sketches, photocopies, and 
photographs of the black and white banding pattern on the tail to 
identify individual snakes. The tail banding pattern varies sub-
stantially among individuals (Fig. 1). In 240 Crotalus atrox stud-
ied over several years on the grounds of the Arizona-Sonora Desert 
Museum, no two snakes had the same tail banding pattern. Each 
of these snakes was also marked by painting the rattle, clipping 
the ventral scales, or implanting PIT tags, which aided in verify-
ing the identification based on tail pattern. Furthermore, tail band-
ing patterns did not change with growth in 21 neonate snakes that 
were raised in the laboratory for one year. Natural markings are 
also fixed throughout the life of each individual in other species 
such as Natrix natrix (Carlstrom and Edelstam 1946). Similar tail 
patterns in different individuals might occasionally lead to false-
positive identifications, but the frequency is lower than 0.4% (1 in 
261 individuals). 

To keep track of large numbers of individuals, photographs or 
sketches of the tails can be categorized by the banding patterns. 
For example, we have used a hierarchical system of organizing 
individual patterns based on (a) the number of solid black bands, 
(b) the number of offset black bands, (c) the number of broken 
black bands on the right side, (d) the presence and completeness 
of a dorsal stripe connecting the black bands, (e) the consistency 
in width of the black bands along the tail, and (f) the number of 
spots or blotches in the white bands. Other ordered systems (e.g., 
Francini et al. 1990) might work equally well if the criteria are 
clear and systematically applied. 

Pronounced black and white tail bands occur in several rattle- 
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FIG. 1. Photographs of the tails of 10 Western Diamondback Rattlesnakes (Crotalus atmx) representing a small sample of the diversity of tail 
banding patterns. Photographs not to same scale. 

snakes, including Crotalus atrox, C. catalinensis, C. ruber, C. 
scutulatus, and C. tortugensis (Klauber 1972). Less pronounced 
banding patterns occur in some populations or individuals of C. 
adamanteus, C. cerastes, C. lepidus, C. mitchellii, and C. viridis, 

among other species (Klauber 1972; Werler and Dixon 2000). 
These banding patterns might be useful for identifying individual 
snakes in the field without capturing them, at least whenever the 
animal's posture keeps the tail visible. Even when the tail is hid-
den, minimal disturbance might induce the snake to reveal it. 

Major advantages of using natural patterns to identify individual 
snakes are that they are permanent, highly variable and visible, do 
not require invasive techniques or repeated handling of the ani-
mals, and involve little or no special equipment for application 
and monitoring. Permanent and non-invasive individual markings, 
such as body or tail color patterns, should prove to be particularly 
valuable for studying undisturbed snakes in the wild. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Vol-
ume 35, Number 1 (March 2004). 

CAUDATA 

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS 
(Eastern Hellbender). BREEDING SEASON. The breeding sea-
son of eastern populations of Cryptobranchus a. alleganiensis has 
been fairly well documented in the literature. In general, the sea-
son lasts from mid-August through mid-September (Petranka 1998. 
Salamanders of the United States and Canada. Smithsonian Insti-
tution Press. 587 pp.), although in Alabama it can continue into 
early October (Mount 1975. The Reptiles and Amphibians of Ala-
bama. Auburn Univ. Agri. Exp. Station. 347 pp.). Herein, we re-
port what we believe to be the first documented records of gravid-
ity and nesting from Georgia, perhaps the southeastern-most state 
within this salamander's range. 

In an effort to collect skin mucous for bacterial analyses, we 
hand-captured C. alleganiensis at Cooper Creek, Union County, 
Georgia on 5 Sept 2002. Among the hellbenders captured were 
two gravid females, one of these discharged ca. five eggs when 
placed in a dilute solution of MS-222 to anesthetize the animal. 
Additionally, a nest guarded by an adult hellbender was discov-
ered under a large flat rock. We immediately replaced the rock 
and did not collect either the eggs or the adult. We were not able to 
confirm the sex of this animal. 

A previous collection trip to this same section of creek on 22 
July 2002 yielded seven adult male and two adult female C. 
alleganiensis, none in reproductive condition. 

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),  CARLOS D. CAMP, RICHARD 
M. AUSTIN, JR., and R. ALEX PYRSON, Department of Biol-
ogy, Piedmont College, 165 Central Avenue, Demorest, Georgia 
30535, USA, LAINE GIOVANETTO, SEAN GRAHAM, and 
MELANIE MEADOWS, Department of Biology, Georgia State 
University, P.O. Box 4010, Atlanta, Georgia 30302-4010, USA, 
and DEAN DEMAREST, United State Fish and Wildlife Ser-
vice, 1875 Century Boulevard, Suite 240, Atlanta, Georgia 30345, 
USA. 

PLETHODON GLUTINOSUS (Northern Slimy Salamander). 
REPRODUCTION. Detailed life histories are known for only a 
few populations of the Plethodon glutinosus complex and include 
several reports of egg clutches and very few reports of new 
hatchlings (Petranka 1998. Salamanders of the United States and 
Canada. Smithsonian Smithsonian Instit. Press, Washington, D.C. 
587 pp.). 

On 24 Oct 2002, we discovered a female P glutinosus (72 mm 
SVL) attending a newly laid clutch of eggs in Pettijohn Cave in 
Dickson Gulf on the eastern side of Pigeon Mountain, Walker 
County, Georgia, USA. The clutch was located in a horizontal crev-
ice in the limestone rock of the cave wall ca. 1.3 m above the cave 
floor. It was suspended by a pedicel from the roof of the crevice 
and consisted of 17 eggs, each measuring 6.0-6.1 mm in diam-
eter. The clutch was ca. 12 m from the cave opening. The outside 
air temperature was 16.5°C; the temperature inside the cave was 
13.0°C. We monitored the clutch through the winter, revisiting it 
on 14 Dec 2002, 21 Jan, 9 Feb, and 1 March 2003. On 14 Dec 
2002 the pedicel was broken, and the eggs lay in a heap on the 
floor of the crevice. The loss of suspension did not seem to inter-
fere with development or the female's attendance. The significance 
of the 12-m distance from cave opening became apparent on cold 
days during the winter. The clutch was located at a depth closest 
to the opening where the thermal environment was relatively stable. 

On 2 March 2003, one egg had hatched. The hatchling mea-
sured 16.4 mm SVL and 19.7 mm total length. Its belly was ex-
tended with yolk, it had distinct gills, and skin pigment was poorly 
developed. Because Plethodon hatchlings resorb their gills within 
a few days of hatching (Highton 1956. Copeia 1956:75-93) and 
because the other eggs seemed healthy and unhatched, we pre-
sumed that the hatchling was < 24 h old. Therefore, the gestation 
period was 128+ days. 

This represents the latest seasonal dates of oviposition and hatch-
ing for the complex and >1 month later than those reported from 
caves in northern Alabama (Highton 1962. Copeia 1962:597-613). 
These were also the largest eggs and the longest gestation period 
reported for the P glutinosus complex (Petranka 1998, op. cit.). 

Submitted by CARLOS D. CAMP, Department of Biology, 
Piedmont College, P.O. Box 10, Demorest, Georgia 30535, USA 
(e-mail: ccamp@piedmont.edu),  and JOHN B. JENSEN, Geor-
gia Department of Natural Resources, Nongame-Endangered Wild-
life Program, 116 Rum Creek Drive, Forsyth, Georgia 31029, USA 
(e-mail: john_jensen  @dnr.state.ga.us ). 

ANURA 

BUFO PARIETALIS (Forest Toad). PREDATION. Although the 
toxic secretions of toads are repellent against many predators, there 
are numerous reports for predators of toads throughout the world 
(Haddad and Rogerio 1997. Amphibia-Reptilia 18:295-298). The 
population ecology and the natural predators of amphibians in the 
forest ecosystems of India are poorly studied. Bufo parietalis is a 
rare and little-known toad, endemic to tropical rainforests of the 
Western Ghats (Molur and Sally 1998. Zoo's Print 13[12]:29). 
Since 1999, we have observed the natural history of B. parietalis 
as part of population studies Herein, we report predation by an 
invertebrate (mosquito) and a vertebrate (bird) on males engaged 
in reproductive activity in Karnataka, South India. 
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