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Offspring size is a key life history trait that is often reported in 
inter- and intraspecific comparisons in reptile studies. Tests of the 
evolutionary or ecological significance of offspring size rely on 
accurate measurements, particularly when differences might be 
small and yet biologically significant. This is particularly impor-
tant for small squamates as a variety of "allometric engineering" 
techniques for altering offspring phenotype (sensu Sinervo et al. 
1992) have become established for testing a variety of evolution-
ary hypotheses (e.g., Olsson et al. 2002; Sinervo and DeNardo 
1996; Wapstra 2000; Warner and Andrews 2002). These techniques 
have been particularly useful for providing explicit tests gener-
ated from life history theory, such as optimum trade-offs between 
offspring size and number. However, observed differences in off-
spring size may be quite small. Mass and length are the two pri-
mary measures of offspring size usually reported. From these two 
measures an index of condition is often reported (residual of the 
regression of length against size). Although mass is easily and 
precisely measured using sensitive bench-top balances (± 0.0001 
grams), it may fluctuate widely in response to, for example, hy-
dration levels, recent feeding activity, and stress-induced urina-
tion and/or defecation; these variables may affect, for example, 
growth rate analyses (Dunham et al. 1978). In contrast, measures 
of length are not prone to rapid fluctuations, but are difficult to 
measure accurately and precisely. Measures of length are usually 
reported as snout—vent length (SVL) and total length. Measures 
of tail length are sometimes reported and are likely to become 
more common as it is recognized that even small variations in tail 
length may have important fitness consequences (e.g., Shine et al. 
1997; Shine and Downes 1999). 

"WATER SURFACE TENSION" METHOD OF LENGTH MEASUREMENT 

In the majority of studies where offspring size is reported, mea-
surement of length is relatively crude (e.g., rulers ± 1 mm). In 
some cases, more precise methods of measurement are used (e.g., 
digital calipers ± 0.01 mm) but it is rarely reported how the ani-
mals were restrained to provide reliable and/or repeatable mea-
surements. As part of an ongoing life-history study that includes a 
variety of experimental manipulations of offspring size (e.g., 
Wapstra 2000; Wapstra and Swain 2001) I have developed a tech-
nique that allows accurate and repeatable measurements of off-
spring size that is particularly suitable for small species and their 
offspring. The technique has been predominantly used on new- 

born Snow Skinks (Niveoscincus ocellatus). Snow Skinks are small 
(adults 3-8 g and up to 70 mm SVL), ground-dwelling skinks 
common in Tasmania, Australia. They are viviparous, producing a 
litter of 1-5 newborns that each weigh 370-650 mg with a SVL of 
27-32 mm. The method is extremely rapid and simple to use and 
greatly reduces the incidence of tail loss that can occur in many 
species when they are handled for measurement. 

An individual lizard is dipped in cool water and then placed in a 
small sealable sample bag. The surface tension of the water on the 
"wet" lizard causes the individual to gently adhere (dorsally and 
ventrally) to the bag. This gentle restraint usually has the effect of 
calming the lizard and minimizing movement. The bag is then 
placed on a flat surface with the lizard ventral side up, thus expos-
ing the vent. Using a blunt probe it is possible to gently manoeu-
vre the lizard's body into an outstretched position for measure-
ment with a pair of digital calipers (Fig 1). With some experience, 
repeatable measurements are obtained because it is relatively 
simple to estimate when the individual is uniformly straight (scales 
are uniformly spaced with no lateral contraction). Lizards are of-
ten stationary for approximately one minute, enough time for in-
dependent measures of SVL, total length, and tail length. Further-
more, reliable measures of head size (length and width) can be 
easily obtained using a low power compound or dissecting micro-
scope fitted with an eyepiece graticule. To demonstrate the re-
peatability of this technique I re-measured 59 newborn 
Niveoscincus ocellatus offspring blind one day after their initial 
measurement (Fig. 2). There is a strong correlation between the 
two measurements (r2  = 0.9656) and data for SVL are continuous 
(between 28.05 mm and 31.48 mm), rather than the categorical 
data (28, 29, 30, 31) resultant from cruder methods of length mea-
surement. In some situations, it may be necessary to use means of 
more than one independent measurement. No side effects on new-
borns (even those only minutes old) have been observed with this 
method. 

While this method has been predominantly used on small new-
born Snow Skinks, it has also been successfully used for individu-
als up to 6 months old, providing accurate size estimates for growth 
analyses. Beyond 6 months, the lizards are approaching 1 g and 
40 mm SVL, and are easily able to break the surface tension. The 

FIG. 1. Measurement of newborn Snow Skinks (Niveoscincus) using 
"water surface tension" technique. With care and the use of a blunt probe 
the lizard is straightened for accurate measurement of both snout—vent 
length and tail length. 
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Flo. 2. Repeatability of measurements of snout-vent length (SVL) for 
newborn Niveoscincus ocellatus (SVL 1 was measured on day of birth, 
SVL 2 was a blind remeasure one day later; N = 59). 

method has also been successful on small agamids, gekkonids, 
and lacertids, and is likely to be successful on a wide variety of 
taxa, particularly those with relatively smooth scales. 
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Basic information on animal populations, such as density, age 
or size distribution, and reproductive output, is important in order 
to understand their ecology and behavior. Reliable population in-
formation is essential for conservation efforts. Recent discussions 
of amphibian population declines (e.g., Blaustein 1994; Pechmann 
and Wilbur 1994) have underlined the importance of having good 
baseline information on as many species as possible. However, it 
is difficult to obtain funding for routine monitoring activities, and 
even when funding can be found, it is still necessary to balance 
the desire to collect more complete information with the constraints 
of time and resources. It is also important to document monitoring 
protocols thoroughly in order to allow for valid comparison be-
tween data sets (Oakley et al. 2003). 

A variety of standardized techniques are available for use with 
amphibians (Heyer et al. 1994). In addition, the researcher must 
choose a combination of methods tailored to the focal species and 
the goals of the study. Many studies include population size or 
density as a key parameter of interest. Two recent studies have 
reported that capture-recapture analysis is the preferred method 
for estimating density of frogs in the genus Eleutherodaaylus 
(Fogarty and Vilella 2001; Funk et al. 2003). 

I have been attempting to quantify population parameters for a 
long-term study of the Puerto Rican frog, Eleutherodactylus coqui 
(hereafter the coqui), since 1981 (Woolbright 1991; 1996). The 
purposes of the study were to determine how populations vary 
through time as well as to compare different localities. Long-term 
population studies can provide valuable ecological information 
that cannot be obtained in any other way. However, the reliability 
of the data can be compromised when multiple data collectors use 
slightly different methodologies. Because there is no way to con-
trol for differences in observer perceptions, it is essential to con-
trol all other aspects of the methodology. In addition, survey meth-
ods should eliminate or control for all sampling biases that can be 
anticipated. 

This report details the methods currently in use in my Puerto 
Rican study. They were developed by trial and error between 1981 
and 1987, and have been fairly stable with only minor modifica-
tions since then. They include a suite of measurements that can be 
conveniently taken at the same time in a standardized plot-based 
survey. In my opinion they represent a good compromise between 
the need for detailed quantitative data and the need to sample 
multiple sites with limited time and resources. These methods work 
well for the coqui in the mid-elevation Tabonuco forests of the 
Luquillo Experimental Forest in northeastern Puerto Rico. We have 
more recently applied them to assessing the invasion of this spe-
cies into Hawaii (Woolbright et al., in prep.). Because the coqui 
shares ecological characteristics with numerous other species of 
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Eleutherodactylus throughout the tropical Americas, the methods 
may also be useful to people wishing to study these species. 

It is important to note that the coquf is a terrestrial breeder whose 
behavior does not include regular migration to breeding habitats. 
Migratory behavior complicates activity patterns and could intro-
duce a variety of unanticipated biases into survey results. There-
fore these methods may not be appropriate for species that mi-
grate to breeding sites away from the normal home range. 

Plot Design and Overview—Study plots are 20 x 20 meters, 
divided into four 5-m strips to guide sampling. The plot size and 
shape were chosen to limit the number of frogs whose home ranges 
overlapped plot boundaries while still allowing the same observ-
ers to survey two plots per night. Two replicate plots are located at 
each site of interest. 

Four nocturnal, time-constrained searches are conducted in each 
plot. I determined that number by keeping track of what propor-
tion of adults captured each night had already been marked. Typi-
cally, after two nights of normal frog activity in a plot, more than 
half of the adults observed on the third night have been previously 
marked. However, adult activity can be lower than normal be-
cause of weather patterns, even on nights that are appropriate for 
surveys (see below). I added the fourth survey in an attempt to 
ensure that surveys included at least three nights of normal frog 
activity. In 1987 we conducted 14 surveys of one pair of plots to 
estimate the benefit of additional sampling effort. Because night 3 
featured low frog activity, we reached 50% adult recaptures on 
night 4. After that the percentage increased slowly to a maximum 
of 76% adult recaptures on night 14. I concluded that additional 
nights of fieldwork beyond four provided diminishing returns. I 
also believe that it is impossible to reach 100% recaptures be-
cause of "floaters" that do not have territories but rather move 
through the habitat. 

All adult frogs sighted during visual searches are captured and 
marked by clipping toes. For the long-term population study, we 
have used unique toe-clips because we are interested in data on 
the individual frog, such as growth rates and life span. However 
for relative density estimates, the use of cohort marking shortens 
the time spent marking and checking marks. Juvenile frogs are 
counted but not captured or marked. They can be quite numerous 
(361 in one plot on one night in 1992), so marking would take a 
significant amount of time. Their toes are too small for clipping, 
and I have not discovered a suitable alternative. In order to deter-
mine their size distribution, juvenile frogs are measured on one 
night of each survey period by holding a plastic ruler over them 
and assigning each juvenile to a 5-mm size class (6-10, 11-15, 
16-20, 21-25 mm). 

I have used capture-recapture data from adult frogs in these plots 
in statistical estimates of population density (as reported in Stewart 
and Woolbright 1996). However, as long as the probability of cap-
ture remains similar for the populations being compared, I believe 
that the total number of adults per four nights can be used directly 
as an index of relative population density (as reported in Woolbright 
1991, 1996). This method suffers from a negative bias as a popu-
lation estimator, and so it should be used only to compare similar 
plots. In addition, the magnitude of the bias is expected to increase 
with habitat structure and to vary with temperature and moisture 
conditions. 

The maximum number of juveniles counted on a single night is 

used as an estimate of juvenile density. Although adults can be 
concealed by vines, epiphytes and other structure, juveniles tend 
to either be in the leaf litter or exposed on the herb layer close to 
the forest floor. At least in the interior forest in which the Puerto 
Rico plots are located, this layer is easily viewed. The biggest 
source of variation in juvenile counts from night to night is what 
proportion of juveniles has climbed up out of the leaf litter. Thus I 
believe the maximum nightly count is the best estimate we have 
of the total number of juveniles present. This estimate also clearly 
suffers from a negative bias. During periods of habitat disturbance 
and recovery, such as Hurricane Hugo and individual treefall 
events, I have been less confident in our juvenile counts because 
of a reduced ability to see juvenile perches clearly. This would 
also be a problem in more open or weedy habitats. 

Adults are defined as 25 mm or more in snout-to-urostyle length 
(SVL). This cutoff was determined by observations of the body 
size at which male vocal slits open. It is intended to reflect the 
minimum size at which this species might be considered of repro-
ductive age. It is considerably smaller than the actual size of re-
productive adults at middle elevations of the Luquillo Forest, where 
calling males average 36 mm SVL and gravid females average 45 
mm SVL (Woolbright 1989). Field workers carry a plastic ruler to 
use in determining whether or not borderline cases should be con-
sidered adults. Body size is recorded at the first capture of the 
survey period by placing the frog in a plastic bag, flattening it 
against a surface, and measuring the distance between the anterior 
tip of the snout and the posterior tip of the urostyle to the nearest 
0.5 mm with dial calipers. Gender, reproductive condition, and 
pattern morph are also recorded for each adult at each capture (see 
below). 

We also keep records of any predators seen during plot checks. 
We keep track of the common invertebrates that are known to eat 
frogs: crab spiders (genera Stassina and Olios), wolf spiders 
(Ctenidae), amblypigids (Phrynus longipes), tarantulas (Avicularia 
laeta), and scorpions (Tityus obtusus). The total number of preda-
tors counted per night is summed over the four-night period and 
used as a relative measure of predator density. We also note any 
sightings of rats, land crabs, cats, snakes, or other species of frogs 
in the plots, although these are usually too infrequent for statisti-
cal treatment. 

Sound pressure level is recorded at the beginning of each night 
at the first plot surveyed. We have historically used a type 2 SPL 
meter (Realistic Company, Model 42-3019, Fort Worth, Texas) 
set on "C weighting" and "slow." After arriving at the plot, all 
headlamps are extinguished for 2 min to allow any frogs that were 
disturbed to start calling again. Four readings are then taken by 
pointing the SPL meter upslope, downslope, across grade to the 
right, and across grade to the left. Each position is held for 30 
seconds and a minimum reading is obtained by noting the lowest 
point the needle hits during the 30-sec period. Frequently the four 
minimum readings are all the same; otherwise an average of the 
readings is used. Recent investigations have suggested that this 
technique may need to be revised (Benevides et al., in prep.). 

Other data routinely collected at the beginning of each night are 
the time of night, wet and dry bulb readings on a sling psychrom-
eter, a subjective statement about the amount and timing of rain in 
the last 24 h, and a characterization of the current condition of the 
leaf litter and foliage as wet, spotted, damp, or dry. 
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Time of night.—Based on the frogs' daily cycle of activity 
(Woolbright 1985), plot surveys are conducted at night, but gener-
ally before midnight. Coquies emerge from their diurnal retreats 
at dark and move to their nocturnal perch sites from which they 
will either call or forage. Surveys do not begin until full dark when 
frogs have had time to get to their perches. In Puerto Rico this 
means starting no earlier than 1900 h in the winter and 2000 h in 
the summer. Depending on weather, frogs will begin to disappear 
from their perch sites as early as midnight. Therefore plot surveys 
end no later than 2400 h in the winter and 0100 h in the summer. 
Our standard routine is to start at the beginning of this time win-
dow and check no more than two plots per night. These times 
would need to be adjusted for use with a species that had a differ-
ent activity pattern. 

Weather—Some frogs do not come out on extremely dry nights. 
The best nights for surveys are those when the leaf litter is wet 
and there has been at least some rain in the last day or so. Plot 
checks should not be done on nights that follow periods in excess 
of five days without rain. When heavy rain is falling, the frogs 
will move under cover and be hard to find. Therefore surveys 
should not be done on nights of continuous storms. For the occa-
sional rainfall that lasts only a portion of the evening, we stop the 
search clock and turn off headlamps until the rain stops. 

Traffic.—Plot checks are done by two people, walking together 
along the 5-m wide strips that comprise each plot. A third person 
can follow behind as an observer and/or data recorder, but that 
person should not search for frogs. More than three people at a 
time are not allowed in a plot because of excessive light levels 
that scare the frogs, as well as potential habitat damage. 

Search pattern.—Each 20 x 20 m plot is divided into four 5-m 
wide strips to facilitate sampling. Strips generally run parallel to 
the contour of the plot to prevent walking up and down slope, 
which can lead to habitat damage. On the first night, searching 
should start at the top of the plot, go across the top strip, then turn 
around and come back the second strip, turn around and go across 
the third strip, turn around and come back the bottom strip. Within 
a strip, one person is responsible for searching from the string on 
one side to the middle of the strip, and the other is responsible for 
the middle to the string on the other side. The two searchers should 
consult frequently about where the middle is, and they should stay 
next to each other so that one does not get ahead and scare the 
frogs on the other side of the strip. On alternate nights, searching 
should start at the bottom of the plot and work to the top. On alter-
nate nights, the two observers should switch which side of the 
strip they work. Note that the observer works both sides of the 
string dividing two strips of the plot—that is the person working 
the string by the next strip turns around and comes down the other 
side of that same string when searching the next strip. Thus, where 
observers start determines their location for the rest of that plot. 
Assuming the same two plots are done together on subsequent 
nights, we alternate which plot gets checked first and which sec-
ond. 

Searching constraints.—We count both adult and juvenile 
coquies, but their perches tend to differ, so it is important to search 
both types of locations. Adults tend to be found on stems, tree 
trunks, foliage surfaces, rocks, and dead sticks from ground level 
up to the canopy. Juveniles are usually closer to the ground, on the 
small herbaceous vegetation layer from the ground up to about 50  

cm. Lights should be no brighter than is necessary to see the frogs, 
and care is taken to avoid shining lights into areas of a plot that 
have not yet been searched. These are visual searches only. Search-
ers are instructed not to track down a calling male by the sound of 
his calls and not to search for frogs by opening curled leaves or 
other closed areas unless a frog can be seen from the outside. Vio-
lation of these restrictions can bias sex ratio patterns. 

Searching time.—Searches are time-constrained. It is necessary 
to spend the same amount of time searching during each plot check 
to avoid biases introduced by people who search more or less than 
others. The search time for all plot checks is 1 h, specifically di-
vided into 15 min per strip. Time is tracked using a stopwatch, and 
the timekeeper instructs the team to speed up or slow down in 
order to reach the end of the strip at the end of 15 min. If 15 min 
ends before the search is completed, the rest of the strip is skipped. 
If the end of the strip is reached before the time is up, searching 
continues for the full 15 min. 

Search time does not include time spent handling frogs. For ju-
veniles, this is not an issue because they are only being counted 
anyway. For adults, time spent handling and processing can be 
much greater than search time. For that reason, the stopwatch is 
paused upon capturing an adult and restarted when the adult is 
released. No searching is allowed during that time; all searching 
is constrained to one hour and tracked on the stopwatch. 

Marking adults by toe-clipping.—Each adult captured in the plots 
is marked by clipping a unique combination of toes. We clip toes 
on all four limbs, but remove no more than one toe per limb. It is 
important to remove each toe completely. Toe pads regenerate, as 
does about one digit's worth of length. Thus if only part of the toe 
is removed, it will not be a distinguishable mark after it heals. 
Toes that have been clipped are still there and do have pads; they 
are just shorter than normal. In order to see old marks, a good 
image of the relative toe lengths on an unmarked frog is required. 
All field workers should spend time looking at unmarked frogs 
before their first survey. I do not usually include the rear "thumbs" 
in the toe-clipping system because they tend to lie along the leg 
where they are difficult to see. However during the period of time 
after Hurricane Hugo, when population densities were high and 
field seasons were more frequent, we ran out of numbers and used 
the thumbs to increase the number of unique marks available. 

We have seen very little movement of marked frogs between 
plots. However, as a precaution, we use the same series of toeclips 
for any plots that are within about 50 m of each other. 

Pattern morphs.—The coqui has a variety of different patterns 
(several examples can be seen in Rivero and Segui-Crespo 1992). 
As part of the plot data we also note the dorsal pattern of each frog 
marked. I use a subset of the 20-odd patterns identified by M. 
Stewart (pers. comm.) in the 1970's, but I omit those of her mor-
phs that can be easily confused in the field and just use the most 
distinctive ones. This results in a set of morph numbers that makes 
no intuitive sense: 

morph 5 - an irregular set of round, light or red polka dots on 
the back, 
morph 6 - an interocular bar, 
morph 9 - wild type: solid or mottled with no strong clear stripes 
or dots, 
morph 11- a clear light hairline stripe mid-dorsally running down 
the spine, 
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morph 11W - as above, but a wide stripe that is very noticeable, 
and 
morph 16 - 2 dorsolateral stripes, either light or red in color. 
(Note that morphs can be combined, as in 11 + 16,6 + 11, etc.) 

Determining gender.—It is not always possible to tell what sex 
a frog is, but there are certain clues. First, males call and have 
vocal sacs under their chins Any male that has recently called 
will have a baggy vocal sac that is easily detected by rubbing his 
chin gently. Most mature males have vocal sacs that can be de-
tected in the same way, although they will not be as baggy or ob-
vious if the male has not been calling. 

Mature females grow much larger than mature males. Although 
the size of all coquies varies with locality, and notably with eleva-
tion, mature females are larger than mature males in all popula-
tions I have studied. In the vicinity of El Verde Field Station in 
Puerto Rico, males can get up to about 40 mm SVL and females 
can grow into the mid 50's (Woolbright 1989). A frog larger than 
35 mm should have a vocal sac unless it is a female. 

Eggs are visible through the female's body wall if present, start-
ing with females of about 38 mm. Look on the posterior lateral 
surface of the abdomen adjacent to the leg for a white patch. Large 
eggs can be distinguished individually, while smaller ones appear 
as a mass. It is important to look for eggs immediately upon pick-
ing up the frog, as they will swallow air which quickly obscures 
the egg mass. Eggs are laid when the yolks are about 3-4 mm in 
diameter. If eggs are larger than this, or if they visibly contour the 
abdomen, it is probably a male's stomach. Egg eating is fairly 
common among males. 

If none of these clues to sex is useful in a particular frog (usu-
ally the 25-33 mm group), then assigning gender involves guess-
ing. Body proportions are a little different between the sexes, with 
females having slightly wider heads proportional to body size, and 
slightly longer and leaner bodies at the sizes at which males are 
starting to call. Experience looking at mature frogs can improve 
accuracy in distinguishing these differences. 

Reproductive condition.—For every adult captured, we assign 
a reproductive condition, according to the following system. Re-
productive condition is recorded as a superscript to the gender 
symbol (e.g., d3 or y2). 

Condition 3 means that a frog is in the pool of actively repro-
ductive animals on that night. This category includes males that 
are calling and females that have eggs in the 3-4 mm range. It is 
important to examine a male's posture before capture. If he is in 
the "push-up" position (Pough et al.'s 1983 "high alert") then he 
was calling, even though he might have stopped temporarily be-
cause of disturbance. We record males in this posture with baggy 
throats as callers to avoid underestimating how many frogs are 
calling that night. For females, the distinction between eggs big 
enough to lay tonight and eggs not quite big enough is subjective. 
However, there are not many females with 3-4 mm eggs. 

Condition 2 means gender is confirmed, but the adult is not in 
the active breeding pool on that night. For a male this means he 
has a vocal sac, but was not calling. For females this means that 
eggs are visible, but less than 3 mm in diameter. Condition 1 means 
gender was not determined conclusively. Either it's too big to be a 
male, or the body proportions look like one sex or the other, or it's 
just a guess. I make many mistakes with the 25 mm frogs. 

The standardized system of population monitoring detailed here  

provides a variety of quantified information about key character-
istics of the local population. It is suitable to use for a baseline 
population study that can detect potentially important changes in 
population parameters. At the same time, it is rapid enough to ac-
complish on a limited budget and/or as a side project during other 
fieldwork. 
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A variety of methods are used to survey amphibians, and the 
appropriate technique should be selected based on the goals of the 
study, the biology of the species being studied, and the resources 
available (Heyer et al. 1994). Studies of terrestrial salamanders 
have principally employed area- or time-constrained searches, pit-
fall traps with or without drift fences, quadrat sampling, and vi-
sual surveys (Corn and Bury 1990; Heyer et al. 1994). We inves-
tigated the effectiveness of three capture methods for the terrestrial 
Sacramento Mountains Salamander (Aneides hardii), a state-listed 
threatened species endemic to three mountain ranges in south-
central New Mexico. It is critical to develop effective inventory 
and monitoring methods for rare species, and this study was 
specifically designed to select the most appropriate method to 
monitor A. hardii. Like many plethodontid salamanders, this spe-
cies is particularly challenging to survey across a large number of 
plots because of its limited period of activity. Aneides hardii is 
only active above ground during mid-June through mid-Septem-
ber and is most active during the monsoonal rains of mid-July 
through mid-September (Degenhardt et al. 1996). 

Previous studies of A. hardii have primarily used area-con-
strained searches (Borg 2001; Ramotnik and Scott 1989; Staub 
1986) and time-constrained searches (Ramotnik 2001; Scott and 
Ramotnik 1992). However, repeatedly overturning cover objects 
in searches conducted seasonally can degrade salamander micro-
habitats (Smith and Petranka 2000). Therefore, we designed our 
study to compare area-constrained searches with two arrangements 
of pitfall traps that result in less repeated disturbance. Pitfall traps 
are commonly used for long-term monitoring or research plots 
(Corn 1994). Previous studies have demonstrated that pitfall traps 
are more effective at capturing certain species (Corn and Bury 
1990, 1991; Enge 2001). For example, Corn and Bury (1990, 1991) 
had little success capturing Aneides ferreus in pitfall traps in the 
Pacific Northwest, attributing this to its close association with 
downed wood. In contrast, they commonly caught Ensatina 
eschscholtzii, which is generally more active on the forest floor 
(Corn 1994). Although A. hardii also is closely associated with 
downed wood and other cover objects, we believed that pitfall 
trapping might be an effective survey method. Aneides hardii has 
been unintentionally captured in invertebrate pitfall traps 
(Ramotnik 2001) and has been found active on the forest floor at 
night (D. Jones, pers. comm.). 

We first evaluated, in the laboratory, the effectiveness of two 
types of pitfall trap lids for capturing salamanders and preventing  

escape. Both lid types were placed on a 2.37-L plastic bucket. 
One was a small plastic funnel with the narrow end removed and 
foam insulating tape placed around the circumference of the wide 
end to seal the small gap between the funnel and the plastic bucket. 
The other was a modified plastic lid into which we taped a flex-
ible plastic sheet with eight evenly spaced cut flaps. We buried 
two traps in large tubs (N = 2) of soil from the Sacramento 
Mountains so that the openings were flush with the soil surface. 
We placed two individual A. hardii into each tub, and videotaped 
these trials over 4 h at night under low lighting. We tested six 
funnel-lid traps and eight plastic-flap lid traps. 

We found that salamanders never escaped after entering a trap, 
regardless of lid type. However, lid type appeared to affect sala-
mander entry into a trap. We observed salamanders deliberately 
walking partially down the entry into the funnel-lid traps, turning 
around, and coming back out. The plastic-flap lids tended to be 
more effective, as salamanders often walked onto a flap and fell in 
(6 of 8 [75%] tests in comparison to funnel-lid traps, 3 of 6 [50%] 
tests). We used the plastic-flap lid exclusively on our pitfall traps 
in the field. 

During June 2003 in the Sacramento Mountains, New Mexico, 
we established four 7600-m 2  plots that were chosen for their 
similarity in vegetation, elevation, and disturbance history. Each 
plot contained three subplots with differing capture methods (Fig. 
1). The subplots were separated by 50-m long buffer strips and 
consisted of an area-constrained search, a pitfall trap array with 
drift fences, and a grid arrangement of pitfall traps without drift 
fences. The area-constrained search subplots were 30 x 40 m (1200 
m2). The pitfall trap array with drift fences covered ca. 1232 m 2 

 and contained two triads with six pitfall traps each for a total of 12 
traps. Each triad consisted of three 10-m drift fences constructed 
of 50-cm tall aluminum flashing buried ca. 20 cm in the soil, with 
a pitfall trap at each end of the fence. The fences radiated outward 
beginning 4 m from the center and were angled 120° from each 
other (Bury and Corn 1987). The grid design covered 1200 m 22 and
consisted of 20 pitfall traps spaced 10 m apart in a 4 x 5 grid 
(Aubry 2000; Corn and Bury 1990, 1991; Grialou et al. 2000). 

Although the two arrangements with pitfall traps differed in num-
ber of traps, they were comparable because each subplot contained 
approximately the same amount of sampling area. In both pitfall 
trap arrangements, traps were buried flush with the ground and 
covered with a 25 x 25 cm piece of plywood elevated with metal 
stakes ca. 5 cm above the edge of the trap (Block et al. 1998; Corn 
and Bury 1990). Moist sponges were placed in the bottom of the 
traps to prevent salamander desiccation (Parris et al. 1999; 
Rothermel and Semlitsch 2002). 

Trapping occurred between 21 July and 19 September 2003, the 
period of the highest rainfall in the Sacramento Mountains. We 
operated traps for 61 days on two plots and for 47 days on the 
other two plots. We originally planned to operate traps on two 
plots during the first half of the rainy season and on the other two 
plots during the second half. However, because of unusually dry 
conditions during the first half of the season, we extended the 
trapping period for the first set of traps such that all traps were 
operated simultaneously for the second half of the rainy season, 
which was also drier than usual. Because we captured so few 
salamanders in the study, we did not disregard the captures from 
early in the season in order to equalize the trapping periods. We 
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checked pitfall traps every other day. 
We searched two of the area-constrained search subplots 

three times, and the other two were searched twice with an 
interval of 14 days between searches. This unequal number 
of searches on subplots was also a result of dry conditions 
early in the study. Area-constrained searches entailed turning 
cover objects > 5 cm long that could be safely lifted by one 
person. All captured salamanders were uniquely marked with 
subcutaneous injections of fluorescent elastomer to examine 
recapture rates (Davis and Ovaska 2001). We determined the 
sex and measured the snout–vent length, total body length, 
and mass of each captured individual. 

Only 77 salamanders were captured in the field experiment, 
preventing a statistical comparison of the three capture 
methods. We never recaptured a marked salamander. We 
captured 62 salamanders (80%) in the four area-constrained 
search subplots (mean, SD: 6.20 ± 5.47 salamanders captured 
per day), 13 salamanders (17%) in the four subplots 
containing pitfall trap arrays with drift fences (mean, SD: 
0.06 ± 0.58 salamanders captured per day), and two salamanders 
(3%) in the four pitfall-grid arrangement subplots (mean, SD: 0.01 
±0.10 salamanders captured per day). Salamanders were only cap-
tured in pitfall traps of either arrangement after a rainfall event. 

Area-constrained searches required less sampling effort and 
yielded the highest mean number of salamanders captured per day. 
The amount of time required to sample and install subplot types 
was not equal. Both pitfall trap arrangements took less time to 
sample than area-constrained search subplots; however, pitfalls 
were surveyed more frequently, resulting in more time spent on 
the pitfall trap arrangements. Because of the need for repeated 
sampling, travel time to reach pitfall grids could greatly affect 
sampling effort. Area-constrained searches took ca. 3 person-hours 
to conduct (surveyed 2 or 3 times), and it took about 1 person-
hour to check pitfall traps of either arrangement (checked 47 or 61 
times). In addition, the amount of time to install pitfall trap 
arrangements was greater than area-constrained searches. Each 
array of pitfall traps and drift fences required ca. 72 person-hours 
to install. Fallen logs and obstacles in the soil, such as tree roots 
and large rocks, on our study plots made burying drift fences 
difficult. The grid arrangement of pitfall traps was less time 
consuming to install; each took ca. 20 person-hours. Corn and 
Bury (1990) also reported that installation of trap arrays with drift 
fences was time intensive, with arrays taking about twice the 
amount of time to install as a grid arrangement of pitfall traps 
without drift fences. The installation of area-constrained search 
subplots entailed marking the boundaries of each plot with pin 
flags, which took ca. 1 person-hour. 

The study area received less rainfall during summer 2003 than 
the average summer precipitation of the previous 15 years. We 
obtained historical precipitation data from Cloudcroft, New 
Mexico, ca. 15 km from the study area (National Climatic Data 
Center 2004). The total precipitation for July–September 2003 was 
22.12 cm, while the average total rainfall in July–September from 
1988 through 2002 was 36.85 ± 8.71 cm (SD). 

Ramotnik and Scott (1989) reported a mean surface density of 
6 salamanders/100 m 2  from area-constrained searches conducted 
in 1986 and 1987 in the Sacramento Mountains. In this study, we 
found 1.3 salamanders/100 m 2  in area-constrained searches. 

A 
	

C 
	

D 
	

E 

Ramotnik and Scott (1989) surveyed in August and September 
1986, during which the average monthly precipitation was 13.77 
± 11.21cm (SD). They surveyed June–August 1987, but only the 
June precipitation data were available (12.37 cm). For comparison, 
the average monthly rainfall during our study period was 7.37 ± 
4.35 cm (SD). Our lower capture rates during area-constrained 
searches may have been the result of relatively drier conditions. 

Although it is difficult to make inferences about the most suc-
cessful method based on these data, our results suggest that pitfall 
trapping is not a consistently effective sampling method for this 
species, especially in a dry year. When conditions are dry, 
plethodontid salamanders forage and seek refuge under cover ob-
jects (Feder 1983; Jaeger 1980). Feder (1983) suggested that 
plethodontid movement is limited by dry conditions because their 
skin is not resistant to water loss. Therefore, during drought con-
ditions, A. hardii is most likely to be closely associated with cover 
objects where humidity is higher. In years of low precipitation, 
area-constrained searches appear to be the most reliable method 
for capturing salamanders. Area-constrained searches should be 
conducted as infrequently as possible, however, because 
overturning cover objects repeatedly may dessicate microhabitats. 
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FIG. 1. Layout of the subplots within each 7600-m 2  plot. A is the area-con-
strained search subplot, B and D are the 50-m long buffer strips, C is the grid 
arrangement of pitfall traps subplot, and E is the pitfall trap array with drift 
fences subplot. Drawing is not to scale. 
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Live-trapping with baited funnel or unbaited traps is commonly 
used to study turtle populations and assemblages. The most com-
mon baited funnel trap is the collapsible 'hoop trap' (Lagler 1943a; 
Legler 1960; Plummer 1979) which consists of three or four metal 
rings covered by fish net and one or two funnel-shaped entrances, 
or some variation of this design (Iverson 1979; Kuchling 2003). 
Turtles are attracted by bait (usually fish) held in a perforated con-
tainer suspended inside and enter a funnel-shaped entrance which 
hinders escape. The most common unbaited trap is the floating 
basking trap which capitalizes on the proclivity for basking in some 
species. Basking traps generally have ramps, boards, or treadles 
leading over a floating frame which surrounds a mesh bag or wire 
basket (Cagle 1950; Lagler 1943a; Plummer 1979). Turtles climb 
onto the boards to bask but fall into the center once disturbed and 
cannot escape. An important concern in any trapping program, 
including turtle trapping, is trap bias (Frazer et al. 1990; Ream 
and Ream 1966). Ideally, a trap design will not disproportionately 
sample any sex or age group in a population, or any individual 
species in an assemblage study. 

Considering the relatively large size and wide distribution of 
the Northern Map Turtle (Graptemys geographica) (Ernst et al. 
1994), few studies exist in the literature compared to other spe-
cies. In general, map turtles are well known for their basking ag-
gregations and wary behavior which prevents close approach and 
hand captures (Daigle et al. 1994; Ernst et al. 1994). Basking ag-
gregations often occur on exposed dead trees or rocks, or on banks, 
in large bodies of water. Many North American freshwater turtles 
are omnivorous and respond to baits in traps. However, map turtles 
are more specialized in their diets and prefer mollusks, crayfish, 
and insects (Ernst et al. 1994; Lagler 1943b). Although map turtles 
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do enter hoop traps, they are thought to be mostly unresponsive to 
baits (Lagler 1943a; Plummer 1979; but see Fuselier and Edds 
1994). 

We designed a variation of the basic basking trap to capture 
Northern Map Turtles. Our objective was to compare the effec-
tiveness of floating basking traps with standard hoop traps for cap-
turing map turtles or other basking species. 

We manufactured floating basking traps using 4" white PVC 
pipe and 90° elbows which were glued to provide a waterproof 
floating frame (ca. 2 x 4 ft). We constructed a smaller rectangular 
frame of 1/2-inch black flexible plastic water pipe or copper water 
pipe with 90° elbows. Before glueing or soldering the last joint of 
the small frame together, we wove 1-inch mesh polyethylene fish 
netting along the piping to form a bag. We attached the smaller 
frame to the underside of the PVC frame with plastic cable ties to 
provide a netted interior from which turtles cannot easily escape. 
To the top of the PVC frame we attached a basking platform (13 
mm x 15 cm wide boards) that had hinged (door hinges) ramps 
leading to the water at each end. Upon our approach, turtles would 
run off the platform and be caught inside the floating frame. Traps 
were secured against drifting by either tying them to a fixed ob-
ject or using a concrete block as an anchor. 

The hoop traps were commercially manufactured (M. Purchase, 
Lawrence, Michigan; Superior Net and Twine, Thunder Bay, 
Ontario). Each trap had three 44-cm diameter circular (flattened 
bottom) steel rings, which were 42 cm apart and covered by 2.54 
cm mesh fish netting. We suspended a perforated can containing 
fresh fish bait from the middle ring. Hoop traps were set near ob-
served basking sites by stretching them out and fastening them to 
2 x 2-inch wooden stakes so that they were mostly submerged but 
still permitted turtles to breathe. When stretched, a single inward 
pointing mesh funnel allowed turtles to enter but restricted their 
exit from the trap. 

To compare the efficiency of basking with hoop traps, we con-
ducted an experiment in Point Pelee National Park, Ontario 
(42° 10'N, 82°30'W). Point Pelee contains one of the largest coastal 
marshes (10 km2) in the lower Great Lakes and is characterized by 
ponds (1-1.5 m deep) interspersed among cattail/reed mats. Our 
previous research has established that the relative abundance (most 
to least abundant) of turtle species at Point Pelee is Chrysemys 
picta, Chelydra serpentina, Graptemys geographica, Emydoidea 
blandingii, and Sternotherus odoratus (Browne and Hecnar 2003). 

We trapped in May and June of 2002, a time when map turtles 
actively bask in peripheral range locations in Canada (Daigle et 
al. 1994; Gordon and MacCulloch 1980). We set basking traps 
and baited hoop traps in a large marsh pond where we previously 
observed map turtle activity. Because map turtles bask in groups 
even when basking sites are not limited (Flaherty and Bider 1984) 
we tied our basking traps to emergent woody debris. 

We set three basking traps for 16 days in May and 15 days in 
June. On the same days, we set either eight hoop traps (13 days) 
or seven (3 days) hoop traps in May, and eight traps (15 days) in 
June. To test the hypothesis of equal trap effectiveness between 
the two trap types (ie. 1:1 capture ratio), we compared the number 
of actual captures to expected captures based on trap effort using a 
William's corrected G-test (Table 1). In calculating expected cap-
tures, we corrected for differential trap effort by multiplying total 
captures by the proportion of trap days for each trap type (see 

TABLE 1. Northern Map Turtle captures by trap type and month. Ex-
pected captures were calculated by multiplying total captures for each 
month by relative trap effort (i.e., May basking trap expected captures = 
74 x [48/1731). 

Month Trap Type Captures Effort (trap d) Expected 
Captures 

May Basking 73 48 20.5 
May Hoop 1 125 53.5 
June Basking 11 45 3.5 
June Hoop 2 120 9.5 

Table 1). Significantly more map turtles were captured in basking 
traps than hoop traps in both May (G = 176.1, 1 df, P<0.001) and 
June (G = 18.0, 1 df, P<0.001). Significantly more G. geographica 
were captured in basking traps in May than in June (G = 47.0, 1 
df, P<0.001). 

We did not capture any male G. geographica in hoop traps dur-
ing our study. However, we captured all sex and age classes (31% 
male, 65% female, 4% juveniles) in basking traps. The female to 
male capture ratio for our basking traps was greater than 2:1. Gor-
don and MacCulloch (1980) captured almost the opposite ratio 
(61% male, 36% female, 2% juveniles) in basking traps in Quebec. 
Considering that both studies were conducted at similar latitude, 
used similar traps, and were in the same season, the sex ratio dif-
ference likely reflects differences in actual population sex ratio 
rather than trapping bias. 

Our basking trap was also very effective in catching Painted 
Turtles in areas that were not common basking spots for map turtles 
(Browne and Hecnar 2003). McKenna (2001) also reported higher 
trapping success for basking traps than hoop traps for painted turtles 
and captures in basking traps appeared unbiased for size or sex. 
However, Thomas et al. (1999) compared captures between bask-
ing and hoop traps for Trachemys scripta and found sex biases 
and seasonal differences in capture efficiency. 

MacCulloch and Gordon (1978) designed a floating basking trap 
to study Northern Map Turtles in Quebec. Their trap has a floating 
wooden frame and was successful at capturing all sizes of turtles 
without apparent sex bias. Our results highlight the effectiveness 
of the simple floating basking trap we designed for capturing map 
turtles and potentially for other basking species. It is also clear 
that multiple techniques should be used to minimize trapping bi-
ases among species as others have suggested (see Plummer 1979; 
Ream and Ream 1966). Marchand (1945) used 'water goggling' 
by being towed by a boat and then rapidly swimming to hand cap-
ture map turtles. Chaney and Smith (1950) located basking map 
turtles during the day then returned during the night to hand cap-
ture individuals from submerged vegetation. Although hand cap-
tures can be productive, they tend to be a highly biased method 
(Bider and Hoek 1971). Others have used binoculars or spotting 
telescopes to conduct visual surveys of basking map turtles from 
a distance (Daigle et al. 1994; Lindeman 1998). These visual sur-
veys have low disturbance and can provide data on basking be-
havior or relative abundance but they do not provide as much de-
tailed information as trapping. 
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The ecology of amphibians in Canada's boreal forest is poorly 
documented (but see Constible et al. 2001; Hannon et al. 2002; 
Leclair et al. 2000; Roberts and Lewin 1979). Sound ecological 
techniques are needed to properly assess population sizes, distri-
butions and habitat use patterns (Paszkowski et al. 2002). Use of 
pitfall traps with drift fences is a common and effective method to 
assess the presence and abundance of many species of amphib-
ians (Bury and Corn 1987; Corn 1994). They are easy to construct 
(although installation can represent a significant time investment), 
generally less expensive and require less maintenance than use of 
funnel traps (Jenkins et al. 2003). 

The conventional pitfall trap is constructed from two coffee cans 
(one with bottom removed) fastened together with duct tape and a 
plastic funnel made from a margarine container (with bottom re-
moved) inserted at the top (Corn 1994). New research has since 
evaluated the effectiveness of pitfall traps to improve monitoring 
and increase our knowledge of sampling biases for various spe-
cies and habitat types. In general, the best pitfall trap is a wider 
bucket or can (Mitchell et al. 1993) that is dark in color (Crawford 
and Kurta 2000) and has a rim or funnel to prevent individuals 
from escaping (Mazerolle 2003). The objective of our study was 
to compare in a boreal landscape the total number of anuran cap-
tures per species and age class (< 1 yr, 1 yr) between a pitfall 
trap similar to the conventional model (see Corn 1994) with one 
encompassing modifications to the previous design. 

Methods.-We conducted this study adjacent to beaver ponds in 
the boreal foothills eco-region on the eastern slopes of the Rocky 
Mountains near the town of Lodgepole, Alberta, Canada (53°06'N, 
115°19'W) during summer 2003. Common species in the region 
are the Wood Frog (Rana sylvatica), Boreal Chorus Frog 
(Pseudacris maculata), Western Toad (Bufo boreas), and Com-
mon Garter Snake (Thamnophis sirtalis; Russell and Bauer 2000). 
All three species of anurans were heard calling on the study ponds 
in the spring prior to pitfall trapping. 

Our study compared two types of pitfall traps: an `old' versus 
`new' model. The 'old trap' was similar to, but smaller than, the 
one described in Corn (1994): we used 1.5 coffee cans (1 kg size) 
rather than 2 coffee cans (1.36 kg size). The inserted funnel in the 
coffee can was a margarine container (907 g) with the bottom cut 
out (Fig. 1). The 'new trap' was a 7.6-L plastic bucket; black in 
color with a soft-sloping funnel constructed from polyethylene 
plastic (i.e., vapor barrier) and duct tape (Fig. 1). This trap type 
was wider than the old model (23 cm vs. 15 cm diam). However, 
trap depth, diameter of the funnel hole, and distance of the funnel 
hole to the bottom of the trap were similar between trap types 
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a) Old 
	

h) New 
15 cm 
	 23 cm 

FIG. 1. Pitfall trap dimensions and design for the 'old trap' (Fig. la) 
made from 1.5 coffee cans (1 kg size) with a margarine container (hard) 
funnel, and the 'new trap' (Fig. lb) constructed from a 7.6-L black plastic 
bucket with a sloping, polyethylene (soft) funnel. 

(Fig. 1). A small quantity of moss was added to the bottom of each 
trap to keep animals moist and shaded (we did not use cover boards 
above traps). A stick (1.0 cm diam) was also inserted into each 
trap to allow small mammals to escape (Perkins and Hunter 2002). 
Traps were installed in pairs along drift fences; each fence con-
sisted of one new trap placed at one end and one old trap at the 
opposite end. The drift fence was a polyethylene sheet 5 m long 
and 30 cm wide above ground with ca. 5 cm of plastic buried in 
the soil. All fences were 5-10 m from, and parallel to, the shore-
line associated with four beaver ponds within a 200 km 2  study 
area. Approximately 20% of the shoreline of each pond was cov-
ered with drift fences resulting in 10, 9, 8, and 6 fences randomly 

located on the four ponds for a combined total of 33 trap pairs. 
Pitfall traps were opened from June 28 to July 30, 2003 and checked 
every 3-4 days. 

Captured anurans were identified to species and age class (< 1 
yr or young-of-year and 1 yr or "adult") and a sample of indi-
viduals were measured for snout-urostyle length (SUL) and mass. 
Individuals categorized as young-of-the-year (YOY) were < 21 
mm SUL for Boreal Chorus Frogs and < 27 mm SUL for Wood 
Frogs and Western Toads, or had remnants of a larval tail (in some 
cases anurans with a larval tail were counted but not measured for 
SUL). All anurans were released 5-10 m from their point of cap-
ture. Animals were not marked (e.g., toes clipped) because previ-
ous pitfall trapping in 2001 and 2002 resulted in very low recap-
ture rates for anurans in the area (< 2%; C. E. Stevens and C. A. 
Paszkowski, unpubl. data). 

We determined if there were differences in the total number of 
individuals captured per species and age class between old and 
new traps from all 33 fences combined (N = 33) using a Wilcoxon 
paired-sample test. We chose this analysis because each data set 
consisted of a non-normal distribution even after square-root and 
logarithmic transformations, and because trap types were installed 
in pairs to account for possible microhabitat differences among 
fence locations that can affect capture rates (deMaynadier and 
Hunter 1999; Melbourne 1999). We accepted significance at the 
5% level. 

Results.-Sixty-six pitfall traps captured 1274 anurans: 1111 
YOY Wood Frogs, 84 YOY Boreal Chorus Frogs, 43 adult Wood 
Frogs, 32 adult Western Toads, 4 adult Boreal Chorus Frogs, 0 
YOY Western Toads (Table 1), and 0 snakes. Significantly more 
individuals were captured in new versus old pitfall traps for adult 
Wood Frogs (z = -2.28, P = 0.022) and YOY Boreal Chorus Frogs 
(z = -4.03, P < 0.001; Table 1). However, there were no significant 
differences in numbers caught between trap types for YOY Wood 
Frogs (z = -0.13, P = 0.893) and adult Western Toads (z = -1.28, P 

TABLE 1. Total number of captures and number of drift fences that captured higher numbers of individuals in 'new pitfall traps' (i.e., plastic buckets 
with polyethylene funnels) versus 'old pitfall traps' (i.e., coffee cans with margarine funnels) adjacent to 33 drift fences (5 m length) per anuran 
species and age class on four beaver ponds in west-central Alberta during 28 June to 30 July 2003. P determined by a Wilcoxon paired-sample test and 
reflects differences in captures between trap types. Mean (± standard error) snout-urostyle length (SUL) for each category is based on a sample of 
captured individuals that were measured during the trapping period. 

Anurans < 1 yr old Anurans 2_ 1 yr old 

Old Trap 
Captures 

New Trap 
Captures 

New Trap 
Fencest 

P Old Trap 
Captures 

New Trap 
Captures 

New Trap 
Fencest 

P 

Wood Frog 476 635* 15 (4) 0.89 13 30 13 (16) 0.03 
SUL (mm) 21.6 ± 0.1 21 ± 0.1 39.5 ± 2.6 38.4 ± 1.4 

N = 351 N = 344 N= 13 N = 30 

Boreal Chorus Frog 7 77 21 (10) < 0.01 1 3 2 (30) na 
SUL (mm) 16.1 ± 0.9 17.3 ± 0.2 46.8 ± na 26.8 ± na 

N = 6 N = 72 N = 1 N = 3 

Western Toad 0 0 0 (0) na 12 20 11 (16) 0.2 
SUL (mm) na na 50.8 ± 4.9 45.9 ±2.9 

N= 12 N = 20 

na = Value not available because of low number of captures 
* Relatively large value due to one new trap that captured 168 individuals, whereas the paired old trap caught 60 YOY wood frogs only 
t Number of fences or trap pairs with higher captures in the new trap, including number of fences with equal captures between trap types in brackets 
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= 0.202; Table 1). 
Discussion.-The new pitfall trap design was as effective or more 

effective in trapping boreal anurans than the more commonly used 
coffee can design (e.g., Corn 1994). This difference might reflect 
anuran avoidance of the silver color inside the coffee cans or the 
white color associated with the margarine container used as the 
funnel (Crawford and Kurta 2000). In addition, adult ranids may 
avoid the narrower traps (i.e., coffee cans) by jumping over the 
hole. The structure and shape of funnels in pitfall traps could also 
influence their effectiveness in trapping anurans. For example, the 
margarine container in our study had a hard rim or lip that could 
provide a solid platform for individuals inside the trap to grasp 
with their forelimbs or to rest on, rather than falling into the deeper 
can, particularly for YOY Boreal Chorus Frogs (CES, pers. obs). 
In contrast, the funnel in the plastic bucket was a soft or flexible 
polyethylene sheet with a constant sloping surface that lacked dis-
tinct surfaces for support (Fig. I ). 

Very few adult Boreal Chorus Frogs and no YOY Western Toads 
were captured in our study. Hylids, in general, are difficult to 
sample with pitfall traps because of their ability to climb vertical 
structures (Dodd 1991). The lack of captures of YOY Western 
Toads, however, may reflect the fact that partial fencing of ponds 
failed to intercept individuals that emerged in a non-uniform pat-
tern rather than failings of the trap designs. For example, newly 
metamorphosed toads may have emerged from concentrated loca-
tions in the pond where the water was warm or highly oxygenated 
(Noland and Ultsch 1981). It is also possible that the beaver ponds 
in our study were poor larval environments for toads (e.g., too 
cold, inadequate food) leading to low juvenile recruitment to meta-
morphosis. 

Our field experience with both types of pitfall traps suggests 
that the plastic bucket-polyethylene funnel design is easier to con-
struct than the one made from a coffee can and margarine con-
tainer. The special cutting device and time needed to remove the 
bottom of coffee cans and cut tin to create the 1.5 coffee can was 
not required for the plastic bucket. In addition, large numbers of 
plastic buckets can be stacked because of their tapered design (Fig. 
1) and carried into field locations with greater ease than when 
using non-stackable coffee cans. Cans can also rust with extended 
use and eventually need to be replaced. Finally, although coffee 
cans and margarine containers can be obtained for free, the costs 
of plastic buckets and polyethylene plastic are relatively low when 
bought in large quantities: $2 per 7.6-L plastic bucket, and $13 
per 46 m2  roll of polyethylene plastic (Cdn dollars). 

In summary, the new model (plastic bucket with flexible poly-
ethylene funnel) was a better pitfall trap than the old model (cof-
fee can with margarine container) both in terms of ease of use and 
trapping performance. Funnel designs may play a key role in re-
ducing the number of hylids and large ranids that escape from 
traps. Understanding the biases of various methods and improv-
ing ecological techniques to monitor more accurately population 
trends is critical to the conservation of anurans in boreal habitats. 
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Tracking with radio telemetry is an important tool for studying 
aspects of the behavior and ecology of animals, including move-
ments and habitat use. In endangered lizards, such as iguanas of 
the genus Cyclura, radio tracking may yield valuable insights about 
habitat and area requirements that may aid in management and 
conservation. Radio tracking is a particularly important monitor-
ing technique for Cyclura because they have large home ranges 
(up to 9 ha) that may shift seasonally (Rose 1982; Wiewandt 1977; 
Mitchell 1999). Unfortunately, no optimal method of attaching 
radio transmitters has been demonstrated for Cyclura, although 
many have been attempted. 

Cycluran iguanas are found on islands throughout the West 
Indies, where they commonly live in habitats with rocky lime-
stone substrates, using jagged rock sinkholes as retreats (Alberts 
2000). This rocky substrate, and possibly the low-growing veg-
etation often found on these islands, contribute to the frequent 
detachment and loss of radio transmitters attached externally to 
these iguanas. The following methods of external attachment have 
been tried in different species of Cyclura, with varying levels of 
success: waist belts (Mitchell 1999), neck collars (with hatchlings, 
N. Perez, pers. comm.), vests worn over the anterior portion of the 
body (Hates et al. 2000), duct taping transmitters to tails (C. Knapp, 
pers. comm.), and suturing transmitters below dorsal crests (F. 
Burton, pers. comm.). 

Two additional methods have been used to secure radio trans-
mitters in Cyclura: feeding transmitters in food to iguanas (Chris-
tian et al. 1986, Goodyear and Lazell 1994) and surgically im-
planting transmitters into the body cavity (F. Burton, A. Alberts, 
pers. comm.). The former method is only useful for short-term 
data collection, as the transmitter is expelled during defecation 
after 4-7 days (Goodyear and Lazell 1994). The latter method, 
which has been used in several other lizards (Schauble and Grigg 
1998; Sound and Veith 2000; Wikelski 1999), seems the best way 
to ensure long-term monitoring of an iguana because the transmit-
ter is secured inside of the body. However, the implant procedure 
requires anesthesia and surgery, which increase risk to the animal 
and cost to the researcher due to the need for veterinary staff (de-
sirable and often required for surgical implantation because all 
species of Cyclura are protected). Furthermore, no studies have 
been published on the long-term effects of transmitter implanta-
tion on lizards, so the risk of decreased fitness due to transmitter 
implantation is unknown. Because of the long life span in Cyclura 
(up to 60 years, Iverson et al. 2004), negative consequences of 
transmitter implantation could take years to manifest. 

During a study on the spatial ecology of Cyclura lewisi (for-
merly C. nubila lewisi, see Burton 2004) on Grand Cayman in 
2002, I used two methods to attach radio transmitters to iguanas. 
Transmitters were attached to five large males (36-49 cm SVL,  

80-118 cm TL, 2.2-5.1 kg) in 11 instances by suturing below the 
posterior dorsal crest (Fig. 1). Transmitters were attached to seven 
females and one small male (27-38 cm SVL, 69-93 cm TL, 0.9-
2.7 kg) in 17 instances by gluing to the posterior dorsum. Suturing 
was not used with these smaller iguanas because their smaller dorsal 
crests may be vulnerable to tearing if the transmitters became 
caught on rocks or vegetation. Suturing radio transmitters to ani-
mals has been previously described in fish (e.g., Erkinaro et al. 
1999) and snakes (e.g., Ciofi and Chelazzi 1991). To my knowl-
edge, however, no published study has reported suturing transmit-
ters below the dorsal crest in lizards. Therefore, the purposes of 
this paper are to describe the technique of suturing transmitters to 
iguanas, to assess the impacts of this method on the lizards in this 
study, and to compare the short-term reliability of gluing and su-
turing methods. 

Iguanas were not anesthetized for either method of attaching 
transmitters, but were fully restrained both manually and with large 
cloth straps secured with Velcro ®. For method 1, radio transmit-
ters (Holohil Systems, Ltd. model AI-2, cylinder 45 mm x 15 mm 
diameter with whip antennae 23 cm length, 6 month battery) that 
had a flat metal mounting plate (75 mm x 8 mm) on the bottom 
were encapsulated in liquid plastic. This unit was glued to the 
dorsum of the iguana just anterior to the base of the tail alongside 
the dorsal crest using cyanoacrylate gel. Other studies with liz-
ards have used similar methods of attaching transmitters exter-
nally with glue or epoxy (Cuadrado 1998; Griffiths and Christian 
1996; Sabo 2003). 

In method 2, the posterior dorsum of the iguana was first cleaned 
with 70% isopropyl alcohol. Then the transmitter (same model as 
above) was sutured below the dorsal crest in the following man-
ner, which is similar to a bead-tagging technique described by 
Rodda et al. (1988) that is currently used by many researchers 
working with Cyclura. The dorsal crest of the iguana was held 
firmly in hand while a 16-gauge needle was used to puncture the 
skin just below the origin of the dorsal scales. The needle was 
pushed through neoprene pads on each side of the crest, and ny-
lon-coated steel leader wire (60 lb strength, 0.7 mm diam) was 
then threaded through the needle and pads. This was done in two 
places on the posterior dorsal crest, and the needle was subse- 

45 cm 

FIG. 1. Diagram of the method used to suture a radio transmitter below 
the dorsal crest of an iguana. 
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quently removed from the skin, leaving the leader wire in place 
below the dorsal crest. Next, the radio transmitter and backing 
plate were attached on opposite sides of the dorsal crest by lead-
ing the wire through the holes in each. Glass beads (ca. 4 mm 
diam with ca. 1.4 mm diam hole) were threaded onto the terminal 
portions of the wire, and the wire ends were secured with leader 
sleeves. The glass beads are not a necessary part of the design, but 
were added in this case because the holes in the radio transmitter 
mounts and backing plates were larger in diameter than the leader 
sleeves. The total mass of either type of transmitter package be-
fore gluing or suturing averaged 35-40 g, which was less than 5% 
of the body mass of iguanas and therefore acceptable within com-
mon standards (Macdonald and Amlaner 1980). 

No adverse effects of gluing transmitters to iguanas were no-
ticed. These transmitters were removed from iguanas by cutting 
them out of the plastic casing, leaving only a small patch of plas-
tic on the dorsum which fell off before or during the next shed-
ding. The effects of the suturing technique involved occasional 
slight bleeding immediately after puncturing the skin, and small 
puncture wounds evident upon removal of transmitters. No infec-
tion of the puncture sights was noted during or after radio tracking 
iguanas in this study. One year post-removal, these wounds had 
healed and were small when compared to scars resulting from in-
traspecific interactions. In some cases, puncture wounds were 
slightly expanded during wear (still < 2 mm diam), probably be-
cause the transmitter had become caught on vegetation and pulled 
away from the body in the animal's struggle to free itself. I wit-
nessed such events wherein iguanas became temporarily entangled 
in vegetation because of radio transmitters, but in no case did this 
affect the movement of an iguana for more than one minute. Fu-
ture use of the suturing method should modify this study's design 
to minimize the potential for transmitters to catch on rocks or veg-
etation. Transmitters should not have sharp edges or any places 
where vegetation could become caught, especially on the anterior 
side. 

One major assumption in radio tracking studies is that animal 
movements are not affected by the techniques that researchers use 
(White and Garrott 1990). Although I could not verify this as-
sumption for all individuals, the following observations lead me 
to believe that radio transmitters did not heavily influence the be-
havior of iguanas. No iguana was observed biting or excessively 
scratching or inspecting the radio transmitter and associated at-
tachment site on the body. Iguanas were always more wary of 
researchers after capture and handling, but there was no evidence 
that this was more pronounced in cases where transmitters were 
attached (using either method). Iguanas did not appear to respond 
to the puncture sites after transmitters were sutured to them. In 
fact, one male was observed successfully copulating with a fe-
male less than fifteen minutes after having a transmitter sutured to 
him. 

Only the short-term reliability of gluing and suturing methods 
was assessed because the number of radio transmitters was lim-
ited in this study and transmitters were periodically removed and 
reused on different iguanas. Eight of 17 (47%) transmitters that 
were glued to iguanas fell off within two weeks. Of the remaining 
glued-on transmitters, several were removed within one month 
for use on other iguanas, and four were removed after 30 days. 
One transmitter that could not be retrieved was still on an iguana  

when the study ended 45 days after attachment by gluing. 
Only two of 11 (18 %) transmitters that where sutured to igua-

nas fell off within two weeks. These were the first two transmit-
ters to be attached with this method, and loss resulted within two 
days from a failure to completely clamp the leader sleeves secur-
ing the apparatus. Once this problem was resolved, all sutured 
transmitters remained attached until removed intentionally by a 
researcher. Of these remaining nine transmitters, three were re-
moved at 16-17 days, five were removed at 29-32 days, and one 
was left on as a long-term trial. Unfortunately, this iguana was run 
over by a vehicle 48 days after transmitter attachment. One of the 
sutures ripped through the dorsal crest of the iguana during the 
accident, and the transmitter was removed immediately afterward. 

The two methods of transmitter attachment were used on differ-
ent sized iguanas, and I could not investigate whether there was 
any relationship between body size and length of transmitter at-
tachment. However, I believe that the low reliability of glued-on 
transmitters was because of the attachment method and not the 
body size of iguanas, inferred because of the way in which trans-
mitter detached. Transmitters that had been glued-on detached at 
the site of gluing because of a failure of the adhesive or the slough-
ing or tearing off of old skin that was about to shed. Presumably 
these could occur in all sexes and sizes of iguanas. Additionally, if 
greater movement rates were responsible for increased snagging 
and detachment of transmitters, we would expect to see the oppo-
site results of those presented here on reliability of methods, as 
male C. n. lewisi have greater or equal movement rates than fe-
males (Goodman 2004). 

Burton (pers. comm.) used a similar suturing technique in 1993 
to attach transmitters to two C. n. lewisi, except that design lacked 
the neoprene pads and backing plate incorporated in the current 
study. One of these transmitters remained attached for six months, 
while the other remained attached for at least two months, after 
which the iguana disappeared. Based on Burton's experience in 
1993 and the results of radio tracking conducted in 2002, suturing 
transmitters to the dorsal crest seems more reliable than gluing 
transmitters to the dorsum with cyanoacrylate gel. 

The main potential drawback to the suturing method, transmit-
ters getting snagged on rocks or vegetation, was not a large prob-
lem in this study and can probably be further minimized with slight 
design improvements. Benefits of suturing transmitters to igua-
nas, compared to other attachment methods include cost efficiency, 
short-term attachment reliability, and less invasiveness than inter-
nal implantation. Although long-term safety and reliability of at-
tachment need to be examined in more detail, this method of su-
turing radio transmitters to iguanas appears promising for research-
ers working with large lizards. 
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Water contaminated by mining sediments can have lethal and 
sublethal effects on amphibians (e.g., Hopkins et al. 1997; Lefcort 
et al. 1998; Porter and Hakanson 1976; Rowe et al. 1998). How-
ever, not all mining sediments are alike. Depending on the parent-
rock material, pH levels, and hydrological patterns, the heavy metal 
concentrations of sediment effluents can be highly variable (Robb 
and Robinson 1995) and, consequently, range from being highly 
toxic to relatively benign for amphibians. Thus, different manage-
ment strategies ranging from intensive reclamation to no action 
may effectively reduce the threat from mining sediments (Robb 
and Robinson 1995). 

Amphibian survivorship, development, and behavior studies can 
assess the toxicity of mining sediments (e.g., Lefcort et al. 1998; 
Porter and Hakanson 1976; Rowe et al. 1998). However, such stud-
ies could take weeks to months to complete reducing the number 
of sites examined in a field season. A more time efficient approach 
may utilize genotoxic assays of amphibian larvae in situ (or caged 
for short time periods) to assess the toxicity of sediment effluents. 
One promising technique is single-cell gel (SCG) electrophoresis. 

Singh et al. (1988) first developed alkaline SCG electrophore-
sis for quantification of low levels of DNA damage in human lym-
phocytes. The technique is referred to as the "comet" assay be-
cause the DNA fragments from affected cells migrate further than 
intact DNA, resulting in a streaked appearance. The length to width 
ratio of the streak is an indication of the DNA damage (Singh et 
al. 1988). The comet assay has been modified for many plants and 
animals for genetic ecotoxicology research (Cotelle and Ferard 
1999). For amphibians, the comet assay has been used in situ and 
in field and laboratory studies to detect DNA fragmentation in 
nucleated erythrocytes resulting from exposure to organic toxi-
cants such as herbicides, pesticides, and petrochemicals (Clements 
et al. 1997; Ralph et al. 1996; Ralph and Petras 1997, 1998a,b). 
However, it is not known whether this technique is effective for 
assessing the toxicity of heavy metals on amphibians (but see De 
Boeck et al. 2000 for effects of heavy metals on human lympho-
cyte DNA). 

We examined the effectiveness of the comet assay to detect the 
toxic effects of mining sediments on Western Toad (Bufo boreas) 
larvae in Montana. We first used survival and growth studies, in 
the field and in the lab, to demonstrate the toxic effects of sedi-
ments from an abandoned gold/silver mine. We then used the comet 
assay to test for DNA fragmentation resulting from exposure to 
the same mining sediments. 
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The abandoned Nellie Grant Mine is ca. 38 km S of Helena, 

Montana, in the Helena National Forest. Before reclamation work 

in 1998, water drained ca. 200 m from the mine site into a multi-

pooled, sedge-grass wetland (Frohner Meadows) through piles of 

waste rock and mine tailings. Sediment and water samples taken 

in 1993 were acidic (mean pH = 6.0) and contained significant 

levels of arsenic, lead, and other heavy metals (Blundell et al. 

1997a,b). The primary drainage from the mine bisected Frohner 

Meadows, heavily contaminating the lower elevation pools while 

leaving the upper elevation pools relatively unaffected. Our am-

phibian surveys in 1998 and 1999 found no breeding populations 

in the lower pools of the wetland, whereas Western Toad, Colum-

bia Spotted Frog (Rana luteiventris), and Long-toed Salamanders 

(Ambystoma macrodactylum) were found breeding in the upper 

pools. 

In the summers of 1998 and 1999, we reared Western Toad tad-

poles in field enclosures made of nylon window screening with a 

wood frame (100 x 50 x 50 cm). The tadpoles were collected from 

the upper region of the wetland within a day of hatching. We placed 

six replicate enclosures in pools upstream from the effluent and 

six replicate enclosures in pools downstream from the effluent 

(i.e., 12 enclosures total). We introduced 30 tadpoles into each 

enclosure in 1998 and 50 tadpoles into each enclosure in 1999. 

We left the enclosures undisturbed for 21 d in 1998 and 28 d in 

1999, and then counted the number of tadpoles surviving in each 

enclosure. We used an independent samples t-test to test for dif-

ferences in the proportion of surviving tadpoles between the up-

per and lower regions of the wetland. One replicate enclosure in 

the upper region in 1999 was eliminated from analysis after being 

destroyed by a moose. 

We collected Western Toad eggs from six clutches in June 2000 

from Park Lake (32 km S of Helena, Montana), a site that receives 

no runoff from the Nellie Grant Mine. We housed the eggs in 38-

L aquaria in the laboratory until hatching. After hatching, the tad-

poles were divided and used in two laboratory studies: a survivor-

ship/growth study and a comet assay study. 

We collected sediment from a pond in the lower region of Frohner 

Meadows to use as experimental substrate in both studies. "Play-

ground" sand (purchased at a hardware store and washed several 

times with water) was used as a control substrate. For both stud-

ies, experimental chambers consisted of 3.8-L aquaria with ca. 1 

cm of substrate (either experimental or control) covering the bot-

tom. We filled the aquaria with dechlorinated water and allowed 

the sediment to settle for 24 h prior to tadpole introduction. 

For the survivorship and growth study, we examined three pH 

levels with the two substrate treatments, resulting in six treatment 

conditions: Frohner sediment pH 5.0, pH 6.0, and pH 7.0, and 

sand substrate pH 5.0, pH 6.0, and pH 7.0. We replicated each 

treatment four times. The 24 aquaria were arranged randomly on 

a laboratory bench. We then placed ten tadpoles (stages 25-30; 

Gosner 1960) in each aquarium. We adjusted the pH of each 

aquarium daily and fed the tadpoles 0.25 g of rabbit pellets every 

other day. After 14 d, we counted and weighed each of the survi-

vors and calculated the average mass of survivors in each aquarium. 

We used two-factor analysis of variance (ANOVA) to test for the 

effects of sediment type and pH on tadpole mass and on the pro-

portion of tadpoles surviving. 

For the comet assay, we examined two pH levels (5.0 and 7.0)  

with the two substrate treatments resulting in four treatment con-

ditions (the absence of the pH 6.0 treatment level in the comet 

assay was logistically necessary to reduce the number of aquaria 

requiring daily maintenance). We established two replicates of each 

treatment for a total of eight aquaria and introduced 10 tadpoles 

(stages 30-36; Gosner 1960). Again, we adjusted the pH daily, 

and fed the tadpoles every other day. After 14 d, surviving tad-

poles were euthanized and bled for use in the comet assay (six 

individuals per treatment condition). 

For the comet assay, we generally followed the procedure de-

scribed by Ralph et al. (1996). We labeled frosted microscope slides 

for each individual tadpole, treatment type, and direction of elec-

trophoresis and then coated each slide with a layer of 1 percent 

normal melting point agarose prepared with 10 mM phosphate 

buffered saline (PBS, pH 7.4) and microwaved for 25 sec. Slides 

were placed in an Immuno Frame, and allowed to dry in the re-

frigerator at 4°C. 

We performed all subsequent steps in the dark under dim yel-

low light to prevent DNA damage. Tadpoles were humanely 

euthanized, blotted dry with a paper towel and then minced with 

scissors into a lid of a Coplin jar. We then added 10-12 drops of 

10% Hank's balanced salt solution (HBSS, Ca 2+ and Me+ free) 

and allowed the contents to sit for 10 min. Nucleated erythrocytes 

represented the majority of harvested cells. 

We pipetted the suspension of blood cells into a 1500 ml 

microtube. From this stock, we pipetted 300 ml into a separate 

microtube. We then placed a drop of the remaining stock on a 

microscope slide and examined it at 400x to make sure that blood 

cells were present and that there were no more than three to four 

cells in a field of view at this magnification. If too many cells 

were present, we diluted the sample with HBSS. 

We prepared low melting point agarose (0.5%) with PBS and 

microwaved it for 20 sec. Once the agarose had cooled to 37°C, 

we pipetted 600 ml into each microtube sample containing a 300 

ml blood cell sample. Tapping the tubes mixed the resulting 900 

ml of solution, which we then pipetted onto a frosted microscope 

slide prepared earlier. To prevent loss of the agarose mixture, we 

left the slides on the Immuno Frame. Coverslips were placed on 

the slides and the entire Immuno Frame was transferred to a level 

surface in a refrigerator (4°C) and left for 2 h to allow the agarose 

to polymerize. 

To allow DNA fragments in the nucleus to migrate, cell mem-

branes were lysed before electrophoresis using a mixture of 30 ml 

of 5 M sodium chloride, 15 ml of 400 mM disodium ethylenedi-

amine-tetra-acetate (EDTA, pH 10), 6 ml of 100 mM Tris 

(hydroxymethyl) aminomethane hydrochloride (Tris-HC1, pH 10), 

6 ml of dimethyl sulfoxide (DMSO) and 0.6 g of N-

lauroylsarcosine, adjusted to a pH of 10 and final volume of 60 

ml. We placed the sample slides into staining trays with the lysing 

solution for 2 h at room temperature. 

We made an electrophoresis buffer by mixing 30 ml of 10 N 

sodium hydroxide and 5 ml of 200 mM EDTA (pH 10), adjusted 

the pH to be greater than 13, and then brought the volume to 1 L. 

We placed the sample slides in BioRad, Mini-Sub Cell GT gel 

units, and immersed them in about 1.5 cm electrophoresis buffer, 

for 15 min at 4°C. We then ran the units at 4°C for 30 min and 

regulated the current at 265 mA with the BioRad, Power Pac 1000 

power supply. Following electrophoresis, we neutralized the slides 

Herpetological Review 36(2), 2005 	 153 



with two washes (each 5 min in duration) by immersing them in 
staining trays containing 30 ml of 400 mM Tris (pH 7.5) at room 
temperature. 

We prepared a stock stain by dissolving 0.7 mg bis-benzimide 
in 0.25 ml of Tris-EDTA (TE) buffer. The working solution was a 
1:1000 dilution of the stock in TE buffer. We stained slides by 
immersing them in staining trays with 25 ml of the working solu-
tion for 2 h at room temperature. 

We examined each slide at 400x magnification using an 
epifluorescence microscope (Nikon EFD-3) equipped with a 330-
380 nm excitation filter, a 420 nm barrier filter, and a 400 nm 
dichroic mirror. After beginning at an arbitrary point, we scanned 
slides in a straight line and measured the first 25 nucleic DNA 
clusters encountered that did not overlap other clusters or their 
"tails." We measured the length and width of each nucleic DNA 
cluster with an ocular micrometer and calculated the average 
length-to-width ratio for each individual tadpole. We then used 
two-factor ANOVA to test for the effects of substrate type and pH 
on the length-to-width ratio of DNA clusters. 

The 1998 and 1999 field studies suggested that the effluent drain-
ing from the Nellie Grant Mine was lethal to Western Toad tad-
poles. The proportion of tadpoles surviving in enclosures located 
above the effluent (mean ± SE: 0.81 ± 0.06) was higher (t statistic 
= 4.8, df = 9, p<0.001) than the proportion of tadpoles surviving 
in enclosures below the effluent (0.14 ± 0.12). 

Sediments from the lower region of Frohner Meadows also had 
lethal and sub-lethal effects on tadpoles reared in the laboratory in 
2000 (Table 1). The proportion of tadpoles surviving was higher 
in aquaria with sand substrate (0.93 ± 0.07) than in aquaria with 
sediment from Frohner Meadows (0.56 ± 0.08). The average mass 
of surviving tadpoles was higher in aquaria with sand substrate 
(0.27 g ± 0.03) than in aquaria with sediment from Frohner Mead-
ows (0.08 g ± 0.01). The pH levels had no significant effect on 
survivorship or mass (Table 1). 

Sediments from Frohner Meadows interacted with pH to influ-
ence the length-to-width ratios of DNA clusters (Table 1). Over-
all, length-to-width ratios were larger in aquaria with sediment 
from Frohner Meadows than in aquaria with sand substrate (Fig.  
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FIG. 1. The effects of substrate type (playground sand = sand; sedi-
ments from Frohner Meadows = Frohner) and pH on length-to-width ra-
tios of nucleic DNA clusters. Clusters with the largest length-to-width 
ratios have the longest "comet" tails. 

1; Tukey HSD post-hoc test, p<0.001). There was no difference in 
length-to-width ratios between treatments of pH 5.0 versus pH 
7.0 in aquaria with sand substrate (Fig. 1; Tukey HSD, p = 0.997). 
However, the pH 7.0 treatment had a larger length-to-width ratio 
than the pH 5.0 treatment in aquaria with sediment from Frohner 
Meadows (Fig. 1; Tukey HSD, p<0.001). 

Our field and laboratory results suggest that mining effluent from 
the Nellie Grant Mine had both lethal and sub-lethal effects on 
Western Toad tadpoles. Tadpole survivorship and mass were lower 
when tadpoles were subjected to sediments from the site. Further-
more, our comet assay revealed a genotoxic effect for tadpoles 
exposed to the sediments. The length-to-width ratios of nucleic 
DNA clusters were larger for tadpoles exposed to the mining sedi-
ments than for tadpoles exposed to a control substrate, suggesting 
that DNA fragmentation was more severe for treatment tadpoles 

than for controls. 
In the laboratory, pH had no significant effect 

on tadpole survivorship or mass. However, DNA 
fragmentation (indicated by larger length-to-width 
ratios) was higher at a pH of 7.0 than at 5.0 for 
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TABLE 1. The effects of substrate type and pH on the proportion of tadpoles surviving 
(survivorship), the average mass of surviving tadpoles (mass), and length-to-width ratios of 
DNA clusters (1/w ratio). (ANOVA). 

Variable Factor Df MS effect p 

Survivorship 
Sediment 18 0.844 14.78 0.001 
pH 18 0.150 2.64 0.099 
Sediment x pH 18 0.084 1.47 0.257 

Mass 
Sediment 18 0.230 43.86 <0.001 
pH 18 0.006 1.08 0.361 
Sediment x pH 18 <0.001 0.14 0.867 

L/W Ratio 
Sediment 19 0.440 316.49 <0.001 
pH 19 0.016 11.33 0.003 
Sediment x pH 19 0.014 9.94 0.005 

tadpoles reared over sediment from Frohner Mead-
ows. We do not know why DNA fragmentation 
was more severe at the higher pH. In laboratory 
conditions, heavy metals typically are more 
soluble in acidic conditions (Kotz and Treichel 
1996) and should therefore have a more toxic ef-
fect at a lower pH. However, the composite na-
ture of soil, with both organic and inorganic com-
ponents, can create several buffering systems with 
complex ion formation and several equilibrium 
states (Harris 1999). Therefore, the unique com-
position of the effluent from the Nellie Grant Mine 
could cause some toxic elements to be more 
soluble at a higher pH. 

Toxic sediments do not come solely from aban- 
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doned mine sites. In the Great Smoky Mountains National Park, 
runoff from roadsides and culverts contaminated streams and elimi-
nated two stream breeding salamander species (Huckabee et al. 
1975; Kucken et al. 1994). Two other amphibian species exhib-
ited a 50% reduction in population size. Road construction had 
used fill from the Anakeestra rock formation containing signifi-
cant levels of heavy metals. 

Our results suggest that the comet assay is effective in assessing 
the toxicity of sediment effluent. As with organic pollutants 
(Clements et al. 1997; Ralph et al. 1996; Ralph and Petras 1997, 
1998a,b), tadpoles in situ (caged for short time periods) or ex-
posed to sediments in the laboratory could be used for bioassays. 
This technique would allow rapid assessment of contaminated sites 
and aid in reclamation decisions. 
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Artwork and Slides Wanted for HR 

We are always interested in obtaining illustra-
tions of herpetological subjects for publication in 

Herpetological Review. Generally, original draw-
ings should be of a scale that would permit reduc-
tion to fit a 90-mm wide column. Original art, or 
high quality photocopies, should be packaged to 
ensure safe delivery and sent to the Editor. Alter-
natively, we would be pleased to receive material 
in electronic format; consult the Editor for appro-
priate file formats and sizes. 

Also, we are interested in evaluating outstand-
ing color slides of amphibians and reptiles for pos-

sible use on future HR covers. When reviewing ma-
terial for submission, photographers should keep 
in mind the vertical format of our covers. In addi-
tion to highlighting outstanding photography, our 
cover subjects should lend themselves to commu-
nication of biologically interesting information 
through accompanying text. If you would like to 
have your work considered, please contact the Edi-

tor priorto sending any slides. We prefer to review 
images as JPEG or PDF files before requesting ex-
amination of original slides. Postal and e-mail ad-

dresses are listed on the inside front cover. 
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Uroplatus henkeli is one of eleven recognized species of 
Uroplatus endemic to Madagascar. The sex of all species of 
Uroplatus can easily be determined by the presence of large 
hemipenial bulges in adult males. In addition, adult U. henkeli are 
sexually dimorphic by color (Glaw and Vences 1994; Henkel and 
Schmidt 1995). It has also been noted that some male U. henkeli 
exhibit a vertebral stripe as neonates; however, many juvenile males 
do not manifest this trait (Foley and McGinnity 1996). Other than 
the occasional presence of a vertebral stripe, sexual dimorphism 
in juvenile U. henkeli has yet to be described. 

At Riverbanks Zoo and Gardens, two other traits have been con-
sistently noted in neonates: parallel, longitudinally-oriented black 
striations on the dorsum and a transverse, bilaterally symmetrical 
black mark at the base of the skull. In a group of ca. 30 U. henkeli 
that were reared from hatching to sexual maturity, these two traits 
were never observed on the same neonate and seemed to correlate 
with the sex of the gecko. The presence of the markings was thought 
to represent a reliable method of determining the sex of neonate 
U. henkeli. 

Flo. 1. Male neonate Uroplatus henkeli displaying the typical: (a) ver-
tebral stripe and (b) dorsal striations. 

Flo. 2. Female neonate Uroplatus henkeli displaying the typical trans-
verse, bilaterally symmetrical black marking at the base of the skull. 

To test this hypothesis, 100 hatchling U. henkeli, from twelve 
different bloodlines, were selected for rearing. Of those, 50 exhib-
ited the parallel black striations on the dorsum and were thought 
to be males, including two that also exhibited the cranial marking 
(Fig. 1). The other 50 did not exhibit the dorsal striations and were 
thought to be females. Forty-five of these females also exhibited 
the black cranial mark at the base of the skull (Fig. 2). All of the 
neonates were reared until adult external sexual characteristics 
began to appear (i.e., hemipenial bulges and larger spur size in 
males), which can take up to nine months to manifest. 

The most accurate period to sex neonates was directly after they 
hatched. During this time the visual characteristics were very ap-
parent. As the geckos grew, these traits often faded and in many 
cases disappeared altogether. The fading or disappearance of these 
traits was unique to each gecko and occurred in as little as three 
months while others retained the markings into adulthood. Also, 
because of U. henkeli's ability to change color, the markings may 
not be easily distinguishable, especially during the daylight hours 
when the markings and ground color tend to lighten. At night, 
there is significantly more contrast between the markings and the 
ground color. 

According to our observations, the only characteristic that was 
100% effective in sexing neonate U. henkeli was the presence of 
the black striations on the dorsum of males. All males exhibited 
this trait while none of the females did. The presence of a verte-
bral stripe (Fig. 1) also suggested that an individual would be a 
male but was only present in 38% of males sampled (Table 1). 
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TABLE 1. Presence of physical characteristics in male and female 
Uroplatus henkeli. 

Sex N Vertebral Dorsal Cranial 
stripe striations markings 

Male 50 19 (38.0%) 50 (100%) 2 (4.0%) 
Female 50 0 0 45 (90.0%) 

The horizontal black marking on the cranium (Fig. 2) was ob- 
served in 90% of the females and 4% of the males (Table 1). Thus 
our data are strongly suggestive of juvenile sexual dimorphism in 
Uroplatus henkeli. 

Acknowledgments.-We thank Keith Benson, Orinna Clark, and Jim 
Clark for their helpful comments with the text. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 

36, Number I (March 2005). 

CAUDATA 

ENSATINA ESCHSCHOLTZII OREGONENSIS x PICTA (Or-
egon x Painted Salamander Intergrade). BEHAVIOR. Ensatina 

eschscholtzii is the most widespread and common plethodontid 
salamander in western North America, with the range extending 
from southern British Columbia to northern Baja California 
(Stebbins 1985. A Field Guide to Western Reptiles and Amphib-
ians. Houghton Mifflin Co., Boston, Massachusetts. 336 pp.). 
However, little is known about the climbing behavior of this sala-
mander. In addition, little is known about the climbing behavior 
of Batrachoseps attenuatus or Taricha granulosa (Hayes and Hayes 
2003. Herpetol. Rev. 34:45-46; Aubry 2000. J. Wildl. Mgmt. 
64:1041-1052; Jones and Aubry 1985. Herpetol. Rev. 16:26; 
Stebbins 1954. Univ. California Publ. Zool. 54:47-124). 

An extended period of observation of the climbing behavior of 
terrestrial salamanders and their use of stumps as habitat was per-
formed from 23 Nov 2001 to 29 Mar 2003. The site is located 
within the coastal redwood region of Humboldt County, in a semi-
rural area of Westhaven, California USA (T8N RI E SW1/4 Sec  

31; elev. ca. 100 m) (Sundell and Norman 2003. Herpetol. Rev 
33:4). The stumps were Redwood (Sequoia sempervirens) that were 
logged five decades ago. The forest canopy consisted of old-growth 
Sitka Spruce and second growth Redwood, with few Red Alder 
(Alnus rubra) and Cascara Buckthorn (Rhamnus purshiana) in the 
understory. 

On 29 Jan 2001, two subadult female E. eschscholtzii intergrades 
were found on a Redwood stump (stump #1) covered with intro-
duced English Ivy (Hedera helix) under a piece of Redwood bark 
in site 5. The stump was 6 m diam with Evergreen Huckleberry 
(Vaccinium ovatum) and spruce seedlings present on top of the 
stump ca. 1 m off the ground. The cover object measured 30 x 20 
x 4 cm with a temperature of 11.4°C in the covered litter and En-
glish Ivy roots. The first female measured 7.3 cm TL and 3.6 cm 
SVL (measured to the anterior edge of cloaca), the other female 
measured 7.6 cm TL and 3.9 cm. SVL 

On 16 Feb 2002, an E. eschscholtzii adult male intergrade (10.4 
cm TL, 4.6 cm SVL) and a B. attenuatus were found 1.2 m off the 
ground on another redwood stump (stump #2), under litter, which 
was 8°C measured at a depth of 9 cm. The stump measured 5.2 m 
diam and was covered by False Lily-of-the-Valley (Maianthemum 

dilatatum) and two young spruce trees, which measured 4 cm in 
diameter. 

On 2 Mar 2002, an adult male E. eschscholtzii intergrade (9.3 
cm TL, 4.5 cm SVL) was found under litter on stump #2. This 
male was marked as LF2 RF2. The litter temperature was 7.3°C, 
which was measured at a depth of 9 cm. In addition, springtails, 
centipedes, and arachnids were located in the litter. 

On 16 Mar 2002, an adult female, E. eschscholtzii (10.5 cm TL, 
5.1 cm SVL) was found on another redwood stump (#3), 4.5 m 
diam. This salamander was wedged between pieces of outer bark, 
located 1.6 m off the ground. 

The first stump was inspected again on 6 April 2002, and pro-
duced a female Rough Skinned-Newt (Taricha granulosa) (11.7 
cm. TL, 4.7 cm SVL). The newt was found under the same piece 
of bark as the previous Ensatina salamanders found on top of stump 
#1. Also, present under the cover object with the newt was an 
adult B. attenuatus, which escaped capture. 

On 16 Nov 2002, a subadult female E. eschscholtzii (7.6 cm 
TL, 4.1 cm SVL), was found under litter on stump #2, with a litter 
temperature of 10.8°C. Then again, on 25 Jan 2003, an adult male 
E. eschscholtzii (9.6 cm TL, 5.0 cm SVL), was found on the same 
stump, with a litter temp of 13.0°C. However, this was a recapture 
of the adult male (LF2RF2), first captured on 2 Mar 2002, on the 
same stump #2. Again, three more B. attenuatus juveniles were 
located under litter on top of the same stump. The litter had a 
temperature of 9.8°C at a depth of 9 cm. 

On 15 Mar 2003, a subadult Wandering Salamander (Aneides 
vagrans ) (7.4 cm TL, 4.1 cm SVL) was located on a Redwood 
stump (stump #4) with a subadult B. attenuatus (7.2 cm TL, 3.2 
cm SVL), under a Redwood cover object 78 cm x 40 cm x 28 cm, 
which was located 1.5 m. above the forest floor. Stump #4 mea-
sured 3.1 m diam. The temperature in the interstitial space was 
12.0°C. 

Finally, on 29 Mar 2003, three more subadult B. attenuatus were 
located under litter on top of stump #2, which had a litter tempera-
ture of 11.7°C covering the coiled salamanders. 

These observations emphasize the colonization of tree stumps 
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