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How does one test the validity of a population enumeration tech-
nique? Most validation studies perform "soft" validation; they 
attempt either to correlate the counts from two or more methods 
(Fitch 1992) or to compare the economic costs, difficulty, time 
requirements, or non-economic costs of carrying out selected meth-
ods (Strong et al. 1993). Soft validation does not establish the ac-
curacy of a method. "Hard" validation, in which population esti-
mates are checked against the true values, is obviously desirable, 
but it is always difficult to do and might be impossible for some 
systems. Hard validation studies involving reptiles or amphibians 
are rare and usually involve the artificial stocking of a bounded 
plot (Henke 1998; Rose and Armentrout 1974). 

Distance sampling is a relatively new technique (Buckland et 
al. 1993) that has gained considerable favor for certain herpeto-
logical sampling problems (Akin 1998; Thompson et al. 1998), 
but has yet to be subjected to hard validation tests for reptiles or 
amphibians. As with strip transect searches (Duellman 1987), dis-
tance sampling involves searching for animals within a certain 
distance from a transect centerline, but it differs from strip transects 
in requiring the measurement (or estimation) of the perpendicular 
distance from the centerline to each detected animal. Whereas strip 
transect searches make the implicit assumption that detection is 
complete for animals within the strip, distance sampling requires 
only that all animals near the centerline be detected. The distribu-
tion of sighting distances to animals off the centerline is used to 
model detectability in the vicinity of the centerline, but it is only 
the centerline density estimate that is used and extrapolated to the 
habitat at large. 

Because the centerline density is extrapolated to the overall habi-
tat, it is essential that the centerline conditions be representative 
of the habitat. Strip transects make a similar assumption about the 
representativeness of the entire strip, but the corresponding dis-
tance sampling assumption is more problematic in that the 
centerline of many transects is a road or trail, hardly representa-
tive of adjacent habitat. In addition to having different ground cover 
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and animal use patterns than surrounding habitat, trails in forested 
areas are associated with light gaps that alter the density and form 
of vegetation (hence visibility, basking opportunities, etc.). To be 
truly representative, a distance sampling centerline must be placed 
randomly in relation to animal position and habitat heterogeneity. 
These strictures dictate that trails or roads should not be followed, 
but this is impractical in most forested habitats. 

The other key assumptions of distance methodology are that 
each animal is counted only once and that the perpendicular dis-
tance from the animal to the centerline is estimated without error 
and prior to any movement of the animal towards or away from 
the centerline/observer. Depending on the study species, these as-
sumptions would not be troublesome for many reptiles and am-
phibians. 

Distance sampling seems ideally suited for the many species of 
amphibians and reptiles that are rarely seen or hard to capture, 
because marking, recapture, or handling of animals is not required. 
One can sum rare detections over many sampling occasions, and 
there is no minimum number of detections needed for a sampling 
occasion to be useful. There is no uncertainty about the size of the 
area sampled, and one obtains an absolute population density esti-
mate that is insensitive to habitat structure, species, or the capa-
bilities of the searcher (Rodda 1993). The key disadvantages of 
distance sampling for reptiles and amphibians are that one must 
detect 100% of the animals on the unbiased centerline and that 
detections must be gathered over an amount of time and space 
sufficient to accumulate an adequate sample size. Thus one might 
have difficulty using distance sampling to answer a question such 
as, "Do rainbow snakes reach peak density in a particular wetland 
in May?" 

We conducted a hard validation study of distance sampling for 
forest geckos and snakes on Guam. We compared the estimates 
produced by distance sampling to true local gecko densities based 
on subsequent total removal of all animals and vegetation from 
sealed 10 x 10 m plots (Rodda et al. 2001). For brown treesnakes 
(Boiga irregularis), we compared distance sample estimates to 
densities based on mark-recapture estimates that we had in turn 
validated in adjacent fenced 1-ha plots by comparing mark-recap-
ture estimates to total removal of all snakes (Campbell 1996). The 
gecko comparison was done sequentially, as the total removal 
method alters vegetation and therefore could not be carried out 
concurrently with the distance sampling. 

Methods.—We searched for forest geckos and snakes in a 6.5-
ha patch of tangantangan (Leucaena leucocephala) forest north of 
the grenade range at Northwest Field, Andersen Air Force Base, 
Guam (N 13.6373-13.6399; E 144.8616-144.8643), 19 January 
1993 to 29 November 1994. Within this patch were four 1-ha plots 
circumscribed by trails and penetrated by three parallel internal 
transect trails spaced 25 m apart. Sighting of forest squamates was 
facilitated because all searching was done at night when the many 
small leaflets of the dominant tree, Leucaena leucocephala, fold 
closed (mean percentage of tree basal area due to the species L. 
leucocephala = 61%, N = 7 removal plots). The forest canopy in 
this area is very low (mean = 5.4 m, N = 7 removal plots) and is 
unusually open (mean distance to daytime disappearance of a hu-
man = 15.7 m, N = 1000). Mean forest canopy cover was 69% (N 
= 7 removal plots). Because of this naturally incomplete canopy, 
creation of the transect trails did not greatly alter forest structure. 

Negligible movement towards or away from the observer was noted 
in sighted animals, which were illuminated by spotlight. 

Distance estimates were obtained by two experienced observ-
ers who periodically checked sighting distance estimates against 
measured distances (a telescoping rod marked at 0.1 m intervals 
was extended perpendicularly from transect centerline to the sight-
ing point). They walked each transect five times quarterly, for a 
total of 36.2 km of transect searched on both sides of the trail/ 
centerline. Results from other transects (in manipulated or snake-
controlled plots: Campbell 1996) were not included in the dis-
tance validation data presented here. Sightings > 4 m from the 
transect centerline were extremely sparse and were not used in the 
analysis. Because of uncertainty about the species identity of small 
geckos, all gecko species were pooled. Based on known identities 
(96% of sighted geckos were identified to species), the majority 
(88%) of these sightings were Hemidactylus frenatus, the remain-
der Lepidodactylus lugubris. It is possible that some individuals 
of Gehyra mutilata were present; none was definitely sighted, 
though one was found in a removal plot. The only other sighted 
squamate was the brown treesnake, Boiga irregularis. Snakes were 
analyzed separately from geckos. 

Conventional distance analytical methods (Buckland et al. 1993) 
were used, with cut points for distance categories set at 0, 1, 2, 3, 
and 4 m (i.e., sightings grouped in the ranges 0-1.0 m, 1.01-2.00 
m, etc.). Alternate cut points were investigated but did not appre-
ciably affect density estimates. Model selection was guided by 
program DISTANCE; alternate models provided nearly identical 
density estimates. Estimated sighting distances were pooled over 
time for the four 1-ha study plots, providing sample sizes of effort 
(36.2 km), samples (4 plots), and observations (1853 geckos and 
51 snakes). 

Absolute population density measurements, by total removal, 
were obtained using the methods described by Rodda et al. (2001). 
Briefly, canopy separation and ground-level aluminum flashing 
were used to prevent the movement of lizards into or out of the 
sample plots while the vegetation was removed and all vertebrates 
identified, measured, and weighed. Plots were selected on the ba-
sis of representative canopy coverage and plant species composi-
tion. Four 5 x 5 m plots and one 10 x 10 m plot within the area 
surveyed using distance methods were censused 16 Feb-14 May 
1995. Four 10 x 10 m additional samples from the same area were 
censused 28 Jan-11 Feb. 1999. Because the two series produced 
nearly identical mean gecko densities (3350/ha v. 3450/ha), these 
were pooled for comparison to distance estimates. 

Mark-recapture was used only for snakes, following the meth-
ods described in Campbell (1996) and using program MARK 
(White and Burnham 1999). Through saturation removal of snakes 
from fenced plots, Campbell demonstrated that the true snake den-
sity was well within the 95% confidence limits of mark-recapture 
estimates made with this method on these plots at the time this 
work was carried out. Briefly, we captured brown treesnakes us-
ing snake traps (Rodda et al. 1999) and hand capture over six 15-
22 day periods simultaneous with the distance sampling. All cap-
tives were double marked using PIT tags and paint markings. Ex-
ploration of the resulting capture history matrices with various 
open population models consistently indicated a best model (se-
lected on the basis of Akaike's Information Criterion) that varied 
capture probability, p, in accordance with snake snout-vent length 

272 	 Herpetological Review 33(4), 2002 



S
n

a
ke

s
/h

a  

40 —

35— 

30 — 

25— 

20 —

15-

10-

5-

0  

(small snakes were less frequently captured), 
but with capture probability and apparent sur-
vivorship, 4), constant over time. "Apparent sur-
vivorship" quantifies the probability of a snake 
dying or moving permanently out of a study plot 
between daily trapping occasions. Emigration 
so measured was high enough (2.5-17.5%/day) 
to preclude analysis with closed mark-recap-
ture models Snake abundance in each plot was 
estimated as size-stratified n-bar/p-hat, where 
n-bar is the mean number of captures/day and 
p-hat is the maximum likelihood estimator of 
mean capture probability. Density was esti-
mated by dividing estimated abundance by each 
plot's nominal trap grid area (1 ha). Twenty-
four venues (four plots by six time periods) pro-
vided density estimates, but ten of these in-
volved plots for which the snake density had 
been manipulated. The fourteen density esti-
mates from unmanipulated plots were averaged 
for comparison to the one distance estimate 
obtained concurrently. 

Results.—The detection distances analyzed 
by DISTANCE showed the expected smooth 
decline with increasing distance from the transect centerline (gec-
kos: 721, 602, 390, and 140; snakes: 29, 21, 7, and 9) and had 
excellent model goodnesses of fit (geckos: x2 = 0.71, df = 1, P = 
0.4; snakes: x2  = 1.39, df = 1, P = 0.24). For both data sets, the 
selected model used the uniform key and cosine adjustment. How-
ever, the density estimate obtained for geckos was 100.1 geckos/ 
ha (95% CL: 85.6-117.1), whereas the mean density estimate 
obtained by direct count (total removal) averaged 3416.7 geckos/ 
ha (SE = 608). Thus the distance estimate for geckos was low by a 
factor of about 34 (Fig. 1). The distance density estimate for snakes 
was 4.4/ha (95% CL: 2.6-7.4), whereas the validated mark-recap-
ture population estimates (N = 14) averaged 32.7/ha (SE = 4.0). 
Thus the distance estimate for snake density was low by about a 
factor of 7 (Fig. 1). 

The gecko species composition estimated from sighted individu-
als was overwhelmingly Hemidactylus frenatus (88%), whereas 
subsequent total removal censuses indicated that less than half of 
the gecko individuals present (46%) were of that species. The 
majority (52%) were Lepidodactylus lugubris. 

Discussion.—Does the discrepancy in gecko species composi-
tion between visual sightings (88% Hemidactylus) and census re-
sults (46%) reflect detection differences among gecko species or 
were geckos misidentified or often not-identified to species dur-
ing visual searches? The percentage of unidentified geckos (4.1%) 
was small relative to the total sample, indicating that the large 
discrepancy could not be made up by more complete identifica-
tion of geckoes sighted. The two observers gave virtually identi-
cal percentages of Hemidactylus in their visual samples (87.3 v. 
87.7%), suggesting that few identifications were in error. It is likely, 
however, that detection differed between these species. 
Lepidodactylus is found mainly in foliage, where visibility is re-
duced, whereas Hemidactylus is most often found in more visible 
sites on branches, limbs, and trunks. Thus we expected that detec-
tion would be more complete for Hemidactylus. If one assumes  
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that all visual identifications were correct and that the proportional 
representation of unidentified species was the same as for the iden-
tified geckos, the distance estimate for Hemidactylus would be 
88/ha (CL 75-103/ha), which underestimated the true value of 
1572/ha low by a factor of about 18. If one combines the small 
uncertainty associated with species identification with the distance 
sample confidence limits, the Hemidactylus uncertainty ranges 72-
104/ha, implying an error factor of 15-22 fold. The correspond-
ing values for Lepidodactylus are 12/ha (CL 10-14/ha), which un-
derestimated the true density of 1777/ha by a factor of about 148. 
Adding in the identification uncertainty broadens the total uncer-
tainty range for this species' estimate to 10-18/ha, implying an 
error factor of 98-181. 

The population density estimates provided by DISTANCE in 
this case were severely biased in comparison to higher validity 
methods. As evidenced by the different gecko species composi-
tion of the contrasted methods, the bias was different for different 
species even within the same guild and body size range. Before 
concluding that distance sampling is inappropriate for this sys-
tem, however, it is desirable to question possible sources of error 
in the higher validity methods. Each method makes assumptions, 
but the following seem to us to have the greatest likelihood of 
error. 

Open mark-recapture analysis assumes negligible individual 
heterogeneity in capture probability. If this assumption is invalid 
for brown treesnakes, the true population densities would be higher 
than reported here, and the estimated bias of the distance esti-
mates would be greater. 

Open mark-recapture analysis also assumes the absence of ei-
ther trap happiness or trap shyness. The existence of trap happi-
ness would exacerbate the apparent bias of distance sampling for 
snakes, whereas trap shyness would have the opposite effect. Note 
that the mouse attractant used in the snake traps could not be eaten 
by captured snakes, so trap happiness would not be expected. In 

Mark-Rec. 	DISTANCE 	 Total rem. 	DISTANCE 

FIG. 1. Distance sampling estimates for brown treesnakes, Boiga irregularis, and geckos 
(Hemidactylus frenatus, Lepidodactylus lugubris, and Gehyra mutilata) on Guam in relation 
to mark-recapture (snakes) or total removal estimation (geckos). Distance estimates show 
maximum likelihood estimate with 95% confidence intervals. The other values are mean +/- 
SE. 
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closed model analysis of brown treesnake trap captures we have 
detected only limited evidence of either type of behavioral response 
(Rodda and Dean-Bradley, unpubl. data), suggesting that the ob-
served difference between mark-recapture and distance sampling 
is not attributable to trap shyness. 

The small sample plots used for total removal population den-
sity estimation might have been non-representative. The selection 
criteria seem unbiased, and extensive glueboard surveys and vi-
sual searches failed to document any evidence of non-representa-
tion. We expect that only random bias would be produced by fail-
ure of this assumption. 

Which distance assumptions might be invalid? The use of trails 
rather than randomized unimproved transects for distance sam-
pling centerlines violates a key method assumption, that transects 
be placed randomly in relation to habitat. In this specific case, the 
transect "centerline" is a 2-m wide band spanning the trail. If squa-
mate sighting rates were lower on trails than when walking cross-
country through the forest, our use of trails could produce the ob-
served bias. It is our experience, however, that sighting rates are 
not higher when walking cross country through the forest on Guam, 
but drop to near zero, because of visual interference by vegeta-
tion. Furthermore, if trails have any effect on the distribution of 
these species we would expect that heliophilic squamates would 
seek out the sides of trails, as the light gaps created by trails pro-
duce more vegetation of a suitable height and these provide more 
basking and foraging opportunities. Thus, our expectation was that 
use of trails for transect centerlines would bias distance estimates 
upwards, not downwards as observed. 

Violation of the assumption that all squamates present on the 
centerline were detected most likely produced the observed bias. 
It seems likely to us that vegetation concealed many active 
squamates, and that inactivity of others would account for their 
unavailability for detection. Intensive visual searches of brown 
treesnakes in finely-gridded areas on Guam produce an average 
detection probability of < 9% (usually < 5%; Rodda et al., unpubl. 
data). If one can see only 9% (or less) of the snakes that are present 
in a forest, it is unrealistic to expect distance sampling to produce 
unbiased estimates of forest squamate population density. Because 
of the ubiquitousness of visual barriers in a forest, we suggest that 
distance sampling is unlikely to be valid for absolute densities of 
forest vertebrates detected exclusively by sight. 

Does the discrepancy in gecko species composition between 
visual sightings (86% Hemidactylus) and census results (46% 
Hemidactylus) reflect detection differences among gecko species, 
or were visually-sighted geckos unidentified or misidentified fre-
quently enough to account for the discrepancy? The percentage 
of unidentified geckos (4.1%) was small relative to the number 
identified; this could not account for the discrepancy. 
Misidentification cannot be unequivocally ruled out, but we be-
lieve that the primary cause of the discrepancy is the different 
microhabitats used by these geckos: Lepidodactylus lugubris is 
found mainly in foliage, where visibility is reduced relative to the 
branch/trunk sites preferred by Hemidactylus frenatus. 

Also, if detection on the centerline is not 100% and differs 
among species, distance estimates cannot be used as an index of 
abundance when comparing species. For example, the distance 
estimator for Hemidactylus frenatus cannot be compared to that 
for Lepidodactylus lugubris, even if used only as an index of abun- 

dance. However, it might be possible to make temporal compari-
sons within a single species. Validation studies among different 
seasons, species, and habitats would be needed to determine if the 
ratio of undercounting is consistent enough for distance sampling 
to have utility as a single species index. 
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Although researchers have studied amphibians for many years, 
status assessments have been hampered by a lack of standards and 
protocols for inventory and monitoring. Heyer et al. (1994) and 
Olson et al. (1997) provide a foundation in their reviews of meth-
ods used for measuring and monitoring amphibian biodiversity. It 
is clear from these reviews that no single method effectively as-
sesses all species and that more information is needed on the effi-
cacy of approaches for surveying and monitoring amphibians in 
differing geographic regions and habitat types. 

Forests and associated wetlands are dominant components of 
glaciated landscapes of the Upper Great Lakes Region, including 
the states of Michigan, Minnesota, and Wisconsin, USA (Dahl and 
Zoltai 1997; Frayer 1997). Because timber harvest rates have in-
creased in recent decades (Vasievich et al. 1997), disturbance from 
land management activities also has increased. These disturbances 
affect both wetlands directly and characteristics of the surround-
ing forest on which wetland communities depend (deMaynadier 
and Hunter 1995; Pauley et al. 2000; Semlitsch 2000). Wetlands 
are embedded in, and strongly linked ecologically to the surround-
ing forest (Palik et al. 2001). This is also true of amphibians in 
such habitats. They breed in small seasonal forest wetlands and 
live in the adjacent forest uplands during the remainder of the year 
(deMaynadier and Hunter 1999; Gibbs 1993; Hecnar and 
M'Closkey 1996, 1997; Wilbur 1980). In small seasonal forest 
ponds, water levels can fluctuate widely and the amphibian breed-
ing season is short. There is a need to examine the efficacy of 
survey methods for assessing amphibians in such habitats. 

In this paper, we assess amphibian survey methods in small sea-
sonal forest ponds. Our objectives were to: 1) determine the effi-
cacy of three amphibian survey methods (breeding call, dip net, 
and funnel trap surveys) for detecting four species (Rana sylvatica, 
Pseudacris crucifer, P triseriata, and Ambystoma laterale); 2) 
compare the efficacy of these methods used singly and in combi- 
nation for documenting species occurrence; and 3) determine the 
efficacy of two additional methods (egg and metamorph surveys) 
for R. sylvatica. 

Materials and Methods.—We conducted the study from 1998 to 
1999 at 76 seasonal forest ponds in north central Minnesota in the 
Sucker Lakes watershed, Cass County, and in the Rice River wa-
tershed, Itasca County. In these forested watersheds, ponds are 
abundant and their morphology, hydroperiods, and animal and plant 
communities are highly variable. Candidate ponds were identi-
fied on 1:15,840 scale color infrared photographs (Brooks et al. 
1998). To maximize the likelihood of identifying ponds with sea-
sonal hydroperiods (i.e., ponds in which water is seasonally  

present), wetlands that also occurred on the National Wetlands 
Inventory (Wilen 1990) were excluded from consideration. From 
the remainder, we randomly choose up to five ponds in each of 13 
ecological Landtype Association - Landtype (Albert 1995) com-
binations found on the watersheds, mostly within undisturbed, 
mature forest stands. The 76 selected ponds ranged in size from 
0.04 to 0.20 ha, 74 had seasonal hydroperiods in 1998, and they 
occurred within a variety of forest types. 

We examined the efficacy of survey methods for four species of 
amphibians: wood frogs (Rana sylvatica); spring peepers 
(Pseudacris crucifer); western chorus frogs (P triseriata); and blue-
spotted salamanders (Ambystoma laterale). We used three primary 
methods to survey these species during 1998 and 1999: breeding 
call (C), dip net (D), and funnel trap (T) surveys. 

A modified Wisconsin protocol (Kline 1998; Mossman and 
Hines 1985; Mossman et al. 1998) was used for the C survey, and 
was conducted once during each of two sampling periods in both 
years: 12-15 April to assess wood frogs and western chorus frogs; 
and 17-19 May to assess other calling amphibians. Each pond 
was visited between 1915 and 0135 h, and after about a minute of 
acclimation, one person recorded the presence of all species of 
amphibians calling during a 3-min period. 

The D survey was conducted once each year from 24-28 May 
and 3 June in ponds containing water to sample amphibian larvae. 
Larvae were readily identifiable by this point in the season. Ponds 
were swept with aquatic D-shaped dip nets (30 cm width, 20 cm 
long canvas bag, 1 mm mesh bottom, with 10 cm long canvas 
skirt) for a total of 15 person-min, regardless of pond size, be-
tween 0800 and 1640 h. An effort was made to first sample all 
habitat elements in a pond, then habitat elements most likely to 
produce captures. Captured amphibians were held in buckets until 
the sampling period ended, then were identified, counted, and re-
leased. Although we captured both larvae and occasional adults, 
only larvae were included in the analysis. 

T surveys also were conducted to sample amphibian larvae. We 
used unbaited metal traps of two different mesh sizes in 1998: 
four (6 x 6 mm) openings per 2.5 cm and eight (3 x 3 mm) open-
ings per 2.5 cm [Cuba Specialty Manufacturing Co , Fillmore, New 
York; G-40 and G-48M]. Traps were spaced evenly around each 
pond in shallow water perpendicular to shore. They were placed 
in water deep enough to submerge the trap entrance, yet provide 
air for amphibians to breathe. We set two to six traps (one to three 
of each mesh size) around each pond, alternating mesh sizes from 
a random start. The number of traps was chosen to approximate 
an equivalent effort per unit of pond surface area, which averaged 
about 210 m2/trap. T surveys were conducted once in each pond, 
for three consecutive days, from 3-25 June in 1998 between 0800 
and 1600 h. Captured amphibians were identified to species, 
counted, and released. Although we captured both larvae and oc-
casional adults in traps, only larvae were included in the analysis. 
In 1998, we determined that mesh size of traps was of no conse-
quence to wood frog larvae capture rates, but the smaller 3 x 3 
mm mesh size produced higher capture rates for the smaller-sized 
larvae of spring peepers and blue-spotted salamanders (Buech and 
Egeland 2002). Thus, in 1999, we again trapped each pond for 
three days between 8 June and 9 July using only 3 x 3 mm mesh 
traps. Summer precipitation was exceptionally low in 1998 and 
exceptionally high in 1999; consequently, we were able to trap in 
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more ponds in 1999. Additionally, because ponds contained more 
water in 1999 and we wanted to maintain a relatively constant 
effort per unit of surface area, we used more traps in 40% of ponds 
in 1999. 

Wood frog egg masses are highly visible and often clumped in 
one location, which suggested that egg mass surveys might be 
effective for determining occupancy (Crouch and Paton 2000). 
Surveys for wood frog egg masses (E) (1998 and 1999) and wood 
frog metamorphs (1999) were conducted to determine if single-
visit surveys for these life stages provide useful information. Each 
pond was visited within a week after the April breeding call sur-
vey to look for egg masses. We searched ponds thoroughly be-
tween 0800 and 1600 h without time limit, until we either found 
and recorded the number of egg masses, or were fairly confident 
that eggs were not present. Similarly, we visited ponds in mid-
summer (12-23 July) to conduct a survey for recently metamor-
phosed wood frogs, and recorded the number observed during a 
10 person-min search around the perimeter of each pond. 

We summarized data by reducing it to presence-absence infor-
mation and counted how many ponds a particular method or com-
bination of methods recorded each species as being present for 
1998 and 1999. The measure of efficacy was taken as the pond 
count for a method or combination of methods, expressed as a 
proportion of the number of ponds in which a species was recorded 
by all methods combined. For example, if we surveyed 50 ponds 
and heard wood frogs calling in 30, and we learned by looking at 
all survey methods that wood frogs were actually present in 40 of 
the 50 ponds, the efficacy of the calling survey for wood frogs in 
that year would be stated as 0.75. We combined years by sum-
ming the pond counts over 1998 and 1999. In addition to the four 
amphibian species already mentioned, one other taxon (gray 
treefrog, Hyla versicolor) was included in analyses of species rich-
ness. Log-linear and contingency table analyses were used in 
SYSTAT 8.0 (SPSS, Inc. 1998) to compare the efficacy of meth-
ods and where appropriate, Pearson's Chi-square statistic (x2) is 
reported. 

Results.-We compared the efficacy of C, D, and T surveys for 
assessing reproductive activity of the three anurans most frequently 
found at our ponds (Fig. 1). For wood frogs, these methods yielded 
similar results in 1998 (Fig. 1 a), but efficacies were not homoge-
neous in 1999 (x2 = 37.15, df = 2, P < 0.001); C surveys recorded 
wood frogs in fewer ponds than recorded by either D or T surveys. 
For wood frogs, the combined-year efficacy of D and T surveys 
was better than for C surveys (x 2 = 10.33, df = 1, P < 0.001 and x2  
= 9.39, df = 1, P < 0.002, respectively). 

Efficacy patterns of C, D, and T surveys for spring peepers (Fig. 
lb) and western chorus frogs (Fig. 1c) were similar in both years. 
In 1998, 1999, and both years combined, efficacies of C, D, and T 
surveys were not homogeneous for both spring peepers (x 2 = 70.94, 
df = 2, P < 0.0001; x2 = 76.84, df = 2, P < 0.0001; x2 = 134.85, df 
= 2, P < 0.0001; respectively) and western chorus frogs (x 2 = 35.40, 
df = 2, P < 0.0001; x2 = 12.35, df = 2, P < 0.002; )c2 = 43.06, df = 2, 
P < 0.0001; respectively). In both years combined, C surveys de-
tected these frogs more frequently than either D (spring peepers 
x2 = 134.75, df = 1, P <0.001; western chorus frogs x 2  = 31.16, df 
= 1, P <0.001) or T surveys (spring peepers x2 = 44.66, df = 1, P < 
0.001; western chorus frogs x 2 = 31.16, df = 1, P < 0.001). D and 
T surveys generally yielded similar results except the T survey  

recorded spring peepers in many more ponds than did the D sur-
vey (combined-years analysis: x2 = 37.36, df = 1, P < 0.001), es-
pecially in 1999. 

Combinations of survey methods, especially combinations that 
included a C survey, did a better job of detecting all three species 
(Fig. 1). Call plus dip net surveys (CD) and call plus funnel trap 
surveys (CT) yielded similar results. These combinations were 
better than dip net plus funnel trap (DT) surveys for spring peep-
ers and western chorus frogs (x 2  range in 4 comparisons: 30.00 to 
62.45, df = 1, P < 0.001). For wood frogs, only CD surveys dif-
fered from DT surveys (x 2 = 5.48, df = 1, P < 0.019). C surveys 
detected spring peeper and western chorus frog reproductive ac-
tivity almost as well as CD and CT surveys, however, C survey s 
detected spring peepers in fewer ponds than CT surveys (x2 = 7.27, 
df = 1, P < 0.007). For wood frogs, the addition of either D or T 

(a) 

(b) 

(c) 

Fin. 1. A comparison of the efficacy of three survey methods for as-
sessing occurrence of reproductive activity of anurans, including (a) wood 
frogs, (b) spring peepers, and (c) western chorus frogs, in 76 seasonal 
forest ponds in north central Minnesota in 1998 and 1999. Methods used 
were breeding call (C), dip net (D), and funnel trap (T) surveys, which 
were analyzed singly and in combination. The measure of efficacy was 
taken as the pond count for a method or combination of methods ex-
pressed as a proportion of the number of ponds in which a species was 
recorded by all methods combined. The sample size listed for each year 
is the total number of ponds in which reproductive activity was recorded 
for the species by any of the three methods. 

276 	 Herpetological Review 33(4), 2002 



1.00 

040 

oeo 

040 

§ 020 

E 040 

▪ 0.30 

0.20 

010 

000 

■ 1998 (N=17) 

■ 1999 (N=31) 

Year 

1.00 

0.90 

0.80 

■ 1998 (N=46) 

■ 1999 (N=54) 

0.70 

r). 0.6o 

3 092 

0.40 

020 

020 

0.10 

0.00 
DT 

Spring Peepers 

Survey Method(s) 

DT 

DT 

160 

020 

000 

070 

oso 

0.40 

iu 
020 

aco 

Year 

■ 1998 (N=22) 

■ 1999 (N=38) 

—M—WF 

- -A- -BS 

— 0- -SP 

— 0— CF 

 

1.20 

1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

      

       

       

ii 

3 
w 

      

      

       

       

       

       

Day 1 
	

Day 2 	 Day 3 

Number of Days of Trapping 

(v) 

(w) 

(a) 

(b) 

FIG. 2. A comparison of the efficacy of two survey methods for measuring the presence of (a) wood frog, (b) spring peeper, (c) western chorus frog, 
and (d) blue-spotted salamander larvae in 76 seasonal forest ponds in north central Minnesota in 1998 and 1999. Methods used were dip net (D) and 
funnel trap (T) surveys, which were analyzed singly and in combination. The measure of efficacy was taken as the pond count for a method or 
combination of methods expressed as a proportion of the number of ponds in which a species was recorded by all methods combined. The sample size 
listed for each year is the total number of ponds in which a species larva was recorded by either of the two methods. 

surveys to C surveys detected their presence more effectively (x 2 
 = 48.39 and 40.67, df = 1, P < 0.001). 

In a second analysis, we disregarded C surveys and reanalyzed 
data from D and T surveys for wood frog, spring peeper, western 
chorus frog, and blue-spotted salamander larvae (Fig. 2). These 
methods might be chosen to assess non-calling amphibians. T sur-
veys did a better job than D surveys in documenting the occur-
rence of larvae for two of the four species (Fig. 2b and 2d) (z2  = 

61.12 and 19.17, df = 1, P < 0.001, respectively, for spring peep-
ers and blue-spotted salamanders); however, the western chorus 
frog (Fig. 2c) sample size was low. 

Multiple visits contributed to the efficacy of T surveys (Fig. 3). 
In both years combined, 94% of 86 ponds known to contain wood 
frogs were identified after only one day of trapping, and 99% after 
two days of trapping. However, we also captured a total of 9395 
wood frog larvae in these ponds during both years. For less abun-
dant species [blue-spotted salamanders (N = 48 ponds; 272 lar-
vae) and spring peepers (N = 46 ponds; 377 larvae)], about 70% 
of ponds known to contain the species were identified after the 
first day and 90% after the second day. Results were similar for 
the chorus frog, which was found in only 6 ponds (10 larvae) that 
we trapped. The known complement of species in ponds also was 
identified in about 70% of ponds after one day and in 90% of 
ponds after two days of trapping. 

Survey data for wood frogs were reanalyzed to include E sur-
veys to document reproductive activity (C, E, D, and T surveys in 

Fig. 4a) and presence of only their eggs or larvae (E, D, and T 
surveys in Fig. 4b). Efficacy of E surveys tended to be more vari-
able among years compared to other survey methods. Furthermore, 
with the exception of the 1999 C survey, E surveys documented 
the presence of wood frogs in fewer ponds than any of the other 
survey methods. In fact, E surveys identified only 40 and 70% of 
ponds known to contain either wood frog eggs or larvae, respec-
tively, in 1998 and 1999. As in Fig. 1, the best two-method survey 

FIG. 3. Efficacy of T surveys for identifying ponds known to contain 
wood frogs ([AT]; N = 86 ponds), blue-spotted salamanders ([BS]; N = 
48 ponds), spring peepers ([ SP]; N = 46 ponds), chorus frogs ([CF]; N = 
6 ponds), and the known-species complement ([All]; N = 91 ponds), in 
relation to the number of days trapped. The measure of efficacy is the 
cumulative proportion of ponds known to contain the species or the known 
complement of species after 1, 2, and 3 days of trapping. 
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Flo. 4. A comparison of the efficacy of an expanded set of survey methods for measuring (a) 
reproductive activity of wood frogs and (b) presence of wood frog eggs or larvae in 76 seasonal 
forest ponds in north central Minnesota in 1998 and 1999. Wood frog reproductive activity was 
declared as occurring in a pond if it was recorded present during breeding call (C), egg mass 
(E), dip net (13), or funnel trap (T) surveys in that year. Wood frog eggs or larvae were declared 
present in a pond if they were recorded during E, D, or T surveys in that year. The measure of 
efficacy was taken as the pond count for a method or combination of methods expressed as a 
proportion of the number of ponds in which wood frogs were recorded by all methods com-
bined. The sample size listed for 1998 and 1999 is the total number of ponds in which a) repro-
ductive activity was recorded by any of the four methods, and b) eggs or larvae were recorded 
by any of the three methods. 
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sets for documenting reproductive activity of 
wood frogs were CD or CT surveys (Fig. 4a). 
Of these, only the CT survey combination was 
worse than the three-method, CDT combina-
tion (x2 = 3.84, df = 1, P < 0.05). The efficacy 
of both D and T surveys was improved when 
combined as DT (x 2 = 6.77 and 7.66, df = 1, P 
< 0.01) (Fig. 4b). In contrast, efficacies of the 
two-method ED, ET, or DT survey sets for 
documenting wood frog eggs or larvae were 
similar. 

During the post-metamorphosis survey, re-
cently metamorphosed wood frogs were ob-
served in 57 ponds (data not shown), including 
nine ponds in which there were no eggs or lar-
vae documented by other methods. 

The number of amphibian species recorded 
in ponds varied both among years and among 
methods (Fig. 5). In 1998, the C, D, and T sur-
veys recorded a maximum richness of four spe-
cies (Fig. 5a). Although the efficacy of these 
methods differed, the relative distribution of 
species richness among ponds did not differ (x 2 

 = 15.35, df =10, P < 0.12). In 1999 (Fig. 5b), C 
and D surveys identified a maximum species 
richness of only three species in ponds, whereas 
T surveys identified four species. Although the 
overall efficacy of the C, D, and T surveys was 
similar, the relative distribution of species rich-
ness among ponds was different (x 2 = 39.10, df 
= 8, P < 0.001); D surveys documented fewer 
species in ponds relative to other methods. Re-
sults for the three methods in combination, were 
similar among years (Fig. 5). However, CD and 
CT surveys did a better job of documenting 
species richness in ponds than did DT surveys 
in 1998 (x2 = 11.96 and 14.18, df = 5, P < 0.035). 
The CD and CT survey combinations identi-
fied one more species (gray treefrog) in ponds 
compared to the DT survey combination (in 
both years, only the C survey detected gray 
treefrogs). 

Discussion.-Efficacy of the three primary methods was vari-
able among species and years. Life history, reproductive phase, 
logistical factors, and environmental variation might account for 
much of this variation. For example, C surveys identified 
Pseudacris species in a much higher proportion of ponds than did 
D or T surveys. These species call often and over a relatively long 
period so they are likely to be noted when present. In contrast, C 
surveys identified wood frogs in ponds about as well as D or T 
surveys in one year but not the other. Wood frogs breed early in 
the season, but for only a short period, and breeding can be post-
poned by cold weather (Mossman et al. 1998). Consequently, it is 
difficult to time surveys to encompass consistently their breeding 
season, especially if there are large-program logistical constraints, 
such as the need to survey many wetlands over several days under 
variable weather conditions. 

Several authors have suggested use of a combination of meth- 

ods to meet objectives of documenting presence and relative abun-
dance of species in amphibian communities (Heyer et al. 1994; 
Olson and Leonard 1997). Our results support this suggestion. A 
combination of a C survey with either D or T surveys documented 
the occurrence of calling species in more ponds than any one 
method alone. This is probably because of the similarity in results 
between D and T surveys, and the contrast between these methods 
and the C survey. Despite similarities between D and T surveys, 
there were instances in which results improved substantially by 
conducting both of these surveys. However, although results of-
ten improved by using multiple types of surveys, it is unknown 
how much of the improvement was because of adding another 
survey method per se, or simply because of an additional visit to 
the site or spending more time conducting surveys at the site. 

Multiple visits to a pond clearly contributed to the efficacy of 
funnel trap surveys. Although a single day of trapping identified 
nearly all ponds known to contain wood frog larvae, this species 
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FIG. 5. A comparison of the efficacy of three survey methods for docu-
menting the richness of amphibian species (wood frogs, spring peepers, 
western chorus frogs, gray treefrogs, and blue-spotted salamanders) breed-
ing in (a) 1998 and (b) 1999 in a collection of 76 seasonal forest ponds in 
north central Minnesota. Methods used were breeding call (C), dip net 
(D), and funnel trap (T) surveys, which were analyzed singly and in com-
bination. The measure of efficacy was taken as the pond count for a method 
or combination of methods expressed as a proportion of the number of 
ponds in which a species was recorded by all methods combined. 

was very abundant. In contrast, two additional days of trapping 
continued to yield improvements in detection of less abundant 
amphibian species whose abundance was, on average, three to four 
percent of wood frogs. For chorus frogs, additional days of trap-
ping might have increased the number of ponds in which they 
were detected. Overall, it seems that three days of trapping, as 
recommended by Adams et al. (1997), did a reasonable job of iden-
tifying the species composition of amphibians in small seasonal 
forest ponds. 

A comparison of our egg survey results to those of Crouch and 
Paton (2000) also demonstrates the value of multiple visits. We 
obtained poor results from a single visit to survey wood frog eggs 
in 76 ponds. In 1998 and 1999, respectively, our E surveys identi-
fied only 40 and 70% of ponds known to contain wood frog eggs 
or larvae. In contrast, Crouch and Paton (2000) visited 15 ponds 
at 3 to 6 day intervals from early March to mid-April. They ob-
served that 85% of wood frog egg deposition was completed in 
< 8 days, but it took an average of 17.4 (± 4.8) days for all egg 
masses to be deposited. Thus, they recommended that egg sur-
veys be conducted over a three-week period and concluded that 
egg surveys can provide accurate information for monitoring abun-
dance of wood frogs. Taken together, our results and those of 
Crouch and Paton (2000) suggest that while egg surveys can pro-
vide accurate information on wood frog reproduction, under our  

protocols, a single visit was not adequate to document presence. 
Two likely reasons for the false negatives that we recorded are 
failing to see communal egg masses that were present and survey-
ing ponds before egg masses were laid. We believe the latter ex-
planation is especially appropriate to our 1998 results; our tim-
ing was too early for a single-visit survey. 

Methods differed in regard to effort required to conduct surveys 
under the protocols we used. E and D surveys were easiest to con-
duct because they only required a single visit each year and the 
survey itself required about 10-20 and 30-60 min at each pond, 
respectively. C surveys required relatively more effort. Although 
it took less time to conduct the survey at the site, two visits (each 
about 5-10 min) were required each year during nocturnal hours 
to assess the amphibian species that use seasonal forest ponds. T 
surveys required the most effort, primarily because our protocols 
stipulated that each wetland be surveyed once each year, and the 
survey itself took about 15 to 60 min for each of 4 days. Cost of 
equipment was zero for the C and E surveys, about US $70 for a 
dip net, and about US $8 and $20 for one funnel trap (depending 
on mesh size). 

As others have reported (Heyer et al. 1994; Mossman et al. 1998), 
methods also differed in their sensitivity to weather conditions. 
For one, it can be difficult to schedule surveys to cover a large 
number of study sites to accommodate seasonal and daily weather 
effects on amphibian activity. For example, we experienced diffi-
culty in timing C and E surveys of a large number of ponds to 
consistently survey an explosive breeder like wood frogs. In con-
trast, scheduling D and T surveys is less sensitive to short-term 
effects of weather. 

Surveying amphibians in seasonal forest ponds adds another 
dimension. We encountered instances of water levels that were 
too low to conduct surveys, concentrations of larvae in small re-
sidual puddles, ponds that prematurely dried up, and ponds that 
dried up and subsequently rehydrated. Such vagaries in the 
hydroperiods of seasonal ponds can induce daily and annual varia-
tion in data. In most cases, the consequence was inability to con-
duct a survey because of inadequate water. Although we tried to 
maintain a constant effort based on pond surface area, we suspect 
that high water might have diluted, and low water might have con-
centrated captures of amphibian larvae. 

Finally, it is important to choose parameters and methods of 
measuring them that are congruent with objectives (Heyer et al. 
1994). Although we observed differences in efficacy among meth-
ods, the fact that C, E, D, and T surveys document occurrence of 
species at different stages in ontogeny might affect choice of sur-
vey method. This was especially true of metamorph surveys. 
Metamorph surveys detected wood frogs at ponds in which no 
eggs or larvae were found, suggesting those surveys might have 
detected dispersers from other ponds. Thus, we do not recommend 
metamorph surveys as a tool for inventorying specific ponds. 

Overall, our results suggest that while single surveys might pro-
vide representative presence-absence data for some species, we 
encountered biases across species and years. Use of multiple sur-
vey types improved the detection of species reproductive activity 
in ponds and produced less variation among years. Thus, depend-
ing on survey objectives and resources, our results support the use 
of multiple types of surveys (e.g., toolbox approach of Olson et 
al.1997). Our results also suggest that efficacy of a survey might 
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improve by extending its duration or repeating it more frequently. 
The protocols that we used seemed appropriate for small seasonal 
forest wetlands in our region. If we had more resources available 
or fewer ponds to monitor, we would have chosen to conduct breed-
ing call surveys for a longer period than 3 minutes, and visit ponds 
more frequently than once to conduct wood frog egg surveys. For 
seasonal forest wetlands of the upper Great lakes region, we gen-
erally recommend a combination of breeding call followed by ei-
ther dip net or funnel trap (3 x 3 mm mesh) surveys conducted 
prior to metamorphosis. 
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Some of the largest nesting sea turtle populations in the world 
are located in the Arabian Sea in the vicinity of the Sultanate of 
Oman. Green turtle (Chelonia mydas) nesting grounds occur along 
the shoreline of the Ras Al-Hadd Turtle Reserve, while olive rid-
ley (Lepidochelys olivacea), loggerhead (Caretta caretta), and 
hawksbill (Eretmochelys imbricata) nest on Masirah Island. In the 
past two years, we have been involved in research projects requir-
ing sampling of arterial blood for physiological parameters. To 
collect arterial blood samples, we have developed a procedure for 
rapid location of an arterial puncture site for large green turtles (N 
= 150; body weight 100-155 kg; curved ca apace length 110-115 
cm). Previous measurements, based on >10,000 green turtles 
(1980-2000) from the same area for curved carapace length (100-
115 cm; Omani Government records, the Ministry of Regional 
Municipalities and Environment), were in close agreement with 
our measurements. 

Many procedures have been described for blood collection in 
turtles. Stephens and Creekmore (1983) described a procedure for 
cardiac puncture in freshwater turtles but this procedure is risky in 
the sea turtles because of their large size. Even in small turtles, it 
is a difficult and risky (Dessauer 1970; Ganda( 1958). In addition, 
cardiac puncture can cause pericardial contamination (Frair 1977). 
The most popular and most successful procedure of venous blood 
collection from the lateral cervical sinuses (Owens and Ruiz 1980). 

Some logistical problems in the use of cervical sinus.—Prob-
lems were not encountered when blood was collected from mod-
erate-sized hawksbill, olive ridley, loggerhead, and green turtles 
(100 kg). However, in large green turtles (>100 kg) we faced 
logistical problems in obtaining blood from the dorsal cervical 
sinuses. Stretching the neck through a slit of a tilted platform or 
on the ground as suggested by Owens and Ruiz (1980) was diffi-
cult as these large turtles have powerful retracted neck muscles 
and are hard to stabilize on the platform or the sand. In most cases, 
one person encountered extreme difficulties in pulling the neck 
forward and keeping it in a stretched and tilted position. In addi-
tion, each of the front flippers must be held by one person, while a 
fourth person held the turtle in a stable position for the fifth per-
son to perform the sampling. 

After several attempts, we abandoned use of the platform be-
cause it was impractical to lift a large turtle onto the platform. 
Transferring the platform from one location to another was also 
difficult and time-consuming. Most importantly, the platform 
method caused the head to tilt downward, buow the plastron level. 
Frequently, it was very difficult to keep the neck extended in this 
position long enough to collect a blood sample. Furthermore, the  

turtle struggled to move forward to retract its head. The turtle can-
not be subjected to conditions interfering with its breathing move-
ments, as the turtle quickly exhibits outward signs of disturbance 
and stress. When placed in a stressful condition, a significant 
change in plasma hormone levels from natural conditions is com-
monly observed in reptiles (Cree et al. 1990; Lance and Elsey 
1986; Mahmoud and Licht 1997). 

Procedure.—The following procedure, involving arterial blood 
sampling from the common carotid artery, can be useful in a vari-
ety of research projects. The sampling of arterial blood is pre-
ferred to venous blood because of the wider variability of param-
eters which might be investigated. The evaluation of arterial blood 
parameters can be studied under a specific set of physiological 
conditions, both in vivo and in vitro. Information about the status 
of parameters which can change rapidly in arterial plasma include 
pH, plasma lactate, total protein, urea, uric acids, and iron. Also, 
studies of mean corpuscular hemoglobin concentration, partial 
pressures of gases including Po 2  and Pco2  and other hematologi-
cal indices in arterial blood could be monitored. 

We propose the following steps for a less stressful arterial blood 
sampling in large turtles (specifically green and loggerhead sea 
turtles) of different sizes (50-150 kg or larger), compared to car-
diac or caudal punctures. 

1. With a four-person team, turn the turtle on its back (ventral 
side up) and immediately have each front flipper restrained, one 
per person. A third person stretches the neck forward very gently. 
When the turtle in this position, the neck is easy to pull forward by 
one person because the retracted neck muscles lose their strength. 
The turtle also has limited mobility when placed ventral side up. 

2. The fourth person will take the blood sample. Palpate the 
trachea and larynx along the mid-ventral line and insert a needle 
(1.5 inch-21 gauge) about 4.0-4.5 cm on either side of the lateral 
border of the trachea (Fig. 1). It is important to insert the needle 
lateral to the trachea by palpating the lateral outline of the trachea 
and the larynx to avoid injury to these organs. Adjust the depth of 
the needle between 2.0-3.0 cm with an angle of the needle entry 
perpendicular to the surface of the neck. Insert the needle into the 
common carotid artery about 7-10 cm from the angle of the jaws 
as the best source of blood collection. If this is not successful, try 
to insert the needle about 2-3 cm from the angle of the jaws, where 
the common carotid divides into the external and internal carotids 

FIG. 1. Ventral aspect of the green turtle showing the mid-ventral view 
(line). The two circles on both sides of the neck represent the best points 
of entry into the carotid arteries. 
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(Hildebrand 1974, p. 292) or at other sites as long as a distance of 
4.0-4.5 cm from the lateral outline of the trachea is maintained. 
Before the needle is inserted, retract the plunger slightly upward 
(about 0.5 cm) to make a slight air gap in the body of the syringe. 
This will allow for ease of blood flow entry into the syringe. The 
needle should be held in place when the blood starts to flow. At 
this point, move the plunger very slowly upward to maintain a 
continuous gentle suction until the required sample is obtained. If 
more than one sample is needed, vacutainer with evacuated blood 
collecting tubes should be used. 

3. If there is a failure to draw blood within two minutes, the 
operation must stop immediately and the turtle must be allowed to 
withdraw its neck to its natural position so it can relax and breath 
normally. This procedure should not be repeated more than three 
times, as any blood collected in subsequent attempts could have 
distorted plasma constituent levels because of the onset of stress 
conditions. The turtle should be immediately released. 

In summary, if the study requires arterial blood, our new method 
of blood collection is relatively unstressful and any volume of 
blood can be collected easily. If the study does not require arterial 
blood, the procedure of Owens and Ruiz (1980) using the cervical 
sinuses should be used, which is ideal for sea turtles under 100 kg. 
However, above this weight difficulties were encountered in the 
field. We suggest that if insufficient personnel are available in the 
field (four minimum), then the carotid method should be used as a 
less stressful procedure. 
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Pitfall traps associated with drift fences are a common method 
of capturing amphibians to determine relative abundance (Bury 
and Corn 1987; Corn 1994; Gibbons and Semlitsch 1982), but 
they also capture and kill small mammals as non-target species. 
When a study is being conducted at the same site over multiple 
years it is desirable to reduce mortality and leave the local faunal 
communities as undisturbed as possible to prevent confounding 
effects from sampling methodology. Pitfall traps can keep most 
amphibians alive if the cans are kept moist and checked frequently, 
and have not been found to decrease amphibian populations (Bury 
and Corn 1987; Corn 1994). However, pitfalls frequently result in 
the death of small mammals, and consequently can decimate small 
mammal populations (Bury and Corn 1987). This mortality could 
affect the results of the study, particularly when species (e. g. 
shrews) are predators of the target organisms. For ethical reasons 
animal use and care committees have sought to reduce mortality 
in ecological studies. Permitting agencies have also been reluc-
tant to issue collection permits for researchers using pitfall traps 
because of high incidental mortalities of non-target species. 

Karraker (2001) significantly reduced small mammal captures 
without a significant reduction in amphibian captures in pitfall 
traps by attaching jute twine to a coverboard over the pitfall trap. 
However, in some pitfall traps the twine was removed, or the end 
in the pitfall trap was eaten resulting in high small mammal mor-
tality. Sticks have been placed in pitfall cans to reduce small mam-
mal captures by giving them a ladder for escaping (S. Billig, L. 
Lichko, pers. comm.). It is possible that this ladder might also 
allow some amphibian species to escape. In addition, it is unlikely 
that small mammals will carry a stick the length of the pitfall trap 
away from the trap, and the stick method is less labor intensive 
than using jute twine. To our knowledge this practice and its ef-
fects on different species does not appear in the literature. We 
sought to measure the capture rates and subsequent mortality of 
amphibians and small mammals by placing sticks in the cans to 
allow small mammals to escape. 

This study was done in conjunction with a larger project study-
ing the effects of different riparian forest management practices 
on headwater streams. We conducted fieldwork in west-central 
Maine (latitude 45°25', longitude 70°35'). We sampled three 
streams in 2000 and eight streams in 2001. Nine streams were 
located in a mature second growth stand, and two streams had a 
23 m buffer on either side of the stream with a clearcut adjacent to 
the buffer. 

At each site we sampled the area from the stream bank out to 33 
m with pitfall arrays. Each array consisted of two 3-m sections of 
fence with a pitfall placed at each end of the fence, for a total of 
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TABLE 2. Results of Wilcoxon rank-sum test on the differences between traps 
with a stick and traps without a stick for amphibian and small mammal captures 
in June and July of 2000 and 2001 in western Maine. 

Species 
Stick 

#/100 TN 
No Stick 
#1100 TN S-Value P 

Amphibians 
American Toad 1.98 1.07 56.0 0.69 
Redback Salamander 0.51 0.42 49.5 0.67 
Wood Frog 1.52 1.80 59.0 0.56 

Small Mammals 
Shorttail Shrew 0.29 1.76 34.0 0.01 
Shrews' 0.51 11.62 28.0 <0.001 
Mice' 0.08 1.11 28.0 <0.001 
Redback Vole 0.29 1.49 34.0 0.02 
Woodland Jumping Mouse 0.08 0.69 31.5 0.005 

'Smoky shrews (Sorexfumeus), masked shrews (S. cinereus), and pygmy shrews (Microsorex 
hoyi). 
2Deer mice (Peromyscus maniculatus) and white-footed mice (P. leucopus). 

TABLE 1. Results of Wilcoxon rank-sum tests between years in stick 
and no stick treatments for amphibian and small mammal captures in 
June and July of 2000 and 2001 in western Maine. 

Species 
Stick 

S-Value 	P 
No Stick 

S-Value 	P 

Amphibians 
American Toad 12.0 1.00 15.0 0.40 
Redback Salamander 13.0 0.71 10.0 0.57 
Wood Frog 17.0 0.11 17.0 0.11 

Small Mammals 
Shorttail Shrew 8.0 0.25 10.0 0.54 
Shrews' 8.0 0.25 17.0 0.11 
Mice' 13.0 0.71 11.0 0.86 
Redback Vole 11.5 0.97 13.0 0.86 
Woodland Jumping Mouse 9.0 0.43 12.0 1.00 

'Smoky shrews (Sorexfumeus), masked shrews (S. cinereus), and pygmy shrews 
(Microsorex hoyi). 
2Deer mice (Peromyscus maniculatus) and white-footed mice (P leucopus). 

four pitfalls per array. We placed one fence in each array perpen-
dicular to the stream and one fence parallel to the stream forming 
a t-configuration. There were four transects with three arrays per 
transect, resulting in 12 arrays and 48 pitfall traps per stream. 

We constructed drift fences of partially opaque polyethylene 
supported by mason string, attached to hardwood stakes 40-50 
cm high. We made pitfalls out of two #10 tin cans (36 cm each) 
taped end to end and we placed a funnel made from a plastic bowl 
in the top of the pitfall. Fencing went through the middle of the 
pitfalls to capture movement from both sides of the fence. We 
covered the bottom of each pitfall with 2-5 cm of water to keep 
amphibians from desiccating and force small mammals to swim, 
thus encouraging them to escape the pitfall. Traps were checked 
2-3 times per week. Amphibians were identified and marked with 
a visible implant elastomer tagging method (Northwest Marine 
Technology, Shaw Island, Washington) (Davis and Ovaska 2001; 
Marold 2001; Nauwelaerts et al. 2000). We identified small 
mammals to species or genus and discarded them. 

To evaluate the effect of sticks on amphibian and small 
mammal capture rates we placed sticks in selected cans. 
Sticks were obtained at each study site and were between 
0.6 and 1.5 cm in diameter. One end of the stick was placed 
at the bottom of the can and the other end was approxi-
mately 5 cm above the top of the pitfall trap. In 2000, we 
removed sticks from two of the cans in each array from 
late June to early July for a total of 792 trap nights in both 
the stick and no stick treatment. In mid June 2001, we 
removed sticks from all cans within selected streams and 
compared them to streams with sticks remaining in all cans 
for a total of 1824 and 1488 trap nights in the stick and no 
stick treatment respectively. 

Using a Wilcoxon rank-sum test, we found no signifi-
cant year effects for any species or any treatment (Table 
1), therefore we pooled data from 2000 and 2001 to in-
crease sample size. We tested for differences between cans 
with sticks and cans without sticks with a Wilcoxon rank-
sum test for each taxon. 

We captured three species of amphibians totaling 181 individu-
als, and five species of small mammals totaling 466 individuals. 
We classified smoky shrews (Sorex fumeus), masked shrews (S. 
cinereus), and pygmy shrews (Microsorex hoyi) as shrews, and 
we classified white-footed mice (Peromyscus leucopus) and deer 
mice (P. maniculatus) as mice because of difficulties in identifica-
tion of these species in the field. 

We did not detect any significant differences between traps with 
sticks and traps without sticks for American toads (Bufo 
americanus), redback salamanders (Plethodon cinereus), or wood 
frogs (Rana sylvatica) (Table 2). Overall amphibian mortality was 
8.6% and 9.7% in the cans with sticks and without sticks, respec-
tively. We captured significantly more shrews, shorttail shrews 
(Blarina brevicauda), woodland jumping mice (Zapus insignis), 
mice, and southern red-backed voles (Clethrionomys gapperi) in 
traps without sticks than traps with sticks placed in them (Table 
2). Capture rates of all small mammals combined were 14.5 times 
higher in pitfall traps without sticks than pitfall traps with sticks. 
Small mammal mortality was 100% for both years. 

Our results show the placement of sticks in pitfall traps can dra-
matically reduce the number of small mammal captures and sub-
sequent mortalities without affecting amphibian capture rates. The 
method is very inexpensive and requires very little extra labor. 
Future research involving the same study sites over multiple years 
should use sticks to reduce small mammal mortality and to reduce 
the potential effects that can result if an entire class of animals is 
eliminated in a study area. 

We cannot rule out the possibility that our results from 2001 are 
a result of differences among study sites. However, we think this 
is unlikely because of the highly significant results, and the loca-
tions and habitats were similar for all sites. In addition, we contin-
ued to capture amphibians and small mammals at these streams 
through September 2001 with sticks placed in all pitfalls. Capture 
rates for small mammals were similar for streams that were previ-
ously in the stick or no stick treatment (D. Perkins, unpubl. data). 
We also did not test for differences among different sizes of sticks, 
and there is a potential that larger sticks than the ones used in this 
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study could allow some amphibians to escape. 
After this study period was over we continued to capture am-

phibians throughout the summers of 2000 and 2001 with sticks in 
all cans. In subsequent sampling with sticks in all cans we caught 
the amphibians mentioned previously, as well as green frogs (Rana 
clamitans), blue-spotted salamanders (Ambystoma laterale), spot-
ted salamanders (A. maculatum), two-lined salamanders (Eurycea 
bislineata), dusky salamanders (Desmognathus fuscus), spring sala-
manders (Gyrinophilus porphyriticus), and red-spotted newts 
(Notophthalmus viridescens). Although we do not have data for 
cans without sticks these individuals could not escape the cans 
with sticks in them. Placing sticks in the size range used in this 
study in pitfall traps made of two #10 tin cans can reduce small 
mammal capture, and does not seem to affect amphibian capture 
rates in forests in the northeastern United States. 
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Predation is the predominant source of nest mortality for most 
North American turtle species, including populations that are in 
decline (Brooks et al. 1992; Congdon et al. 2000). The identifica-
tion of nest predators—crucial to understanding predator-prey re-
lationships—has been previously accomplished largely by use of 
techniques that rely on the availability of physical evidence, such 
as animal sign (predominantly tracks) and nest/egg remains at 
depredated nests (e.g., Standing et al. 2000). Such techniques, 
however, are subjective and might preclude the identification of 
those species actually responsible for nest predation for numerous 
reasons, including: nesting substrates seldom retain identifiable 
tracks (Burger 1977; Maclvor et al. 1990), more than one species 
of predator might visit nests (Burger 1977; Lariviere 1999; 
Leimgruber et al. 1994), and numerous predator species might 
leave similar nest remains (Hernandez et al. 1997a; Lariviere 1999; 
Pietz and Granfors 2000). Further, the behavioral and temporal 
patterns of predators are rarely discernible via animal sign or nest 
remains. Therefore, comprehensive quantitative evaluations of 
turtle nest predation and predators have been infrequent (Burger 
1977), although such detailed studies are clearly required (Tinkle 
et al. 1981). 

The use of remote photography has allowed detailed evaluation 
of predation at artificial and natural avian nests (Maier and DeGraaf 
2000; Pietz and Granfors 2000), yet there have been few applica-
tions of this technology in herpetofaunal studies (Cutler and Swann 
1999). Preliminary efforts have indicated that remotely-triggered 
cameras might be used to study turtle nest predators (Doody and 
Georges 2000; Tuberville and Burke 1994); however, triggering 
devices (e.g., infrared beam) might be misaligned by animals, re-
quire frequent monitoring, and are often conspicuous (Hernandez 
et al. 1997b; Sadighi et al. 1995; see Fig. 2 in Doody and Georges 
2000). Furthermore, such triggers often might be unduly activated 
by wind-blown vegetation, heavy precipitation, and by animals 
other than predators (Buler and Hamilton 2000; Rice et al. 1995; 
TJM, pers. observ.). To circumvent such limitations, we devel-
oped a small, simple, subterranean camera trigger that is relatively 
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FIG. 1. Raccoon (Procyon lotor) tripping subterranean camera trigger 
while excavating artificial turtle nest on 26 June 2000 at 0202 h in central 
Massachusetts. 

easy to install, requires no maintenance, and is designed to acti-
vate only when the nest is excavated or otherwise greatly disturbed 
(Fig. 1). 

Methods.—This trigger consists of a non-mercury tilt switch 
(manufactured by Assemtech Europe, part no. CW1300-1; dis-
tributed by Farnell Components [U.K.], part no. 540614; avail-
able from Newark Electronics ®  [USA]), 4.7 mm in diameter and 
22.2 mm in total length, that contains two hermetically-sealed, 
non-toxic contact spheres (Fig. 2a). Each switch was soldered to 
the exposed doubled-leads at one end of a 4 m length of 24-gauge, 
solid telephone wire (Fig. 2b); with a modular plug crimped on 
the other end of the wire (Fig. 3). To re-insulate and waterproof 
the switch's soldered-connection, we dipped switch-ends of trig-
ger wires in black Plastidip ®  (manufactured by PDI, Inc.; Circle 
Pines, Minnesota, USA), shaking off excess fluid and hanging them 
to dry. Plastidip ®  (previously used in field studies; e.g., Haskell 
1999) provides a tough, flexible coating that has no apparent scent 
after being aired a few days. The modular plug of each trigger 
wire was connected to a modified 35-mm camera ("point-and-
shoot" with 35-mm lens [f/3.5], ISO 200 color negative film [24 
exp.], and a time-date function). The camera was enclosed in a 
camouflage-painted, weatherproofed wooden box with screened 
anti-condensation ports and glass windows (adapted from 
Danielson et al. 1996). 

a. =ran zoo,  a 
b. 41/11111111111111■ftplopeumk, 

c m 	 outer lead 

c. 

1111111.1111■=m011111111144., 

Flo 2. a) Non-mercury tilt switch showing contents, b) example of sol-
dered switch, c) subterranean-end of trigger wire coated with black 
Plastidip®. 

FIG. 3. Camera box assembly with trigger wire. 

Switches cost $2 each (all costs approximate U.S. dollars), a 4 
m length of telephone wire costs $1, a 429-ml can of Plastidip® 
costs $8, the camera box with modifications costs $15 to con-
struct, a wood stake to support cameras set up in open areas costs 
$1, and cameras with modifications cost $105 (cost based on 
Danielson et al. 1996); totaling $125 per assembly. 

We tested triggers by monitoring a total of 111 artificial turtle 
nests with remotely-triggered cameras at known turtle-nesting 
habitats in southern New Hampshire and central Massachusetts 
during May–July 2000. Each nest contained several eggs of either 
snapping turtle (Chelydra serpentina) or northern bobwhite 
(Colinus virginianus). Camera triggers were positioned horizon-
tally (similar to that illustrated in Fig. 2c) and buried 5-10 cm 
below the soil surface (within nest chambers) with moist soil re-
packed over the nest. Preliminary trials indicated that shallower 
trigger placement often resulted in their activation during heavy 
rain or when non-target animals, such as wild turkey (Meleagris 
gallopavo), stepped on nests. Trigger wires were buried in a thin 
slit between nest and camera at similar depth to triggers using a 
trenching shovel. Camera triggers were most sensitive to distur-
bance when the switches' outer lead (i.e., lead originating off switch 
casing [see Fig. 2b], easily seen under the Plastidip® coating [see 
Fig. 2c]) was placed downward. Cameras were mounted 1-1.5 m 
above ground on wooden stakes or trees at a distance of 1.5-2.5 m 
from nests (Fig. 4). While installing artificial nests and camera 
equipment, we wore clean gloves, clean rubber boots, and placed 
our equipment on clean plastic drop-sheets to minimize human 
scent and disturbance at the sites (Whelan et al. 1994). 

Results and Discussion.—Our use of subterranean camera trig-
gers enabled us to photograph several species of "turtle nest" preda-
tors without experiencing many of the problems associated with 
other triggering devices. Raccoons (Procyon lotor) were the most 
frequently photographed predators both in New Hampshire and 
Massachusetts. We also identified striped skunks (Mephitis me-
phitis) in Massachusetts, gray fox (Urocyon cinereoargenteus) in 
New Hampshire, and fishers (Martes pennanti) in New Hamp-
shire as nest predators. To our knowledge, fishers have not previ-
ously been reported to depredate turtle nests. Red squirrels 
(Tamiasciurus hudsonicus) sporadically disturbed nests in New 
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Hampshire sufficiently to trigger cameras but did not destroy nests, 
suggesting either that they may be sensitive to our cameras' activ-
ity or that they are not turtle nest predators. Cameras also were 
occasionally triggered by moose (Alces alces) and white-tailed 
deer (Odocoileus virginianus) that stepped directly on turtle nests. 
Other apparent false-triggers (i.e., nothing visible in photograph) 
may have been caused by unidentified burrowing animals as pos-
ited by Congdon et al. (2000). 

We also photographed multiple predators at the same nest in a 
number of cases, occasionally simultaneously. For example, a gray 
fox was photographed 4 June at 0150 h, just prior to a raccoon at 
0201 h. At a second nest, a raccoon was photographed 9 July at 
0442 h and 0609 h, followed by a fisher at 1806 h the same day. 
Additionally, we photographed multiple raccoons simultaneously 
at the same nests. Photographing subsequent visiting predators 
was possible after nests and camera triggers were either partially 
or completely excavated because our camera units remained ac-
tive as long as unexposed film was available. Camera triggers 
proved extremely sensitive when uncovered, often repeatedly fir-
ing the camera at any slight disturbance such as raindrops or an-
other predator. As used in our tests (i.e., without time-delays on 
cameras), trigger sensitivity also resulted in multiple exposures of 
individual predators engaged in prolonged digging activity, bouts 
often lasting at least 5 min. Such series of photographs occasion-
ally provided useful behavioral insights; this, however, at the ex-
pense of photographs of any subsequent visitors when all film 
was exposed. Thus, even more nests may have had subsequent 
visitors than we were able to detect. 

Further use of subterranean camera triggers, along with the time-
date function of the cameras, may allow researchers to quantify 
patterns of turtle nest predation. For example, an association be-
tween precipitation events and predation on older nests has been 
reported (Congdon et al. 2000; Wilhoft et al. 1979); however, heavy 
precipitation has been reported to depress predation rates by in-
hibiting predators (Burger 1977; Hammer 1969; Legler 1954). Un-
fortunately, all reports have been incidental observations and the 
potential association has never been investigated systematically 
(Brooks et al. 1992). Confirmation of turtle nest predators and 
nest predation times, along with on-site precipitation-humidity data 
(and perhaps soil moisture gradients), would allow the quantita- 

FIG. 4. Field installation of camera and buried trigger at artificial turtle 
nest.  

tive evaluation necessary to establish not only the association be-
tween predation and precipitation but potentially underlying 
mechanisms as well. 

The presence of remote photography equipment (e.g., trigger-
ing mechanisms) may affect animal behavior (Cutler and Swann 
1999; Maier et al., unpubl. data). As such, our inconspicuous sub-
terranean triggers provide a more objective and effective means 
by which researchers may quantitatively examine turtle-nest preda-
tors and patterns of predation. Field trials yielded numerous de-
tailed photographs of various potential predator species, their be-
havior, and time of activity while depredating artificial turtle nests. 
Additionally, multiple predator species were detected at the same 
nests, highlighting the shortcomings of subjective identification 
methods that rely on physical evidence such as animal sign or 
remains at depredated nests. These observations and others af-
forded by use of this inexpensive remote-recording device may 
prove useful in understanding many factors affecting the repro-
ductive success of turtles. 
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In light of recent amphibian declines and local extirpations 
(Pechmann and Wake 1997; Stebbins and Cohen 1995), there has 
been renewed need to update and verify the continued persistence 
of local populations. Hovingh (1997) summarized biogeographi-
cal patterns and occurrences of amphibian species in the eastern 
Great Basin, USA. The extreme northeastern Great Basin is char-
acterized by discrete valleys, which are remnant sub-basins of 
ancient Lake Bonneville. After surveying in 1987 and 1993, 

Hovingh (1997) was unable to verify continued presence of Bufo 
woodhousii and B. cognatus in some of these valleys and sub-
basins. In this note, we report new records that augment and clarify 
Hovingh's (1997) results on the distribution of these two bufonids 
in the eastern Great Basin. We also present a new county record 
for B. woodhousii in southeastern Idaho, extending the reported 
range of this species. 

Published range maps of B. woodhousii show a continuous dis-
tribution along the Wasatch Front and into southern Cache Valley, 
stopping at the Utah-Idaho state line (Stebbins 1985; Tanner 1931). 
Disjunct populations also occur along the Snake River Plain of 
Idaho and the Columbia River between Oregon and Washington 
(Nussbaum et al. 1983; Stebbins 1985). Hovingh (1997) stated 
that B. woodhousii does not occur in southeastern Idaho and failed 
to verify continued persistence of populations in Cache Valley (Fig. 
1, Locality A) and the Blue Spring Sub-basin (in northern Utah; 
Fig. 1, Locality B) during field surveys in 1987 and 1993. He also 
questioned the validity of a record from upper Blacksmith Fork 
Canyon (which drains into Cache Valley; Fig. 1, Locality C), but 
did not give an opinion on the status of a record from Dry Lake, 
Cache Co. (BYU 542, Fig. 1, Locality D). Supplementing 
Hovingh's field surveys, our recent work in these areas produced 
the following records for B. woodhousii: USA (the following num-
bers correspond to locality numbers in Fig. 1): UTAH: CACHE CO.: 

(1) near Bear River, 5.1 mi (8.2 km) W of US Hwy 91 on Utah 
State Route 142, 1360 m elev. (41°55.10'N, 111°54.60'W). 14 July 
1999. Paul C. Ustach and Daniel G. Mulcahy. UTA A-54480; (2) 
Cache Valley, Hwy 142, 0.9 mi (1.4 km) S of Clarkston, 1450 m 
elev. (41°54.39'N, 112°02.73'W). 29 July 1999. Daniel G. Mulcahy. 
UTA A-53937; (3) near Clarkston, Short Divide Rd., 1.0 mi (1.6 
km) E of County line, 1490 m elev. (41°54.41'N, 112°04.22'W). 
29 July 1999. Daniel G. Mulcahy. UTA A-53938; (4) Morton, 0.1 
mi (0.2 km) S junction 1200 St/Center on 1200 St, 1360 m elev. 
(41°56.25'N, 111°56.62'W). 10 August 1999. Paul C. Ustach. UTA 
A-53939; (5) 1.4 mi (2.3 km) E junction 1200 St/Center on Cen-
ter, 1360 m elev. (41°56.33'N, 111°54.98'W). 10 August 1999. Paul 
C. Ustach. UTA A-53940; Box ELDER CO.: (6) Blue Spring Sub-
basin, E Promontory Rd., 4.5 mi (7.2 km) S of 7200 N, 1295 m 
elev. (41°34.83'N, 112°29.39'W). 26 August 2000. Daniel G. 
Mulcahy and Becky L. Williams. UTA A-54640; (7) IDAHO: 

FRANKLIN CO.: Cache Valley, 3.6 mi (5.8 km) W of Franklin on 
4800 S, 1380 m elev. (42°0.79'N, 111°52.54'W). 5 September 2001. 
Michelle R. Cummer. UTA A-54639. 

Hovingh (1997) addressed only one record of B. woodhousii 
(UU 5484, Blacksmith Fork River, Cache Co., Utah), which he 
considered suspect due to elevation; however, Pack (1922a) re-
ported an abundance of B. woodhousii in Benson (Cache Co.) af-
ter an outbreak of sugar-beet webworms. In addition to the speci-
mens collected (see above), we observed other individuals of B. 
woodhousii at localities 4, 6, and 7 (Fig. 1) that were not collected. 
The individuals found in Cache Valley, Utah, were observed and 
collected over a period of two years (males were heard calling 
over a period of three years; PCU 1997-2000), and UTA A-53940 
(Locality 4, Fig. 1) was a sub-adult collected amidst 10-15 con-
specifics. Additionally, an individual B. woodhousii was observed 
at Locality 8 (Fig. 1; UTAH: Box ELDER CO.: Blue Spring Sub-
basin, E Promontory Rd., 9.2 km S of 7200 N, 1295 m elev. 
[41°34.01'N, 112°29.27'W]) and a chorus of males was heard at 
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FIG. 1. Map showing the northeastern corner of Bonneville Basin, showing localities for B. woodhousii mentioned in the text. Squares represent 
records from the literature (records A and C were verified by us), and dots represent new locality records presented in this study. White area represents 
historical margins of Lake Bonneville at its greatest extent (modified from Currey et al. 1984). Crosshatched area represents current margins of the 
Great Salt Lake. Pale gray area represents elevations between 1525-2135 m, dark gray represents elevations above 2135 m. Thin lines represent 
county borders. Inset map indicates area enlarged and entire Bonneville Basin. 

Locality 9 (Fig. 1; UTAH: Box ELDER Co.: Blue Spring Sub-ba-
sin, E Promontory Rd., 12.9 km S of 7200 N, 1295 m elev. 
(41°32.05N, 112°28.75'W) on 30 May 2002. Therefore, we be-
lieve viable populations of B. woodhousii still exist in these areas 
of the northeastern Bonneville Basin. The Utah records confirm 
the continued persistence of B. woodhousii in Cache Valley and 
the Blue Spring Sub-basin, while the Idaho record represents the 
northernmost record in Cache Valley and a new county record for 
Franklin Co., Idaho. Cache Valley is a continuous geographical 
feature that straddles the state line between Utah and Idaho. Based 
on this, we suspect that B. woodhousii occurs throughout Cache 
Valley and therefore further into Idaho than is represented by our 
observations. 

The occurrence of B. cognatus in the eastern Great Basin has 
also received attention recently. A distribution map of B. cognatus 
presented by Krupa (1990) showed locality records from the east-
ern Bonneville Basin in the Salt Lake City, Bountiful, and Cache 
Valley areas and illustrated the range of the species to extend south- 

ward along the Wasatch Front through southwestern Utah (although 
no records are indicated in this latter region). Hovingh (1997) dis-
missed all records from the Great Basin as either being 
misidentified or introduced. Nevertheless, we are aware of mu-
seum records of B. cognatus from the eastern Great Basin of Utah 
and address these individual records for specific clarification. We 
have examined most of these specimens and verified their identi-
fications. A specimen from Salt Lake City (TNHC 11593; 5 mi S 
on 14th S St, Salt Lake City) is an adult female B. cognatus. A 
specimen from Provo (USNM 13993) has been reidentified as Spea 
intermontana by the institution (S. Gotte, pers. comm.). A speci-
men from Payson (USNM 13995) is a juvenile B. cognatus. A 
specimen from Ogden (CU 10193) is unavailable for study at this 
time, so its identity remains uncertain. An additional specimen 
from SaltAir (UU 2855) is missing from that collection, therefore 
its identity also remains uncertain. Pack (1922b) reported two speci-
mens of B. cognatus from Benson, Cache Valley. We have located 
one of these specimens (CAS 63924) and confirmed its identity as 
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Fin. 2. Map showing the state of Utah, showing localities for B. cogna-
tus. Dots represent verified, but suspect, voucher specimens (see text). 
Question marks represent museum specimens missing or unavailable for 
identification. Squares represent legitimate, verified records. Stars repre-
sent dot localities presented by Krupa (1990) for which we were unable 
to locate voucher specimens. White area represents historical margins of 
Lake Bonneville at its greatest extent (modified from Currey et al., 1984). 
Crosshatched area represents current margins of the Great Salt Lake. Pale 
gray area represents elevations between 1525-2135 m.; dark gray repre-
sents elevations above 2135 m. 

a juvenile B. cognatus. We find it noteworthy that the largest col-
lection of Utah amphibians (Monte L. Bean Museum, BYU) has 
no records of B. cognatus from the western Wasatch Front. 

During our surveys in the field and of museum records, we have 
verified the identifications of only three voucher specimens of B. 
cognatus along the western Wasatch Front in the Great Basin (Fig. 
2). The record from Salt Lake City (TNHC 11593) is suspect be-
cause the date of collection (23 June 1950; collected by Jameson) 
corresponds with the date of other specimens collected by the same 
individual in Texas (T. LaDuc, pers. comm.). The second record is 
from the town of Payson (USNM 13995), having been sent by 
Yarrow to USNM in 1884 (collection date unknown; S. Gotte, 
pers. comm ) A major human transportation route over the Wasatch 
Front exists between the towns of Green River and Payson. Be-
cause B. cognatus has been documented near the town of Green 
River on the Colorado Plateau (MVZ 29835; BYU 764; UMMZ 
62155-60), the record from Payson could represent a rare dis-
persal event, human transport, or incorrect locality data. The 

Benson specimen (CAS 63924; only existing specimen of the two 
individuals reported by Pack 1922b) was found on a beet farm in 
1921, and no others have been reported or collected in Cache Val-
ley, Utah. We have verified the identification of this specimen (a 
subadult) and we have no a priori reason to doubt the authenticity 
of the locality record, but we do suspect that this represents a one-
time human introduction event. Finally, we also note that the most 
recent of the three existing specimens was collected in 1950; we 
are not aware of any collected since that time. After considering 
these three geographically and temporally separated records, as 
well as the lack of any recent records of B. cognatus from this 
area, we do not believe that the natural range of this species ex-
tends north along the western side of the Wasatch Front. 

We therefore confirm and detail the findings of Hovingh (1997) 
on Bufo cognatus. However, we were able to verify the continued 
persistence of B. woodhousii in the eastern Great Basin. Intense 
intermittent surveys can be augmented with continued surveillance 
of amphibians by qualified local observers and the deposition of 
voucher specimens in appropriate institutions. Recurrent records 
such as these can ameliorate problems in documenting amphibian 
declines, allowing a more thorough evaluation of this phenom-
enon. 
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Among amphibians, Eleutherodactylus johnstonei (Fig. 1) is 
rivaled in its propensity for range expansion only by the toad Bufo 
marinus (Kaiser 1997). However, whereas B. marinus made its 
biggest expansion jump, from South America to Australia, through 
purposeful human intervention and for a presumed agricultural 
benefit, E. johnstonei seems to move from one urban center to 
another continuously, at irregular intervals, both with and without 
the deliberate help of Homo sapiens. A compelling reason for care-
fully documenting the expansion of E. johnstonei is that it has 
been shown (Ovaska 1991; Pough et al. 1977; Stewart and Martin 
1980) that its behavioral ecology and physiology allow it to colo-
nize successfully where few other anurans can live, and that it 
may itself be a catalyst for the disappearance of other species 
(Hardy and Harris 1979). As a species with direct development, 
E. johnstonei does not require standing water for reproduction and 

FIG. 1. Eleutherodactylus johnstonei from an empty lot in Irapa, Estado 
Sucre, Venezuela. This specimen is voucher LSUPC F-1388, a male of 
27 mm snout–vent length that was photographed on 4 September 2001.  

is therefore all the more capable of settling into novel habitats. At 
this time, with reports of amphibian declines circling the globe, 
the example of this highly successful invader is instructive. We 
here detail the progress this species has made recently in South 
America, a region where dozens of native species have been im-
pacted by human developments and the introduction of exotics, 
and where any additional environmental pressure on a delicately 
balanced frog fauna may become a tipping point (Gladwell 2000) 
for further declines of native frogs. 

Eleutherodactylus johnstonei is a species endemic to the Lesser 
Antilles, though its exact island of origin has become obscured by 
centuries of presumably repeated human-mitigated introductions 
(Kaiser 1992, 1996). There have been many reports on the vectors 
by which these frogs move from one island to another, and con-
clusive evidence for both deliberate (e.g., Bequia—Lazell 1994; 
Bermuda—Pope 1917; Jamaica—Barbour 1910) and accidental 
(e.g. Dominica—Kaiser and Wagenseil 1995; Panama City-
Ibariez and Rand 1990; Trinidad—Kenny 1980) introductions is 
available. The first documented introduction into the South Ameri-
can mainland occurred prior to 1919 when a specimen was col-
lected in Georgetown, British Guyana (Hardy and Harris 1979). 
This introduction was most likely accomplished by the same trade-
related mechanism that carried the species throughout most of the 
other British dependencies in the Eastern Caribbean region (Kai-
ser 1992). A similar, trade-linked scenario was invoked by Lescure 
and Marty (1996) who encountered E. johnstonei in 1993 near the 
city center of Cayenne, the capital city of French Guiana. In sur-
veys during the early 1970s (reported in Lescure 1981, 1983), 
Lescure had not heard the species in French Guiana. The most 
likely conduit for E. johnstonei into French Guiana is the trade in 
ornamental plants from Martinique (Lescure and Marty 1996). 

An introduction of the species into Caracas, Venezuela, in the 
late 1950s (Juan Rivero, quoted in Hardy and Harris 1979), per-
haps deliberately to introduce acoustic entertainment for a garden 
in the upscale suburb of Altamira, laid the foundation for its spread 
throughout that country and into neighboring Colombia, as de-
tailed below. It is noteworthy that the species must have been highly 
restricted initially in its distribution in Caracas, as it is still absent 
from the thorough list published by Rivero (1961). 

For verification of records, one would normally consider as con-
firmed only those localities for which voucher specimens or 
voucher photographs have been deposited in public institutions. 
However, in the case of "weed species," such as Bufo marinus or 
E. johnstonei, we realize that sightings verifiable through more 
than one source should also be considered. With species such as 
these, their presence may be duly noted by scientists yet no mate-
rial might be collected because the species is so common and en-
countered all the time. Thus, after a species has become estab-
lished at a locality for a certain period of time and becomes an 
integral part of that environment, voucher specimens are unlikely 
to be collected unless someone were interested in specifically docu-
menting for science what has become common knowledge locally. 
In Venezuela, species for which this might be the case include B. 
marinus, E. johnstonei, Leptodactylus fuscus, Hyla crepitans, and 
H. microcephala. Our list of localities (Table 1) therefore includes 
a variety of places without voucher specimens. Institutional ab-
breviations used are as follows: CVULA—Coleccion de 
Vertebrados, Universidad de Los Andes, Merida, Venezuela; 
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EBRG—Estacion Biologica de Rancho Grande, Maracay, Ven-
ezuela; EDELCA—Departamento de Ecologia, Corporacion 
Venezolana de Guayana, Electrificacion del Caroni C.A., Guri, 
Venezuela; ICN—Instituto de Ciencias Naturales, Museo de 
Historia Natural, Universidad Nacional de Colombia, Bogota; 
LSUPC—La Sierra University Photographic Collection, River-
side, California; MNHN—Museum National d'Histoire NatureIle, 
Paris, France; RMNH—Rijksmuseum van Natuurlijke Historie, 
Leiden, The Netherlands; SCN—Museo de Ciencias Naturales 'La 
Salle,' Caracas, Venezuela; UIS—Universidad Industrial de 
Santander, Bucaramanga, Colombia; ULABG—Universidad de 
Los Andes, Instituto de Geografia, Coleccion de Anfibios, Merida, 
Venezuela; UVC—Universidad del Valle, Cali, Colombia; 
USNM—U.S. National Museum, Washington, D.C. 

Expansion in Venezuela.—The Venezuelan capital of Caracas 
is a center for international trade and a crossroads for transporta-
tion across northern South America. Its shipping port and airport 
are both located along the coast just north of Caracas, in the cities 
of Catia La Mar, La Guaira, and Maiquetia. Among the most sig-
nificant population centers in coastal northeastern Venezuela are 
Barcelona, Puerto La Cruz, and Cumand. If a species is indeed 
transported both deliberately and accidentally, then these traffic 
centers would be logical places to find that species after an initial 
Caracas introduction. 

Specimens of E. johnstonei from Caracas were deliberately re-
leased in Cumand in 1967 (Hardy and Harris 1979), preempting a 
likely accidental introduction. By the mid-1970s, the species had 
spread throughout the city and along the coast near Cumand (Hardy 
and Harris 1979). Its presence at Puerto La Cruz and for the coastal 
cities near Caracas was reported by Kaiser and Grismer (2001), 
though without vouchers. 

Reports from local residents indicate that E. johnstonei has been 
in residence at Simon Bolivar International Airport for over a de-
cade. Thus, the initial spread of the species from the site of intro-
duction in Caracas occurred by both deliberate (Cumand) and ac-
cidental (elsewhere) means. Additional records of the species' 
spread in Venezuela (Table 1) were published by Gorzula (1989), 
Kaiser and Grismer (2001), and La Marca (1992), and a cumula-
tive listing appeared in Barrio-Amor6s (1998). Ydstiz (1977) men-
tioned the occurrence of an exotic Eleutherodactylus, possibly re-
lated to E. portoricensis, in his list of the frogs of the city of 
Barquisimeto that is clearly referable to E. johnstonei. 

A specimen of E. johnstonei in the collections of the EBRG in 
Maracay that was collected on 01 June 1998 in Naguanagua, 
Carabobo State, a town close to Valencia on the far side of Lago 
Valencia from Maracay, represents the first specimen from that 
state. EBRG 3681 verifies the presence of E. johnstonei in the city 
of Maracay, Aragua State. The presence of E. johnstonei in Miranda 
State, the state surrounding the Distrito Federal in which Caracas 
is located, is ascertained by specimen EBRG 1756. This specimen 
is notable because it was collected at an altitude of 1300 m which 
we believe to be near the limit for the species (see below). 

Reports of E. johnstonei from Bolivar State were made by 
Gorzula (1989). His list included Ciudad Bolivar, Ciudad Guayana, 
Upata, and Campamento Guri. Whereas museum vouchers are 
available for Guri (SCN 10919), the records for Ciudad Bolivar 
and Upata were based on the observation of calling males (Gorzula, 
in lilt.). In listing the records for Ciudad Guayana, Gorzula (1989)  

used the name Ciudad Guayana as it is commonly used locally, 
encompassing two individual cities (Puerto Ordaz, San Felix). 
However, voucher specimens exist only for Puerto Ordaz town 
(e.g. RMNH 18488, EDELCA 5898), the western half of the 
Ciudad Guayana conglomerate separated from San Felix by the 
Caroni River. 

Kaiser and Grismer (2001) reported E. johnstonei from Maturin 
and Caripe, cities in Venezuela's easternmost part. Unbeknownst 
to us, the species had been observed in Maturin a few years earlier 
and vouchered via photograph on the website of a hobby herpe-
tologist (http://www.meos.ch/terra-typica/amphibia/amphibia.htm;  
Thomas Haag, pers. comm.). During their trip in the year 2000, 
Kaiser and Grismer also visited the city of Irapa, where E. 
johnstonei was not heard. During a visit in September 2001, we 
heard E. johnstonei in several localities in Irapa and conducted 
audio transects along all of the streets criss-crossing the down-
town area (Fig. 2). It appears that the species was not present in 
large numbers where choruses were heard, and, at this time, its 
distribution throughout the city is discontinuous. Habitats for E. 
johnstonei in Irapa currently are gardens, empty lots, and con-
struction sites, though it was still absent from the three parks in 
the downtown area during our survey. We also determined, through 
additional driving transects, that the species was not present dur-
ing this period in either the downtown or surrounding areas of 
Guiria, the main port city on the Peninsula de Paria, although this 
city is a logical next colonization locale for E. johnstonei after 
colonization of Irapa. 
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FIG. 2. Map of downtown Irapa, Estado Sucre, Venezuela. This map 
illustrates the distribution of Eleutherodactylus johnstonei in Irapa's down-
town area shortly after its introduction between September 2000 and Sep-
tember 2001. In order to facilitate the description of localities, we consid-
ered the city's streets a grid, each of whose blocks represents four quarter 
squares. Filled circles indicate the quarter square in which audio transects 
revealed the presence of calling E. johnstonei males. 
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TABLE 1. Current localities for Eleutherodactylus johnstonei in South America. Photographic vouchers 
are italicized. Institutional abbreviations are listed in the text. 

Locality 
	 Voucher 	 Reference 

Colombia 
Barranquilla 
Bucaramanga 
Cali 
Cartagena 

French Guiana 
Cayenne 

Guyana 
Georgetown 

Venezuela 
Distrito Federal 

Caracas 
La Guaira 
Maiquetia 

Edo. Anzoategui 
Puerto La Cruz 

Edo. Aragua 
El Castatio, Maracay 
El Limon 
Rio Giiey 

Edo. Bolivar 
Ciudad Bolivar 
Ciudad Guayana 
Guri 
Puerto Ordaz 
Upata 

Edo. Carabobo 
Naguanagua, Valencia 

Edo. Lara 
Barquisimeto*  

Edo. Merida 
La Parroquia 
Merida 

Edo. Miranda 
San Jose de los Altos 

Edo. Monagas 
Caripe 
Maturin 

Edo. Sucre 
Cumand 
Irapa 

Edo. Trujillo 
Trujillo 

ICN 
	

Ruiz-Carranza et al. 1996 
UIS-A-0346-0350 
	

Ortega et al. 2002 
UVC 13885, LSUPC F-1389 

	
E Castro, in litt. 

none 	 this paper 

MNHN 1996.1003 	 Lescure and Marty 1996 

USNM 194416-28 	 Hardy and Harris 1979 

USNM 194429-41 
none 	 this paper 
none 	 Kaiser and Grismer 2001 

none 	 Kaiser and Grismer 2001 

EBRG 3681 
	

Manzanilla et al. 1995 
none 	 Barrio-Amoros 1998 
none 	 Manzanilla et al. 1995 

none 	 Gorzula 1989 
none 
	

Gorzula 1989 
SCN 10919 
	

Gorzula 1989 
RMNH 18488 
	

Barrio-Amor& 1998 
none 
	 Gorzula 1989 

EBRG 2090 	 this paper 

none 	 Yustiz 1977 

CVULA 5032 
	

Barrio Amoros 1998 
none 	 La Marca 1992 

EBRG 1756 	 this paper 

LSUPC F-555 
	

Kaiser and Grismer 2001 
LSUPC F-556 
	

Kaiser and Grismer 2001 

USNM 194442-46 
	

Hardy and Harris 1979 
LSUPC F-1388 
	

this paper 

ULABG 1158 	 La Marca 1992 

*This population was listed as "E. portoricensis cooki)" by Ytistiz (1977). We believe that Dr. Ydstiz was trying to 
refer the observed individuals to a frog similar to the Puerto Rican coqui, now known as E. coqui. It is unlikely that he 
was trying to imply a synonymy of E. portoricensis and E. cooki, a distributionally highly restricted cave dweller. 

Expansion in Colombia.—Ac-
counts of the invasion of E. 
johnstonei into Colombia (Table 1) 
have mostly been anecdotal (e.g. 
Kaiser 1997). Recent collecting has 
confirmed several localities, such as 
Bucaramanga (Ortega et al. 2002). 
Although reports supported by 
voucher specimens are few, the spe-
cies is now also confirmed for 
Barranquilla and Cali (Table 1). It 
has apparently become established 
in Cartagena, but no voucher speci-
mens are available. 

The distribution of E. johnstonei 
across northern South America (Fig. 
3) remains restricted to population 
centers. Within these locales, key 
habitats for E. johnstonei are private 
residences and areas where 
transportation of goods (such as 
construction materials, wood, or 
ornamental plants) is centered. It has 
been noted (Gorzula and Setiaris 
1998) that the occurrence of E. 
johnstonei in a residential area is 
generally an indicator of an elevated 
socioeconomic status of the 
residents, since the purchase of 
ornamental plants and the 
requirement of year-round watering 
requires considerable financial 
resources. This has earned the 
species the nickname "la rana 
burguesa" in some areas (Gorzula 
and Seiiaris 1998). This species has 
never been reported to cross from 
city habitats (e.g., parks, gardens, 
empty lots etc.), into native habitat. 
This is a key observation with 
respect to the species' competitive 
capacity and expansion pattern and 
may allay some fears about the 
potential impact of this species on 
local endemics. In Guyana, where 
E. johnstonei has existed for over 
80 yrs, it has remained confined to 
the capital city of Georgetown, 
despite the proximity of agricultural land and disturbed forests, 
and the location of an international airport ca. 20 km to the south. 
Based on this pattern it is unlikely that there will be significant 
consequences for local endemics based on the mere presence of 
the species. However, if an endemic is negatively impacted by 
some form of human disturbance, such as short-term cutting of 
vegetation or residential construction in new forest tracts, E. 
johnstonei will likely move into that habitat before the native 
species has the opportunity to recover. 

It is an interesting feature of E. johnstonei that its expansion 

seems to be limited by the availability of disturbed habitat. In col-
lecting on all Eastern Caribbean islands with E. johnstonei popu-
lations, one of us (HK) found the species in seemingly undisturbed 
habitat in the southern Lesser Antilles only on the island of St. 
Lucia and in the northern part of that island chain on some of the 
Netherlands Antilles (Saba, St. Eustatius) and on the volcanic 
slopes of St. Kitts and Nevis. In all of these cases, E. johnstonei-
populations in primary habitat exist in noticeably lower densities 
than populations in adjacent disturbed habitats. Although this is 
an anecdotal observation at this time, it allows us to hypothesize 

292 	 Herpetological Review 33(4), 2002 



GEORGETOWN 

FIG. 3. Map of northern South America (Colombia, Venezuela, Guyana), indicating loca-
tions for which Eleutherodactylus johnstonei has been confirmed. 

Merida; no expansion from these localities has 
occurred at least over the last six years. 

The pattern established by the spread of E. 
johnstonei in northern South America leads us to 
believe that the species will continue to expand 
its range by chance, and that there is no realistic 
possibility of stopping that expansion. If our cur-
rent range map (Fig. 3) is considered a base map 
for the year 2001, predicted further points of in-
troduction include all major cities in Colombia 
and Venezuela, as well as communities connected 
by trade and/or people movement south along the 
Andes into Ecuador, Peru, and Chile. It remains 
to be seen whether this species is capable of in-
habiting higher altitude areas of the Andes (>3000 
m), or disturbed sites in primary rainforests in the 
Orinoco and Amazon basins. 
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that the capacity of E. johnstonei to expand into new habitats, and 
to survive at great densities, is optimized by habitat disturbance. 
The fact that all other populations of E. johnstonei are apparently 
linked to some abiotic disturbance (e.g., volcanism, degradation 
of native habitat by grazing and establishment of plantations, resi-
dential construction etc.) and exist at higher densities than in the 
forests of the islands mentioned above validates such an hypoth-
esis. Assuming that any abiotic disturbance reduces, or at least 
temporarily rearranges, the complexity of a primary habitat, this 
might be what allows E. johnstonei to quickly move into ecologi-
cal niches vacated temporarily or permanently by other species. 

It is apparent that E. johnstonei is dispersed by a variety of means. 
Accidental introductions occur most likely through the ornamen-
tal plant trade, as evidenced by the species' appearance in upscale 
residential areas. With this vector, it is impossible to differentiate 
whether the species arrived through plants in one residence and 
was subsequently distributed by the owner of that residence to 
friends who enjoyed the frogs's vocalizations, or whether mul-
tiple plant introductions via plants occurred. In the suburbs of 
Caracas, Venezuela the species is now widely spread, and its es-
cape from gardens of select barrios in other cities (such as 
Bucaramanga or Cali, Colombia) is only a matter of time. Pur-
poseful introductions in South America are unequivocally docu-
mented only for Cumand, Venezuela, and are apparently a simple 
matter of releasing a few E. johnstonei males and females in any 
area with disturbed vegetation. 

One of the potential barriers to the spread of E. johnstonei is 
altitude. The population of E. johnstonei in Merida occurs at the 
highest reported altitude for the species (up to 1400 m), followed 
by the populations in the town of La Parroquia near Merida (ca. 
1300 m) and near Caripe (ca. 1200 m). It seems that this altitude is 
the maximum possible for the species in this area of the Andes. At 
these altitudes, the species is tightly linked to gardens in south 
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The capture of crocodilians involves a certain amount of stress 
to both the animals and handlers. A variety of methods are cur-
rently employed to capture crocodilians. Specimens deemed too 
large to be captured safely by hand are typically noosed with ropes 
or catchpoles (Fowler 1995; Jones and Hayes-Odum 1994). Noosed 
specimens may thrash and twist about violently and/or roll in an 
attempt to free themselves, which risks injury to the individual, 
nearby crocodilians, and/or the handler (Fowler 1995). Minor in-
juries (e.g., abraded snouts, broken teeth) to display animals are 
aesthetically undesirable. Extensive physical exertion also leads 
to the accumulation of lactic acid in the blood, which can have 
negative and even fatal consequences in larger specimens (Seymour 
et al. 1987). The use of cylinders for trapping and/or restraining 
crocodilians has been previously described. Jones and Hayes-Odum 
(1994) used an open PVC pipe for securing large noosed Ameri- 

FIG.1. Schematic diagram of the Crocodilian Capture Tube: (A) PVC 
cap; (B) PVC pipe; (C) stabilizer foot; (D) capture rope; (E) load bearing 
ropes; (F) drainage slits; (G) door; (H) door stopper bolt; (I) carabiner 
door latch. 
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can alligators (Alligator mississippiensis). This technique, how-
ever, still requires that the crocodilian be noosed with ropes, pulled 
into, and secured to the pipe. Wright (1999) advocated a similar 
approach, but with a corrugated metal sewer pipe. The objective 
of this paper is to describe a simple crocodilian capture method 
that provides an alternative to noosing in clear water pools pos-
sessing distinct corners and/or edges. 

A piece of lime-green drainage pipe was used as the basis for 
our Crocodilian Capture Tube (Fig. 1). Although the effects of 
pipe coloration on trapping efficiency were not tested, it was felt 
that green was a more natural color than white. Pipe dimensions 
corresponded to the size of the crocodilians being captured. At 
Shark Reef, the tube is used to capture 5 year old captive bred 
Crocodylus porosus x siamensis with total body lengths ranging 
from 1.62 to 1.92 m and maximum abdominal diameters of 0.17-
0.20 m. The pipe is 1.83 m in length, with a diameter of 0.36 m, 
thickness of 0.01 m, and mass of 34 kg (14-inch schedule 40 PVC 
pipe). As captive specimens are sometimes obese, pipe diameter 
should be carefully considered. A ratio of crocodilian girth to pipe 
diameter of 1:1.8 proved sufficient for our juvenile specimens. 
A commercially available white PVC cap (Fig. 1) was secured to 
one end of the pipe with PVC glue. A PVC stabilizing foot (Fig. 
1), comprised of a U-shaped cradle, was then glued to the bottom 
of the pipe to ensure the trap would not roll once deployed on a 
relatively flat surface. This foot was affixed closest to the cap end 
of the pipe. This ensured that the entrance to the pipe would be 
almost flush with the bottom of the exhibit. Five holes were drilled 
into the top of the pipe in order to attach both capture and load-
bearing ropes (Fig. 1). Drainage grooves were also cut along both 
sides of the pipe at intervals ranging from 0.15 to 0.35 m. In order 
to reduce stress to the captive animal, some water is allowed to 
remain in the pipe by cutting the grooves 0.13 m up from the bot-
tom of the pipe. The remaining water, however, slowly seeps out 
from around the pipe's door. The entrance end of the pipe was 
modified to accommodate a sliding door (Fig. 1). The door is con-
structed as follows: A groove is cut around the end of the pipe, 
except for two 0.09 m sections on the top and bottom of the round 
pipe, in order to allow the insertion of a gray PVC door panel. 
Attached to the door is an imbedded stopper, comprised of a pro-
truding stainless steel nut and bolt (Fig. 1). 

A hole is drilled into the opposite end of the door that permits 
the clipping of an aluminum mountaineer's carabiner for a secure, 
tight-fitting, door that cannot be pushed out by the captive 
crocodilian's tail (Fig. 1). As a wet PVC door has the potential to 
be difficult to hold and maneuver quickly, the door also has a large 
integrated handle (Fig. 1). The total cost for the in-house manu-
facture of the Crocodilian Capture Tube with all new components 
is < US$ 400 at the time of writing. The most expensive compo-
nent was the PVC cap at US$ 212. A new 6 m length of PVC pipe 
costs US$ 170. Such an expense is justifiable because of the safety 
afforded to the staff and the crocodilians. 

The Crocodilian Capture Tube is used as follows: The tube is 
submerged to the bottom of an exhibit pool and up against an edge 
(Fig. 2A). Pool edges help to guide the crocodilian into the mouth 
of the tube. The trap is then left in place without further distur-
bance for ± 15 minutes, thus allowing crocodilians the opportu-
nity to settle onto the bottom of the tank. The target crocodilian is 
then gently nudged with a smooth ended pole in the direction of 

FIG. 2. Deployment and use of the Crocodilian Capture Tube from the 
edge of a deep concrete exhibit pool with clear water: (A) positioning 
tube at bottom of exhibit along an edge; (B) prodding crocodilian into the 
tube; (C) quickly retrieving entrance end of pipe by pulling up on the 
capture rope. 
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the tube entrance (Fig. 2B). To elicit movement in the desired di-
rection, prodding is best directed towards a crocodile's posterior 
(e.g., base of tail, thigh) (pers. obs.). Our crocodilians bite at poles 
that approach or come in contact with their heads, rather than move 
in the desired direction. Juvenile Crocodylus porosus x siamensis 
entered the pipe readily, and most captures were accomplished in 
< 5 minutes. Once a crocodilian enters the pipe, the entrance side 
is quickly pulled up and out of the water by means of an attached 
capture rope (Fig. 2C). The crocodile is thus momentarily in an 
inverted vertical position and is unable to back out of the smooth, 
water-filled, pipe. The entrance is quickly sealed with the sliding 
door and secured. Finally, the pipe is pulled completely out of the 
water by means of the second load bearing rope handle (Fig. 1; 
Fig. 2C). Drainage slits allow water to quickly drain from the pipe 
(Fig. 1). The crocodile is then safely contained in a dark, wet, and 
smooth pipe. We believe that these characteristics provide a rela-
tively non-stressful environment for the animal and prevent physi-
cal injury. A minimum of two people are required to trap a juve-
nile crocodilian in this fashion, although more may be required to 
lift and transport the pipe and its occupant. At Shark Reef, the 
entire process takes place with staff standing along the edge of an 
eight-foot deep exhibit pool. Although this technique reduces stress 
during capture and transport, confined crocodilians should not be 
exposed to excessively warm areas and/or direct sunlight, as ther-
mal stress can also be fatal. To release a crocodilian, the pipe en-
trance is simply oriented towards a body of water and the door is 
removed. Tilting the pipe causes the crocodilian to slide out tail 
first into the water. 

The Crocodilian Capture Tube has many advantages over cur-
rent capture methodologies: (1) No direct physical contact is re-
quired between the crocodilian and handlers; (2) there is no need 
for securing the crocodilians jaws; (3) specimens can be captured 
underwater with ease; (4) no stressful thrashing or rolling behav-
ior is exhibited by captured crocodilians; (5) there is no longer a 
need to cover a crocodilian's eyes, as it is in a dark tube; (6) the 
device serves as a safe short-term holding and on-site transport 
container; (7) no sedatives are required to capture and/or transport 
an animal; and (8) the crocodilians body is evenly supported dur-
ing transport. 
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CAUDATA 

AMPHIUMA MEANS (Two-toed Amphiuma). OVERLAND 
MIGRATION. Amphiuma means is a large aquatic salamander 
with reduced limbs and an eel-like appearance. Amphiumas inhabit 
relatively shallow, lentic water habitats and water levels in these 
habitats often fluctuate seasonally and/or annually. During periods 
of drought, amphiumas are known to aestivate in burrows within 
organic sediment of dry lake bottoms (Knepton 1954. Copeia 
1954:68; Mount 1975. The Reptiles and Amphibians of Alabama. 
Auburn Printing Co., Auburn, Alabama). There are no published 
accounts of A. means traveling overland, although the possibility 
of overland migration/dispersal has been suggested (Snodgrass et 
al. 1999. Copeia 1999:107-113). Here, I report overland migration 
of an adult amphiuma from a drying lake during a drought. 

Lake Jackson in Leon County, Florida, USA is a 1620 ha sinkhole 
lake that dried to 10% of normal surface area in 1999-2000 during 
a prolonged drought in northern Florida. In order to monitor the 
mass migration of reptiles and amphibians from the drying lake, I 
constructed an 853-m drift fence along U.S. Highway 27N adjacent 
to the northwest part of Lake Jackson. Animals were migrating to 
a 7-ha lake (Little Lake Jackson) that did not dry located 
immediately to the west of U.S. 27. On 10 June 2000 at 1100 h, I 
found a dead, partially desiccated adult male A. means (SVL 40 
cm, TL 79 cm) at the drift fence. The body was positioned 
perpendicular to the fence with the snout touching the fence. The 
amphiuma apparently moved during the previous night as it was 
not observed at the fence at 2030 h on 9 June. There were no signs 
of injury that might suggest it was carried there by a predator. 
There were clear skies 9-10 June and full sunshine on the morning 
of 10 June; the only moisture was morning dew on dense 
vegetation. 

There are two possible scenarios to describe the terrestrial 
movement of this amphiuma: either it migrated from a drying lake 
pool or it emerged from an aestivation burrow. The latter is unlikely 
as there was no rainfall since 5 June 2000 (0.05 cm) and, therefore, 
probably no trigger mechanism that might stimulate emergence 
from aestivation in an area of lake bottom that was dry for 1-2 
years and covered with terrestrial vegetation. Although most 
amphiumas probably aestivate under organic sediment in the littoral 
zone of drying lakes (Aresco 2001. Herpetol. Rev. 32:32-33), some 
individuals may remain active in slowly receding water with little 
or no aquatic vegetation. Under these conditions, the increased 
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