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Here we describe a simple method for extraction and 
amplification of DNA from salamanders that neither affects the 
mortality of live specimens nor jeopardizes rare and endangered 
populations. We tested the FTA Gene Guard System ®  (Gibco BRL; 
Rockville, Maryland) and compared its efficacy for DNA extraction 
and amplification to that of a more conventional method that relies 
on fresh tissue. FTA cards (Gibco BRL; Rockville, Maryland) make 
use of filter paper impregnated with a proprietary formulation for 
long-term DNA storage and protection. Currently published 
techniques using FTA cards include extracting DNA from humans 
(Burgoyne et al. 1997), plants (Lin et. al. 2000), field mice (Higgins 
et al. 2000), and bacteria (Hansen and Blakesley 1998; Rogers 
and Burgoyne 1997). 

Material and Methods.—Eight salamanders from the family 
Plethodontidae were sampled using the FTA method of DNA ex-
traction and amplification: Desmognathus conanti (Cullman Co., 
Alabama), D. fuscus (Chester Co., Pennsylvania), D. welteri 
(Harlan Co., North Carolina), Eurycea bislineata (Chester Co., 
Pennsylvania and Monroe Co., Pennsylvania), E. wilderae 
(Watauga Co., North Carolina), Gyrinophilus porphyriticus (Ma-
con Co., North Carolina), and Pseudotriton ruber (Jackson Co., 
North Carolina). The conventional method of DNA extraction and 
amplification used tail tissue that was excised from the D. fuscus 
and both the northern and southern Pennsylvania forms of E. 
bislineata. A partial sequence of the mitochondrial 12S rRNA gene 
was amplified, subcloned, and sequenced from all individuals. The 
primers used for PCR amplification and DNA sequencing (5'-CAA 
ACT GGG ATT AGA TAC CCC ACT AT-3'; 5'-TTC CGG TAG 
ACT TAC CAT GTT ACG-3') and the internal primers used for 
DNA sequencing (5'-AAG AAA TGG GCT ACA TIT TT-3; 5'-
AAA AAT GTA GCC CAT TTC TT-3') were developed from the 
previously published sequences of Titus and Larson (1996). 

In the conventional method approximately 0.03 g of tail tissue 
was removed from each specimen, finely minced with a sterile 
razor blade and added to a 1.5 ml centrifuge tube with 700 pl of 
DNA extraction buffer (Hedges et al., 1991). All DNA samples 
were digested with 35 pl of 10 mg/ml Proteinase K at 37°C for 6-
10 h, extracted using a standard phenol-chloroform extraction 
protocol followed by ethanol precipitation, and diluted to 100 ng/ 
pl for PCR. In the FTA method epithelial cells were scraped from 
the dorsal side of each salamander with a sterile toothpick and 
transferred to an FTA card. The FTA card was left to dry from 24  

h up to several months in a zip-locked plastic bag. A 4 mm disc 
containing the DNA sample was punched out of the card and 
deposited into a sterile 0.5 ml microcentrifuge tube. DNA 
purification was performed according to the manufacturer's 
protocol using FTA purification reagent (Gibco BRL; Rockville, 
Maryland) and TE buffer, pH 7.5. 

DNA obtained by conventional extraction was amplified in a 
100 pl reaction mixture containing 0.5 pM of each primer, 1 X 
PCR reaction buffer, 200 pM dNTPs, 2.5 U Taq Polymerase, I 
ng/pl DNA template, and ddH2O. The same PCR reaction mixture, 
minus the 1 ng/p1 DNA template, was used to amplify the purified 
FTA sample. Reactions excluding DNA template were prepared 
as negative controls. DNA amplification was performed in 30 
cycles of denaturation at 94°C for 30 s, annealing at 55°C for 35 s, 
and extension at 72°C for 150 s, with 4 s added to the extension 
time per cycle (Titus and Larson 1996). A final cycle was added 
which had a 7 min extension period at 72°C. 

Results and Discussion.—Although DNA yields from the 
conventional method were higher than those from the FTA method, 
the PCR products from all preparations were sufficient to 
successfully clone and subsequently sequence the DNA (Fig. 1). 
A total of 444 base pairs (bp) were recovered by both the 
conventional and FTA methods for Desmognathus fuscus, 439 by 
from the northern Pennsylvania form of Eurycea bislineata, and 
440 by from the southern Pennsylvania form of E. bislineata. The 
DNA sequences that were derived using both methods were 100% 
identical for all three salamanders tested. As for the five additional 
DNA sequences that were extracted solely by the FTA method, 
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564 by 

FIG. 1: Comparison of PCR products obtained from conventional (Lanes 
B, D, and F) versus FTA extraction methods (Lanes C, E, G, H, I, J, and 
K). One percent agarose gel with 0.02 lig/mlethidium bromide containing 
1 DNA cut with Hind III (A), salamander PCR products (B–L), and a 
negative control (M). Numbers on the left side of the agarose gel 
correspond to fragment sizes in base pairs (bp) of the 1 DNA ladder. Species 
sampled include Desmognathus fuscus (B and C), the northern 
Pennsylvania form of Eurycea bislineata (D and E), the southern 
Pennsylvania form of E. bislineata (F and G), D. conanti (H), D. welteri 
(I), E. wilderae (J), Gyrinophilus porphyriticus (K), and Pseudotriton 
ruber (L). 
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441 by were recovered from D. conanti, 443 by from D. welteri, 
437 by from E. wilderae, 440 by from Gyrinophilus porphyriticus, 
and 440 by from Pseudotriton ruber. Sequences recovered from 
all eight individuals are listed in the Genbank database 
(www.ncbi.nlm.nih.gov ) under accession numbers AF290183-90. 

The fact that we obtained identical sequences for the 3 
salamanders tested by both methods and that we were able to obtain 
sequences for the 5 additional specimens using the FTA method 
demonstrates the effectiveness of FTA cards as a reliable, non-
injurious alternative to conventional methods of DNA extraction 
and amplification from live individuals. Its relatively unintrusive 
means of collecting DNA templates from amphibians by scraping 
epithelial cells renders it conducive to large-scale field sampling 
of rare and endangered species. By carrying a zip-locked plastic 
bag containing an FTA card, a pair of sterile lab gloves, a sterile 
toothpick, and a sterile petri dish, researchers can easily collect 
and store DNA at any opportunity. In addition, the use of FTA 
cards does not conflict with simultaneous morphological or 
behavioral analyses by removing tissue, nor does it reduce the 
value of individuals as potential voucher specimens (Summers et 
al. 1999). Finally, FTA cards can be shared easily throughout the 
research community since DNA samples can be transported 
between laboratories on whole FTA cards or as punched-out 4 mm 
discs. Given these advantages, the FTA method of DNA extraction 
and amplification could be a highly beneficial technique for reliably 
obtaining molecular information without risking the conservation 
of amphibian species. 

Acknowledgments.—We gratefully acknowledge Paul A. Verrell of 
Washington State University for allowing us to collect epithelial cell 
samples from his specimens of Desmognathus conanti, D. welteri, Eurycea 
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Doubly-labeled water is a powerful method for measuring field 
metabolic rate in wild animals and has been used numerous times 
on a diversity of reptiles (Beaupre 1996; Benabib and Congdon 
1992; Christian and Green 1994; Christian et al. 1996; Nagy and 
Shoemaker 1975, 1984; Nagy et al. 1984, 1991; Peterson 1996a; 
Peterson et al. 1998; Plummer and Congdon 1996; van Marken et 
al. 1993). The technique uses the difference in rates of loss of 
isotopically labeled oxygen (usually 180) and hydrogen ( 2H or 3H) 
atoms from body water to estimate carbon dioxide production, 
providing an indirect measure of metabolic rate (Lifson and 
McClintock 1966; Nagy 1975, 1980, 1989). The labeled oxygen 
is lost by two routes: 1) through body water turnover and 2) car-
bon dioxide lost via respiratory gas exchange, while the labeled 
hydrogen is only lost via water turnover (see Nagy 1980 and 1989 
for a detailed account of theory and experimental errors associ-
ated with this technique). 

To use this technique, animals need to be caught twice and blood 
samples taken on both occasions. On the first occasion, total body 
water is determined by isotope dilution, and the starting blood 
isotope concentrations established. On the second occasion end 
isotope concentrations are determined. 

There is a trade-off between water and carbon dioxide turnover 
rates and time between recapture. Ideally the amount of isotope 
given should be minimal while the period between recapture as 
long as possible to allow any "abnormal" behavior associated with 
capture to be "swamped" by normal activity. If turnover rates are 
so high that the time between release and recapture needs to be 
less than a day, this technique is not very useful because of the 
possibility of "abnormal" behavior associated with capture and 
handling of animals completely obscuring "normal" behavior. 

High water turnover rate might also cause isotopically labeled 
oxygen and hydrogen atoms to reach background levels before a 
difference in rates of isotope loss can be detected (Congdon et al. 
1982; Peterson et al. 1998). Aquatic gill breathing animals such as 
fish fall into this category because the rate of water turnover is 
extremely high (Nagy and Peterson 1988). However, aquatic rep-
tiles are air breathers and have an integument that is relatively 
impermeable to water, so the doubly-labeled water technique 
should be suitable for these animals. For example this method has 
been successfully utilized in field studies on marine iguanas (Nagy 
and Shoemaker 1984), a semi-aquatic lizard (Christian et al. 1996) 
and a semi-aquatic snake (Peterson et al. 1998). Here I report the 
feasibility of using the doubly-labeled water method to measure 
field metabolic rate in two species of freshwater turtle by measur-
ing water turnover rate of these animals in captivity. 

Two adult female Brisbane river turtles (Emydura signata) and 
a single adult female broad-shelled river turtle (Chelodina expansa) 
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were captured and held in a 
20,000-liter tank exposed to pre-
vailing weather conditions during 
the Austral summer (December 
1998). Turtles were not fed for 5 d 
prior to and during the measure-
ment periods. Turtles were re-
moved from the water, weighed 
and injected intra-muscularly into 
a hind limb with 100 tri-
tiated water (HTO), 1.0 ml in E. 
signata and 2.0 ml in C. expansa. 
After a 2 h equilibration period 
where turtles were held in contain-
ers out of water, a 1.0 ml blood 
sample was taken from the occipi-
tal sinus to determine body water 
volume via isotope dilution (Nagy 
and Costa 1980) and to determine 
isotope concentration at the begin-
ning of the measurement period. 
Two trials were run. In the first (4-
7 Dec), turtles were released back 
into water immediately after the 
initial blood sample, and a second 
blood sample taken after 3 d in 
water. In the second trial (17-20 

TABLE 1. Body mass, total body water and rate of water influx and efflux of turtles during trial 1. The trial 
lasted three days and animals were in water continuously during this time. Predicted water flux from allom-
etric equation for reptiles in Nagy and Petersen (1988). 

Turtle Mass Total Water Water Water Predicted 
(g) Body Content Influx Efflux Water Flux 

Water (ml) (%) (ml/day) (ml/day) (ml/day) 

E. signata #1 1703 1014 60 4387 4360 45.3 

E. signata #2 1852 1160 63 3308 3317 48.2 

C. expansa 3046 1923 63 3268 3296 69.1 

TABLE 2. Body mass, total body water, rate of water influx and efflux of turtles during trial 2. The trial 
lasted three days, the first two days on land, the last day in water. Predicted water flux from allometric 
equation for reptiles in Nagy and Petersen (1988). 

Turtle Mass 
(g) 

Total 
Body 

Water (ml) 

Water 
Content 

(%) 

Water 
Influx 

(ml/day) 

Water 
Efflux 

(ml/day) 

Predicted 
Water Flux 

(ml/day) 

E. signata #1 1822 1141 62 Land 2.2 56.7 47.6 
Water 4930 4890 

E. signata #2 1900 1212 64 Land 3.2 14.6 49.0 
Water 2759 2706 

C. expansa 3090 1973 64 Land 17.0 49.5 69.8 
Water 3223 3220 

Dec) turtles were held out of wa- 
ter for 2 d after the initial blood sample was taken. A second blood 
sample was taken and then the turtles were released into water for 
1 d before a third blood sample was taken. Turtles were weighed 
every time a blood sample was taken. Water was micro-distilled 
from blood samples (Wood et al. 1975) and the HTO activity of 
the distillate determined in triplicate by liquid scintillation count-
ing with appropriate blanks and standards. Any mass change be-
tween successive blood sampling times (maximum mass change 
was 70 g) was treated as if it occurred linearly and because of the 
loss/gain of water, so average water efflux and influx during the 
experiment were calculated using equations (4) and (6) respec-
tively of Nagy and Costa (1980). 

Mean water temperature during the trial was 26°C, but water 
temperature fluctuated daily between 24°C and 28°C. Turtle mass, 
total body water volume, and water flux rates for trials 1 and 2 are 
presented in tables 1 and 2, respectively. Water efflux was ap-
proximately two orders of magnitude lower when turtles were held 
out of water compared to when they were in water (Table 2). 

Comparison with other species of turtle is complicated by the 
allometric effect of body size. The most appropriate comparison 
can be made using an allometric equation for water turnover in 
reptiles (Nagy and Peterson 1988). Water turnover rates were simi-
lar to predicted when turtles were held out of water (Table 2), but 
two orders of magnitude above predicted when turtles were in 
water (Tables 1 and 2). Thus turtles turned over their entire body 
water pool 1.6 to 4.3 times per day when in water. C. expansa and 
E. signata do not actively ventilate their cloaca (Priest 1997; per-
sonal observation), so it is unlikely that large amounts of water 
are exchanged with the environment via the cloaca. Assuming that 
the integument is relatively impermeable to water, turtles must  

have been drinking and urinating large volumes of water because 
they did not feed during the measurement period. The reason why 
these turtles drank so much remains unknown. Except for a study 
on hatchling diamondback terrapins (Malaclemys terrapin; Dunson 
1985), water turnover rates of turtles in freshwater have not been 
reported in the literature. In Dunson's (1985) study the hatchling 
also had much higher than predicted (4.6 ml•d- 1  measured verses 
0.84 ml•d-' predicted) water turnover rates so very high water turn-
over rates appear to be typical of freshwater turtles. As such, these 
extremely high water turnover rates make the doubly-labeled wa-
ter method impracticable for measuring field metabolic rate in 
freshwater turtles, a finding foreshadowed by Congdon and co-
workers (Congdon et al. 1982). 
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Collecting frogs in the field can be a very arduous task. Their 
leaping ability allows them to escape quickly from whatever con-
tainer in which they are placed. Plastic ziploc bags have been uti-
lized, but they sometimes become awkward to seal, especially if 
mud gets into the ziploc mechanism. Bags can become expensive 
as they are not typically reusable. These bags also have the disad-
vantage in that they easily open, releasing the frogs, and that they 
are easily squashed because of their flimsy nature. The device de-
scribed herein allows bulk collection of frogs as well as other am-
phibians and reptiles, without the time-consuming task of prevent-
ing the contained frogs from escaping as new captures are added. 
A detailed version of the device is described below (Fig. 1). 

Construction of this holding chamber requires two plastic or 
styrofoam cups, a styrofoam ice chest or a styrofoam box (com-
monly used for shipping tropical fish), and either a pair of tooth- 

FIG. 1. Design of device for bulk field collection of anurans and other 
herps. The upper left box shows the position of the cup in the lid. The 
right hand box shows how the two cups are seated inside each other to 
prevent the escape of frogs. The lower left box shows the view into the 
box through which specimens are deposited during collection. 
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picks or duct tape. First, cut a round hole in the lid of the ice chest 
so that a plastic cup (Cup B) can be forced into it to about 2/3 of 
its length. Cut the bottom off the plastic cup and lodge it into the 
hole. The second intact cup (Cup A) is inserted inside the first cup 
to close the hole. Toothpicks can be used to hold the lid in place 
by sticking them through the lid and into the bottom of the box 
(preferably at a 45° angle to the top). Duct tape can be used in-
stead of toothpicks. 

The simplicity of this container is affirmed in its utility as a 
reservoir for holding large numbers of anurans. Place 2-3 cm of 
water in the bottom of the box. As each frog is captured, lift Cup A 
out of Cup B so the frog can be placed into the box. Return Cup A 
to its original position in Cup B to confine the frog. Cup B will 
function as a funnel does in a funnel trap (i.e., it keeps the frogs 
in). Cup A is placed in Cup B to prevent frogs from leaping out, a 
special problem if treefrogs are being collected. 

This device has worked quite well in the field. It is light weight, 
inexpensive, and can temporarily house a large number of frogs. 
This "frog box" allows quick collection and secure containment 
of large numbers of anurans from a single location. The styrofoam 
insulates specimens from heat, especially if water and/or a small 
bag of ice is/are placed inside. There are some disadvantages that 
can be overcome with a little creativity. The device can be bulky if 
a large-sized version is used. Duct tape tears the styrofoam mak-
ing it difficult to reuse the frog box. It is not capable of supporting 
heavy objects stacked on it because of its styrofoam construction. 
It can also be difficult to retrieve frogs from the device. The diffi-
culty with removing frogs might be alleviated by placing a small 
plastic garbage bag in the box with the mouth of the bag extend-
ing out of the entry hole. A bottomless cup can be inserted in the 
bag's mouth to hold it open. The addition of the internal bag works, 
but can cause other problems detracting from the simplicity of 
this container. We have found that this container alleviates the 
hassle of opening and closing plastic containers or ziploc bags 
during inclement weather. Overall, it provides a useful method for 
temporarily housing frogs as well as other herps in the field. 
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Accumulating evidence for the global scope of declines among 
amphibian populations (Blaustein and Wake 1990; Houlahan et 
al. 2000) has generated increased interest in their monitoring. De-
termining whether a particular population is declining or experi-
encing natural fluctuations requires long-term population studies  

(Blaustein et al. 1994; Pechmann et al. 1991). Aquatic amphibian 
populations have been surveyed using a number of methods, in-
cluding seining, dip netting, trapping, and enclosure sampling 
(Olson et al. 1997; Shaffer et al. 1994). There are, however, seri-
ous limitations to aquatic surveys (Fellers and Freel 1995). For 
example, sampling methods to determine species presence are of-
ten ineffective for estimating abundance or density. Most meth-
ods of estimating abundance actually provide an index of number 
of individuals per unit time or distance (Fellers and Freel 1995; 
Olson et al. 1997). Furthermore, methods that actually estimate 
density, such as enclosure sampling (Shaffer et al. 1994), are fre-
quently too cumbersome or impractical for broad application. If a 
large number of habitats is to be sampled regularly, a method that 
estimates aquatic amphibian abundance quickly and accurately is 
clearly needed. 

We tested the effectiveness of timed dip net collections for esti-
mating aquatic amphibian abundance by comparing timed collec-
tions results to density estimates obtained from "drop box" enclo-
sure sampling. Timed collections require little effort and can be 
performed in minutes, making them ideal for long-term monitor-
ing of pond-dwelling amphibians. Drop box sampling, on the other 
hand, is cumbersome and often takes well over an hour per sam-
pling event (Maret, pers. obs.). 

We sampled nine temporary ponds in the Michaux State Forest 
(Franldin County, Pennsylvania) twice during June 1999 using 
both drop box sampling and timed dip net collection (Sampling 
event 1: timed dip net collection on June 1, drop box sampling on 
June 2-4; Sampling event 2: drop box sampling on 16 June, time 
dip net collection on 21 June). On each of the two occasions, sam-
pling with each method took place within five days of each other 
and was performed by the same individuals. Four of the ponds 
dried between the two sampling dates so only five ponds were 
sampled during the second interval. Six species were sampled dur-
ing the study: larval Ambystoma maculatum (spotted salamanders); 
A. jeffersonianum (Jefferson salamanders); A. opacum (marbled 
salamanders); Rana sylvatica (wood frogs); and Pseudacris cru-
cifer (spring peepers), and adult Notophthalmus viridescens (red-
spotted newts). The pond habitats sampled varied considerably, 
from heavily shaded ponds with leaf litter and woody debris to 
open ponds with herbaceous and some woody vegetation. 

The drop box sampler was constructed of 1/8 inch plexiglass, 
enclosed a surface area of 0.49 m 2  (0.7 m x 0.7 m), and was 0.75 
m high. Marks on the side of the box were used to gauge water 
depth. We attempted to drop the box at evenly spaced sample lo-
cations along 2 or more (depending on pond size and shape) straight 
transects across each pond, but scattered woody debris occasion-
ally caused us to deviate from this alignment. The number of drops 
ranged from 2 in a pond that had dried to a small puddle to 10-12 
in the larger ponds (the largest pond surveyed covered an area of 
approximately 1096 m2). Once the box was dropped at a location, 
the bottom edges were quickly pressed into the sediment to pre-
vent animals from escaping. The inside of the box was thoroughly 
swept with a dip net (1/8 inch mesh) to collect amphibians trapped 
within the box. Dip net sweeps continued until no animals were 
collected in three successive sweeps. Amphibians were identified 
and released back into the ponds. Water depth was determined in 
order to calculate water volume within the box so that amphibian 
density (per m 3) could be calculated. Drop box sampling was con- 
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TABLE 1. Density (DENS) and catch/person/minute (CPM) estimates of amphibians from aquatic habitats in south-central Pennsylvania 
sampled by two methods. Density was determined using the drop box method and is reported as number/m 3 . Four ponds dried before the second 
sampling event. 

Sampling 
Event 

Pond 
A. opacum 

DENS 	CPM 
A. jeffersonianum 
DENS 	CPM 

A. maculatum 
DENS 	CPM 

N. viridescens 
DENS 	CPM 

R. sylvatica 
DENS 	CPM 

P crucifer 
DENS 	CPM 

1 

2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 

3 

4 

5 

14.05 

9.59 

4.11 

20.61 

0.00 

10.65 

8.78 

68.50 

9.49 

5.49 

5.41 

0.00 

0.00 

0.00 

0.32 

0.46 

0.04 

0.13 

0.03 

0.35 

1.93 

2.52 

0.69 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.11 

0.00 

0.00 

9.66 

0.00 

0.00 

8.56 

18.98 

5.49 

24.32 

3.43 

0.00 

23.04 

0.00 

0.00 

0.00 

0.00 

0.08 

0.01 

2.48 

0.19 

0.34 

0.07 

1.83 

0.04 

0.00 

0.07 

0.00 

15.07 

3.29 

17.87 

3.22 

7.10 

0.00 

77.06 

664.45 

3.66 

5.41 

0.00 

61.22 

3.29 

0.00 

2.13 

0.04 

0.00 

0.00 

0.01 

0.28 

3.81 

2.06 

0.16 

1.80 

0.00 

0.23 

0.03 

0.59 

0.00 

0.00 

21.99 

0.00 

0.00 

0.00 

0.00 

0.00 

12.81 

2.70 

1.14 

108.84 

0.00 

0.06 

0.00 

0.00 

0.06 

0.01 

0.01 

0.00 

0.00 

0.00 

0.04 

0.00 

0.00 

0.16 

0.00 

36.89 

332.06 

9.05 

2.75 

190.80 

5.32 

1518.54 

2.85 

1196.01 

30.20 

502.77 

35.44 

13.60 

268.82 

0.92 

6.24 

0.00 

0.05 

1.38 

0.50 

27.57 

0.00 

34.29 

0.03 

9.59 

0.11 

0.00 

1.38 

0.00 

0.00 

0.00 

1.37 

0.00 

0.00 

21.94 

0.00 

465.12 

0.00 

0.00 

0.00 

54.42 

0.00 

0.00 

0.00 

0.22 

0.06 

0.00 

0.01 

0.28 

0.00 

1.37 

0.00 

0.00 

0.00 

0.31 

0.00 

ducted by the same person on both sampling occasions (once the 
box was in place, two other people helped with the dip net sweeps) 

Long-handled dip nets (16 inches wide x 12 inches high x 12 
inches deep, 1/8 inch mesh) were used for the timed dip net col-
lections. Three people sampled each pond by dividing the pond 
roughly into thirds, wading into the water, and dip netting all mi-
crohabitats. Sampling lasted from three to five minutes depending 
on the size of the pond. Generally, ponds less than 300 m 2  were 
sampled for three minutes while ponds greater than 300 m 2  were 
sampled for five minutes. Sampling ceased after five minutes at 
which time specimens were sorted by species and counted. Re-
sults were converted to catch/person/minute. If more than one 
hundred individuals were caught of a species (which only occurred 
with R. sylvatica), counting stopped at one hundred individuals. 
Timed collections were performed by the same three people on 
both sampling occasions. 

We used a standard statistics package (SPSS Inc. 1999) to com-
pare catch per unit effort measures from dip net sampling with 
density estimates from drop box sampling. Spearman's rank cor-
relation coefficients (two-tailed) were determined for each sam-
pling occasion and for both sampling occasions combined, using 
abundance estimates of each species from each pond as observa-
tions. 

Six amphibian species were collected (Table 1). Red-spotted 
newts (Notophthalmus viridescens) were captured as adults while 
other species were represented as larvae. High scores from timed 
dip net collections generally corresponded with high density esti-
mates from drop box samples. In 10 of 84 samples, a species was 
detected during drop box sampling but not during timed dip net 
collection. Species tended to be absent from timed collections and 
present in drop box samples when ponds contained diverse micro-
habitats, including areas of dense vegetation and woody debris 
(the absence of A. opacum from timed collections at ponds 1 and 2  

during the second sampling event is most likely because of larvae 
metamorphosing and leaving the ponds prior to the timed dip net 
collection). For this reason, we attribute much of this discrepancy 
between sampling methods to habitat heterogeneity, and recom-
mend that ponds with complex habitats be sampled more inten-
sively, especially when performing timed collections. Pond het-
erogeneity also might interfere with drop box sampling and there-
fore may affect density estimates. Woody debris and dense veg-
etation are difficult to sample and species might be 
underrepresented in samples from complex habitats. In 8 of the 84 
samples, a species was detected during the timed dip net collec-
tion but not during drop box sampling. In all of these samples, 
catch/person/minute was very low, indicating that the density of 
the species was most likely also low. This suggests that collection 
by dip net might be more likely to detect rare species than drop 
box sampling. 

Measures of abundance from dip net sampling were closely cor-
related with density estimates (Sampling event 1: N = 54 samples 
[9 ponds x 6 species], Spearman's rho = 0.724, p < 0.01; Sam-
pling event 2: N = 30 [4 ponds dried and were not sampled], 
Spearman's rho = 0.804, p < 0.01; Combined events 1 and 2: N = 
84, Spearman's rho = 0.729, p < 0.01). Timed dip net collections 
seem to provide relatively reliable estimates of aquatic amphibian 
abundances. In addition, timed collections were performed in less 
than one tenth the time needed to perform the drop box surveys. 
During the first sampling event it took three days to sample nine 
ponds using the drop box method and less than one day to sample 
by timed collections. Ponds had dried considerably by the second 
event; drop box sampling of five ponds took approximately eight 
hours while the timed collections were concluded in less than one 
hour (another disadvantage of drop box sampling is that it involves 
carrying the large and heavy box between sampling locations, 
which might be difficult if sampling remote locations). 
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A rapid yet accurate means to quantify aquatic amphibian abun-
dance is needed for effective long-term monitoring of this taxon. 
Timed collections seem to be an appropriate method for long-term 
monitoring programs because they are rapid, yield reasonably ac-
curate representations of species abundances, and can be performed 
easily with minimal equipment. Combining timed collections with 
a method of estimating density, as we have done with our drop 
box sampling, allows conversion of catch per unit effort values 
into estimates of density. Both methods might yield inaccurate 
results in complex habitats because of difficulty in sampling all 
habitats. Adopting the timed collection sampling method into am-
phibian monitoring programs should allow researchers to monitor 
a larger number of habitats while maintaining a relatively high 
certainty that abundance estimates are reasonably accurate. 
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The measure of body temperature in ectothermic species is es-
sential to studies investigating behavioral and physiological ther-
moregulation. Cloacal thermocouples have been used successfully 
to measure body temperatures (T b) in a wide variety of species, 
including frogs, salamanders, turtles, lizards, and snakes (e.g., 
Cothran and Hutchison 1979; Erskine and Hutchison 1981; 
Hutchison et al. 1979; Lutterschmidt et al. 1997; Sievert and Poore 
1995; Tu and Hutchison 1994). In addition, the combination of 
thermocouples and data acquisition systems (e.g., Omega OM-
550 data logger, Omega Engineering, Stamford, Connecticut) has 
allowed for the measurement of Tb over extended periods of time 
without disturbing the animal's activity. 

Continuous measures of Tb are typically obtained by inserting 
and taping a variable- gauge copper-constantan nylon-coated ther-
mocouple 3-4 cm into the cloaca of an animal. A thermocouple-
equipped animal may then be placed in a laboratory thermal gra-
dient (e.g., Lutterschmidt 1991) for study of behavioral ther-
moregulation. Thermocouples must be long enough to reach each 
end of a linear thermal gradient from a centrally-located fixed point 
where the thermocouple is connected to a data logger. This length 
ensures that an animal may have full access to all areas along the 
length of the gradient. Unfortunately, excess thermocouple wire 
commonly becomes tangled as the animal moves back and forth 
along the gradient. We found this to be especially problematic when 
studying snake species, as they are capable of very unique body 
movements as compared to other amphibians and reptiles. Once 
large knots have been placed in the thermocouple, the 
thermocouple's length is reduced, thus restricting the movement 
of the animal within the gradient and preventing the animal from 
thermoregulating. Unlike the problems associated with small 
snakes, whose movements are restricted by the tangled and short-
ened thermocouple, larger and stronger snakes often pull their ther-
mocouples from their cloaca. In addition to these problems, ther-
mocouples that are tangled repeatedly are much more likely to 
break, preventing the collection of Tb by the data acquisition sys-
tem. Breaks in wires covered by the thermocouple's insulation 
often go undetected until the downloading of a data file. 

We have described common problems associated with the use 
and tangling of thermocouples and offer a few inexpensive sug-
gestions and modifications to help 1) reduce the occurrence of 
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Copper  and Constantan  Thermocouple Wires 

Thermal Gradient Box 

Thermocouple Bulb 

FIG. 1. Illustration of the thermocouple hanging-support system showing the placement of the ring-
shaped bead in the thermocouple and the hanging-support wire in the linear thermal gradient box. 

thermocouple tangling and 2) pre- 	Separated 

vent animals from easily remov-
ing thermocouples from their 
cloaca. Details on the basic func-
tion and making of copper-con-
stantan thermocouples have been 
described and may be found else-
where (e.g., Omega Engineering, 
Inc. 1998). 

Thermocouple Coiling.—One 
method used to aid in reducing 
thermocouple tangling was de-
scribed by Tu and Hutchison 
(1994). They also observed that 
straight thermocouple wires 
tangled easily and were often bro-
ken by snakes. Thus, thermo-
couples were reshaped into a long 
spiral or spring-like coil by tightly 
coiling it around a glass rod or pi-
pette and taping it in place. The coil 
was then placed in a boiling water 
bath for approximately 30 min and 
then quickly immersed in an ice 
bath. The heating, softening, and 
then sudden cooling of the thermocouple's nylon insulation re-
shaped the straight thermocouple into a spring-like coil. Although 
we found this method useful in our studies (Lutterschmidt et al. 
1997; Lutterschmidt et al. 1998), it is not without difficulties. 
Firstly, the coiling of thermocouples works well for small-gauge 
thermocouple wire. Larger-gauged (i.e., thinner) thermocouple wire 
easily stretches and does not retain its spiral or spring-like coiling 
because of its thinner insulation. Secondly, the coiling of smaller-
gauged (i.e., thicker) thermocouple wire is suited best for larger 
snakes 200 g), as smaller-bodied snakes are not strong enough 
to stretch the coil to gain access to the ends of the thermal gradi-
ent. Thirdly, although coiled thermocouples seem to work well 
with the more passive thermoregulatory movements of water 
snakes (Nerodia rhombifer), they were disastrous when used with 
bullsnakes (Pituophis melanoleucus). The greater activity and 
climbing-like movements of P melanoleucus created very restric-
tive tangles in the thermocouple wire, which were nearly impos-
sible to untangle (as one with experience in attempting to untangle 
a Slinky® would concur). 

Thermocouple Hanging-Support System.—This alternate 
method reduces the occurrence of thermocouple tangling by keep-
ing the thermocouple from resting entirely on the floor of the ther-
mal gradient. We first separated the copper and constantan wires 
approximately 50 cm from the thermocouple's bulb-end using a 
scalpel, being careful not to damage the insulation covering the 
copper and constantan wires. This 50 cm length was used because 
it was slightly longer than the diagonal distance from the support 
wire to the edge of the gradient floor, ensuring complete access to 
all areas of the gradient's substrate. Once the copper and constan-
tan wires were separated, we used epoxy to secure each wire to 
either side of a small ring-shaped plastic bead. Once the epoxy 
had set, we threaded the ring-shaped bead onto a thin metal wire, 
which was tightly strung across the length of the gradient (ca. 35  

cm above the gradient floor) by two tension screws (Fig. 1). Pos-
sible friction and drag between the bead and wire was reduced by 
applying lubricant to the wire. 

We tested and used this system in studying the thermoregula-
tion of the Woodhouse's Toad (Bufo woodhousii) and the African 
House Snake (Lamprophis fuliginosus). This thermocouple hang-
ing-support system worked extremely well in keeping excess ther-
mocouple wire from dragging on the gradient floor. A few indi-
viduals of L. fuliginosus had a tendency to climb onto the hang-
ing-support wire. One might want to further consider this possible 
problem when testing more arboreal snake species. Although we 
have limited data on skinks (Eumeces), we expect this system to 
work well with most non-arboreal species. 

Thermocouple Duct-Tape Patches.—The problems associated 
with individuals pulling out their thermocouples result primarily 
from the methods used to secure a thermocouple to an animal. 
Thermocouple wires have a small surface area, and therefore only 
a very small proportion of the thermocouple wire actually con-
tacts the tape's adhesive. Thus, within a few hours, the secured 
thermocouple loosens from the tape used to attach it to the study 
animal. Normal tension placed on the thermocouple from an 
animal's movement in the gradient can then cause the thermo-
couple to be pulled from the cloaca, even though the tape used to 
secure the thermocouple is often still attached securely to the ani-
mal. This problem might be solved by using a strong-adhesive 
tape rather than a medical tape (e.g., 3M-brand Nexcare ®  water-
proof adhesive tape) to ensure attachment of the thermocouple. 
However, a strong-adhesive tape would be difficult to remove and 
could damage the scales and skin of the animal. 

These problems were solved by placing a small patch of strong-
adhesive duct tape around the thermocouple. This patch was placed 
ca. 5-6 cm from the bulb-end of the thermocouple. This patch 
increased the surface area of the thermocouple to be taped and 
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no. 2. Illustration of the (a) attachment of a duct-tape patch to a thermocouple and (b) the placement of 
the cylindrical plastic bead within the duct-tape patch. 

secured to the animal with the 3M-
brand Nexcare®  tape. The duct-tape 
patch was made from a piece of duct 
tape measuring approximately 7 cm 
in length and 5 cm in width (i.e., width 
of the duct tape) for use with snakes 
having a snout-vent length of approxi-
mately 60 cm and a body mass of 100 
g. The thermocouple wire was placed 
perpendicular to the tape's length and 
attached to the piece of duct tape with 
the adhesive side facing upward. The 
sides of the duct tape were then folded 
over the thermocouple in a tri-fold 
fashion so that the duct tape's strong 
adhesive was not exposed (Fig. 2a). 
This patch now measured 5 cm (tape's 
original width) along the length of the 
thermocouple and was approximately 
2-3 cm wide after tri-folding over the 
ends. The patch of duct tape would 
now securely hold the thermocouple 
because 1) the duct-tape adhesive in contact with the thermocouple 
is much stronger than the 3M-brand Nexcare ®  waterproof adhe-
sive tape used to attach the thermocouple to the snake, 2) the strong 
adhesive of the duct tape covers both sides of a 5 cm length of the 
thermocouple, and 3) this duct-tape patch creates a larger surface 
area to be attached to the animal with the Nexcare ®  tape. The fin-
ished duct-tape patch should be wide enough to cover the ventral 
scales of the snake just anterior to the vent, leaving many of the 
dorsal scales exposed for contact with the Nexcare ®  tape's adhe-
sive. 

An additional modification can be used to help prevent the oc-
casional thermocouple from sliding within the duct-tape patch. 
We threaded a small and thin cylindrical plastic bead (ca. 1 cm in 
length) onto the thermocouple wire. We suggest a bead that slides 
snugly over the thermocouple for a secure fit. The bead must be 
threaded onto the thermocouple prior to making the temperature-
sensing bulb-end of the thermocouple. The bead was further se-
cured to the thermocouple with epoxy 5-6 cm above the bulb-end 
of the thermocouple; the duct-tape patch was placed over the bead 
(Fig. 2b). This bead may further prevent a thermocouple from be-
ing pulled through the duct-tape patch. 

The combination of the plastic bead and the surface area of the 
duct-tape patch provided a secure attachment of the thermocouple 
to the animal which remained in place for at least 36 h while moni-
toring the thermoregulatory behavior of P. melanoleucus. We have 
tested similar versions of these modified thermocouples with skinks 
(Eumeces), juvenile Alligator mississippiensis, and sunbeam snakes 
(Xenopeltis). We do not recommend the use of these methods for 
securing thermocouples to amphibians; methods for attaching ther-
mocouples to toads have been described by Sievert and Poore 
(1995). We hope that these described modifications to the basic 
thermocouple will prove quite useful to experimenters studying 
the thermoregulatory behavior of ectotherms in the laboratory. 
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FIG. 1. A schematic of a tortoise showing the datalogger with, (A) PVC protective cap 
with holes (B, C) cut for the (D) IR interface and (E) thermistor wire, (F) thermistor, and 
(G) site for thermistor attachment above tail. 
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Body temperatures of turtles and tortoises have been measured 
using mercury-in-glass thermometers (e.g., Hillard 1996; 
Woodbury and Hardy 1948), temperature-reporting transmitters 
attached to the surface of the animal (Zimmerman et al. 1994), 
and implanted (or swallowed) devices to measure internal-body 
temperatures (e.g., Marlow 1979; Sajwaj 1998; Zimmerman et al. 
1994). Samples of body temperatures have been used to describe 
the range of body temperatures available to individuals under a 
variety of environmental conditions (e.g., Christian and Tracy 1985; 
Hillard 1996; Zimmerman et al. 1994). Profiles of body tempera-
tures require repeated measurements on each animal, but those 
measurements can be time consuming and might cause disturbance 
to the animal measured (Sajwaj and Lang 2000). 

Here, we describe the use of an externally mounted thermistor 
and datalogger to obtain data on temperatures of terrestrial chelo-
nians at many temporal scales. We describe a location on the body 
to measure a body temperature closely approxi-
mating cloacal temperature. Use of this instru-
ment does not require frequent handling or dis-
turbance to the animal, and does not interfere with 
natural behavior including mating and egg depo-
sition (Nussear et al., unpubl. data). 

We used StowAwayTM TidbiTTM temperature 
dataloggers (Onset Computer Corporation, 
Pocasset, Massachusetts), customized by Onset 
from their standard design (TBICU108, —20°C 
to +70°C). Our datalogger had a weather-resis-
tant thermistor on a 150 mm wire mounted ex-
ternal to the instrument, and no protective coat-
ing on the datalogger. The dataloggers were 25 
mm in diameter, 14 mm thick and weighed ap-
proximately 11 g. Data from the dataloggers were 
retrieved via an infrared (IR) interface (Optic 
Base Station-DSA, Onset Computer Corporation, 
Pocasset, Massachusetts). 

Each instrument was calibrated in a water bath against a high-
resolution mercury-in-glass thermometer. A thin layer of silicone 
sealant was applied to the entire exterior surface of the datalogger, 
which was then coated with dental acrylic (Coralite Duz-AIlTM 
acrylic, Bosworth Co., Skokie, Illinois). The coated datalogger 
weighed 16 g. After coating, we re-calibrated each datalogger and 
covered it with a circular polyvinyl chloride (PVC) cap (Fig. 1A) 
before attaching it to the animal. The PVC cap was 32 mm in 
diameter and 15 mm high (Part # 9745, Shepherd Hardware Prod-
ucts, INC., Three Oaks, Michigan), with holes cut for the IR inter-
face and the thermistor wire (Fig. 1B and C). The IR interface 
hole was covered with transparent acetate, which allowed for pro-
gramming and downloading the datalogger without removing the 
PVC cap or the acetate. Additionally the PVC cap ensured that the 
optical interface was protected from the environment (Fig. 1D). 
Silicone sealant and epoxy secured the datalogger to the carapace, 
and quick-setting glue (Super Glue, Via-Chem INC., St. Laurent, 
Quebec Canada) followed by a layer of silicone secured the ther-
mistor to the animal. 

Our first experiment was to determine an external location for 
the thermistor probe that best approximated cloacal temperature. 
While cloacal temperature can differ from temperatures at other 
locations on the body, this measurement of temperature is reported 
frequently in the literature (Hailey and Loveridge 1998; Hillard 
1996; Woodbury and Hardy 1948) and was suitable for address-
ing other research questions on body temperature and ecology of 
this animal. We attached the thermistors (Fig. 1F) of five 
dataloggers to a single desert tortoise (Gopherus agassizii) at the 
following locations: (1) above the tail (glued to the skin and the 
shell at the junction of the tail and caudal scute Fig. 1G), (2) left 
axillary region, (3) junction of the neck and clavicle region, (4) 
right inguinal region, and (5) in the cloaca (2-3 cm deep). The 
tortoise was placed in an aquarium (30 x 60 x 40 cm) in an indoor 
laboratory under a 150 W flood lamp and was heated for one hour. 
The dataloggers recorded temperatures at one-minute intervals. 

In this experiment the temperatures measured above the tail were 
the least different from cloacal temperature relative to the four 
external locations measured (Fig. 2). Additionally, the location 
above the tail was the only location at which the thermistor re- 
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mained attached to the tortoise for more than a few days. This is 
probably because the thermistors at the three other sites were on 
skin that is moveable (and therefore flexible), and that is regularly 
shed. We found that areas such as the neck and shoulders pro-
vided very short-term attachment sites, which was undesirable for 
a field study. In contrast, the thermistor above the tail was still 
attached after four weeks on this animal. Thus, the above-tail at-
tachment point was chosen for subsequent data collection. 

Our second experiment was conducted to replicate the corre-
spondence of externally measured temperature to cloacal tempera-
ture found in the first experiment, among different animals. We 
measured body temperatures on six individuals subjected to a broad 
range of environmental temperatures. The tortoises ranged in length 
from 99 to 236 mm carapace length (CL), (mean = 169), and in 
mass from 273 to 2428 g (mean = 1148). A single datalogger was 
attached to each animal with the thermistor attached above the tail 
as described above. Tortoises were moved from room tempera-
ture (ca. 22°C) into a constant temperature cabinet at 12°C. After 
cooling, the tortoises were moved to a galvanized metal trough 
(1.8 x 0.6 x 0.3 m) with eight 150 W flood lamps mounted 40 cm 
overhead. The floor of the trough was covered with 2 cm of silica 
sand. This influx of radiant energy created sand surface tempera-
tures of ca. 65°C. Cloacal and esophageal temperature were mea-
sured (at 3 and 5cm deep, respectively) after 25 min, and approxi-
mately every 10 minutes thereafter using a hand held thermocouple 
reader (Omega 871 A digital thermometer, OMEGA Engineering 
INC., Stamford, Connecticut). The dataloggers recorded above-
tail temperatures once each minute. 

In this second experiment the difference between the above-tail 
temperature and cloacal temperature was greatest (as high as 6°C; 
mean = 4.4°C) when the animals were warming (Fig. 3). This dif-
ference was as low as 2.4°C as the animals approached a body 
temperature of 35°C. A similar pattern occurred in the difference 
between esophageal and cloacal temperature (Fig. 3). The time to 
reach the greatest temperature difference between the cloaca and  

the esophagus was longer in this case (36 min) 
with maximum a difference of 3.75°C (mean = 
1.96) that later narrowed to 0.68°C. 

The datalogger described facilitates automated 
collection of body temperatures, which can pro-
vide more information with less work than other 
methods (Vitt and Sartorius 1999). For example, 
using this instrument, researchers can record the 
body temperatures of many tortoises simulta-
neously and at a myriad of temporal scales: from 
fractions of seconds or minute-to-minute measures 
that can enhance our understanding of physiol-
ogy and microhabitat selection, to long-term data 
that can yield information such as the timing of 
the onset of hibernation and the recurrence of ac-

70 80 tivity in the spring. Temperatures measured above 
the tail corresponded well with cloacal tempera-
tures (Fig. 2). The thermistors located at other pos-
sible attachment sites on the animal did not stay 
affixed to the animal. Thus, the alternate attach-
ment sites other than above the tail would prob-
ably not work well in the field. 

The correspondence between external tempera-
ture and cloacal temperature can be obscured by differential dy-
namics in temperatures of body parts during rapid heating or cool-
ing of the animal (Sturbaum and Riedesel 1977; Zimmerman et 
al. 1992). Under extreme heating conditions, both tail and esoph-
ageal temperatures differed from cloacal temperature (Fig. 3). 
Nonetheless, temperatures above the tail yielded estimates of cloa-
cal temperature with accuracy comparable to that presented by 
Zimmerman et al. (1992) for temperatures taken from the skin in 
the scapular region of tortoises. We interpret the discrepancy be-
tween cloacal temperature and temperatures measured at different 
locations on the body as evidence of thermal heterogeneity within 

Flo. 3. Temperature differences between above-tail and esophageal tem-
peratures on six tortoises as compared to the cloaca during heating for a 
one hour time period. Error bars represent the standard deviation of each 
mean. Horizontal error bars represent the standard deviation of the aver-
age measurement time. 
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FIG. 2. Temperature differences for four locations on the body of one tortoise as com-
pared to the cloaca during heating for a one hour time period. 
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the body in this large ectothermic vertebrate, rather than a techno-
logical limitation. This in turn raises new questions "is there a 
single meaningful body temperature in these organisms, and if so, 
is that meaningful temperature that of the cloaca?" and "to what 
temperature do tortoises respond when they are in a thermal tran-
sient and there are large gradients of temperature within the body?" 
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The measurement of respiration has been an important facet of 
the study of vertebrate energetics for several decades (Lillywhite 
1987). Traditionally, oxygen consumption has been measured us-
ing animals tested in respiratory chambers such as a 3.7-L paint 
can or other enclosure. Such chambers are useful because they are 
simple to make and because they provide the ability to exclude 
environmental factors other than ambient temperature (e.g., light, 
noise). However, such chambers also prevent study of the effects 
of these same factors, are not conducive to study of costs of loco-
motion, and often are not extremely sensitive to short-term changes 
in metabolic rates. Some researchers have used light-weight, clear 
plastic masks to overcome these difficulties (e.g., see Gessaman 
1987). These allow inhalation of fresh air and collect the gases 
that are exhaled. Measurement of respiration of snakes by means 
of masks has been done (Walton et al. 1990), but appears to be 
rare. Herein we present a critique of two problems potentially as-
sociated with measurement of respiration in masked snakes (i.e., 
effects of stress and failure to include measurement of cutaneous 
gas exchange) and illustrate some advantages of such techniques. 

Materials and Methods.—Brown water snakes (Nerodia 
taxispilota) used in these studies were collected by hand near the 
confluence of the Appomattox and James rivers, near Hopewell, 
Virginia, during September 1996, April 1998, and September 1998. 
The area includes large areas of tidal swamp and marshland. For 
details about the habitat, see Blem (1981) and Blem and Blem 
(1990a, 1995). Snakes were kept in groups of 3-4 in glass aquaria 
120 x 60 x 60 cm deep in the laboratory for at least three weeks of 
thermal acclimation at a photoperiod of 12L:12D before the ini-
tiation of measurements. They were provided whole small fish 
(Fundulus sp.) and water ad libitum. Snakes were not fed for two 
weeks before each measurement in order to assure that all deter-
minations were being made under post-absorptive conditions. 

Oxygen consumption was measured by open-flow respirometry 
at 12, 17, 22, 27, and 32°C using snakes acclimated for more than 
two weeks to each of these temperatures (see Blem and Blem 
1990b; Blem and Killeen 1993, for details). Oxygen consumption 
of each snake was measured twice: once in a respirometry cham-
ber and once with a mask. The order of test procedures was deter-
mined at random, and the interval between the paired tests was 
never more than two days. Measurements were made for 15 min 
after levels of oxygen consumption remained stable for at least 10 
min. In chamber tests, air was pulled through a 3.7-L respirometer 
at 200-500 ml/min, depending upon temperature and mass of in-
dividual snakes. An Applied Electrochemistry SR 3-A/I oxygen 
analyzer interfaced to a personal computer with Sable Systems 
software was used to make measurements of oxygen consump- 
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FIG. 1. Mask used in respiration measurements. Arrows indicate direc-
tion of air flow. 

tion throughout all experiments. Carbon dioxide production was 
monitored by means of a Beckman 864 infrared CO 2  analyzer. An 
arrangement of respirometer, flow meter, and pump was used that 
provided measurements that were independent of the respiratory 
quotient (Withers 1977; also see Blem and Blem 1990b). 

In mask tests, snakes were fitted with 50-m1 masks (Fig. 1) gen-
erally resembling those used in avian studies (see Gessaman 1987; 
Walton et al. 1990; Withers 1977). These were constructed of light 
plastic vials with incurrent ports near the snake's nares. The masks 
were fastened over the snake's head either with tape or with a 
small rubber spacer. This did not visibly disturb snakes for more 
than a few minutes. Outside air was drawn through the mask at a 
constant rate of 100-300 ml/min by means of thin plastic tubing 
attached to the posterior end of the mask (Fig. 1). Incurrent open-
ings were slightly larger than the tubing to avoid creating a nega-
tive pressure in the mask. In a separate set of tests, rates of inspi-
ration/expiration in masks were determined by using the open-
flow system described above, except that flow rates were adjusted 
in some instances so that individual breaths could be recorded. 

All computations of metabolism were done according to With-
ers' equation 4a (1977). All data sets were tested for normality by 
means of the Shapiro-Wilk statistic, (SAS 1992; PROC 
UNIVARIATE), and variances were tested for homogeneity by 
means of Bartlett's test (Zar 1999). All comparisons of test groups 
were made by means of paired t-tests. 

Results and Discussion.-There are two primary problems po-
tentially associated with use of masks in respiration measurements 
of snakes. First, one must be sure that masks do not stress test 
animals so as to cause abnormally high levels of respiration. Brown 
water snakes became accustomed to masks with repeated tests, 
but one should be sure to handle the snake carefully and gently 
while putting the mask in place. Second, because chambers en-
close the entire snake and masks do not enclose the body, cutane- 

ous respiration is not being measured and determinations made 
with masks might therefore be lower than true values. With regard 
to both problems, none of the mask measurements differed sig-
nificantly from chamber measurements (Table 1), but chamber 
values generally were 1-3.9% higher than those recorded with 
masks. The magnitude of the difference between mask and cham-
ber levels seemed to be a function, at least in part, of test tempera-
ture. This probably is because mask measurements do not include 
respiration through the skin, which can amount to about 8% of 
total respiration of terrestrial reptiles (Walton et al. 1990) and might 
be greater when metabolic rates are increased at higher ambient 
temperatures. The relatively low magnitude of the differences in-
dicates that mask measurements are reasonable approximations 
of metabolic levels of whole animals. However, respiration through 
the skin may vary taxonomically, particularly among snakes with 
different habitats (e.g., aquatic vs terrestrial or desert). This could 
lead to varying differences between mask and chamber results. 

Use of masks can provide a means for measuring energetic costs 
of ophidian activity (Bennet 1982; Walton et al. 1990). Further-
more, costs of relatively minor factors such as visual or tactile 
disturbance can be evaluated using clear masks. At rest, mask 
measurements provide very rapid response times because of the 
relatively small volume of the mask relative to a respirometry 
chamber. In fact, one should choose materials in such a way as to 
minimize both mask weight and volume. There are numerous plas-
tic containers (e.g., centrifuge tubes, vials, or other containers) 
suitable for this purpose. Only simple modification needs to be 
done. A hole should be drilled near the tip of the nose to provide 
an opening for incurrent gas and small-diameter (2-3 mm inside 
diameter) plastic tubing should be attached near the rear of the 
mask to carry away the sample gas (Fig. 1). The mask need not be 
airtight, so long as the oxygen content of surrounding air is known 
and air is continuously drawn through the mask (see Gessaman 
1987). 

Under optimal conditions, individual respiration cycles can be 
recorded (Figs. 2A, 2B). The precision of these is dependent upon: 
(1) flow rate, which can easily be adjusted to produce results such 
as those illustrated here, and (2) the rate at which measurements 
are recorded on the computer. Software can be adjusted to record 
at very small time intervals (e.g., < 0.01 s) and large files can be 
accumulated. Care must be taken to adjust flow rates to avoid ab- 
normal (triphasic) respiration typical of excited animals (Clark et 

al. 1978; Gans and Clark 1978). The actual 
rate must be determined experimentally and 
will depend upon the species and size of the 
snake. Segments of these can be selected, 
analyzed, adjusted, or deleted. Measurements 

TABLE 1. Body mass (g) and respiration rates (ml 02/h) of brown water snakes measured with 
a face mask and in a respirometry chamber. N is number of individual snakes. P values are for 
paired-t tests comparing measurements made using masks with those made in chambers. 

Temperature (°C) N Mass Mask Chamber P 

12 21 265.7 ± 13.7 4.3 ± 0.3 4.4 ± 0.3 0.58 

17 17 248.3 ± 13.6 6.4 ± 0.7 6.4 ± 0.8 0.89 

22 16 254.3 ± 14.2 10.4 ± 1.3 10.5 ± 1.2 0.49 

27 15 259.1 ± 15.6 14.1 ± 1.9 14.3 ± 1.8 0.59 

32 15 258.9 ± 15.8 18.1 ± 2.2 18.8 ± 2.1 0.06 

can also be extended over many hours, al-
though desiccation of the test animal is a con-
cern. This provides opportunity for study of a 
variety of responses, including respiration 
rates during locomotion (Walton et al. 1990) 
or during various behaviors (Blem and Killeen 
1993). For example, individual brown water 
s snakes appear to hold their breaths when dis- 
turbed (Fig. 2C). This response was observed 
in all ten snakes tested. The duration of breath 
holding seems to be independent of body size 
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HERPETOLOGICAL HUSBANDRY 
Minutes 

FIG. 2. Measurements of gas concentrations during respiratory cycles 
in brown water snakes. A. Oxygen. B. Carbon dioxide. C. Oxygen; the 
snake was prodded at the time indicated by the arrow. Downward ex-
tremes of oxygen represent inspiration; upward peaks of carbon dioxide 
indicate expiration. 

and therefore may represent some sort of death-feigning, but this 
needs more study. Such behavior cannot be tested in closed cham-
bers. 
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Captive amphibians can be housed in a variety of ways. Often 
they are maintained in small glass aquaria that are set up as aquatic 
or semi-aquatic terraria (depending upon the species' habits). There 
are pros and cons of using such aquaria. On the up side are their 
low cost and the commercial availability of a variety of sizes. 
However, the downside is ease of breakage, lack of drains, and 
the need for modifications to use them for different types of am-
phibians. For over 4 decades, this type of enclosure was used to 
house almost all species of amphibians (about 30 species of toads, 
spadefoots, true frogs, treefrogs and salamanders) maintained at 
the Arizona-Sonora Desert Museum. After the construction of a 
new herpetological holding facility, we devised a new type of cage 
system for small treefrogs. 

The system consists of four 40 cm square, polyethylene frame 
boxes constructed of 20 mm square framing sticks screened with 
4 mm high-density, polyethylene mesh (Fig. 1). The mesh is se-
cured by a thin strip of polyethylene that is stapled into a 6 mm 
deep rabbetted channel in the frame. If the species to be kept re-
quires higher humidity or visual separation, transparent or opaque 
solid plastic panels (0.125 mm thick) can be used instead of the 
mesh, which might require that a dado slot is cut into the framing 
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Fin. I. Front view of cage system including plumbing. 

sticks that allows them to be inserted into the slots. The front pan-
els are attached to the other panels with a plastic piano hinge and 
secured with stainless steel suitcase latches (Fig. 2), while the rest 
of the panels are fastened with #6 stainless steel woodscrews. These 
boxes form the upper story of the animals' enclosures. Located 
below each box is a 35.5 cm x 22.8 cm x 22.8 cm plastic 
Rubbermaid®  container holding a pool of water 5 cm deep. A large 
plastic sink drain with a 4 mm mesh plastic filter is installed in 
each container and allows wastewater to be conducted to a floor 
drain through PVC pipe. An in-line shut-off valve is installed be-
low each sink drain. Below this a PVC tailpiece nests inside the 
drainage pipe, but isn't directly connected, which allows removal 
or replacement of the Rubbermaid ®  containers when necessary. 

The screen boxes are secured with #6 stainless steel woodscrews 
to a 1.86 m x 48 cm x 20 mm thick polyethylene shelf. The 
Rubbermaid®  containers are inserted through four large rectangu-
lar openings in the shelf and are supported by the containers' flanges 
(flared top lips). The support shelf is attached to a wall at the rear, 
while the front is supported by a 1.82 m long x 5 cm x 5 cm strip 
of angle aluminum (4 mm thick) and three 30.5 cm x 40 cm x 20 

FIG. 2. Stainless steel door latch.  

mm thick vertical polyethylene supports. 
This system can be built for a cost of US $350.00-400.00, if 

one uses in-house labor. The most expensive component is the 
polyethylene frame material, which is purchased as a large sheet 
(1.2 m x 2.46 m) for approximately $150.00-200.00. However, 
one sheet can be used to build several sets of cages, which can be 
mounted in rows one above the other, and this significantly low-
ers the unit cost of each set of cages. Less expensive materials can 
be substituted for the polyethylene. The benefits of using polyeth-
ylene are that it is non-toxic and impervious to water and most 
chemicals; it maintains stable dimensions (despite fluctuating rela-
tive humidity); it is shatterproof and can be cut, drilled and joined 
under pressure without splintering; and it should give many years 
of reliable service. 

This type of caging system might be suitable for a wide variety 
of small arboreal or semi-arboreal amphibians. We have used these 
cages to house adult Canyon Treefrogs (Hyla arenicolor), Ari-
zona Treefrogs (H. eximia), and Mexican Treefrogs (Smilisca 
baudini). Additionally, we reared recently-metamorphosed frogs 
of both these Hyla species, and the H. arenicolor bred in one of 
the small boxes. The tadpoles were removed and reared through 
metamorphosis in other cages and returned to these units after-
wards. 

ZOO VIEW 

The first reptile collection at the San Diego Zoo was assembled in 1922 
and the first reptile house was the modified International Harvester 
building, built for the Panama-California Exposition during 1915-16. In 
1931, C. B. "Si" Perkins was in charge and lobbied for a better facility; 
his new building, designed specifically for reptiles, opened on 4 July 1936. 
This large structure is still home for the collection. Many reptiles are kept 
outdoors in large enclosures: crocodilians, giant tortoises, and large 
varanids and iguanids. A series of small buildings named in honor of the 
late Laurence Klauber, known for his studies on rattlesnakes, house a 
number of smaller amphibians and reptiles. Klauber was the first curator 
of reptiles in the 1920s, consulting curator beginning in 1931, and served 
on the Board of Trustees from 1943 to 1968. 

Charles Shaw followed Perkins and developed successful reproductive 
programs for Galapagos tortoises and other reptiles. When Shaw died, 
Jerry Staedeli was installed in his post. Later, James Bacon became curator 
until he died in 1986. Jim was concerned about conservation issues, 
especially those related to the potential loss of island populations. His 
assistant, Earl (Tom) Schultz was elevated to his post until he retired 
several years ago. The present curator, Donal Boyer, was formerly the 
supervisor at the Dallas Zoo where we were colleagues for over a decade. 

Herpetological research at the San Diego Zoo has been ongoing over 
many years, especially from the Center for Research of Endangered 
Species (CRES), which began in 1975. Developed to improve captive 
breeding and health of wild and captive animals, CRES has been in the 
forefront of zoo conservation initiatives. One of the major thrusts has 
been the West Indian iguana effort, involving an in situ and ex situ 
component. In fact, Allison Alberts, Valentine Lance, John (Andy) Phillips, 
and retired CRES Director Kurt Benirschke have published many papers 
on herpetological subjects. 

Allison heads the CRES Applied Conservation Division. She has used 
statistical models based on radiographic measurements to predict 
oviposition date and clutch size in Cuban iguanas (Cyclura nubila) and 
also studied the effects of incubation temperature and water potential on 
growth and thermoregulatory behavior. She has predicted gender of lizards 
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using two dimensional ultrasound imaging and plasma testosterone 
concentration. Her investigations include seasonal reproductive cycles of 
the desert tortoise, pheromonal self-recognition in desert iguanas, 
dominance hierarchies in male lizards, pre-release health screening in 
animal translocations, chemical and behavioral studies of femoral gland 
secretions in iguanid lizards, and many other studies on chemical 
recognition and behavioral aspects of lizards and chelonians. Recently, 
four Anegada Island iguanas, a species found in the British Virgin Islands, 
hatched at the CRES off-exhibit reptile research facility. Fewer than 300 
individuals remain in the wild and there has been an 80% decline since 
the 1960s. The Zoo supports a head-starting program on the island and 
the staff is currently surveying the wild population and investigating 
nesting ecology. In addition to her work in the Caribbean, Allison has a 
long-standing interest in the reptiles of southern California, with division 
staff currently conducting radiotelemetry studies to better understand the 
behavioral ecology of coast horned lizards, rosy boas, and red diamond 
rattlesnakes. 

When I read her seminal publication "West Indian Iguanas: Status 
Survey and Conservation Action Plan," which included conservation 
strategies, taxonomic accounts, action plans, and beautiful color 
photographs compiled by specialists, it seemed appropriate to ask her to 
share her accomplishments with our community. Because Allison is so 
committed to the continued survival of West Indian iguanas, her description 
of the Cuban iguana program below nicely incorporates her vision of a 
successful zoo conservation effort using combined expertise and resources 
for the overall recovery of a species.—James B. Murphy, Section Editor: 

Herpetological Review, 2002, 33(2), 119-120. 
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Ten Years of Conservation Research on Cuban 
Rock Iguanas 

ALLISON C. ALBERTS 
Center for Reproduction of Engandered Species 

Zoological Society of San Diego, P.O. Box 120551 
San Diego, California 92112, USA 
e-mail: aalberts@sandiegozoo.org  

With funding from the National Science Foundation 
Conservation and Restoration Biology Program, I and fellow 
researchers in the CRES Applied Conservation Division began 
studies of Cuban iguanas on the U.S. Naval Base at Guantanamo 
Bay, Cuba, in 1992. Our intentions were to gain an understanding 
of the basic biology of these iguanas, as well as to develop practical 
conservation strategies for population recovery. For three years, 
we collected baseline data on population density, social behavior, 
reproductive hormone cycles, home range size, and daily and 
seasonal activity patterns. We found a negative relationship 
between female size and reproductive success, with larger females 
producing a higher percentage of non-viable eggs. That larger, 
presumably older, females tend to show greater infertility and egg 
mortality suggests that reproductive senescence might occur in 
this long-lived species. We also found that hatchlings from eggs 
incubated at higher temperatures grow more quickly than those 
incubated at lower temperatures. Finally, field experiments revealed 
that temporary alteration of local social structure through 
translocation of dominant males might represent a valuable 
management tool for small iguana populations by ensuring that a 
greater percentage of males have an opportunity to contribute to 
the gene pool. 

As elsewhere in the 
Caribbean, one of the 
main threats to iguanas at 
Guantanamo Bay is a 
sizeable population of 
feral cats, which consume 
large numbers of 
juveniles each year. In 
1995, we released 45 
juvenile Cuban iguanas, 
collected as eggs on the 
base and reared at the San 
Diego Zoo, at two 
locations on the base. 
These animals were part 
of a long-term head-
starting experiment 
designed to test whether 
juveniles that have been 
raised in captivity until 
they reach a less vulnerable body size have improved chances for 
survival against introduced predators in the wild. 

Prior to the release, several studies were undertaken with the 
captive juveniles at the Zoo. Monthly measurements of the distance 
individual iguanas would allow an observer to approach before 
fleeing indicated that captivity did not result in a decrease in fear 
of humans. Food preference tests showed that juveniles were 
willing to sample unfamiliar native plants after several months on 
an artificial diet, suggesting that they are unlikely to experience 
difficulty in adapting to natural food sources. A thorough veterinary 
screening showed that all of the juvenile iguanas were in good 
health and could be released safely. A CNN film crew accompanied 
us to Guantanamo to cover the release, and the story, which aired 
on both Headline News and Science and Technology Week, 
generated international attention. Follow-up studies indicated that 
the released juveniles adapted well to life in the wild. Their growth, 
thermoregulation, and behavior, particularly with regard to predator 
avoidance, closely parallel their wild counterparts. 

In late 1994 and early 1995, approximately 60,000 Cuban and 
Haitian migrants arrived unexpectedly on the base. Extensive areas 
of natural habitat were graded along the coastline to construct 
temporary housing, resulting in disturbance to natural ecosystems. 
At the height of the migrant crisis, the dry tropical forest 
surrounding our study site was reduced to less than 5% of its former 
extent, and we could only locate a single adult male in the area. 
With funding from the Zoo, we studied how rapidly and to what 
degree the iguana population was able to achieve its former 
dimensions, and how the natural process of recolonization of the 
area by iguanas correlated with recovery of vegetation at the site. 
This research provided an ideal opportunity to document the extent 
to which Caribbean dry tropical forest ecosystems are resilient 
enough to recover from disturbance, and to study the ecological 
role that iguanas play in the recovery process. 

By 1999, we had documented a relatively stable group of 25 
individuals at the site, with approximately 15% turnover in group 
composition per year. For both males and females, the relationship 
between body mass and body length was comparable to that of 
healthy wild iguanas, indicating that iguanas were able to forage 
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effectively at the site following disturbance. In order to document 
revegetation of the site, we also measured changes in the biomass 
of plant material over time. Although the rate of increase slowed 
in 1999 (1.05 m3/month) compared to 1998 (1.52 m 3/month), the 
total biomass of vegetation at the site continued to grow throughout 
the study period. 

Public education is key to the success of any conservation 
program. Thanks to a supplemental award from the National 
Science Foundation's Informal Education Program, we have been 
able to incorporate a public education component into our work 
on the base. Although Cuban iguanas comprise a conspicuous 
component of the local fauna and have been adopted as an informal 
mascot by many base residents, their biology and conservation 
status are not widely understood or appreciated. A major focus of 
our educational efforts has been to provide opportunities for the 
general public to participate actively in our field research effort. 
On three separate trips in 1997, we offered interested volunteers 
on the base the opportunity to participate in standardized iguana 
censusing and help collect data on antipredator and 
thermoregulatory behavior. Feedback from over 40 participants 
in the form of surveys was overwhelmingly positive, with 93% of 
respondents finding the research experience extremely worthwhile, 
83% of respondents experiencing a positive shift in attitude 
regarding scientific research following their field experience, and 
90% of respondents indicating that they would recommend the 
research experience to other base residents. 

In collaboration with HVS Productions, we also produced a video 
that describes the basic biology of iguanas, their conservation status 
and requirements, and the goals, study methods, and results of our 
research program. Copies of the videotape have been distributed 
to the environmental office, library, and schools on the base. On 
each of our trips to the base, we have offered public lectures at 
which we provide information on iguanas, their conservation status, 
and how to appreciate and enjoy them without harming them. We 
have given numerous presentations to both elementary and 
secondary students on the base, prepared an endangered species 
pamphlet for incoming base personnel, and designed an Iguana 
Crossing sign for sites on the base where road casualties were 
known to have occurred. 

Our work at Guantanamo Bay is but one example of the many 
contributions zoos are making to the conservation of West Indian 
iguanas. Over 20 American Zoo and Aquarium Association (AZA) 
member institutions have provided direct funding and other 
resources to West Indian iguana conservation projects, primarily 
in Jamaica, but also in Dominica, the Cayman Islands, the 
Dominican Republic, the Bahamas, the Turks and Caicos Islands, 
and the British Virgin Islands. With the help of zoos and other 
dedicated conservation partners, some of the rarest and most 
impressive lizards in the world are starting to make a comeback. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 33, 
Number I (March 2002). 

GYMNOPHIONA 

OSCAECILIAZWEIFELI (Zweifel's Caecilian). PREDATION. 
Virtually nothing is known about the ecology of Oscaecilia zweifeli 
(Lescure and Marty 2000. Atlas des Amphibiens de Guyane. 
Patrimoines Naturels, 45). At the field station of Nouragues (4°5'N, 
52°41'W 110 m elev.), 8 km N of Saut Parare, Arataye River, French 
Guiana, during the rainy season on 25 May 1999, one of us (RB) 
found, under a rotted trunk on the ground, an 0. zweifeli (Museum 
National d'Histoire Naturelle, Paris [MNHN] 1997.6482) whose 
head was maintained by the chelicera of an adult giant tarantula, 
Theraphosa leblondi (Theraphosidae) (Fig. 1). The tarantula had 
produced a silk cocoon around the head of the dead caecilian; the 
head was already partly digested. When disturbed, the tarantula 
raised its forelegs and threw urticating setae. This specimen of 0. 
zweifeli is the second one known from French Guiana, the species 
having been recorded in that country only from a single specimen 
from Cayenne (Lescure and Marty, op. cit.). 

We thank J.-C. Baloup F. Catzeflis, P Charles-Dominique, M. 
Dewynter, P. Gaucher, G. Lenglet, and S Lochon for working fa-
cilities. 

FIG. 1. Giant tarantula, Therophosa leblondi (Theraphosidae) preying 
on a Zweifel's caecilian, Oscaecilia zweifeli, at Nouragues Field Station, 
French Guiana, May 1999. 
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