
cussed in Schuett (1992) and Aldridge and Duvall (2002). 
This population of C. polystictus lies within an artificial, highly-

modified habitat. Such an area may provide an increase in prey 
availability because of high rodent densities typically associated 
with agricultural areas. Several of the scats from wild collected 
individuals examined in the lab contained rodent hair (species not 
identified). Specimens were most commonly encountered near 
heavily vegetated earthen canals and berms. The monoculture cre-
ated by hectares of uninterrupted cornfields contain unsuitable 
habitat, and thus concentrate populations of C. polystictus along 
breaks in their periphery. The use of agricultural chemicals and 
pesticides and conversion of earthen canals to concrete canals may 
negatively affect this population. Searches near concrete canals 
failed to produce any specimens of C. polystictus, presumably 
because of their lack of rodent burrows and vegetated sides. Al-
though this population of C. polystictus appears to be healthy, it 
should be considered fragile because of its location in an area sub-
ject to further modification for agriculture. 
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The need for conservation and management of rare species is 
becoming increasingly important as wildlife species and their habi-
tat continue to decline. Translocation of wild captured adults to 
augment and reintroduce populations has been successfully used 
for some endangered avian species (see Carrie et al. 1999; Rudolph 
et al. 1992). In general, success rates for mammals and birds are 
higher than those for amphibians and reptiles (Dodd and Seigel 
1991; Griffith et al. 1989). 

The Timber Rattlesnake (Crotalus horridus) is listed as a State 
of Texas threatened species and translocation of captive raised 
snakes might benefit small populations. Controversy exists on the 
benefits versus problems associated with translocation of amphib-
ians and reptiles (Burke 1991; Dodd and Seigel 1991; Reinert 
1991). A recent evaluation of the impacts of translocation on be-
havior and survival of mature C. horridus suggests that transloca-
tion of adult snakes not be recommended as a standard manage-
ment technique because of immediate aberrant movement behav-
ior patterns and long-term elevated rates of overwinter mortality, 
predation, and disease (Reinert and Rupert 1999). 

Because of the problems associated with translocation of adult 
C. horridus, the ability to successfully raise neonate rattlesnakes 
and successfully introduce them into forest habitat may be an es-
sential conservation technique if viable populations of this rare 
species are to be maintained in the wild. If captive-raised neo-
nates can be grown to sufficient size, predation-related and over-
winter mortality events suffered by neonates and first-year juve-
niles might be minimized, increasing the net survival rates of co-
horts released to the wild. 

We captive raised one neonate C. horridus in 1993-1994 and 
eight in 1994-1995, recording detailed growth data on the eight 
snakes over an 11-month period. The nine snakes were released 
with surgically implanted transmitters in eastern Texas and we 
monitored their movements for six years. We determined their 
survival rates in the wild to evaluate the possible merit of using 
captive-raised neonates to augment small, isolated populations. 

Materials and Methods.—Locations of released Crotalus 
horridus with transmitters were monitored in the Stephen F. Aus-
tin Experimental Forest, southern Nacogdoches County (31°29'N, 
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94°47'W), in eastern Texas. Bottomland hardwood forest com-
prises 728 ha of this 1038-ha experimental forest and pine up-
lands the remaining 310 ha. Approximately 670 ha of the bottom-
land hardwood forest are in the Angelina River flood plain. Mini-
mal timber harvesting has occurred on this forest and canopy trees 
in both the bottoms and uplands are 70+ years old. 

On 30 August 1994 eight neonate C. horridus (6 females and 2 
males) were obtained from the brood of a telemetered adult fe-
male from the Loco Bayou Hunt Club 8 km west of the experi-
mental forest. The neonates were obtained prior to their first ecdysis 
as they crawled around the entrance to a nine-banded armadillo 
(Dasypus novemcinctus) burrow. The eight neonate rattlesnakes 
were individually housed in 27 x 29 x 56 cm herpetological cages 
with clear Lucite sliding fronts, an electric heating pad under the 
cage, and a rock to assist shedding. Water in a petri dish was al-
ways present. Between 31 August 1994 and 17 July 1995 live mice 
(Mus musculus) were offered weekly to the rattlesnakes in an at-
tempt to maximize their growth. From a management perspec-
tive, our objective was to get the neonates to a near-adult size as 
quickly as possible to enhance their probability of survival when 
released in the wild. During the first two months mice < 18 g were 
offered to the neonates; thereafter, a range of mice between 10 
and 35 g were offered and taken by the snakes. Mice and rattle-
snakes were weighed prior to feeding and the weight of each mouse 
killed and consumed by each snake was recorded. Snake mass, 
snout—vent length (SVL), and total length were measured initially 
and then monthly over the next 10 months (last measurement 17 
July 1995). 

On 17 July 1995 four Crotalus horridus (three females and one 
male) were selected for subcutaneous implantation of a 10.3 g 
Holohil®  SI-2T radiotelemetry transmitter using the technique of 
Weatherhead and Anderka (1984) and, following at least a one 
week recovery period, were released together in bottomland hard-
wood forest on the Stephen E Austin Experimental Forest on 4 
August 1995. The remaining male and three females received a 
subcutaneous transmitter on 27 February 1996 and were released 
together at the same location as the initial four snakes on the ex-
perimental forest on 13 March 1996. Earlier, an additional female 
neonate (which weighed 35 g upon capture on 16 September 1993 
near Bingham Lake, Tyler County, Texas, on the Forest Lake Ex-
perimental Forest and was captive-raised to a weight of 246.7 g) 
received a transmitter on 5 March 1994 and was released in the 
experimental forest on 21 March 1994 at a point 100 m ENE of 
the location where the other eight neonates were released. During 
periods when snakes were not in hibernacula they were radio-
tracked and relocated approximately weekly using a Telonics re-
ceiver (TR-2, 150-152 MHz) with a two-element Yagi directional 
antenna. 

Locations of all released snakes were determined weekly until 
they settled in hibernacula in late November. Weekly relocation 
commenced again in March when rattlesnakes emerged from hi-
bernacula. Thus, post-release movements of nine captive-raised 
rattlesnakes were monitored from mid-March to late November 
over a period between four and six years. Mortality of released 
rattlesnakes was assumed if bones and a transmitter were found 
together. Dead snakes with transmitters recovered on or immedi-
ately next to a road with obvious injuries were assume to be road 
mortalities. 
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FIG. 1. Cumulative prey mass consumed by eight captive-raised neo-
nate Crotalus horridus from eastern Texas versus snake mass as neonates 
grew (monthly measurements) over a 10-month period. The line within 
plotted points reflects a regression trend line (Y = 2.0416X — 66.516, R 2  = 
0.98). 
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FIG. 2. Cumulative prey mass consumed by eight captive-raised neo-
nate Crotalus horridus from eastern Texas versus total snake length as 
neonates grew (monthly measurements) over a 10-month period. The line 
within plotted points reflects a second-order polynomial trend line (Y = 
0.0021X2  — 1.1265X + 142.04, R2  = 0.97). 
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FIG. 3. Mass versus total length of eight captive-raised neonate Crota-
lus horridus from eastern Texas as neonates grew (monthly measurements) 
over a 10-month period. The line within plotted points reflects a second-
order polynomial trend line (Y = 0.0957X 2  — 4.5229X + 75.063, R 2  = 
0.97). 
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TABLE 1. Post-release survival of ad-lib fed neonate Crotalus horridus 
in eastern Texas Minimum surviving rattlesnakes were those remaining 
in the experimental forest study area with functional transmitters. 
Maximum surviving includes minimum surviving plus those rattlesnakes 
of unknown status that dispersed from the study area or experienced 
transmitter failure. M = male, F = female. 

Post release 
survival (y) 

Minimum surviving 
No. (M/F) 	% 

Maximum surviving 
No. (M/F) 	% 

0 9 (7/2) 100.0 9 (7/2) 100.0 
1 8 (6/2) 88.9 8 (6/2) 88.9 
2 4 (3/1) 44.4 7 (5/1) 77.7 
3 4 (3/1) 44.4 7 (5/1) 77.7 
4 3 (2/1) 33.3 7 (5/1) 77.7 
5 3 (2/1) 33.3 6 (5/1) 66.6 
6 2 (1/1) 22.2 5 (4/1) 55.6 

We used the program CALHOME (Kie 1994) to calculate an-
nual minimum convex polygon (Mohr 1947) activity ranges and 
annual maximum distance between relocation points for nine re-
leased rattlesnakes during the first full tracking year after release, 
the second full tracking year after release, and all tracking years 
after the first full year of release. 

Results and Discussion.-Captive, neonate Crotalus horridus 
initially averaged (mean ± SD) 28.7 ± 0.74 g, SVL 30.9 ± 0.97 
cm, and total length 33.2 ± 0.98 cm. During the year of captivity 
the neonates consumed an average of 873.5 ± 113.5 g of prey mass 
(mice) per snake and attained an average mass of 461.8 ± 54.8 g, 
SVL of 81.7 ± 3.1 cm, and total length of 88.3 ± 3.4 cm (Figs. 1, 
2). On average, for every 1.0 g of prey mass consumed the snakes 
increased their body mass by 0.48 g and their total length by 0.063 
cm (Fig. 3). Following their first post parturition shed, the cap-
tive-raised neonates shed four times prior to release. Ecdysis oc-
curred approximately every time the snakes doubled their body 
mass. 

Eight of the nine captive-raised neonates released in the wild 
with surgically implanted radio transmitters survived at least one 
full year after their release (Table 1). A female released March 
1996 survived 4 months and a male released August 1995 sur-
vived 12 months in the wild, but both were killed in road-related 
mortality. A female released March 1996 died or lost her transmit-
ter (unknown cause-transmitter found in hibernaculum) two years 
post-release. The status of three snakes is unknown because of 
dispersal from our study area or transmitter failure at one, two, 
and three years post-release, respectively. We strongly suspect that 
these snakes moved out of our study area because the weekly 
movement of these three snakes suggested that they were shifting 
the center of their activity toward the west on private lands. Three 
of nine captive-raised neonates were known to be alive and had 
entered the breeding population five years post-release (Table 1). 
These three snakes (a female released March 1994, a female re-
leased August 1995, and a male released March 1996) were ob-
served copulating or participating in precopulatory behavior with 
wild conspecifics. Although sample size is too small to detect a 
statistical relationship, neither month of release (March versus Au-
gust) nor sex appeared to be related to death, dispersal, or sur-
vival. 

During the first full tracking year after release our captive-raised 
rattlesnakes averaged (mean ± SD) an annual minimum convex 
polygon activity range of 12.10 ± 9.61 ha and a maximum dis-
tance between relocation points of 0.97 ± 0.69 km. During the 
second full tracking year after release the activity range was 22.01 
± 29.95 ha and maximum distance between relocation points 0.82 
± 0.06 km suggesting that activity area increased but maximum 
movement distance decreased slightly. For rattlesnakes that re-
mained alive after the second full tracking year, activity area aver-
aged 7.26 ± 4.96 ha and maximum distance between points 0.51 ± 
0.16 km for all subsequent years. 

Captive-raised neonate Crotalus horridus gained 0.48 ± 0.04 g 
of body mass for every 1.0 g of prey consumed. Jauch (1993) 
observed a higher (0.58 g) mass gain per 1.0 g prey in captive-
born Puff Adders (Bitis arietans) that were offered mice every 2-
3 weeks. However, our captive-raised C. horridus gained 0.063 ± 
0.012 cm in total length for every 1.0 g of prey consumed, whereas 
Jacobsen (1986), who provided white mice and later white rats 
every 1-3 weeks, measured only 0.018 cm gain in total length per 
1.0 g prey consumed in captive B. arietans. Similar to our obser-
vations with C. horridus, ecdysis occurred in B. arietans approxi-
mately every time they doubled their body mass (Jauch 1993). 

Our captive-raised neonate C. horridus attained an average to-
tal length of nearly 90 cm prior to release in the wild. Although 
inexperienced in the wild, the size of these snakes after one year 
of ad libitum food in captivity would likely offset some of the 
predation-related mortality incurred typically by neonates during 
their first year. Several years would be required for wild-raised 
neonates to attain this size, and during these years predation rates 
would probably be high. 

The known survival and incorporation of three (33%) of nine 
captive-raised neonate C. horridus (Table 1) into the breeding 
population five years post-release indicates at least some poten-
tial value of the technique to augment small populations or possi-
bly repopulate areas where extirpation has occurred, especially if 
neonates were obtained through a captive breeding program. The 
actual survival of the captive-raised neonates may exceed 33% 
because the status of three additional snakes was unknown either 
because of long distance dispersal or transmitter failure. Some of 
these snakes may have moved off the study site to neighboring 
properties where we could no longer monitor their movements. 
The road mortality (two cases in which individuals were killed on 
blacktop roads adjacent to the experimental forest) and death in 
hibernaculum (one case) likely reflect what would occur in wild 
snakes in similar habitat (Rudolph et al. 1998). However, it is likely 
that unfamiliarity with habitat accounted for some of the mortal-
ity and unknown losses of snakes that we observed because the 
relocated snakes spent more time than typical looking for accept-
able habitat, which increased the probability of predation. Charland 
(1989) reported a 45% overwinter mortality rate of neonate West-
ern Rattlesnakes (Crotalus viridis) during their first six to eight 
months. Timber Rattlesnakes in eastern Texas did not seem to over-
winter in communal dens, but instead typically went down a stump 
hole or an armadillo burrow when temperatures approached freez-
ing. Although winters in eastern Texas are shorter in duration and 
milder than winters in more northern latitudes, temperatures often 
reach -8°C and can go as low as -18°C (Chang et al. 1996). Our 
captive-raised neonates avoided possibly high first-winter mor- 

316 	 Herpetological Review 34(4), 2003 



tality and were artificially given a boost to body mass and length 
well beyond what would occur in wild snakes. 

Reinert and Rupert (1999) reported that 6 of 11 (54.3%) wild-
captured, mature Crotalus horridus experienced mortality over an 
approximate two-year period. Three of these snakes experienced 
overwinter mortality, predators killed two, and one died from dis-
ease. At least 44.4% and possibly 77.7% of our neonates survived 
two years post-release (Table 1). The actual survival rate for our 
captive-raised neonates probably does not differ much from what 
Reinert and Rupert (1999) observed with mature rattlesnakes. 

Translocated adults also exhibited higher activity and larger ac-
tivity range areas than resident adult C. horridus (Reinert and 
Rupert 1999). Based on these results, they concluded that the trans-
location of wild-raised mature rattlesnakes to bolster diminished 
local populations should not be recommended as a standard con-
servation practice. The maximum activity ranges of our captive-
raised neonates was less than 4% of the activity area observed by 
Reinert and Rupert (1999) for translocated adult snakes, and about 
33% of the area observed for resident adults. Although our re-
leased rattlesnakes were not mature, their activity range areas did 
not seem to be excessive. 

We do not disagree with the conclusions of Reinert and Rupert 
(1999) relative to the translocation of mature Crotalus horridus, 
but suggest that translocation of captive-raised neonates may be a 
feasible conservation technique to bolster diminished populations, 
particularly if captive breeding is the source of the translocated 
snakes. 
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The genus Liophis comprises about 40 species distributed 
throughout South and Central America, including the Caribbean 
(Dixon 1989, 2000). Some species present taxonomic problems 
or are known by a few specimens, making it difficult to establish 
phylogenetic relationships among them (Dixon 1987; Dixon and 
Markezich 1992; Donnelly and Myers 1991). 

Dixon and Thomas (1985) described Liophis atraventer based 
on three specimens from Boraceia (Estacao Biologica, ca. 900 m 
elev.), state of Sao Paulo, Brazil (28°38'S, 45°50'W). Dixon (1987) 
suggested this species is related to L. typhlus (Linnaeus 1758), L. 
guentheri Peracca, 1897, L. viridis Gunther, 1862, L. jaegeri 
(Gunther 1858), and L. maryellenae Dixon, 1985, which he placed 
in a group that encompasses the green species of Liophis. Liophis 
atraventer was known only by the type series until Passos and 
Fernandes (2001) reported a fourth specimen (MNRJ 2766) from 
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Flo. 1. Geographic distribution of Liophis atraventer. 0 = type local-
ity. 

Teresopolis (ca. 870 m elev.), state of Rio de Janeiro, Brazil 
(22°24'S, 42°57'W). During the reorganization of the herpetologi-
cal collection of the Instituto Butantan (IB), new specimens of 
this taxon were found, providing new data about geographic dis-
tribution, pholidosis, hemipenis, and some aspects of natural his-
tory. A specimen from the Museu de Historia Natural —
Universidade Estadual de Campinas (ZUEC), and another from 
Museu Nacional — Universidade Federal do Rio de Janeiro (MNRJ), 
were also examined. The meristic and morphometric data of the 
examined specimens are reported in Table I. The method of ven-
tral counting follows Dowling (1951) and the terminology for the 
hemipenis is based on Dowling and Savage (1960) and Myers and 
Campbell (1981). Criteria to determine the reproductive maturity 
follow Shine (1980). The measurements for snout—vent length 
(SVL), tail length (TL), and head length (HL) were taken with a 

ruler to the nearest millimeter. Individual eggs were measured 
(length and width) to the nearest 0.1 mm with a dial caliper. Re-
gardless of the low number of specimens, especially males, a Mann-
Whitney test was performed with the meristic characters to assign 
the presence or absence of sexual dimorphism. 

The specimens presented herein represent five new localities 
for L. atraventer extending its geographical distribution (Fig. 1). 
All new records are from the state of Sao Paulo, southeastern Bra-
zil. Five specimens (IB 28060, 46368, 61618-61620) are from 
the municipality of Tapiral (23°57'S, 47°30'W), ca. 880 m elev.  
Two specimens (IB 54001, ZUEC 1308) are from the municipal-
ity of Cunha (23°04'S, 44°57'W), ca. 950 m elev. Another (IB 
25295) is from the municipality of Sao Paulo (23°32'S, 46°38'W). 
ca. 760 m elev. The two remaining specimens (IB 40455, 65538) 
are from the municipality of Sao Roque (23°31'S, 47°08W), ca. 
770 m elev., and Parque Estadual Intervales, municipality of 
Ribeirao Grande (approximately 24°05'S, 48°21W), ca. 700 m 
elev., respectively. These new localities, together with those re-
ported by Dixon and Thomas (1985) and Passos and Fernandes 
(2001), are at or above 700 m elev. 

The Mann-Whitney test did not reveal significant sexual dimor-
phism in the meristic characters examined (ventrals: U = 8.5; p = 
0.47; N = 11; subcaudals: U = 5.5; p = 0.46; N = 10), but a larger 
series is needed to confirm this result. The following characters 
showed no variation in the specimens examined and are consis-
tent with data presented by Dixon and Thomas (1985): dorsal scales 
rows: 19/19/17; supralabials 8, 4th and 5th contacting the orbit: 
preoculars 1; postoculars 2; temporals 2+1; loreals 1; genials 2 
pairs. In the present paper, TL/total length ratios varied from 0.2 
to 0.33 (mean = 0.25; s = 0.04; N = 8) for females and 0.2-0.3 
(mean = 0.25; s = 0.07; N = 2) for males; reduction to 17 dorsal 
scales rows occurs through the fusion of scale rows 3+4 over 
ventrals 72-82 (mean = 77.27; s = 3.32; N = 11); ventral scales 
142-149 (mean = 146.0; s = 2.56; N = 8) for females and 140-148 
(mean = 144.33; s = 4.04; N = 3) for males; subcaudals 51-57 
(mean= 52.75; s = 1.91; N = 8) for females and 52-56 (mean = 
54.0; s = 2.83; N = 2) for males; infralabials 9-10, the first pair in 

TABLE 1. Meristic and morphometrics (mm) characters of Liophis atraventer. Bars correspond to left/right side counting. 
SVL = snout–vent length; TL = tail length; HL = head length; VE = ventrals; SC = subcaudals; SL = supralabials; IL = 
infralabials; MT = maxillary teeth; OE = number of oviductal eggs. 

Specimen Sex SVL TL HL VE SC SL IL MT OE 

1B65538 F 648 150 27 149 53/54 8/8 9/9 19+2/19+2 5 

IB40455 F 690 137 24 149 52/52 8/8 9/9 19+2/19+2 8 

IB25295 F 633 145 27 144 52/51 8/8 10/10 19+2/18+2 13 

IB54001 M 424 — 20 140 8/8 10/10 19+2/20+2 

IB61618 M 525 115 22 148 51/52 8/8 10/10 18+2/20+2 

IB46368* F 445 112 22 148 52/52 8/8 10/10 18+2/18+2 

IB61619 M 491 147 16 145 56/56 8/8 10/10 18+2/20+2 

IB28060* F 361 100 18 144 51/51 8/8 10/10 19+2/21+2 

IB 61620* F 357 117 146 57/57 8/8 10/10 18+2/18+2 

ZUEC 1308* F 313 79 18 142 52/52 8/8 10/10 19+1/19+2 

MNRJ2766* F 519 125 23 146 52/51 8/8 10/10 20+2/20+2 

*represents immature specimens. 
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FIG. 2. Sulcate and asulcate side of the hemipenis of Liophis atraventer 

(IB 54001). Scale 5 mm. 

two pairs of genials; maxillary teeth 20-23 (mean = 21.36; s = 
0.93; N = 11) (23-24 according to Dixon and Thomas [1985]), 
with the last two enlarged and separated from the remainder by a 
diastema. 

Color in preservative: dorsum of the head, body and tail olive 
brown in specimens fixed during shedding, otherwise they have a 
bluish green aspect ("sea blue," according to Wilson [1941]); 
supralabials' lower edges grayish white ("Naples yellow," follow-
ing Wilson [1941]); infralabials generally grayish white, some-
times with blotches, principally the posterior ones, of the same 
color as the dorsum; genials and gulars grayish white; anterior 
ventrals (approximately until 10th) are usually grayish white and 
the ventrals become darker toward the posterior portion, being 
completely black in some specimens or having only the lateral 
edges grayish white; bands may form two ill-defined ventrolaterals 
lines as pointed out by Dixon and Thomas (1985); subcaudals gray-
ish white, the anterior ones may have black blotches as observed 
by Dixon and Thomas (1985). 

In life, the color of the dorsum is bright green ("emerald green" 
according to Wilson [1941]) and the venter varies from gray to 
black (see color photo and comments in Marques et al. 2001:53). 

The hemipenis extends through 6-10 subcaudals (inverted or-
gan; N = 3). Everted organ (N = 1) slightly bilobed; lobes smaller 
than the hemipenial body which has an inflated area in the basal 
portion; sulcus spermaticus divides approximately one third of the 
distance between the bottom of the hemipenial body and the point 
of bifurcation of the lobes; branches have centrifugal orientation 
and terminate in the median portion of the smooth apical disks 
located in the distal portion of the lobes; lobes have no calyculation 
or capitation; spinules covering the entire surface, except the in-
ner surfaces of the lobes which are nude; each basolateral portion 
of the hemipenial body has large spines (ca. 15) arranged in sev-
eral rows reaching the basal portion of the lobes [five large spines 
according to Dixon (1985)]; the asulcate side is mostly covered 
by spinules; the basolateral portion of the hemipenial body has 
large spines and the median portion of each lobe contains some 
medium sized spines; the retractor muscle originates at the level 
of 24th to 25th subcaudals (N = 3) (Fig. 2). 

The habits of Liophis atraventer are poorly known. W. R. Heyer 
collected a specimen in a moist environment and it regurgitated 
eggs of an Eleutherodactylus sp. (Dixon and Thomas 1985). 
Marques et al. (2001) state that this species is diurnal and flattens 
the body dorsally or promotes a cloacal discharge as a defensive 
behavior. 

We made a midventral incision in the preserved specimens to 
determine the presence of prey items in the gut, and vitellogenic 
follicles or eggs in the oviducts. The only prey item found was a 
frog of the Physalaemus cuvieri species group (IB 61618), swal- 
lowed head-first. The species of this group of Physalaemus are 
common in open areas, being found in pools sometimes associ- 
ated with forest edges (J. P. Pombal Jr., pers. comm.). None of the 
nine females contained vitellogenic follicles > 5 mm, but three of 
them had oviductal eggs. One specimen collected in October (IB 
25295, 633 mm SVL, 145 mm TL) contained 12 oviductal eggs 
(mean length = 16.9 mm, s = 2.7, range = 12-22 mm; mean width 
= 10.6 mm, s = 0.91, range = 9.3-12.4 mm). A second specimen 

contact behind the symphisial, first to fifth contacting the first pair collected in November (IB 40455, 690 mm SVL, 137 mm TL) 
of genials, fifth and sixth contacting the second pair of genials; contained eight oviductal eggs (mean length = 23.5 mm, s = 3.82, 
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range = 17.0-28.7 mm; mean width = 11.6 mm, s = 0.73, range = 
10.5-12.5 mm). The third specimen collected in January is poorly 
preserved (IB 65538, 648 mm SVL, 150 mm TL) and had five 
oviductal eggs (mean length = 15.8 mm, s = 5.11, range = 10.0-
22.2 mm; mean width = 7.5 mm, s = 0.9, range = 7.7-9.0 mm), 
and four atresic eggs. These data show that in the rainy season 
(October-January) L. atraventer is reproductively active, but our 
data are insufficient to suggest a continuous reproductive cycle. 
Vitt (1983) obtained reproductive data for a few species of Liophis, 
including L. viridis, a relative of L. atraventer (Dixon 1987). He 
argues that L. viridis has an extended reproductive season and 
possible multiple clutches. Marques (1996) suggested that con-
tinuous reproduction is possibly conservative in the tribe 
Xenodontini, therefore additional data are needed to ascertain the 
reproductive cycle of L. atraventer. 
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Size measurements are used in a wide variety of snake studies. 
Obtaining the snout-to-vent length (SVL) of snakes is necessary 
to study systematics (e.g., Burbrink 2001), sexual size dimorphism 
(e.g., Madsen 1983; Shine 1989), growth (e.g., Macartney et al. 
1990; Forsman 1993), or demography (e.g., Plummer 1985). The 
body of a conscious snake, however, is elastic and can stretch and 
contract, yielding variable measurements of SVL. Also, a recent 
report that Galapagos marine iguanas (Amblyrhynchus cristatus) 
can dramatically decrease in body size when food availability is 
low (Wikelski and Thom 2000) raises the possibility that reptiles 
can shrink. Quantifying the precision and accuracy of SVL mea-
surements is important (1) to improve measurement methods for 
snakes, (2) to partition the observed variance around parameters 
obtained from SVL measurements (e.g., growth estimates) into 
variance associated with measurement error and variance associ-
ated with individual differences, and (3) to determine whether re-
ported instances of snakes shrinking (Blouin-Demers et al. 2002; 
Madsen and Shine 2001) can be attributed to measurement error 
or to previously unsuspected instances of shrinkage. I am unaware, 
however, of any study that has quantified the error associated with 
SVL measurements of snakes. My general goal in this paper was 
to quantify both the precision and accuracy of SVL measurements 
in black ratsnakes (Elaphe obsoleta), a large constricting colu-
brid. 

My first objective was to quantify the precision of SVL mea-
surements of conscious Elaphe obsoleta obtained by a method 
commonly used in field studies and consisting in running a flex-
ible measuring tape along the venter of a snake held horizontally 
by an assistant (described by Fitch 1987). Measurement error on 
SVL arises from the behavior of the animal when being measured 
(struggling) and from limitations intrinsic to the measuring method. 
Thus, my second objective was to determine what proportion of 
measurement error was because of the struggling of the snake and 
what proportion was because of the measurement method itself. 
Because black ratsnakes are large constricting colubrids, I expected 
they would be difficult to measure and I predicted that the strug-
gling of the snake should account for a greater proportion of mea-
surement error than the limitations of the measuring method. My 
third objective was to quantify the accuracy of SVL measurements 
on conscious Elaphe obsoleta obtained by the method described 
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TABLE 1. Precision (CV), accuracy (absolute values of deviations of SVL), and mean SVL for 20 
black ratsnakes measured by three methods. Tape refers to measuring snakes by running a measuring 
tape along their body while snakes are held horizontally. Ruler refers to measuring snakes by laying 
them on a table along a metal ruler. 

Method 
CV (%) 	 Deviations (%) 	SVL (mm) 

Mean SE Max 	Mean SE Max 	Mean 	SE 

Conscious - Tape 
Anesthetized - Tape 
Anesthetized - Ruler 

1.10 0.10 2.16 1.39 0.19 2.80 1046.7 62.1 
0.62 0.04 0.98 3.41 0.34 5.82 1075.1 66.6 
0.16 0.02 0.40 1036.3 61.7 

by Fitch (1987). Lastly, I wanted to determine whether precision 
and accuracy of SVL measurements varied with the size of the 
snake being measured. Large snakes, with their strong muscula-
ture, might struggle more vigorously and be more difficult to mea-
sure. Thus, I predicted that the SVL measures of larger snakes 
should be less precise and less accurate than those of smaller 
snakes. 

MATERIALS AND METHODS 

In May 2000, 20 wild-caught Elaphe obsoleta from the Queen's 
University Biological Station (40 km N of Kingston, Ontario; 
44°34N, 76°19'W, 200 m elevation) were measured three ways 
and subsequently returned to the wild. Individuals were selected 
spanning the size range of Elaphe obsoleta, with the caveat that 
individuals had to be large enough (> 500 mm SVL) to be intu-
bated for anesthesia (see below). First, to determine the precision 
of SVL measurements, each snake was measured 10 times using 
the method of Fitch (1987). The snake was held behind the head 
and behind the cloaca by an assistant. With the snake suspended 
horizontally, the assistant gently stretched it until the snake tired 
and extended to full length, at which point a 2-m flexible measur-
ing tape was run along its venter (Fitch 1987). In all cases, the 
snake was measured twice and the mean of the two measurements 
was recorded. Using this method (hereafter "Conscious - Tape"), 
the 20 snakes were measured every day for 10 days, assuming that 
growth over those 10 days was negligible. Second, to quantify the 
error associated with the behavior of the snakes when being mea-
sured, the snakes were measured again, but first rendered flaccid 
by isoflurane anesthesia (Blouin-Demers et al. 2000). To avoid 
anesthetizing the snakes repeatedly, all 10 pairs of measurements 
were taken during a single dose of anesthesia, but the snakes were 
coiled on a table between each pair of measurements (hereafter 
"Anesthetized - Tape"). Third, to quantify the error associated 
with running the flexible measuring tape along the venter of the 
snakes, the anesthetized snakes were also measured 10 times by 
laying them on a table along a 2-m metal ruler. These last 10 pairs 
of measurements were also taken under anesthesia, but the snakes 
were loosely coiled on a table between pairs of measurements (here-
after "Anesthetized - Ruler"). Thus, the 30 measurements for each 
snake (10 measurements by 3 methods) each represent the mean 
of two measurements. Data collection was blind: the numbers on 
the measuring device were covered and the measuring device was 
simply marked, after which an assistant recorded the number. 

The measure of precision was the coefficient of variation (CV; 
Zar 1999). Ideally, the SVL measurement obtained on a conscious 
snake would be identical to that ob-
tained by measuring the snake when 
anesthetized (Fitch 1987). In the 
present study, however, the snakes 
were measured anesthetized using two 
different methods. Snakes stretched 
considerably when anesthetized and 
suspended in the air (see Results). 
Consequently, I considered that the 
"true" SVL of black ratsnakes was the 
mean of the 10 values obtained by the 
Anesthetized-Ruler method. Thus, the 
measure of accuracy for a particular  

method was the mean of the absolute values of the deviations of 
the SVL values from the "true" SVL, expressed as a percentage of 
the "true" SVL. 

Repeated measure ANOVA (one within design) or paired t-test 
were used to analyze the precision and accuracy of each measure-
ment method, and linear regression was used to determine whether 
precision or accuracy of measurements varied with SVL. The data 
were screened for violations of the assumptions of normality and 
homogeneity of variance using box plots and Shapiro-Wilk tests.  
All analyses were conducted on JMP Version 3.2 (Statistical Analy-
sis Systems 1997) and SPSS Version 6.1 (Statistical Package for 
the Social Sciences 1995) on a Macintosh desktop computer. Means 
are reported ± 1 standard error. 

RESULTS 

The three measurement methods differed in precision as mea-
sured by their CVs (r2  = 0.85, repeated measures ANOVA F(2,18) = 

103.42, P < 0.001). Tukey post-hoc tests indicated that the three 
methods differed from one another. Measuring snakes by laying 
them along a ruler when they were anesthetized was the most pre-
cise method, followed by measuring them with a flexible tape when 
they were anesthetized, and then by measuring them with a flex-
ible tape when they were conscious (Table 1). Nevertheless, mea-
suring conscious snakes was surprisingly precise, with an average 
CV of 1.10 ± 0.10% and a maximum value of 2.16%. The calcula-
tion of CV involves the deviation of each measurement from the 
mean. The mean of the absolute values of those deviations gives a 
direct estimate of measurement error. The mean of the absolute 
values of the deviations from the mean SVL of the conscious snakes 
was 8.14 mm, or 0.82% of the mean SVL. 

Assuming that measurement error is random and thus has a sym-
metrical distribution centered on the mean (my data do not sug-
gest otherwise), the mean measurement error around a growth es-
timate based on two SVL measurements would be twice the mea-
surement error of SVL (2 x 0.82% = 1.64%) half of the time. If 
errors are random, errors on two SVL measurements should be in 
opposite direction half of the time (and thus cumulative) and in 
the same direction the other half of the time (and thus noncumula-
tive). During the active season, the average growth rate for a 1000-
mm Elaphe obsoleta in Ontario is 0.4 mm/day (Blouin-Demers et 
al. 2002). Thus, when the errors are cumulative (i.e., 1.64% mea-
surement error) it would take an average of 41 days of activity 
before growth of a 1000-mm individual becomes detectable using 
Fitch's (1987) measurement method. 

The Anesthetized - Tape method was 44% more precise than 
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the Conscious – Tape method (Table 1), indicating that, on aver-
age, 44% of the imprecision when measuring conscious snakes 
was attributable to their activity (i.e., struggling). A further 42% 
increase in precision was achieved by the Anesthetized – Ruler 
method (Table 1). This result did not support my prediction that a 
greater proportion of measurement error would be attributed to 
the behavior of the snake when being measured, than to limita-
tions of the measuring method. 

The mean SVL of snakes obtained by the three methods dif-
fered from one another (r 2  = 0.64, repeated measures ANOVA F(2, 18 )  

= 32.65, P < 0.001). Tukey post-hoc tests indicated that SVL val-
ues did not differ between Conscious – Tape and Anesthetized –
Ruler methods, but the Anesthetized – Tape method yielded SVL 
values greater than the other two methods (Table 1). Based on the 
absolute values of the deviations from the "true" SVL, measuring 
snakes with the tape was less accurate when snakes were anesthe-
tized than when they were conscious (paired t (19)  = 5.77, P < 0.001). 
These results were due to the anesthetized snakes stretching when 
they were measured with the tape. 

Contrary to my prediction, precision of the Conscious – Tape 
method increased significantly with increasing SVL (r 2  = 0.27, 
F(1 . 18) = 6.57, P = 0.019, Fig. 1). Precision was not significantly 
related to SVL (F0 , 18)  = 0.86, P = 0.366) when snakes were anes-
thetized and measured with the tape (Fig. 1). Precision decreased 
significantly with increasing SVL (r 2  = 0.22, F11 . 18)= 5.16, P = 0.036) 
when snakes were anesthetized and measured with the ruler (Fig. 
1). This last relationship, however, appears to be driven by one 
large snake with a high CV (Fig. 1). Excluding this data point 
from the analysis made the relationship non-significant (F 0 , 17)  = 
3.06, P = 0.099). Contrary to my prediction that SVL measure-
ments on larger snakes should be less accurate than those on smaller 
snakes, accuracy was not related to SVL for conscious snakes (F )) , 18) 

 = 1.04, P = 0.307). Accuracy was, however, strongly related to 
SVL for anesthetized snakes (r 2  = 0.79, F11,18) = 67.23, P < 0.001). 
Larger snakes stretched proportionally more than smaller snakes 
when measured anesthetized and their SVL was thus overestimated 
to a greater extent (Fig. 2). 

DISCUSSION 

I found that SVL measurements of conscious snakes were both 
precise and accurate (mean error = 1%) and that the proportions 
of measurement error attributable to the behavior of the animal 
and to the measuring method itself were approximately equal. Pre-
cision of measurements increased with increasing SVL for con-
scious snakes. Accuracy of measurements on anesthetized snakes 
with tape, however, decreased with increasing SVL. 

Contrary to my prediction, SVL measurements on a large-bod-
ied constrictor such as Elaphe obsoleta were surprisingly precise. 
After an initial struggle when first grasped, ratsnakes in this study 
usually calmed down within 1-2 min. This resulted in (1) my abil-
ity to make precise measurements, and (2) the behavior of the 
snakes when measured accounting for approximately the same 
proportion of measurement error as limitations of the measure-
ment method itself. 

One unexpected result was that the precision of measurements 
increased with increasing SVL for conscious snakes measured with 
tape. Precision did not vary with SVL for anesthetized snakes 
measured with tape, suggesting that the behavior of the snakes  
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Mc. 1. Precision of SVL measurements (measured by the coefficient of 
variation expressed as a percentage) as a function of mean SVL for 20 
black ratsnakes measured by three methods. 
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Pic. 2. Accuracy of SVL measurements (measured by the mean devia-
tion of the SVL measurements from the "true" SVL expressed as a per-
centage) as a function of mean SVL for 20 black ratsnakes measured by 
two methods. 

when being measured causes the difference in precision between 
large and small snakes. Thus, it appears that larger snakes, which 
tend to be more placid, are easier to measure than are smaller snakes 
because larger snakes provide more precise measures. Accuracy 
did not vary with SVL for conscious snakes. However, measuring 
anesthetized snakes with tape tended to slightly overestimate their 
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SVL, and this problem was more severe for larger snakes. 
Because SVL measurements in conscious snakes are both pre-

cise and accurate, it should be possible to detect instances of shrink-
age (Madsen and Shine 2001; Wikelski and Thom 2000) if they 
do occur in snakes. Based on the small magnitude and low fre-
quency of negative growth estimates in this population (Blouin-
Demers et al. 2002), it seems unlikely that shrinkage occurs. Indi-
vidual cases of apparent shrinkage were thus likely due to mea-
surement error. 

In summary, my data suggest that the best way to measure the 
SVL of snakes is by anesthetizing them and laying them next to a 
ruler. If this method is not practical, measuring them conscious 
with a flexible tape (Fitch 1987) is a reasonable alternative. 
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The Miami Laboratory of the National Marine Fisheries Ser-
vice (NMFS) conducted a study to determine the distribution and 
abundance of immature sea turtles in the nearshore waters of south-
west Florida. Standard mark-recapture techniques were used as 
described in Eckert et al. (1999), and tissue samples were taken 
from green, loggerhead, and hawksbill turtles for genetic analy-
sis. 

The NMFS turtle survey documented the presence of immature 
Kemp's ridley (Lepidochelys kempi), loggerhead (Caretta caretta), 
and green (Chelonia mydas) sea turtles in the coastal waters of 
southwest Florida, in order of decreasing abundance. One turtle, 
originally identified as an immature hawksbill (Eretmochelys 
imbricata), was captured on 15 October 1998. Hawksbill turtles 
are considered a tropical species more commonly found in coral 
reef habitats (Meylan 1992; Witzell 1983), and it seemed unusual 
that this turtle was caught in the turbid waters of the Ten Thou-
sand Islands in southwest Florida. The turtle's shape, scale pat-
tern, and color were not readily distinguishable from a "normal" 
hawksbill. However, nuclear DNA analysis demonstrated that this 
animal was, in fact, a hawksbill-loggerhead hybrid, a rare phe-
nomenon previously documented (Bowen and Karl 1997; Karl et 
al. 1995). Researchers from the University of South Florida in 
Tampa, Florida analyzed tissue samples from the turtle. Mater-
nally inherited mtDNA was used to resolve maternal parent. The 
control region sequence from the mitochondrial DNA matched 
Caretta caretta haplotype A, indicating that the maternal parent 
was a loggerhead. Restriction digests of three nuclear DNA loci 
(CM-12A, CM-28, CM-14A) were performed using restriction 
enzymes Rsa I, Bst NI, and Dra 1, respectively. Together, these 
three digests indicate the turtle is a post-first generation (F1) hy- 

TABLE 1. Capture dates and recorded sizes of an immature hybrid 
hawksbill turtle recaptured in the Ten Thousand Islands, southwest Florida. 

Date (m/d/y) MSCL' Weight (kg) Days Free 

10/15/98 
07/05/99 
08/02/99 
11/16/99 
09/04/00 

52.2 
54.5 

59.5 
64.6 

20.8 

25.8 

0 
263 
296 
418 
711 

'Medial straight carapace length (notch -to-notch). 
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Flo. 1. Ten Thousand Island study area with multiple recapture sites of an immature hybrid hawksbill-loggerhead turtle. 

brid between Caretta caretta and Eretmochelys imbricata. Bowen 
et al. (1993) provided a molecular phylogeny of sea turtles and 
concluded that the hawksbill-loggerhead split was nearly 20 mil-
lion years ago, and the hawksbill-loggerhead hybrid is unique be-
cause there are few hybrids between vertebrate species separated 
by more than five million years. 

Intensive surveys in Gullivan Bay have documented only this 
one putative hawksbill turtle, the majority of turtle sightings be-
ing immature Kemp's ridleys. The turtle was recaptured four times 
over 711 days (Table 1), and all recaptures were within 600 m of 
the initial capture location. This suggests that the turtle had estab-
lished a home range within a non-typical hawksbill habitat be-
tween Gullivan and White Horse Keys (Fig. 1). The home range 
of the five recaptures encompasses 14.11 ha, consistent with the 
home ranges of immature hawksbills on tropical coral reefs (Van 
Dam and Diez 1998). The small home range suggests that this 
turtle had located an isolated hard-bottom community with suffi-
cient food to keep it in the vicinity for close to two years. These 
hard-bottom community organisms typically consist of various 
sponges, bryozoans, and tunicates. 

The warm estuarine environment of coastal southwest Florida 
promotes the growth of encrusting organisms. This turtle was noted 
as having "numerous barnacles on carapace, plastron, head and 
axial regions of flippers" (Fig. 2), indicating that it had resided 
within these waters for some time prior to first capture. An oyster  

and additional barnacles were noted on the subsequent captures. 
On the last capture, an astonishing mass of barnacles, tunicates, 
and bryozoans was noted on the carapace, in addition to a myriad 
of attendant crustaceans (Fig. 2). Epibiota communities like these 
are more commonly found on loggerheads (Dodd 1988) than 
hawksbills (Witzell 1983). In spite of this growth, the turtle ap-
peared to be robust and healthy. The turtle grew from 52.2 cm to 
64.6 cm during 711 days (6.5 cm/year) and gained 5 kg (2.6 kg/ 
year). A substantial head wound above the left eye was noted at 
the 16 November 1999 capture. The cause of the wound is un-
known, but it was healed by the 4 September 2000 capture, illus-
trating the powerful recuperative capabilities of this individual. 

Reports of hawksbill turtles from non-coral reef habitats are 
uncommon. Hawksbills have been documented from a mangrove 
habitat in El Salvador (Hasbun et al. 1998) and the turbid northern 
Gulf of Mexico waters (Rester and Condrey 1996). Interestingly, 
Carr (1952) reported hawksbills from mangrove-bordered bays, 
including three turtles that had eaten large quantities of red man-
grove fruit, leaves, and bark. Perhaps these turtles were also hawks-
bill-loggerhead hybrids, as the photo of the specimen from the 
northern Gulf of Mexico suggests (Rester and Condrey 1996). The 
apparent residency of a hybrid hawksbill-loggerhead turtle in the 
Ten Thousand Islands is considered very unusual, primarily be-
cause this turtle had the gross appearance of a hawksbill, but it 
also collected epibionts on the carapace similar to loggerheads 
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Flo. 2. Immature hybrid hawksbill-loggerhead turtle at first capture 
(A) and after 711 days (B), illustrating extensive epibiont growth. 

and inhabited a habitat more typical of a loggerhead than hawks-
bill. 
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We observed the mating behavior of Carlia jarnoldae during 
austral summer (January-March 1999) in Townsville, Queensland, 
Australia (19° 19'S, 146°45'E). Carlia jarnoldae are relatively small 
(mean snout-vent length 40 mm), terrestrial, diurnal lizards 
(Cogger 2000). Adults are sexually dimorphic: males are heavier 
(2.4 g vs. 1.9 g), but not longer (adult males average 44 mm SVL, 
68 mm tail length; females average 43 mm SVL, 64 mm tail length), 
and males are more colorful than are females (Cogger 2000). 
Breeding males have an orange-brown dorsum with 4-6 narrow 
black stripes, a black dorsolateral field scattered with small blue 
spots, and a reddish-orange lateral stripe. The labial scales and 
throat of males are pale greenish-blue. Females are brown above 
with scattered black and white flecks tending to form longitudinal 
lines, and a bright white lateral stripe bordered above and below 
by black stripes. 

We observed 16 social interactions in which a single adult female 
was placed into a 1000 L (200 x 100 x 50 cm) oval, semi-natural 
outdoor enclosure with an adult male. We also made observations 
of ten individuals in nature. Observations were conducted from 
behind a freestanding hessian blind. Four copulations were 
observed in the experimental enclosures (one of these took place 
under a shelter and could not be observed) and two in the wild. 

Courtship.-Males tongue-flicked females during courtship. 
This behavior occurs in other lizards and suggests an important 
role of chemical cues in sexual identification and stimulation 
(Carpenter and Ferguson 1977; Mason 1992; Perrill 1980). 
Courtship was observed in seven of the social interactions 
conducted in the enclosures, but resulted only once in copulation. 
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A courting male would often pursue or approach a female (also 
while moving with a slow, jerky motion, and tongue flicking), and 
if the female showed no interest, the male would run to the top of 
one of the shelters, usually in the sun, and display their lateral 
coloration by laterally presenting and dorsoventrally compressing 
their bodies, tilting to the side towards the female. Male throat 
coloration was displayed by tilting their heads to expose their gular 
coloration in the direction of the female, before again approaching 
the female. Copulations not preceded by courtship behavior were 
initiated shortly after the female was encountered. In cases in which 
the females did not appear receptive, they would flee from males 
and hide under shelters or leaves. The male would then search for 
the female (either simply approaching the female, approaching 
the female in a slow, jerky motion, or approaching the female while 
tongue flicking). 

Copulation.-Once he located the female, the male initiated 
copulation. The female often struggled at the onset of these 
copulations, but became motionless after -1 min. In the single 
case that copulation followed courtship, the female allowed the 
male to approach, initiate a flank bite, and copulate without 
struggling. When courtship displays did not result in copulation, 
it was usually because of rejection by the female (i.e., she would 
flee to a shelter and hide). The copulatory position was similar in 
all cases, and resembled that described for other skinks (Carlia 
[Leiolopisma] rhomboidalis, Wilhoft 1963a; Carlia rostralis, 
Whittier 1994; Eulamprus [Sphenomorphus] kosciuskoi, Done and 
Heatwole 1977; Eumeces fasciatus, Fitch 1954; Eumeces obsoletus, 
Evans 1953). To assume a position for copulation, males initiated 
a flank bite and placed the hind leg nearest the female over the 
base of her tail, while bringing the base of his tail up and under 
hers so that their cloacae were opposed (as illustrated in Whittier 
1994). The male would thrust his tail and pelvic region as a single 
hemipenis was inserted into the female and copulation commenced. 
Pelvic thrusting continued for most of the time the cloacae were 
in opposition, but ceased before the flank was released. Copulations 
lasted an average of 3.92 min (± 0.18 SE), which is considerably 
shorter than the 90 min reported for the skink Eumeces egregius 
(Mount 1963), but similar to the 3-5 min reported for the more 
closely related skink, Carlia rostralis (Whittier 1994). The number 
of thrusts was recorded for only two mating events (N = 22 for the 
one observed in the enclosures and N = 36 for the one in the field), 
and occurred at a rate of 5-6/s. This rate is faster than that observed 
in C. rostralis, which spasmed at a rate of 1 thrust/s, but this 
increased to 1-4/s in the final 30 s of intromission (Whittier 1994). 
Mating ceased when the male released his grasp on the female. 
The male then dragged his cloaca along the substratum with his 
hemipenis everted. This behavior may function to clean the 
hemipenis of seminal fluid, or possibly to leave chemical messages 
for other individuals (Beck 1990). Hemipenes remained everted 
for up to 2 min after copulation. 

Female Receptivity.-Our data suggest that female C. jarnoldae 
are receptive to males after laying eggs, but not while they are 
gravid. During midsummer three of the four females that were 
observed copulating in the enclosure had deposited their eggs 1-7 
days before mating. These females were exposed to different males 
prior to laying, but refused courtship advances from these males 
and did not allow copulation to occur. In all cases of rejection, 
females were observed to perform a characteristic behavior:  

females positioned themselves in front of the male, facing away, 
but with their tails directed towards him. In this position, females 
waved their tails in a horizontal plane, held posterior to the body, 
so that their tails waved near his face. If the male moved, the female 
would often move in front of him and again wave her tail in his 
face. Usually this caused the male to cease courtship, and resume 
foraging or basking behaviors. Although this behavior may simply 
signal that the female is not receptive, it may also provide 
pheromonal cues (Mason 1992; Shine et al. 2000) because the 
males often tongue flick the female's cloaca following this display. 
Regardless of their purpose, these behaviors warrant further study. 

Clutch Size.-Females produced one (N = 4) or two (N = 5) 
small, white eggs under the shelters provided in the enclosures. 
Carlia spp. typically produce two eggs (Cogger 2000; Zug et al. 
1982), although it is possible that in cases where only one egg was 
found, the second was deposited at a later stage (Zug et al. 1982). 
Only one egg was hatched in the laboratory, 10 d after being found 
in the enclosure (we checked under the shelters for eggs 
approximately every 3 d). The hatchling was 19 mm SVL, with a 
29 mm tail, and weighed 0.2 g. In the Townsville region, Carlia 
jarnoldae reproduce annually, with oviposition occurring in the 
late spring or summer (November to June), coinciding with the 
wet season (James and Shine 1985; Wilhoft 1963b; Zug et al. 1982; 
TL and LS, unpubl. observations). 
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TABLE 1. Defensive strategies of Texas horned lizards when attacked by red imported fire 
ants in Texas. Attacking ants were either consumed or returned to the soil surface after the 
horned lizard buried itself (see outcome column). 

Snout—vent 	Number of ants 
Sex 	length (mm) 	in attack 	Strategy Outcome 

Female 
Male 
Male 
Male 
Female 
Male 
Female 
Female 
Male 
Female 
Male 

65 7 
72 9-10 
63 6 
68 6-8 
75 12 
62 25-30 
78 20-25 
69 25-30 
47 20-25 
65 25-30 
62 50+ 

Consumption 
Consumption 
Consumption 
Consumption 
Consumption 
Flee and bury 
Flee and bury 
Flee and bury 
Flee and bury 
Flee and bury 
Flee and bury 

5 consumed 
5 consumed 
4 consumed 
4 consumed 
9 consumed 
20+ to surface 
15 to surface 
25 to surface 
18 to surface 
20+ to surface 
35+ to surface 
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The Texas horned lizard (Phrynosoma cornutum), a state-listed 
threatened species, historically occurred throughout most of Texas, 
but its distribution and abundance has declined dramatically (Henke 
2003). Possible reasons for the decline include widespread use of 
broadcast insecticides, excessive commercial collection, loss of 
habitat from urbanization and/or agriculture, and the invasion of 
the red imported fire ant (Solenopsis invicta; Donaldson et al. 
1994). Potentially, fire ants can negatively impact Texas horned 
lizards indirectly through competition with harvester ants 
(Pogonomrymex sp.), the main prey item of Texas horned lizards, 
or directly by their venomous sting (Allen 1993). Similar decline 
of coastal horned lizards (Phrynosoma coronatum) in southern 
California has been attributed to the invasion of Argentine ants 
(Linepithema humile; Suarez and Case 2002). 

Nonaggressive defensive strategies of Texas 
horned lizards include reliance on cryptic colora-
tion, burrowing into the soil to avoid detection, 
retreating from predators using a sprint-and-freeze 
tactic, inflating their body with air, and various 
defensive stances (Peslak 1985; Pianka and Parker 
1975; Reeve 1952; Sherbrooke 1981). Aggres-
sive strategies include hissing and lunging at the 
predator, biting, jabbing with the occipital horns, 
or ejecting blood from the conjunctival sac lo-
cated near the eye (Lambert and Ferguson 1985; 
Middendorf and Sherbrooke 1992; Sherbrooke 
and Middendorf 2001). Because Texas horned liz-
ards have not evolved with red imported fire ants, 
novel defensive strategies may be used to cope 
to this exotic invertebrate. 

We describe two defensive strategies exhibited 
by Texas horned lizards against red imported fire 
ants. The two strategies appear to be dependent  

on the number of ants involved in the attack. Our observations of 
encounters with Texas horned lizards and fire ants occurred in 
central and southern Texas (Atascosa, Brooks, Coryell, Frio, 
Kleberg, and LaSalle counties) from 16 June 2000-20 September 
2001. Horned lizards were encountered while observers were con-
ducting reptile and ant surveys. Observers did not disturb horned 
lizards or ant mounds and maintained —1.5 m distance from liz-
ards, until lizards buried themselves. At this point, observers would 
closely inspect the location where lizards were buried. The first 
strategy, referred to as the consumption strategy (N = 5), occurred 
when 12 fire ants were present (Table 1). When adopting this 
strategy, horned lizards remained very still with their eyes shut, 
occasionally twitching or jerking their heads as the ants ran across 
their eyelids. When the ants ran onto or around a lizard's mouth, 
the lizard would consume them. This continued until the majority 
of the ants were consumed or retreated from the lizard. The sec-
ond defensive strategy, referred to as the flee-and-bury strategy 
(N = 6), occurred when > 20 fire ants were involved in the attack 
(Table 1). Twenty to > 50 fire ants swarmed onto the body of a 
horned lizard when the lizard disturbed a fire ant mound. Horned 
lizards that encountered > 20 fire ants sprinted 2.5-7 m from at-
tack sites and quickly buried themselves, tail first, into the soil. 
Soils ranged from sandy, sandy-loam, gravelly loam, to clay loam 
soil, dependent upon location. Horned lizards wagged their tails 
and shifted their bodies from side to side until they were com-
pletely buried below the surface. Fire ants would then appear, 
within 15 s, on the surface above where the lizard was buried. 
Horned lizards re-emerged between 5-15 min afterwards. 

Both strategies thwarted the attacks of fire ants on Texas horned 
lizards. We consider the consumption strategy to be a defensive 
strategy rather than a primary means of obtaining food. Texas 
horned lizards are considered dietary specialists (Whitford and 
Bryant 1979), with 69% of their diet consisting of harvester ants 
(Pianka and Parker 1975). Texas horned lizards appear resistant to 
the venom of harvester ants (Schmidt et al. 1989). Although Texas 
horned lizards consume other species of insects (e.g., crickets, 
grasshoppers, beetles, centipedes, bees, and caterpillars; Milstead 
and Tinkle 1969; Munger 1984), they do not actively prey on fire 
ants (S. E. Henke, unpubl. data). Argentine ants were never de- 
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tected in coastal horned lizard scat (Suarez et al. 2000), indicating 
that the lack of selection for invasive ant species as prey is not 
exclusive to Texas horned lizards The flee-and-bury strategy ap-
pears to have a dual purpose. First, it places distance between the 
lizard and the fire ant mound. Second, the soil may be abrasive 
causing fire ants to release their grasp as the lizard buries as sug-
gested by the appearance of fire ants on the surface within 15 s of 
a lizard burying itself. 

We acknowledge that our observations of defensive strategies 
may not be exclusive to red imported fire ants. Native fire ants 
(Solenopsis geminata) also occur in southern Texas. However, 
because colonies of red imported fire ants are common, achieve 
high densities, and are more aggressive than are native fire ants 
(Porter and Savignano 1990; Porter et al. 1991), red imported fire 
ants may be more likely to elicit a defensive response from Texas 
horned lizards. 
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Descriptive studies have been conducted on squamate repro-
duction in many different environments (Benabib 1994; Guillette 
1981, 1982; Lemos-Espinal et al. 1999; Ramirez-Bautista and Vitt 
1997, 1998). These studies have provided data to enable formu-
lating and testing hypotheses on life history evolution. Seminal in 
this development were the studies of Tinlde (1969) and his col-
leagues (Tinkle et al. 1970), who showed that lizard species that 
invest more energy in each reproductive event tend to be early-
maturing, short-lived, and highly fecund. In contrast, species that 
invest less energy in each reproductive event distribute it over more 
time, and thus, tend to be late-maturing, long-lived, and have fewer 
clutches. More recently, studies have shown that a portion of life 
history variation among species is historical (Dunham and Miles 
1985; Dunham et al. 1988). That is, related species tend to be more 
similar in life history characteristics than unrelated ones. For ex-
ample, SVL at sexual maturity, clutch and egg size, and clutch 
frequency in Sceloporus are more similar within species groups 
(scalaris and spinosus) than between them (Valdez-Gonzalez and 
Ramirez-Bautista 2002). Such reproductive characteristics have 
only been sparsely addressed among lizards from tropical arid 
habitats. Thus, conclusions regarding patterns of life history char-
acteristics among lizards from such habitats will remain vulner-
able to change until considerably more data become available. 

To help remedy this deficiency, I present data on selected repro-
ductive characteristics (SVL at sexual maturity, clutch size, and 
clutch frequency) for a tropical arid lizard assemblage from 
Zapotitlan Salinas, Puebla, Mexico. Zapotitlan Salinas 
(18°07'18"N; 97°39'06"W) is located at an elevation of 1420 m; 
the climate is dry and temperate with most precipitation occurring 
during the summer months (June-September). Mean annual tem-
perature is 21°C (range 17-24°C) and mean annual precipitation 
is 450 mm (Garcia 1981). Dominant vegetation consists of thorn 
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TABLE 1. Size and reproductive data for a lizard assemblage from Zapotitlan Salinas, Puebla, Mexico. 

Species 

Snout-vent length (mm) 

Collection 
Months 

SVL at 
Maturity 

Clutch Size 

Mean SE Range 
MM 	Max 

N Mean SE Range 
Min 	Max 

Anolis quercorum 4 40.0 1.2 38.0 43.0 Jul-Sep 38.0 4 1.0 1 1 
Cnemidophorus parvisocius 10 57.8 1.4 54.0 62.0 Aug 54.0 3 1.7 0.2 1 2 
Cnemidophous sacki 2 108.6 16.1 92.5 124.7 Sep 92.5 2 5.5 1.0 5 6 
Sceloporus gadoviae 21 54.8 1.0 49.0 67.0 Apr-Dec 49.0 12 4.0 0.7 2 6 
Sceloporus horridus 4 76.0 0.9 62.0 92.0 Aug 62.0 4 9.3 0.8 6 14 
Sceloporus jalapae 10 45.8 0.9 43.0 50.0 Aug-Sep 43.0 10 5.4 0.5 4 7 
Urosaurus bicarinatus 4 47.8 0.4 42.0 54.0 Jul-Sep 42.0 4 7.6 0.4 3 8 

forest, xerophytic brushland, deciduous tropical forest, and co-
lumnar cacti (Davila et al. 1993; Rzedowski 1978). 

The local lizard assemblage consists of 11 species (Anolis 
quercorum, Cnemidophorus parvisocius, C. sacki, Ctenosaura 
pectinata, Phrynosoma taurus, Phyllodactylus bordai, Sceloporus 
gadoviae, S. horridus, S. jalapae, Urosaurus bicarinatus, and 
Xenosaurus rectocollaris: Mata-Silva 2000). Except for two vi-
viparous species (P. taurus: Zamudio and Parra -Olea 2000; 
Xenosaurus rectocollaris: Lemos -Espinal et al. 1996), most spe-
cies in this assemblage (82%) are oviparous. I present data on 55 
females belonging to 7 of the oviparous members of this assem-
blage (Table 1). All individuals were collected during April-De-
cember, with most taken in July-September, the mid-wet season. 
Lizards were humanely killed, measured snout-vent length (SVL) 
to the nearest 1.0 mm, fixed with 10% formalin, and subjected to 
gonadal examination. 

During gonadal examination, I counted the number of  

vitellogenic follicles and/or oviductal eggs: I recorded the length 
and width of left and right vitellogenic follicles or freshly ovu-
lated eggs to the nearest 0.1 mm; and weighed the eggs to the 
nearest 0.01 g. 

Length and width of the gonads were used to obtain follicular 
and egg volume (V) using the formula for volume of an ellipsoid 
(Selby 1965): 

V = 4/3 Tca2b 

where a is half the shortest diameter and b is half the longest di-
ameter. The smallest female (as SVL) with either the largest 
vitellogenic follicles or oviductal eggs was used to estimate mini-
mum size at maturity. Means are presented ± 1 SE. Statistical analy-
ses were performed with the Macintosh version of Statview 4.5 
(Abacus Concepts 1992). 

Sample sizes varied from 2 to 21 individuals among the 7 spe-
cies (Table 1). Only three species (C. parvisocius, S. gadoviae, 

TABLE 2. Clutch characteristics for lizards from Zapotitlan Salinas, Puebla, Mexico Minimum and maximum SVL and 
corresponding clutch data are given for each species, except for A. quercorum, which clutch size is fixed. Clutch size 
represents the oviductal eggs, and relative clutch mass (RCM) is based in all females with oviductal eggs for each species. 

Species 

SVL 

Clutch 

Size Volume (mm3) Mass (g) RCM 

Cnemidophorus parvisocius 54.0 1 529 0.43 0.190 
62.0 2 359 0.78 

Cnemidophorus sacki 92.5 5 189 1.80 0.147 
124.7 6 228 1.74 

Sceloporus gadoviae 49.0 4 170 0.82 0.219 
67.0 4 502 1.75 

Sceloporus horridus 62.0 6 361 3.10 0.335 
92.0 14 615 9.60 

Sceloporus jalapae 43.0 4 120 0.52 0.329 
50.0 7 199 1.05 

Urosaurus bicarinatus 42.0 3 119 0.57 0.238 
54.0 8 265 1.35 

Anolis quercorum 43.0 255 0.20 0.097 
38.0 1 253 0.18 
41.0 170 0.15 
38.0 1 194 0.17 
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and S. jalapae) had sample sizes 10; the remaining 4 species 
had 4 individuals each. Three species (A. quercorum, S. jalapae, 
and U. bicarinatus) could be characterized as small 50 mm 
SVL), two (S. gadoviae and C. parvisocius) as medium-sized (> 
50 mm and 60 mm SVL); and two (C. sacki and S. horridus) as 
large (> 60 mm SVL). 

Size at Sexual Maturity.-The three small species became sexu-
ally mature at 38.0 to 43.0 mm SVL; the two medium-sized spe-
cies were mature at 49.0 mm and 54.0 mm, respectively; and the 
two large species matured at 62.0 mm and 92.5 mm, respectively 
(Table 1). Across the 7 species, the estimate of the size at sexual 
maturity was significantly positively correlated with both estimates 
of mean and maximum body size (Spearman Rank correlation: 
size at sexual maturity: r = 0.929, p = 0.0229; maximum size: r = 
0.964, p = 0.0182). 

Clutch Size.-Clutch size among the 7 species varied from 1 to 
14 (Table 1). The sceloporine lizards (Sceloporus and Urosaurus) 
had higher mean clutch sizes than all non-sceloporine species ex-
cept for C. sacki. Clutch size for S. gadoviae reported here is larger 
than that found for the same species at Rio Balsas (mean = 3.6 
eggs [1-5]; Lemos-Espinal et al. 1999) and Zapotitlan Salinas 
(mean = 3.9 eggs [2-5]; Correa-Sanchez et al. 1999). Clutch size 
for U. bicarinatus reported here is similar than that for U. 
bicarinatus at Morelos (mean = 7.7 eggs [3-8]; Ramirez-Bautista 
et al. 1995), but larger than that found in Chamela (mean = 5.4 
eggs [4-8]; Ramirez-Bautista and Vitt 1998) and Michoacan (mean 
= 5.8 eggs [3-7]; Ramirez-Bautista et al. 1995). The differences 
of the clutch size among populations of S. gadoviae and U. 
bicarinatus reflect either phenotypic response to differing envi-
ronments or local adaptation (Ramirez-Bautista and Vitt 1998). 
This analysis assumes that clutch sizes obtained from dissection 
reflects clutch sizes at oviposition; resorption of eggs may result 
in differences. Considering the small sample sizes, additional stud-
ies will be necessary to determine causes of differences. Some 
evidence suggests that multiple clutches are deposited within each 
season. Anolis quercorum females (N = 4) had one egg in one 
oviduct (right or left) and one vitellogenic follicle in the ovary 
simultaneously, and also had 8 and 16 nonvitellogenic follicles. 
Similarly, C. parvisocius only had one egg in each oviduct and 
one vitellogenic follicle in each ovary simultaneously, but one fe-
male had only one egg in the left oviduct and one vitellogenic 
follicle in the right ovary. Multiple clutching with extended ovi-
position for A. quercorum and C. parvisocius is similar to that 
reported among other anoline and teiid lizards (Ramirez-Bautista 
and Vitt 1997; Ramirez-Bautista et al. 2002; Vitt and Breitenbach 
1993). Data are too sparse to confidently establish the seasonal 
pattern of reproduction (reproductive interval and clutch frequency) 
among sceloporine lizards studied here. However, data agree with 
the wet season reproduction interval previously reported for S. 
gadoviae (Lemos-Espinal et al. 1999), S. horridus (Valdez-
Gonzalez and Ramirez-Bautista 2002), and U. bicarinatus 
(Ramirez-Bautista et al. 1995; Ramirez-Bautista and Vitt 1998), 
and wet season reproduction may be a general pattern for most 
lizard species in this assemblage. 

Clutch volume. -Considerable variation in clutch volume and 
egg mass was found (Table 2). Females of S. jalapae had the small-
est clutch volume; A. quercorum, U. bicarinatus, and C. sacki had 
an intermediate clutch volume, and S. gadoviae, C. parvisocius,  

and S. horridus had the largest clutch volume (Table 2). Clutch 
mass also varied among species, smallest clutch mass was found 
in A. quercorum and the largest in S. gadoviae and S. horridus 
(Table 2). Relative clutch mass (RCM; Vitt and Congdon 1978) 
among six species varied from 0.097 (anole lizard) to 0.335 
(sceloporine lizard; Table 2). As in other studies, RCM reflects 
the influence of foraging mode on the evolution of morphology 
within whiptail and Anolis lizards (lower RCM) and sceloporine 
lizards (higher RCM). 

Additional data are needed to make conclusions about the ap-
parent variation in clutch size and other reproductive characteris-
tics in this lizard assemblage. Basic data on clutch frequency and 
reproductive seasonality-should provide more insight into the eco-
logical and phylogenetic basis of this variation. 
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Atelopus cruciger is a toad endemic to the lowland rainforest 
and cloud forest of the Cordillera de la Costa (Utters 1996), and 
is the only species of the genus from Venezuela found outside the 
Andes. As for other Atelopus species, A. cruciger is diurnal, ter-
restrial, and breeds along swiftly flowing streams (L6tters 1996; 
Sexton 1958). Its historical abundance in many localities is evi-
dent in museum collections and in the literature (Cocroft et al. 
1990; Mebs 1980; Mondolfi 1976; Sexton 1958). With no obvi-
ous explanation, the abundance of this species drastically decreased 
in the mid 1970's and early 1980's (La Marca and Loners 1997; 
C. Sefiaris and J. Manzanilla, pers. comm.), and the last two speci-
mens were collected in 1986 (Fig. 1). 

As in many other amphibian species, losses do not seem to be 
caused by habitat degradation (Laurance et al. 1996; Lips 1999; 
Pounds and Crump 1994). Recent research has implicated 
Batrachochytrium dendrobatidis, a chytrid fungus, in declines of 
amphibian populations in Australia, USA, Costa Rica, Panama, 
Ecuador, Spain, and New Zealand (Berger et al. 1998; Bosch et al. 
2001; Bradley et al. 2002; Ron and Merino 2000; Waldman et al. 
2001). Batrachochytrium is a highly virulent pathogen for many 
amphibians, and in experimental situations mortality can be 100% 
(Speare 2001). 

To explore the possible chytrid fungus infection of Atelopus 
cruciger, we obtained a complete record of the localities at which 
A. cruciger was collected (Appendix I). Then, we examined histo- 

Corallus caninus (Emerald Tree Boa), from Guyana (upper) and Ama-
zon Basin (lower), illustrating variation in head morphology. Photolitho-
graphs by Will Brown. 

FIG. 1. Number of specimens of Atelopus cruciger in 12 herpetological 
collections (see acknowledgments) from 1920-2001. Note the absence 
of records after 1986. 
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Caribbean Sea 

25 km 
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I 500 - 2000 m 
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1. Sortes 7. Maracay-Ocumare rd 13. Maracay 19. Quebrada Caurimare 
2. Cerro Azul 8. Rancho Grande 14. El Limon 20. El Hatillo 
3. Nirgua 9. Cuyagua 15. Caraballeda 21. Curupao 
4. 23 km N of Bejuma 10. Maracay-Choroni rd 16. Los Canales - - Parque Nacional El Avila 
5. Barbula 11. Choroni 17. El Paraiso 
6. Patanemo 12. Guamitas 18. Rio Chacaito 

Fro. 2. Distribution of Atelopus cruciger. Numbers = non-overlapping collection localities; num-
bers in circles = collection localities of specimens examined for chytrid infection; number in triangle 

(SVL = 33.4 mm), collected at Palmichal, = locality where the infected specimen was found. 
23 km N of Bejuma (1465 m; 110°18' N, 
68°13' W), Estado Carabobo, in May 1986. This and another speci-  the population declines. 
men (USNM 259136) collected in the same locality in June 1986, 	Species that have shown chytrid associated declines often in- 
constitute the last individuals of Atelopus cruciger to have been habit high elevation and reproduce in streams (Berger et al. 1998; 
collected. 	 Bradley et al. 2002; Lips 1999; Ron et al. in press). Although the 

This is the first report of chytridiomycosis for Venezuela, and infected specimen of Atelopus cruciger was collected at an alti-
the third from South America. Batrachochytrium dendrobatidis tude of 1465 m, the species was distributed from 40-1640 m. Lo-
has been reported from Ecuador (Ron and Merino 2000) and Uru-  cal extinctions of A. cruciger have occurred throughout its altitu-
guay (Mazzoni 2000), the latter record being from commercially dinal distribution (C. Sefiaris and J. Manzanilla, pers. comm.), 
raised American bullfrog (Rana catesbeiana). In Ecuador, five frog suggesting that chytrid fungus could have affected both highland 
species were found to be infected 
(Atelopus bomolochos, A. sp. [aff . 

ignescens], Gastrotheca pseustes, Hyla 
psarolaima, and Telmatobius niger) with 
the earliest record in December 1980 	0 
(Ron and Merino 2000). Of the infected 
species in Ecuador, three (A. bomolochos, 
A. sp. [aff. ignescens], and T niger) have 
not been recorded in the wild since 1994 
(Ron et al. 2000). Ron and Merino (2000) 
concluded that chytridiomycosis was a 
factor involved in frog population de-
clines throughout Ecuador. Because in-
fection by Batrachochytrium has been 
shown to be lethal to other amphibians 
and to be associated with declines in other 
countries (Berger et al. 1998; Bosch et 
al. 2001; Bradley et al. 2002; Nichols et 
al. 2001; Speare 2001; Waldman et al. 
2001), its presence in A. cruciger supports 
the hypothesis of the epidemic disease 
chytridiomycosis as a possible cause of 

logical preparations of specimens col-
lected from 1920-1986 at localities 
across the historical distribution of the 
species (Fig. 2; Appendix I). 

We removed strips of skin from the 
ventral surface of Toe D7 from 59 speci-
mens preserved in 70% ethanol. Tissue 
samples were tested for fungal infection 
following the procedures described in 
Berger et al. (1999). To remove bias, the 
histological examination of toad skin was 
carried out using a blind procedure with 
the scientist (DM) conducting the exami-
nation in the absence of any specimen 
data. 

We 	found 	infection 	with 
Batrachochytrium in histologic sections 
from one specimen (USNM 259135). The 
superficial epidermis was hyperkeratotic 
and many zoosporangia of B. 
dendrobatidis were present (Fig. 3). Al-
though most zoosporangia were empty, 
some contained characteristic developing 
stages of the fungus (see Berger et al. 
1999). The infected specimen was an adult 

Fro. 3. Photograph of histologic section of toe skin in the specimen USNM 259135 showing spo-
rangia of Batrachochytrium. 
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APPENDIX I. Collection localities of Atelopus cruciger and specimens examined for chytrid infection. 

Elevation 
	 Specimens 	Year of 

* Locality 
	 Coordinates 	 (m) 

	 examined 	collection 

ESTADO YARACUY 
1 	Sortes, Chivacoa 
3 Nirgua, Quebrada la Chapa 
ESTADO COJEDES 
2 Cerro Azul 

ESTADO CARABOBO 
4 Palmichal, 23 km N Bejuma 
5 Barbula 
6 Patanemo 

Parque Nacional San Esteban, Quebrada Las Aguas 

10° 11'N, 68°41'W 
	

500 	 MHNLS 788-91 	1953 
10° 9' N, 68° 34' W 
	

891 

9 °  57' N, 68° 38' W 
	

1300 	MHNLS 8135-43,8452-54, 
8459-62 	1980 

10° 18' N, 68° 13' W 
	

1465 
	

USNM 259135-36 	1986 
10 °  18' N, 68° T W 
	

634 
	

MHNLS 2691-92 	1964 
10° 25' N, 67° 55' W 
	

200-300 
UMMZ 55557 
(2 specimens) 	1920 

ESTADO ARAGUA 
7 Km 26 Maracay-Ocumare de la Costa rd 
7 Km 29 Maracay-Ocumare de la Costa rd 
7 Km 34 Maracay-Ocumare de la Costa rd 
8 Parque Nacional Henri Pittier (PNHP), 

Rancho Grande 
8 PNHP, Estaci6n Biologica de Rancho Grande 
8 PNHP, Pico Guacamayo 
8 PNHP, Pico Periquito 
8 9 km toward coast from Estacion Biologica de 

Rancho Grande 
9 ca. 1 km S Cuyagua, along stream 
10 Maracay-Choroni rd 
10 Maracay-Choroni rd 
10 Maracay-Choroni rd 
11 Choroni 
12 PNHP, Quebrada Guamitas 
13 Las Peiias, near Maracay, 

Hacienda de la Trinidad 
13 Maracay 
ESTADO VARGAS 
14 El Limon 
14 Hacienda El Limon 
14 Las llanadas, Hacienda El Limon 
14 Cagiiita, Hacienda El Lim6n 
15 Caraballeda 
16 Los Canales, 

Planta Electrica de Naiguata 
DISTRITO FEDERAL 
17 Parque Nacional El Avila (PNEA) 

El Paraiso, Rio Tocome 
PNEA, Quebrada Quintero 
PNEA 
PNEA 

ESTADO MIRANDA 
18 Caracas, Rio Chacaito 
18 1 km N of Quebrada Chacaito 
19 Quebrada de Caurimare, Petare 
20 Quebrada de Tusmare, Alto Hatillo 
20 El Hatillo 
20 Urb. Loma Larga, El Hatillo 

Quebarada Los Corutos 
21 Curupao 

10° 21' 46" N, 67° 43' 39" W 
10° 22' 11" N, 67 °  44' 07" W 
10°  23' 19" N, 67° 44' 47" W 

10° 21' 10" N, 67° 41' 02" W 
10° 20' 58" N, 67° 41' 04" W 

10° 22' N, 67° 40' W 
10°  20' N, 67° 40' W 

10°  21' 13" N, 67° 43' 26" W 
10° 28' 42" N, 67° 42' 02" W 

10° 21' N, 67° 35' W 

10° 29' 46" N, 6

- 

7° 36' 30" W 
10° 20' 23" N, 67 °  39' 10"W 

10°  16' 39" N, 67 °  37' 08" W 
10° 15' 23" N, 67 °  34' 47" W 

10° 28' N, 67° 17'W 

10 °  31' N, 6

- 

7° 19'W 
10° 36' N, 66 °  50' W 

10° 31' N, 66° 45' W 

10° 32' 00" N, 66° 49' 00" W 

10° 31' N, 66° 51' W 
10° 32' N, 66° 51' W 

10° 28' 47" N, 66° 49' 50" W 
10° 24' 40" N, 66° 50' 10" W 
10° 26' 07" N, 66° 48' 43" W 
10° 26' 08" N, 66° 49' 13" W 

10°  30' N, 66° 38' W 

610 
427 
	

KU 185703-08 	1979 
140 
	

KU 166678 	1978 

1100 
	

MHNLS 622 
	

1952 
1155 
	

KU 132914-15 
	

1974 
1524 
	

USNM 142370-71 
	

1960 
1494 

715 
50-80 
1640 
1300 
	

UMMZ 113931 	1952 
1100 
40 

775 

473 
480 	 USNM 097197-98 	1925 

971 
	

MHNLS 4434-35 	1967 
600 
	

MHNLS 4430-31 	1965 
600 
	

MHNLS 4825-28 	1970 
465 
	

MHNLS 3662-63 	1968 
26 

800 	 USNM 128866-68 	1939 

1400 
1200 

**2100 
1000 

ca. 1000 
	

USNM 128879,128881 	1939 
1130-1170 
	

USNM 216506-08 	1967 
1000 
1000 
1200 
1200 

ca. 1000 
	

MHNLS 760-63 	1952 
1100-1300 

* Numbers correspond to those in Fig. 1. 
** Questionable locality: this is the only record above 1640 m; because no more specimens have been found at similar elevations (around 2100 m), we question its 

validity. 
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and lowland populations. However, additional studies are needed 
to provide a more comprehensive spatiotemporal profile. Retro-
spective studies based on museum specimens and prospective stud-
ies sampling wild-caught frogs should be conducted in conjunc-
tion with ecological investigations to determine the distribution 
and impact of Batrachochytrium in Venezuela. 
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Chytrid fungus has been found in areas where frog populations 
are declining (Berger et al. 1998; Bosch et al. 2001; Lips 1999; 
Muths et al. 2000). Although there have been no reports of am-
phibian population declines in South Africa, chytridiomycosis has 
been detected in Xenopus laevis (Speare and Berger 2000). The 
aim of our study was to further assess the occurrence of chytrid 
fungus in South African frogs, specifically in the Western Cape 
and Northern Cape Provinces. 

The Cape river frog (Afrana fuscigula) was chosen as the pri-
mary study species because it is widespread throughout the Cape, 
with populations at high and low elevation. Other species were 
tested for the presence of chytrid fungus, such as Afrana vandijki 
and Strongylopus grayii, when A. fuscigula could not be found or 
when other species were found at the same site. 

Sites were chosen opportunistically, to be representative of the 
full area of the Western Cape Province (N = 17 sites) and as an 
initial sample of the Goegap Nature Reserve in the Northern Cape 
(N = 2). Western Cape sites varied from rivers to pools. Both sites 
in the Goegap Nature Reserve were natural, small, isolated pools. 

Nocturnal searches were conducted with flashlights and adult 
frogs were captured. The fourth toe tip of the right foot was taken 
from each animal using nail clippers. Each toe tip was placed in a 
separate vial containing 70% ethanol. The nail clippers were 
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TABLE 1. Location of sites, species and numbers of frogs infected at sites in the Northern and Western Cape. 

Site Latitude Longitude Altitude (m) Area Species No. infected/ 
no. tested 

Bloukokerboom-water, Goegap 29°38'03.0" 18°00'25.0" 1100 Northern Cape Afrana fuscigula 10 / 10 

Kraaifontein, Goegap 29°3T45.0" 18°02'03.0" 1194 Northern Cape A. fuscigula 8 / 9 

Algeria, Cederberg 32°22'27.4" 19°03'41.3" 504 Western Cape A. fuscigula 1 / 2 

Beaufort West 32°00'31.0" 22°25'05.0" 1630 Western Cape A. fuscigula 0 / 1 

Fernkloof 34°23'45.0" 19°16'03.0" 300 Western Cape A. fuscigula 0 / 2 

Gamkakloof 33°20'41.0" 22°01'12.4" 1338 Western Cape A. vandijki 0 / 2 

Grobbelaars River 33°25'11.2" 22° 14'27.0" 525 Western Cape A. fuscigula 2 / 5 

Groot Winterhoek 33°03'14.1" 19°04'46.7" 646 Western Cape A. fuscigula 1 / 4 
Strongylopus grayii 0 / 1 

Groot Winterhoek 32°59'54.8" 19°03'23.9" 992 Western Cape A. fuscigula 1 / 1 
S. grayii 0 / 2 

Jamaka farm pond, Cederberg 32°20'14.9" 19°01'29.0" 378 Western Cape A. fuscigula 1 / 12 
S. grayii 1 / 4 

Landroskop 34°02'55.6" 19°00'32.6" 1059 Western Cape A. fuscigula 0 / 2 
Capensibufo rosei 0 / 1 
S. bonaespei 0 / 1 

Richmond 31°25'48.0" 24° 19'08.0" 1560 Western Cape A. fuscigula 0 / 1 

Seweweekspoort 33°22'57.2" 21 °24'26.2" 924 Western Cape A. fuscigula 0 / 1 

Stellenbosch 33°56'00.0" 18°52'00.0" 120 Western Cape A. fuscigula 1/ 5 
S. grayii 0 / 1 

Swartberg 33°22'30.0" 22°06'03.0" 932 Western Cape A. fuscigula 0 / 4 

Swellendam 34°00'35.7" 20°27'33.1" 193 Western Cape A. fuscigula 3 / 4 

Table Mountain 33°56'52.5" 18°26'04.2" 407 Western Cape A. fuscigula 3 / 4 

Table Mountain 33°56'53.7" 18°25'59.9" 393 Western Cape A. fuscigula 3 / 3 

Tradouws pass 33°57'54.8" 20°42'16.6" 294 Western Cape A. fuscigula 1 / 2 

cleaned in 100% ethanol after each use. Dead frogs were collected, 
and toe tips similarly tested. In the laboratory, toe tips were em-
bedded in hard wax, sectioned at 6m, stained in haematoxylin and 
eosin, and examined for the presence of chytrid zoosporangia and 
empty zoospores (e.g., Briggs and Burgin 2003). The presence of 
chytrid was confirmed by Rick Speare (James Cook University, 
Queensland, Australia). 

Chytrid fungus was found in 36 of 85 (42%) frogs, in 2 of 5 
species tested, at 10 of 17 Western Cape sites and at both Northern 
Cape sites (Table 1). Frogs infected with chytrid fungus were found 
at low (Stellenbosch 120 m) and high elevation sites (Groot 
Winterhoek 992 m), in rivers that flow through town centers 
(Stellenbosch and Swellendam), and in nature reserves (Cederberg 
and Groot Winterhoek) with minimum human impact. When de-
tected, chytrid was not found in every frog per site. The number of 
frogs with chytridiomycosis at a site was not proportional to the 
number of frogs collected (Table 1). 

No mass die-offs were observed in the areas where chytrid was 
present in the Western Cape. Most of the frogs collected appeared 
healthy. Two dead Afrana fuscigula were found, one in Groot 
Winterhoek and the other in Stellenbosch. Both of these had chytrid 
infections while other frogs taken from the same area had no chytrid 
infection. At the Bloukokerboom-water site in the Northern Cape, 
12 dead frogs were seen, one of which was tested for 
chytridiomycosis along with nine frogs that appeared healthy;-all  

had chytrid infections (Table 1). 
In other examples of chytrid infection the fungus has moved 

through the population and deaths have occurred in post-meta-
morphic frogs (Berger et al. 1998; Daszak et al. 1999). At sites in 
the Western Cape no mass die-offs were seen although chytrid 
fungus was found in a number of individuals. Apart from two dead 
frogs, individuals with infection appeared healthy. It is possible 
that the frogs tested in the Western Cape either completed meta-
morphosis while carrying chytrid infections, infection occurred 
later in the life cycle, or die-offs occurred after the site was vis-
ited. In contrast, there were many dead frogs found at one of the 
sites in Goegap Nature Reserve. Although chytrid may have con-
tributed to this mortality, other factors warrant investigation be-
cause similar chytrid infections were not related to die-offs in the 
Western Cape. The Northern Cape area was agricultural land and 
is now surrounded by copper mines, hence pollutants might be 
present. Synergistic agents with chytrid or factors affecting im-
munosuppression could be involved, including toxins as well as 
other environmental conditions such as temperature, pH, hydra-
tion of the skin, and UV B radiation (e.g., Alford and Richards 
1999, Rollins-Smith et al. 2002). 
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Tadpoles act as intermediate hosts for a great number of para-
sitic helminth species. The metamorphosing tadpole can serve as 
an efficient link between aquatic and terrestrial ecosystems by 
transporting larvae of helminths to terrestrial vertebrates. Accord-
ing to Alford (1999), parasites and commensals of tadpoles have 
not been studied extensively. Until recently, few studies have ad-
dressed parasites of different larval stages of amphibians in South 
America (Hamann and Kehr 1997, 1999; Kehr and Hamann 1995). 
In North America, to determine the effects of parasitism on per-
formance of amphibians (growth, survival, locomotion), studies 
have been carried out under experimental conditions. These stud-
ies have addressed parasitic infection in different amphibian lar- 

val stages, juveniles, and adults (Goater 1994; Goater and 
Vandenbos 1997; Johnson et al. 1999). 

There are very few ecological studies that examine the interac-
tion between parasitism and other environmental factors in anurans. 
Parasitism may affect an individual's growth and survival. Indeed, 
ecologists have become increasingly interested in determining the 
effects of parasitism on their hosts (Minchella and Scott 1991), 
especially since theoreticians have shown that parasites can regu-
late host population size (Anderson and May 1979; May and Ander-
son 1979; Thiemann and Wassersug 2000a, b). 

We were interested in examining the interaction of parasitism + 
environment on a model anuran species, Pseudis paradoxa, from 
the family Pseudidae. This species is endemic to South America 
and Trinidad. In Argentina the family is represented by three spe-
cies: Lysapsus limellus Cope 1862, Pseudis minuta Gunther, 1859 
"1858," and Pseudis paradoxa (Linnaeus 1758) (Kehr and Basso 
1990). The three species are largely sympatric in the northern prov-
inces of Formosa, Chaco, Santa Fe, Corrientes, and Entre Rios 
(24°00'S – 33°00'S; and 56°00'W – 62°00'W) (Cei 1980; Gallardo 
1987). Pseudis paradoxa uses permanent ponds with floating veg-
etation (Dure and Kehr 2001). The tadpole of P. paradoxa is char-
acterized by its large size (maximum length = 230 mm; Kenny 
1969) particularly compared to the size of the metamorphosed 
adult. This gigantism appears to be the result of extended expo-
sure to prolactin in the tadpoles (e.g., during overwintering) 
(Emerson 1988). Size variability in P. paradoxa tadpoles from 
Argentinean populations has been reported by Dixon et al. (1995). 

The main goals of this study were: 1) to record and analyze 
morphological measurements of tadpoles for different stages; 2) 
to determine how many helminth taxa infest P paradoxa tadpoles 
under natural conditions; and 3) to examine the co-occurrence of 
parasite taxa, and the relationship between co-occurrence and tad-
pole morphology. 

Materials and Methods.—The tadpoles studied were collected 
in two ponds located ca. 25 km from Corrientes City, Corrientes 
province, Argentina (27°30'S, 58°45'W). The distance between the 
ponds was 5 km. Pond 1 is a semi-permanent circular pond, ca. 60 
m diameter, with a maximum depth at center of ca. 1.5 m. During 
the study period, the dominant vegetation was Cyperus spp., 
Salvinia sp., Ludwigia peploides, Nymphoides sp., and Paspalum 
sp. Pond surface vegetative cover was 20-30%. Pond 2 is a per-
manent circular pond, ca. 110 m diameter, with a maximum depth 
at center of 2 m. During the study period the dominant vegetation 
was Salvinia rotundifolia, Pistia stratiotes, and Eichornia 
crassipes. The pond contained a wide range of aquatic inverte-
brate organisms including abundant snails belonging to the family 
Planorbidae. 

Eight tadpole samples (four per pond) were taken between 28 
February and 20 March 1997. The tadpoles were captured with a 
45 cm diameter dip net and maintained alive in the laboratory un-
til they were studied (for up to two days after capture). All tad-
poles were anesthetized with ether for study. The developmental 
stages (Gosner 1960), body length (i.e., distances from the oral 
disc to the beginning of the cloacal tube), oral disc width, intes-
tine length, maximum body height, maximum tail height, maxi-
mum tail muscle height, and maximum body width were recorded 
for each tadpole. 

The intestine, kidney, coelomic cavity, musculature, integument, 
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brain, and eyes of each tadpole were examined for 
parasites by dissection. Metacercariae were ob-
served in vivo after anesthetizing the tadpoles. Para-
metric tests were used to establish the relationship 
between the morphological variables and parasite 
presence (Kehr 1994; Zar 1996). 

We used Principal Component Analysis to 1) ex-
amine the relationship between the tadpoles' mor-
phometric variables and the variation explained by 
the different combinations of them (principal com-
ponents); and 2) to analyze the association among 
parasite taxa through a correlation matrix based on 
the parasite counts. Relationships between two sets 
of variables were investigated by performing a Ca-
nonical Correlation Analysis, one independent set 
composed of tadpole morphological measurements 
and other dependent set formed by abundance of 
parasites by taxa. 

Statistical tests were carried out using SYSTAT 
7.0 software. In order for all variables to have the 
same influence on the distance calculation, the vari-
ables were standardized, subtracting the variable's 
sample mean from each value and dividing the dif-
ference by the sample standard deviation. The stan-
dardized values have a mean of 0 and a variance of 
1. 

We defined parasite prevalence as the number 
of hosts infected with one or more parasite taxa 
divided by the total number of hosts examined and 
expressed as a percentage. Mean intensity was de-
fined as the average intensity of a parasite taxon in 
the host infected with that parasite. Bush et al. 
(1997) detailed more information on these and other 
aspects of parasite terminology. The relation of vari-
ance/mean was used for determining the spatial 
distribution of parasites inside the host. 

Results.-Twenty-seven tadpoles were collected 
(Pond 1: N = 14; Pond 2: N = 13). The total length 
of tadpoles ranged from 26.5 to 167.9 mm. Maxi-
mum body length recorded (58.3 mm) was for a 
stage 38 tadpole captured in Pond 2 (Table 1). 

The principal components and the percentages 
of variation accounted for by the morphometric 
variables are shown in Table 2. All tadpoles col-
lected (N = 27) were included in this analysis. The 
first component mainly reflects the sum of body 
length, body height, body width, and tail height. 
The second component mainly reflects the influ-
ence of oral disc width variation and the tail muscle 
height. The third component mainly reflects a con-
trast between the total length and tail muscle height. 

Ten helminth parasite taxa (larvae and adults) 
were recorded-nine trematodes and one nematode 
(Table 1). The prevalence, mean intensity, mini-
mum and maximum parasite numbers, and local-
ization are detailed in Table 3 and 4. In pond 1 (low 
snail abundance, pers. obs.) the more representa-
tive helminth taxa infecting the tadpoles, in decreas- 
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TABLE 2. Results of a principal component analysis of morphometric 
variables of Pseudis paradoxa tadpoles (N = 27): coefficients of stan-
dardized measurements (each variable: mean = 0 and s' = 1), and the 
percentage of variation explained. Tadpoles analyzed from pond 1 + pond 
2 pooled. 

Coefficients 	 PC1 	PC2 	PC3 

Total length 
	

0.726 	-0.180 	-0.625 
Body length 
	

0.959 	0.022 	0.072 
Oral disc width 
	

0.169 	-0.923 	-0.057 
Body height 
	

0.945 	0.262 	0.082 
Body width 
	

0.950 	0.131 	0.114 
Tail height 
	

0.945 	0.241 	-0.005 
Tail muscle height 
	

0.596 	-0.561 	0.359 

Percent of total variance 
	

64.567 	19.195 	7.831 
explained 

Cumulative 	 64.567 	83.762 	91.593 

ing order, were: 1) Gyrinicola sp. (localized in the intestine), 2) 
Diplostomidae gen. sp. 2 (localized in the kidneys) and, 3) 
Diplostomidae gen. sp. 1 (localized in the kidneys). In pond 2 
(high snail abundance, pers. obs.) the helminth taxa more numer-
ous, in decreasing order, were: 1) Gyrinicola sp. (localized in the 
intestine), 2) Catadiscus sp. (localized in the intestine) and, 3) 
Diplostomidae gen. sp. 1 (localized in the kidneys). 

The P paradoxa tadpoles of the two ponds shared four of the 
ten parasite taxa recorded. In the kidneys of tadpoles three taxa of 
trematodes were recorded from both ponds (Diplostomidae sp. 1, 
2 and Digenea gen. sp. 2), and one taxon was observed in the 
intestine of tadpoles in the two ponds (Glypthelmins sp.). The nema-
tode, Gyrinicola sp. was recorded from the intestine of tadpoles 
from both ponds. 

The principal components and the percentages of variation ac-
counted for by the totality of helminths (pond 1 + pond 2) are 
shown in Table 5. The first component mainly reflects a contrast 
among the counts of Glypthelmins sp. against the sum of the counts 
of Diplostomidae gen. sp. 1, Diplostomidae gen. sp. 2 and 
Gyrinicola sp. The second component is mainly a contrast be-
tween the sum of the counts of Catadiscus sp. and Gyrinicola sp. 
against Glypthelmins sp. The third component mainly reflects the 
contrast between the counts of Digenea gen. sp. 2. against 
Catadiscus sp. The fourth component is mainly the sum of the 
counts of Glypthelmins sp. and Gyrinicola sp. The fifth compo-
nent is mainly the sum of the counts of Diplostomidae gen. sp. 2 
and Catadiscus sp. 

Canonical correlation analysis (CCA) showed a very strong as-
sociation between the two data sets, one set formed by parasite 
taxa (dependent variables) and another by tadpoles morphometric 
variables (independent variables) (R 2  = 0.977; RAO F = 2.027, df 
= 42, 69.1, P = 0.004; Table 6). In Table 6 are summarized the 
canonical correlations and the Bartlett test of residual correlations. 
The two first canonical correlations were significant, demonstrat-
ing the good associations between the two variables sets. 

Discussion.—Our data agree with the observation of Dixon et 
al. (1995) that populations of P. paradoxa tadpoles are highly poly- 
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morphic. In our tadpole samples we also recorded great variabil- 
ity in the measurements. About 65% of the variation observed in 0 

• > 	the tadpoles morphological features were mainly related to body 
tri features differences. Approximately 19% of the tadpole variation 

was produced mainly by the oral disc width. Nevertheless, only > co) 

	

0 5 	about 8% of the variation was attributed to tadpole total length. 

	

5' 
5 5 	Overall, Gyrinicola sp. (Nematodes) and Catadiscus sp. (Trema- 

	

Ea' 	todes) showed the highest abundance and a constant frequency 0 
and, in both cases, infecting the intestine. Amphibians are the de- 

	

CD 	
finitive host for these parasites (Baker 1987; Prudhoe and Bray 

1982). For both cases, the infection depends directly upon tadpole 
5- 
F 	feeding behavior because the transmission is through oral inges- 

tion of eggs and larvae for the first taxon and metacercariae for 
the second. A positive correlation with the tadpole body charac-
teristics was observed for both taxa (Table 6), probably because it 
is related to intestine length. 

cio Gyrinicola sp. had the greatest infestation intensity, prevalence, 
CD and formed big nematode schools in the intestine of tadpoles in 
o both ponds. These were the only adult helminth parasites encoun-

tered because tadpoles are their definitive host. The oxyurids 
(Gyrinicola sp.) belong to a group of parasites with simple life 
cycles (SLC) because they require a single host individual for their 
development (i.e., the eggs are directly infective to the host). 
Oxyurids are the only nematodes found in both vertebrates and 
invertebrates (Baker 1987). They commonly parasitize fish, am-
phibians, and reptiles. 

Catadiscus sp. were only recorded in the tadpoles captured in 
the pond that possessed a great abundance of snails (Planorbidae) 
because snails are the intermediary host. Their metacercariae en- 

 o 	cyst on the substrate (e.g., roots, aquatic vegetation) and they are 

	

0 	ingested when the tadpoles eat. According to Yamaguti (1973) the 
life cycle of Catadiscus sp. resembles that of trematodes in the 

g, genus Megalodiscus. The life cycles of Catadiscus sp. can be con-
sidered autogenic because they complete their cycles within the 
pond and use definitive hosts which are almost permanently re- 

(' 

	

	stricted to the pond (e.g., frogs, turtles, snakes). This life cycle is 
also simple. 

Two other taxa well represented in abundance in both of the 
ponds studied were Diplostomidae gen sp. 1 and Diplostomidae 

	

0 	gen sp. 2. These taxa were not as well represented as Gyrinicola 

	

0 	sp. and Catadiscus sp. For Diplostomidae gen sp. 1 and sp. 2 birds 
and mammals are the definitive host and inside tadpoles they are 
localized in the kidney (Table 4). In both parasite taxa the infec-
tion depends upon either tadpole feeding behavior and cercariae 
activity. The parasite penetration is through the skin and cloacae 
of tadpoles. The abundance of Diplostomidae gen sp. 1 and sp. 2 
was positively correlated with variables related to the tail of tad-
poles (swimming features) (Table 6). 

-0 

	

0 	The results suggest that in P. paradoxa tadpoles parasite infes- 
tation may be either constant or sporadic in occurrence. These 

1=P 

	

0 	results agree with Aho (1990) who suggests that communities of 
amphibian parasites are generally poor either from the standpoint 
of number of species or density of individuals that compose them. 
In our study the influence of pond type and tadpole morphometric 
features were both important factors regulating the helminth 
infracommunity. Catadiscus sp., one dominant species, was only 
present in the pond where snails were abundant. Recently, Kehr et 
al. (2000) demonstrated the relationship between biotic (parasite 
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TABLE 5. Results of a principal component analysis of helminth parasites: coefficients of parasites 
numbers standardized (each variable: mean = 0 and s 2 = 1), and the percentage of variation explained. 
Hosts species: tadpoles of Pseudis paradoxa (N = 27) from pond 1 + pond 2 pooled. The only taxa 
considered were those with more than 1 parasite in total. 

Coefficients PC1 PC2 PC3 PC4 PC5 

Diplostomidae gen. sp. 1 -0.798 -0.354 -0.012 0.159 0.238 
Diplostomidae gen. sp. 2 -0.672 -0.377 0.188 -0.046 -0.594 
Digenea gen. sp. 2 0.051 0.396 0.909 -0.038 0.030 
Glypthelmins sp. 0.526 -0.484 0.153 0.674 -0.103 
Catadiscus sp. 0.039 0.814 -0.269 0.215 -0.383 
Gyrinicola sp. -0.655 0.508 -0.000 0.405 0.217 

Percent of total variance 
explained 29.962 26.315 15.965 11.559 10.239 

Cumulative 29.965 56.277 72.242 83.801 94.040 

TABLE 6. Results of a canonical correlation analysis between two sets of variables: one set formed by six parasite taxa 
(dependent variables: Y) and the other set formed by seven tadpole morphometric variables (independent variables: X). Vari-
ables of the two sets were standardized (each variable: mean = 0 and s 2 = 1). The Pseudis paradoxa tadpoles considered (N = 27) 
were pooled (Pond 1 + Pond 2). The only taxa considered were those with more than 1 parasite in total. Parasite's names: Dipl. 
1: Diplostomidae gen. sp. 1; Dipl. 2: Diplostomidae gen. sp. 2; Dig. 2: Digenea gen. sp. 2; Glypt.: Glypthelmins sp.; Catad.: 
Catadiscus sp., and Gyrin.: Gyrinicola sp. 

Tadpole variables Dipl. 1 Dipl. 2 
Parasite taxa 

Dig. 2 	Glypt. Catad. Gyrin. 

Total length 0.136 0.142 0.020 -0.390 0.004 0.288 
Body length 0.078 0.120 -0.006 -0.149 0.337 0.651 
Oral disc width -0.198 -0.123 -0.167 0.487 0.038 -0.245 
Body maximum height 0.242 0.170 0.071 -0.368 0.400 0.770 
Body maximum width 0.116 0.057 0.043 -0.256 0.439 0.702 
Tail maximum height 0.312 0.260 0.044 -0.411 0.212 0.731 
Tail maximum muscle height 0.353 0.333 -0.011 0.044 0.225 0.156 

Overall association: R 2 = 0.977; RAO F = 2.027, df = 42, 69.1; P = 0.004 

Canonical correlations 1 2 3 4 5 6 
0.867 0.802 0.752 0.581 0.297 0.074 

Bartlett test of residual correlations 

Correlations 1 through 6: 	x2 = 71.551 
	

df = 42 	prob = 0.003 * 
Correlations 2 through 6: 	x2 = 45.091 

	
df = 30 	prob = 0.038 * 

Correlations 3 through 6: 	x2 = 25.551 
	

df = 20 	prob = 0.181 
Correlations 4 through 6: 	x2 = 9.698 

	
df = 12 	prob = 0.642 

Correlations 5 through 6: 	x2 = 1.861 
	

df = 6 	prob = 0.932 
Correlations 6 through 6: 	x2 = 0.105 

	
df = 2 	prob = 0.949 

* Significant (P < 0.05) 

coexistence) and abiotic factors (pond type) on helminth 
infracommunity structure in populations of the frog Lysapsus 
limellus. The rate at which the host can be infected and the persis-
tence of infection depends strongly on habitat variation, host size, 
and diet (Kehr et al. 2000). 

Johnson et. al. (1999, 2001), under field and experimental con-
ditions, identified a trematode parasite (Ribeiroia ondatrae) as the 
probable cause of malformations in some species of frog from 
North America. In our study, we did not see malformations or ab- 

normalities in the P. paradoxa tadpoles. 
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Since the publication of the most recent checklist of West In-
dian amphibians and reptiles (Powell et al. 1996) and subsequent 
addenda (Powell and Henderson 1999), new forms have been de-
scribed, reevaluated, discovered for the first time in the region, or 
new populations have become established in areas where the spe-
cies was not formerly known to occur. We use the format of the 
1996 checklist in providing all of the new records that have come 
to our attention. 

CLASS AMPMBIA, ORDER ANDRA 

Family Bufonidae 
Bufo marinus. Rana marina Linnaeus 1758: 211. • wt • Linnaeus, 

C. 1758. Systema Nature per Regna Tria Nature, Secundum 
Classes, Ordines, Genera, Species cum Characteribus, 
Differentiis, Synonymis, Locis. Tomus r. Editio decima, 
Reformata. L. Salvii, Holmiae. - Burton and Echternacht (2003) 
reported the presence of this species on Grand Cayman and 
Hodge et al. (2003) noted the presence of waifs on Anguilla. 

Family Hylidae 
Osteopilus crucialis. Hyla crucialis Harlan 1826: 64. • JAM • Harlan, 

R. 1826. Descriptions of several new species of batrachian rep-
tiles, with observations on the larvae of frogs. Amer. J. Sci. Arts 
10: 53-65. - Hedges (1996) implicitly reassigned this species 
from the genus Calyptahyla to Osteopilus, but see also Ander-
son (1996). Hass et al. (2001) provided justification based on 
immunological distance data, but inadvertently used the old 
name. The new combination was published for the first time in 
Powell and Henderson (2003b) and Stewart (2003). 
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Osteopilus marianae. Hyla marianae Dunn 1926:129. • JAM • 
Dunn, E. R. 1926. The frogs of Jamaica. Proc. Boston Soc. Nat. 
Hist. 38:111-130. - Hedges (1996) implicitly reassigned this 
species from the genus Hyla to Osteopilus, but see also Ander-
son (1996). Hass et al. (2001) provided justification based on 
immunological distance data, but inadvertently used the old 
name. Consequently, the new combination is published here for 
the first time. 

Osteopilus pulchrilineatus. Hyla pulchrilineata Cope 1869: 163. 
• HISP • Cope, E. D. 1869. Seventh contribution to the herpetol-
ogy of tropical America. Proc. Amer. Philos. Soc. 11: 147-169. 
- Hedges (1996) implicitly reassigned this species from the 
genus Hyla to Osteopilus, but see also Anderson (1996). Hass 
et al. (2001) provided justification based on immunological dis-
tance data, but inadvertently used the old name. The new com-
bination was published for the first time in Franz (2003). 

Osteopilus vastus. Hyla vasta Cope 1871: 219. • HISP • Cope, E. 
D. 1871. Ninth contribution to the herpetology of tropical 
America. Proc. Acad. Nat. Sci. Philadelphia 23: 200-224. -
Hedges (1996) implicitly reassigned this species from the ge-
nus Hyla to Osteopilus, but see also Anderson (1996). Hass et 
al. (2001) provided justification based on immunological dis-
tance data, but inadvertently used the old name. The new com-
bination was published for the first time in Powell and Henderson 
(2003b) and Franz (2003). 

Osteopilus wilderae. Hyla wilderae Dunn 1925:161. • JAM • Dunn, 
E. R. 1926. A new tree-toad from Jamaica. Occas. Pap. Boston 
Soc. Nat. Hist. 5:161-162. - Hedges (1996) implicitly reas-
signed this species from the genus Hyla to Osteopilus, but see 
also Anderson (1996). Hass et al. (2001) provided justification 
based on immunological distance data, but inadvertently used 
the old name. Consequently, the new combination is published 
here for the first time. 

Scinax rubra. Hyla rubra Daudin 1802:19. • LA, PRB • INT • Daudin, 
F.-M. 1802. Histoire Naturelle des Rainettes, des Grenouilles et 
des Crapauds. Levrault, Paris. - Previously known from St. 
Lucia in the Lesser Antilles, Rivero (1998) and Rios-Lopez 
(1999) reported well-established populations in Puerto Rico. 
Also, note that the population on St. Maarten/St. Martin listed 
by Schwartz and Henderson (1991) was the result of 
misidentified Osteopilus septentrionalis (Powell et al. 1992). 

Family Leptodactylidae 
Eleutherodactylus adelus. Eleutherodactylus adelus Diaz, Cadiz, 

and Hedges 2003: 177. • cus • Diaz, L. M., A. Cadiz, and S. B. 
Hedges. 2003. A new grass frog from pine forests of western 
Cuba, and description of acoustic and pattern variation in 
Eleutherodactylus varleyi (Amphibia: Leptodactylidae). Carib. 
J. Sci. 39: 176-188. 

Eleutherodactylus rivularis. Eleutherodactylus rivularis Diaz, 
Estrada, and Hedges 2001:63. • CUB • Diaz, L. M., A. R. Estrada, 
and S. B. Hedges. 2001. A new riparial frog of the Genus 
Eleutherodactylus (Anura: Leptodactylidae) from eastern Cuba. 
Carib. J. Sci. 37:63-71. 

Eleutherodactylus simulans. Eleutherodactylus simulans Diaz and 
Fong 2001: 77. • CUB • Diaz, L. M., and A. Fong. 2001. A new 
mottled frog of the genus Eleutherodactylus (Anura: 
Leptodactylidae) from eastern Cuba. Solenodon 1:76-84. 

Family Ranidae 
Rana grylio. Rana grylio Stejneger 1901:212. • BAH, PRB • INT • 

Stejneger, L. 1901. A new species of bullfrog from Florida and 
the Gulf Coast. Proc. U.S. Natl. Mus. 24:211-215. - Previ-
ously known from Andros and New Providence islands in the 
Bahamas, Rios-Lopez and Joglar (1999) reported well-estab-
lished populations in northern Puerto Rico. 

CLASS REPTILIA, ORDER TESTUDINES 
Family Emydidae 

Trachemys stejnegeri. Pseudemys stejnegeri Schmidt 1928:147. 
• BAH, HISP, PRB, LA • Schmidt, K. P. 1928. Amphibians and land 
reptiles of Porto Rico, with a list of those reported from the 
Virgin Islands. Scientific Survey of Porto Rico and the Virgin 
Islands. New York Acad. Sci., Sci. Surv. Puerto Rico Virgin Isl. 
10:1-160. - Breuil (2002) reported the presence of this spe-
cies on Guadeloupe. 

Family Pelomedusidae 
Pelusios castaneus. Emys castanea Schweigger 1812:314. • LA • 

Schweigger, A. E 1812. Prodromus Monographic' Cheloniorum. 
Konigsberg. Arch. Naturwiss. Math. 1:271-368, 406-458. -
Iverson (1992) noted that populations on Guadeloupe previously 
assigned to Pelusios subniger were actually P castaneus. 

Family Testudinidae 
Geochelone denticulata. Testudo denticulata Linnaeus 1766:352. 

• LA • Linnaeus, C. 1766. Systema Natures per Regna Tria Naturx, 
Secundum Classes, Ordines, Genera, Species cum Characteribus, 
Differentiis, Synonymis, Locis. Tomus I. Editio duodecima, 
Reformata. L. Salvii, Holmiae. - Breuil (2002) reported the 
presence of this species on Guadeloupe. 

CLASS REPTILIA, ORDER SQUAMATA 
Family Anguidae 

Celestus carraui. Celestus carraui Inchaustegui, Schwartz, and 
Henderson 1985 and C. anelpistus Schwartz, Graham, and Duval 
1979 were relegated to subspecific status in the "C. warreni 
complex" by Hallermann and &dime (2002), but Powell and 
Henderson (2003a) disagreed, sinking C. carraui into the syn-
onymy of C. warreni and arguing for the retention of full spe-
cies status for C. anelpistus. 

Family Colubridae 
Alsophis sanctonum. Alsophis sanctonum Barbour 1915:78. • LA 

• Barbour, T. 1915. Recent notes regarding West Indian reptiles 
and amphibians. Proc. Biol. Soc. Washington 28:71-78. - Re-
elevated to full species status by Breuil (2002). 

Elaphe guttata. Coluber guttatus Linnaeus 1766: 385. • BAH (?), 
CAY, PRB, LA • INT • Linnaeus, C. 1766. Systema Naturx per Regna 
Tria Naturx, Secundum Classes, Ordines, Genera, Species cum 
Characteribus, Differentiis, Synonymis, Locis. Tomus 1. Editio 
duodecima, Reformata. L. Salvii, Holmiae. - Waifs are known 
from the U. S. Virgin Islands, where the presence of a small 
breeding population is suspected (Perry et al. 2003), Anguilla 
(Hodge et al. 2003), Antigua (K. Lindsay 1996, pers. comm.), 
and St.-Barthelemy (Breuil 2002). 

Hypsirhynchus scalaris. Hypsirhynchus scalaris Cope 1862:72. 
• HISP • Cope, E. D. 1862. Synopsis of the species of Holcosus 
and Ameiva, with diagnoses of new West Indian and South 
American Colubridae. Proc. Acad. Nat. Sci. Philadelphia 14: 
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60-82. - Re-elevated to full species status in Vidal et al. (2000). 

Family Gekkonidae 
Hemidactylus mabouia. Gecko mabouia Moreau de Jonnes 

1818:138. • wi • Moreau de Jonnes, A. 1818. Monographie du 
mabouia des murailles, ou Gecko Mabouia des Antilles. Bull. 
Scient. Soc. Philomath. Paris, ser. 3, 5:138-139. - The pres-
ence of a breeding population was reported on Grand Cayman 
by Echternacht and Burton (2002). 

Sphaerodactylus ariasae. Sphaerodactylus ariasae Hedges and 
Thomas 2001:168. • HISP • Hedges, S. B., and R. Thomas. 2001. 
At the lower size limit in amniote vertebrates: a new diminutive 
lizard from the West Indies. Carib. J. Sci. 37:168-173. 

Sphaerodactylus parvus. Sphaerodactylus macrolepis parvus King 
1962:16. • LA • King, E W. 1962. Systematics of Lesser Antillean 
lizards of the genus Sphaerodactylus. Bull. Florida St. Mus. 7:1-
52. - Elevated from subspecific status by Powell and Henderson 
(2001). 

Family Iguanidae 
Cyclura lewisi. Cyclura macleayi lewisi Grant 1941:35. • CAY • 

Grant, C. 1941. The herpetology of the Cayman Islands. Bull. 
Inst. Jamaica, Sci. Ser. (2): iv + 56 pp. - Elevated from sub-
specific status by Burton (2004). 

Family Polychrotidae 
Anolis altitudinalis. Anolis isolepis altitudinalis Garrido 1985:42. 

• CUB • Garrido, 0. H. 1985. Nueva subspecie de Anolis isolepis 
(Lacertilia: Iguanidae) para Cuba. Doliana, Acta Vertebrata 
12:41-49. - Elevated from subspecific status by Garrido and 
Hedges (2001). 

Anolis breslini. Anolis whitemani breslini Schwartz 1980: 403. • 
HISP • Schwartz, A. 1980. Variation in Hispaniolan Anolis 
whitemani Williams. J. Herpetol. 14: 399-406. - Elevated from 
subspecific status by Glor et al. (2003). 

Anolis carolinensis. A[nolius]. carolinensis Voigt 1832:71. • CAY, 

LA • Voigt, F. S. 1832. Das Thierreich, Geordnet nach seiner 
Organisation. Als Grundlage der Naturgeschichte der Thiere und 
Einleitung in die Vergleichende Anatomie. Vom Baron von 
Cuvier. Nach der zweiten, vermehrten Ausgabe iibersetzt und 
durch Zusatze erweitert. Zweiter Band, die Reptilien und Fische 
enthaltend. E A. Brockhaus, Leipzig. xvi + 539 pp. - The pres-
ence of a breeding population on Anguilla was reported by Eaton 
et al. (2001) and the presence of the species on Grand Cayman 
by Powell (2002). 

Anolis chrysops. Anolis marmoratus chrysops Lazell 1964:389. • 
LA • Lazell, J. D., Jr. 1964. The anoles (Saufia, Iguanidae) of the 
Guadeloupeen Archipelago. Bull. Mus. Comp. Zool. 131:359-
401. - Elevated from subspecies status by Breuil (2002). 

Anolis cristatellus. Anolis cristatellus Dumeril and Bibron 
1837:143. • HISP, PRB, LA • Dumeril, A. M. C., and G. Bibron. 
1837. Erpetologie Generale ou Histoire Naturelle Complete des 
Reptiles. Volume 4. Libr. Encyclopedique Roret, Paris. - The 
presence of an established population on Dominica has been 
reported by R. Thorpe (unpubl. ms.). 

Anolis desiradei. Anolis marmoratus desiradei Lazell 1964:387. 
• LA • Lazell, J. D., Jr. 1964. The anoles (Sauria, Iguanidae) of 
the Guadeloupeen Archipelago. Bull. Mus. Comp. Zool. 
131:359-401. - Elevated from subspecies status by Breuil 
(2002). 

Anolis kahouannensis. Anolis marmoratus kahouannensis Lazell 
1964:382. • LA • Lazell, J. D., Jr. 1964. The anoles (Sauna, 
Iguanidae) of the Guadeloupeen Archipelago. Bull. Mus. Comp. 
Zool. 131:359-401. - Elevated from subspecies status by Breuil 
(2002). 

Anolis leachii. Anolis leachii Dumeril and Bibron 1837:153. • LA 

• Dumeril, A. M. C., and G. Bibron. 1837. Erpetologie Generale 
ou Histoire Naturelle Complete des Reptiles. Volume 4. Libr. 
Encyclopedique Roret, Paris. - This form had been treated 
variously as a species or subspecies for some time until for-
mally re-elevated to species status by Powell and Henderson 
(2001). 

Anolis litoralis. Anolis centralis litoralis Garrido 1975:12. • CUB • 

Garrido, 0. H. 1975. Distribucion y variacion de Anolis 
argillaceus Cope (Lacertilia: Iguanidae) en Cuba. Poeyana 
(142):1-28. - Elevated from subspecific status by Navarro et 
al. (2001). 

Anolis mimus. Anolis mimus Schwartz and Thomas 1975 was al-
located to the synonymy of A. rejectus Garrido and Schwartz 
1972 by Garrido and Hedges (2000). 

Anolis oporinus. Anolis oporinus Garrido and Hedges 2001:379. 
• CUB • Garrido, 0. H., and S. B. Hedges. 2001. A new anole 
from the northern slope of the Sierra Maestra in eastern Cuba 
(Sauria: Iguanidae). J. Herpetol. 35:378-383. 

Anolis pogus. Anolis wattsi pogus Lazell 1972:35. • LA • Lazell, J. 
D., Jr. 1972. The anoles (Sauria, Iguanidae) of the Lesser Antilles. 
Bull. Mus. Comp. Zool. 143:1-115. - This form has been 
treated variously as a species or subspecies for some time until 
formally elevated to species status by Powell and Henderson 
(2001); see also Breuil (2002). 

Anolis rejectus. Anolis vanidicus rejectus Garrido and Schwartz 
1972:517. • CUB • Garrido, 0. H., and A. Schwartz. 1972. The 
Cuban Anolis spectrum complex (Sauria: Iguanidae). Proc. Biol. 
Soc. Washington 85:509-522. - Elevated from subspecific sta-
tus by Garrido and Hedges (2000). 

Anolis sagrei. Anolis Sagrei Cocteau in Dumeril and Bibron 
1837:149. • BAH, CAY, CUB, JAM, LA, WC • Dumeril, A. M. C., and 
G. Bibron. 1837. Erpetologie Generale ou Histoire Naturelle 
Complete des Reptiles. Vol. 4. Libr. Encyclopedique Roret, Paris. 
- The presence of established populations on Grenada was re-
ported by Greene et al. (2002). 

Anolis schwartzi. Anolis wattsi schwartzi Lazell 1972:32. • LA • 

Lazell, J. D., Jr. 1972. The anoles (Sauria, Iguanidae) of the 
Lesser Antilles. Bull. Mus. Comp. Zool. 143:1-115. - This 
form has been treated variously as a species or subspecies for 
some time until formally elevated to species status by Powell 
and Henderson (2001); see also Breuil (2002). 

Anolis terraealtae. Anolis terrae = altae Barbour 1915:76. • LA • 

Barbour, T. 1915. Recent notes regarding West Indian reptiles 
and amphibians. Proc. Biol. Soc. Washington 28:71-78. - Re-
elevated from subspecies status by Breuil (2002). 

Anolis terueli. Anolis terueli Navarro, Fernandez, and Garrido 
2001:68. • CUB • Navarro P., N., A. Fernandez V., and 0. H. 
Garrido. 2001. Reconsideracion taxonomica de Anolis centra-
lis litoralis y descripci6n de una especie nueva del grupo 
argillaceus (Sauria: Iguanidae) para Cuba. Solenodon 1:66-75. 

Anolis toldo. Anolis toldo Fong and Garrido 2000:666. • CUB • 

Fong G., A., and 0. H. Garrido. 2000. Nueva especie de Anolis 
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(Sauria: Iguanidae) de la region norte de Cuba oriental. Rev. 
Biol. Trop. 48:665-670. 

Family Scincidae 
Mabuya macleani. Mabuya macleani Mayer and Laze11 2000:871. 

• PRB • Mayer, G. C., and J. Laze11. 2000. A new species of 
Mabuya (Sauria: Scincidae) from the British Virgin Islands. Proc. 
Biol. Soc. Washington 113:871-886. 

Mabuya sloanii complex. Mabuya sloanii Daudin 1802: Figure 
4. • JAM, TC, HISP, PRB, LA • Daudin, F.-M. 1802. Histoire Naturelle, 
Generale et Particuliere des Reptiles. Tome IV. F. Dufart, Paris. 
- Nomenclatural change for West Indian skinks (except M. 
lineolata from Hispaniola), see Mayer and Lazell (2000), who 
used Mabuya sloanii for skinks of the Puerto Rico Bank and 
stated that: "The Antillean skinks formerly included in the 
Mabuya "mabouya" complex not dealt with in this paper (Lesser 
Antilles, Jamaica, Hispaniola) are best referred to as the Mabuya 
sloanii complex until their systematics can be resolved." Breuil 
(2002) used M. mabouya for most Lesser Antillean skinks, but 
assigned specimens from St.-Barthelemy to M. sloanii. He also 
noted that populations of both species on St.-Martin had been 
extirpated. 

Family Tropidophiidae 
Tropidophis curtus. Ungualia curia Garman 1887:279. • BAH • 

Garman, S. 1887. On West Indian reptiles in the Museum of 
Comparative Zoology, at Cambridge, Mass. Proc. Amer. Phil. 
Soc. 24:278-286. - Re-elevated to full species status by Hedges 
(2002). 

Tropidophis galacelidus. Tropidophis pilsbryi galacelidus 
Schwartz and Garrido 1975:86. • CUB • Schwartz, A., and 0. H. 
Garrido. 1975. A reconsideration of some Cuban Tropidophis 
(Serpentes, Boidae). Proc. Biol. Soc. Washington 88:77-90. -
Elevated to full species status by Hedges and Garrido (2002). 

Tropidophis hardyi. Tmpidophis nigriventris hardyi Schwartz and 
Garrido 1975:81. • CUB • Schwartz, A., and 0. H. Garrido. 1975. 
A reconsideration of some Cuban Tropidophis (Serpentes, 
Boidae). Proc. Biol. Soc. Washington 88:77-90. - Elevated to 
full species status by Hedges and Garrido (2002). 

Tropidophis hendersoni. Tropidophis hendersoni Hedges and 
Garrido 2002:158. • CUB • Hedges, S. B., and 0. H. Garrido. 
2002. A new snake of the genus Tropidophis (Tropidophiidae) 
from eastern Cuba. J. Herpetol. 36:157-161. 

Tropidophis jamaicensis. Tropidophis maculatus jamaicensis Stull 
1928:12. • JAM • Stull, 0. G. 1928. A revision of the genus 
Tropidophis. Occ. Pap. Mus. Zool. Univ. Michigan (195):1-49 
+ 3 pl. - Elevated to full species status by Hedges (2002). 

Tropidophis morenoi. Tropidophis morenoi Hedges, Garrido, and 
Diaz 2001:615. • ass • Hedges, S. B., 0. H. Garrido, and L. M. 
Diaz. 2001. A new banded snake of the genus Tropidophis 
(Tropidophiidae) from north-central Cuba. J. Herpetol. 35:615-
617. 

Tropidophis parkeri. Tropidophis parkeri Grant 1941:44. • CAY • 

Grant, C. 1941. The herpetology of the Cayman Islands. Bull. 
Inst. Jamaica Sci. Ser. (2), Kingston. - Re-elevated to full spe-
cies status by Hedges (2002). 

Tropidophis schwartzi. Tropidophis caymanensis schwartzi Tho-
mas 1963:3. • CAY • Thomas, R. 1963. Cayman Islands 
Tropidophis (Reptilia, Serpentes). Breviora (195):1-8. - El-
evated to full species status by Hedges (2002). 

Tropidophis stejnegeri. Tropidophis pardalis stejnegeri Grant 
1940:119. • JAM • Grant, C. 1940. II. The reptiles. In W. G. Lynn 
and C. Grant, The Herpetology of Jamaica, pp. 61-148. Bull. 
Inst. Jamaica Sci. Ser. (1), Kingston. - Elevated to full species 
status by Hedges (2002). 

Tropidophis stullae. Tropidophis maculatus stullae Grant 
1940:121. • JAM • Grant, C. 1940. II. The reptiles. In W. G. Lynn 
and C. Grant, The Herpetology of Jamaica, pp. 61-148. Bull. 
Inst. Jamaica Sci. Ser. (1), Kingston. - Elevated to full species 
status by Hedges (2002). 

Family Typhlopidae 
Ramphotyphlops braminus. Eryx braminus Daudin 1803: 279. • 

CAY, LA • Daudin, E-M. 1803. Histoire Naturelle Generale et 
Particuliere des Reptiles. Vol. 7. F. Dufart, Paris. - Echternacht 
and Burton (2003) reported the presence of this species on Grand 
Cayman and Breuil (2002) noted its presence on St.-Martin and 
St.-Barthelemy. 

Typhlops guadeloupensis. Typhlops guadeloupensis Richmond 
1966:129. • LA • Richmond, N. D. 1966. The blind snakes. 
Typhlops, of Guadeloupe and Dominica with the description of 
a new species. Herpetologica 22:129-132. - Re-elevated to 
full species status by Breuil (2002). 

Acknowledgments.-S. Blair Hedges brought several new records to 
our attention and commented on an earlier draft of this manuscript. Roger 
Thorpe provided an unpublished report on the occurrence of Anolis 
cristatellus on Dominica. 
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Radio telemetry is a useful technique for gathering information 
about amphibians when associated caveats are applied (Bartell and 
Peterson 2000). A number of designs for transmitter attachment 
are available for larger anurans including a harness-type attachment 
(van Nuland and Claus 1981) and various belt designs (Bartelt 
and Peterson 2000; Rathbun and Murphey 1996; Waye 2001). 
Attaching radios to small anurans is particularly problematic 
because of their mass, shape, and delicate skin. Small radios, 0.61 
grams or less, are available, although battery life is usually only 
2-3 wks (e.g., Holohil Systems Ltd; Carp, Ontario, Canada'). The 
issues remaining are the weight and longevity of the attachment 
system, ease of application to the animal, and effect on the behavior 
and health of the animal. 

Here I describe an attachment assembly tested in the laboratory 
on juvenile leopard frogs (Rana pipiens) and used on wood frogs 
(Rana sylvatica) in the field. 

The goal of the field study was to fit radio assemblies to 8 wood 
frogs (4 males and 4 females) and to follow them for approximately 
2 wks (the life of the battery) during and immediately after the 
breeding season (May-early June). Male wood frogs generally 
breed in their second spring when they are between 34 and 40 mm 
snout-vent length (SVL); females generally breed in their third 
spring when they are between 45 and 54 mm SVL (Hammerson 
1999). Currently available attachment methods were unacceptable 
for these small ranid frogs. 

I used Holohil BD-2A transmitters (0.61 g). The transmitters 
were configured so that the battery was placed on top of the 
transmitter rather than in front of it (Fig. lb). In earlier trials, using 
the belt system described by Bartelt and Peterson (2000) and the 
original, linear arrangement of the transmitter, frogs were unable 
to properly orient themselves in the water. This was because the 
length of the assembly system made the transmitter ride too far up 
on the frog's back and because the belt material was too bulky. 

I used very fine craft elastic (gossamer floss, B. Toucan, Inc., 
US $1.64 for 5 yds) and size 14 Japanese glass seed beads in olive 
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