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The contemporary increase in character data, especially the ad-
vent of rapid DNA sequencing, has provided taxonomists new tools 
for delimiting monophyletic groups. However, controversy con-
cerning analytical techniques or data interpretation, as well as re-
sistance to modifying established uses of names, may delay the 
acceptance of new phylogenies or taxonomic reclassifications. 
Additionally, new or revised classifications may take years to be-
come established because of the time lapse between publication 
date and widespread use. Consequently, the proliferation of novel 
phylogenies and taxonomic revisions may prove confusing to com-
parative biologists, ecologists, and students. 

The taxonomy of the lizard lineage Iguanidae (sensu lato 
Boulenger 1884; Camp 1923; Etheridge and de Queiroz 1988) 
has been both dynamic and controversial in the last 15 years. Since 
1989, two familial taxonomic revisions (Frost and Etheridge 1989; 
Macey et al. 1997) and two expansions (Frost et al. 2001; Schulte 
et al. 2003), have been published for Iguanidae (sensu lato), and 
the current scientific literature is replete with conflicting taxono-
mies concerning this family. It may be bewildering to students 
when contemporary herpetology textbooks (e.g., Pough et al. 2001, 
2004; Zug et al. 2001) report a particular classification scheme 
when other classifications might be more prominent in the litera-
ture. Further confusion ensues when the taxonomy of iguanid liz-
ards in herpetological peer-reviewed journals often does not ad-
here to a consistent classification scheme—even in the same is-
sue. 

In an attempt to clarify the taxonomic record of Iguanidae (sensu 
lato), we summarize the taxonomic history and current status of 
the lineage. Additionally, because some authors of reclassifica-
tions have defended their taxonomic revisions by claiming that 
they have "widespread recognition and usage" (Frost et al. 2001: 
p. 13), we test this by analyzing nomenclature use in the scientific 
literature since 1990. Another interesting artifact of a dynamic taxo-
nomic history is the time lapse between reclassifications and wide-
spread adoption among biologists. To test this phenomenon, we 
statistically compare the use of different classifications (Boulenger 
1884; Frost and Etheridge 1989; Frost et al. 2001; Macey et al. 
1997) in terms of their citation frequency per year and by journal 
type. 

Taxonomic Summary.—Iguanidae (sensu lato Boulenger 1884; 
Camp 1923; Etheridge and de Queiroz 1988) is the largest (ca. 51  

genera and 908 species; Pough et al. 2001) and most widely dis-
tributed family of lizards in the Western Hemisphere. Iguanids are 
found throughout the Americas including the West Indies and 
Galapagos Archipelago. Two extralimital genera occur on Mada-
gascar and the Comoro Archipelago, and another in the Fiji and 
Tonga Islands (Etheridge and de Queiroz 1988). The disjunct dis-
tribution of the family was thought to be a potential artifact of 
paraphyly (Frost and Etheridge 1989) because morphological evi-
dence of either monophyly or paraphyly for Iguanidae* was am-
biguous, and the family was thus considered a metataxon (denoted 
with an asterisk; Estes et al. 1988). 

Etheridge and de Queiroz (1988) were the first to attempt a phy-
logenetic reconstruction of iguanid lizards using outgroup com-
parisons and modern character-based phylogenetic methods. Their 
analysis of morphological characters suggested that iguanid spe-
cies could be placed in one of eight major groups (Anoloids, 
Basiliscines, Crotaphytines, Iguanines, Morunasaurs, Oplurines, 
Sceloporines, Tropidurines). However, they acknowledged that 
they could not identify any synapomorphies for Iguanidae (sensu 
lato) indicating that it may be paraphyletic. 

Based on a cladistic analysis of morphological characters, Frost 
and Etheridge (1989) did not find evidence of monophyly for 
Iguanidae (sensu lato). They also failed to resolve the intergroup 
relationships within iguanids, but claimed that their data supported 
monophyly for the previously recognized informal groups of 
Etheridge and de Queiroz (1988). With intent to reform named 
but potentially misleading groupings, they recognized as families 
(sedis metabilis) the largest historical groups that were consistent 
with the strict consensus tree generated by their phylogenetic analy-
sis of Iguania (Table 1). The iguanines, consisting of the extant 
genera Amblyrhynchus and Conolophus (Galapagos Islands), 
Cyclura (West Indies), Brachylophus (Fiji), Dipsosaurus, 
Sauromalus, Ctenosaura, and Iguana (southwestern North 
America, the latter two extending south to Central America and 
Northern South America, respectively) were elevated to Iguanidae 
(sensu stricto). This cladistic reanalysis, along with the new tax-
onomy for Iguanidae, proved highly controversial because of its 
principles, methodology, interpretations, and its direct challenge 
to deeply entrenched informal nomenclature (see Lazell 1992; 
Schwenk 1994; Frost and Etheridge 1993). Nevertheless, their 
study proved instrumental in providing workable hypotheses for 
subsequent systematic investigations. 

Macey et al. (1997) performed a phylogenetic analysis of 
Iguanidae (sensu lato) and Acrodonta (Agamidae + 
Chamaeleonidae) using mtDNA sequences and the morphologi-
cal data of Frost and Etheridge (1989). Analyzed separately, the 
morphological and molecular data suggested different phyloge-
netic hypotheses with the morphological data recovering a weakly 
paraphyletic Iguanidae (sensu lato), and the sequence data recov-
ering a strongly supported monophyletic Iguanidae (sensu lato). 
The monophyly of the family, however, also was supported by (1) 
separate analyses of protein-coding and t-RNA-coding subsets of 
the DNA sequences; (2) analysis of amino acids from protein-
coding regions; (3) analysis of the total DNA sequence data with 
silent transitions removed from the protein-coding sequences; and 
(4) use of transversion parsimony on the total DNA sequence data. 
Although their sampling was not adequate to establish monophyly 
of Frost and Etheridge's (1989) eight families, these authors sug- 
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TABLE 1.—Taxonomic names for groups of the family Iguanidae (sensu lato Boulenger, 1884) respectively proposed by Etheridge and de Queiroz 
(1988) for informal groups, Frost and Etheridge (1989) for families and subfamilies, Macey et al. (1997) for subfamilies, Frost et al. (2001) for 
families and subfamilies, and Schulte et al. (2003) for an unranked taxonomic scheme. Names correspond to others in successive columns. Clarifica-
tion is provided where names may be ambiguous. 

Etheridge and 
de Queiroz (1988) Frost and Etheridge (1989) Macey et al. (1997) Frost et al. (2001) Schulte et al. (2003) 

Anoloids Polychridae Polychrinae Polychrotida•r Polychrotinae*P 
Leiosauridaeg Leiosaurinik 

Leiosaurinaeh Leiosaurae' 
Enyaliinae' Anisolepaem 

Anolis" 

Polychrus° 

Basiliscines Corytophanidae Corytophaninae Corytophanidae Corytophaninae 

Crotaphytines Crotaphytidae Crotaphytinae Crotaphytidae Crotaphytinae 
Iguanines Iguanidae Iguaninae Iguanidae Iguaninae 
Morunasaurs Hoplocercidae Hoplocercinae Hoplocercidae Hoplocercinae 
Oplurines Opluridae Oplurinae Opluridae Oplurinae 

Sceloporines Phrynosomatidae Phrynosomatinae Phrynosomatidae Phrynosomatinae 

Tropidurines Tropiduridaea Tropidurinae Tropidurinae*P 

Leiocephalinaeh Leiocephalidae Leiocephalus 

Liolaeminae` Liolaemidae Liolaemini 
Tropidurinaed Tropiduridaei Tropidurini 

' Containing the subfamilies Leiocephalinae, Liolaeminae, and Tropidurinae. 
"Restricted to Leiocephalus. 

Contains Ctenoblepharys, Liolaemus, and Phymaturus. See Frost and Etheridge (1989) for comments. 
°Contains "Ophryoessoides," Plica, Proctotretus, "Stenocercus," Strobilurus, Tapinurus,"Tropidurus," Uracentron, and Uranoscodon. See Frost and Etheridge (1989) 

for comments. 
Restricted to Anolis and Polychrus. 

'Spelling corrected (BOhme 1990; pers. comm.) after the wrong name formation was applied to the genitive case of Polychrotos in Frost and Etheridge (1989). 
g Containing the subfamilies Enyaliinae and Leiosaurinae. 
h  Contains "Leiosaurus" (see Frost et al. [2001] for taxonomic discussion), Diplolaemus, and Pristidactylus. 
' Contains Enyalius, and the para anoles (Anisolepis and Urostrophus). 
i Excluding the former subfamilies Leiocephalinae and Liolaeminae of Frost and Etheridge (1989). 
g Corresponds with Leiosauridae of Frost et al. (2001). 
' Corresponds with Leiosaurinae of Frost et al. (2001). 
'Corresponds with Enyalinae of Frost et al. (2001). 
"Anolis of Jackman et al. (1999) including Chamaeleolis, Chamaelinorops, Norops, and Phenacosaurus. 
° Polychrus of Peters and Donoso-Barros (1970; including P. peruvianus [Noble 1924j). 
P Monophyly is statistically equivocal based on the combined morphologic and molecular data of Schulte et al. (1998), thus these authors recommend retaining the 

subfamily as a metataxon(*) for taxonomic convenience. 

gested a return to the classic taxonomy (sensu Boulenger 1884), 
with the eight major lineages within Iguanidae (sensu lato) recog-
nized as subfamilies (Table 1). 

Frost et al. (2001) examined the relationships within 
Polychrotidae (sensu Frost and Etheridge 1989) using both mo-
lecular and morphological data. Data from the combined analysis 
suggested that the Polychrotidae, as hypothesized by Etheridge 
and de Queiroz (1988) and Frost and Etheridge (1989), is not 
monophyletic because Corytophanidae (sensu Frost and Etheridge 
1989) was nested within it. Substantial evidence also suggested 
that leiosaurs and the austral para-anoles formed a monophyletic 
group, which was elevated to Leiosauridae containing the sub-
families Leiosaurinae and Enyaliinae. Frost et al. (2001) suggested  

resurrecting the name Pleurodonta (Cope 1864) for the monophyl-
etic group formally known as Iguanidae (sensu lato) because such 
a classification provided symmetry with its sister taxon, Acrodonta 
(Cope 1864). The authors stated further that if pleurodont iguanian 
monophyly is falsified or found dubious (under the approach ad-
vanced by Macey et al. 1997), the need for subsequent major 
changes to the taxonomy would be nullified. 

Frost et al. (2001) also considered the results of Macey et al. 
(1997) and acknowledged having no scientific reason to dispute 
their reclamation of Iguanidae (sensu lato), yet suggested that their 
family-group names (sensu Frost and Etheridge 1989) had achieved 
widespread acceptance and usage. Frost et al. (2001: p. 13) also 
suspected that additional investigations into the fossil record would 
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further cloud phylogenetic evidence for monophyly of the 
Iguanidae (sensu lato), claiming that "the canon of monophyly is 
not violated," and that their subjective choice of ranks (Table 1) 
would lead to the least confusion, facilitate progress, and impart 
the best current hypothesis for understanding the phylogeny of 
the group. 

Most recently, Schulte et al. (2003) used previously published 
morphological characters (in Frost and Etheridge 1989; Schulte et 
al. 1998) and molecular data (Macey et al. 1997; Schulte et al. 
1998, 2000), with new molecular sequences to reexamine rela-
tionships among the major lineages of iguanid lizards. The mono-
phyly of Iguanidae (sensu lato) was strongly supported by the 
molecular and combined data sets. Schulte et al. (2003) advocated 
recognizing Iguanidae (sensu lato) as a monophyletic group be-
cause monophyly was strongly supported by their data and with 
previous analyses of combined morphological and sequence data, 
as well as sequence data alone (Harris et al. 2001; Macey et al. 
1997; Schulte et al. 1998). These authors proposed an unranked 
taxonomic scheme for all the supraspecific taxa of Iguania, whereas 
they associated Iguanidae with the Glade composed of all eight 
major groups defined by Etheridge and de Queiroz (1988), which 
correspond with Pleurodonta of Frost et al. (2001; Table 1). 

Literature-Use Analysis.-We analyzed the frequency of use 
for Iguanidae (sensu lato) from 1990 through 2004 by performing 
a general topic search in titles, abstracts, and keywords for the 
terms "Corytophanidae or Corytophaninae or Crotaphytidae or 
Crotaphytinae or Enyaliinae or Hoplocercidae or Hoplocercinae 
or Iguanidae or Iguaninae or Leiocephalidae or Leiocephalinae or 
Leiosauridae or Leiosaurinae or Liolaemidae or Liolaeminae or 
Opluridae or Oplurinae or Phrynosomatidae or Phrynosomatinae 
or Polychridae or Polychrinae or Polychrotidae or Tropiduridae 
or Tropidurinae" using the Thomson ISI-Web of Science ®  (WOS) 
Internet search engine. The WOS search engine was used because 
of its large database and convenience over other electronic means 
of searching the literature. We also performed a separate search 
from 1990 through 1999 using the Caribbean Journal of Science 
(CJS) website because the Iguanidae (sensu lato) is represented 
abundantly in the region and pre-2000 citations of this journal are 
not included in the WOS. A post-hoc search for Polychrotinae in 
WOS yielded only three citations within the study time frame, 
none of which were excluded from the previous search. 

Citations were categorized as adopting one of the following taxo-
nomic schemes: Boulenger (1884), Frost and Etheridge (1989), 
Frost et al. (2001) or Macey et al. (1997). Papers were examined 
first hand if taxonomic use 
was ambiguous from titles 
or abstract listing in the 
WOS or CJS results. Of 

Cyclura, Dipsosaurus, Iguana, and Sauromalus) cited as 
"Iguanidae" could be attributed to either Boulenger (1884) or Frost 
and Etheridge (1989), these were also excluded unless authors 
stated the taxonomy followed in their paper. 

In some instances, the classification schemes used in post-1997 
articles could pertain to one of two classifications. For example, a 
1999 article assigning Anolis to Iguanidae could fall under either 
Boulenger (1884) or Macey et al. (1997). In these cases, we as-
sumed the authors followed the most recent revision and scored 
citations as Macey et al. (1997). Additionally, post-2001 refer-
ences involving lizards in clades with the same taxon names as in 
Frost and Etheridge (1989) (e.g., Phrynosomatidae, Polychrotidae, 
Tropiduridae, etc.) also could be included under Frost et al. (2001). 
In these cases, we also assumed that the authors intended to use 
the most-recent revision, so we scored these references as Frost et 
al. (2001). To analyze journal-specific trends in taxonomic use, 
citations also were categorized by one of four journal types: (1) 
Biology/Ecology, (2) Herpetology, (3) Medical/Parasitology, and 
(4) Molecular/Systematics. 

We used chi-square tests of independence to test for trends be-
tween taxonomic scheme and their frequency of citation by year 
and journal category. If tests were significant, we described trends 
by comparing individual cell-observed frequencies to cell frequen-
cies expected under a hypothesis of independence. Trend descrip-
tion was limited to cells that provided a large contribution (i.e., 
large individual chi-square value) to the overall significance of 
the chi-square (SAS OnlineDoc ®, V. 8, Cary, NC: SAS Institute 
Inc. 1999). We used exact tests when 25% or more of the expected 
cell counts in a contingency table were less than five. 

Results of Literature-Use Analysis.-Of the 520 articles found 
by our combined WOS and CJS literature search, 428 (represent-
ing 89 journals) were used in our analysis. From 1990-1997, use 
of the two available taxonomies was not statistically independent 
by year (,.2 test, P < 0.0001; Table 2). From 1990-1992, chi-square 
values for individual cells revealed that a greater number of au-
thors than expected (if random) followed the taxonomy of 
Boulenger (1884), whereas fewer than expected adopted that of 
Frost and Etheridge (1989). From 1993-1997, the opposite trend 
emerged as a smaller number of authors used the classification of 
Boulenger (1884) and more than expected adopted that of Frost 
and Etheridge (1989; Table 2). 

From 1998-2001, we assigned 17 papers to Iguanidae sensu 
Macey et al. (1997) that might otherwise have been classified as 
following Boulenger (1884). During this period there was no sig- 

TABLE 2. Observed and expected observations followed by individual cell chi-square values for the competing 
Iguanidae (sensu lato) taxonomies from 1990-1997. Note the change in observed relative to expected values be-
tween classifications in 1993 (in bold). 

these, papers that did not 
reference a specific family, 
subfamily, or taxonomic 
authority were not included 
in the analyses. Because 
extant iguanine lizards 
(sensu Etheridge and de 
Queiroz 1988; Ambly-
rhynchus, Brachylophus, 
Ctenosaura, Conolophus, 

Taxonomy x2 

parameters 
1990 1991 1992 1993 1994 1995 1996 1997 

Boulenger Observed 18 19 18 5 14 7 5 1 
(1884) Expected 7.65 9.66 11.68 10.88 15.31 10.07 12.49 9.26 

Cell x2  13.99 9.01 3.42 3.17 0.11 0.33 4.49 7.37 

Frost and Observed 1 5 11 22 24 18 26 22 
Etheridge Expected 11.35 14.33 17.32 16.13 22.69 14.93 18.51 13.74 
(1989) Cell x2  9.44 6.08 2.31 2.14 0.08 0.63 3.03 4.97 
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Herpetology 

Medical/ 
Parasitology 

Observed 
Expected 
Cell X2  

Observed 
Expected 
Cell x2  

Molecular Biology/ 	Observed 
Systematics 	Expected 

Cell x2  

TABLE 3. Observed and expected observations followed by individual 
cell chi-square values for the competing Iguanidae (sensu lato) taxono-
mies from 2002-2004. Cells that have the largest influence on the chi-
square value are in bold. 

Taxonomy x2  parameters 2002 2003 2004 

Frost and Observed 17 9 2 
Etheridge Expected 11.87 8.2174 7.913 
(1989) Cell x2  2.2176 0.0745 4.4185 

Macey et al. Observed 7 4 7 
(2001) Expected 7.6304 5.2828 5.087 

Cell x2  0.0521 0.3114 0.7194 

Frost et al. Observed 15 14 17 
(2001) Expected 19.5 13.5 13 

Cell X2  1.0385 0.0185 1.2308 

nificant trend in taxonomic use (Fisher's Exact test, P = 0.77) and 
cell chi-square values indicate that, according to our scoring 
method, the two competing taxonomies (Frost and Etheridge 1989; 
Macey et al. 1997) were used as frequently as expected in propor-
tion to the number of times that they were used throughout this 
four-year period. Although no significant trend was found, more 
authors published papers adhering to the taxonomy of Frost and 
Etheridge (1989; Fig. 1A). 

From 2002-2004, 30 papers were assigned to Frost et al. (2001) 
despite being potentially attributable to Frost and Etheridge (1989). 
Likewise, 11 papers were assigned to Macey et al. (1997) despite 
being potentially attributable to Boulenger (1884). One paper ad-
hering to the taxonomic expansion of Schulte et al. (2003) was 
found in 2004. During this period, the three available taxonomies 
(Frost and Etheridge 1989; Frost et al. 2001; Macey et al. 1997) 
were not used as frequently as expected (x 2  test, P = 0.04; Table 3) 
relative to the number of times that each was used throughout the 
sample years. In 2002, chi-square values for individual cells re-
vealed that more authors 
than expected adopted 
the taxonomy of Frost 
and Etheridge (1989), 
whereas fewer than ex-
pected adopted that of Journal Category z2  parameters 
Frost et al. (2001). In 
2004, the opposite trend 
emerged with fewer au- Biology/ 
thorn using the taxonomy Ecology 

of Frost and Etheridge 
(1989) and more than 
expected adopting that of 
Frost et al. (2001). The 
taxonomy of Macey et al. 
(1997) was used as fre-
quently as expected 
throughout this sample 
period (Table 3). In ad-
dition to the trends noted 
above, overall more pa-
pers were published ad- 

hering to the taxonomy of Frost and Etheridge (1989) and Frost et 
al. (2001) than to Macey et al. (1997; Fig. 1A). 

The four competing taxonomic classifications used in publica-
tions were not independent of journal category (x 2  test, P = 0.0004; 
Table 4). Cell chi-square values illustrate that under a hypothesis 
of independence, Boulenger (1884) was used more than expected 
in biology/ecology journals, but less than expected in herpetology 
and molecular/systematics journals. Both Frost and Etheridge 
(1989) and Frost et al. (2001) were represented more than expected 
in herpetology journals, whereas Frost et al. (2001) was used more 
than expected in parasitology/medical journals, but less than ex-
pected in biology/ecology journals. The taxonomy of Macey et al. 
(1997) was used less than expected in herpetology journals, but 
more than expected in molecular/systematics journals (Table 4). 

Literature-Use Discussion.-Our results reveal a three-year time 
lapse before the reclassification of Frost and Etheridge (1989) 
became the most commonly used taxonomy in the scientific lit-
erature. Frequency data indicate that the taxonomy of Frost and 
Etheridge (1989) peaked in 1996, representing 84% of publica-
tions that year (Fig. 1B). This lag could be an artifact of the highly 
controversial nature of the reclassification (see Schwenk 1994), 
the result of less advanced communication technology (i.e., email 
and Internet), or the often-lengthy lag from manuscript acceptance 
to time of publication. 

The lack of a statistical trend favoring any particular classifica-
tion scheme from 1998-2001 suggests that the taxonomy of Macey 
et al. (1997) was met originally with acceptance. Interestingly, a 
trend was uncovered post-2001 indicating a transition from Frost 
and Etheridge (1989) to Frost et al. (2001), whereas the taxonomy 
of Macey et al. (1997) was represented in the literature as ex-
pected (Table 3). This suggests a loyal following of the Frost and 
Etheridge (1989) taxonomy and a willingness to adopt the new 
Frost et al. (2001) taxonomy within two years. 

Iguanids are models for comparative behavioral, ecological, mor-
phological, and physiological studies, which is reflected in the 
journal data. From 1990-2004, a total of 89 journals published 

Boulenger Frost and Etheridge Macey et al. Frost et al. 
(1884) (1989) (1997) (2001) 

56 106 20 13 

	

39.638 
	

116.64 
	

17.769 
	

20.958 

	

6.7541 
	

0.9698 
	

0.2802 
	

3.0217 

16 
26.629 
4.2423 

89 
78.355 
1.4461 

7 
11.937 
2.0418 

19 
14.079 
1.7197 

13 32 5 9 
11.993 35.29 5.3762 6.3411 
0.0846 0.3067 0.0263 1.1149 

2 29 7 5 
8.7407 25.72 3.9182 4.6215 
5.1983 0.4184 2.4239 0.031 

Observed 
Expected 
Cell X2  

TABLE 4. Observed and expected observations followed by individual cell chi-square values for the competing 
Iguanidae (sensu lato) taxonomies for the four journal categories. Cells that have the largest influence on the chi-
square value are in bold. 
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FIG. 1. (A) Number of citations from 1998-2004 referencing the three 
possible classifications. Post-1997 articles (N = 28) were defaulted to 
Macey et al. (1997) despite being potentially attributable to Boulenger 
(1884). Post-2001 references (N = 30) were attributed to Frost et al. (2001) 
despite being potentially attributable to Frost and Etheridge (1989). See 
text for details. (B) Number of citations from 1990-1997 following 
Boulenger (1884) and Frost and Etheridge (1989). (C) Number of cita-
tions from 1990-2004 adhering to the four taxonomic possibilities and 
stratified by journal category. 

articles referencing iguanid taxonomy. Many of these journals are 
biology/ecology oriented and our data demonstrate a higher refer-
ence usage of the older monophyletic Iguanidae (sensu Boulenger 
1884) taxonomy within these journals, and a lower than expected 
usage in herpetology journals. The literature summarized here 
suggests that the discrepancy may be due to greater awareness of 
the most current classification by manuscript reviewers and edito-
rial boards. It is interesting that articles published in herpetology 
oriented journals appear to be favoring more often the taxonomy 
of Frost and Etheridge (1989) and the more recent Frost et al. 
(2001) over the Macey et al. (1997) taxonomy and its subsequent 
modifications (e.g., Schulte et al. 1998, 2003) (Fig. 1C; Table 4). 

Conflicting opinions exist in the herpetological community con-
cerning the usage of the taxonomic revisions and subfamily clas-
sifications proposed by Frost and Etheridge (1989) and Macey et 
al. (1997), respectively. Frost et al. (2001: p. 13) defended the 
eight-family taxonomy of Frost and Etheridge (1989) by claiming 
that it had "widespread recognition and usage," whereas Schulte 
et al. (2003: p. 415) countered that "The eight-family taxonomy 
of Frost and Etheridge was proposed in 1989, was never fully ac-
cepted, and subsequently rejected by Macey et al. (1997)." Our 
literature-use analysis indicates that the taxonomy of Frost and 
Etheridge (1989) has been supported by continued widespread use 
four years subsequent to publication (Fig. 1B) despite not being 
featured in a herpetology textbook (Zug et al. 1993) until nine 
years after publication (Pough et al. 1998). Although the Macey et 
al. (1997) classification scheme of a monophyletic Iguanidae with 
multiple subfamilies is featured in recent herpetology textbooks 
(e.g., Pough et al. 2001, 2004; Zug et al. 2001), our data indicate 
that it has not been adopted as widely in the scientific literature as 
has Frost and Etheridge (1989) or even the more recent Frost et al. 
(2001) taxonomic recommendations (Fig. 1A). However, we rec-
ognize that more time may be required to detect taxonomic influ-
ences educed by these recent textbooks especially in light of sev-
eral taxonomic choices. 

A question worth addressing concerns the lack of widespread 
adoption of the eight-subfamily Macey et al. (1997) phylogenetic 
reclamation of Iguanidae (sensu lato). Macey and colleagues pub-
lished compelling evidence for the Glade, which was supported 
subsequently by Schulte et al. (1998), Harris et al. (2001), and 
Townsend et al. (2004). Furthermore, Frost et al. (2001) acknowl-
edged having no scientific reason to dispute the recovery of 
Iguanidae (sensu lato). Therefore, it is surprising that the Macey 
et al. (1997) subfamily taxonomy is underrepresented in the lit-
erature, whereas the more recent Frost et al. (2001) revision has 
received broader acceptance. 

Conclusions.—In biological nomenclature, communication is 
most effective if taxon names are universal and stable. The asso-
ciation between a name and a taxon should be unequivocal; all 
biologists should use the same name for the same taxon, and a 
name should not designate different taxa, or a taxon assigned dif-
ferent names at different times (de Queiroz and Gauthier 1994). 
Consequently, researchers should exercise caution, evaluate alter-
native nomenclature, and adopt classifications that promote sta-
bility or accurate testing of hypotheses (K. de Queiroz, pers. 
comm.). Although differences of opinion facilitate debate and re-
search, inconsistent use of nomenclature can promote spurious 
interpretations of comparative data across higher taxa. Minimally, 
authors should therefore reference their choice of classification 
schemes, especially when testing evolutionary hypotheses. 
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Although Senticolis triaspis is distributed from Costa Rica to 
the southwestern United States its behavior and activity patterns 
are not well-documented (Price 1991; Schulz 1996; Stebbins 2003). 
Here I report on movements, use of habitat, and behaviors of two 
females (S. t. intermedia) during radiotelemetry studies in a Sierra 
Madrean mountain range in southeastern Arizona, at the northern 
limit of the species' range. 

Materials and Methods.-On 21 July 1994, an adult female 
Senticolis triaspis (Snake #1) was collected at 1900 h on Cave 
Creek Canyon Road (USFS Road #42) between Stewart and Sunny 
Flat Campgrounds (elevation 1540 m), Chiricahua Mountains, 
Coronado National Forest, Cochise County, Arizona, USA. The 
snake measured 953 + 232 mm (SVL + tail length) and weighed 
182 g (PesolaTM scale). On 23 July the snake was anesthetized 
with isoflurane (ForaneTM) to allow surgical implantation of a 
HolohilTM transmitter BG-2G (2.8 g) in the coelomic cavity 
(Reinert and Cundall 1982). The snake was released the following 
morning (0900 h), 30 m S of the collection point. On 24 August 
1999, a second adult female S. triaspis (Snake #2; 690 + 162 mm, 
82 g) was collected at 0900 h on the same road, but 100 m below 
Cazier Bridge (elevation 1616 m). Surgical procedures for im-
planting a HolohilTM transmitter BD-2G (1.85 g) and tracking were 
as with Snake #1, except the anesthesia was sevoflurane (UltaneTm). 
Snake #2 was released, at 0820 h on 25 August 1999, 30 m S of 
where collected. Both snakes were subsequently radio-tracked us-
ing a TelonixTM receiver (TR-2) and antenna (RA-2A). Distances 
between sites were measured with a 50 m tape (except as noted), 
boulder and tree dimensions and heights were determined with 
the aid of tape and extendable measuring pole, sites were photo-
graphed (all 1994, most 1999-2000) and marked with flagging 
tape, and observations of visible snakes were aided by 9x35 bin-
oculars. Sites were only visited during daylight hours. Searches 
were more frequent in the afternoon than in the morning (116 ver-
sus 43) and the number of hours in a day during which searches 
occurred were more numerous in the afternoon (morning, 0600-
1200 h = 6 h; afternoon, 1201-2100 h = 9 h). Each time a snake 
was located I, or an assistant, recorded the date, time (MST), dis-
tance and direction (compass points) from last encounter location 
(if changed), occurrence of rain within the last 24 h period (at site 
or from records at Southwestern Research Station, 4 mi SW Por- 
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tal; < 5 km from tracking sites), site habitat and microhabitat no-
tations, and air temperature (AT; with a shaded rapid-adjusting 
mercury thermometer (SchultheisTM 0-50°C; Weber & Miller, 
Queens, New York). 

The entire field site occurs within a Madrean Evergreen Wood-
land (Brown 1982) community. The Cave Creek riparian commu-
nity includes Arizona Sycamore (Platanus wrightii) and Arizona 
Walnut (Juglans major). Canyon terraces and slopes facing north 
and northwest support an oak-juniper-pine community, while 
south- and southeast-facing slopes are characterized by bare rock 
slides with islands of shrub/oak vegetation. Steep canyon walls 
are lichen-covered rhyolite lava (Oligocene), with many rock out-
crops and sheer cliffs along the upper portions, and Holocene grav-
els fill Cave Creek (Drewes et al. 1995). 

Results.—Snake #1 was located 79 times between 24 July and 3 
October 1994 at 13 distinct sites. Six of these sites were subterra-
nean refuges; three were occupied for periods of > 21, > 19, and > 
8 days (beneath boulders; 540 x 190 x 320 cm, 710 x 475 x 366 
cm, 465 x 280 x 228 cm, respectively), and three were occupied 
>2<10 days. During 72 days Snake #1 was observed active above 
ground five times (three times at underground location sites) and 
was located at ten subterranean sites. Rock dimensions at other 
measured underground sites were as follows: 90 x 70 x 30 cm to 
27 x 30 x 10 cm, 135 x 70 x 30 cm, 313 x 96 x 84 cm, 88 x 96 x 
84 cm, and 80 x 55 x 60 cm. The total measured distance moved 
was 573 m, plus an unmeasured distance (when the animal was 
temporarily lost) estimated (from a topographic map) to be over a 
kilometer. Thus, the estimated total straight-line distance traveled 
was 1573 m, for a mean distance of 161 m between locations. 
Omitting the estimated 1 km movement, the mean distance be-
tween locations was 48 m (range = 2-215 m). 

On 25 July Snake #1 was observed (1430 h) sunning on a 4 cm 
diameter dead branch at 4 m high in a Quercus arizonica. On 5 
September it was 1 m from a massive boulder underground-site in 
shade, between 1350-1514 h (AT 30 °C); an accumulation of acorns 
and a rodent hole had been noted earlier at the base of this boul-
der. The snake retreated beneath the boulder where it had been 
since 17 August. It moved by the following afternoon, following 
rain on 3 and 5 September and a stay of >19 days. On 6 September 
(1530 h; AT 30°C) the snake was on the ground partially beneath a 
small log, head up, with <5% of its body in the sun. Later it was 
located (1700 h; AT 30°C) stretched out in a small < 1 m tall 
Quercus hypoleucoides that had been exposed to the setting sun's 
rays. The snake descended and proceeded up slope; forward mo-
tion was accomplished by a series of short advances of the head, 
with each advance followed by a slightly shorter retreat (slow-
motion jerky advances). At 1745 h the snake stopped forward lo-
comotion when discovered by a juvenile Mexican Jay (Aphelocoma 
ultramarina). The bird departed after 2-3 min when other mem-
bers of its flock were not recruited by its calls near the snake. At 
1824 h visual contact was again lost as the snake passed a boulder 
flanked by dense shrubs. After about 5 min, a deer mouse 
(Peromyscus sp.) ran up and over the boulder, escaping into veg-
etation. Examination revealed a rodent hole next to the upper end 
of the boulder. Apparently the snake entered the hole and caused 
the mouse to flee. Subsequent radio signals (8 daily visits through 
14 September) suggested underground movements to positions 3-
4 m from the boulder. On 13 September the snake was again seen  

at an edge of this boulder (AT 31°C), immediately retreating into 
the rodent hole. Within two days it departed the site, occupied for 
>8<10 days. 

Snake #1 occupied ten subterranean sites, of which seven were 
inhabited for less than 27 h 10 min, and three were respectively 
inhabited for 21 days, 19-20 days, and 8-10 days. Thus the snake 
spent 48-51 of the 72 days (66-71%) in long-term sites. The three 
short-term subterranean sites (>2<10 days) bring the total occu-
pation days for these sites up by at least six days. The snake's 
positions were determined repeatedly (2-34 times) at five sites. 
At three sites (duration of occupancy >11.5<24.5 h; >11.5<25.5 
h; >22 days) no positional changes were recorded. Additionally 
(two sites), its position was determined 34 times (>21 days occu-
pancy) with internal site movements of 1 (7), 3 (1), or 0 (25) m, 
and 9 times (>8<10 days occupancy) with internal site movements 
of 1 (1), 3 (2), 4 (1), and 0 (4) m. 

On 23 September Snake #1 was located 20 m to the south of a 
major ridge it had crossed. This drainage translocation placed the 
snake in a separate basin of Cave Creek on a south-facing slope, 
whereas its former activity was on north-facing slopes. At two 
subsequent sites, Snake #1 was located on a steep talus slope, lack-
ing vegetation except for isolated islands, composed of very an-
gular rocks (surface 5 x 20 cm; some larger, 40 x 70 cm). Such 
slopes dominated the landscape. 

In three of thirteen location changes (periods between encoun-
ters >24 h) time of day is unknown, and in two cases both noctur-
nal and diurnal periods occurred between observations. But in eight 
of the site moves, snake site-location times were of sufficient fre-
quency to provide data on dial movements, all diurnal or crepus-
cular. Three diurnal moves could not be limited to morning or 
afternoon (0900-1440 h; 0635-1430 h; 0955-1920 h). One move 
occurred in the morning (0650-1120 h). And, four of the moves 
occurred in the afternoon (1440-1990 h; 1430-1920 h; 1530-1700 
h; 1722-1824 h). 

Snake #1 vacated one site within a few hours after rain. Five 
rain events occurred while the snake was at the subsequent site, 
but it did not move until six days after the last rain. Then it va-
cated its new site after rain the previous night. Later, three rain 
events occurred while the snake was at a long-term site, but it 
only moved two or three days after the last rain. 

Following release in the canyon bottom, Snake #1 remained in 
the lower areas (24 July-15 August) before beginning a multiply-
site climb in a southeasterly direction over largely northwest-fac-
ing slopes (6 September-14 September). From 14 to 23 Septem-
ber the snake's location was not determined as it crossed over a 
very steep ridge to descend onto a south-facing slope (23 Septem-
ber-3 October). Search efforts between 7 October and 10 Novem-
ber were unsuccessful, and the study was terminated. 

Mean daily movement of Snake #1 over the study period, be-
tween 24 July and 3 October, was 21.8 m/d. During the period 24 
July through 14 September the snake moved 350 m, 6.6 m/d over 
53 days. It then moved an estimated 1000 m or more over 10 days, 
increasing its elevation ca. 500 m. Once relocated to a south-fac-
ing slope, the snake then moved twice, 215 and 8 m, during 11 
days, for a mean distance of 20.3 m/d. Between 14 September and 
3 October (21 days) it moved 223 m plus 1 km, estimated (1223 
m; 78% of the total moved, 1573 m), 37 m/day. 

Snake #2 was located 80 times (usually daily, twice on five days, 
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except when hibernating) over 147 days between 25 August 1999 
and 18 January 2000, after which the transmitter signal failed. Of 
31 sites, nine were occupied on multiple visits indicating the pres-
ence of the snake for, >24 h , > 32 h, >22 h, >19 days, > 7 days/20 
h < 10 days, >22 h, > 45 h, >30< 36 days, >41 days. Thus four 
sites were occupied < 48 h, and four were occupied for periods of 
about eight to >41 days. 

Observation of the snake above ground allowed determination 
of activities at nine sites: 3 September (1425 h), 1 m up the west 
side of a Yucca schottii, <5% of body in the sun, not moving (AT 
26°C); 4 September (1115 h) immobile inside a rock crevasse 6 m 
above ground level (AT 24°C); 9 September (1515 h) elevated 10 
cm in branches of a low tree, 20% in sun (AT 28°C); 10 Septem-
ber (1700 h) 2 m above ground in Pinus leiophylla (AT 28°C); 11 
September (1715 h) 15 cm above ground in branches of Quercus 
hypoleucoides, 0% sun (AT 25 °C); 8 October (1450 h) coiled on 
the ground under a dead oak stump (0% sun); 9 October (0835 h) 
inside a 20 cm opening under a rock (0% sun; AT 14°C); 10 Octo-
ber (1335 h) exposed on leaf litter, crawling (26 °C); 21 October 
(1520 h) in creek bed where it was apparently undergoing a lengthy 
move northward, 106 m from last site and 24 m to next recorded 
site. 

In the creek bed it was watched (1520-1710 h; AT 18-15 °C) as 
it moved 12.5 m, with 3-5 min periods of non-movement, appar-
ently in response to the presence of the observer. Snake move-
ments were similar to those observed with Snake #1 (6 September 
1994): moved with jerky forward-backward movements, head back 
and forth in short jerky motions, but tail moved at slow, relatively 
uniform pace. 

The subterranean position of Snake #2 was determined mul-
tiple times at nine sites. Distance of short within-site changes in 
location were noted (dates and duration of site occupancy): (25-
26 August; > 24 h), 3, 4, and 2 m; (27-28 August; >34 h) 1, 0, and 
4 m; (7-8 September; >22 h) 2 m; (12 September-1 October; >19 
days) position determined 18 times, one 2 m move; (10-18 Octo-
ber; > 7 days) 1 and 4 m; (22 and 23 October; >22 h), 2 m; (26-28 
October; >45 h) 0 and 0 m; (1 November-1 December; >30<36 
days), 12 observations, with four movements of, 1, 1, 1, and 2 m; 
(8 December-18 January; >41 days) five observations with one 
movement of 4 m. 

Many of the sites were steep rocky slopes with angular rock 
rubble and talus, all well or partially vegetated. Seventeen sites 
were recorded as having talus rock and three as having boulder 
complexes. One site (12 Sepetember-1 October; >19 d) was reoc-
cupied (8 December-18 January; >41 d). Therefore, the snake spent 
at least 41%, >60 of 147 d, of its time, in two seasonally-distinct 
occupancies of this site. Two other sites were occupied for periods 
longer than 48 h, (10-18 October, >7 d 20 h<10 d) and (1 Novem-
ber-1 December; >30 d<36 d). 

When the snake was located twice in a day, movements to new 
sites occurred twice during daylight hours, between 0835-1740 h 
and 1335-1635 h. In both cases visual contact had been made at 
the earlier time, potentially influencing the snake's behavior. Times 
and air temperatures of observed surface activity of Snake #2 at 
other sites were as follows: 1425 h, 26°C; 1115 h, 24°C; 1515 h, 
28°C; 1700 h, 25°C; 1715 h, 25°C; 1450 h, no AT; 0835 h, 14°C; 
1335 h, 26°C; 1520-1715 h, 18-15°C. Eleven encounters involved 
diurnal surface activity. 

Snake #2 moved location twice following rains on 28 and 29 
August, but failed to move during a daily rainy period 14-18 Sep-
tember, following a heavy rain on 22 September, and after a lighter 
rain on 23 September. Light rains on 16 October and 24 Decem-
ber failed to result in immediate site relocation. 

Following release on 25 August, Snake #2 remained on lower 
terrace slopes before proceeding southward on 29 August up a 
steep north-facing slope which it continued to climb until 4 Sep-
tember when it reversed general direction to move northward across 
Cave Creek where it climbed the south-facing slope and occupied 
its first long-term site on 12 September. It then returned to lower 
slopes and crossed to the south side of the Creek where it was at 
another long-term site by 10 October. On 21 October it was at the 
Creek and subsequently again moved up the south-facing slopes 
before settling on 1 November. It remained at this site until at 
least 1 December, when it relocated 57 m to reoccupy an earlier 
site (12 September-1 October) where it remained until lost in late 
January, 30-31. The final two sites were on steep south-facing 
slopes. 

During 147 days, Snake #2 made a mean daily distance reloca-
tion of 13.5 m/d. The thirty movements between sites involved a 
total distance of 1987 m, for an approximate mean distance of 66 
m/move (range = 4-175 m). Between release on 25 August and 12 
September the distance covered was 1267 m in 19 d, 66.7 m/d, 
64% of the total distance moved. Then the snake was resident for 
>19 days before resuming frequent movements between 4 Octo-
ber and 1 November. These renewed movements (15) of 663 m 
over 29 days resulted in a mean daily movement of 22 m/d, or 
44.2 m/move. After 1 November the snake moved once, 57 m, 
through 18 January; daily movement during this period was 0.7 
m/d. 

Discussion.—Above ground observations suggest that Green 
Ratsnakes do not spend significant amounts of time in the cano-
pies of trees. While actively moving on the ground surface they 
only seek low objects to increase their elevation. This non-arbo-
real behavior is in agreement with Schulz (1996). Use of low veg-
etative perches might be facilitated by the snake's greenish col-
oration, acting as camouflage. Based on snake body exposures to 
sunlight, snakes appear to be using these perches as basking sites. 
Green Ratsnakes and Sonoran Whipsnakes (Masticophis 
bilineatus) are syntopic in Cave Creek, though the extent of over-
lap in their diets and use of arboreal habitats remains unclear. 

Both ratsnakes were observed to exhibit similarly unusual for-
ward-retreat locomotion. Comparable movement has been noted 
in the Australian Thorny Devil, Moloch horridus (Sherbrooke 1999, 
2005) and in at least two snakes, the Neotropical Vine Snake 
(Oxybelis aeneus; Fleishman 1985) and the Ridge-nosed Rattle-
snake (Crotalus willardi, H. W. Greene and D. L. Hardy, Sr., pers. 
comm.). This slow, forward-retreat behavior for locomotion could 
be associated with the collection of visual and/or chemical cues 
used in orientation during surface movements. Or, it could be a 
method for reducing the likelihood of detection by potential preda-
tors, reducing the reactions of motion sensors in the predator's 
retinal/brain complex, thus inhibiting the processing and identifi-
cation of visual images. 

Both snakes remained at some locations for periods greater than 
a week. Given the large size of boulders under which these snakes 
spend a great portion of their lives, it seems that collectors seek- 
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ing Green Ratsnakes should avoid turning rocks or small boul-
ders, and should consider snakes inaccessible when not exposed. 
Similarly, these microhabitats probably afford the snakes protec-
tion from predators. The evidence of rodent occupation or use at 
two of three long-term sites used by Snake #1 suggests that such 
sites might be associated with prey capture and/or digestion; within 
site movements may facilitate thermoregulation for digestion. 
Green Ratsnakes readily eat rodents in captivity (Schultz 1996), 
and rodents are part of the natural diet (Stebbins 2003). Alterna-
tively, Snake #2's use of its last two long-term sites, after 1 No-
vember, might be better interpreted as being associated with sea-
sonal inactivity. 

Of the 26 diurnal movements of the two snakes, 18 were after-
noon, four were morning, and four were undetermined. It appears 
that surface activity might be most frequent after noon, and prob-
ably extends into evening. Schulz (1996) suggested afternoon and 
evening activity for this subspecies, and a 25 °C preferred body 
temperature for the species (within the range here recorded in Cave 
Creek). For both snakes, surface activities and movements between 
sites were not clearly linked to rainfall events. 

Snake #1 appears to have been actively foraging with three 
interrupted periods of site residency before making a long dis-
tance move to sites with south-facing exposures, on deep talus 
slopes. It seems possible that movements during the summer were 
largely motivated by food acquisition, whereas later in the season 
the snake was moving to an area for potential hibernation. There 
are several possible explanations for the disappearance of the 
snake's signal after 3 October: predation, transmitter failure, move-
ment out of range, or the snake may have moved into a talus slope, 
or surrounding rocky areas, preventing effective signal transmis-
sion. Snake #2 appears to have also been actively foraging with 
two interrupted periods of longer site residency. Beginning 1 No-
vember it may have entered a pseudo-hibernation stage, from which 
it emerged in early December to move to another south-facing 
slope where it remained, although active under the surface, through 
at least 18 January. Subsequently the signal and snake were lost, 
but excavation of the final undisturbed site (31 January 2000) did 
not lead to recovery of the transmitter or snake, suggesting that 
the snake had moved. Transmitter batteries might have failed. 
Movements during December and January by Snake #2 suggest 
that a single hibernation site may not be selected, but rather that 
snakes might continue to relocate during winter. 
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Determining status and trends of crocodilian populations is a 
top priority of crocodile conservation and management programs 
(Bayliss 1987; Thorbjarnarson 1992). A variety of crocodilian sur-
vey methods have been developed (Bayliss 1987; Magnusson 
1982). Spotlight surveys have been used successfully and have 
proven effective throughout the world to evaluate crocodilian popu-
lations (Bayliss 1987; Chabreck 1966; Hutton and Woolhouse 
1989; King et al. 1990; Magnusson 1982; Mazzotti 1983; 1999; 
Thorbjarnarson 1988; Webb et al. 1987; Woodward and Moore 
1993). Spotlight surveys (also termed night counts or eyeshine 
surveys) are environmentally versatile, relatively inexpensive, and 
take advantage of nocturnal crocodilian behavior patterns and en-
hanced visibility due to eyeshine (light reflected from the tapetum 
lucidum) (O'Brien 1990). Surveys are usually conducted with a 
spotlight from a boat, but can also be done from other vehicles or 
on foot. Spotlight surveys report an encounter rate of crocodiles, 
usually as animals per distance of shoreline or river, as an index of 
relative density (Wood et al. 1985). 

Selection of specific survey methods depends greatly upon bi-
ology of the species under study and other considerations such as 
habitat, cost, logistical constraints, and goals of the study (Chabreck 
1966; Magnusson 1982). Regardless of method used, factors that 
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TABLE 1. Number (percentage) of reflectors (experimental eyeshines) spotted by each ob-
server. N equals the number of reflectors available. Exposed reflectors were placed along a man-
grove shoreline and concealed reflectors were placed 1.75 m into mangrove vegetation. The 
difference between exposed and concealed reflectors observed was significantly different for 
both experiments (p < 0.01, Two-Sample t-Test). 

Experiment 1 
Exposed 	Concealed 

Observer 	N = 62 	N = 59 

1 
	

62(100) 	57(97) 
2 
	

62(100) 	54(92) 
3 
	

62(100) 	57(97) 
4 
	

62(100) 	54(92) 

Observer 

Experiment 2 
Exposed 	Concealed 
N = 55 	N = 55 

1 45(82) 13(24) 
2 49(89) 34(62) 
3 50(91) 33(60) 
4 41(75) 35(64) 
5 45(82) 36(65) 
6 49(89) 35(64) 
7 38(69) 30(55) 

influence interpretation of survey results need to be considered, 
and controlled or estimated if possible (Bayliss 1987; Graham and 
Bell 1969). The proportion of animals visible (sightability or de-
tectability) during surveys is an important variable (Gardner and 
Baard 1999; Nichols et al. 2000; Woodward et al. 1996). The prob-
ability of observing a crocodile is dependant upon several factors. 
Environmental variables such as water temperature, water depth, 
wave action, and tidal fluctuations can affect the number of croco-
dilians observed during a spotlight survey (Bayliss 1987; Montague 
1983; Murphy 1977; Woodward and Marion 1978). Habitat con-
ditions, such as shape and complexity of the shoreline, width of 
river or pond, and presence and density of vegetation also affect 
visibility of crocodiles (Thorbjarnarson 1988; Wood et al. 1985). 
Furthermore, visibility of crocodilians may be affected by survey 
craft size and speed, light source (power, color, and location with 
respect to the observer), and observer skill (Bayliss 1987; Wood-
ward et al. 1996). Finally, wariness of individuals to the observer 
(e.g. escape distance) and population density can affect results of 
spotlight surveys (Pacheco 1996; Webb and Messel 1979). In this 
study we examined the effect of shoreline vegetation on visibility 
of crocodiles during spotlight surveys. 

Materials and Methods.—Two experiments were designed to 
imitate a crocodilian spotlight survey. Surveys were conducted 
along Red Mangrove (Rhizophora mangle) shorelines within habi-
tat of the American Crocodile (Mazzotti 1999), Long Sound, Mon-
roe County, Florida, USA. Artificial reflectors were used to mimic 
the presence of crocodiles floating at the surface. One piece of 13 
x 13 mm red reflective tape was attached to 1-inch diameter 
polyvinychloride (PVC) pipes, which were painted black (termed 
reflectors). 

Reflectors were positioned at randomly selected points along 
transects by individuals who did not participate in the surveys. 
Total number of reflectors was calculated with a power analysis 
using a 95% confidence interval and a probability that 80% of 
reflectors visible during the survey would be observed. Half of 
the reflectors (exposed) were placed along the shoreline, at the 
mangroves' edge. PVC pipes used in this treatment group were 
approximately 75 cm in length and were inserted into the mud  

sweeping motion on the side of the boat facing the shoreline. When 
a reflector was observed the boat slowed to approach the shore-
line and identify each reflector as either concealed or exposed. 

In Experiment 2, 110 reflectors, evenly divided between exposed 
and concealed, were placed along two separate 6.4 km shorelines 
(half as dense as Experiment 1). The survey was performed in the 
same manner as in Experiment 1, except only a waypoint was 
recorded with the GPS unit, rather than slowing to approach the 
reflector. Since exposed and concealed treatments were located 
on separate shorelines we knew reflector locations for each and 
only needed to record a GPS coordinate. Waypoints were also taken 
to ensure that only reflectors were counted rather than incidental 
reflective objects (false positives or actual crocodiles). The loca-
tion of reflectors recorded by each observer during a single run 
along the shoreline was verified by overlaying each observer's 
waypoints with the known positions of all reflectors, using a geo-
graphic information system. A Two-Sample t-Test was performed 
to analyze differences between numbers of reflectors observed. 

We hypothesized the effect of shoreline vegetation depth on vis-
ibility of crocodiles by drawing a sigmoid curve through the mean 
proportion of reflectors counted by observers in Experiment 2. 
We assumed that the sighting proportion would continue to de-
cline at a similar rate until it approached zero. Under this hypoth-
esis, few animals would be sighted further than 5 m from shore-
line. 

Results. —Four observers who participated in Experiment 1 lo-
cated all 62 (100%) exposed reflectors, with two observing 54 
(92%) and two observing 57 (97%) concealed reflectors (Table 
1). A significant difference was found between the number of re-
flectors observed that were concealed and those that were exposed 
(p = 0.0003). Approximately 26% fewer reflectors (Table 1, p = 
0.0014) were observed in concealed positions (range 24-65%) than 
exposed positions (range 69-91%). Figure 1 is a hypothetical curve 
of loss of visibility of crocodiles inland from the edge of shoreline 
vegetation. 

Discussion.— Shoreline vegetation decreased visibility of reflec-
tors during surveys. With one exception the proportion of reflec-
tors sighted was consistent within treatments. In the exception (24% 

substrate, leaving the reflective tape just above 
the waterline. The remaining reflectors 
(concealed), 10 cm in length, were placed 
among mangrove roots approximately 1.75 m 
inland from the vegetation edge along the 
shoreline. In both concealed and exposed 
groups, reflectors were placed so that they 
would be available for spotlighting during a 
survey. The location of each reflector was 
recorded using a global positioning system 
(GPS) receiver. 

In Experiment 1, 121 reflectors (59 
concealed and 62 exposed) were placed along 
the same 6 km stretch of shoreline at randomly 
selected points. A boat driver and an observer 
conducted the survey from a 4.6 m skiff. The 
skiff traveled parallel to the shoreline, ap-
proximately 50 m offshore, at a speed ranging 
from 24-27 km/h. A 200,000-candle power 
spotlight was used in a back and forth 
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FIG. 1. Hypothetical curve of crocodiles observed during spotlight sur-
veys relative to distance inland from vegetation edge. Figures on the curve 
reflect results from this study. 

concealed observed in Experiment 2) the observer missed several 
reflectors at the beginning of the survey bringing down the over-
all score. Although many studies acknowledge that decreased 
sightability of crocodiles can occur in vegetated areas (Bayliss 
1987; Da Silveira et al. 1997; Magnusson 1982; Woodward et al. 
1996), even possibly to the point of rendering spotlight surveys 
ineffective (Graham and Bell 1969), few have quantified effects 
of vegetation. In addition, the further the crocodilian is within veg-
etation, the less visible it is (Fig. 1). However, even 5 m inland of 
the mangroves' edge allows for eyeshine detectability. 
Thorbjarnarson (1988) found that in Haiti, shoreline vegetation 
prevented 50% of the crocodiles present from being observed. 

While the results may be intuitive (animals whose eyeshine is 
unobstructed to the observer are more likely to be seen), account-
ing for effect of decreased detection probability is essential for 
developing robust and reliable indices of relative population den-
sity (Bayliss 1987; Gardner and Baard 1999). It may not always 
be possible to get an accurate assessment of detectability (Gra-
ham and Bell 1969), but as long as bias is consistent, the index of 
relative density is stable relative to the true count (Da Silveira et 
al. 1997). When bias cannot be accurately estimated it should be 
minimized through standardized survey design (Graham and Bell 
1969; Magnusson 1982; Wood et al. 1985; Woodward and Marion 
1978). 

In addition to vegetation, density of animals and speed of sur-
vey may have affected detectability. In Experiment 1, we found 
that survey speed affected the number of crocodiles observed. As 
a reflector was approached to determine its placement, additional 
reflectors were sighted that might have otherwise gone unnoticed 
had the boat not slowed to approach the shoreline. Hutton and 
Woolhouse (1989) reported that observer error was much lower 
when the survey was performed at slower speeds. Importantly, 
this suggests that especially at low densities the more crocodiles 
there are, the more likely they are to be observed and that although 
detectability may be consistent among observers it is not constant 
relative to other conditions. Therefore, in habitats where croco-
diles are rare and/or vegetation is dense, animal counts might be 
more accurate at slower boat speeds, if not occasional pauses. Cer-
tainly, approaching individuals to identify species and make size 
estimates increases the likelihood of sighting nearby animals. 

There was relatively little variation in vegetation within shore- 

line areas chosen for these experiments when compared to varia-
tion in vegetation throughout crocodile habitat in northeastern 
Florida Bay, Everglades National Park (Mazzotti 1983, 1999). In 
some areas the edge of shoreline vegetation extended inland 10-
15 m and seaward 25-30 m. Density of shoreline vegetation ranged 
from absent (0% cover) to impenetrable (100% cover). We as-
sume that sightability of crocodiles varies with width and density 
of vegetation as expressed in Fig. 1. Under these conditions a cor-
rection factor for the presence of vegetation is not appropriate. A 
better strategy here is to minimize the effect of vegetation. To 
minimize impact of vegetation on visibility of crocodiles in Florida, 
we recommend that surveys for relative density of crocodiles be 
conducted during low water levels of the spring dry season. 

Bayliss (1972) put goals of crocodile management into three 
main categories: conservation of rare species, harvesting for sus-
tained yield, and control of unacceptable crocodiles. In South 
Florida a new category of "indicator of ecosystem integrity" is 
emerging as the most important objective of crocodilian studies 
(RECOVER 2004; Rice et al. 2005). All of these goals require 
monitoring of long-term trends in population size. Due to con-
straints of time and money, monitoring of crocodilians will de-
pend on using indices of population parameters such as density 
and abundance. This underscores the importance of increasing con-
fidence in estimates of relative population density by estimating 
or controlling potential sources of bias during surveys. 
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Several parthenogenetic species of Aspidoscelis have clonal di-
vergence characterized by distinctive color patterns, with one ex-
ample being A. tesselata (Taylor et al. 1996, 2003; Walker et al. 
1997; Zweifel 1965). Aspidoscelis tesselata is a diploid partheno-
genetic species originating from a recent (Densmore et al. 1989; 
Reeder et al. 2002) single hybridization event (Cordes and Walker 
2003; Maslin 1967) between A. marmorata and A. gularis 
septemvittata (Dessauer and Cole 1989; Dessauer et al. 1996; 
Neaves 1969; Parker and Selander 1976). A second example is A. 
neotesselata (Walker et al. 1997), a triploid parthenogenetic spe-
cies (Wright and Lowe 1967) originating from an A. tesselata x A. 
sexlineata hybridization event (Dessauer and Cole 1989; Neaves 
1969; Neaves and Gerald 1969; Parker and Selander 1976). The 
three pattern classes presently identified in A. neotesselata (A, B, 
and C) are described and illustrated by Walker et al. (1997). Al-
though the geographic ranges of Aspidoscelis neotesselata and A. 
tesselata are largely allopatric, these species share similar distri-
butional characteristics-small, disjunct groups, with an element 
of unpredictability in their locations within expanses of appar-
ently similar or suitable habitats (Hammerson 1999; Walker et al. 
1997; Zweifel 1965). 

An unreported population of Aspidoscelis neotesselata of Pat-
tern Class B was discovered in 1999 by RJR and JS during eco-
logical studies at the Pueblo Chemical Depot (PCD), Pueblo 
County, Colorado. The purpose of the present study was to docu-
ment the presence of A. neotesselata at PCD, describe its unusual 
color pattern variation, illustrate the ontogenetic convergence of a 
color pattern variant on Pattern Class B, and place the PCD popu-
lation in the geographical context of other populations of A. 
neotesselata in its vicinity. 

Typical habitats utilized by A. neotesselata at PCD were associ-
ated with Chico Creek (a shallow, ephemeral tributary of the nearby 
Arkansas River), particularly the west bank and "islands" of low 
relief in its dry, braided channel. Collecting sites were character-
ized by a sandy substrate with one or more of the following fea-
tures: open stands of Sand Sagebrush (Artemisia longifolia), Rab-
bitbrush (Chrysothamnus nauseosus), Siberian Elm (Elmus 
pumila), and Tamarisk (Tamarix ramosissima), or dead, prostrate 
cottonwood (Populus deltoidea) trunks, limbs, and other flood 
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FIG. 1. Color pattern variation among representatives of Aspidoscelis neotesselata from Pueblo Chemical Depot, Pueblo County, Colorado. Left to 
right: Novel color pattern: HLT 2 (78 mm SVL); examples of Pattern Class B (PCD-B), left to right: HLT 5 (81 mm SVL), HLT 20 (88 nun SVL), HLT 
34 (97 nun SVL), HLT 33 (101 mm SVL). 

debris. These sites were also used by A. sexlineata, the paternal 
progenitor of A. neotesselata. 

The PCD sample (Appendix I) can be divided into three groups 
based on color pattern differences. The first group, PCD-B (Fig. 
1), was represented by 14 of 26 individuals fitting the description 
of Pattern Class B of A. neotesselata (Walker et al. 1997). These 
individuals had the vertebral (middorsal) dark field occupied by 
either a single zigzagged line or by a line anteriorly and a linear 
series of spots posteriorly. Vertebral line and spots were white, 
gray, or tan and of similar intensity and hue. 

The second group, PCD-B2 (Fig. 2), comprised 11 of 26 indi-
viduals. Juveniles had an essentially continuous, tightly undulant 
vertebral line with a subdued tan central region and contrasting 
white or gray lateral elements or spots associated with the apices 
of the zigzags. For comparison, a representative of Pattern Class 
B, similar in size to HLT 38 (Fig. 2), is illustrated by Walker et al. 
(1994, their Fig. 2). In PCD-B2, the initial high contrast between 
vertebral line and lateral elements diminishes with growth until 
the principal difference between large individuals of PCD-B and 
PCD-B2 is a thicker vertebral line in the latter (Figs. 1 and 2). 

TABLE 1. Principal component loadings used to generate scores for de-
picting the pattern of meristic variation among individuals of Aspidoscelis 
neotesselata from Pueblo Chemical Depot, Pueblo County, Colorado. 
Abbreviations follow Appendix II. 

Character PC I PC2 

PV-breaks —0.793 0.464 
ILS 0.723 0.267 
GAB 0.717 0.208 
L-breaks —0.701 0.619 
DL-breaks —0.698 0.546 
FP 0.267 0.816 
COS 0.394 0.813 
PV 0.152 0.354 
LSG 0.473 0.489 
SDLT-4 0.299 0.061 

Eigenvalues 3.206 2.705 
Total variance explained 32.1% 27.0% 
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Fla 2. Color pattern variation among representatives of Aspidoscelis neotesselata from Pueblo Chemical Depot, Pueblo County, Colorado. Ex-
amples of the Pattern Class B variant (PCD-B2), left to right: HLT 38 (57 mm SVL), HLT 6 (68 mm SVL), HLT 1 (80 nun SVL), HLT 13 (84 mm 
SVL), HLT 107 (97 mm SVL). Note the wider vertebral line in this variant of Pattern Class B. 

The third group consisted of a single individual with a novel 
color pattern (HLT 2) collected approximately 635 m east of the 
nearest Chico Creek collecting site (Appendix I). Aberrant color 
pattern elements included medially displaced, disrupted paraver-
tebral stripes on the neck, transverse tan bars compromising the 
integrity of the paravertebral stripes posteriorly, and the absence 
of a vertebral line at midbody (Fig. 1). 

Although A. neotesselata at PCD was assignable to Pattern Class 
B based on the final color pattern attained, PCD-B and PCD-B2 
differed in their color pattern transition from juveniles to large 
adults. Unlike isolated cases of novel color patterns that occasion-
ally appear within a known pattern class (e.g., HLT 2, Fig. 1; Walker 
and Cordes 2003), the pattern class denoted as PCD-B2 was rep-
resented by individuals of different size (age) classes—thus by 
different cohorts. The most parsimonious hypothesis is that ge-
netically based color pattern alternatives are being inherited in a 
clonal pattern at PCD. The alternative hypothesis would require 
the action of some unknown epigenetic factor or factors to pro-
duce PCD-B2 individuals on an annual basis. Representatives of  

both PCD-B and PCD-B2 were found at all Chico Creek collect-
ing sites. One feature of Pattern Class B (the extension of dorsal 
dark fields onto the tail, Walker et al. 1997) was highly variable in 
the PCD population, ranging from essentially absent to prominent 
(Figs. 1 and 2). 

We summarized the pattern of morphological variation in the 
PCD population of A. neotesselata by principal components analy-
sis (PCA), with the PCA model (Table 1) based on a correlation 
matrix of 10 meristic characters (Appendix II). With two notable 
exceptions, the PCD sample appeared to represent a single mor-
phological entity as depicted by an ordination of principal compo-
nent scores. Scores for two specimens fell outside the 95% confi-
dence ellipse of sample variation (Fig. 3). One outlier (Fig. 2, HLT 
1) was an individual expressing an extraordinary number of breaks 
(by dark bars) in the lateral stripe (29 total), dorsolateral stripe (8 
total), and paravertebral stripe (18 total). The second outlier (HLT 
2, Fig. 1) was characterized by low counts for GAB (77), FP (34), 
COS (9), and PV (6), all well below the lowest values for the 
balance of the sample. Because PCD A. sexlineata (N = 12) had 
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Flo. 3. Pattern of morphological variation in Aspidoscelis neotesselata 
from Pueblo Chemical Depot, Pueblo County, Colorado. Ordination of 
principal component scores for 26 specimens on the first two principal 
components (Table 1). The ellipse defines 95% of the sample variation 
(the two outliers are described in the text). 

low counts for these characters (GAB, 75.7; FP, 32.5; COS, 6.2; 
PV, 10.1), we considered the possibility that this individual was a 
tetraploid hybrid between A. neotesselata and A. sexlineata. This 
hypothesis was rejected based on the apparent fertility of HLT 2, 
an individual with a developing clutch of three vitellogenic ova-
rian follicles of 6, 6.1, and 5.7 mm diameter and oviducts that 
were expanded and fully functional. 

Because Pattern Class B is the only pattern class of A. 
neotesselata in syntopic contact with both parental species (local 
contact in the vicinity of Higbee, Colorado; Walker et al. 1990, 
1995), we hypothesize, presuming a single hybridization event in 
the origin of A. neotesselata (Walker et al. 1997), that Pattern Class 
B represents the ancestral color pattern. This would imply that 
Pattern Class B2 originated by mutation in Pattern Class B at PCD. 
Other populations of A. neotesselata in the PCD vicinity (Walker 
et al. 1997), and their linear distances from the PCD population 
are Pattern Class B (27 km south at Huerfano Canyon), Pattern 
Class A, (27 km west at Pueblo Nature Center), and Pattern Class 
C (27 km southwest at the historic townsite of Lime). All color 
pattern classes described for A. neotesselata are in closest prox-
imity in this small area. These populations will be particularly 
important in resolving patterns of evolutionary divergence in A. 
neotesselata. 
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APPENDIX I 
Specimens Examined 

Aspidoscelis neotesselata: Pueblo Chemical Depot, Pueblo County, 
Colorado, USA. Along south boundary fence, east of Chico Creek, HLT 
2 (UTM 13S 555537, 4236036); west side Chico Creek (1): HLT 4-6, 
11-13, 22, 107, 136 (UTM 13S 554843, 4236110); (2) HLT 1, 3, 14, 21 
(UTM 13S 554856, 4236332); (3) HLT 18-20, 33-38, 133-135 (UTM 
13S 554734, 4237814). 

APPENDIX II 
Meristic Characters 

GAB = number of granular dorsal scales in a single row around mid-
body (the 15th ventral scale posterior to the axilla established the point 
for beginning this count); COS = bilateral total of circumorbital scales; 
LSG = sum of lateral supraocular granules on both sides of the head (the 
count includes all scales between the supraoculars and superciliary scales, 
anterior to the suture line between the third and fourth supraoculars); FP 
= sum of femoral pores on both thighs; L-breaks = total number of inter-
ruptions by black pigment of the lateral stripes; DL-breaks = total num-
ber of interruptions by black pigment of the dorsolateral stripes; PV-breaks 
= the total number of interruptions by black pigment of the paravertebral 
stripes; PV = number of scales between paravertebral stripes at midbody; 
SDL-T4 = number of subdigital lamellae on the fourth toe of one foot 
(right was chosen unless damaged); ILS = all interlabial scales between 
the lower labials and sublabials counted anterior to the suture line be-
tween 5th and 6th lower labials; SVL = length of body from tip of snout to 
posterior edge of preanal scales (in mm). 
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Costs of parental care may include increased risk of predation, 
reduced mating opportunities, and reduced food intake (Crump 
1995). The latter cost is particularly important to females as they 
have a large gametal investment compared to males. Consequently, 
reduced food intake may limit future clutches, reduce the number 
of eggs per clutch, and retard growth rate which, indirectly, also 
may decrease fecundity as it is correlated with female size (Salthe 
and Duellman 1973). 

The benefits of parental care to reproductive success have been 
documented for certain species, but the costs have been rarely  

quantified (Crump 1995). Simon (1983) reported reduced feeding 
in Cophixalus parkeri (Microhylidae) and Townsend (1986) found 
similar results for Eleutherodactylus coqui (Leptodactylidae). Pa-
rental care in these species requires that the parent remain near the 
clutch; this behavior may negatively affect foraging activity 
(Crump 1995). 

Crump (1995) suggested that the cost of parental care is reduced 
in species that transport eggs because carrying eggs adhered to the 
body does not preclude foraging activity and causes no reduction 
in the feeding efficiency. Transport of eggs is known in four anu-
ran families: Discoglossidae, Hylidae, Pipidae, and 
Myobatrachidae (Duellman and Trueb 1986). Female Pipa carry 
eggs in the dorsal skin, where either tadpoles or juveniles emerge, 
according to the species (Trueb and Cannatella 1986). 

Data concerning the diet of Pipa carvalhoi (Miranda Ribeiro, 
1937) are scarce and anecdotal. The species is aquatic but Myers 
and Carvalho (1945) observed some individuals leaving a lake 
during and after a rain, apparently foraging for insects. Weygoldt 
(1976) described the feeding behavior of Pipa carvalhoi, and also 
reported some types of prey. Nevertheless, his study was performed 
in the laboratory and, therefore, the number of available kinds of 
prey was limited. There are no studies analyzing food items in the 
diet of this species under natural conditions. 

We studied the diet of Pipa carvalhoi in seminatural conditions 
and compared the diet of females carrying developing eggs on 
their backs to the diet of males and females without eggs, in order 
to analyze the influence of this kind of parental care on feeding. 

Materials and Methods.-Specimens were collected by U. 
Caramaschi on 11 March 1986 at the campus of Comissao 
Executiva do Plano da Lavoura Cacaueira -CEPLAC, Municipal-
ity of BMus, State of Bahia, Northeastern Brazil. Specimens were 
collected in a fishfarm pool with no fish at the time of collecting 
(U. Caramaschi, pers. comm.). All specimens are deposited in the 
herpetological collection of Museu Nacional, Rio de Janeiro, Bra-
zil (MNRJ 19527, 19529-30, 19533, 19535-36, 19538, 19540- 
19550, 19554-19559, 19566, 19573, 19589-90, 19596-97, 19605, 
19608, 19610, 19612, 19620, 19633, 19645, 19676, 19685, 19698, 
19701, 19704, 19707-19709, 19711, 19714, 19717, 19719, 19728, 
19741, 19749, 19760, and 19766). In 2003, 54 specimens were 
analyzed and grouped into three classes: six females transporting 
eggs, 20 females without eggs, and 28 males. The snout-vent length 
(SVL) and the mouth width (MW) of each specimen were mea-
sured with calipers (nearest 0.05 mm). The stomachs were removed 
and food items were identified and counted under a stereomicro-
scope. Stomach contents were dried in an oven and weighed on an 
electronic balance (nearest 0.001 g). 

Numeric frequency (%n, = n i l 	where n, is the number of 
prey of category i) and occurrence frequency (%oc, = oc, / N, where 
oc, is the number of stomachs with category i and N is the total 
number of analyzed stomachs) were calculated based on the prey 
categories found in the stomach contents of each class. Statistical 
analyses were performed after testing for assumptions 
(homocedasticity, normality, and parallelism); when appropriate, 
non-parametric techniques were employed. Analyses of covari-
ance (ANCOVA) were conducted to compare the mass of stom-
ach contents among classes, using SVL as the covariant variable 
to remove the effect of size difference among classes. The non-
parametric Kruskall-Wallis test was performed to compare the 
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TABLE 1. Total number of prey (N), numeric frequency (%n), and occurrence frequency (%oc) of prey categories in the diet of each class of Pipa 
carvalhoi. NI indicates unidentified items. M (Q 1 ;Q3) show the median, first and third quartiles in the distribution of the number of prey per specimen. 

Category 

Females carrying eggs Females without eggs Males 

N %n %oc N %n %oc N %n %oc 

Chironomid larvae 288 98.3 100 816 98.1 70.0 1103 99.2 82.1 
Diptera - adult 1 0.3 16.7 1 0.1 3.6 
Other Diptera Larvae 1 0.1 5.0 2 0.2 3.6 
Formicidae 1 0.3 16.7 
Amphipoda 11 1.3 15.0 3 0.3 14.3 

Arachnids 2 0.7 33.3 
Pipa tadpole 1 0.1 5.0 
Odonata Larvae 1 0.1 5.0 2 0.2 7.1 
NI Arthropoda 2 0.2 10.0 
NI Larvae 1 0.3 16.7 1 0.1 3.6 

Fragmented material 
and grains of sand 

66.7 50.0 53.6 

M (Q,;Q) 41.5 (16.0;78.0) 17.0 (1.0;45.0) 22.5 (2.0;62.0) 

number of prey in the stomach contents and the number of catego-
ries ingested by different classes. Similarity among diets of the 
different classes was calculated by Pianka's Overlap Index (Krebs 
1989). 

Results.-Aquatic arthropods were the most frequent prey items 
we found in Pipa carvalhoi stomachs (Table 1). Chironomid lar-
vae represented most of the prey (> 98%) and were found in nearly 
all specimens of the three classes (%oc varied from 70 to 100%). 
Fragmented material and grains of sand were also a dominant com-
ponent of the stomach contents (%oc 50% or higher). 

There was no difference in mass of stomach contents among the 
three classes (F 244 = 0.94; p = 0.40). There were also no differ-
ences among classes in number of prey per stomach (H [2, N = 
44] = 0.68, p = 0.71) or the number of prey categories per stomach 
(H [2, N = 54] = 5.23, p = 0.07). The diet of the three classes was 
qualitatively similar (Overlap Index approximately 0.9999 con-
sidering all possible combinations), probably due to the high nu-
meric frequencies of chironomid larvae in all classes. 

Discussion.-Our results show that female Pipa carvalhoi car-
rying eggs at this site had no difference in food ingestion com-
pared to males or females without eggs. It suggests that carrying 
eggs in Pipa carvalhoi is a kind of parental care that does not 
affect diet, at least in the studied population, probably because it 
does not interfere with the mobility of parents, supporting the hy-
pothesis suggested by Crump (1995). 

All three classes appeared to feed mainly in water. If these frogs 
leave the water to forage, as suggested by Myers and Carvalho 
(1945), this habit was not frequent in the studied population. 

According to Weygoldt (1976), Pipa carvalhoi captures chirono-
mid larvae together with sediment and sand, sucking the larvae 
into the mouth. This author observed that although the frog dis-
cards some of the sand before ingesting the larvae, much of the 
sand and sediment is ingested with the prey. This behavior might 
explain the high frequency of fragmented material and grains of 
sand found in the stomach contents of the three analyzed classes. 

Acknowledgments.-Thanks are extended to Martha Crump and Daniel 
S. Fernandes for their helpful suggestions on the manuscript; to Marcia 
S. Couri and Carlos Frederico D. Rocha for loaning equipment; to 
Conselho Nacional de Desenvolvimento Cientffico e Tecnologico - CNPq, 
Fundacao Carlos Chagas Filho de Apoio a Pesquisa do Estado do Rio de 
Janeiro - FAPERJ, and Fundacao de Apoio a Pesquisa do Estado de Sao 
Paulo - FAPESP for financial support and to Programa de Iniciacao 
Cientffica Junior - PICJr. C. Canedo acknowledges the Coordenacao de 
Aperfeicoamento de Pessoal de Nivel Superior - Capes for the fellow-
ship. 

LITERATURE CITED 

CRUMP, M. L. 1995. Parental care. In H. Heatwole and B. K. Sullivan 
(eds.), Amphibian Biology: Social Behavior, pp. 518-567. Surrey Beatty 
& Sons, Australia. 

DUELLMAN, W. E., AND L. TRUEB. 1986. Biology of Amphibians. McGraw 
Hill, New York City, New York. 

KREBS, C. J. 1989. Ecological Methodology. Harper Collins Publishers, 
New York. 

MYERS, G. S., AND A. L. CARVALHO. 1945. Notes on some new or little-
known Brazilian amphibians, with an examination of the history of the 
Plata salamander, Ensatina platensis. Bol. Mus. Nac. (N.S.) Zool. 35:1-
39. 

SALTHE, S. N., AND W. E. DUELLMAN. 1973. Quantitative constraints asso-
ciated with reproductive mode in anurans. In J. L. Vial (ed.), Evolu-
tionary Biology of the Anurans, pp. 229-249. University of Missouri 
Press, Columbia, Missouri. 

SIMON, M. P. 1983. The ecology of parental care in a terrestrial breeding 
frog from New Guinea. Behay. Ecol. Sociobiol. 14:61-67. 

TOWNSEND, D. S. 1986. The costs of male parental care and its evolution 
in a neotropical frog. Behay. Ecol. Sociobiol. 19:187-195. 

TRUEB, L., AND D. C. CANNATELLA. 1986. Systematics, morphology, and 
phylogeny of genus Pipa (Anura: Pipidae). Herpetologica 42:412-449. 

WEYGOLDT, P. 1976. Beobachtungen zur biologie and ethologie von Pipa 
(Hemipipa) carvalhoi Mir. Rib., 1937 (Anura, Pipidae). Zeit. 
Tierpsychol. 40:80-99. 

Herpetological Review 37(1), 2006 
	

45 



Herpetological Review. 2006. 37( I ), 46-47. 

0 2006 by Society for the Study of Amphibians and Reptiles 

Observations of Courtship, Copulation, and 
Gestation in the Wet Tropical Endemic Skink 

Carla rubrigularis 

AMANDA M. LANE 
School of Biological Sciences, University of Sydney, Australia, 2006 

e-mail: alane@bio.usyd.edu.au  

Carlia rubrigularis (Ingram and Covacevich 1989) is a small 
(maximum 55 mm SVL; Cogger 2000), ground dwelling, 
heliothermic skink, endemic to the Wet Tropics region of north 
Queensland, Australia. Adults are sexually dimorphic, with females 
averaging heavier (3.1 g) and longer (50 mm SVL) than males 
(2.6 g, 46 mm SVL). Though morphologically conservative in 
scalation and other taxonomically important characters, members 
of the genus Carlia are highly variable in color (Cogger 2000). 
Presence of a distinctive red flush on the throat that extends around 
the neck and forearms in breeding males distinguishes Carlia 
rubrigularis from other members of its genus. 

Carlia rubrigularis is an oviparous seasonal breeder, mating 
occurring at the onset of the wet season in September (Wilhoft 
1963a). Like all congeners for which it is known, C. rubrigularis 
lays two eggs per clutch (Cogger 2000; Greer 1990); and multiple 
clutching is likely (Wilhoft 1963a; 1963b). Only one brief obser-
vation of courtship exists, where a male was seen to grasp a fe-
male in his jaws just behind her right forelimb and attempt copu-
lation, but the female broke free and fled (Wilhoft 1963a). Scant 
data on reproductive behavior in C. rubrigularis led me to sum-
marize observations I made in the field and during the course of 
mate choice trials. 

During 30 mate choice trials conducted in the austral spring and 
summer (September to February) 2000-2001, I observed 19 court-
ship episodes when an adult female was placed in a 375-liter tank 
(100 x 75 x 50 cm) with two adult males that were tethered to 
different sides of the tank, partly divided by an opaque plastic 
partition. Two additional observations of courtship were made in 
the field at Gillies Lookout, an open eucalypt woodland in the 
Wet Tropics District (171 0'13"S, 145 °41'15"E; elev. 720 m). Both 
courting pairs were observed in the undergrowth, near dense grassy 
tussocks ca. 50 cm high. Only one of these 21 interactions resulted 
in a successful copulation. 

Courtship.—Both sexes initially investigated their conspecific 
using tongue flicks to the body, as seen in other lizards (Carpenter 
and Ferguson 1977; Mason 1992) and other species of Carlia 
(Langkilde and Schwarzkopf 2003; Whittier 1993), implying a 
role for pheremonal cues in sexual identification and stimulation. 
The courting male then performed a body shudder/spasm, involv-
ing jerking, quivering and twitching movements of the whole body. 
Head bobbing, tail twitching and a steady approach of the female 
accompanied the body shudder behavior at least 80% of the time. 
This behavior lasted between 4 sec and 6 min and could occur 
intermittently over the 30 min interval of the mate choice trial. 
Non-receptive females either fled, flicked their tails rapidly, or 
laterally presented to the male by orienting the longitudinal axis 
broadside while flattening the body dorsoventrally. After several  

seconds of tail flicking or lateral presentation the male either ceased 
performing the shudder behavior and approaching or, if he contin-
ued his approach, the female moved beyond his tethered reach. 
Lateral presentation is generally considered to be an aggressive/ 
rejection behavior (Whittier 1993), as is tail flicking (Langkilde 
and Schwarzkopf 2003). If the female remained in a fixed posi-
tion, allowing the male's approach, the male attempted to grasp 
her at the lateral mid-body region in his jaws. At this stage, the 
one receptive female became limp, whereas all other females bit 
the male repeatedly until able to escape his grasp. 

Observations made in the field were largely consistent with those 
made in the lab, except that the initial investigative tongue flicks 
were to the air rather than to the body region and the body shud-
dering and approach towards the female occurred extremely 
quickly in the field, with the entire episode lasting less than one 
minute in both cases. In the field, one female rejected the male by 
laterally presenting; the second female rejected the male by flee-
ing. 

Copulation.—When the one receptive female became limp 
within the jaws of the male, he carried her to a corner of the tank 
and manipulated his cloaca into contact with hers by pushing her 
sideways while bringing the base of his tail up and under hers. 
The right hemipene was intromitted and the copulation lasted 6 
min and 47 sec. This is similar to the 3-4 min copulatory interval 
reported in Carlia jarnoldae (Langkilde and Schwartzkopf 2003) 
and the 3-5 minutes reported in Carlia rostralis (Whittier 1993). 
Throughout the copulatory interval, the female remained immo-
bile in the jaws of the male, with the male positioned roughly 
crossways on top of her and with the end portion of his tail undu-
lating in front of her head. When copulation ceased, the male loos-
ened his grip and the female fled to another part of the tank. 

Gestation.—I captured 52 female C. rubrigularis between 19 
September and 29 October 2000, over 75% of which were gravid, 
and all of which were housed with female conspecifics. The last 
clutch of eggs laid by this group of females was on 11 December 
2000. Although their mating dates are unknown, this indicates a 
gestation period of at least 43 days. The aforementioned success-
ful copulation occurred on 23 November 2000 and this female 
laid two eggs on 3 January 2001. This 41-day gestation is roughly 
congruent to the 43-day estimate. 
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Amphibian species disappearances, population declines and 
massive mortalities have been among the most enigmatic global 
biodiversity problems in recent decades (Blaustein and Kiesecker 
2002). The discovery of chytridiomycosis, a cutaneous disease 
caused by the chytrid fungus Batrachochytrium dendrobatidis 
(Berger et al. 1998; Daszak et al. 2003), has assumed a prominent 
place in current investigations on the possible causes of many of 
these events. 

Despite its recent discovery, chytridiomycosis now has been 
reported in 39 countries, on six continents (Woodhams et al. 2003), 
including Venezuela (Bonaccorso et al. 2003; Hanselmann et al. 
2004). One hypothesis that explains the worldwide distribution of 
this pathogen argues that it has recently originated and dispersed 
through naive populations by human activities. Alternatively, B. 
dendrobatidis may have been a widespread organism associated 
with amphibians, but recent global environmental changes altered 
this pre-existing relationship, favoring the occurrence of epidem-
ics in different parts of the world (Berger et al. 1998; Daszak et al. 
1999). The low genetic variability among geographic strains 
(Morehouse et al. 2003) and the presence of the pathogen in am-
phibians of the trade market (Hanselmann et al. 2004; Mazzoni et 
al. 2003) have favored the former hypothesis (Daszak et al. 2001; 
Weldon et al. 2004). Nonetheless, the presence of B. dendrobatidis 
in many so-called 'pristine' habitats, relatively removed from hu-
man impact, continues to be puzzling. 

One corollary to the hypothesis of human-mediated transloca-
tion of B. dendrobatidis is that the pathogen should be absent from  

areas isolated from human influence. The presence of the patho-
gen in such areas, therefore, would challenge this hypothesis. This 
corollary, however, is extremely difficult to refute because the prob-
ability of detecting declines in these areas is very low; very few 
amphibian studies are carried out in remote locations with a his-
tory of limited human contact. 

Retrospective analysis of herpetological museum notes revealed 
amphibian mortalities at the Chimanta Massifs and Auyan-tepui 
in the Venezuelan Guayana region, South America (Ayarzagiiena 
et al. 1992; Gorzula and Senaris 1998). These two reports are simi-
lar to many others in three aspects; they occurred at high altitudes 
(>1800 m), in pristine habitats, in the late 1980's. However, in 
contrast to other sites where unexplained mortalities were reported, 
these sites are located in remote areas that have been visited by 
humans only during a few scientific explorations. Not only are 
they difficult to reach and unsuitable for human occupation, but 
Amerindian communities have long believed that these are places 
forbidden for humans. Chimanta Massif is an assemblage of 10 
sandstone table mountains with a summit area of 1470 km'. The 
first expedition was recorded in 1946, and seven more were docu-
mented between 1946 and 1978 (Huber 1992). In contrast, Auyan-
tepui is a large mountain of ca. 700 km 2 . Although these are some 
of the best explored of all table mountains in the Venezuelan 
Guayana region, these visits have been restricted to few locations 
mostly in the south-central areas (Huber 1995). Between 1983 and 
1986, a group of scientists conducted expeditions to the highlands 
of these mountains (Huber 1992). Historical records indicate that 
this particular site was only previously visited in 1946. Many dead 
adult frogs of Tepuihyla edelcae, an endemic species of the sum-
mits of these two massifs, were observed at Chimanta, Akopan-
tepui (Ayarzagiiena et al. 1992) and Auyan-tepui during 1984 
(Gorzula and Setiaris 1998). Our objective was to determine whether 
B. dendrobatidis could be associated with these mortalities. 

Herein, we examined histological samples prepared from 37 
specimens of T edelcae deposited at Museo de Historia Natural 
La Salle (MHNLS), Caracas, collected during expeditions to these 
localities (Table 1). All animals were alive at the time of collec-
tion, except for specimens MHNLS 11002 and MHNLS 11003, 
both collected on 27 March 1984 at Chimanta XI and XII. Six of 
the specimens collected alive were found at nearby sites and within 
two days (25-28 March 1984) of the collection date of the two 
dead animals. Four toe clips including interdigital membranes and 
one piece of ventral skin were obtained from each individual. Tis-
sue samples were washed in phosphate buffer, dehydrated through 
a graded alcohol series, embedded in paraffin wax, sectioned at 
5mm and stained with haematoxylin and eosin (Berger et al. 1999). 
A total of 12 sections, three for each toe clip, were examined on a 
light microscope for each frog. 

No empty or developing zoosporangia of B. dendrobatidis or 
skin lesions were observed in any of the 444 histological sections 
examined. Some sections of the specimens found dead showed 
signs of sloughing, but we found no evidence of the pathogen. 
This pathogen may go undetected in populations with a very low 
infection rate because histological analyses tend to underestimate 
the prevalence of B. dendrobatidis (Boyle et al. 2004). Although 
some frog communities that suffered drastic declines showed a 
low prevalence of infection (15-28%), this was recorded eight 
years post-decline (Retallick et al. 2004). During disease-induced 
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population crashes, the preva-
lence is expected to be much 
higher. In the Andean region, 
B. dendrobatidis was detected 
in 67% of Atelopus specimens, 
all caught alive, at the time of 
population declines (Lampo et 
al., in press). If B. 
dendrobatidis had infected 
these populations and pro-
duced mortalities in many 
adult frogs, the probability of 
not detecting infection in 37 
specimens would be relatively 
low. We therefore conclude 
that the mortality events re-
corded in 1984 at the Chimanta 
Massifs and Auyan-tepui were 
likely not a result of 
chytridiomycosis. Observa-
tions carried out in later expe-
ditions indicated that the mor-
tality events observed during 
1984 were not common. What 
caused these mortalities re-
mains unclear, although global 
climatic changes seem a rea-
sonable candidate because 
most of these sites have not 
been subjected to direct human 
disturbances. Pounds et al. 
(1999) hypothesized that warm 
episodes of El Niiio/Southern 
Oscillations produced a higher 
elevation cloud base in tropi-
cal mountains in Costa Rica 
during 1983. The possible ef-
fects of this phenomenon on 
the local weather of these sum-
mits are unknown. These high-
lands, characterized mostly by 
montane shrublands, meadows 
and open rock communities 
with forests restricted to large 
depressions or streamsides, are 
covered by clouds most of the 
year. Local climate data are un- 

Location Elevation 
(m) 

Latitude Longitude Collection 
Date 

Auyan-tepui 1970 5°58'N 62°29' W 5/25/1984 

Auyan-tepui 1970 5°58'N 62°29'W 5/25/1984 

Auyan-tepui 1970 5°58'N 62°29'W 5/25/1984 

Auyan-tepui 1630 6°02'N 62°40'W 11/13/1984 

Auyan-tepui 1630 6°02'N 62°40'W 11/13/1984 

Auyan-tepui 1630 6°02'N 62°40'W 11/13/1984 

Auyan-tepui 1900 6°01'N 62°26'W 1/17/1986 

Auyan-tepui 1900 6°01'N 62°26'W 1/17/1986 

Chimanta XV 2100 5°08'N 62°07' W 3/4/1986 

Chimanta XV 2100 5°08' N 62°07'W 3/4/1986 

Chimanta XV 2100 5°08'N 62°07' W 3/4/1986 

Auyan-tepui 1950 5°57'N 62°25'W 8/27/1983 

Auyan-tepui 1950 5°57'N 62°25'W 8/27/1983 

Auyan-tepui 1950 5°57'N 62°25'W 8/27/1983 
Auyan-tepui 1950 5°57'N 62°25'W 8/27/1983 
Auyan-tepui 1950 5°57'N 62°25' W 8/27/1983 
Chimanta V 2200 5°12'N 62°19'W 2/1/1984 
Chimanta V 2200 5°12'N 62°19'W 2/1/1984 

Chimanta VIII 2250 5°15'N 62°01'W 2/10/1984 
Chimanta VIII 2250 5°15'N 62°01'W 2/12/1984 
Chimanta VIII 2250 5°15'N 62°01'W 2/12/1984 
Chimanta VIII 2250 5°15'N 62°01'W 2/12/1984 
Chimanta VIII 2250 5°15'N 62°01'W 2/12/1984 
Chimanta VIII 2250 5°15'N 62°01'W 2/12/1984 
Chimanta VIII 2250 5°15'N 62°01'W 3/26/1984 
Chimanta VIII 2250 5°15'N 62°01'W 3/26/1984 
Chimanta VIII 2250 5°15'N 62°01'W 3/28/1984 
Chimanta VIII 2250 5°15'N 62°01'W 3/28/1984 
Chimanta XVII 2150 5°19'N 62°12'W 3/14/1986 
Chimanta XVII 2150 5°19'N 62°12'W 3/14/1986 
Chimanta XVII 2249 5°15'N 62°01' W 3/25/1984 
Chimanta XIII 1950 5°12'N 62°05'W 2/10/1985 
Chimanta IX 1920 5°11'N 62°02'W 11/15/1984 
Chimanta IX 1920 5°11'N 62°02'W 2/16/1984 
Chimanta X 1960 5°13'N 62°05'W 3/27/1984 
Chimanta XI 2000 5°12'N 62°06'W 3/271984 
Chimanta XII 1800 5°00'N 61°59'W 3/27/1984 

TABLE 1. Collection data of Tepuihyla edelcae examined from Museo de Historia Natural La Salle (MHNLS). 

Catalog Number 

MHNLS 10625 

MHNLS 10628 

MHNLS 10629 

MHNLS 10632 

MHNLS 10633 

MHNLS 10634 

MHNLS 10731 

MHNLS 10733 

MHNLS 10747 

MHNLS 10748 

MHNLS 10749 

MHNLS 10780 

MHNLS 10781 

MHNLS 10782 

MHNLS 10785 

MHNLS 10787 

MHNLS 10959 

MHNLS 10961 

MHNLS 10972 

MHNLS 10976 

MHNLS 10977 

MHNLS 10978 

MHNLS 10980 

MHNLS 10982 

MHNLS 10996 

MHNLS 10998 

MHNLS 11007 

MHNLS 11009 

MHNLS 10761 

MHNLS 10763 

MHNLS 10994 

MHNLS 10676 

MHNLS 10986 

MHNLS 10991 

MHNLS 11001 

MHNLS 11002 

MHNLS 11003 

available and weather patterns 
are totally different from those at adjacent lowlands, with up to 
23°C daily variations in temperature. These variations, however, 
are likely to be amplified during warm years. 

The link between chytridiomycosis, human activity and climate 
change is one fundamental question in amphibian conservation. 
Although the data presented here cannot be conclusive in demon-
strating the absence of B. dendrobatidis in frog populations of T 
edelcae, the accumulation of evidence pointing to the absence of 
this pathogen from secluded areas is important in evaluating the 
hypothesis of human mediated dispersal of this pathogen. 
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Nest site choice in reptiles has received increasing attention in 
the last 10 years, and several studies have linked maternal choices 
with nest temperatures (Kolbe and Janzen 2002; Weisrock and 
Janzen 1999), moisture (Miller et al. 1987; Packard 1991), em-
bryonic survival (Doody et al. 2004; Wilson 1998), offspring sex 
(Doody et al. 2004; Roosenberg 1996), and other offspring phe-
notypes (Allsteadt and Lang 1994; Shine and Harlow 1996). The 
recent finding that reptile mothers may allocate sex (Olsson and 
Shine 2001) further highlights the importance of future studies of 
nest site choice in reptiles, and emphasizes the importance of the 
links among nest site choice, nest temperatures, and the develop-
ing embryo. 

Quantifying nest site choice in the field, however, has not al-
ways been straightforward for several reasons. First, traditionally 
most studies measure attributes of nest sites that likely explain 
less variation in nest temperatures than would openness (e.g., as-
pect, slope, substrate, distance from vegetation). Second, (argu-
ably) the most important structural attribute of nest sites-open-
ness-is often poorly estimated. At worst openness has been esti-
mated by eye, at best with a spherical densiometer, and nest sites 
are often lumped in into 'shaded' and 'unshaded or exposed' cat-
egories, which might obscure important factors influencing nest 
site choice (Pringle et al. 2003). For example, in species with tem-
perature-dependent sex determination that nest only in open ar-
eas, a small difference in canopy openness between two nests, 
undetected by the method of classifying both as 'unshaded', can 
be the chief determinant of hatchling sex. Third, despite the im-
portance of openness to nest temperatures, openness should not 
be used as a surrogate for incident radiation received by the nest 
site. Depending on the location of canopy gaps relative to the sun's 
path, there is often substantial variation in incident radiation in-
tensity and hence temperature among sites with the same open-
ness (Pringle et al. 2003), especially at sites with topographic re-
lief (pers. obs.). Finally, incident radiation intensity is often not 
directly measured at the nest site because of the cost of monitor-
ing a large number of nest sites with solar radiation data loggers. 

Herein, we describe the use of hemispherical photography (HP) 
and gap light analysis (GLA) as an efficient and precise way to 
quantify nest site choice in reptiles. Specifically, this method quan-
tifies canopy openness and incident radiation intensity for each 
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TABLE 1. Example output from Gap Light Analyzer. The italicized rows refer to incident (solar) radiation. Low latitude = Cairns; high latitude = 
Highlands of southern New South Wales, Australia. Dates reflect typical incubation times and periods for the sites. The two key output data rows are 
emboldened. Trans = transmitted; Extra = extraterrestrial. 

Output 

Attribute 
nest photograph 

from low latitude site 
(Fig. 1, top) 

run for 15 Sep-15 Dec 

nest photograph 
from high latitude site 

(Fig. 1, bottom) 
run for 20 Dec-20 Mar 

nest photograph 
from low latitude site 

(Fig. 1, top) 
run at high latitude 

nest photograph 
from low latitude 

(Fig. 1, top) 
run for 1 Jan-1 Apr 

% Sky Area 100 100 100 100 
% Mask Area 0 0 0 0 
% Canopy Openness 21.23 52.25 21.23 21.23 
% Site Openness 21.23 52.25 21.23 21.23 

LAI 4 Ring 1.93 0.25 1.93 1.93 
LAI 5 Ring 2.61 0.51 2.61 2.61 

Units MJ m-2 d-1 MJ m-2 d-1 MJ m-2 d-1 MJ m-2 d-1 
RB 1 1 1 
RD 1 1 1 
Extra (Wm-2) 456.46 461.93 439.12 332.46 
Above Direct 10.5 10.51 10.17 7.06 
Above Diffuse 10.5 10.51 10.17 7.06 
Above Total 21 21.02 20.34 14.12 
Above Direct Mask 10.5 10.51 10.17 7.06 
Above Diffuse Mask 10.5 10.51 10.17 7.06 
Above Total Mask 21 21.02 20.34 14.12 
Trans Direct 6.73 9.85 4.42 3.14 
Trans Diffuse 3.74 7.84 3.62 2.51 
Trans Total 10.46 17.69 8.04 5.65 
% Trans Direct 64.06 93.72 43.5 44.51 
% Trans Diffuse 35.57 74.62 35.57 35.57 
% Trans Total 49.81 84.17 39.53 40.04 

nest site (Frazer et al. 1999). In most cases, we believe that these 
two attributes would be the most influential and therefore most 
important contributors to nest temperatures, although we acknowl-
edge the potential importance of other attributes (e.g., aspect, 
Janzen 1994; slope, McCune and Keon 2002). Using these two 
techniques we determined openness and incident radiation for > 
300 nests of the water dragon, Physignathus leuseurii and several 
nests of the southern forest dragon Hypsilurus spinipes. These 
agamid lizards inhabit eastern Australia and excavate a shallow 
nest typical of many lizards, turtles, the tuatara, and some croco-
dilians. 

The technique involves the use of a camera in the field and a 
computer analysis of the resultant images. We used a Nikon 
Coolpix®  995 digital camera with a Nikon FC-E8 ®  fisheye con-
verter lens to take hemispherical photographs. The camera was 
placed on a level surface at the nest site at ground level, and ori-
ented to magnetic north. This orientation allows the computer pro-
gram to track the sun's path across the sky (through the canopy) 
for estimation of incident radiation. Care was taken to make sure 
the observer was not in the photograph (or at least blocking any 
sky). This was achieved by taking the photograph while lying on 
the ground. An alternative method would be to employ a short 
tripod (e.g., 18 cm tall, Pringle et al. 2003), but the researcher 
would need to demonstrate that this would not introduce addi- 

tional error. Because reflection of incident radiation off leaves in-
troduces considerable error in estimating canopy cover or open-
ness, photographs should be taken during the first two hours after 
dawn or the last two hours before dark, or at any time on overcast 
days. 

Hemispherical photographs were analyzed using the program 
Gap Light Analyzer Version 2.0 (Frazer et al. 1999; available for 
free download at http://www.rem.sfu.ca/forestry/downloads/  
gap_light_analyzer.htm). This program estimates canopy cover 
(openness), and incident radiation at the site. The program uses 
location and season data (the user inputs latitude, elevation, and 
dates of interest) to plot the sun's pathway through the canopy and 
thereby estimate incident radiation at the site of interest per unit 
time. Because we were interested in latitudinal variation in open-
ness and incident radiation on nest sites and how these attributes 
influenced nest temperatures, we input 90 days into the analysis 
to approximate incubation time. 

Several other specific inputs can be adjusted depending on the 
analysis required. For example, we calculated a cloudiness index 
(Kt) for each site for each month (instead of using the default of 
0.5) because we were concerned that this could vary appreciably 
among sites (i.e., one of our sites was in rainforest). We calculated 
Kt using the formula Kt = H/H o, where H = the amount of global 
radiation incident at the ground, and H o  = the amount of extrater- 
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FIG. 1. Hemispherical photographs from Physignathus nest sites in (top) 
a tropical rainforest site near Cairns, and (bottom) a cold temperate moun-
tain site near Canberra. 

Specifically, HP & GLA allowed us to determine how these liz-
ards, which span environmental extremes, were compensating for 
climate differences to produce viable sex ratios. Our major find-
ings (Doody et al., in press), were that both openness and incident 
radiation intensity at the nest site were both positively related to 
latitude, minimum and maximum mean monthly air temperatures, 
and soil temperature. Table 1 (columns 1 and 2) gives an example 
of the difference in openness between high and low latitude nests 
(nests at the lowest latitude site averaged around 20% compared 
to near 50-60 % for the highest latitude sites. A spherical 
densiometer estimates only canopy openness, while HP & GLA 
combine to give both openness and incident radiation at the nest 
site. This distinction is important, because openness is not neces-
sarily a surrogate for incident radiation at the nest site. Two nest 
sites can have the same openness but very different radiation in-
tensities, as demonstrated in Table 1. The same openness (photo-
graph = Fig. 1, top) produced very different radiation intensities 
when run through GLA for different latitudes (Table 1, column 1 
vs. 3) or different times of the year (Table 1, column 1 vs. 4). 
Finally, estimating canopy openness using a densiometer does not 
take into account more proximate shading vegetation such as 
grasses, whereas HP & GLA does. 

In our opinion the technique was superior to the other methods 
for quantifying nest site choice for the abovementioned reasons. 
We agree with an anonymous reviewer that our technique would 
also facilitate developing a mechanistic model of nest tempera-
tures based on openness, radiation, cloudiness, slope, aspect (and 
any other influences on nest temperatures). The only pitfall of these 
techniques is the expense. The total cost of our equipment was US 
$1133, including camera ($675), fisheye lens (FC-E8, $398), 
memory card 128 MB ($19), and memory card adaptor ($41). 

Acknowledgments.—We thank G. Frazer for useful comments with re-
gards to the use of Gap Light Analysis. We also thank R. N. Reed and 
three anonymous reviewers for improving the manuscript. 
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In many situations, marking snakes for recapture purposes is 
fraught with difficulty. Toe clipping has obvious drawbacks for 
snakes, and externally attached tags are easily lost via shedding or 
abrasion against surface objects. Passive integrated transponders 
(PIT tags) have near 100% reliability and are typically permanent 
if correctly implanted (Gibbons and Andrews 2004). However, 
PIT tags are expensive (a minimum of US $3.50 per tag if pur- 

chased in large numbers) and in many field studies the recapture 
rates of snakes are too low to justify their use. Even if funding is 
unlimited, the limited girth of some neonates and small species 
precludes the use of PIT tags (Gibbons and Andrews 2004). 

Alternatively, snakes can be marked externally by a number of 
methods. The most commonly-employed technique is clipping of 
ventral scales anterior or posterior to the vent, in a pattern that 
varies with the researcher (Brown and Parker 1976; Ferner 1979; 
Woodbury 1956). These marks are of variable permanence (Shine 
et al. 1988), and difficulties with readability of marks or mortality 
of animals often arise if the marks are applied with too little or too 
much enthusiasm. Clipping scales leaves an open wound subject 
to possible infection, and marking small snakes is especially diffi-
cult (Weary 1969). Freeze-branding has been used by some re-
searchers (Lewke and Stroud 1974; Measey et al. 2001), but this 
method requires availability of liquid nitrogen, Freon, or similar 
fluids that may be difficult to transport in field situations. 

Heat branding has been used to mark reptiles and amphibians 
by a number of researchers (Clark 1971; Ehmann 2000; Ferner 
1979). Methods of branding have been extremely varied, and equip-
ment has included pyrographic needles (Weary 1969), resistance 
wire heated by Bunsen burners (Clark 1971) or by electricity 
(Ehmann 2000), and soldering irons (Ehmann 2000). The major-
ity of this equipment has been improvised from a variety of mate-
rials, a task that may be beyond the abilities of the typical herpe-
tologist. These units may also require electrical current from a 
wall socket, or require use of bulky and/or potentially explosive 
equipment to heat wires. 

Herein, we report on the use of disposable medical cautery units 
("Aaron Medical Change-A-Tip cautery units;" Aaron Medical, 
St. Petersburg, Florida 33710, USA; www.aaronmed.com) as an 
efficient means of marking snakes. These units are small, inex-
pensive, field-portable, and capable of quickly and precisely mark-
ing even very small snakes. Marks on most species are easily seen 
for at least two years. 

Medical cautery units are designed for a variety of surgical ap-
plications and are available in two temperature classes. We have 
successfully used both high-temperature units (1204°C; -US $25, 
available with two different handle styles [one operates on 2 C 
alkaline batteries, the other on 2 AA alkaline batteries]) and low- 

FIG. 1. Medical cautery units used to heat-brand snakes. From top to 
bottom: high-temperature, 2 CC battery handle; high-temperature, 2 AA 
battery handle; low-temperature, 1 AA battery handle. 
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FIG. 2. Illustration of a snake heat-branded with ID # 36. For each mark, 
we branded the anterior portion of the ventral scale and extended the 
mark diagonally onto adjoining lateral scales. Illustration drawn by 
Rebecca Taylor. 

temperature units (704°C; operates on 1 AA alkaline battery; -US 
$20) designed for ophthalmological applications (Fig. 1). Both 
units are small and field-portable (Fig. 1). We have used individual 
units for over a year, marking hundreds of snakes. We replace 
broken/worn out tips (US $3.50 each) as necessary. Batteries last 
longer when marking small snakes, but in general batteries must 
be replaced fairly frequently. Due to the high temperature of the 
cautery units, marks should be applied with caution whenever fresh 
batteries are used. 

From June 2002 to May 2005, we used medical cautery units to 
individually mark snakes as part of a long-term mark-recapture 
study of semi-aquatic snakes on the Department of Energy's Sa-
vannah River Site in the upper coastal plain of South Carolina. 
We also marked a smaller number of individuals of other species, 
which were not part of any extensive mark-recapture study, to 
demonstrate the utility of this technique for small and terrestrial 
species. On each snake, we branded 1-3 ventral scales anterior to 
the anal plate, forming a unique numerical code (Fig. 2). For each 
mark, we branded the anterior portion of the ventral scale and 
extended the mark diagonally onto adjoining lateral scales. We 
used high-temperature cautery units to mark medium and large 
snake species, such as Black Swamp Snakes (Seminatrix pygaea), 
Cottonmouths (Agkistrodon piscivorus), Racers (Coluber constric-
tor), watersnakes (Nerodia spp.), and Timber Rattlesnakes (Cro-
talus horridus), and low temperature units to mark juveniles and 
small species (e.g., Cemophora coccinea, Lampropeltis triangulum, 

TABLE 1. Summary of recapture (RC) data for snakes branded with 
disposable medical cautery units on the Savannah River Site, South Caro-
lina. 

Species N RC Interval Mean RC 
Range (days) Interval (days) 

Seminatrix pygaea 105 5-784 320 

Agkistrodon piscivorus 37 9-778 259 
Coluber constrictor 22 9-785 135 
Nerodia fasciata 32 5-1058 183 
Farancia abacura 8 4-744 187 
Lampropeltis triangulum 3 32-420 164 

Elaphe obsoleta 3 41-201 127 
Tantilla coronata 2 18-576 
Crotalus horridus 2 14-59 
Thamnophis sauritus 1 221 
Nerodia taxispilota 1 41 
Cemophora coccinea 1 27 

Lampropeltis getula 26 
Heterodon platirhinos 19 

Regina rigida 17 

Tantilla coronata). We found heat branding to be faster than tradi-
tional scale clipping for small-bodied snakes. 

An important assumption of capture-mark-recapture studies is 
that marks are permanent. In the field it is virtually impossible to 
determine if brands may be lost in some individuals or species, 
unless a second marking technique (e.g., PIT tags) is used or re-
searchers can maintain a 100% recapture rate in the field. Alterna-
tively, a laboratory colony of snakes can be maintained to deter-
mine mark retention rates over time. We chose this second method 
to asses the reliability of the brands. In spring 2002, we marked 36 
neonate Antaresia childreni and A. maculosa from four different 
litters, and have kept them in the laboratory since that time (minus 
four individuals that were sacrificed for various reasons). 

We have recaptured 220 heat-branded snakes of 15 species (Table 
1) on the Savannah River Site, suggesting that this technique works 
well for a variety of taxa. The longest recapture interval was 1058 
days, and we recaptured individuals of nine species after an inter-
val > 200 days (Table 1). Additionally, long-term recaptures in 
small species (e.g., Tantilla coronata, 576 days; Lampropeltis 
triangulum, 420 days) attest to the effectiveness of marking deli-
cate snakes with low-temperature cautery units. In general the 
brands were readily observable, even after greater than two years 
between captures and bouts of substantial growth (e.g., Agkistmdon 
piscivorus, grew 30.1 cm snout-vent length [SVL]; Seminatrix 
pygaea, grew 16.4 cm SVL). Similarly, the brands on Antaresia 
childreni and A. maculosa have remained obvious and readable in 
the laboratory for over three years, even as the snakes have tripled 
in length and increased many-fold in mass: no snake displayed 
marks that were appreciably faded. In combination, these results 
demonstrate that heat-branding with medical cautery units is an 
effective, dependable, and inexpensive technique for multi-year 
mark-recapture studies of snakes. 
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Most wildlife behavioral studies require time consuming direct 
observations of animals (Altmann 1974) or the use of expensive 
closed-circuit television (CCTV) cameras and time-lapse video 
equipment (Wratten 1994). Direct observation of animals is lim-
ited by how practical observations are of the species and how eas-
ily the species is habituated to an observer (Stewart et al. 1997). 
The use of video applications in wildlife research has been well 
documented as a useful technique (Pulliainen 1971; Stewart et al. 
1997; Sykes et al. 1995; Wratten 1994) and video surveillance  

equipment has been used increasingly in studies (Hughes and 
Shorrock 1998; Jury et al. 2001; McQuillen and Brewer 2000; 
Roberts and Anderson 2002; Shivik and Gruver 2002; Stevens 
2002). However, the technique has not been exploited to its full 
potential by biologists, due primarily to the high initial cost and 
length of time to extract data from cassettes (Stewart et al. 1997; 
Sykes et al. 1995). Time-lapse video is widely used by develop-
mental biologists (Kulesa and Fraser 1998; Peppo et al. 2001; 
Rezaie et al. 2002) but has enormous scope in applications for 
wildlife research and until recently has been cost prohibitive. The 
advantages of a video surveillance system include gaining a per-
manent record of events that can be replayed as many times as 
necessary to retrieve data, reduction in observer bias and missed 
observations, easy habituation by the study animal and the ability 
to document events that are not easily detected using direct obser-
vations. Video surveillance can be used to record activity at a fo-
cal site (such as entrance or exit to a shelter site or burrow, the 
removal of baits by target and non-target species), identify indi-
viduals, document predation events, and detect nocturnal, crepus-
cular or elusive species (Brown 1997; Deufel and Cundall 1999; 
Stewart et al. 1997; Tobler and Schwierin 1996). 

Equipment and set-up.-I used inexpensive miniature mono-
chrome (MINI-M20A) video surveillance cameras attached to an 
existing PC computer via a 4 channel PC digital surveillance re-
cording system (Go Video DVR4, PCI PC capture card and soft-
ware) available from Allthings Sales and Service (Kelmscott, West-
ern Australia; www.allthings.com.au ). Allthings Sales and Service 
economically and reliably ship worldwide via airmail or EMS 
speed post, with typical airmail rates to the USA for a 0.5-2kg 
package ranging from $US 8 to $27 depending on weight. The 
entire system can be purchased as a complete package and attached 
to an existing IBM compatible computer from as little as $US 
210; the system (discussed below) consists of a 4 channel PCI PC 
capture card, software, 4 monochrome cameras, and a Plug-in DIY 
AV 20 meter cable/adaptor set for 4 cameras. Several optional color 
camera upgrades are also available from $US 60 to $140. Alterna-
tively, each component can be purchased separately and a system 

FIG. 1. Snapshot image of experimental enclosure showing camera iden-
tification, date and time display. 
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FIG. 2. On screen view of one camera (1-4 cameras can be viewed simultaneously) with set-up menu for motion detect. 

built to suit individual or experimental needs. By comparison, 
quotations supplied by closed circuit television and surveillance 
system specialists for the identical system ranged from $US 1,782 
to $4,048. 

Equipment details.—Go Video-DVR4 consists of a PCI PC cap-
ture card and Grand Guard Anywhere software (Grandtec, Tai-
wan) that allows connection of up to four video cameras (capture 
cards are also available for up to 16 cameras) to display/record 
simultaneously on a IBM compatible PC computer. The surveil-
lance system is motion sensitive, with adjustable detection sensi-
tivity for each channel (if continuous recording is required motion 
detect sensitivity is set at 100%). Areas not to be observed or dis-
regarded for motion detect can be defined by masking an area 
onscreen and audible warnings can be set for each channel to no-
tify of movement. Each video input can be adjusted for bright-
ness, contrast, saturation, hue, image quality and configured to 
record camera identification, date and time. The system allows 
high resolution recording [384 lines (H) x 288 lines (V) resolution 
or 110,592 pixels per camera] in comparison to conventional 4 
channel quad/VCR recording system [VHS VCR: 160 lines (H) x 
288 lines (V) resolution or 46,080 pixels per camera; SUPER- 

VHS VCR: 265 lines (H) x 288 lines (V) resolution or 76,320 
pixels per camera]. Video capture rate is 3-5 frames/sec and is 
dependent upon computer hardware, number of channels in use, 
and image size. The frame rate can be increased when being re-
played to speed up data gathering. Video is captured as AVI files 
that can be compressed and saved on the computer hard drive for 
later analysis. A snap shot option captures still images that can be 
saved as BMP or JPEG images (Fig 1). The system requires a 
Pentium 200 microprocessor or faster (Pentium 500 or above rec-
ommended by manufacturer), PCI 2.1 compliant mother board, at 
least 64 MB RAM, Microsoft windows 95 or 98 operating system 
(capture cards are also available for other Windows operating sys-
tems, e.g., ME/2000/XP), one PCI slot, and at least 1GB hard disk 
space per camera. 

MINI-M20A cameras are 1/4-inch low smear image sensor 
monochrome infrared sensitive surveillance cameras with wall or 
ceiling mount. They come complete with a 3.6 mm lens, but you 
can choose the lens that best suits your application. 

Plug-in DIY AV 20 m cable/adaptor set includes 20 m of audio-
visual cable with all the appropriate molded plugs and sockets 
required for self-installation. 
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I tested the video set-up using three separate temperature con-
trolled rooms with cameras mounted to the ceiling ca. 1.3 m above 
experimental enclosures. I placed medium-sized scincid lizards 
(Eulamprus tympanum, 130-150 mm total length) in 1 m diam-
eter enclosures and recorded the lizards' behavior from 0900 to 
1700 h on 95% motion detect (Fig. 2). To test the suitability of the 
set-up for my purposes, I chose to record position of lizards at 5 
minute intervals and estimate activity rate by dividing the enclo-
sures in half with a piece of string and recording the number of 
times the lizard crossed this line (Fig. 2). The clarity of the picture 
was more than sufficient for the purpose of this experiment. Each 
AVI file was compressed (zipped) and saved on compact disc for 
storage and later analysis. The software included with the surveil-
lance package (Presto! Video Works, Newsoft®) was used for video 
replay and data collection. During replays, the video frame rate 
was adjusted to 10 frames per second to speed up the scoring pro-
cess. 

Discussion.-The use of miniature cameras and video surveil-
lance software has wide applications for wildlife and behavioural 
research. Previously, the major disadvantage with this technology 
has been the initial set-up cost and the time required to playback 
video tapes for data collection. New technologies have developed 
inexpensive cameras and computer software equipped with mo-
tion detect sensing to eliminate periods of no activity that in turn 
speed up data retrieval upon playback. A compact disc burner is 
recommended to burn all compacted (zipped) AVI files for stor-
age and later data analysis to reduce storage requirements on the 
hard drive and to ensure a safe back-up should a different analysis 
or further analysis be required. 

The entire set-up could be modified or components upgraded to 
collect field data by running on a computer in weather proof hous-
ing or a laptop computer with a USB video capture box using a 
portable power source (generator, batteries, or solar power). Cam-
eras can be placed in weatherproof housings or upgraded to out-
door surveillance cameras. There is also the option of wireless 
cameras and receivers. 

A video surveillance technique for wildlife has not been ex-
ploited to its full potential in behavioural and ecological studies 
despite a history of documented use in such studies (Sykes et al. 
1995; Wratten 1994). Rapid improvements in low cost equipment 
have made the technology readily accessible to biologists, and may 
result in more widespread application of the technique. 
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Numerous capture-recapture studies of amphibians have used 
the unique color patterns of certain amphibian species to "mark" 
individuals, recording pattern information with sketches, photo-
graphs, or a coding system (Andreone 1986; Forester 1977; Gill 
1978; Kurashina et al. 2003; Marvin 1996; Nace et al. 1973; Nijhuis 
and Kaplan 1998; Tilley 1980). Such non-invasive techniques are 
preferred over physical alteration of an animal, which may in-
clude toe-clipping, visual implant elastomer, or other added marks 
(Bailey 2004; McCarthy and Parris 2004; Murray and Fuller 2000; 
but see Funk et al. 2005). Regardless, bias associated with any 
individual identification method should be assessed and reported, 
though this has been infrequent in amphibian capture-recapture 
studies (but see Bailey 2004; McCarthy and Parris 2004; Muths et 
al. 2000). 

For long term capture-recapture studies to be successful, marks 
must not be lost over time; this is assumed to be true for natural 
patterns that serve as marks (Gill 1978). More importantly, marks 
should not be overlooked or misidentified by observers. Reduc-
tion of observer bias in mark recognition is paramount in studies 
that estimate population sizes and document long term trends. 

The goals of our study were to: 1) quantify error rates in indi-
vidual identification through specific pattern mapping approaches; 
2) address sources of error by developing a modified pattern map-
ping method; 3) compare bias associated with these two methods 
and identify which method minimizes observer bias in both pat-
tern mapping in the field and individual identification in the lab; 
and 4) determine the search effort necessary to find all individuals 
in a dataset. We assessed bias in pattern matching of the Spotted 
Salamander (Ambystoma maculatum), a mole salamander with con-
spicuous and distinctive yellow spot patterns. 

Materials and Methods.—We used data from March–April 2002 
and 2004 for this study. To capture migrating spotted salamander 
adults we used artificial cover objects (61 x 122 cm plywood 
boards) and a drift fence completely encircling Laura's Pond, a 
semipermanent fishless pond in Beltsville, Maryland (USA). We 
digitally photographed the dorsal patterns of each salamander on 
a flat surface using a Nikon ®  Coolpix 995 digital camera, in the 
shade using the integrated flash to reduce glare. We did not sedate 
or restrain salamanders. 

Between 03 March and 08 April 2002, we employed a multi-
parameter (MP) method of pattern mapping (Table 1) based on a 
modification of the Loafman method (Loafman 1991). All pattern 
mapping was done in the field. We counted any spot > 1 mm span-
ning two body areas once (in the area which contained the major- 

ity of the spot). Twenty observers (2-10 per visit) participated in 
recording pattern data for 654 salamander captures. We entered 
and sorted all pattern data in Microsoft® Excel' spreadsheets; 
each record represented one capture occasion and was associated 
with its digital photograph. We used Microsoft ®  Photo EditorTm to 
view multiple photographs at once. In the lab, we sorted spot counts 
by the six body areas (Table 1). Individuals were identified by 
comparing and matching digital photographs among these grouped 
records. Of 378 individuals identified, 136 were captured more 
than once. We noted that for some of these individuals, recorded 
pattern data varied among capture occasions. Because we had digi-
tal photos from each capture, we were able to verify that discrep-
ancies were due not to pattern changes, but rather to errors in field 
data collection using the MP method. 

We tested the hypothesis that the variation in field data recorded 
using the MP method differed among areas of the body (e.g., head, 
each leg, and body + tail). We selected at random a set of 50 indi-
viduals with multiple captures (mean number of captures per indi-
vidual = 3.82, range = 2-13), and assessed the variation in re-
corded spot counts by body area between observations of each 
individual. We hypothesized that head pattern data would have 
the lowest observer bias based on Doody (1995), who observed 
that head patterns often were sufficient to distinguish individual 
Spotted Salamanders. 

We compared the efficiency of the MP method to a reduced 
parameter (RP) method of pattern mapping (Table 1) which we 
hypothesized would facilitate pattern mapping in the field and in-
dividual identification in the lab. As in the MP method, a spot 
spanning two body areas was counted only once. Other support-
ing pattern data also were recorded, including a categorical as-
sessment of the spots anterior to the gular fold [i.e., eye code, 
where 0 = no spots by either eye, 1 = spot(s) by one eye only, 2 = 
spot(s) by both eyes; see Nace et al. 1973], eye spot symmetry 
(yes/no) and gular spot symmetry (yes/no), where symmetry de-
scribes the same number of spots in mirror orientation across an 
anterior–posterior midline. 

To assess laboratory error, we tested whether the method of pat-
tern mapping (MP vs. RP) influenced the ability of observers to 
identify individuals by matching pattern data and associated pho-
tographs. We also tested whether the ability of observers to iden-
tify matches varied based on the number of records. Two sets each 
of 50 and 100 capture records were chosen at random from the 
2002 (MP) data; individuals were manifested in these "test 
datasets" as one record (one capture), or as a set of >1 records 
(multiple captures or "matches"). The number of matches per 
dataset was known; individuals were identified and verified in the 
full set of pattern data. Based on the associated photos, a copy of 
each file was then altered by one of the authors (EHCG) to show 
only the parameters pertaining to the RP method (Table 1). Five 
observers were presented with the same 8 test datasets (2 MP and 
2 RP datasets each of 50 and 100 records). 

The observers identified matching records in the lab, recording 
elapsed time between finding matches, as well as total time spent 
on each test dataset. We created an "observer performance" ma-
trix (modeled after a traditional capture history matrix) where rows 
represented each salamander capture record, and columns repre-
sented the classification results from each observer for each sala-
mander. Classifications were designated as either "correct" (match- 
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ing records or unique records 
correctly identified as such) 
and received a value of "1," 
or "incorrect" (failure to de-
tect matching records when 
present) and received a value 
of "0." We combined the ob-
server matrices from all test 
datasets for each method, and 
tested whether the binomial 
probability of correct classifi-
cation differed between: 1) the 
two methods (MP vs. RP); 2) 
the number of records pre-
sented to each observer (50 or 
100); and 3) observers, using 

Any yellow or orange spot 
>1.0 mm maximum length or width 

Six body areas: 
1)total head spot count, 
2) total body (torso+tail) spots 
3-6) separate counts for each leg 

TABLE 1. Descriptions of two pattern mapping methods used to distinguish individual Spotted Salamanders, 
Ambystoma maculatum. 

Method 

Character 	 Multi-parameter (MP) 
	

Reduced parameter (RP) 

Spot definition 

Body areas counted 

Description of head 
spot pattern 

Any yellow or orange spot, 
regardless of size 

Two body areas: 
1)total head spot count, 
2) sum of counts from the front legs 

No additional descriptors for 	 Additional descriptor codes for 
head spot location 	 head spot location and symmetry 

the program CONTRAST 
(Hines and Sauer 1989). We also calculated the average time to 
find a match for each method, and estimated the number of searches 
through a full dataset necessary to identify all matches correctly 
by (1-p)', where p is the probability of correct classification and t 
is the number of searches by one observer. 

We employed the RP method during 08 March to 14 April 2004 
because fewer parameters were collected, thereby reducing field 
handling time per salamander. We recorded a total of 592 capture 
occasions of Spotted Salamanders. One observer searched the data 
for matches, eliminating all secondary captures from the data set 
(leaving only presumed initial captures and those records repre-
senting salamanders presumed to have been captured only once) 
before searching again. We counted the actual number of search 
iterations necessary to identify all individuals and compared this 
to our estimated number of iterations based on the average classi-
fication probability of five observers from the test datasets. 

Results.—Within the 50 Spotted Salamander individuals with 
multiple captures from the preliminary assessment of the MP 
method, the mean and variation in recorded spot counts for the 
head (mean = 0.48, var = 0.51, range = 0-5 spots) and legs (mean 
= 0.88, var = 0.58, range = 0-3 spots) were smaller across capture 
occasions than for the body (mean = 1.48, var = 1.01, range = 0-
6 spots). 

Comparing the MP and RP methods in the test datasets, the prob-
ability of correct classifications was high for all observers between 
both method [p p  = 0.97 (SE = 0.005), p Rp  = 0.96 (SE = 0.005); x2  
= 0.88, P = 0.35] and the number of records presented to the ob-
servers [p50  = 0.97 (SE = 0.006), p 100  = 0.96 (SE = 0.004); x 2  = 
0.51, P = 0.48]. Observers did not differ in their ability to classify 
records correctly (mean P

test test datasets = 0.96; X2  = 5.86, P = 0.21), al- 
though actual correct classification varied (MP: mean = 80 + 23 
%, range = 33 to 100 %; RP: mean = 74 + 27 %, range = 0 to 100 
%). Of 1500 total records (5 observers x 2 sets x [100 + 50 sala-
manders]) in test datasets per method, observers incorrectly clas-
sified 52 (3.5%) MP and 60 (4.0%) RP records. The amount of 
time spent searching for matches did not explain the proportion of 
correct classifications (Fig. 1). Assuming that the mean observer 
detection probability (p) does not change as observers find more 
matches in a dataset, we estimated that a minimum of four searches 
through the data are necessary to identify all individuals (Fig. 2). 

Comparing these results to our 2004 data collected using the RP 

method, we found that the actual probability of correct classifica-
tion was less than our estimate (p 2004  = 0.90 vs. Ptest datasets = 0.96, 
Fig. 2), and the number of iterative searches necessary was greater 
than our estimate (t = 8 searches, Fig. 3). The probability of incor-
rect classification decreased over the 8 searches (1-p; Fig. 3). 

Discussion.— The MP and RP methods were comparable in ef-
ficiency and accuracy in identifying individuals in the lab, and the 
probability of correct classification was independent of method, 
number of records, or observer. This suggests that the method of 
pattern mapping does not affect the ability of observers to match 
individuals in small datasets, provided that supporting data allows 
records to be grouped. Observer performance, measured by num-
ber of incorrect classifications, was slightly better using the MP 
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FIG. 1. The proportion of records matched (where a "match" is defined 
as >1 records representing multiple captures of an individual) vs. time 
spent by 5 independent observers using Spotted Salamander (Ambystoma 
maculatum) pattern data from Laura's Pond in Beltsville, Maryland, USA. 
Each series represents one of two replicates from the 2002 test datasets 
(MP method) with 100 individuals each. One dataset had 21 possible 
matches, while the other had 26 possible matches. Not surprisingly, a 
greater number of potential matches present in a data set requires a longer 
amount of time to identify the complete set of matches. 
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FIG. 2. The estimated (using test datasets) and actual probability (using 
2004 field data) of incorrect classification (1-p), or missed matches, in 
Spotted Salamander pattern data. The number of searches represents it-
erations necessary for one observer to search a data set and identify all 
possible individuals, estimated by (1-p)', where p is the probability of 
classifying a record correctly and does not change, and t is the number of 
searches. The mean value p. = 0.96 was estimated from 5 indepen-
dent observers searching 8 test datasets, and the value p2,04  = 0.90 repre-
sents the actual classification probability from the first iterative search of 
the 2004 RP data collected in the field.  

detect all individuals (Fig. 1). In our 2004 data set, 8 iterations of 
sorting and matching records were necessary to identify all indi-
viduals (Fig. 3). However, the presence of a small amount of er-
ror in classification may not severely affect the estimates of popu-
lation size (Miller et al. 2002). An assessment of the relative con-
tribution of the two types of error investigated here (i.e., field er-
ror vs. laboratory error resulting from missed matches in the 
dataset) can contribute to decisions regarding whether a small 
amount of error in detecting matching records in the lab can be 
tolerated. Our results suggest that the probability of false matches 
(classifying records as matches when they are not) is probably 
small. The probability of incorrect classification fell below p = 
0.02 after 3 searches through the data set (Fig. 3), suggesting that 
fewer searches may not appreciably affect population estimates. 

Previous studies have used counted parameters alone (Loafman 
1991) or photographs alone (Bailey 2004; Kurashina et al., 2003) 
to identify individuals using pattern data. Incorporating support-
ing information with photos or drawings helps to increase the ef-
ficiency of identifying individuals (Gill 1978; Nace et al. 1973). 
We summarize pattern data in spreadsheet software, which allows 
us to sort the data and group records with similar characteristics 
(e.g., number of head spots), and then compare photos within 
groupings. In studies where relatively large numbers of salamander 
captures are possible, this combination of data types may facili-
tate the identification of individual salamanders by narrowing the 
number of records to compare, and digital photos allow the con-
firmation of matches. This approach is specific to discrete and 
enumerable pattern features such as spots, though it might be ap- 
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method. However, we observed that the RP method reduced the 
time to handle and record pattern data in the field. This likely re-
duced stress on the animal, particularly those captured multiple 
times, and therefore we prefer the RP method. 

Inconsistent pattern mapping in the field (field error) prevented 
some records representing the same individual from becoming 
grouped when sorted in the spreadsheet, and thus matches within 
these groups may have been missed. Variation in pattern data over 
multiple captures of the same individual may have partially re-
sulted from our size-restricted "spot definition" (Table 1) in the 
MP method; this restriction was removed in the RP method. Field 
error due to transpositions of spot counts for right versus left or 
front versus rear leg were eliminated in the RP method by sum-
ming spot counts for both front legs. Out-of-focus pictures, poor 
lighting/contrast, and photos that did not show the entire pattern 
clearly also could have resulted in missed matches. Problems in 
field photography were not addressed here, but could be elimi-
nated by using standardized photographic procedures (e.g., Doody 
1995; Ravela and Gamble 2004). 

To identify all individuals from capture records, we found that 
multiple searches through the data by one observer were neces-
sary. Eliminating one record from each matching pair in the data 
set after each search reduces the number of capture records to com-
pare. The number of individuals represented by multiple records 
in a data set will naturally affect the amount of time necessary to  
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FIG. 3. The observed probability of incorrect classification by the num-
ber of searches of the 2004 field-collected data using the RP method. 
After each search, any records designated as secondary captures were 
removed from the data set prior to a subsequent search (leaving only pre-
sumed initial captures and those salamanders presumed to be observed 
only once). The probability of incorrect classification (i.e., missed matches) 
decreases with successive searches through the data. All individuals were 
identified by the 8'h iteration of the successive searches; the 9th search 
confirmed that no additional matching records were present. 
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plicable to other elements of pattern. Future advances in technol-
ogy (i.e., ambystomatid pattern-recognition software, Ravela and 
Gamble 2004; D. Church, pers. comm.) will automate the process 
of identifying individuals. Pattern recognition research is progress-
ing in the field of facial recognition (Zhao et al. 2000), and this 
emerging body of literature (and associated products) can have 
practical applications for wildlife biology. Even with automated 
pattern recognition, a subset of computer-determined individuals 
may require validation using methods similar to the process we 
present (see also Whitehead 1990; whale fluke identification). Re-
gardless of method, some assessment of bias is useful in evaluat-
ing whether a technique violates the assumptions of capture-re-
capture modeling (specifically 1) that marks are not lost during 
the period of study and 2) observers can recognize marked indi-
viduals, and do not designate marked individuals as new captures). 
Validation of data subsets can allow investigators to evaluate a 
marking approach, and thereby qualify the derived estimates of 
population size or trend. 
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Although the Surinam Toad (Pipa pipa) was originally described 
in 1758 (as Rana pipa by Linnaeus), published information on the 
biology of this species has been slow to accumulate. The limited 
information available has been derived largely from preserved ma-
terials and observations of a few captive specimens. This note re-
views the biology of the species, details original observations on 
reproductive behavior in captivity, aims to dispel some persistent 
misconceptions, and offers recommendations for captive husbandry 
in the interest of stimulating further research. 

The Surinam Toad occurs widely throughout northern South 
America and is certainly one of the strangest and most fascinating 
of all anurans. From its morphology to its reproductive mode, this 
species is strikingly different from what we think of as "typically 
anuran." Pipa pipa is extremely depressed (dorso-ventrally flat-
tened) and has a broad, triangular head with several fleshy sen-
sory protuberances, a huge mouth, and tube-like nostrils. These 
traits combine to produce a bizarre appearance uncannily similar 
to that of the Mata Mata Turtle, as noted by Rabb (1969) and 
Armburst (1979). At 10-20 cm body length, their size is equally 
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