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A “Trilling” Case of Mistaken Identity: Call Playbacks and 
Mitochondrial DNA Identify Chorus Frogs in Southern Québec 
(Canada) as Pseudacris maculata and Not P. triseriata 

Cryptic species are often difficult to study and recognize, 
especially when little morphological criteria are available to help 
distinguish between closely related species. Although congeners 
may be very similar in appearance, combining genetic analyses 
with differences in mating calls and breeding phenology may 
allow for new distinct species to be recognized and properly 
identified (Newman et al. 2012). Frogs within the genus 
Pseudacris are a good example of this. The Boreal Chorus Frog 
(Pseudacris maculata) and the Western Chorus Frog (P. triseriata) 
are two North American species that are extremely similar in size 
and coloration, which has created taxonomic confusion in the 
past (Platz 1989; Klaus and Lougheed 2013). To distinguish the 
two species, the ratio of the tibia length to the snout-to-vent 
length (SVL) has been used as a criterion of discrimination. 
Pseudacris triseriata has a slightly larger ratio of 42.6, whereas P. 
maculata has a ratio of roughly 39.3 (Smith 1956). With the two 
species so similar in size and shape however, tibia/SVL ratios 

could overlap and lead to species misidentification. An alternate 
identification criterion often used in the field is the playback of 
each species’ display call during the breeding season. Although 
each species’ song may initially sound very similar, P. maculata 
has been found to have a longer call with a lower pulse rate, 
whereas P. triseriata’s call is much shorter and has double the 
pulse rate (Platz 1989). 

The first studies that delineated the range limits of P. maculata 
and P. triseriata were largely based on the morphometric 
measures of the tibia/SVL ratio, and did not include any song 
playback analyses (Smith and Smith 1952; Smith 1956). These 
studies determined P. maculata’s range to extend in latitude from 
the central US into Canada, and in longitude from the Rocky 
Mountains to northwestern Ontario. Pseudacris triseriata’s range 
included Ontario’s extreme southern end, southwestern Québec, 
and several US states surrounding the Great Lakes (Smith and 
Smith 1952; Smith 1956) (Fig. 1A). However, recent studies based 
on species identification through breeding call and molecular-
based analyses indicate that P. maculata’s range may extend 
further east than once believed, and raises some important 
questions about the true range of both species (Fortin et al. 
2003; Lemmon et al. 2007a; Ouellet et al. 2009). Furthermore, 
although contact zones between the two species have not yet 
been identified, Lemmon et al. (2007b) determined that range 
overlap is highly likely to occur in southeastern Ontario, and 
stressed the importance of considering this geographic area 
when conducting Pseudacris biodiversity studies.

Initial range delineation studies did not extend P. maculata’s 
range into southern Ontario nor into Québec. The two species 
were believed to be allopatric until P. maculata populations were 
identified through song analysis along northern Québec’s James 
Bay area (Fortin et al. 2003; Ouellet et al. 2009). Lemmon et al.’s 
(2007a) phylogenetic analysis of North American Pseudacris 
species using two mtDNA genes (12S and 16S), also proposed 
a new distribution of Pseudacris tree frogs in the United States 
and southern Ontario (Canada). According to this study, the 
distribution of P. triseriata would be limited to the United 
States and to Ontario’s extreme southern end, but P. maculata 
would have a larger distribution in southeastern Canada (Fig. 
1B). This recent molecular work raises questions as to whether 
previous range map studies using tibial bone measures may 
have misidentified P. maculata for P. triseriata in eastern Canada. 
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In light of Lemmon et al.’s (2007a) work, NatureServe (2014) 
now identifies chorus frog populations in eastern Canada to be 
composed of P. maculata instead of P. triseriata, but thorough 
revisions of the two species’ range boundaries are necessary, 
especially considering the rapid decline of chorus frogs in 
Québec and Ontario (Seburn et al. 2008). 

As of March 2000, the Québec government classified what 
was always believed to be P. triseriata frog populations as 
Vulnerable. A recovery plan and several habitat conservation 
plans have since been created and partially implemented to 
help conserve remnant populations (Équipe de rétablissement 
de la rainette faux-grillon de l’ouest 2000; Angers et al. 2007, 
2008a, 2008b). Due to the major population declines that have 
been documented in Québec and Ontario since 2002, the Great 
Lakes-St. Lawrence-Canadian Shield chorus frog population has 
been classified as Threatened by the Committee on the Status 
of Endangered Wildlife in Canada (COSEWIC), and is listed in 
Schedule 1 of the Species at Risk Act (SARA) (COSEWIC 2008). 
The status of P. maculata populations has not yet been evaluated 
by COSEWIC. They are however, listed as endangered in Vermont 

(USA) (Ferguson 2013) and critically imperiled in Michigan 
(NatureServe 2014). Populations have also been found to be 
declining in New York (USA) (Corser et al. 2012), in Ontario and 
along James Bay in northern Québec (Desroches et al. 2010).  

The objective of this study was to help establish the true 
eastern distribution of Pseudacris chorus frogs by conducting 
a distance-based clustering analysis of individuals from 
southeastern Ontario, from along the Québec/Ontario border, 
and from several sites located in southwestern Québec. 
Individuals from various parts of the USA were also included 
in the analysis for comparison purposes. Species identification 
was further confirmed at each site using a non-genetic method 
of anuran identification of breeding call playback analysis. 
Shedding light on the true range of Pseudacris in southeastern 
Canada will help federal and provincial management practices 
protect the remaining fragile chorus frog populations found at 
the limit of their distribution, and will help determine the true 
identity of chorus frogs in southeastern Canada. 

Methods

Sites and sampling.—We sampled various localities within 
several major regions of Québec and Ontario (Canada). In 
southern Québec, four sites were sampled in the Outaouais 
region: two in 2006 near the municipality of Chelsey (U12) and 
in eastern Gatineau (U3), and two in 2009 in LuskVille (A11) 
and near Chatham (A12). In southern Québec’s Montérégie 
region, frogs from five sites were collected in the spring of 2007: 
Boucherville (BOU), Brossard (BRO), Boisé du Tremblay (BT), 
La Prairie (LP), and Île Perrot (IP). Individuals from four sites 
in Ontario were also collected in 2009: Almonte (DW), Arnprior 
(ARN), Lake Opinicon (OP), and Cataraqui Park near Kingston 
(CA) (Fig. 2). An additional eight sequences of both P. triseriata 
and P. maculata individuals were retrieved from GenBank and 
were included in the dataset for comparison purposes (Table 1). 

We played breeding call recordings of both P. maculata and 
P. triseriata at each site and noted which species responded. 
Sites were originally selected by listening to breeding calls from 
a distance, yet upon arrival at each site, the frogs were disturbed 
and their calls were silenced. Sitting silently for approximately 
thirty minutes allowed the frogs to resume their normal activities. 
We had two different breeding call recordings for each species, 
stored and played from an Apple iPod touch (©2007 Apple Inc.). 
The recordings were obtained from the Canadian Amphibian 
and Reptile Conservation Network, both online (FrogWatch) 
and on CD (EMAN/RESE). We proceeded to play one P. triseriata 
breeding call recording for three minutes, followed by an 
additional three minutes of silence used to note whether a 
response occurred. This was then repeated using the breeding 
call of P. maculata. The entire procedure was subsequently 
carried out again using the second breeding call recording we 
had available. To avoid introducing bias, the procedure was 
immediately repeated playing P. maculata recordings first, 
followed by P. triseriata recordings. Additionally, we alternated 
the order of which species’ playback recordings were first played 
in successive sites. Recordings were played at each site in 2007 
and 2009, and were carried out at approximately 1500 h.

A varying number of individuals were caught by hand from 
each site (N = 19–25); those samples are currently undergoing a 
population genetics analysis as well (N. Tessier, pers. obs.). For 
each individual captured, a toe clip was removed with disinfected 
scissors and stored in 95% ethanol at room temperature. The 

Fig. 1. A) Original Pseudacris range maps delineated by Smith and 
Smith (1952) and Smith (1956) predominantly using tibia/snout-to-
vent length ratios. B) New phylogeny-based range delineation sug-
gested by Lemmon et al. (2007a) using mitochondrial DNA. Source 
of maps: Lemmon et al. (2007a). Reproduced with permission by the 
copyright owner. Areas labeled as “a” and “b” delineate the location 
of our study sites within Québec and Ontario, respectively.
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scissors were disinfected with ethanol between each individual 
clipping. All frogs were then immediately released at the exact 
site of capture and were temporarily monitored to ensure that 

normal behavior ensued. Subsets of three 
to four individuals per site were then 
selected at random and used for further 
molecular identification.

Molecular analysis.—DNA was 
extracted using the Invitrogen™ 
PureLink™ Genomic DNA kit (Version 
A, February 2007) (Invitrogen™ Inc., 
Burlington, Canada). To verify the 
maternal lineage of the chorus frogs 
in our dataset, a 335-base pair (bp) 
portion of the 16S mitochondrial gene 
was sequenced for each individual 
using the 16S-1F and 16S-4R primers 
(Johnson et al. 1998). The 16S region is 
less conserved than the 12S region, thus 
has greater variability and is usually 
used for phylogenetic studies at the 
genus level (Hwang and Kim 1999). PCR 
amplifications were carried out in 50-
mL volumes and included 100–200 ng of 
genomic template DNA per sample, 1.4X 
reaction buffer, 2.5 mM of MgCl

2
, 0.35 mM 

of each dNTP, 0.22 μM of each primer, 0.5 
units of Taq DNA polymerase (1 U ≈ 16.67 nkat), and 35.7 μL of 
sterile H

2
O. Thermal cycling was carried out on a GeneAmp® 

PCR System 9700 (Applied Biosystems) under the following 

Fig. 2. Geographic location of all chorus frog sampling sites included in this study. In Québec’s Outaouais region: Chelsey (U12), Gatineau 
(U3), LucksVille (A11), and Chawtham (A12). In Québec’s Montérégie region: Boucherville (BOU), Brossard (BRO), Boisé du Tremblay (BT), 
La Prairie (LP), and Île Perrot (IP). Individuals from Ontario: Almonte (DW), Arnprior (ARN), Lake Opinicon (OP), and Cataraqui Park near 
Kingston (CA). The Carolinian and Great Lakes - St. Lawrence - Canadian Shield faunal provinces are depicted in dark and medium gray, 
respectively.

table 1. Location and GenBank accession numbers for the 16 reference Pseudacris individuals 
included in this study.

Species Accession Number Location State/Province & Country

Pseudacris maculata AY291089 McKinley New Mexico, USA

Pseudacris maculata AY291090 Douglas Kansas, USA

Pseudacris maculata AY291083 Archuleta Colorado, USA

Pseudacris maculata AY291082 Lac Seul Ontario, Canada

Pseudacris maculata AY291080 Gunnison Colorado, USA

Pseudacris maculata EF472135 Christian Missouri, USA

Pseudacris maculata EF472122 Jersey Illinois, USA

Pseudacris maculata EF472100 Bayfield Wisconsin, USA

Pseudacris triseriata AY291091 Berrien Michigan, USA

Pseudacris triseriata EF472157 Breckinridge Kentucky, USA

Pseudacris triseriata EF472156 Niagara New York, USA

Pseudacris triseriata EF472151 Logan Ohio, USA

Pseudacris triseriata EF472145 Niagara R.M. Ontario, Canada

Pseudacris triseriata EF472139 Daviess Kentucky, USA

Pseudacris triseriata EF472138 Perry Illinois, USA

Pseudacris triseriata EF472137 Montgomery Tennessee, USA
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conditions: an initial denaturation of 94°C for 1 minute; 31–38 
cycles of 94°C for 45 seconds, 50°C for 1 minute and 45 seconds, 
and 72°C for 1 minute and 30 seconds; and a final extension step 
of 72°C for 10 minutes. Amplification success was determined by 
staining the PCR products with SYBR® Green I nucleic acid gel 
stain (Invitrogen™ Inc., Burlington, Canada), running them on a 
2% agarose gel, and revealing the bands under UV light. All PCR 
products were sent to the McGill University Génome Québec 
Innovation Centre for purification and sequencing using an ABI-
3730XL DNA Analyzer (Applied Biosystems). Sequences were 
then visualized with 4PEAKS 1.7.2 (Mekentosj B.V., Aalsmeer, The 
Netherlands) and aligned with ClustalX (Thompson et al. 1997). 
All sequences were deposited in the GenBank public repository 
(accession numbers KM669659-KM669712).

Distance-based clustering analysis and species 
identification.—Aligned sequences were evaluated with jModel 
Test 2 v 2.1.5 (Darriba et al. 2012) to compare different DNA 
substitution models, and the Jukes-Cantor (JC) model (Jukes 
and Cantor 1969) was determined to be the best fit for our 
data. Accordingly, a neighbour-joining tree was then estimated 
from JC-corrected distances with 1000 bootstrap replicates to 
determine branch support. This tree was then used to determine 
the identification of the Québec samples with respect to the 
reference sequences of known identity. All clustering analyses 
were performed in R (R Development Core Team 2013) using the 
“ape” package (Paradis et al. 2004). 

Results

At every sampled site, chorus frogs responded to the playback 
recordings of P. maculata rather than those of P. triseriata. Frogs 
remained silent after P. triseriata recordings were played.  

Mitochondrial gene.—The 16 reference sequences (8 
P. maculata and 8 P. triseriata individuals) produced four 
haplotypes per species, and all Québec (N = 39) and Ontario (N 
= 15) individuals matched the P. maculata 1 haplotype (Table 
2). A total of 14 variable sites were used to discriminate the two 
Pseudacris species, and the corresponding neighbor-joining 
tree is presented in Fig. 3. In this tree, all 54 individuals found 
in Québec and Ontario were grouped with the eight known P. 
maculata sequences. The eight P. triseriata reference sequences 
produced their own distinct group with 100% bootstrap support, 
therefore separation between the two species was highly 
supported.

discussion

Although the identification of P. maculata in Québec has 
only been observed in recent history, their populations were 
already established within the province, yet misidentified as 
P. triseriata. A number of studies based on breeding calls have 
found P. maculata’s northeastern range limit to extend 100 km 
eastward into northwestern Québec (Fortin et al. 2003; Ouellet et 
al. 2009), and genetic analyses have also confirmed its presence 

Fig. 3. Neighbor-joining tree constructed from the 335 bp 16S mtDNA gene sequence (strict consensus supported by 1000 bootstrap replicates 
and distances corrected with a Jukes-Cantor model). All 54 individuals found in Québec and Ontario are grouped with the eight P. maculata 
reference sequences, whereas the eight reference sequences for P. triseriata define a distinct group with 100% bootstrap support.
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in southeastern Ontario (Lemmon et al. 2007a). In our present 
study, 16S mtDNA sequence analysis, as well as chorus frog 
breeding call inventories in the peri-urban areas of the Greater 
Montréal and Outaouais regions of Québec, established for the 
first time that remnant chorus frog populations in southern 
Québec are actually comprised of P. maculata individuals rather 
than P. triseriata. 

The aforementioned studies (along with the present one) 
strongly suggest that tibia/SVL ratios, on which the identification 
of P. triseriata and P. maculata individuals were based during 
the original delineation of their respective ranges, should 
be reconsidered as a reliable diagnostic criterion for species 
identification. Tibia/SVL ratios have long been used in taxonomy 
and systematics, yet little is known in terms of this measure’s 
precision and accuracy. Rogers (2009) found that Boreal Toads 
required aggressive and awkward handling to take proper tibial 
and SVL length measurements, but errors in measurement 
still varied up to 30% within the same individual. He suggested 
that tibial and SVL measurements should be used to construct 
rough size indices rather than for precision, and that the gape 
width measurement method yielded better results. Hayek et al. 
(2001) also recommend employing anuran morphometrics for 
rough rather than precise measurements, and to use caution 
when drawing biological inferences from these data.  Climatic 
conditions may also play a role in intraspecific SVL measurements. 
Pseudacris regilla was found to significantly fluctuate in SVL 
measurements when exposed to differing weather conditions 
(e.g., temperature, altitude, and rainfall) (Calhoon and Jameson 
1970). With climate change becoming increasingly important to 
consider in amphibian genotypic/phenotypic studies (Spear et 
al. 2012), it is a variable that must be taken into account when 
employing tibia/SVL ratios for species identification purposes. 

In the very first studies to delineate Pseudacris range limits 
(Smith and Smith 1952; Smith 1956), all measurements were 
taken on preserved specimens. However, Bleakney (1959) found 
that even the most carefully preserved chorus frog specimens 
will exhibit a body length decrease of 1–3 mm, but whose tibia 
length will only decrease between 0–1 mm. Furthermore, the 
initial delineation studies did not incorporate song playback 
recordings when identifying chorus frogs. Playback methods 
were first pioneered in the mid-1960s by Capranica (1965; 1966). 
Breeding call playbacks have shown to successfully identify 
several different anuran species within the same habitat (Sung 
et al. 2005; Acevedo and Villanueva-Rivera 2006), however 
these methods were not as robust for population size and 
abundance estimates (Corn et al. 2000), even for P. maculata 
(Corn et al. 2011). Call playbacks of a single mating call (rather 
than a chorus of breeding calls) have proven most efficient in 
obtaining responses from resident frogs, and allow researchers 
to easily access a wide range of habitats that otherwise might 
be physically difficult to work in when using capture methods 
of identification (Sung et al. 2005). On the other hand, the use 
of recording devices and speakers may be costly; however, the 
methods and devices employed in this study proved to be cost-
efficient without undermining the effectiveness of the breeding 
call recordings and responses.  

Our findings have several implications for the conservation 
and research of Canadian P. maculata and P. triseriata 
populations. First, they suggest that the Great Lakes-St. Lawrence-
Canadian Shield chorus frog population should be renamed a 
P. maculata population. This population was originally named 
as a P. triseriata frog population by the COSEWIC, listed under 
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SARA, and represents an Evolutionary Significant Unit (ESU) for 
conservation. Considering the scenarios of dispersal routes for P. 
maculata (Lemmon et al. 2007b) and their disjunct population 
distribution in Canada, the Great Lakes-St. Lawrence-Canadian 
Shield population may have evolved in isolation, but this assertion 
requires further investigation. Consequently, this population’s 
status should be re-evaluated separately from that of P. maculata 
populations further west into Canada. Moreover, comparative 
studies between chorus frogs from Québec and Ontario are 
needed to determine if locally adapted phenotypic traits (e.g., 
difference in advertisement call structure), or if differences on 
a finer genetic scale (e.g., population genetic analyses) have 
evolved. In their phylogenetic study of the trilling chorus frogs, 
Lemmon et al. (2007a) found P. maculata and P. clarkii to show 
significant differences in morphology and behavior, but were 
undifferentiated with respect to their mitochondrial DNA. In 
terms of a fine scale genetic analysis, we are currently employing 
a population genetics analysis to help determine the level of 
genetic differentiation and isolation of this important ESU (N. 
Tessier, pers. obs.). 

Although not much is known about P. maculata’s overall 
population stability, individuals located at the edge of their range 
limits are often found in sub-optimal habitats and experience 
greater environmental fluctuations, which increases their 
vulnerability (Gaston 1990; Mott 2010). Therefore, Québec chorus 
frogs in particular, whose populations have been disappearing 
and whose situation has become precarious, should be monitored 
closely. Multiple studies have tracked the rigorous population 
decline of chorus frogs in the Montérégie and Outaouais regions 
of Québec, and argued that urgent conservation actions need to 
be taken to save them from extinction (Bonin and Galois 1996; 
Picard and Desroches 2004; Angers et al. 2008a, b; COSEWIC 
2008; Seburn et al. 2008; Équipe de rétablissement de la rainette 
faux-grillon de l’ouest 2010). Since the 1950s, Québec has seen 
a 37% decrease in chorus frog population size every ten years, 
and the decline is expected to continue (COSEWIC 2008; Équipe 
de rétablissement de la rainette faux-grillon de l’ouest 2010). 
Chorus frog population surveys in Ontario indicate a 42.6% 
decline in abundance over the last decade despite hosting areas 
where chorus frogs seem relatively abundant (COSEWIC 2008). 

The greatest threat to these chorus frog populations is the 
progressive destruction and modification of their habitat for 
land use, development, and urbanization—an endless process 
primarily driven by economic and population growth (Trauger et 
al. 2003). Currently, less than 10% of viable chorus frog habitats 
are located in federally or provincially protected parks and 
refuges, leaving most populations vulnerable to the increased 
anthropogenic pressures (Environment Canada 2010). The long-
term protection of remnant habitats is key for ensuring their 
continued survival. 
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Natural Hybridization of Triploid Normally Parthenogenetic 
Aspidoscelis exsanguis with Gonochoristic A. inornata 
(Squamata: Teiidae) and Identity of an Associated Specimen  

Triploid parthenogenetic Aspidoscelis exsanguis (Chihuahuan 
Spotted Whiptail) is an abundant and widely distributed lizard 
in parts of Arizona, New Mexico, and Texas in the southwestern 
United States, and Sonora and Chihuahua in northern Mexico 
(Degenhardt et al. 2005; Dessauer and Cole 1989). It was derived 
in a two-step hybridization sequence (Table 1) which could 
have involved either A. costata x A. inornata → unknown diploid 
parthenogenetic species then many generations later before 
extinction x A. septemvittata → A. exsanguis (see Good and Wright 
1984; Moritz et al. 1989) or A. burti x A. inornata → → unknown 
diploid parthenogenetic species then many generations later 
before extinction x A. scalaris → A. exsanguis (see Dessauer and 
Cole 1989; Moritz et al. 1989). 

Only two of the several gonochoristic species with which A. 
exsanguis is syntopic, namely A. inornata (Little Striped Whiptail) 
and A. sexlineata viridis (Prairie Racerunner), have been reported 
to hybridize with this triploid normally parthenogenetic species 
(Table 1). Walker et al. (2006) reported a tetraploid male of 
A. exsanguis x A. sexlineata viridis, based on well-developed 
reproductive structures, external morphology, and color pattern, 
from De Baca County, New Mexico, deposited in the University of 
Arkansas Department of Zoology Collection (UADZ 6241). This 
report pertains to our study of the only known tetraploid lizard 
directly verified by a karyotype to have originated as a naturally 
occurring hybrid of A. exsanguis x A. inornata, a female deposited 
in the Harvard Museum of Comparative Zoology (Neaves 1971). 
It is one of only four genetically confirmed tetraploid hybrids 
of Aspidoscelis reported to date (see Hardy and Cole 1998). In 
addition to describing the morphology and color pattern of this 
unique biological novelty (Figs. 1R, 2M) using characters and 
terminology not considered by Neaves (1971), we compare it 
with samples of its parental species. We also provide a hypothesis 
to account for the aberrant dorsal color pattern of the tetraploid 
hybrid, resulting from identification of another key specimen 
(Fig. 1L) deemed problematic by Neaves (1971). Finally, the 
results of this study could also help detect possible natural 
independently reproducing tetraploid parthenogenetic lineages 
(= IRTPL) derived from hybridization between these species as 
have been generated in the laboratory by Lutes et al. (2011). 

Materials and methods.—We examined 19 specimens of 
Aspidoscelis loaned by the Harvard Museum of Comparative 
Zoology (MCZ) collected from Otero County, western New 
Mexico, in late August 1967 by W. B. Neaves. We measured the 
snout vent length (SVL) of each specimen to the nearest mm. For 

assessment of dorsal color patterns in A. exsanguis, A. inornata, 
and the hybrid between the two species (Figs. 1R, 2M), we 
employed terminology for pale stripes, intervening dark-hued 
fields, and small light-hued markings recommended by Burt 
(1931), Duellman and Zweifel (1962), and Walker et al. (2009). 
On each side of the body of a lizard (ventrolateral to dorsal) were 
lateral, dorsolateral, and paravertebral stripes with the latter 
exhibiting uneven margins in most specimens of A. exsanguis 
and being straight-edged in most A. inornata. With the exception 
of two six-striped lizards (i.e., each one lacking a vertebral 
stripe), specimens of A. inornata examined from Alamogordo 
in the MCZ collection either had a partial or a complete seventh 
stripe, the vertebral, between the paravertebrals (Fig. 2L). A 
vertebral stripe was not present in any of the A. exsanguis, which 
is typically six-striped (Fig. 2R). The fields on each side of the 
body in both species were identified as lower lateral (ventral 
to the lateral stripe), upper lateral (dorsal to the lateral stripe), 
dorsolateral (dorsal to the dorsolateral stripe) and vertebral 
(dorsal to the paravertebral stripe). The paravertebral stripes 
separately extended onto the base of the tail in A. exsanguis, but 
merged into a single stripe on the base of the tail in A. inornata 
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Department of Biological Sciences, University of Arkansas,
Fayetteville, Arkansas 72701, USA
e-mail: jmwalker@uark.edu
JAMES E. CORDES
Division of Sciences and Mathematics, Louisiana State 
University Eunice, Eunice, Louisiana 70535, USA 
e-mail: jcordes@lsue.edu

Fig. 1. An aberrantly patterned preserved male of Aspidoscelis inor-
nata (MCZ R-100080; 53 mm SVL) is shown on the left; a tetraploid 
hybrid female of A. exsanguis x A. inornata (MCZ R-101991; SVL 68 
mm) is shown on the right. Both specimens were collected from Al-
amogordo, Otero County, New Mexico, by W. B. Neaves, and recently 
photographed in the MCZ by Jon Woodward.
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(Figs. 1L, 2L). Whereas all A. exsanguis had a spotted dorsum, all 
A. inornata were unspotted (Figs. 1L, 2L). 

Terminology and data for meristic characters examined, based 
on Duellman and Zweifel (1962), Manning et al. (2005), and Walker 
et al. (2009), in the hybrid, newly identified problematic specimen, 
and comparative material of A. exsanguis and A. inornata from 
Otero County are included in Table 2. The different numbers of 
observations for some characters resulted from previous damage 
to certain MCZ specimens. The qualitative scutellation characters 
examined in all specimens included size of the postantebrachial 
scales on the posterior aspect of each forearm, size of the 
mesoptychial scales along the edge of the gular fold (i.e., abruptly 
enlarged or not), and anterior extent of the circumorbital scale 
series on both sides of the head (see Duellman and Zweifel 1962). 
Statistical analyses of meristic variables (Table 2) in A. exsanguis 
and A. inornata were performed using JMP software (Version 
11; SAS Institute, Inc., Cary, North Carolina, 2012) to generate a 
mean ± 1 SE, range of variation for each character, and determine 
statistical significance starting at P = 0.05

Results.—Walker and Lemos-Espinal (2015, in press) 
described four stages in the complex ontogenetic development 
of the dorsal color pattern in triploid A. exsanguis, with stage 
four in adults consisting of low contrast between either stripes 
or their fragments and fields, a profusion of spots on the stripes 
and in the fields, and spotted hind limbs. In the only known 
genetically confirmed, naturally occurring, tetraploid hybrid (4n 
= 92) of A. exsanguis x A. inornata (MCZ R-101991), the striped 
and spotted dorsal pattern resembled stage four of A. exsanguis, 
but it had been attained at a much smaller than usual body size 
(68 mm SVL) than described in that species. Moreover, it stood 
apart from the typical stage four dorsal patterns of A. exsanguis 
in that the elements of the pattern were not low contrast and the 
paravertebral stripes were consistently separated by a narrow 
dark-hued vertebral field only at each end of the body (Figs. 1R, 
2M). This phenotypic trait of the hybrid, which was one of the 
characters that provided the basis for Neaves (1971) inferring 
its hybrid origin even before karyotypic analysis, bears a strong 
resemblance to the specimen of A. inornata (MCZ R-100080) 
with reference to the pattern of dorsal stripes in Fig. 1L. Another 
feature of the hybrid noted by Neaves (1971) was the intense blue 
coloration on the tail and ventral surfaces, which occurs in adult 
males of A. inornata, but not in adult females of either it or A. 
exsanguis.

The hybrid had enlarged and plate-like postantebrachial 
scales on the forearms, abruptly enlarged mesoptychial scales 
along the edge of the gular fold, and circumorbital scale series on 
each side of the head that extended anteriorly to the midpoints 
of the third supraocular scales. These characters unambiguously 
aligned MCZ R-101991with maternal parent A. exsanguis, albeit 
with an unusual color pattern. Use of a standard suite of meristic 
variables in MCZ R-101991 (see Manning et al. 2005; Walker et 
al. 2009) for comparisons with the samples of A. exsanguis and 
A. inornata revealed that data could not be obtained for the PV 
and PV/GAB because of a lack of separation of the paravertebral 
stripes at midbody (Figs. 1R, 2M; Table 2). The analyses also 
revealed that the GAB and COS counts for the hybrid were within 
the overlap in ranges of variation in these characters in both 
parental species. The OR count was positioned between the 
ranges of variation in the parental forms (Table 2). The SDL count 
for the hybrid exceeded the ranges of variation for both parental 
forms, and the FP and LSG counts for the hybrid was within the 
range of variation of only A. exsanguis (Table 2). Finally, the ILS 
count was below the ranges of variation in both parental species.

Neaves (1971) could not resolve the identity of specimen MCZ 
R-100080, collected from a syntopic association of A. inornata 
and A. exsanguis in Alamagordo, because of its unusual dorsal 
color pattern (Fig. 1L) and rudimentary reproductive organs. In 
actuality, it is a male of 53 mm SVL with very small testes. The 
postantebrachial scales on the forearms were granular in size, 
the mesoptychial scales along the edge of the gular fold were not 
uniformly abruptly enlarged, and the circumorbital scale series 
on each side of the head extended anteriorly only to the midpoints 
of the third supraocular scales. These characters identified MCZ 
R-100080 as a male of A. inornata, albeit with an unusual color 
pattern. With reference to striping pattern in A. inornata, the 
MCZ sample of eight specimens examined from Alamogordo 
(including the unusual male) comprised six specimens with seven 
stripes (i.e., six primary stripes plus either a complete vertebral or 
nearly so), one with six stripes (i.e., lacking a vertebral), and MCZ 
R-100080 with aberrantly joined paravertebrals except where 
separated intermittently and at each end of the body (Fig. 1L). 

Fig. 2. A karyotyped tetraploid hybrid Aspidoscelis exsanguis x A. in-
ornata (MCZ R-101991) is shown between its parental species, A. in-
ornata (L) and A. exsanguis (R). Unlike A. exsanguis, the hybrid has 
larger and more distinct spots, evidence of separate paravertebral 
stripes only near the head and near the tail and joined in between, 
and had an intense blue coloration on the tail and ventral surfaces. 
Males of A. inornata typically also have vivid blue on these surfaces, 
no spots, joined paravertebral stripes only on the base of the tail, and 
typically a complete or partial vertebral stripe as shown. Females of 
A. exsanguis typically have six-stripes, unevenly margined paraver-
tebral stripes, no vertebral stripe, and smaller spots than the hybrid. 
A version of this photograph and a description appeared in Neaves 
(1971). 
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None of these specimens had spots in the dark-hued fields, lack 
of which is a consistent distinguishing character in A. inornata 
throughout its geographic range (Walker et al. 2009). Data for 
all meristic characters in the specimen, except the OR (Table 2), 
either were within the ranges of variation of both species (LSG) 
or were in the range for A. inornata, but within one to three scales 
of the lower or upper range limits of variation in A. exsanguis (i.e., 
GAB, PV, FP, SDL, COS, ILS). Nevertheless, the meristic alignment 
of MCZ R-100080 with A. inornata was indicated, and would 
not be unusual for range-wide samples of that species (Walker 
et al. 2012). In the case of the OR, this datum for the specimen 
marks the lower range limits for the sample of A. inornata, and 

was 25 scales below the lower range limit for A. exsanguis (Table 
2); however, we have obvserved much lower OR counts in range-
wide samples of A. inornata.  

Discussion.—Arguably, the tetraploid karyotype confirming 
the hybrid origin of MCZ R-101991 via A. exsanguis x A. 
inornata in Alamogordo, Otero County, western New Mexico 
(Neaves 1971) provided the evidence for it to become the most 
consequential voucher in the history of herpetology. Fortunately, 
the combination of aberrant dorsal and unusual ventral color 
patterns in live-captured MCZ R-101991, compared to the typical 
patterns of each of the parental species, drew attention to the 
significance of the lizard (Neaves 1971). After studying his Fig. 

table 1. Possible modes of origin proposed for the triploid parthenogenetic species Aspidoscelis exsanguis, and its hybrids with gonochoristic 
species.

Authors Progenitors of Parthenospecies and Parents of Hybrid Combinations

Good and Wright (1984) A. costata x A. inornata → 2n parthenospecies (then generations later) x A. septemvittata → → A. exsanguis

Dessauer and Cole (1989) A. burti x A. inornata → 2n parthenospecies (then generations later) x A. scalaris → A. exsanguis

Neaves (1971) A. exsanguis x A. inornata → natural 4n ♀ hybrid (N = 1)

Lutes et al. (2011) A. exsanguis x A. inornata → laboratory self→-sustaining 4n parthenospecies

Walker et al. (2006) A. exsanguis x A. sexlineata → natural 4n ♂ hybrid (N = 1)

table 2. Summary of data for meristic characters and SVL for a sample of Aspidoscelis inornata, unusually patterned A. inornata (MCZ 
R-100080), tetraploid hybrid A. exsanguis x A. inornata  (MCZ R-101991), and sample of A. exsanguis from Alamogordo, Otero County, New 
Mexico, collected by W. B. Neaves. Data for the two species are mean ± SE (first row) and range of variation and (N) (second row); included 
for each individual specimen is either a single datum for analyzable characters or ND for no data possible. Means ± SE followed by the same 
superscripted letters are not significantly different at P = 0.05. 

Meristic Character A. inornata 100080 101991 A. exsanguis

GAB: scales around midbody from one lateral row of ventral 63.1 ± 0.67B   69.0 ± 1.02A

scales to opposite row of laterals 61–66 (8) 64 66 65→–74 (10)

OR: dorsal granules from the occipital scales to the first row 159.3 ± 2.17B   182.0 ± 1.76A

of caudal scales 153→–163 (4) 153 170 178→–187 (5)

PV: dorsal granules between the paravertebral stripes at midbody 7.8 ± 0.92A   4.7 ± 0.21B

 2→–10 (8) 2 ND 4–→6 (10)

FP: femoral pores summed from both sides of body 31.2 ± 0.79B   35.3 ± 0.24A

 28→–34 (6) 31 38 33→–38 (10)

SDL: subdigital lamellae of the fourth toe of the left pes 29.4 ± 0.92B    30.9 ± 0.23A

 28→–32 (8) 29 34 30→–32 (10)

COS: circumorbital scales, summed from both sides of body 9.5 ± 0.67A   8.9 ± 0.39A

 8–→12 (6) 12 10 7→–11 (9)

LSG: lateral supraocular granules, summed from both sides 27.0 ± 1.52B   29.1 ± 0.84A

of body 16–→27 (8) 27 30 25–→32 (9)

ILS: interlabial scales, summed from both sides of body 26.4 ± 0.70A   17.7 ± 0.60B

 21→–34 (7) 24 13 15–→21 (9)

SVL: snout to vent length 53.5 ± 1.89   67.6 ± 1.20
 45–→61 (8) 53 68 62–→76 (10)
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1 and examining the specimen, we initially hypothesized that 
the unusual dorsal and ventral color patterns were phenotypic 
consequences of hybrid-derived tetraploidy per se. However, 
further analysis indicated that it is more likely that the unusual 
pattern of MCZ R-101991 resulted from a mating between a 
normally patterned A. exsanguis (Fig. 2R) and an aberrantly 
patterned A. inornata as represented by MCZ R-100080 (Fig. 1L). 
According to W. B. Neaves (pers. comm.), all of the F

1
 hybrids 

generated by the whiptail lizard research group at Stowers 
Institute for Medical Research, Kansas City (see Lutes et al. 
2011; Fig. 1 A and B), in the quest to synthesize hybrid-derived 
IRTPL have been parented by mothers (A. exsanguis; Fig. 2R) and 
fathers (A. inornata; Fig. 2L) with normal color patterns (also 
see Lutes et al. 2011; Fig 1A).  This has resulted in both male and 
female F

1 
hybrids, none of which possessed joined paravertebral 

stripes as seen in hybrid MCZ R-101991 (Fig. 2-M). Thus, should 
the potential for production of an A. exsanguis x A. inornata 
tetraploid parthenogenetic species be realized in nature, its 
discovery should not be expected to be based on aberrantly 
patterned lizards such as MCZ R-101991. Rather, its recognition 
would be triggered by subtle rather than striking color pattern 
distinctions from A. exsanguis (e.g., Lutes et al. 2011; Fig. A and B). 
Based on this study, we predict that it will be found that naturally 
occurring, as well as laboratory synthesized species of this hybrid 
combination, will closely resemble the maternal progenitor in 
color pattern (i.e., in having six faint stripes, profuse spotting, 
and muted contrast between these components and the ground 
colors). Moreover, we predict that the tetraploid species, as is 
also true of MCZ R-101991, will not be diagnostically different in 
either scutellation or meristic characters. 

The unique significance of MCZ R-101991 to evolutionary 
biology is that it was foundational to the laboratory experiments 
leading to the laboratory synthesis of the first reported IRTPL. 
Based on the observation of Neaves (1971) that the hybrid female 
had oviposited putatively fertile eggs during captivity, Lutes et 
al. (2011), guided by W. B. Neaves some 40 years later, chose to 
pursue a course of experimentation using the same parental 
species that produced the possibly fertile lizard reported in 
1971 ostensibly to synthesize one or more IRTPL. Indeed, they 
stunned the scientific community, and none more than us, 
with the report of the synthesis of three IRTPL descended from 
three tetraploid hybrids from the same clutch produced by one 
laboratory hybrid of A. exsanguis x A. inornata (Lutes et al. 2011). 
This achievement is all the more remarkable in light of the report 
of Cole et al. (2010) that they had no success in synthesizing 
either a triploid or a tertaploid hybrid-derived IRTPL in 29 years 
of experimentation using a variety of species. 
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appendix 1

Specimens of Aspidoscelis exsanguis, A. inornata, and a hybrid fe-
male from the Harvard Museum of Comparative Zoology (MCZ) 
examined in support of this study.

 usa: new Mexico: oteRo county: weedy area ~20 m wide and >100 
m in length between a city park and railroad tracks in Alamogordo, 
~32.89944oN, 105.93972oW in late August 1967. Aspidoscelis ex-
sanguis (MCZ R-100096 to R-100105, N = 10). A. inornata (MCZ 
R-100081 to R-100083, R-100085, R-100424, R-100425, R-114854, N 
= 7). Genetically confirmed tetraploid (4n = 92) hybrid of A. exsan-
guis x A. inornata (MCZ R-101991, N = 1). Previously unidentified 
specimen herein assigned to A. inornata (MCZ R-100080, N = 1).
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Preliminary Nocturnal Road Survey of Snakes in Northeastern 
Swaziland: Effects of Agriculture on Relative Abundance

Although the global biodiversity crisis has garnered much 
conservation attention for some vertebrate groups (e.g., 
mammals, birds, amphibians), declines of squamate reptiles are 
evident, but relatively poorly known (Gibbons et al. 2000; but 
see Sinervo et al. 2010). Population declines may be particularly 
prevalent in snakes (Reading et al. 2010); however, owing partly 
to their reclusive nature, studies documenting demographic 
patterns or shifts in community composition are relatively few 
(Dorcas and Willson 2009).

Here we report a preliminary survey documenting differences 
in snake assemblages between subtropical savanna (protected 
areas) and agricultural (sugarcane plantations) habitats in the 
Lowveld along a road transect in northeastern Swaziland (Fig. 1). In 
Swaziland, communal and protected lands occur as a fragmented 
matrix embedded within agricultural lands. Sugarcane production 
accounts for 59% of Swaziland’s agricultural output, and the total 
area devoted to sugarcane monoculture has increased steadily 
over the past fifty years (Knox et al. 2010; USDA 2013). Habitat 
degradation is likely the primary contributor to snake declines 
(Dodd 1987), but the specific effects of sugarcane plantations on 
snake assemblages are poorly understood. Swaziland is densely 
populated, and is under increasing pressure to convert natural 
habitats to agriculture. As this conversion continues, information 
regarding its impacts on snake assemblages will be needed to 
inform management strategies for threatened species, such as the 
Southern African Rock Python (Python natalensis).

Materials and methods.—Our study area was located in the 
northeastern Lowveld region of Swaziland (Fig. 1). The Lowveld is 
characterized by subtropical climate, with annual rainfall of 550–
725 mm, and a mean summer temperature of 26°C (Monadjem 
and Garcelon 2005). Our efforts were concentrated in the Hlane-
Mlawula-Mbuluzi reserve network, the system of protected areas 
in Swaziland (Monadjem and Reside 2008). The reserve network 
is primarily savanna and dominant tree species include Acacia 
nigrescens, A. tortilis, Dichrostachys cinerea, Ficus sycomorus, and 
Ziziphus mucronata (Monadjem 2005). Characteristic grasses 
are Cenchrus ciliaris, Digitaria eriantha, Panicum maximum, 
Themeda triandra, and Urochloa mossambicensis (Boycott et al. 
2007).

We designed a road transect for sampling snakes such that 
each complete round-trip circuit included equal distances in 
both protected areas and sugarcane plantations (Fig. 2). In total, 
our transect route included a 66-km stretch of MR3 with a portion 
of MR24 and an eight-km extension road, all of which is paved. 

Highway MR3 is a two lane highway that runs west–east from 
South Africa to Mozambique and has heavy traffic. Along this 
transect are Mbuluzi Game Reserve, Mlawula Nature Reserve, 
and Hlane Royal National Park, which constitute protected 
savanna habitat. MR3 bisects both sugarcane plantations and 
a game reserve, Hlane Royal National Park. MR24 traverses only 
sugarcane plantations, and the extension road off of MR3 passes 
through portions of both Mbuluzi Game Reserve and Mlawula 
Nature Reserve. Located along the transect are the small towns 
of Simunye, Maphiveni, Tabankulu, and Mhlume. The Simunye 
and Mhlume Estates are major sugarcane plantations along the 
study transect. In addition, the Mbuluzi River flows underneath 
a portion of MR3 and the Mlawula River flows parallel to the 
extension road near the Mlawula Nature Reserve. 

We surveyed snakes along the road transect on most nights 
between 2 January and 12 February 2014, during the summer 
rainy season. The survey route was driven 1–3 times each night, 
depending on time constraints and snake activity; importantly, 
distance traversed in protected and agricultural areas was the 
same for each survey night. Each night we randomly chose the 
start direction to avoid biasing the beginning and end times for 
traversing particular habitats. Surveys were conducted between 
1800–0100 h, with an average drive speed of 40 km/h. For each 
survey, we recorded date, start time, number of round-trip 
circuits, and end time. For each snake observation, we recorded 
genus and species, time, GPS coordinates, and condition 
(alive-on-road [AOR]; dead-on-road [DOR]). Dead snakes were 
removed from the road to avoid repeated counting, and some of 
those were preserved as voucher specimens (museum deposition 
information pending).

We compared relative abundances of snakes (all species 
combined) between savanna and sugarcane plantations by 
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Fig. 1. Aerial image of northeastern Swaziland showing the survey 
transect outlined in red. Sections of natural habitat are outlined in 
green; all other sections of transect are in agricultural habitat.
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calculating the number of snakes encountered per kilometer, 
a common metric used in snake road-survey studies (e.g., 
Mendelson and Jennings 1992; Sullivan 2000). We tested whether 
relative frequencies of individuals encountered at the family 
level (Pythonidae, Atractaspididae, Colubridae, Elapidae, and 
Viperidae; Table 1) were independent between habitat types 
using Pearson’s chi-square test. We pooled observations into 
families rather than species because of overall low sample sizes 
across individual species. We included diurnal species in the 
analysis because we had no a priori reason to assume a bias 
between habitat types and we had no way to determine time of 
death for DOR snakes (i.e., diurnal species may be active at night 
depending on weather conditions).

Results and discussion.—We sampled 33 nights over a 42-
day period, covering a total distance of 3234 km (1617 km in 
each habitat). Over the duration of the study, we observed 85 
snakes representing 20 species and five families (collectively, 
0.026 snakes per km). DOR snakes comprised 68% of all snakes 
observed (DOR = 0.018 snakes per km; AOR = 0.008 snakes 
per km); however, the proportion of DOR snakes is inflated by 
individuals of diurnal species found after sundown. Of all species 
encountered during surveys, only six were found in both habitats. 
The most frequently observed species, Python natalensis, was 
observed exclusively in protected areas, and made up 33% of all 
snakes encountered.

 Snakes were encountered 3.5 times more frequently in 
protected areas than in agricultural habitats based on number of 
snakes observed per km (0.039 snakes per km for savanna, 0.011 
snakes per km for sugarcane). Furthermore, snake assemblages, 
based on relative abundances of individuals recorded for 

each family, differed between protected and 
agricultural habitats (c2 = 22.625, d.f. = 4, P = 
0.002). Differences in snake assemblages were 
driven largely by the dominance of pythons in 
protected areas and the higher than expected 
frequency of elapids in agricultural habitats. 
Observed and expected frequencies for each of 
the remaining families (Colubridae, Viperidae, 
and Atractaspididae) were similar between 
habitats.

Although roads may contribute to high 
levels of snake mortality (e.g., Rosen and Lowe 
1994), they have also proven to be effective tools 
for surveying snake populations at regional 
scales (Mendelson and Jennings 1992; Sullivan 
2000; Jones et al. 2011; McDonald 2012). In 
northeastern Swaziland, we found snake species 
richness to be similar between protected and 
agricultural areas (14 species in savanna vs. 12 
species in sugarcane), but relative abundance 
overall was much higher in protected areas 
(Table 1). Taken together, our results were driven 
primarily by the dominance of pythons in the 
dataset, and their clear affinity for protected 
areas over agricultural areas. It is likely that 
pythons do not dominate the snake assemblage 
numerically, but are more visible on roads, and 
may remain on roads longer than other snakes. 
We attribute the high relative abundance of 
rock pythons in protected habitats to their 
specific requirements for refugia and nesting 
sites, which include large underground burrows 

Fig. 2. Photographs of natural habitat (Lowveld bush; A) and homog-
enous agricultural habitat (sugarcane plantations; B) from along the 
survey transect.

table 1. Total number of snake observations in sugarcane and savanna habitats 
within the study area, northeastern Swaziland, from 2 January to 12 February 2014. 
Brackets indicate number of DOR snakes. 

Family Species Sugarcane Savanna

Pythonidae Python natalensis  28[22]

Atractaspididae Amblyodipsas polylepis  1

 Atractaspis bibronii  1[1]

Colubridae Crotaphopeltis hotamboeia 3[1] 5[2]

 Dasypeltis scabra 1 4[1]

 Dipsadoboa aulica 2[2] 3[2]

 Lamprophis capensis  8[4]

 Lycodonomorphus rufulus 2[2] 

 Lycophidion capense  1

 Mehelya capensis 1 

 Philothamnus hoplogaster 1[1] 

 Philothamnus semivariegatus 1[1] 

 Prosymna sundevallii  3

 Psammophis mossambicus 1[1] 

 Telescopus semiannulatus  3[3]

 Thelotornis capensis 1[1] 6[6]

Elapidae Dendroaspis polylepis 3[3] 

 Naja mossambica 2[2] 1[1]

Viperidae Bitis arietans 1[1] 1[1]

 Causus defilippii  1[1]

Total  19[15] 66[44]
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and cavities in termite mounds. These microhabitat features 
are largely absent from sugarcane plantations. Furthermore, 
sugarcane is harvested by first burning and then cutting to 
ground level, and it is unlikely that these large constrictors would 
survive this activity. 

Our analysis at the family level indicated that the Elapidae 
(cobras and mambas) may be the only group of snakes that was 
relatively more abundant in sugarcane plantations (albeit sample 
size was small).  These active, largely diurnal predators may 
maintain core home ranges in edge or more natural habitats while 
moving extensively through sugarcane plantations (see Phelps 
2002). Alternatively, elapids may use available microhabitats in 
sugarcane more effectively than do other snakes, and may attain 
high densities due to competitive release from other species 
that are adversely affected by agricultural practices. Elapids 
are generalist predators that frequently take rodent prey, and 
agricultural areas in Swaziland sustain rodent densities equal 
to those in more natural habitats (Hurst et al. 2014), and may 
simultaneously harbor fewer predators of snakes. However, more 
extensive surveys will be needed to confirm the validity and 
generality of this potential trend in relative abundance.

Despite the many biases inherent in road-cruising studies 
and our low survey sample size (e.g., some species may use roads 
more frequently than others, some species may be more visible 
on roadways, activity times and microhabitats differ across 
species; see Sullivan 2012), our data suggest that agricultural 
habitats, and sugarcane monoculture in particular, have a 
negative impact on snake assemblages. Our preliminary study 
adds to previous research showing declines in squamate species 
associated with habitat alteration in southern Africa (e.g., Branch 
1998; Meik et al. 2002; Gardner et al. 2007; Trimble and Aarde 
2014) and provides additional evidence that anthropogenic 
habitat degradation may threaten snake populations globally 
(Dodd 1987; Dorcas and Willson 2009). In addition, we note 
that 22 out of 28 pythons encountered were DOR, indicating 
that automobile traffic may be a significant source of mortality 
for pythons. These snakes are large and slow-moving, and 
apparently use roads to thermoregulate. Population viability of 
snakes related to road mortality is a conservation concern that 
has been largely neglected (Rosen and Lowe 1994; Dorcas and 
Willson 2009) and may benefit from increased focus in southern 
Africa.
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Reptile Use of Trails in the Phoenix Mountain Parks
Urbanization can be a source of habitat removal and 

degradation threatening some species of herpetofauna (Gibbons 
et al. 2000; Wolf et al. 2013). Species richness for amphibians and 
reptiles often declines in areas of high urbanization from loss of 
suitable habitat (McKinney 2008). However, within urban areas 
where natural habitats are preserved or protected, herpetofauna 
often persist (Hamer and McDonnell 2012). The ability to monitor 
impacts from human interactions on these protected areas can 
be essential for effective management (Goode et al. 1995).

Protected areas juxtaposed with urban areas can be popular 
for outdoor recreation and offer many social benefits to city 
residents. However, outdoor recreation such as hiking, mountain 
biking, and horseback riding can have both direct and indirect 
effects on wildlife and their habitats. For example, trail use can 
directly affect small animals by trampling or by disturbing refuges 
or breeding sites (Knight and Cole 1995). Indirect effects can alter 
habitat by compacting soils, introducing weeds, causing erosion, 
reducing vegetation or ground cover, or cause behavioral 
responses in wildlife by eliciting a flight response (Cole and 
Landres 1995). To ensure viable populations and communities, 
a better understanding of these recreational disturbances on 
wildlife is crucial.

Studying relationships between reptile abundance and 
diversity with recreational trails can benefit park managers by 
providing data on how trail usage and habitat characteristics 
may affect herpetofauna communities. We compared the reptile 
community and their habitats along multiuse trails and at off-
trail sites. Our research objectives were to investigate how reptile 
abundance and diversity and habitat characteristics varied in 
relation to trails. We predicted that locations further away from 
trails would contain greater reptile abundance and diversity due 
to less human interaction and habitat modification.

Methods.—For our study, we chose McDowell (33.6952°N, 
111.7348°W) and Usery (33.4791°N, 111.6191°W) Mountain 
Regional Parks, located in the Phoenix Metropolitan Area, 
Arizona, USA. These parks offer a model system to evaluate the 
effects of recreational trail use on reptile species. The two parks 
offer miles of multiuse trails for recreational activities, represent 
a large variety of plants and animals, and are surrounded by 
urban development within the Upper Sonoran Desert. 

We performed surveys at each park along different trail 
conditions (high-use and low-use) and types (trail and off-trail). 
To select high-use and low-use trails, we consulted with park 

managers to identify trails that were popular with recreationalists 
and other trails with relatively low visitation rates. In each park, 
we established 40, 10 m × 20 m plots (N = 80). Of the 40 plots, 
10 were high-use plots, 10 were low-use plots, and 20 were off-
trail plots. The location of the first plot along trails was randomly 
selected and subsequent plots placed every 150 m. We placed 
off-trail plots 150 m perpendicular to trail plots and side was 
determined randomly. We took care to make sure no off-trail 
transect interested with other recreation trails within a park and 
were > 150 m from any other trail.

We quantified reptile abundance and diversity using visual 
encounter survey methods (McDiarmid  et al. 2011). Two trained 
observers surveyed each plot once in July and once in August 
2013 during morning hours (0600–1100 h) when reptiles are most 
commonly active (Brennan and Holycross 2009). Surveys were 
area-constrained and we exhaustively searched each plot under 
suitable debris, logs, and rocks while disturbing vegetation. We 
recorded all reptile observations by age class (hatchling or adult), 
location, and species. 

Using similar methods to Banville and Bateman (2012), we 
measured habitat characteristics for each of the 80 plots (Table 
1). We quantified percent ground cover (i.e., bare ground, 
cryptobiotic crust, litter, and woody debris), vegetation cover 
(i.e., cactus, shrub, succulent, and tree), and burrow density at 
10 square-meter intervals. The measured intervals consisted 
of 10 alternating square-meter sub-plots along a randomly 
chosen 20 m length of the plot. Using point-intercept methods, 
we quantified proportion of cacti, shrubs, succulents, trees, and 
woody debris (> 1 cm in diameter). We measured, at randomly 
selected quarter-plot intervals (5 m × 10 m), percent cover of 
boulder, cobble, gravel, and sand, and at randomly selected 
half-plot intervals (5 m × 20 m) we counted perennial plant 
species. 
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Fig. 1. Principle component factor values (PC1, PC2) depicting dif-
ferences among park habitats in the Phoenix valley in central Ari-
zona. PC1 values (a) are represented by the absence and presence of 
vegetation; cacti, shrubs, trees. PC2 values (b) are represented by the 
presence of woody debris and bare ground.
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We defined abundance as the greatest number of individuals 
per age class of each species detected during both surveys in each 
plot. We compared reptile abundance between parks using the 
Mann-Whitney U test and quantified reptile diversity using the 
Shannon index. We used Principle Component Analysis (PCA) to 
reduce habitat variables and summarize variation within plots. 
To determine differences in habitat, we used a two-way ANOVA 
to compare scores derived from the PCA between parks and trail 
type. To evaluate species-habitat relationships, we used logistic 
regression to correlate species’ occurrences with derived PCA 
component scores. All analyses were conducted using SPSS 
Statistics (IBM Corp. version 22.0).

Results.—We recorded a total of 205 reptile observations 
consisting of 10 species with a Shannon’s diversity index of 
1.144. Species recorded at both parks include Aspidoscelis tigris 
(Tiger Whiptail), Callisaurus draconoides (Zebra-tailed Lizard), 
Sceloporus magister (Desert Spiny Lizard), and Uta stansburiana 
(Common Side-blotched Lizard). Species recorded only at 
McDowell Mountain Park include Coleonyx variegatus (Western 
Banded Gecko) and Gambelia wislizenii (Long-nosed Leopard 
Lizard). Species recorded only at Usery Mountain Park include 
Cophosaurus texanus (Greater Earless Lizard), Crotalus atrox 
(Western Diamond-backed Rattlesnake), Masticophis flagellum 
(Coachwhip), and Urosaurus ornatus (Ornate Tree Lizard). Uta 
stansburiana was the most common species at both parks, 
followed by A. tigris, and C. draconoides (58%, 23%, and 9% of 

abundance, respectively). We found C. draconoides (U = 666, P 
= 0.069) and U. stansburiana (U = 636, P = 0.102) in marginally 
greater abundances at trail locations compared with off-trail. 
However, overall reptile abundance was similar between parks 
(U = 678, P = 0.231), trail condition (U = 175, P = 0.490), and trail 
type (U = 763, P = 0.716); therefore, data were pooled for species-
habitat analyses. 

From the 14 habitat variables (Table 1), we identified five 
principle components that explained over 70% of the variation 
(eigenvalues > 1; PCA) in habitat among plots. Plots with high 
PC1 scores had high vegetation cover, proportions of cacti, 
shrubs, succulents, and a richness of vegetation species; plots 
with high PC2 scores had bare ground and lacked litter and 
woody debris; plots with high PC3 scores had gravel and a 
high density of burrows; plots with high PC4 scores had a high 
proportion of trees; and plots with high PC5 scores had few areas 
with cryptobiotic crust. PC1 values differed between parks (F

(1, 

76)
 = 26.771, P < 0.001), were similar on and off trail (F

(1, 76)
 = 0.104, 

P = 0.748), and had no significant park x trail interaction (F
(1, 76)

 = 
0.762, P = 0.386). Usery Mountain Park had greater amounts of 
vegetation than McDowell Mountain Park (Fig. 1a). PC2 values 
differed between parks (F

(1, 76)
 = 20.240, P < 0.001) and between on 

and off-trail (F
(1, 76)

 = 4.809, P = 0.031), but had no significant park 
x trail interaction (F

(1, 76)
 = 2.178, P = 0.144). McDowell Mountain 

Park had greater amounts of woody debris than Usery Mountain 
Park, with most woody debris located along trails (Fig. 1b). PC3 

table 1. Mean (± SE) of habitat variables along with principal components analysis factor correlation during summer 2013 at McDowell 
Mountain Park and Usery Mountain Park, central Arizona, USA.

 McDowell Mountain Park Usery Mountain Park 
 Off-trail Trail Off-trail Trail Component
Variable (N = 20) (N = 20) (N = 20) (N = 20) (correlation)

Bare ground (%) 76.0 ± 3.1 62.5 ± 3.6 65.0 ± 4.4 68.5 ± 3.7 2 (+)

Biotic crust (%) 0.4 ± 0.1 0.2 ± 0.1 1.0 ± 0.2 0.7 ± 0.1 5 (−)

Boulder (%) − − 3.5 ± 1.3 2.0 ± 1.0 1 (+)

Cobble (%) 0.7 ± 0.2 0.6 ± 0.1 8.8 ± 3.8 7.0 ± 2.6 2 (+)

Gravel (%) 78.3 ± 2.4 64.4 ± 4.1 77.9 ± 3.0 61.3 ± 5.7 3 (+)

Litter cover (%) 23.0 ± 3.0 36.0 ± 3.6 33.5 ± 4.1 31.0 ± 3.7 2 (−)

Sand (%) 18.2 ± 3.1 31.0 ± 3.4 8.1 ± 2.0 19.8 ± 2.8 4 (−)

Vegetation (%) 18.0 ± 2.4 12.1 ± 2.1 25.9 ± 2.8 27.2 ± 3.2 1 (+)

Number of burrows 0.2 ± 0.0 0.1 ± 0.0 0.3 ± 0.1 0.3 ± 0.1 3 (+)

Number of woody debris 0.2 ± 0.0 2.0 ± 0.5 0.1 ± 0.0 0.8 ± 0.3 2 (−)

Proportion of cacti, succulents − − 0.1 ± 0.0 − 1 (+)

Proportion of shrubs 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.0 0.3 ± 0.1 1 (+)

Proportion of trees 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0 4 (+)

Vegetation species richness 4.7 ± 0.4 5.0 ± 0.5 7.1 ± 0.3 7.0 ± 0.6 1 (+)

table 2. Presence of lizards as predicted by habitat characteristics (component, PC) from logistic regression in mountain parks from central 
Arizona. Callisaurus draconoides was negatively associated with PC2 (high amount of bare ground, lacking litter and woody debris) and found 
around areas containing woody debris.

Species Correlation (+→−) Component Statistic Significance (accuracy)

Aspidoscelis tigris NA NA c2 = 1.271 P = 0.260 (53.8%)

Callisaurus draconoides − PC2 c2 = 11.203 P = 0.004 (80.0%)

Uta stansburiana NA NA c2 = 1.413 P = 0.234 (75.0%)
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values differed on and off-trail (F
(1, 76)

 = 7.106, P = 0.009), with 
greater densities of burrows found off-trail.

Only the three most common species, representing 90% of 
abundance, were included in species-habitat analyses. Of the 
three species of lizards used in analyses, only C. draconoides 
had conclusive results. This species of lizard was negatively 
associated with PC2 (areas with high amount of bare ground, 
lacking litter and woody debris, Table 2). 

Discussion.—Overall, we found that lizards did not avoid 
trails and some species may prefer areas with trails. For example, 
C. draconoides are known to occur in broad, sandy washes 
(Brennan and Holycross 2009), and this openness is imitated by 
the desert park trails. We observed twice as many C. draconoides 
at McDowell Mountain Park predominantly along trails where 
woody debris had been placed by managers. Lining trails with 
fallen trees and cacti was employed by park management to 
encourage users to stay on-trail. Modification of trails using 
woody debris may have contributed to habitat structure 
used by some lizard species. For example, we observed that 
U. stansburiana used the woody debris as perches. However, 
further study is needed to determine if reptiles utilizing trails are 
exposed to greater risks. 

Some of the differences in habitat characteristic between 
the parks can be explained by a wildfire that burned McDowell 
Mountain Park in July 1995. Caused by lightning, this fire burned 
a large part of McDowell Mountain Park leaving areas void 
of large trees and cactus. This lower vegetation cover had no 
significant effects on reptile abundance and diversity between 
parks. However, the fire may be the source of woody debris 
that was placed along trails to keep recreationalists from going 
off-trail at McDowell Mountain Park (R. Hubbell, pers. comm. 
2013); whereas, no woody debris was placed near trails at Usery 
Mountain Park.

Continuing to allow recreationalist an opportunity to enjoy 
county regional parks while protecting wildlife is a primary goal 
for park management (Taylor and Knight 2003). Our investigation 
of how reptiles respond to park trails allows greater insight 
for park managers. The research can contribute to effective 
management decisions for current and future parks. To support 
the conservation of wildlife and county regional park systems, we 
encourage further investigations of trails and possible impacts to 
biodiversity. 

Acknowledgments.—We thank Dan Wilson, Brennan Basler, and 
Rand Hubbell for their logistical support and allowing us access to 
the Maricopa County Regional Parks. We thank the Central Arizona–
Phoenix Long-Term Ecological Research (CAP LTER) for providing 
funding (NSF BCS-1026865). Special thanks to the Conservation Al-
liance, Justin Poulter for field assistance, and Kent Mosher for help 
with analysis interpretation. 

liteRatuRe cited

banville, M. J., and h. l. bateMan. 2012. Urban and wildland herpe-
tofauna communities and riparian microhabitats along the Salt 
River, Arizona. Urban Ecosyst. 15:473–488.

bRennan, t. c., and a. t. holycRoss. 2009. A Field Guide to Amphib-
ians and Reptiles in Arizona. Arizona Game and Fish Department. 
Phoenix, Arizona. 150 pp.

cole, d. n., and p. b. landRes. 1995. Indirect effects of recreation on 
wildlife. In R. L. Knight and K. Gutzwiller (eds.), Wildlife and Rec-
reationists: Coexistence Through Management And Research, pp. 
183–202. Island Press, Washington, D.C.

gibbons, J. w., d. e. scott, t. J. Ryan, k. a. buhlMann, t. d. tubeRville, 
b. s. Metts, J. l. gReene, t. Mills, y. leiden, s. poppy, et al. 2000. The 
global decline of reptiles, déjà vu amphibians. BioScience 50:653–
666.

goode, M. J., J. M. howland, and M. J. sRedl. 1995. Effects of micro-
habitat destruction on reptile abundance in Sonoran Desert rock 
outcrops. Nongame and Endangered Wildlife Program Heritage 
Report. Arizona Game and Fish Department. Phoenix, Arizona.

haMeR, a. J., and M. J. Mcdonnell. 2010. The response of herpetofauna 
to urbanization: inferring patterns of persistence from wildlife da-
tabases. Austral Ecol. 35:568–580.

knight, R. l., and d. n. cole. 1995. Wildlife responses to recreation-
ists. In R. L. Knight and K. Gutzwiller (eds.), Wildlife and Recre-
ationists: Coexistence Through Management And Research, pp. 
51–69. Island Press, Washington, D.C.

McdiaRMid, R. w., M. s. FosteR, c. guyeR, J. w. gibbons, and n. cheRnoFF. 
2011. Reptile Biodiversity: Standard Methods for Inventory and 
Monitoring. University of California Press, Berkeley and Los 
Angeles, California. 424 pp.

Mckinney, M. 2008. Effects of urbanization on species richness: A re-
view of plants and animals. Urban Ecosysts. 11:161–176.

tayloR, a. R., and R. l. knight. 2003. Wildlife responses to recreation 
and associated visitor perceptions. Ecol. Appl. 13:951–963.

wolF, a. J., e. c. hellgRen, v. bogosian, and R. w. Moody. 2013. Effects of 
habitat disturbance on Texas horned lizards: an urban case study. 
Herpetologica 69:265–281.



Herpetological Review 46(1), 2015

18     TECHNIQUES

TECHNIQUESTECHNIQUES
Herpetological Review, 2015, 46(1), 18–22.
© 2015 by Society for the Study of Amphibians and Reptiles

Using Digital Photographs and Pattern Recognition to  
Identify Individual Boreal Toads (Anaxyrus boreas boreas)

Individual identification of animals can provide an array of 
useful capture-mark-recapture information, allowing researchers 
to estimate survival, movement, abundance, recruitment, and 
capture probability (Williams et al. 2002). This information can 
yield valuable insight to field investigators regarding a species’ life 
history (Davis and Ovaska 2001; Phillott et al. 2007). Techniques 
used to identify individuals of many species have been developed 
and refined to gather this information. Toe clipping, PIT tagging, 
polymers and pigments, branding, and pattern mapping are all 
viable techniques for identifying individuals of many amphibian 
species (Donnelly et al. 1994; Davis and Ovaska 2001). 

In addition to its potential utility in field investigations, indi-
vidual identification is often important in captive populations. 
Knowing the identity of individuals allows accurate documenta-
tion of animal origin and breeding history, providing essential in-
formation when selecting individuals to breed in order to main-
tain a healthy, genetically diverse population. These goals are the 
impetus for the keeping of studbooks for a number of imperiled 
and critically endangered amphibian species. Individual identifi-
cation capability may also facilitate the separation of brood stocks 
without the need to apply other marks.

Choosing the technique that best suits the species of interest 
as well as satisfying the questions at hand is important when 
determining how to identify individuals (Osbourn et al. 2011). 
In order to use pattern recognition as a capture-mark-recapture 
technique, the pattern on the animal should be distinguishable, 
remain stable, and be unique to the individual (Osbourn et al. 
2011). These characteristics must be examined in any species for 

which pattern recognition is evaluated as a method. When not all 
of these pattern characteristics are present, false identifications 
may result (Kenyon et al. 2009). However, patterns that are unique 
and stable constitute the ideal mark because they cannot be lost, 
and concerns over deleterious marking effects that could affect 
results are minimized (Beausoleil et al. 2004). 

In the past, pattern mapping has been a time consuming, 
demanding technique because an investigator had to either sketch 
the pattern of the specimen or wait to develop film (Donnelly 
et al. 1994; Plăiaşu et al. 2005), accompanied by the uncertainty 
over the quality of photographs taken. Recently, the affordability 
and quality of digital cameras have made pattern mapping 
more feasible. The ability to take, assess the quality, and retake a 
photograph while the specimen is still available makes pattern 
mapping and digital photography a suitable option (Bradfield 
2004). Furthermore, digital photographs are less intrusive than PIT 
tagging or toe clipping; there are no wounds or potential infection 
sites created when taking a digital photo (Carafa and Biondi 2004; 
Plăiaşu et al. 2005). These advantages make digital photographs 
for individual identification appealing, especially when working 
with a state endangered species such as the Boreal Toad (Anaxyrus 
boreas boreas) in Colorado. 

Colorado Parks and Wildlife (CPW) maintains a captive 
population of approximately 700 Boreal Toads at its Native 
Aquatic Species Restoration Facility (NASRF) for which unique 
identifications are necessary. Implanting captive toads with PIT 
tags seemed a logical choice given apparent high retention rates 
in wild toads (e.g., Scherer et al. 2008; Muths et al. 2010; Pilliod 
et al. 2010). However, long-term retention rates of PIT tags in our 
captive population have been much less than 50%, despite being 
implanted by the same individual who implanted PIT tags into the 
toads in the Muths et al. (2010) study (K. B. Rogers, pers. comm.). 
Hatchery toads were smaller on average than wild adult toads, 
so size at tagging may have had an effect. Whatever the cause of 
this excessive tag loss, it was clear that CPW would not be able to 
rely on PIT tags to identify individuals in this captive population. 
Toe clipping, although a generally reliable, inexpensive method 
to identify individuals, was deemed unsuitable for identifying 
the toads housed at NASRF because of the large number of toe 
removal combinations that would be required. 

To find a more viable and reliable option, we explored 
phenotypic characteristics of the Boreal Toad. The Boreal Toad’s 
ventral morphology consists of a cream-colored belly, creating 
a contrasting backdrop to the black markings on the belly. The 
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resulting stark contrast makes the Boreal Toad a good candidate 
for pattern mapping. However, it was unknown if belly patterns 
remained unchanged as recent metamorphs or yearling toads 
mature to adults. Our goal was to assess the suitability of belly 
pattern recognition using photography as an alternative method 
to identify hatchery brood toads, and to ascertain whether Boreal 
Toad belly patterns are stable through growth and time. 

Methods

Cheyenne Mountain Zoo.—In August 2007, 38 Boreal Toads 
originating from a single clutch and aged about 1.5 months 
post metamorphosis were transferred from NASRF to Cheyenne 
Mountain Zoo (CMZ) in Colorado Springs, Colorado to assess 
the uniqueness and stability of the belly patterns as they aged 
and gained size. There, toads were randomly assigned to one of 
two rearing tanks (N = 19 each tank). They were photographed, 
measured (snout–vent length, mm) and weighed (g) initially on 
September 8 and each toad was assigned a unique identification 
number that was annotated onto the original digital photographs. 
These became the reference photographs. All toads were 
subsequently photographed once each month from October 
2007 through February 2008, then in April and July 2008. Eighteen 
toads in each tank were implanted with PIT tags at the April 2008 
photograph occasion, when average weight was 12.1 gm (SE = 
0.51). Upon completion of each set of photographs, KZF matched 
new photographs with the reference set and labeled each of 
the new photographs accordingly, but maintained the base 
photograph number as a component of each photograph name. 
Matches were later evaluated and confirmed by AWN and KGT; 
thus, three investigators had to agree on each photograph match 
to be considered a successful match. This series of photographs 
provided a 10-month window to compare the belly patterns using 
original photographs against the seven follow-up photograph sets. 

We tested whether investigators unfamiliar with the toads 
could successfully match photographs by asking ten people to 
match the reference September photos of the toads with one 
or more of the succeeding sets of photographs. Eight of the ten 
individuals worked with just one set of succeeding photographs, 
and two individuals matched reference photographs with two 

succeeding sets. All seven succeeding sets of photographs were 
matched against the reference set at least once. These individuals 
were provided annotated reference photographs, the follow-up 
candidate photographs they were assigned bearing only the file 
name generated by the camera, and a data sheet upon which to 
record candidate photograph numbers next to the individually 
identified reference photograph numbers. Six of the 10 had no 
previous toad experience. The individuals were informed what 
tank the toads belonged in, so we achieved twelve blind photo-
matching opportunities on all toads from each tank. AWN and 
KGT assessed recording sheets for accuracy in identification by 
checking the base photograph numbers of candidate photos 
supplied to the ten individuals against the base photograph 
numbers of the appropriate follow up set of photographs that 
included individual toad identification. 

Native Aquatic Species Restoration Facility.—We initiated 
the use of belly pattern photographs as the primary method to 
identify individuals at NASRF in 2007. The toads were housed in 
tanks and separated into “lots,” which usually consisted of 10–15 
sibling toads. Over 700 toads ranging from age 1 to age 8, as well 
as some toads brought in as unknown age adults from the wild 
prior to the year 2000, were photographed in 2007. In subsequent 
years the additions to the population were photographed at 
about age 1, or after their first hibernation. Each toad was 
assigned a unique ID incorporating its lot number at the time 
its photograph was taken. The belly pattern photographs were 
copied to a Powerpoint presentation and arranged by lots with 
up to six thumbnail photographs per page along with each 
toad’s unique ID added below its photo. The thumbnail pages 
were printed and laminated to protect and extend the life of the 
photographs.

The availability of captive toads at NASRF provided the 
opportunity to further investigate the stability of belly patterns. 
In 2009 we photographed five lots of yearling toads twice, in 
March and November. The lots ranged in number from three to 
15 toads, and comprised a total of 29 animals. The photographs 
were then matched between the March and November occasions 
within each lot to evaluate stability of pattern over eight months 
during a period of rapid growth. Consensus on general spot 
pattern and three or more specific match points (e.g., uniquely 

Fig. 1. Three photos taken of the same toad at the Cheyenne Mountain Zoo demonstrate pattern stability over 10 months representing the 
first year of life, in September 2007 (34 mm SVL, 4.2 g, left, age 2 months post-metamorphosis), February 2008 (44 mm SVL, 8.0 g, middle, age 
7 months post-metamorphosis), and July 2008 (47 mm SVL, 9.2 g, right, 12 months post-metamorphosis). 
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shaped spots or placement of spots in relations to others) for 
March and November photographs among three investigators 
was considered a successful match. We also periodically 
photographed the bellies of two toads brought into captivity from 
the wild as they matured from age 1 to age 4, when Boreal Toads 
generally reach adult size. These animals were housed together, 
but without other animals, in the display tank at NASRF. At the 
end of our study the serial photographs of the two display toads 
were compared both among the photographs taken and with the 
live toads. Again, consensus on general spot pattern match and 
three or more specific match points among serial photographs 
on the part of three investigators was considered a successful 
match. These trials allowed us to extend observations of belly 
pattern stability to a longer time period and greater growth 
difference than we were able to achieve at CMZ. 

We also conducted a timed toad identification experiment 
in 2012 to investigate the efficiency of using belly pattern 
photographs to ID toads. At NASRF, three separate toad lots were 
selected for the study; one lot contained 15 animals and the other 
two lots contained 14 animals each. Each toad lot was assigned 

to four investigators with varying levels of familiarity using 
photographs to identify individual toads. The investigators were 
ranked into three categories: novice, experienced, and expert. 
“Novice” was defined as having no experience using photographs 
to ID toads, “experienced” as having used photographs 
previously for toad ID but not on a regular basis, and “expert” as 
having used photographs frequently to ID toads, either at NASRF 
or during field studies in 2009–2012. An investigator compared 
a toad in hand to the previously described photographs of the 
lot, which were placed on a counter so that photographs of all 
toads in the lot were visible at once. As toads were presumptively 
identified, the investigator placed each into a numbered 
container corresponding to the last two digits of the unique 
ID. Once all toads from a lot were identified and in containers, 
two other investigators verified that the identifications were 
correct by examining each toad’s belly and the photograph it was 
matched with. Consensus on the general spot pattern and three 
or more specific match points was considered confirmation 
of the original identification. Timing commenced when the 
identifying investigator picked up the first toad and ceased when 

Fig. 2. Series of photographs taken at NASRF of two individuals demonstrate pattern stability throughout multiple years of growth. Photo-
graphs on the left were taken in September 2009 (average weight 2.5 g, age 13 months post-metamorphosis), middle in March 2010 (average 
weight 23.8 g, age 19 months post-metamorphosis), and the right in August 2012 (average weight 59.5 g, age 4 years post-metamorphosis).
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the last toad was placed into a container, and did not include the 
verification procedure. Time to individually identify toads and 
the accuracy of identifications was compared among categories 
of investigators using the single factor ANOVA procedure in the 
statistical software MINITAB (version 14.1, Minitab Inc., 2003).

Results

Cheyenne Mountain Zoo.—Average size of toads on 8 
September 2007 was 32.7 mm SVL (SE = 0.36) and 3.5 g (SE = 
0.12), the average size of the toads at the end of the study on 17 
July 2008 was 52.2 mm SVL (SE = 0.82) and 10.9 g (SE = 0.48). 
One toad died prior to the April and July photographs. The 
photographs from each of these months were used once in the 
matching exercise, so a total of 454 matching opportunities were 
achieved rather than the 456 possible had all toads survived (12 
matching exercises x 38 toads).

Investigators correctly matched 449 photograph pairs in 
454 opportunities resulting in 98.9% success. Nine out of the 12 
blind tests achieved 100% success matching the reference toad 
photographs to photographs from one to 10 months later (the 
final photographs taken, Fig. 1). Three errors were encountered 
during the study. One experienced investigator transposed two 
toad identification numbers on the recording sheet, but this 
was a recording error and not a misidentification resulting from 
similar patterns. A novice investigator assigned a single follow-
up photograph to two different toad reference photographs (one 
was correct) resulting in misidentification of a single toad. The 
last error occurred when a novice investigator misidentified 
a pair of toads. Thus there were three true cases of mistaken 
identity in 454 opportunities (99.3% success). Clearly, belly 
patterns are distinguishable even to people who are unfamiliar 
with Boreal Toads and identification performance may improve 
with increasing familiarity with the photography system.

The PIT tags implanted in April were poorly retained. By week 
9 post-implantation, retention was just 44% in each tank. At the 
July photography occasion, 13 weeks post-implantation, only 
four PIT tags remained implanted, with 16.7% retained in one of 
the toad tanks and 5.6% retained in the other.

Native Aquatic Species Restoration Facility.—Among the 
five lots of yearling toads photographed twice in 2009, all 
March photographs were matched successfully to November 
photographs, and both photograph sets were matched 
successfully to live toads. In no instance was there disagreement 
among three investigators over matches. These comparisons 
were limited to within lots, so there were no opportunities to 
misidentify toads to different lots. 

Over the three-year period using serial photographs of two 
Boreal Toads held in the display tank at NASRF, the belly patterns 
of both the subject animals remained stable and identifiable as 
the toads matured from age 1 to age 4 and increased in mass 
from 2.5 g average to 59.5 g average (Fig. 2). Even over a three-
year period, in no instance was there disagreement between two 
investigators over the identity of these two toads when assessing 
general spot pattern as well as multiple specific match points. 

Twelve timed ID trials were conducted to identify the toads 
(three toad lots, with four investigators per lot). Only one 
investigator (from the category “experienced”) failed to achieve 
100% correct identification, and all errors occurred within a 
single lot of toads. One hundred sixty-nine of 172 (98.3%) toad 
identifications were correct. Single factor ANOVA indicated that 
investigator experience was not a significant predictor of the time 

required to sort a lot of toads into individual containers (F = 1.87, 
df = 2, 9, P = 0.209) or of accuracy in doing so (F = 1.00, df = 2, 9, P 
= 0.405). Two lots were judged as being easy to identify because of 
the large, distinct blotches characterizing these animals, whereas 
the third lot was more difficult to identify because the bellies 
were characterized more by freckling than distinct blotches. 
The time required to sort all the toads into individual containers 
averaged 9.5 minutes (SE = 0.7) for the easy lots and 17.5 minutes 
(SE = 3.6) for the more difficult lot.

discussion

Our results supported the use of belly pattern photographs 
as a viable method to identify individual Boreal Toads. The belly 
patterns exhibited a high degree of stability, fully sufficient to 
remain effective for identification over considerable growth 
and time intervals even when slight changes to pigment density 
were apparent (e.g., Fig. 2). While we did not use a secondary 
method of identification in these studies, we found that it was 
generally easy to reach consensus among investigators when 
comparing photographs to other photographs or to live toads. 
Only in rare instances did we have to resort to discussions of 
specific match points to confirm identifications or to determine 
a misidentification. The fact that our toads were housed in 
discrete tanks containing a known number of toads worked to 
our advantage. There is a possibility that additional error could 
occur if unknown toads had been introduced to tanks, or if 
additional photographs of animals not present in the tanks were 
available. However, staff at NASRF already encounter the latter 
situation when replacing breeding animals into their assigned 
tanks after breeding. In such cases the photographs for at least 
two lots must be used to discriminate the toads and place them 
where they belong. 

Observations of toads over time at CMZ and NASRF strongly 
suggest there is little likelihood of false identifications of Boreal 
Toads resulting from changing patterns as observed in other 
species (Kenyon et al. 2009; Waye 2013). The chance of error is 
further reduced if the need for individual identification is limited 
to one or two lots of toads. If false identifications occur, we think 
it more likely to occur as a result of similar belly patterns. We are 
aware of just one instance of such a false identification at NASRF, 
when an animal sent to another institution was identified as 
a different animal from the same lot (siblings). The mistake 
was later discovered and corrected. A precaution against such 
mishaps is the constant participation of a second observer to 
confirm putative identifications.

Attempts to identify individuals in other amphibian species 
via pattern recognition work well with species exhibiting distinct 
blotching that contrast boldly with the body, such as Marbled 
Salamanders Ambystoma opacum (Gamble et al. 2008), Yellow-
bellied Toads Bombina variegata (Plăiaşu et al. 2005), and Fire 
Salamanders Salamandra salamandra (Carafa and Biondi 
2004). Such species compare favorably with the Boreal Toad in 
pattern distinctiveness and contrast. Among these investigators 
only Carafa and Biondi (2004) observed changes in pattern over 
time, and those were slight enough that they did not preclude 
identification. However, in at least one other boldly marked 
species, Tiger Salamanders Ambystoma tigrinum, marking 
patterns have been observed to undergo significant changes over 
time (Waye 2013). We observed no such dramatic changes in the 
spot patterns of Boreal Toads, despite using many more than 
the 11 animals observed in the Waye (2013) study. Rather, our 
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results were more like those of Gollmann and Gollmann (2011), 
who found that although the patterns of early Yellow-bellied Toad 
metamorphs changed and solidified with growth, they could still 
identify individual toads.

The stability of the belly pattern in Boreal Toads over 
considerable growth is similar to that observed in the 
Yellow-bellied Toad as well. Plăiaşu et al. (2005) were able to 
photographically identify individuals that transitioned from sub-
adult to adult stages, with associated weight changes. This stability 
may provide advantages to those conducting long term studies 
of Boreal Toad populations by allowing entry of individuals into 
the marked population at a younger age and smaller size than is 
presently possible, provided our results could be replicated in field 
situations when new, previously unknown toads were successfully 
identified as such. Scherff-Norris et al. (2002) recommended PIT 
tagging Boreal Toads that weigh a minimum of 10 g, and other 
investigators have limited PIT tagging to adult-sized Boreal 
Toads (> 55 mm SVL, Young et al. 2007). Many investigators have 
not reported minimum sizes tagged, but their primary tagging 
periods are during and just after breeding seasons so it is likely 
that tagged toads are predominantly adults (Scherer et al. 2005, 
2008; Muths et al. 2006, 2010; Pilliod et al. 2010). In contrast, 
photographic identification may allow the entry of toads into 
the marked population as small as 2 g, as in our trial with the two 
wild-caught toads. This earlier entry into the marked population 
could be realized even if investigators ultimately wish to use PIT 
tags on older animals for the benefit of the quicker in-the-field 
identification.

Another benefit of photographic identification of Boreal Toads 
would be as an ideal second mark to evaluate the loss of other marks 
or tags. Despite the widespread and apparently successful use of 
PIT tags in Boreal Toad field studies, we could find no published 
evidence of a formal evaluation of PIT tag retention in wild Boreal 
Toads. That retention is much higher in wild toads than in our 
captive toads when PIT tags were implanted by skilled individuals 
is evident, because studies using PIT tags have produced modeled 
annual apparent survival rates of 0.75 or more (Scherer et al. 2005; 
Muths et al. 2010; Pilliod et al. 2010). However, Scherer et al. (2005) 
investigated models that evaluated tagging effects, and indeed 
tagging effects had support in their data and were included in all 
top-ranked models. Modeled apparent survival was commonly 
about 0.20 lower for toads in the first year after tagging than in 
subsequent years. A follow-up investigation that included a new 
study area also produced one model ranked among the top three 
that included a first-year tagging effect for the new study area 
(Muths et al. 2006). Unfortunately, deleterious effects of tagging 
that may have caused mortality could not be separated from the 
effects of potential short-term tag loss in these studies. A second 
mark allows the separation of tag loss from tagging effects or other 
factors affecting survival. We believe a study formally evaluating 
PIT tag retention in Boreal Toads could be achieved by the pairing 
of PIT tagging with photographic identification.
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Use of an Exemplar Versus Use of a Sample for  
Calculating Summary Metrics of Morphological Traits  
in Comparative Studies of Anolis Lizards

Comparative morphological analyses of large groups of 
species are limited by the time needed to perform multiple 
measurements on several individuals of each studied species. 
For example, taking complete external morphological data (e.g., 
Poe 2004) for an individual Anolis lizard for phylogenetic analysis 
takes us approximately 14 minutes. If even five individuals per 
species are scored for every species in the Anolis clade, and we 
estimate 400 species of Anolis, data collection will take over 466 
hours. But is it necessary to score lots of specimens to ascertain 
an informative summary of the population/species? Although 
more data are nearly always better, researchers must optimize 
the time spent on data collection relative to the goals of a planned 
study. If measuring one specimen achieves the same results as 
measuring (e.g.) five specimens, then measuring one specimen 
is preferable. 

We investigated the efficacy of a time-saving approach 
for performing comparative morphological analyses of lizard 
species. In particular, we asked whether use of a single exemplar 
specimen—the largest male—provides distinguishable results 
from using means for five conspecific male specimens in some 
comparative species analyses of traits commonly employed 
in morphological, ecological, and phylogenetic analyses. We 
tested for sampling effects related to the number of individuals 
scored for five commonly used morphological traits and three 
commonly employed quantitative techniques (e.g., some traits 
and techniques in Losos et al. 1998; Poe 2004; Latella et al. 2011) 
in 15 species of Anolis lizards.  

Five morphological characters for five adult males each of 
15 species of Anolis lizard were collected using specimens from 
the Poe Lab and the Museum of Southwestern Biology at the 
University of New Mexico. The five largest adult males available 
to us for each species were used without concern for geographic 
origin. The following characters were collected according to 
procedures established by Williams et al. (1995) and Poe and 
Yañez-Miranda (2008): body size measured as snout-vent 
length (SVL) from tip of snout to anterior edge of cloaca; head 
length (HL) measured from tip of snout to anterior edge of ear 
opening; femoral length (FL) measured from the midline of the 
body laterally to the knee; scales across snout (SNSC) counted 
between second canthals; and lamellae count on phalanges ii 
and iii of the fourth toe of the hind foot (see above cited papers 
for more detailed character descriptions). Measurements were 
taken with digital calipers to the nearest 0.1 mm. 

We performed analyses of species using two sets of these data: 
means for each species using all measured individuals, and 
values for the single largest male specimen for each species. We 

compared summary metrics for these two data sets for three 
techniques: 1) relationship of traits to body size (SVL vs. HL, 
FL, and lamellae; slope, R2); 2) phylogenetic gap-coding (SNSC, 
SVL; Thiele 1993), a method that converts measurement data to 
phylogenetic codes; and 3) principal components (scores for PCI 
and PCII using all five variables). 

Results are summarized in Table 1 and Figs. 1 and 2. We found 
that use of a single exemplar specimen per species produced 
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*Corresponding author; e-mail: jvickrey@unm.edu Fig. 1. Comparison of relationships of traits to body size.
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nearly identical results to using summary statistics from five 
specimens for body size-trait relationships, phylogenetic coding, 
and principal component scores. Body size-trait relationships 
differ by less than 0.005 in slope, and by less than 0.008 in R2 
(Fig. 1). This similarity among datasets occurred both in traits 
expected to closely track body size (HL, FL) and in a trait known 
to correlate more weakly with body size (lamellae). The average 
difference between phylogenetic codes for each dataset was 0.4 
on a scale of 0.0 to 5.0 for SVL and SNSC, and 19 of 30 codes were 
identical between the datasets (Table 1). Principal component 
scores were very strongly correlated between datasets (Fig. 2).  

These results suggest that little would be gained by 
measuring five specimens rather than one specimen for these 
analyses (body size-trait relationships; phylogenetic coding; 
PC scores) for these traits in these Anolis species. A five-fold 
decrease in data collection time is not trivial in comparative 
studies of large clades. In the case of Anolis, the time saved 
by measuring one specimen rather than five would be on the 
scale of months, rather than hours. We conclude that some 
comparative interspecific morphological studies of lizards such 
as Anolis may proceed more efficiently by measurement of a 
single exemplar per species rather than multiple individuals.  

 Although results are conclusive for the traits, methods, 
species, and scale studied here, we do not recommend general 
extrapolation to other studies. There certainly are studies of 
morphology—perhaps most studies—wherein measurement of 
several or even hundreds of individuals per species or population 

is warranted.  Studies of intraspecific variation, of growth within 
species, and of traits with high variance are obvious examples 
where many individuals must be measured in order to gain 
biologically meaningful results. Other cases similar to our study 
(e.g., interspecific principal component analyses) may produce 
similar results—i.e., adequacy of use of a single exemplar for 
some quantitative summary metrics. But these inferences are 
best made on a case-by-case basis. We believe that the null 
expectation for a study with unknown variance properties 
should be that measurement of more than one individual per 
species/population is warranted.  A conservative implication 
of our results is simply that large sample sizes should not be 
assumed to be necessary for all studies.  
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APPENDIX
Specimens Examined
   Anolis baleatus: poe 0373–0375, 0395, 0485.
   Anolis biporcatus: poe 1520, 2151, 2155, 2170–2171.
   Anolis concolor: unM 46696, 46703, 46721, 46724, 46746.

table 1.  Comparison of phylogenetic codes for snout–vent length 
(SVL) and scales across snout (SNSC).

Species SVL  SVL SNSC SNSC
(Anolis) (Max) (Mean) (Max) (Mean)

baleatus 5 5 1 0

biporcatus 2 3 2 3

concolor 1 2 2 3

cristatellus 1 1 1 1

cybotes 1 1 0 0

frenatus 5 5 5 5

fuscoauratus 0 0 4 5

gingivinus 1 1 0 0

grahami 2 1 4 4

kunayalae 3 3 4 5

limifrons 0 0 5 5

porcatus 1 1 1 0

pulchellus 0 0 1 0

new species 0 0 5 4

townsendi 1 1 4 4

Fig. 2. Comparison of principal component scores.
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   Anolis cristatellus: poe 0137–0138, 0155, 0157, 0164.
   Anolis cybotes: poe 0453, 0480–0481, 0603, 0610.
   Anolis frenatus: ews 0103, POE 1435, 1639, 1880, 1907.
   Anolis fuscoauratus: poe 2715, 2720, 2730, 2775–2776.
   Anolis gingivinus: unM 44410, 44413, 44420–44421, 44425.
   Anolis grahami: poe 1314, 1332, 1343, 1349, 1357.

   Anolis kunayalae: ews 0102, POE 1623, 1969–1970, 2100.
   Anolis limifrons: ews 0014, 0091, 0093, 0099, 0104.
   Anolis porcatus: poe 0706–0707, 0724–0725, 1117.
   Anolis pulchellus: poe 0151–0152, 0238–0239, 3689.
   Anolis new species: poe 1426, 1436, 1558, 1580, 1963.
   Anolis townsendi: unM 58081, 58093, 58095, 58097, 58101.
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A New System For Marking Hatchling Turtles  
Using Visible Implant Elastomer

Turtles are a particularly vulnerable taxonomic group, with 
40% of all species currently placed on the IUCN Red List (van Dijk 
et al. 2014). Many recent conservation efforts for turtles focus on 
the long-term viability of turtle populations, particularly in light of 
habitat fragmentation, over-collecting, road mortality, and other 
anthropogenic stressors (Doak et al. 1994; Heppell 1998; Gibbs 
and Shriver 2002; Shoemaker et al. 2013). However, to determine 
long-term population viability, information must be collected on 
the demography of the target organism, including survivorship of 
juveniles (Shaffer 1981; Boyce 1992; Akçakaya and Sjögren-Gulve 
2000). Mark-recapture methods are well-suited for studies of 
hatchling survivorship and ecology (Morafka 1994; Heppell 1998). 
However, many marking techniques for turtles, such as notching, 
drilling, and branding, may not be practical for use with hatchling 
turtles since a) the marks may not remain visible as the organism 
grows, and b) the marking process itself could harm animals of 
such small sizes (Plummer 1979; Davy et al. 2010). 

Davy et al. (2010) recently proposed the use of Visible Implant 
Elastomer to mark small or hatchling turtles; however, their 
suggested marking systems do not allow easy identification of 
individual turtles and focus primarily on designating cohort 
marks for groups of hatchlings. Here, we present an intuitive, 
inexpensive, and easily recognizable individual marking system 
using Visible Implant Elastomer. 

Methods.—Visible Implant Elastomer (VIE), available from 
Northwest Marine Technology, Inc. (Shaw Island, Washington, 
USA), is a tagging agent that has successfully been used to mark 
fish and amphibians (Bailey et al. 1998; Bailey 2004; Butt and Lowe 
2007; Hutchens et al. 2008). VIE is a bio-compatible material that 
leaves a well-defined pigment mark that fluoresces under UV 
light. VIE consists of a two-part system: a colored component and 
a curing agent. After the two components are mixed, the elastomer 
is injected into an area of translucent tissue (Fig. 1A), creating a 
long, distinctive mark (Fig. 1B). If necessary, a small amount of 
liquid bandage can be applied over the injection site to further 
ensure that the cured mark is not lost. The Northwest Marine 
Technology, Inc. (2008) VIE injection manual describes complete 
VIE application methods.

Hatchlings of two species of turtles, the Northern Map 
Turtle (Graptemys geographica) and the Bog Turtle (Glyptemys 
muhlenbergii), were collected to test our marking system. All 
hatchling map turtles were either collected emerging from nest 
sites on the shores of the Susquehanna River in Maryland or were 
hand-captured basking or swimming in the river. As Northern 
Map Turtles overwinter in nests (Ernst and Lovich 2009), all new 
captures occurred in the months of May and June. Observed 
hatchling characteristics (i.e., presence of yolk scar and/or egg 
tooth) strongly suggest that all newly captured hatchlings were 
freshly emerged from nests during this period. Captured turtles 
were taken to a nearby field station for measuring and marking. 
Hatchlings were released within 24 h of marking to allow the 
elastomer to cure completely. All hatchling Bog Turtles were 
captured at sites in Maryland (specific site locations withheld for 
security reasons) emerging from nests in August 2013. Hatchling 
Bog Turtles were taken from the field for measuring and marking 
and released within 24 h of capture. 

Previous VIE methods used in turtle research have involved 
injecting the elastomer material into the animal’s limbs in various 
combinations of colors or locations (Park et al. 2007; Davy et al. 
2010). Davy et al. (2010) also proposed applying these marks to 
the pliable plastrons of hatchling turtles. We expanded on this 
method by adapting the Ernst et al. (1974) marking system to fit 
the plastron of the turtle, giving each hatchling an individual mark 
number (Fig. 2). Rather than begin the numbering at the gular 
scutes, we began at the larger anal scutes and moved up the shell 
in order to make marking small turtles easier. 

Results.—A total of 101 hatchling Northern Map Turtles were 
marked using VIE between 9 May 2012 and 29 August 2013. Twenty-
one individuals were recaptured at least once, and four individuals 
were recaptured two or more times (Table 1). No juveniles marked 
in 2012 were recaptured in 2013. The marking scheme was also 
successfully applied to five hatchling Bog Turtles  in August 2013 
to test the utility of this marking scheme for another species.

A single Graptemys geographica hatchling marked in the 2012 
field season was recaptured three times between the months of 
May and July of that year. When captured on 25 July 2012, the 
plastral VIE marks had faded somewhat but were still visible 
to the naked eye. The marks were easily recognizable under 
UV light. This individual increased in mass and straight-line 
carapace length from 7.4 g and 33.9 mm on 9 May 2012, to 42.0 g 
66.3 mm on 25 July 2012. This equates to a 568% increase in mass 
and a 95% increase in shell length in 77 days. This is also the only 
individual in this study recaptured more than two months after 
marking, as most individuals were either not recaptured at all or 
were recaptured once within one month of marking.
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Discussion.—This method is a simple, inexpensive, and 
quantitative method for marking individual hatchling turtles. 
The elastomer material is effective for marking small or extremely 
large cohorts, yet maintains individual identification regardless 
of the cohort size. Our adaptation of the Ernst et al. (1974) 
system allows for a large number of individual mark numbers. 
The highest mark numbers reach into the 1400s for one color of 
elastomer; however, Northwest Marine Technology, Inc. offers 
six different fluorescent colors. Once the maximum number has 
been reached for one color, one can begin at mark #1 with a new 
color, or introduce combinations of colors. 

The Ernst et al. (1974) marking system is a well-established 
marking scheme, making the numbering used in this marking 
scheme simple and familiar. Davy et al. (2010) reported that VIE 
marks may break apart, forming what look like multiple marks. 
Because the plastral marks are applied to separate scutes in our 
method, confusion over individual identification is avoided even 
if the elastomer breaks or changes shape. The VIE kit for this 
project cost about US $0.80/individual turtle. Costs for using PIT 
tags are generally no less than US $1–US 2/individual, plus $800–

1500 for the PIT tag reader (Smyth and Nebel 2013). Therefore, 
VIE may represent a more cost-effective marking method than 
PIT tagging. 

No hatchlings from 2012 were recaptured in 2013; the lack 
of data on captures between years limits any conclusions that 
can be made about the maximum lifespan of plastral VIE marks. 
However, Davy et al. (2010) reported at the time of publication that 
marks lasted at least until the next season. Recapture data from the 
present study suggest that marks can be retained in plastral scutes 
even with high rates of individual growth; however, conclusive 
long-term mark retention and visibility estimates should be a 
priority for future studies. Additionally, alphanumeric tagging, 
e.g., as applied by Strain et al. (2013), may represent another 
potential injectable marking system that could hold merit for 
hatchling mark-recapture studies. Since our system incorporates 
the Ernst et al. (1974) marking system, our marking system could 
easily be adapted to other types of injectable marking tools for 
hatchlings. Thus, this system represents an intuitive and easy-to-
use alternative to currently existing hatchling marking techniques 
that, due to its flexibility, could easily be adapted to most studies 
of hatchling turtles.

Acknowledgments.—We are grateful to the townspeople of Port 
Deposit, Maryland, for serving as citizen scientists on this project 

Fig. 1. A) Injection of visible implant elastomer into the plastron. B) 
Visible implant elastomer tag fluorescing under UV light for hatch-
ling #1200. The dye on the chin is non-injected residual elastomer 
from the marking process, which quickly fades, leaving only the in-
jection sites marked.

Fig. 2. Adaptation of the Ernst et al. (1974) system for marking turtles. 
Numbering begins at the bottom of the plastron rather than the top 
due to scute size.

table 1. Individual hatchling marks and recaptures for 2012 and 2013. 
 
 Marks/season Recaptures Repeated recaptures

2012 29 5 2

2013 72 16 2

Total captures 101 21 4
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A Suture Method to Optimize the Condition of  
Snake Specimens in Herpetological Collections

Data derived from the dissection of preserved specimens in 
herpetological collections have contributed immensely to our 
understanding of the biology of snakes (e.g., Fitch 1940; Allen 
and Neill 1957; Hoge and Romano-Hoge 1978; Diller and Wallace 
1984; Salomão et al. 1995; Almeida-Santos and Salomão 2002; 
Pizzatto et al. 2007; Marques 2011; Barros et al. 2012; Rojas et al. 
2013). Some museums contain historical specimens that have 
incalculable value; deciding whether to grant permission to 
dissect such specimens is a challenge for curators. Regardless 
of age, many specimens require special care such as when the 
specimens are damaged prior to collection (such as in roadkills), 
where body parts are sprawled, or when tissues have been 
manipulated during prior dissection (e.g., stomach contents, 
developing follicles, embryos, or eggs). As such, previously 
dissected specimens that have not been sutured may disrupt 
future data collection of anatomic features. 

Despite such a long history of using preserved specimens for 
scientific study, little attention has been paid to the best ways 
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to minimize damage to specimens. The focus of this paper is 
to present a simple method of closing and securing dissected 
coelomic cavities of snakes that minimizes damage of the 
specimens in scientific collections. 

After dissection (Fig. 1A), a continuous suture is initiated to 
close the coelomic cavity, by anchoring the suture on one side 
of the skin (Fig. 1B–D). This suture is characterized by a simple 
continuous pattern or whip stitch commonly used in medicine 
(Fig. 1E). In individuals that have been run over or in which the 
organs were collected from other sources, the pleuroperitoneal 
cavity is usually fragmented. This disruption causes the drying 
of tissues, making them fragile. It is important to note that the 
point of suture is not visible to the naked eye, which provides 
an aesthetic benefit, and avoids disruption of scale orientation 
(Fig. 1F).

With the adoption of this technique, researchers can obtain 
valuable information from specimens of varying condition 
while minimizing damage and prolonging their usefulness 
in collections. Scientific collections that do not allow or have 
restricted access to the dissection of specimens could consider 

this technique as a model for the upkeep of specimens that 
might be dissected in the future.

Acknowledgments.—We thank Guarino R. Colli for suggestions 
to improve the technique, Eduarda Salomon for help in obtaining 
rattlesnake photographs, and Paul Reynolds for the English review 
of the manuscript.
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Fig. 1. Specimens dissected: longitudinal incision in which the ventral scales are divided into two relatively equal halves 
(A). The suture is anchored under the epidermal layer on the right side of the animal between two ventral scales (B). Begin 
the whip stitch by tying a knot in the end of your thread and alternatively the needle is placed from outside to inside with 
one bite then going from inside to outside on the next bite (C, D). The suture in the skin of the snake represents a simple 
continuous pattern or whip stitch (E). The muscular layer and subcutaneous layer are incorporated in the suture and the 
distance from one point to another is  5–10 mm. The needle used to close the incision was a straight surgical needle with 
taper point, size 2-3. Kite string was used to suture which when completed, is imperceptible to the naked eye (F). Li: lon-
gitudinal incision L: left; R: right; SS: scale space; Ssc: simple suture continues; f: fixation (anchor) point.
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Using Transillumination as a Technique for  
Blood Sampling in Small Anurans

Obtaining blood samples is vital to many physiological 
and immunological studies. However the ease of sampling 
diminishes as the size of the animal decreases while the potential 
for harming the study organism increases. This is especially true 
in amphibians where reproductive adults can be as small as 2 cm 
and thin skin is prone to tear. Normal venous blood collection 
techniques for anurans include collection from the ventral 
abdominal, femoral, or sublingual vein (Hadfield and Whitaker 
2005). Cardiocentesis is also a common collection technique 
particularly for smaller anurans due to small vessel size (Allender 
and Fry 2008). This technique is performed by inserting a syringe 
equipped with a hypodermic needle directly into the ventricle 
of the heart (Brazaitis and Watanabe 1982). Cardiocentesis 
protocols commonly suggest anesthesia to prevent additional 
damage to the heart or internal organs (Allender and Fry 2008). 
However, in most amphibians anesthesia can be precarious due 
to their sensitivity to anesthetics (Koustubhan et al. 2013) and it 
can interfere with many physiological measures that may be of 
interest (Houston et al. 1971; Cathers et al. 1997). If anesthesia is 
not an option, manual restraint must be used in conjunction with 
cardiocentesis. Small anurans are notoriously difficult to handle 
and because the heart presents such a very small target, it is easy 
to miss and puncture neighboring organs causing more damage 
than necessary and perhaps mortality. Restraint of smaller 
subjects without the aid of anesthesia is a difficult task and can 
cause injury in and of itself. For these reasons, investigators are 
faced with the challenge of creating a new technique that allows 
for more accurate location of the heart and less stressful restraint 
for smaller subjects. 

Several techniques have already been established for 
visualization of internal structures in small subjects. Trans- 
illumination, or candling, has long been used to visualize inter-
nal structures of fertilized avian eggs and has recently been used 
to determine the sex of salamanders; a light passed through the 
abdomen allows for the visualization of the sex organs (Gillette 
and Peterson 2001). Transillumination is also used to view ves-
sels in limbs of newborn infants to ensure blood collection on 
the first attempt (Wall and Kuhns 1977). In each of these stud-
ies, the use of a light source allowed the investigator to visualize 
vessels and organs using noninvasive techniques. We are propos-
ing a novel use of transillumination in conjunction with a novel 

restraint technique to view the heart of small amphibians and to 
safely obtain a blood sample.

Methods.—Ten individuals each of four species of small 
anurans (Pseudacris feriarum, Hyla chrysoscelis, Hyla cinerea, 
and Hyla squirella) were collected in Macon Co., Alabama, USA, 
during the breeding season from a man-made pond (32.51529°N, 
85.61183°W, WGS84). Snout–vent length (SVL) ranged from 2-4 
cm. Upon capture each frog was placed in a clean clear plastic 
bag. We have found the snack-sized bags to be perfect for this 
application.  The frog was oriented into the corner of the bag 
so the corner fit snuggly over the snout of the frog (Fig. 1). 
While holding the bag in the non-dominant hand, the frog was 
placed ventral side up on the lens of bright flashlight. Light 
emitting diode (LED) lights are preferable since the diodes will 
not generate heat like incandescent bulbs. By using the thumb 
and index finger of the non-dominant hand to limit the area of 
light like a diaphragm, internal organs, including the heart, are 
visible through the thorax. With the dominant hand an attempt 
at a blood sample was made by inserting the hypodermic needle 
directly through the bag into the ventricle (Fig. 2).

All sampling was performed with 26.5-gauge heparinized 
needles and 1-ml syringes. We deemed a sample a success if it 
was collected within 2 min and we were able to collect 50 μl of 
blood. All frogs were then placed into individual (~500 ml) plastic 
containers containing a moist paper towel and held for 48 h. 
After 48 h all individuals were released.

Results.—We were successful in collecting blood in 70% of P. 
feriarum, 80% of H. squirella, and 100% of H. chrysoscelis and H. 
cinerea. 100% of the frogs sampled by this technique survived to 
48 h and no frog exhibited any outward sign of injury or distress. 
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Discussion.—Not injuring study animals is important 
for humane handling and critical in cases where repeated 
samples are required. Using our technique of bag restraint with 
transillumination increased the number of successful samples 
and decreased the potential mortality from cardiocentesis of 
small individuals. In previous studies we had roughly a 50% 
success rate in the smallest (2–3 cm) individuals and as high as 5% 
mortality rate (C. Ward, unpubl.). We feel that handling time was 
reduced using this method as well. Though we did not measure 
total handling time, we did see an increase in the number of 
successful samples within the prescribed 2-min handling period.

Bag restraint also limits skin to skin contact between 
researcher and frog. This has a few important implications. 
First, contact with frog skin can be detrimental to the frog and 
the use of gloves can exacerbate the effects of handling and in 
some cases cause mortality ( Alford et al. 2008; Cashins 2008; 
Greer 2009; Schock et al. 2009). Secondly, the bags are an easy, 
disposable means of securing the anurans that could limit the 
spread/transfer of chytridiomycosis or ranavirus, both leading 
causes of population declines (Berger 1998; Speare et al. 1998; 

Chinchar 2002), if a clean bag is used for every sample. Lastly, 
skin secretions collected in plastic bags during handling can be 
used for later analysis if desired. 

In conclusion, we feel that this technique is a useful tool 
for hematological studies involving small amphibians and will 
decrease stress, injury, and mortality while increasing sampling 
success and potentially decreasing the spread of disease.

Acknowledgments.—We thank Frank and Laucita Swinson for ac-
cess to their pond. This research complied with all applicable insti-
tutional Animal Care guidelines, and animals were collected under 
Alabama State Scientific Collecting Permit issued to RDB. 
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Fig. 1. Proper orientation of Hyla squirella in the corner of a small 
plastic bag for cardiocentesis. 

Fig. 2. Transillumination of Hyla squirella using a light emitting di-
ode head lamp.  The frog is restrained using a small plastic bag.  The 
heart is medial (indicated by the needle), located superior to the 
liver, which is visible as a large dark mass.
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A Critical Evaluation of Two Historic Records of Large Python  
Humans have long been fascinated by large snakes, 

which invoke emotions ranging from fear and revulsion to 
curiosity, wonderment, and at times, veneration and reverence 
(Minton and Minton 1973; Morris and Morris 1965; Murphy 
and Henderson 1997; Pope 1961; Strothers 2004). From a 
scientific standpoint, reports of large reptiles are of interest 
from both an ecological and evolutionary perspective, and 
knowledge of asymptotic body size is a necessary prerequisite 
for understanding patterns of growth (Woodward et al. 1995). 
Much of what is known concerning the maximum body size 
attained by various giant snakes (species known to exceed 20 
feet [609 cm] in total length sensu Murphy and Henderson 1997) 
is based on anecdotal accounts penned by explorers, travelers, 
colonial officials, and early naturalists, all with varying degrees 
of education and biological expertise (Minton and Minton 1973; 
Murphy and Henderson 1997). As such, these accounts are often 
difficult to interpret, but nonetheless can provide important 
insights into the biology of giant snakes (Murphy and Henderson 
1997). 

We here present two such historic records of large Python that 
have not previously appeared in the herpetological literature, 
and critically evaluate each based on criteria modified from 
Forman and Russell (1983) and Bates and Byrne (2007), namely: 
1) Was the snake actually measured or is the reported body size 
simply an estimate?; 2) Is the account based on information 
recorded at the time of the observation (e.g., journal entry) or 
was it written from memory at some later date?; 3) Does other 
natural history information provided in the account suggest the 
author was a credible observer or one prone to exaggeration and 
embellishment?  

The first record is provided in a travelogue authored by 
Charles Challié Long (1876) describing his explorations around 
Lake Victoria in modern-day Uganda. Challié Long, an American 
serving under General Charles “Chinese” Gordon in the Egyptian 
army, is credited with becoming the third westerner to visit 

Lake Victoria, discovering Lake Kioga, and pacifying indigenous 
tribes in the region (McLynn 1992). As stated in the account, on 
13 September 1874 Challié Long was seated at his “accustomed 
place beneath a tree”, when a local chieftain and 10 of his men 
appeared “dragging something that seemed … [to be] … the 
body of a tree”. On closer inspection “it proved to be a huge boa 
constrictor they had just killed … and brought to me as a surprise. 
Supposedly a female, it measured thirty feet [914 cm] in length, 
and in diameter was the size of a child” (Fig. 1). Challié Long goes 
on to state that villagers claimed the snake “came nightly to suck 
… [milk from] … the cows” penned nearby. The discovery of a 
clutch of “boa” eggs within the walls of a grass hut and “countless 
small serpents” found the previous night led Challié Long to 
conclude the female snake had entered the village in search of 
her offspring. 

Elsewhere in his travelogue Challié Long notes that the region 
surrounding Lake Victoria was “full of these reptiles,” which were 
reportedly so feared that in some areas people slept with their 
legs either crossed or spread open into a “V” to discourage large 
snakes from swallowing them. Failure to sleep in this manner 
meant being “swallowed and digested ere morning” according 
to Challié Long. While Challié Long seems to consider this tale 
as nothing more than local folklore, he goes on to describe a 
personal encounter with another large snake. After having fallen 
asleep on a stream bank one night, “I was suddenly awakened 
by the consciousness of the pressure of something horrible. At 
my feet, its ponderous jaws wet with fatal horrible saliva, lay 
a huge boa.” Only “the natural repulsion that had shocked my 
nerves … saved me from a Laocoon-like embrace” [reference to 
a fanciful description by the Roman poet Virgil of sea serpents 
that attacked Laocoön and his sons; see Strothers 2004] of the 
giant snake. Despite being “transfixed to the spot” and unable 
to move, Challié Long was able to alert some accompanying 
African soldiers who killed the snake, made a “savoury meal” of 
the carcass, and sliced the skin into strips to be worn “as charms 
against the devil.” 

The large constrictors that Challié Long (1876) encountered 
in Uganda were undoubtedly African Pythons (Python sebae) 
rather than the Common Boa Constrictor (Boa constrictor), 
which is restricted to Central and South America (Lee 1996); 
labeling any large constrictor a “boa constrictor” seems to have 
been a common literary convention of Victorian-era travel 
writers (e.g., Duncan 1847; De La Gironiere 1854). If the body 
length of 30 feet given by Challié Long is indeed accurate, the 
specimen he examined ranks among the five largest P. sebae ever 
recorded (Murphy and Henderson 1997). Notably, only one of 
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these record-sized pythons was actually measured, a 31-foot [945 
cm] specimen killed in West Africa (Duncan 1847). 

There is little reason to doubt that Challié Long encountered 
large P. sebae during his African explorations; however, for several 
reasons we regard the reported body length of 30 feet as dubious 
at best. First, while Challié Long implies the snake was measured, 
this is not explicitly stated in the account. Second, the diameter 
reported for the snake (“the size of a child”) is inconsistent 
with its purported length. According to Broadley (1984), a P. 
sebae measuring 600 cm in length has the girth of “a normal 
man’s waist.” Presumably a specimen 914 cm long would have 
a correspondingly greater diameter, certainly larger than that 
of a child. Third, there is little else in the travelogue to indicate 
that Challié Long was a credible naturalist. Other than brief 
comments on the abundance of dangerous wildlife, his account 
is notable for its paucity of natural history information, instead 
being largely devoted to descriptions of physical hardships and 
interactions with hostile tribesmen. His encounters with giant 
snakes seem to be just another of the many perils faced by the 
intrepid author rather than credible natural history anecdotes. 
Finally, although his travelogue appears to be based on a journal 
written in the field, modern historians have criticized Challié 
Long for a lack of accuracy (Clark 1967), casting doubt on the 
specifics of his narrative. Given these caveats, we are unable to 
accept the size record for P. sebae given by Challié Long (1876). In 
our view, the principal value of his narrative lies in its portrayal of 
Victorian attitudes towards large snakes and indigenous peoples 
and it should not be considered a reliable source of biological 
information. 

The second account of a record-sized Python is found in the 
memoirs of Boris Hembry (2011), a British rubber planter who 
worked in Sumatra and Malaya (Malaysia) in the 1930s and later 
became embroiled in the Malayan Emergency after World War 
II. From January through December of 1931 Hembry managed a 
rubber plantation in Aceh Province of northern Sumatra, about 
240 km north of the city of Medan. According to his account, 
while having breakfast one morning, Hembry was notified that 
laborers cutting brush beneath the rubber trees had just found a 
large snake. Grabbing a rifle, Hembry ran to the spot and found a 
“giant python fast asleep, having just had a meal—we were to find 
out later that it was a young pig.” Although still alive, the snake 
had been beaten senseless by the laborers. So massive was the 

snake that 10 people were required to lift it. The snake was carried 
but a short distance before it revived and was again rendered 
unconscious by a rain of blows to its head. Hembry contacted 
a German professional hunter living nearby who administered 
a drug (thought to be opium) to “keep the snake unconscious 
until it could be killed and skinned,” which was accomplished 
in due course. Hembry remarks that the python “was quite a 
remarkable specimen … its head was a good 12 inches [30.4 cm] 
across and when we eventually straightened it out it measured 
33 feet 6 inches [1021 cm].” According to the German hunter, “it 
was undoubtedly the largest snake ever caught in the Far East, 
if not the world.” Hembry photographed the snake before and 
after skinning it, but unfortunately these photographs were left 
behind in his haste to escape Malaya following the Japanese 
invasion in December 1941. Copies of the photographs were 
also distributed to friends and family living abroad, although 
none could be located by the time Hembry began writing his 
memoir. The skin of this snake was dried and later presented 
as a gift to the wife of his plantation manager who is thought to 
have taken it to Zurich, Switzerland when her husband retired. 
The current whereabouts of the skin are unknown, although 
Hembry speculates it “could be in a natural history museum.” 
Interestingly, and in our opinion to his credit, Hembry concludes 
his account by stating “In retrospect, I am deeply sorry that this 
magnificent specimen of nature was slaughtered for a keepsake, 
like so many elephant, tiger and countless other magnificent 
creatures,” a sentiment rarely expressed by those who slay large 
snakes or other megafauna. 

The record-sized python described by Hembry (2011) was no 
doubt a Reticulated Python (Malayopython reticulatus, formerly 
Python reticulatus), a species known to reach lengths exceeding 
900 cm and the only giant snake occurring on Sumatra (Murphy 
and Henderson 1997). If the body length given by Hembry is 
accepted, his specimen exceeds the previous record of 33 feet 
[1006 cm] reported for M. reticulatus (Raven 1946). It should be 
noted that the latter record is based on secondhand information 
obtained by Raven (1946) from a mining engineer who reportedly 
measured a large python killed on the Indonesian island of 
Sulawesi. 

We see no reason to dismiss Hembry’s account of what 
was apparently a record-sized M. reticulatus killed in northern 
Sumatra. As stated in the preface, the memoir was initially 
written “solely for his [Boris Hembry] family and not for 
publication.” It was only after Boris Hembry died in 1990 that 
the memoir was published by the Hembry family, who believed 
the material was historically noteworthy and warranted a wider 
readership (John Hembry in Preface of Hembry 2011). Boris 
Hembry thus appears to have had no obvious motive for self-
aggrandizement or embellishment to promote commercial sales 
or readership of his book; indeed Hembry directly addressed this 
issue in the Foreword when he stated, “I have made no attempt 
to romanticize or exaggerate … [when writing this account].” 
Furthermore, Hembry had considerable experience working 
outdoors and hunting, and other natural history anecdotes in 
the book appear to be those of a credible observer. Likewise, 
his accounts of fighting Communist guerillas in the Malayan 
Emergency do not appear those of a braggart. Our sole cause for 
concern is the fact that Hembry wrote his memoir many years 
after the events described actually occurred (the manuscript was 
written over a lengthy but unspecified period and completed 
in 1983). Although Hembry stated in the Foreword that “I have 
relied on memories, promptings from Jean [wife] and friends, 

Fig. 1. Illustration from Challié Long (1876) showing a “huge boa con-
strictor” (actually Python sebae) killed near Lake Victoria in modern-
day Uganda. The snake reportedly measured 30 feet long [914 cm].
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and documents that I have retained [italics added],” we cannot 
determine if the account of killing the python is based on notes 
written at the time of the event or memories recalled many 
years afterwards. The latter would temper our acceptance of 
the reported body length for as Bates and Byrne (2007) note, 
the human mind has an active constructional nature making it 
near-certain that recollections will change if they are recalled 
repeatedly before being recorded in hard form. 

To briefly summarize, we do not dispute that Challié Long 
(1876) encountered large pythons while exploring what is now 
part of Uganda, but for reasons outlined above we place little 
credence in the purported length of the near-record sized P. 
sebae he described. In short, we consider his account nothing 
more than a highly embellished traveler’s tale that nevertheless 
makes for enjoyable reading almost 140 years later. As a potential 
source of biological information however, its value is nil. In 
contrast, the snake described by Hembry (2011) appears to be 
an authentic size-record, although the possibility the account 
was written from memory is cause for concern. As is the 
case with so many accounts of large constrictors (Pope 1961; 
Murphy and Henderson 1997), there is no way to independently 
corroborate Hembry’s size record. Even should the missing skin 
be located in a museum collection it would not be considered 
indisputable proof of the size of the living snake, because skins 
are easily stretched during preparation and drying (Murphy and 
Henderson 1997), sometimes by as much as 25% (Oliver 1958). 
Size estimates of large reptiles (snakes and crocodilians) based 
on dried skins are therefore ambiguous at best (Oliver 1958; Platt 
et al. 2009). 

Because of logistic difficulties involved in preserving and 
transporting specimens of large reptiles (Murphy and Henderson 
1997) and their notable paucity in museum collections (Barker 
and Barker 2008), written accounts, many of which are in historic 
sources rarely perused by biologists and yet to be uncovered, 
will no doubt remain important in the discussions regarding 
maximum body sizes attained by giant snakes. Although 
numerous pitfalls surround the interpretation of these accounts, 
we concur with Murphy and Henderson (1997) and maintain 
that careful evaluation based on rigorous criteria can provide 
valuable insights into the biology of giant snakes.      
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Absence of Batrachochytrium dendrobatidis in  
Eighteen Species of Amphibians from a Variety of  
Habitats in Tamaulipas, Mexico

Global amphibian declines have been a major concern for 
the past fifty years, and Batrachochytrioum dendrobatidis (Bd) 
is considered to be among the leading causes affecting amphib-
ian populations (Berger et al. 1999; Houlahan et al. 2000; Lips et 
al. 2003; Stuart et al. 2004; Beard and O’ Neill 2005; Brem et al. 
2008; Brown et al. 2013; Philips et al. 2013). Bd has been detect-
ed in different wild amphibian populations in America (Knapp 
and Matthews 2000; Lips et al. 2004; Frias-Alvarez et al. 2008; 
Voyles et al. 2012). But currently there are no reports on Bd in 
amphibian populations from northeast Mexico. We were there-
fore interested to investigate amphibian populations for the 
presence of B. dendrobatidis, with specific focus on the state of 
Tamaulipas. 

Tamaulipas is located in northeast Mexico, bordered by 
Texas, USA to the north, and the Gulf of Mexico to the east. Por-
tions of four major biogeographic provinces occupy Tamaulipas: 
Tamaulipan, Sierra Madre Oriental, Chihuahuan Desert in the 
Nearctic and the Veracruzan in the Neotropical region (Alvarez 
1963; Flores-Villela 1993; Morrone et al. 2002). The Tamaulipan 
province (Fig. 1, Table 1) is a semiarid region, characterized by 
deciduous and thorny plants interspersed with grassland (Blair 

1950; Johnston 1963). The majority of the province is confined 
to the Gulf coastal plain, with mountains rising to an elevation 
of 2250 m above sea level in the southwest corner of the state 
of Tamaulipas. The temperature of the province is relatively high 
throughout the year, with average highs around 32°C, and low-
est temperatures at 15°C. In the lower elevations the vegetation 
consists mostly of semiarid tropical thorn scrub, with thorn for-
ests of acacia, mesquites, and cacti (Martin 1958; Alvarez 1963; 
Flores-Villela 1993; Morrone et al. 2002; Cram et al. 2006). The 
lower mountains have an elevation range between 600–1400 m, 
surrounded by tropical deciduous forest and montane scrub 
or pine-oak forest (Martin et al. 1954). Elevations that are over 
2250 m such as summits and higher interior slopes support dry 
oak and dry pine-oak forest, and temperate Madrean pine-oak 
woodlands (Martin 1958; Gómez-Hinostrosa and Hernández 
2000).
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Fig. 1. Map of the state of Tamaulipas, Mexico, with sampling loca-
tions for amphibians tested for Batrachochytrium dendrobatidis.  1) 
Miguel Aleman, 2) San Nicolas, 3) San Carlos, 4) Victoria, 5) Miqui-
huana, 6) Jaumave, 7–8) Gómez Farías, 9) Ocampo, 10–11) Tula, 12) 
Xicotencatl, 13) Llera, 14–15) Aldama, and 16) Cd. Mante. Black cir-
cles are locations of weather stations.
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We tested a total of 56 wild-caught amphibians from the state 
of Tamaulipas for the presence of Bd (Table 1), sampled from 
2005 to 2007. All samples belong to the MRJ Forstner Tissue col-
lection at Texas State University and were collected from adult 
frogs that appeared to be in healthy condition using swabbing or 
non-consumptive toe clipping. Temperature data were obtained 
from the three weather stations that belong to the INIFAP (Insti-
tuto Nacional de Investigaciones Forestales Agrícolas y Pecuar-
ias) in Mexico.

DNA was extracted from the swabs using PrepMan assay 
and from toe clips using a DNeasy Qiagen Kit, tissue protocol 

(Gaertner et al. 2009; Kilburn et al. 2010). The presence of Bd was 
assessed using a real time Taqman qPCR assay (Boyle et al. 2004; 
Kilburn et al. 2010).  The assays were conducted in triplicate for 
each sample. Only quantifications having an efficiency between 
90 and 110% (average of 98.15%) and an R2 values higher than 
0.997 were considered.

None of the samples tested positive for Bd. Considering the 
previous studies done in Mexico that show positive samples 
(Lips et al. 2004; Frias-Alvarez et al. 2008) we were expecting to 
find the pathogen present, especially given that species consid-
ered carriers of the pathogen were sampled (Garner et al. 2006). 

table 1. Amphibian species sampled for Batrachochytrium dendrobatidis from 2005–2007 (N = 56) in Mexico. Locality numbers correspond 
to Fig. 1. 

Species No. Samples  Date Locality No. Latitude °N Longitude °W Elev. (m)

Lithobates berlandieri 1 (toe) 11-Aug-07 1 26.1541996 99.13379669 75.6

Incilius nebulifer 1 (swab) 10-Jul-07 2 24.72278023 98.87667084 588

Eleutherodactylus cystignathoides 1 (swab) 13-Jul-07 3 24.62861061 98.98249817 731

Smilisca baudinii 1 (swab) 13-Jul-07 3 24.62861061 98.98249817 501

Lithobates berlandieri 1 (swab) 11-Jul-07 3 24.62861061 98.98249817 510

Incilius nebulifer 1 (toe) 13-Oct-06 4 23.60833359 99.23400116 1245

Rhinella marina 1 (toe) 13-Oct-06 4 23.60833359 99.23400116 1245

Spea multiplicata 1 (swab) 18-Sep-07 5 23.43416977 99.70194244 2595

Lithobates berlandieri 1 (toe) 10-Jul-04 6 23.50180054 99.58350372 1544

Hyla eximia 4 (toes) 27-May-05 7 23.05669975 99.20379639 2053

Smilisca baudinii 1 (swab) 19-Aug-07 7 23.05669975 99.20379639 951

Incilius nebulifer 1 (swab) 20-Aug-07 7 23.05669975 99.20379639 895

Eleutherodactylus cystignathoides 1 (swab) 19-Aug-07 7 23.05669975 99.20379639 1004

Eleutherodactylus cystignathoides 1 (toe) 26-May-05 7 23.05669975 99.20379639 1233

Eleutherodactylus cystignathoides 1 (toe) 24-May-05 7 23.05669975 99.20379639 1327

Ecnomiohyla miotympanum 2 (toes) 26-May-05 7 23.05669975 99.20379639 1380

Smilisca baudinii 1 (toe) 24-May-05 8 22.90049934 99.12516785 102.3

Trachycephalus typhonius (venulosa) 1 (toe) 28-May-05 8 22.90049934 99.12516785 89

Smilisca baudinii 1 (toe) 28-May-05 8 22.90049934 99.12516785 136

Leptodactylus melanonotus 1 (toe) 22-Sep-06 9 22.80606079 99.56131744 347

Lithobates berlandieri 2 (swabs) 6-Oct-08 10 22.84100914 99.60009766 1073–1089

Eleutherodactylus sp. 1 (toe) 25-Sep-06 10 22.84100914 99.60009766 1211

Craugastor augusti 2 (toes) 25-Sep-06 10 22.84100914 99.60009766 1203–1211

Incilius nebulifer 1 (swab) 6-Oct-08 10 22.84100914 99.60009766 1079

Anaxyrus cognatus 2 (toes) 12-Oct-07 10 22.84100914 99.60009766 1060–1064

Smilisca baudinii 1 (toe) 25-Sep-06 10 22.84100914 99.60009766 1211

Smilisca baudinii 1 (toe) 18-Sep-06 12 23.04172134 98.7959137 127.3

Gastrophryne olivacea 3  (toes) 18-Sep-06 12 23.04172134 98.7959137 127.3

Anaxyrus debilis 5 (toes) 18-Sep-06 12 23.04172134 98.7959137 138

Eleutherodactylus cystignathoides 1 (toe) 17-Sep-06 13 23.3845005 98.99130249 832

Craugastor augusti 1 (toe) 17-Sep-06 13 23.3845005 98.99130249 849

Scinax staufferi 3 (toes) 18-Sep-06 13 23.04172134 98.7959137 127.3

Scinax staufferi 1 (toe) 30-May-05 15 23.15028 98.32419586 242

Smilisca baudinii 1 (toe) 30-May-05 15 23.15028 98.32419586 242

Hypopachus variolosus 1 (swab) 16-Oct-07 15 23.15028 98.32419586 710

Rhinella marina 1 (swab) 16-Oct-07 15 23.15028 98.32419586 832

Lithobates berlandieri 1 (swab) 16-Oct-07 15 23.15028 98.32419586 886

Eleutherodactylus sp. 2 (toes) 21-Sep-06 15 23.15028 98.32419586 952

Eleutherodactylus sp. 1 (swab) 16-Oct-07 15 23.15028 98.32419586 952

Lithobates catesbeianus 1 (toe) 17-Oct-07 16 22.55019951 98.57150269 29.5
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Our results suggest that these amphibian communities have 
not been in contact with the fungus, or that they have devel-
oped different mechanisms that make them immune or resis-
tant to Bd infections (Lips et al. 2004; Voyles et al. 2012; Philips 
et al. 2013). Our evaluation was part of a sampling process for 
a preliminary biodiversity assessment, consequently our find-
ings should not be seen as definitive for the prevalence of Bd 
in the state of Tamaulipas. It is important to continue surveys 
in the area as well as the adjacent states, not only looking for 
presence and prevalence of Bd, but also to determine the ac-
tual abundance of amphibians in the different regions to assess 
population status.

To evaluate if temperature was a factor that could have 
negatively impacted the presence of the pathogen during the 
time when samples were collected, we analyzed temperature 
data from 2005 to 2007. During this period the temperature 
was higher on average during the months of collection for the 
elevations from 0–1500 m than what has been reported as be-
ing optimal for growth of Bd (Piotrowski et al. 2004), while for 
elevations above 1500 m it was between 5°C and 20°C and thus 
within adequate temperature conditions for Bd growth (Fig. 2). 
Therefore temperature does not seem to be the critical factor 
acting to explain the absence of B. dendrobatidis detections 
from amphibian species in the region.

Several studies have reported on the spread of Bd south-
ward out of Central America and into South America (Pounds et 
al. 1997; Campbell 1998; Lips 1998; McCranie and Wilson 2002; 
Lips et al. 2003; Kilburn et al. 2010; Becker et al. 2012; Philips 
et al. 2013).  However, there have not been complementary in-
vestigations that seek to track the pathogen northward out of 
Mexico, and if that is still possible. This investigation of samples 
from northern Mexico shows no positive samples for Bd and no 
relation between the presence of the pathogen and the optimal 
temperatures for pathogen growth previously reported in the 
Bd literature (Fig. 2). 

In the analyses by Olson et al. (2013), altitude was not con-
sidered as a critical factor in the distribution of Bd provided fac-
tors such as temperature, precipitation, and species richness 
were favorable. To our knowledge, Olson et al. (2013) is the only 
paper that includes altitude into the model and found it to be 
non-significant. In our study it is not possible to determine if 
altitude has a significant effect on infection variation, but it is 
possible to infer if temperature variation has an effect in the 
absence of the pathogen. 

Our detection of Bd might be affected by the overall small 
sample size leading to a false negative prevalence. However, 
studies done in southern Mexico show 84% prevalence of the 
pathogen (Frias-Alvarez et al. 2008). If we extrapolate those re-
sults to our samples in Tamaulipas, then from 56 samples col-
lected at least 48 of them (84%) would be positive. There is an-
other study done in northwest Mexico where the prevalence of 
Bd was 60% (Saenz et al. 2010). If this prevalence rate were to 
be extrapolated to our results then at least 34 samples would 
be positive for Bd. Further sampling including a larger total 
number of animals needs to be completed to better assess if the 
State of Tamaulipas is free of Bd. Additional studies with contin-
uous sampling throughout the year could account for seasonal 
variation, not accounted for in our study, and a different design 
could take into account factors that might act to prevent wide-
spread prevalence of the disease such as elevation, amphibian 
abundance studies, and amphibian species richness. 

Acknowledgments.—Fieldwork was conducted under SEMAR-
NAT permits: 1624/05; 0800/06; 1085/07; 1255/08, with partial fund-
ing provided by Houston Zoo, Inc.  For assistance in the field we thank 
Tim Burkhardt, José Cortes-Lariva, Ricardo Enrique-Nuñez, Oscar M. 
Hinojosa-Falcón, Adam Ferguson, Oscar Gallardo, Eli García-Padilla, 
Andrew Godambe, Gilberto Herrera-Patiño, Toby Hibbitts, Armando 
Martínez, Omar Martínez-Alvirde, and David Rodríguez. 

liteRatuRe cited

alvaRez, t. 1963. The recent mammals of Tamaulipas, Mexico. Univ. 
Kansas Publ. Mus. Nat. Hist. 14:365–473.

beaRd, k. h., and e. M. o’neill. 2005. Infection of an invasive frog 
Eleutherodactylus coqui by the chytrid fungus Batrachochytrium 
dendrobatidis in Hawaii. Biol. Conserv. 126:591–595.

beckeR, c. g., and k. R. zaMudio. 2012. Tropical amphibian popula-
tions experience higher disease risk in natural habitats. Proc. Nat. 
Acad. Sci. 108:9893–9898.

beRgeR, l., R. speaRe, and a. hyatt. 1999. Chytrid fungi and amphib-
ian declines: overview, implications, and future directions. In A. 
Campbell (ed.), Declines and Disappearances of Australian Frogs, 
pp. 23–33. Environment Australia, Canberra. 

blaiR, w. F. 1950. The biotic provinces of Texas. Texas J. Sci. 2:93–117.
boyle, d. g., d. b. boyle, v. olsen, J. a. t. MoRgan, and a. d. hyatt. 2004. 

Rapid quantitative detection of chytridiomycosis (Batrachochytri-
um dendrobatidis) in amphibian samples using real-time Taqman 
PCR assay. Dis. Aquat. Org. 60:141–148.

bReM, F. M., and k. R. lips. 2008. Batrachochytrium dendrobatidis in-
fection patterns among Panamanian amphibian species, habitats 
and elevations during epizootic and enzootic stages. Dis. Aquat. 
Org. 81:189–202.

bRown, d. J. 2013. Impacts of low, moderate and high severity fire on 
herpetofauna and their habitat in a southern USA mixed pine/
hardwood forest. Dissertation. Texas State University. 496 pp.

caMpbell, J. a. 1998. Amphibians and Reptiles of Northern Guatema-
la, the Yucatan and Belize. University of Oklahoma Press, Norman, 
Oklahoma. 380 pp.

cRaM, s., i. soMMeR, l. M. MoRales, o. oRopeza, e. caRMona, and F. 
GonzáLEz-MEdRano. 2006. Suitability of the vegetation types in Mex-
ico’s Tamaulipas state for the siting of hazardous waste treatment 
plants. J. Environ. Manage. 80:13–24.

FloRes-villela, o. 1993. Herpetofauna Mexicana: lista anotada de las 
especies de los anfibios y reptiles de México, cambios taxonómi-
cos recientes y nuevas especies. Carnegie Mus. Nat. Hist., Spec. 
Publ. 17:1–73.

FRias-alvaRez, p., v. t. vRedenbuRg, M. FaMiliaR-lopez, J. e. longcoRe, e. 
gonzalez-beRnal, g. santos-baRReRa, l. zaMbRano,  and g. paRRa-olea. 

Fig. 2. Average monthly temperatures at three different elevations 
during 2005–2007 from Tamaulipas, Mexico.



Herpetological Review 46(1), 2015

     AMPHIBIAN DISEASES     37

2008. Chytridiomycosis survey in wild and captive Mexican am-
phibians. EcoHealth 5:18–26.

gaRneR t. w. J., M. w. peRkins, p. govindaRaJulu, d. segile, s. walkeR, a. 
a. cunninghaM, and M. c. FisheR. 2006. The emerging amphibian 
pathogen Batrachochytrium dendrobatidis globally infects intro-
duced populations of the North American bullfrog, Rana catesbei-
ana. Biol. Lett. 2:455–459.

gaeRtneR, J. p., M. a. gaston, d. spontak, M. R. J. FoRstneR, and d. hahn. 
2009. Seasonal variation in the detection of Batrachochytrium 
dendrobatidis in a Texas population of Blanchard’s cricket frog 
(Acris crepitans blanchardi). Herpetol. Rev. 40:184–187.

GóMEz-HinostRosa  C., and H. M. HERnándEz. 2000. Diversity, geo-
graphical distribution, and conservation of Cactaceae in the Mier 
y Noriega region, Mexico. Biodiv. Conserv. 9:403–418. 

houlahan, J. e., c. s. Findlay, b. R. schMidt, a. h. MeyeR, and s. l. kuz-
Min. 2000. Quantitative evidence for global amphibian population 
declines. Nature 404:752–755.

Johnston, M. c. 1963. Past and present grasslands of southern Texas 
and northeastern Mexico. Ecology 44:456–466.

knapp, R. a., and k. R. Matthews. 2000. Non-native fish introductions 
and the decline of the mountain yellow-legged frog from within 
protected areas. Conserv. Biol. 14:428–438.

kilbuRn, v., R. ibanes, o. sanJuR, e. beRMinghaM, J. p. suRaci, and d. M. 
gReen. 2010. Ubiquity of the pathogenic chytrid fungus, Batracho-
chytrium dendrobatidis, in anuran communities in Panamá. Eco-
Health 7:537–548.

lips, k. R. 1998. Decline of a tropical amphibian fauna. Conserv. Biol. 
12:106–117.

———, J. R. Mendelson, iii., a. Munoz-alonso, l. canseco-MaRquez, 
and d. g. Mulcahy. 2004. Amphibian population declines in mon-
tane southern Mexico: resurveys of historical localities. Biol. Con-
serv. 119:555–564.

———, J. Reeve, and l. R. witteRs. 2003. Ecological factors predicting 
amphibian population declines in Central America. Conserv. Biol. 
17:1078–1088.

MaRtin, p. s. 1958. A biogeography of reptiles and amphibians in the 
Gómez Farías region, Tamaulipas, Mexico. Univ. Michigan Mus. 
Zool. Misc. Publ. 101:1–102.

———, c. Robins, and w. heed. 1954. Birds and biogeography of the 
Sierra de Tamaulipas, an isolated pine-oak habitat. Wilson Bull. 
66:38–57.

MccRanie, J. R., and l. d. wilson. 2002. Amphibians of Honduras. So-
ciety for the Study of Amphibians and Reptiles, Ithaca, New York. 
625 pp. 

MoRRone, J. J., d. espinosa-oRganista, and J. lloRente-bousquets. 2002. 
Mexican biogeographic provinces: preliminary scheme, general 
characterizations, and synonymies. Acta Zool. Mexico 85:83–108.

olson, d. h., d. M. aanensen, k. l. RonnenbeRg, c. i., powell, s. F walk-
eR, J. bielby, t. gaRneR, g. weaveR, and M. c. FisheR. 2013. Mapping 
the global emergence of Batrachochytrium dendrobatidis, the am-
phibian chytrid fungus. PlosOne 8:e56802.

philips, b. l., and R. puschendoRF. 2013. Do pathogens become more 
virulent as they spread? Evidence from the amphibian declines in 
Central America. Proc. Royal Soc. B: Biol. Sci. 280:2013–1290.

piotRowski J. s., s. annis, and J. e. longcoRe. 2004. Physiology of Ba-
trachochytioum dendrobatidis, a chytrid pathogen of amphibians. 
Mycologia 96(1):9–15.

pounds, J. a., M. p. Fogden, J. M. savage, and g. c. goRMan. 1997. Test of 
null models for amphibian declines on a tropical mountain. Con-
serv. Biol. 11:1307–1322. 

saenz, d., b. t kavanagh, and M. a. kwiatkowski. 2010. Batrachochytri-
um dendrobatidis detected in amphibians from national forests in 
eastern Texas, USA. Herpetol. Rev. 41:47–79.

stuaRt, s. n., J. s. chanson, n. a. cox, b. e. young, a. s. l. RodRiguez, d. 
l. FischMan, and R. w. walleR. 2004 Status and trends of amphibian 
declines and extinctions worldwide. Science 306:1783–1786.

voyles, J., v. t. vRedenbuRg, t. s. tunstall, J. M. paRkeR, c J. bRiggs, and 
e. b. RosenbluM. 2012. Pathophysiology in mountain yellow-legged 
frogs (Rana muscosa) during a chytridiomycosis outbreak. PLoS 
ONE 7: e35374.

Herpetological Review, 2015, 46(1), 37–41.
© 2015 by Society for the Study of Amphibians and Reptiles

Batrachochytrium dendrobatidis Prevalence in  
Two Ranid Frogs on a Former United States Department  
of Defense Installation in Southeastern Tennessee

Within the United States, Batrachochytrium dendrobatidis 
(Bd) is widespread (Olson et al. 2013) and has been recently 

introduced into several natural areas (Weldon et al. 2004; 
Kolby 2014) and it continues to be implicated in the extinction, 
extirpation, and/or declines of amphibian populations around 
the world (Daszak et al. 2003; Lips et al. 2006; Longcore et al. 2007; 
Dodd 2010; Kilpatrick et al. 2010; Eskew and Todd 2013; Olson 
et al. 2013). The American Bullfrog (Lithobates catesbeianus) is 
the only ranid species from North America that has been cited as 
a contributing factor in the global spread of Bd (Schloegel et al. 
2012; Gervasi et al. 2013a). This is largely due to it being farmed 
or traded internationally (e.g., research, medicinal, food source, 
pet trade), but this is further exacerbated by it being a potentially 
invasive species that is resistant toward developing symptoms 
of the disease chytridiomycosis (Daszak et al. 2004). The latter is 
presumably due to its host-pathogen interactions (Rollins-Smith 
et al. 2011), highly keratinized skin, and vagility. Because of these 
factors, it has been suspected to be a Bd carrier (Lannoo et al. 
2011) or reservoir (Fisher et al. 2009). Our study objective was 
to determine the prevalence of Bd in two species of frogs from 
the family Ranidae (Lithobates catesbeianus and the Green Frog, 

THOMAS P. WILSON*
JOSE M. BARBOSA
ETHAN A. CARVER
BRADLEY R. REYNOLDS
DANIEL RICHARDS
Department of Biological and Environmental Sciences #2653, 
215 Holt Hall, University of Tennessee at Chattanooga, 
615 McCallie Ave., Chattanooga, Tennessee 37403, USA
TEAM SALAMANDER
711 Signal Mountain Road, #314, Chattanooga, Tennessee 37405, USA
TABITHA M. WILSON**
Battle Academy, 1601 S. Market St, Chattanooga, Tennessee 37408, USA

*Corresponding author; e-mail: thomas-wilson@utc.edu 
**Current address: Chattanooga High School, Center for 
Creative Arts, 1301 Dallas Rd, Chattanooga, Tennessee 37405, USA



Herpetological Review 46(1), 2015

38     AMPHIBIAN DISEASES

L. clamitans) at a site in southeastern Tennessee, USA, a region 
where Bd surveys have not yet been conducted. Both species are 
ideal candidates for co-monitoring because they are sympatric 
congeners, have similar ecologies (Conant and Collins 1998), and 
Bd has been known to occur in both species (Ouellet et al. 2005). 
Hence, we tested the hypothesis that L. catesbeinanus would 
have relatively equal rates of Bd prevalence when compared to 
an ecological equivalent, L. clamitans.

The study site, herein referred to as LT6 (35.104°N, 85.130°W; 
average elevation of 180 m), is an ephemeral wetland surrounded 
by mixed hardwood forest and is located on a former United 
States Department of Defense (DoD) installation (Volunteer 
Army Ammunition Plant) and lies adjacent to an industrial 
park, a mixed-use natural area, and an outdoor university 
classroom (Fig. 1; Armstrong 2012; Simpson 2013). LT6 is owned 
and managed by the University of Tennessee at Chattanooga. 
It is nestled in the Ridge and Valley ecoregion (Griffith et al. 
1997), and the underlying geology is dominated by limestone 
and karst formations and the topography ranges from rolling 
hills to steeper slopes (Griffith et al. 1997). The upland habitat 
is characterized by approximately 32.8 ha of eastern deciduous 
forest that is dominated by mixed hardwoods (e.g., Liriodendron 
tulipifera [Tulip Poplar], Platanus occidentalis [Sycamore], 
Fagus grandifolia [American Beech], Ulmus alata [Winged Elm], 
Quercus spp. [oaks], Carya sp. [hickory], Fraxinus sp. [ash]), with 
some interspersed pines (Pinus sp.), and an invasive colony of 
Chinese Privet (Ligustrum sinense). The wetland is dominated 
by a wooded over-story, consisting of three interconnected 
pools that total 4.1 ha. Hydroperiod varies by year, season, 
precipitation, and temperature; and during the typical wet 
season, water depth ranges from 25 to 54 cm. The upland and 
aquatic habitats at LT6 create a synergy that yields minimally 43 
species of amphibians and reptiles (Simpson and Wilson 2009; 
Simpson et al. 2010; Armstrong 2012; Wilson et al. 2012; Simpson 
2013; Wilson, unpubl. data). Prior to 2008, LT6 received some 
protection from development as a former DoD installation, 
and was largely buffered on the eastern, western, and southern 
borders by an additional 230 ha of intact upland forest.

For biosecurity, we wore powder-free nitrile gloves when 
capturing animals or processing samples. To further minimize Bd 

cross-contamination, all animals were temporarily placed into 
individual plastic bags in an effort to ease restraint when swabbing, 
and decrease handling time. All equipment that physically 
contacted an animal was disinfected using 70% EtOH (Hanlon 
et al. 2012) before and after use. All gloves, plastic bags, swabs 
or similar items were changed between subsequent captures 
or samples and were properly disposed of following approved 
biohazard protocols. All other equipment was treated with an 
aqueous solution of chlorine bleach (i.e., 10% by volume; Johnson 
et al. 2003) and the process was repeated three times for a total 
soak time of 30 minutes. This latter decontamination procedure 
was conducted before entering and exiting the study area.

We captured L. catesbeianus and L. clamitans randomly by 
hand using visual encounter surveys from 4 October 2012 to 26 
December 2012 around the periphery of the wetland at LT6. All 
frogs were measured for total body length (TBL) via straight-
line to the nearest 1.0 mm using dial calipers. We swabbed 
the ventral and medial surface of the thighs and abdomen, as 
well as the webbing on the hind feet for a total of 45 sec using 
aseptic technique (Vredenburg and Briggs 2009). All frogs were 
individually marked using the scheme of Martof (1953) and 
photographed after swabbing. The polyester (Dacron) swabs 
(Fisherbrand, Cat. #14-959-90; Pittsburgh, Pennsylvania, 
USA) and any transferred Bd DNA were placed in 1.5-ml 
microcentrifuge tubes with screw caps (Fisher Scientific, Cat. # 
02-682-557; Pittsburgh, Pennsylvania, USA) containing cold 70% 
EtOH and stored at -80°C prior to analysis. 

Each sample was dried in a speedvac (Labconco, Centrivap 
DNA Concentrator; Kansas City, Missouri, USA) prior to DNA 
extraction. The residual was re-suspended in 200 μL of lysis 
buffer along with 0.3 g of sterile, inert glass beads and 200 μL of 
Phenol:chloroform:isoamyl-alcohol (25:24:1). This addendum 
was adapted from a modified yeast DNA extraction protocol 
(Hoffman 1997) and was used along with a Mini-BeadBeater 
(BioSpec Products; Bartlesville, Oklahoma, USA) for 45 sec 
followed by 60 sec on ice and this process was repeated three 
times to successfully homogenize and extract DNA from all 
samples. We added 200 μL of Tris-EDTA buffer to the homogenate, 
vortexed it for 5 sec, and centrifuged it for 5 min at 15,000 rpm. 
The aqueous solution in the upper portion of the microcentrifuge 
tube containing the extracted DNA was transferred to a new 
microcentrifuge tube for purification. The final concentrate 
of DNA was quantified using a spectrophotometer (Thermo 
Scientific, Nanodrop 2000C; Waltham, Massachusetts, USA). 
We used a modified PCR (Eppendorf Master Cycler Gradient) 
analysis following the initial methods of Boyle et al. (2004) using 
a controlled reaction containing cloned spore DNA fragments. 
The Bd gDNA clone was obtained from the Center for Wildlife 
Health at the University of Tennessee-Knoxville (Matt Gray and 
Debra Miller, pers. comm.). Each plate contained these standards 
and served as positive and negative controls in our analysis. All 
samples were run in triplicate and all positives were assayed by 
PCR independently a total of four times to ensure accurate results. 

We used Chi-Square Tests (Exact Binomial Goodness of Fit 
Test [two-tailed], Yates’ correction for continuity [two-tailed]; 
Sokal and Rolf 1995) to evaluate the presence and absence of 
Bd in two closely related species of ranid frogs from LT6. We 
calculated probabilities of detection (POD) using DiGiacomo 
and Koepsell’s (1986) equation: 

C = 1 – (1 – p)n

Fig. 1. An aerial photograph (NAIP Imagery, <1 m spatial resolution, 
released Aug 21, 2014) depicts the developing landscape surround-
ing the study site (LT6, Hamilton County, Tennessee, USA) where the 
prevalence of Batrachochytrium dendrobatidis was investigated in 
two ranid frog species. The wetland boundary is highlighted by the 
white polygon in the center of the frame. 
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where C is the probability of detecting at least one Bd positive 
individual from a representative sample (n) and the plausible 
prevalence of the disease (p) expressed as a fraction ranging 
from 0 to 1 (e.g., 0.05, 0.10, 0.30; Canessa et al. 2013). 

We swabbed 77 frogs and detected Bd in 5.88% (3 of 51) 
and 38.46% (10 of 26) of L. catesbeianus and L. calmitans, 
respectively (Table 1). Bd occurrence differed between the 
two species (Exact Binomial Goodness of Fit Test p = 0.000254, 
Yates’ correction for continuity c2 = 14.003, p = 0.000183, df = 1; 
Sokal and Rolf 1995). However, based on POD calculations, we 
are 92.9% and 73.7% confident that Bd would be detected in L. 
catesbeianus and L. clamitans at a prevalence rate of at least 5%, 
respectively (Table 1). No ranid frogs showed clinical signs of Bd 
infection (e.g., skin lesions, edema, non-responsiveness).

Our Bd survey is the seventh to be conducted in Tennessee 
(see Rothermel et al. 2008; Venesky et al. 2008; Chatfield et al. 
2009; Davis et al. 2012; Hanlon et al. 2012; Rollins et al. 2013), 
but is the first from southeastern Tennessee (http://www.bd-
maps.net) and the only one in the published literature that was 
conducted on a former DoD property in Tennessee. Although, 
we detected Bd in both species of ranid frogs, L. clamitans 
had higher relative rates of prevalence when compared to 
L. catesbeianus. This result was contrary to our hypothesis 
that L. catesbeianus and L. clamitans would have relatively 
equal rates of Bd prevalence due to their ecological similarity. 
However, other research has suggested that L. catesbeianus has 
higher levels of Bd prevalence on average when compared to L. 
clamitans (~27% and ~20% for L. catesbeianus and L. clamitans, 
respectively; Ouellet et al. 2005). There are several possible 
explanations for the difference in Bd prevalence for the two 
ranid species, including temporal patterns of infection, host 
immunity, competition, or sensitivity to landscape change. 
Bd may be most prevalent during the late spring or summer 
months (Lannoo et al. 2011) and because our samples were 
collected during the fall it is possible that with L. catesbeianus 
being somewhat resistant to Bd, they could have lower rates of 
infection when compared to L. clamitans. Hence, prevalence at 
other times of the year may differ from our findings. 

Previous research has indicated that there is considerable 
variation in host susceptibility to Bd (Searle et al. 2011; Hanlon 
et al. 2012) and no clear pattern exists among species except for 
the idea that some ranid frogs may be more resistant to Bd or 
that their clinical response is more variable when compared to 
other anurans (Gervasi et al. 2013b). For example, the Mountain 
Yellow-legged Frog (Rana muscosa) is nearing extinction even 

though it produces a higher amount of total skin peptides that 
have antimicrobial properties when compared to those of the 
Northern Leopard Frog (L. pipiens; Rollins-Smith et al. 2006). 
Perhaps, in our scenario, L. clamitans at LT6 are stressed due 
to extrinsic factors from exurban development involving the 
recent and large-scale loss of habitat from the expansion of 
the adjacent industrial park (Armstrong 2012; Simpson 2013) 
or competition from L. catesbeianus (or other amphibians) 
and have become immunocompromised making them more 
sensitive to Bd. If this were the case, L. clamitans could have 
a proportionately higher rate of Bd prevalence as seen at LT6. 
Similarly, others have suggested that the epidemiology of Bd 
within a community is likely driven by a suite of factors and 
cannot be attributed to one variable alone (Navas et al. 2012). 
While the aforementioned remains largely untested here, it 
parallels the ecological findings of others at LT6. Simpson 
(2013), over a 33-month period observed an increase in the 
relative abundance of L. catesbeianus when compared to other 
ranid species. The factors that were contributing to the shift in 
species composition were largely undetermined, but a synergy 
of intrinsic and extrinsic factors is plausible. 

Bd continues to be a concern for conservationists and those 
who study amphibian communities; therefore, an integrated 
approach is necessary to adequately address amphibian 
declines and to develop adaptive conservation and management 
strategies. Collectively, 16.88% of all frogs tested in our study 
were positive for Bd, and all were found in microhabitats 
suitable for a variety of amphibian, reptile, and invertebrate 
taxa. This study, while limited seasonally, geographically, 
and taxonomically, provides baseline data that furthers our 
understanding of the distribution and prevalence of Bd in the 
southeastern United States—a biodiversity hotspot. Surveys 
for Bd that incorporate a wider range of taxa and habitats can 
better elucidate the role of competition, ecological persistence, 
asymptomatic carriers, and exurban development. Therefore, 
further investigation is warranted to better determine if Bd is 
endemic and widespread across the amphibian community 
described here. 
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Chytrid Fungus (Batrachochytrium dendrobatidis)  
Undetected in the Two Orders of Seychelles Amphibians

Infection by the fungal pathogen Batrachochytrium 
dendrobatidis (Bd) is a major driver in global amphibian 
declines (Berger et al. 1998; Skerratt et al. 2007) and can occur 

in all three orders of Amphibia, having been most recently 
documented in the Gymnophiona (Doherty-Bone et al. 2013; 
Gower et al. 2013). Bd has been detected in 71 countries and 
695 amphibian species (Olson and Ronnenberg 2014) but to our 
knowledge no screening for its presence or anecdotal evidence 
of chytridiomycosis has been reported from the Seychelles 
Archipelago, a biodiversity hotspot (Myers et al. 2000) with 
a very high proportion (86%) of endemic amphibian genera 
(Poynton 1999) (Fig. 1).

Eleven of the 12 species of Seychelles amphibians (Table 1) 
are globally significant. The four species of sooglossid frog are 
unique in being the only amphibian family endemic to an island 
group, and the endemic radiation of six Seychelles caecilians 
make them the only Gymnophiona to occur on continental 
islands. The single hyperoliid frog species occurring here is 
endemic to the Seychelles, leaving the single ptychadenid 
frog as the only non-endemic amphibian (Nussbaum 1984). 
Being primarily fossorial, caecilians are considered difficult 
study organisms and collection usually requires dedicated 
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Fig. 1. Location map showing the position of the Seychelles Archi-
pelago in relation to the African coast and Madagascar. Zoomed 
panel shows the main inner islands. Map generated using ArcMap 
10.1 (ESRI 2012).
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digging (Gower and Wilkinson 2005), such that there have been 
few caecilian Bd field surveys (Gower et al. 2013). Similarly, 
sooglossid frogs are cryptic in their habits, undergoing direct 
development as part of a completely terrestrial life cycle in 
often inaccessible, elevated areas of moist forest (Nussbaum 
1984; Nussbaum and Wu 2007). In contrast, the Seychelles 
Treefrog (Tachycnemis seychellensis: see Maddock et al. 2014), 
and the likely introduced Mascarene Ridged Frog (Ptychadena 
mascareniensis: see Vences et al. 2004) can be easier to encounter, 
forming breeding aggregations around marshes, streams, and 
temporary pools, especially in the evening (T. seychellensis) 
and/or after rain events (P. mascareniensis) (Nussbaum 1984). 
Bd is known to infect P. mascareniensis in mainland Africa 
(www.bd-maps.net/surveillance/s_species.asp; accessed 3 
March 2014; Goldberg 2007), while Olson et al. (2013) identified 
a 50% prevalence of Bd in African Hyperoliidae, the family to 
which T. seychellensis belongs.

Between May 2010 and March 2013, skin swabs were taken 
from wild-caught caecilians and metamorphosed anurans at 
multiple locations across six of the Seychelles’ inner islands 
(Fig. 2). All sampled specimens were swabbed alive and within 
24 hours of capture, using rayon-tipped MW100 fine-tip swabs 

(Medical Wire and Equipment, Corsham, Wiltshire, England). 
Swabbing protocol generally followed best-practice methods 
available at the time (e.g., Smith 2011). However, our sampling 
was undertaken by three separate research groups operating 
over the period, with differing primary research aims. Therefore, 
some deviation from standard biosecurity protocol did occur, 
including capture and initial handling of amphibians without 
gloves, and (although infrequent) housing more than one animal 
(but always of the same species) in the same plastic bag upon 
capture. The principle aim was to gather a representative sample 
from sites within broadly separate locations, and not to swab 
every individual encountered or captured. A large proportion 
of sooglossid frog swabbing was undertaken in the field by a 
single person (JL). These mostly very small anurans (except for 
individuals of Sooglossus thomasseti measuring greater than 
25 mm snout–vent length) were cleaned of debris and soil by 
transferring them to a small plastic zip-lock bag and rinsing with 
fresh water sourced at the sampling locality. Although this rinsing 
may have removed some zoospores, it was performed to reduce 
the increased likelihood of PCR inhibition. The water was then 
drained and the animal gently restrained and swabbed within the 
bag, removing the need for direct handling and minimizing risk 

table 1. Distribution of Seychelles amphibians (adapted from Nussbaum 1984), including the 2009 discovery of Sooglossidae on Praslin (Tay-
lor et al. 2012) and their IUCN Red List status (IUCN 2013): LC – Least Concern; EN – Endangered; CR – Critically Endangered. Caecilian 
taxonomy follows Wilkinson et al. (2011).

Order Family Species Islands present Conservation status

Anura Hyperolidae Tachycnemis seychellensis La Digue, Mahé, Praslin, Silhouette LC

Anura Ptychadenidae Ptychadena mascareniensis Cerf, Curieuse, Frégate, Grand Soeur,  LC

   La Digue, Mahé, Northa, Praslin, Silhouette

 

Anura Sooglossidae Sooglossus sechellensis Mahé, Praslin, Silhouette EN

Anura Sooglossidae Sooglossus thomasseti Mahé, Silhouette CR

Anura Sooglossidae Sechellophryne gardineri Mahé, Silhouette EN

Anura Sooglossidae Sechellophryne pipilodryas Silhouette CR

Gymnophiona Indotyphlidae Grandisonia alternans Félicité, Frégate, La Digue, Mahé, LC

   St. Anne, Silhouette

Gymnophiona Indotyphlidae Grandisonia larvata Félicité, La Digue, Mahé, Praslin, LC

   St. Anne, Silhouette

 

Gymnophiona Indotyphlidae Grandisonia sechellensis Mahé, Praslin, Silhouette LC

Gymnophiona Indotyphlidae Hypogeophis brevis Mahé EN

Gymnophiona Indotyphlidae Hypogeophis rostratus Cerf, Curieuse, Félicité, Frégate, Grand Soeur,  LC

   La Digue, Mahé, Praslin, St. Anne, Silhouette

 

Gymnophiona Indotyphlidae Praslinia cooperi Mahé, Praslin EN

a New locality record
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of cross-contamination. Larger anurans, and sooglossid frogs 
processed when field assistance was available, were sampled 
using the standard technique (Smith 2011). Caecilians were 
swabbed dorsally, laterally, and ventrally along the length of the 
body, and also around the vent and head. Gloves were changed 
between each individual except where two or more specimens 
had been housed in the same plastic bag. All amphibians not 
retained as vouchers as part of broader research aims were 
released at their place of capture. Swabs were kept in the dark 
and transferred to cool storage, mostly refrigerated within 12 h 
and frozen within one week of completed fieldwork.

DNA extractions and quantitative real time Taqman® 
polymerase chain reaction (qPCR) assays were performed at the 
Institute of Zoology (London, UK), using methods adapted from 
Boyle et al. (2004). DNA was extracted from swabs using bead 
beating with 0.5 mm silica beads and 60 μl PrepMan Ultra (Hyatt 
et al. 2007).  The qPCR amplifications were performed in 25 μl 
reactions using Bd primers ITS-1 (forward): 5’-CCT TGA TAT AAT 

ACA GTG TGC CAT ATG TC-3’ and 5.8S (reverse): 5’-AGC CAA 
GAG ATC CGT TGT CAA A-3’, specific to the ITS-1/5.8S region of 
rDNA (Boyle et al. 2004). Standards of 100, 10, 1 and 0.1 Bd DNA 
genomic equivalents and negative controls were used in each 
run. Bovine serum albumin (BSA) was included in the TaqMan® 
master mix, to reduce inhibition of the PCR (Garland et al. 2010). 
Each sample was run in duplicate and no amplification in either 
replicate indicated a negative result.

A total of 291 skin swabs were obtained from Seychelles 
amphibians, representing 10 of the 12 species known to occur 
across the archipelago. All 213 anurans and 78 caecilians tested 
negative for Bd (comprising 66 Sooglossus sechellensis [Fig. 3]; 
13 S. thomasseti, 14 Sechellophryne gardineri, 99 Tachycnemis 
seychellensis, 21 Ptychadena mascareniensis, 18 Grandisonia 
alternans [Fig. 4], 7 G. larvata, 10 G. sechellensis, 6 Hypogeophis 
brevis, 23 H. rostratus, 14 unidentified caecilians) (Table 2). No 
macroscopic presentation of chytridiomycosis-like symptoms 
or associated mortality was observed in any sampled individual, 
or in any amphibian encountered during the fieldwork. Our 
results suggest a widespread absence of Bd between 2010 and 
2013 across six of the eleven amphibian-inhabited islands of 
the Seychelles archipelago. Some caution should be exercised in 
interpreting our results as indicating that the Seychelles are free 
of Bd. Many of the locations sampled were in close proximity to 
one another and/or linked by contiguous habitat, and so could 
be described as a single location for the purposes of achieving 
the recommended minimum sample size of 30 amphibians per 
site (Smith 2011), but the temporal differences between site 
surveys and overall limited sampling invariably resulted in this 
not being achieved (Table 2), leading to the possibility of type II 
errors. Also, the recommendation for sampling >59 individuals 
to detect Bd when infection rate is low (Skerratt et al. 2008) 
was achieved for only two species sampled (T. seychellensis, 
S. sechellensis), two islands sampled (Mahé and Praslin), and 
for the two pooled samples of all anurans and all caecilians. 
Prevalence of Bd infection in anurans indicates seasonal peaks in 
the cooler months (Berger et al. 2004; Retallick et al. 2004; Kriger 
and Hero 2007) even with little seasonal temperature variation 
(Whitfield at al. 2012). Sampling of Seychelles amphibians was 
not undertaken during the two (historically) coolest months of 
July and August. However, housing more than one animal in the 
same capture bag, although limited in occurrence, increased the 
opportunity for cross-contamination from chytrid zoospores, 
making detection of Bd more likely by fostering false-positive 
results for infection.

Fig. 2. Sampling localities for Batrachochytrium dendrobatidis across 
the Seychelles inner islands. Map generated using ArcMap 10.1 (ESRI 
2012).

Fig. 3. Sooglossus sechellensis from Mahé, Seychelles Archipelago. 
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Fig. 4. Grandisonia alternans from Silhouette, Seychelles Archipelago.
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Direct development—a reproductive mode adopted by 
the Sooglossidae and at least one Seychelles caecilian (H. 
rostratus; Nussbaum 1984)—may provide a limiting factor to 
the transmission of Bd between and among amphibians (Todd 
2007; but see Longo and Burrowes 2010). The probably more 
vagile T. seychellensis and P. mascareniensis require water bodies 
for aquatic larval development, and potentially present more 
suitable hosts for the dispersal and spread of Bd. Due to previous 
evidence of human-mediated trans-oceanic dispersal (Vences 
et al. 2004), P. mascareniensis in particular may lend itself to 
continuing introduction and transportation by way of tourist and/

or domestic traffic, especially among the main islands of Mahé, 
Praslin, and La Digue (Fig. 1). This species’ propensity for dispersal 
was evidenced first-hand during fieldwork following the discovery 
of a novel, reproducing population on North Island. Similarly, and 
despite no currently recorded infection or capacity as a host for 
Bd (www.bd-maps.net/surveillance/s_species.asp; accessed 21 
September 2014), the recent discovery of Asian Common Toads 
(Duttaphrynus melanostictus) on the east coast of Madagascar, 
having likely arrived in shipping containers from Asia (Kolby 
2014a), highlights a further risk to Seychelles endemic fauna as 
a potential disease vector.  The significantly shorter shipping 
distances among Madagascar, the Mascarenes, and Seychelles 
islands undoubtedly elevates the risk of further human-mediated 
dispersal of this potentially invasive species.

Links between climate, temperature, and Bd have been 
documented (see Pounds et al. 2006; Bosch et al. 2007; Lips et al. 
2008; Rohr and Raffel 2010; Olson et al. 2013). In tropical regions, 
elevated, moist, and riparian habitats are home to amphibian 
species considered most likely to be severely threatened by Bd 
(Wake and Vredenburg 2008). The endemic Seychelles amphibians 
fall into at least two, and often all three of these categories which, 
combined with their restricted range, highlights the requirement 
for targeted conservation measures (Sodhi et al. 2008). In light of 
the recent discovery of Bd in Malagasy anurans (Kolby 2014b), 
and given the potential susceptibility of Seychelles amphibians, 
continued disease monitoring warrants consideration as part of 
ongoing conservation work for this globally significant amphibian 
community. Effective implementation of Seychelles’ recently 
approved Biosecurity Act (Animal and Plant Biosecurity Act, 2014) 
is consistent with maintaining such vigilance.
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Yuman Fringe-toed Lizard (Uma rufopunctata)  
Care and Breeding at the Phoenix Zoo

Fringe-toed lizards (Phrynosomatidae: Uma spp.) are a 
unique genus, highly adapted to the native windblown, fine, 
sandy habitats of the southwestern U.S. and northwestern 
Mexico (Stebbins 1985). They possess a flattened body and tail, 
a countersunk jaw, and a chisel-like snout—all traits that allow 
them to rapidly burrow under loose sand. Overlapping and 
inter-locking eyelids, valves in the nostrils (Stebbins 1943), and 
flaps covering the ears keep the fine sand out of these orifices. 
Extended, elongated scales on the rear toes allow the species 
to run more easily on loose sand (Stebbins 1985; Brennan and 
Holycross 2006; Lemm 2006).

Uma has undergone some recent taxonomic changes (Heifetz 
1941; Crother et al. 2003). Although first described by Cope in 1895, 
the Yuman Fringe-toed Lizard (U. rufopunctata) was considered 
a subspecies of the Colorado Fringe-toed Lizard (U. notata) until 
recently (Trepanier and Murphy 2001). Uma rufopunctata is a 
medium-sized lizard, up to ca. 120 mm snout–vent length (SVL). 
They are restricted to windblown, sandy dunes, flats, and washes 
in the most arid areas of extreme southwestern Arizona (Yuma 
Co.), USA and northwestern Sonora, Mexico (Brennan and 
Holycross 2006; Turner and Rorabaugh 2009). Both the habitat 
and lizard are sensitive and threatened by off-road vehicle 
use (Bury and Luckenbach 1983; Luckenbach and Bury 1983; 
Jennings and Hayes 1994), climate change, and agricultural and 
commercial development (Bagne and Finch 2012). Additionally, 
the geographic range of U. rufopunctata is small, encompassing 
less than 2000 km2 (Hammerson et al. 2007). Consequently, 
the Center for Biological Diversity petitioned the U.S. Fish and 
Wildlife Service to move the classification of this species from 
Near Threatened (Hammerson et al. 2007) to Endangered in 2012 
(Adkins Giese et al. 2012).

Numerous traits of Uma spp. have been examined (e.g., 
Heifetz 1941; Stebbins 1944; Earle 1962; Carpenter 1963; Turner 
1998; Turner and Schwalbe 1998). Mayhew examined testes and 
ovaries of field-collected U. inornata (1965), ornata (1966a), 

and scoparia (1966b) to determine the breeding cycle of males 
and females. Similarly, Goldberg (2012) examined preserved 
specimens to describe the reproductive cycle in U. rufopunctata. 
Still, due to recent taxonomic changes (Heifetz 1941; Crother 
et al. 2003) and a lack of current research on the genus, much 
remains unknown about fringe-toed lizards.

The Phoenix Zoo received 3.4 U. rufopunctata from the 
Arizona Game and Fish Department on 12 June 2012. Currently, 
all animals housed by Association of Zoos and Aquariums (AZA) 
facilities are animals that originated from our 3.4 founders. 
We have created a managed breeding program for the species 
in an attempt to supply animals to interested AZA-accredited 
zoos across the country, while creating a sustainable ex situ 
population. We have also gained additional information about 
their needs, natural history, and growth, described here.

Captive husbandry.—During 2013, all animals were 
maintained either on exhibit (2.3 animals at a time) or in a 
breeding enclosure (one pair at a time). Both breeding and 
exhibit enclosures were glass tanks measuring ca. 91 x 46 x 43 cm 
with sand substrate and rocks for basking under an overhead Exo 
Terra® 160-watt Solar Glo UV/heat bulb. Temperatures ranged 
from 43°C on the sand surface under basking lights to 28°C. 
Although warmer basking was offered via perching, animals 
would not climb, preferring to bask in the top layer of sand, on 
the sand surface or on rock surfaces. Each breeding enclosure 
also contained two nest boxes, 6-qt. plastic, open-topped 
containers measuring ca. 38 x 23 x 15 cm. One container was 
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Fig. 1. Mass (g):snout–vent length (SVL; cm) ratio as measured on 10 
May 2014 of all adult Uma rufopunctata at the Phoenix Zoo.
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filled with an 8:1 sand:water mixture and the other was filled with 
a 16:1 sand:water mixture. Nest boxes received supplemental 
heating from above via a 40 W radiant heat bulb on 24 h/day. 
Boxes were weighed weekly and lost water weight was added 
back to maintain specific saturation levels. Animals were rotated 
off exhibit, one pair at a time, to allow for known lineage and 
breeding of multiple animals throughout the year. Copulation 
was observed on 3 July 2013. Male-male combat was observed 
among all three males on 12 November 2013 when all males 
were separated from females and housed together off exhibit 
while animals were cooled over the winter (Tietgen and Foster, 
unpubl.). One adult male had to be separated after several weeks 
due to weight loss and a small rostral abrasion. We now house all 
mature males separately.

Adult diet has included various invertebrates, such as 
crickets, roaches, mealworms, and waxworms, offered 4–5 times 
weekly. Crickets were gut-loaded with Zeigler® cricket diet and 
all prey was dusted with Repashy® Calcium Plus or TetraFauna 
Reptocal® reptile supplements. Because the species has been 
described as omnivorous (Stebbins 1985), a mixture of leafy 
greens and vegetables was also provided two times per week 
in addition to occasional natural browse. The lizards did not 
appear to eat salad mix or natural browse, however, preferring 
invertebrate food. Neither the exhibit nor the breeding enclosure 
contained standing water. Lizards were misted once per week to 
provide small regions of humidity.

This species has been very active in their enclosures and 
has proven to be an effective exhibit animal at the Zoo. When 
on exhibit, they have been reliably visible and often observed 
sand swimming only to re-emerge from beneath the substrate. 
They cohabitate well in mixed-sexed groups with little apparent 
aggression (although male-male aggression has been noted) or 
weight disparities that might indicate high levels of competition 
for food.

Adults.—Our 3.4 founder animals were less than one 
year of age when we received them, based on their masses at 
acquisition; mean (± 1 Standard Error [SE]) was 14.7 g (± 2.37). 
They were managed as a colony in the exhibit enclosure until our 
concentrated breeding efforts began in February 2013. At this 
point we marked them for individual identification with cattle 

markers (Baumer and Foster 2011) and took photographs of the 
unique bands on the ventral side of the tail for a secondary means 
of individual identification. Passive Integrative Transponders 
(PIT tags) have since also been placed in these animals as well.

Males have a greater SVL than females in other Uma species 
(Mayhew 1965; 1966a, b; Gadsen et al. 2006) and U. rufopunctata 
(Goldberg 2012). Mass of Uma rufopunctata had not been 
described previously. Mass of our adults was recorded on 9 April 
2014, and males were significantly larger than females (mean 
mass [± 1 SE] = 46.1 g [± 1.40] and 28.5 g [± 1.28], respectively; 
p = 0.0003). Mass and SVL were recorded on 10 May (Fig. 1). 
Mass was correlated with SVL (r2 = 0.9801). Both mass and SVL 
differed between sexes with males being larger in both measures 
(p = 0.0038 and p = 0.0024, respectively). Notably, one of the 2013 
hatchlings had lost its tail, contributing to a lower mass to SVL 
ratio than would otherwise be expected.

Breeding.—Between 3 March 2013 and 22 September 2013, 
five clutches of fertile eggs were produced by three females 
through our managed breeding efforts. Breeding setups were 
designed without significant knowledge of nesting conditions 
of wild Uma; we therefore provided the thermal heater, deep 
nesting substrate, and two levels of saturation to allow females 
a variety of nesting conditions from which to choose. Females 
consistently deposited eggs in the 8:1 sand:water mixture. As a 
result, we modified breeding enclosures in 2014 to reflect this 
preference. Females consistently dug holes several days prior to 
oviposition and filled the nest hole after completing oviposition. 
Staff monitored the females closely once they began digging and 
were able to carefully excavate eggs post-oviposition. All eggs 
were laid on the bottom of the nest boxes, approximately 14 cm 
deep. One female developed eggs on exhibit, and was moved to 
the breeding enclosure with an established pair to nest several 
days prior to egg deposition on two occasions. These moves were 
performed to prevent reproductive complications as the exhibit 
did not offer nesting opportunities; the animal successfully 
nested on both occasions. 

Eggs and incubation.—Mean (± 1 SE) egg clutch size was 3 (± 
0.45); range 2–4. This is consistent with clutch sizes of preserved 
specimens (Goldberg 2012). We took the mass of four individual 
eggs from two separate clutches; mean was 1.925 g (± 0.165); range 
= 1.7–2.4 g. All eggs were placed in Suspended Incubation Method 
(S.I.M.) containers (Squamata Concepts LLC, Staten Island, New 
York; Baumer et al. 2012) in an Avey® RCAB200 Reptile Cabinet 
incubator for incubation. Clutches were incubated at 27–31°C 
with eggs hatching in 58–74 days (Fig. 2). Incubation duration 
was strongly correlated with mean incubation temperature with 
higher temperatures resulting in shorter incubation times (r2 = 
0.9537; Fig. 2). Of 14 viable eggs laid, 13 were incubated and one 
was damaged during excavation. Of the 13 eggs incubated, 10 
hatched. The only egg produced from clutch 4 hatched, but the 
hatchling died immediately afterwards. 

Hatchlings.—Mean mass of hatchlings was 2.3 g (± 0.08). 
All hatchlings were marked with cattle markers for individual 
recognition, as with the founders. Photographs of the ventral side 
of the tail were also taken for a secondary means of individual 
identification until the animals were large enough for placement 
of PIT tags. 

Hatchlings were reared with siblings in glass aquaria modeled 
after the adult enclosures. Sand substrate was used with large 
rocks for basking sites underneath an Exo Terra® 160-watt 
Solar Glo UV/heat bulb. Hatchlings were fed appropriately sized 
invertebrates 5–7x weekly for the first six months, after which 

Fig. 2. Incubation duration as a relation of the mean incubation tem-
perature for four Uma rufopunctata egg clutches. Note: Clutch #4 
was not included as the only egg that was incubated from this clutch 
died immediately after hatching for unknown reasons; incubation 
length of clutch #4 was 69 days and mean incubation temperature 
was 27.6°C.
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they were reduced to the adult diet of 4–5x weekly. Hatchlings 
cohabited well and food competition was minimal. A single 
animal lost 50% of its tail through a sudden event, although 
we cannot verify if this injury was caused by an encounter with 
another hatchling or a mishap involving the tank furniture. 

Hatchling growth data were also recorded (Fig. 3). By just over 
half a year in age, the sex of hatchlings was easily determined. 
Males were larger than female clutch-mates at this age (Fig. 
3), displayed more prominent striping, and had larger, more 
prominent femoral pores and hemipenal bulges (Fig. 4). On 8 Jan 
2014, one of two juvenile females housed together laid infertile 
eggs at 8 months of age; weights of these animals were 14.4 and 
18 g. Observations of U. notata by Mayhew (1966) predict that a 
small number of wild individual Uma may breed in the summer 
following hatching; the abundance of food in a captive setting 
will likely increase the number of individuals showing such early 
development.

Uma rufopunctata appears to be an easy-to-breed species 
under the conditions described above. Their unique adaptations, 
behaviors, natural history, and high activity levels, make them 
desirable exhibit animals for zoos. Additionally, this is an 
important native species to work with. Their small geographic 
range makes U. rufopunctata extremely vulnerable and they are 
threatened by habitat degradation and climate change (Bagne 
and Finch 2012).

We can apply what we have learned about captive 
propagation of U. rufopunctata to other fringe-toed lizard species 
including the endangered Coachella Valley Fringe-toed Lizard 
(U. inornata). This species is restricted to the Coachella Valley, 

Riverside Co., California, in an area less than 500 km2. Here the 
entire species apparently occurs in fewer than five locations and 
the habitat quality and area, much like that of U. rufopunctata, is 
declining (Hammerson 2007). Our efforts to establish husbandry 
and breeding protocols for U. rufopunctata might allow this 
species to be a model for its endangered congener.

There is still much information to be gained about U. 
rufopunctata and other Uma species. As with many species 
occupying small geographic ranges in remote areas, much can be 
learned by working with fringe-toed lizards in captivity. Future 
research at the Zoo will attempt to investigate temperature-
dependent sex determination in U. rufopunctata.
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Captive Husbandry of the Arakan Forest Turtle  
(Heosemys depressa) and its Implications for Conservation

The Asian Turtle Crisis, officially identified in the late 1990s 
(Behler 1997), has resulted in the near or complete extinction of 
many species of turtle in Southeast Asia in the past few decades. 
Populations of Asian tortoises and freshwater turtles are under 
threat from a variety of human impacts including collection 
for local consumption, habitat degradation and loss, and most 
significantly, the regional and international trade for food, 
medicine, and the pet market. In the 1990s, this illegal trade 
brought in a minimum of 13,000 tons of live turtles each year 
(Van Dijk 2000). In recent years, the availability of chelonians 
has decreased as their populations have dwindled due to 
overwhelming collection pressures, which has increased the 
value of each turtle. This has brought emphasis to the pet trade, 

wherein endangered and foreign chelonians are the driving 
factors in purchases and owning one of these rare animals 
indicates social status in Asian cultures (Foley et al. 2012). 
Nonetheless, Asian chelonians continue to be removed from the 
wild at unsustainable rates.

Harvesting pressures are so extreme that conservation efforts 
to save some of these species exclusively in their home ranges 
may be unsustainable, and ex situ populations have arisen as 
crucial components for long-term conservation of chelonian 
biodiversity (Horne et al. 2011). The remote location and nature 
of many endangered turtle species’ natural distribution, as well 
as the rapidity with which the Asian Turtle Crisis has taken place, 
has created a situation wherein conservation stakeholders have 
little information  about these species’ natural history, behavior, 
habitat preferences, and reproduction. These knowledge gaps 
present challenges to the development of captive and field 
conservation efforts. Through the interpretation of limited data 
on natural histories, regional climates and biomes, trial-and-
error approaches, and scientific research, ex situ efforts are 
coming closer to reaching their full, and necessary, conservation 
potential.
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Heosemys depressa is an iconic example of a species severely 
affected by the Asian Turtle Crisis. The IUCN Red List has 
categorized the species as Critically Endangered and the species 
was ranked in the Top 25 Most Endangered Tortoises and 
Freshwater Turtles list in 2003 and 2007 and the top 30 in 2011 
(Rhodin et al. 2011). Arakan Forest Turtles were thought to be 
extinct, with no live specimens observed for over 100 years, until 
biologists rediscovered the species in a Chinese food market in 
1994 (Iverson and McCord 1997). They were not observed in the 
wild by biologists until the year 2000 (Platt et al. 2003). Heosemys 
depressa is not only rare in the wild, but also rare in captivity. As 
of August 2014, the Association of Zoos and Aquariums’ regional 
studbook reported the captive population to consist of 24 males, 
28 females, and 14 juveniles of unknown sex (24.28.14); of these, 
only 12.5.0 were wild-caught adults (B. Hughes, pers. comm.).

The natural history and geographic distribution of Heosemys 
depressa are poorly known, but summaries of the available 
information were provided by Platt and Myo Myo (2009) and Platt 
et al. (2003, 2010b). Arakan Forest Turtles are endemic to a small 
region of western Myanmar called the Rakhine Hills (formerly the 
Arakan Hills or Arakan Yoma [in Burmese yoma translates to hill]). 
Arakan Forest Turtles have been documented in the southern 
Rakhine Hills, within the Rakhine Yoma Elephant Range, and 
were recently found by biologists farther north in the southern 
Chin Hills (S. Platt, pers. comm.). This mountainous strip extends 
along the western coast of Myanmar and is characterized by high, 
steep parallel ridges separated by streams that flow within deep, 
restricted valleys. The habitat is composed mainly of thick bamboo 
(~75%) with large evergreen trees scattered throughout (Platt et al. 
2010a). The climate is broken into three distinct seasons: a wet 
season brought on by the southwesterly monsoons occurring from 
June through October, a cool dry season from November to early 
February, and a hot dry season from late February to May (Platt 
et al. 2010b). The habitat preferences of H. depressa, according 
to interviews with local villagers and observations of Platt et al. 
(2010b), appears to be mainly dense bamboo forests, but they 
have also been observed in evergreen forests, deciduous forests, 
second-growth forests, and even sugarcane fields at elevations 
<500 m (Platt et al. 2003). Arakan Forest Turtles seem to be most 
active during the wet season and partially dormant during the 
drier months. They have been observed climbing hills roughly 60° 
steep and specimens have been found buried deep in forest leaf 
litter (Platt et al. 2010b).

These observations and natural conditions guide the 
perception and management techniques used to care for 
Heosemys depressa in captivity. Some of the key aspects of their 
husbandry are high humidity, constant access to a water source 
sufficiently large for soaking, proper diet, and annual cycling of 
adults for breeding. The following has been the approach to captive 
husbandry of this species at Zoo Atlanta. Considering situational 
variables such as spatial limitations, budget, and the climate of 
other areas, husbandry techniques may need modification from 
what is described here. The geographic location of Zoo Atlanta had 
significant implications for how the collection was managed. What 
has worked for us is probably not the only solution to successfully 
keeping and breeding Heosemys depressa, as there still is much to 
learn about caring for this poorly understood species. 

 
speciMen histoRy at zoo atlanta

Zoo Atlanta acquired its first pair of Heosemys depressa in 2001. 
The male had a carapace length of 244 mm, width of 161 mm, and 

Fig. 1. Adult outdoor enclosure (3 x 5 m). Note overhang along chain 
link to prevent escape.
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table 1. Clutch size and hatch rate for Heosemys depressa at Zoo 
Atlanta to date.  Year of ovipositon is reported here; note that eggs 
hatched in following calendar year.

Year of ovipostion Clutch size # Hatched % Success

2004 – Female 1 4 1 25%

2005 – Female 1 2 2 100%*

2006 – Female 1 4 2 50%

2007 – Female 1 4 2 50%

2008 – Female 1 4 0 0%

2009 – Female 1/2 9**/8 0/1 0%/12.5%

2010 – Female 2 6 4 66%

2011 – Female 2 4 1 25%

2012 – Female 2 8 1 12.5%

2013 – Female 2 8 5 62.5%

*The two offspring from 2006 (clutch laid in 2005), died within 60 
days of hatching from yolk peritonitis. ** Female 1 died due to dysto-
cia from clutch in 2009.

Fig. 2. Young juvenile enclosure (0.6 x 1.2 m). Left, screen-top lifted. 
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mass 2.25 kg. The female had a mass of 2.23 kg. We successfully 
bred this pair for the first time in 2004/2005 (Table 1). This female 
died in fall of 2009 due to breeding complications. We acquired an 
additional female in spring 2009 from Zoo Miami, which acquired 
her in 2001. She measured a carapace length of 232 mm, width of 
164 mm, and a mass of 2.87 kg upon arrival at Zoo Atlanta. We have 
successfully bred her multiple times with our original male since 
2009 (Table 1). An additional male was added to the collection in 
2011, which has not yet been in a breeding situation. This male 
had a carapace length of 228 mm, width of 159 mm and a mass of 
1.84 kg. Of the 19 offspring produced thus far, 17 were alive and 
well at the time of writing (August 2014). The two offspring from 
2006 (clutch laid in 2005), died within 60 days of hatching from 
yolk peritonitis. 

housing, teMpeRatuRe, and huMidity

Outdoors.—Animals were kept outside during the warmer 
months of the year typically from April through October. The 
typical low-temperature threshold for keeping adults outside was 
10°C at night, but they have been exposed to temperatures in the 
4.4–9.4°C range when the following day forecasted highs of 21     –
26°C. Hatchlings and juveniles were not pushed to these extremes 
and were transferred indoors when the night time low was ~13°C. 

Our adult pair of H. depressa was maintained in an enclosure 
measuring 3 x 5 m (Fig. 1), and one adult male was kept individually 
in an enclosure measuring 2.4 x 3 m. Larger juveniles (2 years or 
older) were kept in enclosures that measured 1.2 x 1.2 m or larger. 
Smaller juveniles (2 years old or younger) and hatchlings (after yolk 
was absorbed) were kept in enclosures that were 0.6 x 1.2 m with a 

screen top to prevent predation (Fig. 2). Arakan Forest Turtles have 
proven to be great climbers and their ability to escape should not 
be under-estimated. A screen top or an overhang should be used 
at the top of enclosure walls to make them secure. 

Ambient temperature and humidity were subject to the local 
weather conditions in Atlanta. Temperatures normally ranged 
from 10–38°C while turtles were outside. For the majority of the 
time spent outside, day-time highs were 29–36°C. Enclosures 
were placed in a shady area to mediate high temperatures, which 
also simulated their natural habitat of bamboo forests. Atlanta’s 
hot summers also bring high humidity, which seemed to be 

Fig. 3. Adult indoor enclosure. Note pile of leaves in upper left corner 
in which Heosemys depressa often burrowed for long periods. 
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Fig. 4. A) Adult in humid pile of leaves, a favorite pastime. B). Close-
up view of adult in leaf pile. The turtle’s head was usually all that was 
visible.
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table 2. Egg masses and dimensions for Heosemys depressa at Zoo 
Atlanta in 2013. Measurements recorded 33 days after oviposition. 

 Egg  Mass (g) Length (mm) Width (mm)

 1 54.2 68.52 35.99

 2 57.0 64.66 37.68

 3 51.9 68.19 35.31

 4 35.4 63.67 35.13

 5 49.7 63.60 35.38

 6 51.8 63.63 36.19

 7 47.8 61.14 35.77

 8 48.0 63.75 34.49
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favored by H. depressa. In our facility, humidity was supplemented 
by a misting system with Rainbird® irrigation heads to maintain 
humidity during hotter and drier periods. 

Indoors.—Adults were kept individually in enclosures ~1.2 x 
1.2 m in a room that was maintained at ~21°C with low ambient 
humidity of about 40–50% (Fig. 3). The low humidity replicated 
the dry season that they would experience in their natural 
habitat. They were misted once or twice a week for about 10–60 
seconds to induce feeding. Typically, adults ate little to nothing 
during their “dry” period indoors; this was observed especially 
with gravid females. Based on our observations, this dry period 
seems important for annual reproductive cycling and to induce 
courtship behaviors the following “wet” season. Older juveniles 
have also done well in this environment. Younger juveniles and 
hatchlings were kept in a room maintained at 21–26°C and with 
higher ambient humidity (60–80%). Lighting was used strategically 
to offer the individuals a thermal mosaic that included hot spots 
between 29–34°C for basking behavior. Zoo Atlanta specimens 

spent more than half of the year outdoors exposed to natural UVB, 
and consequently, they appeared to remain healthy with the use of 
regular (non-UVB emitting) fluorescent and incandescent bulbs 
for light and heat when they were indoors. If animals were only 
kept inside, they might benefit from use of full-spectrum bulbs 
that produce UVB.

wateR souRce, substRate, and enclosuRe FuRnishing

The large outdoor pens included ponds measuring ~1.2 
x 1.8 m and 25 cm at their deepest point. These ponds were 
constructed with a gentle gradation, with one end being shallow 
(5 cm) to provide easy access. For adult indoor enclosures, a 
~60-cm diameter plastic planter drip-catch saucer was used as a 
water source. For younger animals, smaller saucers were selected 
following the general rule that the diameter of the saucer be larger 
than the turtle for which it was intended. 

Substrate for animals in large outdoor enclosures was not 
manipulated and consisted of natural soil. Indoor enclosures for 
adults were provided with a natural mulch substrate. Juveniles 
and hatchlings were maintained on a substrate composed of equal 
parts sand, sphagnum moss, leaves and three parts coconut fiber. 
Reproductive females were offered a ~20-cm layer of this substrate 
mix so they could excavate a nest, which usually occurred in 
November–December. This mix was designed to hold humidity, 
allow burrowing, and simulate the forest floor. Leaves were used 
to cover the entire land area of all enclosures.

 A pile of leaves was provided in each enclosure, which acted 
as natural high humidity refugia (Fig. 4). For indoor setups, this 
pile was misted as needed to maintain high humidity within 
the pile (~70–95%). This created a microenvironment of high 
humidity that appeared to be critically important for health and 
proper shell growth. Based on our experience, this was arguably 
the most critical aspect of their husbandry. Other materials, such 
as sphagnum moss, could be utilized to attain a similar micro-
environment. Turtles often spent a large period of time in these 
piles, sometimes continuously for several days. Similarly, it was 
observed that all of the H. depressa in the Arakan Forest Assurance 
Colony in Gwa, Myanmar, burrowed and remained hidden in a 
deep layer of leaf litter offered in their enclosures (K. Platt, pers. 
comm). Larger piles of leaves offered in adult enclosures outside 
were used to buffer exposure to colder temperatures. Other refugia 
favored by H. depressa included plastic hides, logs, and live plants. 

diet

Animals were offered salad twice weekly, which included 
coarsely chopped greens, diced tomatoes, soaked Mazuri 

Fig. 5. Indoor hatchling enclosure. 
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table 3. Incubation temperature, length, and hatchling morphometrics for Heosemys depressa at Zoo Atlanta in 2014. 

 Egg # Incubation Incubation Measurements Weight Carapace Maximum Maximum
  temperature time (days) recorded (days (g) width carapace length plastron length
  (°C)  post-hatching)  (mm) (mm) (mm)

 5 30 146 27 45.0 54.48 64.95 56.78

 6 30 150 23 35.8 52.64 62.78 55.35

 7 30 169 4 35.2 51.09 59.13 53.38

 8 30 171 2 35.1 51.09 59.66 55.60

 3 26.1 174 26 50.3 57.99 68.26 61.86
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Tortoise Chow®, with finely processed vegetables and fruit. 
Greens consisted of collard greens, romaine lettuce, and bok 
choy. Vegetables included sweet potato, yellow squash, zucchini, 
carrots, green beans, butternut squash, and acorn squash. 
Fruit was offered sparingly and included cantaloupe, bananas, 
oranges, kiwi, and apples. These ingredients were mixed together 
thoroughly. A source of protein was almost always added to 
juvenile salads. Protein sources included mice, earthworms, 
and soaked Mazuri Crocodilian Chow®, Mazuri Aquatic Turtle 
Chow®, Nasco Turtle Brittle®, and/or Reptomin® sticks. Protein 
seemed to be less important for adults (offered once weekly) 
than for juveniles and was consequently used in moderation. 
In our experience, excessive protein often appeared to promote 
the development of large clutches that could have caused egg 
binding and death of the 2001 female. Mineral and vitamin 
supplements were added sparingly about once weekly and 
included the combination of Miner-all® and Vit-all® or Rep-
Cal® Herptivite and Calcium with vitamin D3. 

RepRoduction

Breeding.—Sexes were maintained separately during their 
dormant period (~October–April), which appeared to be 
important for the annual reproductive cycle. Once conditions 
outside were appropriate in the Spring (see above), they 
were moved outside together where courtship behaviors 
and copulation started almost immediately. Rain (natural or 
artificial) almost always prompted courtship behaviors from 
the male. Reproductive events were observed most often early 
in this season and decreased in frequency as it continued. 

Females typically laid eggs in November or December, 
although in one instance, eggs were laid in March. D. Lawson 
(pers. comm.) also observed this discrepancy in his collection. 
Females excavated holes about 10–15 cm into the substrate to 
oviposit and often dug test holes prior to oviposition. Usual 
clutch size was 2–6 eggs. In our experience, captive clutches 
larger than six have proven to be problematic, leading to 
serious health concerns for reproductive females. The clutch in 
2013 had a mean mass of 49.48 g (Table 2). 

Incubation.—Eggs were collected within 48 h of oviposition. 
Upon collection, the top of each egg was marked with a pencil 
to serve as a reference point to maintain its original orientation 
and prevent accidental rotation and death of the embryo. The 
eggs were then partially buried, with about half of the egg 
exposed, in a 1:1 ratio of coarse vermiculite to water by weight, 
in a covered plastic container measuring 20 x 28 x 13 cm. This 
egg box had one small hole in each side for air circulation 
and was placed in a large Nature’s Spirit Reptiles® incubator. 
A bowl of water was used at the bottom of the incubator 
to ensure a high level of humidity throughout incubation. 
Typical incubation temperatures were 26.7°C for producing 
males and 28.8°C for producing females; 30°C was also used to 
produce females. Hatchlings were sexed endoscopically once 
reaching ≥ 80 g by Zoo Atlanta veterinary staff. Incubation time 
ranged from 117 to 173 days, with eggs incubated at higher 
temperatures hatching about a month earlier. One interesting 
note of development discovered when eggs were candled was 
that they did not show signs of development for the first several 
months of incubation. D. Lawson (pers. comm.) produced 
eggs of H. depressa consistently; however, his experiments with 
diapausing eggs to shorten incubation failed to produce viable 
offspring.

Hatchling husbandry.—Hatchlings were allowed to fully 
leave the egg before removal from the incubator. Their exposed 
yolk sacs were dipped in a dilute betadine solution to prevent 
infection. They were set up in a tank measuring ~50 x 25 x 30 
cm with a thick layer of moist sphagnum moss and a shallow 
water source (Fig. 5). Hatchlings were not offered food for the 
first week and usually started feeding two or three weeks after 
hatching. Hatchlings were offered a salad as described above, 
but tended to prefer protein. Once their yolk sac was absorbed 
and plastron completely closed, they were transferred to a more 
naturalistic setting, similar to that of juveniles described above.

discussion

What has been described here represents significant 
institutional development in husbandry techniques for the 
Arakan Forest Turtle and we continue our breeding program 
with our 2.1 adults. Though there has been considerable progress 
toward the captive conservation efforts for this enigmatic 
species, there is still a substantial amount to be accomplished. 
Zoo Atlanta’s breeding success, measured through hatch 
rate, has ranged from 0–66 percent/clutch, leaving ample 
room for improvement. We are fine-tuning and adjusting our 
management techniques to create a more successful program. 
There undoubtedly is a need for additional field research on wild 
populations so we can learn more about the species’ natural 
behaviors, preferences, and needs. This information from the 
field would impart scientific rigor to our efforts and techniques 
instead of being based on anecdotal experience. Observations 
and scientific studies of captive populations may also help us 
learn about difficult to observe aspects of the biology of this 
secretive species. 
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Trade: Proceedings of a Workshop on Conservation and Trade of 
Freshwater Turtles and Tortoises in Asia. Chelonian Res. Monogr. 
No. 2:13–14.

Cover Images for Herpetological Review

We are looking for photographic images to appear on future covers of HR. To be considered, preferred images should 
have the following qualities:

 •→  Should be technically superior photographs (e.g., composition, lighting, etc., should be excellent; subject must be 
in focus).

 •→  Should be taken in vertical format, or, if in landscape format, permit cropping to achieve a vertical orientation 
(2550 × 3300 ppi).

 •→  Should be based on film or digital media; if the latter, the native resolution must be sufficiently high to permit 
cropping and/or enlargement to print publication quality.

 •→  Preference will be given to images that depict poorly known species. These could include recently described taxa 
or species for which a color illustration has never been published.

 •→  Preference will be given to images that communicate some aspect of the biology of the organism (e.g., predation, 
feeding, courtship, crypsis).

 •→  Images should not have been published previously nor concurrently submitted for publication elsewhere (print or 
electronic media).

Images for consideration should be submitted as low-resolution jpg or pdf files. Do not send full resolution images 
unless requested to do so. All submissions or questions should be directed to the Editor (herpreview@gmail.com).
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Herpetological Review publishes brief notices of new geographic distribution records in order to make them available to the 
herpetological community in published form. Geographic distribution records are important to biologists in that they allow for a 
more precise determination of a species’ range, and thereby permit a more significant interpretation of its biology.

These geographic distribution records will be accepted in a standard format only, and all authors must adhere to that format, as 
follows: SCIENTIFIC NAME, STANDARD ENGLISH NAME if available (for the United States and Canada as it appears in Crother [ed.] 
2012. Scientific and Standard English Names of Amphibians and Reptiles of North America North of Mexico, with Comments Regarding 
Confidence in Our Understanding. 7th ed. Herpetol. Circ. 39:1–92 [available from ssarbooks.com], for Mexico as it appears in Liner and 
Casas-Andreu 2008. Standard Spanish, English and Scientific Names of the Amphibians and Reptiles of Mexico. Herpetol. Circ. 38:1–
162), LOCALITY (use metric for distances and give precise locality data, including lat/long coordinates in decimal degrees and cite the 
map datum used), DATE (day-month-year), COLLECTOR, VERIFIED BY (cannot be verified by an author; curator at an institutional 
collection is preferred), PLACE OF DEPOSITION (where applicable, use standardized collection designations as they appear in Sabaj 
Pérez [ed.]. 2013, Standard Symbolic Codes for Institutional Resource Collections in Herpetology and Ichthyology: an Online Reference, 
ver. 4.0, available at http://www.asih.org/) and CATALOG NUMBER (required), COMMENTS (brief), CITATIONS (brief and must 
adhere to format used in this section; these should provide a geographic context for the new record). Close with author name(s) 
in bold, capital letters (give name and address in full—spell out state or province names—no abbreviations, e-mail address after 
each author name/address for those wishing to provide it—e-mail required for corresponding author). Please include distance from 
nearest previously known record (provide a citation or refer to existing vouchered material to substantiate your report). If publishing 
specific locality information for a rare or endangered species has the potential to jeopardize that population, please consult with the 
Section Editor at time of record submission. If field work and/or specimen collection occurred where permits were required, please 
include permit number(s) and authorizing agency in the text of the note. Generally, this means that permit information should be 
included for any specimens COLLECTED. This is unnecessary for photo vouchers.

Some further comments. The role of the “Standard Names” lists (noted above) is to standardize English names and comment 
on the current scientific names. Scientific names are hypotheses (or at least represent them) and as such their usage should not be 
dictated by a list, society, or journal.

Additionally, this geographic distribution section does not publish “observation-only” records. Records submitted should be 
based on preserved specimens that have been placed in a university or museum collection (private collection depository records are 
discouraged; institutional collection records will receive precedence in case of conflict). A good quality photograph (print, slide, or 
digital file) may substitute for a preserved specimen. Photographic vouchers must be deposited in a university or museum collection 
along with complete locality data, and the photographic catalog number(s) must be included in the same manner as a preserved 
record. Before you submit a manuscript to us, check Censky (1988, Index to Geographic Distribution Records in Herpetological Review: 
1967–1986; available from the SSAR Publications Secretary), subsequent issues of Herpetological Review, and other sources to make 
sure you are not duplicating a previously published record. The responsibility for checking literature for previously documented 
range extensions lies with authors. Do not submit range extensions unless a thorough literature review has been completed.

For reports concerning introduced species, it is important to note whether a population has become established or if the report 
represents an isolated occurrence, such as a released captive. Additionally, it will be helpful to include any information that establishes 
a timeline for the introduction, such as date of first observation.

Please submit any geographic distribution records in the standard format only to one of the Section Co-editors: David C. 
Blackburn (Africa and Europe), Indraneil Das (Asia, Australasia, South Pacific), Jerry D. Johnson (Mexico and Central America, 
including the Caribbean Basin), Alan M. Richmond (USA & Canada), or Gustavo J. Scrocchi (South America). Short manuscripts 
are discouraged, and are only acceptable when data cannot be presented adequately in the standard format. Electronic submission 
of manuscripts is required (as Microsoft Word or Rich Text format [rtf] files, as e-mail attachments). Refer to inside front cover 
for e-mail addresses of section editors. A template for preparation of geographic distribution notes is available online at: http://
ssarherps.org/wp-content/uploads/2014/07/GeoDistNotes_FormattingGuidelines.pdf.

Recommended citation for new distribution records appearing in this section is: Cabral, H., and A. Caballero. 2012. Geographic 
distribution: Paraguay, Departamento Central:  Pseudoeryx plicatilis. Herpetol. Rev. 43:622.

CAUDATA — SALAMANDERS

ANEIDES AENEUS (Green Salamander). USA: GEORGIA: chat-
tooga co.: Dirtseller Mountain (34.37°n, 85.47°w; wgs 84). 16 July 
2013. nate Thomas and Matt Elliott. Verified by N. Castleberry. 

Georgia Museum of Natural History (gMnh 50426). A second 
specimen, gMnh 50425, was  found on Little Sand Mountain. 
Floyd co.: Rocky Mountain (34.35°n, 85.29°w; wgs 84). 10 Octo-
ber 2012. Brett Tyler and Nate Thomas. Verified by N. Castleberry. 
GMNH 50166. walkeR co.: John’s Mountain (34.61°n, 85.09°w; 
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wgs 84). 13 October 2012. nate Thomas. Verified by N. Castle-
berry. GMNH 50427. New county records (Elliott 2008. In Jensen 
et al. [eds.], Amphibians and Reptiles of Georgia, pp. 158–160. 
University of Georgia Press, Athens, Georgia).

Until the discovery of the records reported herein, Aneides 
aeneus was known to occur only in the widely separated Blue 
Ridge and Cumberland Plateau physiographic provinces of 
Georgia (Elliott 2008, op. cit.). While conducting general biological 
and ecological inventories on Rocky Mountain two of us (BT and 
NT) encountered green salamanders in crevices of both cliff 
and boulder sandstone outcroppings. Rocky Mountain is in the 
Ridge and Valley physiographic province and far removed from 
the Cumberland Plateau to the northwest and the Blue Ridge 
to the northeast. This discovery spawned further searches for 
this species on other Georgia mountains within this province 
resulting in the additional Ridge and Valley records documented 
above. Ridge and Valley records do not exist from adjacent 
Alabama, but a record from Grainger County, Tennessee ca. 210 
km north of the John’s Mountain site in Georgia represents the 
nearest previously known Ridge and Valley record (Redmond and 
Scott 1996. Atlas of Amphibians in Tennessee. Misc. Publ. No. 12, 
Austin Peay State University. 94 pp.). These records suggest that 
the species may be more widespread in the southern portion of 
the Ridge and Valley and surveys in appropriate habitats within 
this province in Alabama and southern Tennessee are warranted.

BRETT TYLER, Georgia Department of Natural Resources, Game Man-
agement Section, 2592 Floyd Springs Road, Armuchee, Georgia 30105, 
USA; NATE THOMAS, MATT J. ELLIOTT, and JOHN B. JENSEN, Georgia 
Department of Natural Resources, Nongame Conservation Section, 116 
Rum Creek Drive, Forsyth, Georgia 31029, USA (e-mail: john.jensen@gadnr.
org).

HEMIDACTYLIUM SCUTATUM (Four-toed Salamander). USA: 
NORTH CAROLINA: Mcdowell co.: Box Creek Wilderness, Vein 
Mountain Tract (35.55400°N, 81.96539°W, WGS 84), ~330 m 
elev. 24 March 2014. Christopher R. Wilson. Verified by Jeffrey 
C. Beane. North Carolina Museum of Natural Sciences (NCSM 
photographic voucher CRW 14-3). Two additional animals were 
found in the Box Creek Wilderness, Yonguskas Tract (NCSM pho-
tographic voucher CRW 14-4) and Thompson Tract (no voucher). 
New county records (Jeffrey C. Beane, NC State Museum of Natu-
ral Sciences, pers. comm.). All animals were females found tend-
ing egg clutches under moss at the edge of small temporary pools 
within forested seepage areas along drainages. These properties 
are owned by 130 of Chatham LLC, a private land conservation 
company.

CHRISTOPHER R. WILSON, Unique Places LLC, 9 Bradford Pl, Hender-
sonville, North Carolina 28791, USA; e-mail: critterfro@gmail.com.

SIREN INTERMEDIA (Lesser Siren). USA: TEXAS: williaMson co.: 
San Gabriel River, TX Hwy 29 at low water bridge crossing, E of 
Georgetown (30.6459ºN, 97.5850ºW; WGS 84). 19 March 1995. 
Mike Bartley. Verified by David Cannatella. Texas Natural His-
tory Collections (TNHC 70530). New county record (Dixon 2013. 
Amphibians and Reptiles of Texas: with Keys, Taxonomic Synop-
ses, Bibliography, and Distribution Maps. Texas A&M University 
Press, College Station, Texas. 447 pp.). Specimen previously col-
lected and cataloged into the TNHC without permit information.

KELSEY HORNUNG, Texas Natural History Collections, The University 
of Texas at Austin, 10100 Burnet Road, PRC 176/R4000, Austin, Texas 78758-
4445, USA; e-mail: kelshorn@yahoo.com.

ANURA — FROGS

ANAXYRUS (= BUFO) WOODHOUSII (Woodhouse’s Toad). USA: 
TEXAS: Madison co.: Midway, 3 mi SE (30.9892ºN, 95.7286ºW; 
WGS 84). 2 May 1953. W. F. Blair. Verified by Travis J. LaDuc. Texas 
Natural History Collections (TNHC 35880). New county record 
(Dixon 2013. Amphibians and Reptiles of Texas: with Keys, Taxo-
nomic Synopses, Bibliography, and Distribution Maps. Texas 
A&M University Press, College Station, Texas. 447 pp.). Specimen 
previously collected and cataloged into the TNHC without per-
mit information.

KELSEY HORNUNG, Texas Natural History Collections, The University 
of Texas at Austin, 10100 Burnet Road, PRC 176/R4000, Austin, Texas 78758-
4445, USA; e-mail: kelshorn@yahoo.com.

ELEUTHERODACTYLUS PLANIROSTRIS (Greenhouse Frog). 
PHILIPPINES: LUZON ISLAND: METRO MANILA: Quezon 
City, Barangay Mariana (14.618889°N, 121.033056°E; WGS84). 
4–9 July 2014. Emerson Y. Sy and Benjamin Eleazar III; Quezon 
City, Barangay San Antonio (14.64814°N, 121.01459°E; WGS 84). 
28 July 2014. Ronald Achacoso. Quezon City, Barangay Diliman 
(14.65408°N, 121.04819°E, WGS 84). 7 August 2014. Emerson Y. 
Sy and Benjamin Eleazar IIII. Verified by Fred Kraus. SVL 18.40–
23.90 mm. National Museum of the Philippines (Field # EYS 
343–348; EYS 352–353). First records for Luzon Island and second 
known locality for the Philippines. Eight individuals and clutch 
of eggs collected from three separate localities in a highly popu-
lated urban city. Two specimens found inside potted bromeliad 
plant (Bromeliaceae) and five specimens within a landscaped 
garden of residential house. A clutch of 15 eggs found under leaf 
litter in residential garden. One adult female frog found under 
wooden plank within public park with ornamental plant market 
stalls. This species is native to the Caribbean Basin, and was first 
documented in Southeast Asia on Mindanao Island (Olson et al. 
2014. Herpetol. Rev. 45:652–653). 

EMERSON Y. SY (e-mail: emersonsy@gmail.com), BENJAMIN ELEA-
ZAR III, Philippine Center for Terrestrial and Aquatic Research, 1198 Benavi-
dez Street, Unit 1202, Sta. Cruz, Manila, Philippines; RONALD ACHACOSO, 
Philippine Native Plant Conservation Society, Inc. Cottage 1, Ninoy Aquino 
Parks and Wildlife Center, North Avenue, Diliman, Quezon City, Philippines; 
ARVIN C. DIESMOS, Herpetology Section, Zoology Division, National Mu-
seum of the Philippines, Padre Burgos Avenue, Ermita 1000, Manila, Philip-
pines (e-mail: arvin.diesmos@gmail.com).

ELEUTHERODACTYLUS PLANIROSTRIS (Greenhouse Frog). 
PHILIPPINES: NEGROS ISLAND: NEGROS OCCIDENTAL: Ba-
colod City, Barangay Villamonte (10.67666°N, 122.96150°E; 
WGS84). 4 September 2014. J. C. Martyr. Verified by Fred Kraus. 
National Museum of the Philippines (Field # EYS 387–EYS 388). 
Adult female (SVL 22.75 mm) and clutch of eight eggs collected in 
residential garden. First record from Negros Island. Introduced 
species in the Philippines, recently recorded on Mindanao and 
Luzon (Olson et al. 2014. Herpetol. Rev. 45:652–653; Sy et al. 2015. 
Herpetol. Rev. 46: this issue) 

EMERSON Y. SY (e-mail: emersonsy@gmail.com), JOHN CLIFTON 
MARTYR, Philippine Center for Terrestrial and Aquatic Research, 1198 
Benavidez Street, Unit 1202, Sta. Cruz, Manila, Philippines; ARVIN C. DIES-
MOS, Herpetology Section, Zoology Division, National Museum of the 
Philippines, Padre Burgos Avenue, Ermita 1000, Manila, Philippines (e-mail: 
arvin.diesmos@gmail.com). 
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GASTROPHRYNE CAROLINENSIS (Eastern Narrow-mouthed 
Toad). USA: MISSOURI: cape giRaRdeau co.: Juden Creek Con-
servation Area, 4.1 km NNE of Cape Girardeau (37.339195, 
89.497261; WGS 84). 6 September 2014. E. J. Kessler. Verified by 
C. A. Phillips. Illinois Natural History Survey (INHS 2014af, photo 
voucher). New county record (Daniel and Edmond 2014. Atlas of 
Missouri Amphibians and Reptiles for 2013. <http://atlas.mo-
herp.org/pubs/atlas13.pdf>). Single specimen found under log 
in woods at the top of a bluff. 

ETHAN J. KESSLER, Illinois Natural History Survey, Department of 
Natural Resources and Environmental Sciences, University of Illinois at 
Urbana-Champaign, Illinois, USA; e-mail: ekessle2@illinois.edu.

INCILIUS (= BUFO) NEBULIFER (Gulf Coast Toad). USA: 
TEXAS: eRath co.: Tarleton State University, Stephenville, Texas 
(32.216621°N, 98.220934°W; WGS 84). 18 September 2014. Jacob 
D. Owen and Colt Hamilton. Verified by Carl Franklin. Amphib-
ian and Reptile Diversity Research Center (UTA A-63146). New 
county record (Dixon 2013. Amphibians and Reptiles of Texas: 
with Keys, Taxonomic Synopses, Bibliography, and Distribu-
tion Maps. Texas A&M University Press, College Station, Texas. 
447 pp.). Individual (16.4 g) found on Tarleton State University 
grounds at 0615 h on concrete sidewalk after a rainstorm. Speci-
men was collected under a Texas Parks and Wildlife Hunting Per-
mit issued to Jacob D. Owen (#776440018849). 

JACOB D. OWEN (e-mail: jacob.owen@go.tarleton.edu) and COLT 
HAMILTON, Department of Biological Sciences, Tarleton State University, 
Box T-0100, Stephenville, Texas 76402, USA (e-mail: gamingninja@ymail.
com).

INCILIUS OCCIDENTALIS (Pine Toad). MÉXICO: HIDALGO: 
MuniCipaLity of MEtztitLán: Reserva de la Biosfera Barranca de 
Metztitlán near Acalometlán (20.46984ºN, 98.67137ºW; WGS 84), 
1306 m elev. 8 October 2011. René Flores Vargas. Verified by Irene 
Goyenechea. Colección Herpetológica Fotográfica, Centro de In-
vestigaciones Biológicas, Universidad Autónoma del Estado de 
Hidalgo (CH-CIB 04, photo voucher). First municipality record 
and first record for Reserva de la Biosfera Barranca de Metztit-
lán. This specimen represents a range extension of 35.57 km NW 
from closest known, but unnamed locality in the Municipality of 
Agua Blanca de Iturbide (Ramírez-Bautista et al. 2010. Lista An-
otada de los Anfibios y Reptiles del Estado de Hidalgo, México. 
Univ. Autón. Est. de Hidalgo, CONABIO. 104 pp.). The toad was 
found in the morning under a rock on the bank of Río Venados, 
surrounded by desert scrub habitat.

LEONARDO FERNÁNDEZ BADILLO (e mail: cyrtopsis@hotmail.com), 
and RENE FLORES VARGAS, Centro de Investigaciones Biológicas, Univer-
sidad Autónoma del Estado de Hidalgo, km 4.5 carr. Pachuca-Tulancingo, 
Mineral de la Reforma, Hidalgo, México.

PHRYNOBATRACHUS OGOENSIS (Ogooué River Frog). GA-
BON: OGOOUÉ-IVINDO PROVINCE: Buffer Zone of Lopé Na-
tional Park, Ramba Village (00.3635°S, 11.7872°E; WGS 84), 220 m 
elev. 6 June 2013. J. G. Larson. Verified by J. Rosado. Museum of 
Comparative Zoology (MCZ A-149217). Identification was made 
via comparison to the original species description (Boulenger 
1906. Annali del Museo Civico di Storia Naturale di Genova. Se-
rie 3, 2:157–172) and a topotype (MCZ A-14831). Mitochondrial 
data from 16S ribosomal DNA (GenBank Accession KP247505), 
the first genetic data for this species, was compared to all other 
known species of Phrynobatrachus for which comparable genetic 
data exist and was at minimum 6.19% divergent. This is the first 

record of this species outside of the type locality “Lambarene, 
Ogowe,” in west-central Gabon, extending the known range ap-
proximately 175 km E. It is also the first record of this species in 
the vicinity of a protected area of Gabon, suggesting that this 
species is also found within the Lopé National Park boundaries. 
A single gravid female was collected from leaf litter in secondary 
forest. The specimen was collected under permits from Centre 
National de la Recherche Scientifique et Technologique (CENAR-
EST; AR0013/13), Agence Nationale des Parcs Nationaux (ANPN; 
AE130014) and Direction de la Faune et de la Chasse (82/DGFAP).

JOANNA G. LARSON, Department of Ecology and Evolutionary Biol-
ogy, Museum of Zoology (UMMZ), University of Michigan, 1109 Geddes 
Avenue, Ann Arbor, Michigan 48109, USA (e-mail: jglarson@umich.edu); 
BREDA M. ZIMKUS, Department of Organismic and Evolutionary Biology, 
Museum of Comparative Zoology, Harvard University, 26 Oxford Street, 
Cambridge, Massachusetts 02138, USA (e-mail: bzimkus@oeb.harvard.
edu).

PIPA CARVALHOI (Carvalho’s Suriname Toad). BRAZIL: RIO 
GRANDE DO NORTE: Municipality oF santa MaRia: Agreste region, 
60 km W Natal (5.854°S, 35.701°W; WGS 84), 137 m elev. 13 June 
2014. Jaqueiuto Jorge. Verified by U. Caramaschi. Coleção Herpe-
tológica da Universidade Federal do Rio Grande do Norte, Natal, 
Rio Grande do Norte, Brazil (UFRN 4142, 4143). Two adult males 
(UFRN 4142: 30.65 mm SVL, UFRN 4143: 30.46 mm SVL) collect-
ed in pond near a rock outcrop. Municipality oF tenente lauRen-
tino cRuz: Seridó region, 170 km W Natal (6.157°S, 36.731°W; WGS 
84), 703 m elev. 13 July 2014. Marcelo Kokubum. Verified by U. 
Caramaschi. UFRN 3457. Adult female (49.51 mm SVL) collected 
in a pitfall trap in the Caatinga region. This species is only known 
from the Brazilian states of Pernambuco, Ceará, Paraíba, Bahia, 
Sergipe, Minas Gerais and Espírito Santo (Miranda-Ribeiro 1937. 
O campo 1937:54–56; Myers and Carvalho 1945. Boletim do Mu-
seu Nacional do Rio de Janeiro, Nova Série Zoologia 35:1–24; Arz-
abe 1999. Revista Brasileira de Zoologia 16:851–864; Silvano and 
Pimenta 2003. In Prado et al. [eds], Corredor de Biodiversidade 
da Mata Atlântica do Sul da Bahia. CD-ROM, IESB/CI/CABS/
UFMG/UNICAMP, Ilhéus; Vieira et al. 2007. Oecologia Brasilien-
sis 11:383–396; Silva et al. 2010. Check List 6:451–453; Santana et 
al. 2014. Check List 10:407–408). First state record extending the 
distribution of the species ca. 160 km NE from the Municipality 
of Boa Vista, Paraíba (Vieira et al. 2007, op. cit.) for Santa Maria 
and ca.120 km NW to Tenente Laurentino Cruz, closing a gap in 
the distribution of the species. Specimens were collected under 
permits issued by SISBIO/ICMBio (#12734-1). 

JAQUEIUTO S. JORGE (e-mail: queilto@yahoo.com.br) and ELIZA M. 
X.  FREIRE, Laboratório de Herpetologia, Departamento de Botânica e Zoo-
logia, Centro de Biociências, Universidade Federal do Rio Grande do Norte, 
Campus Universitário, Lagoa Nova, CEP 59072-970, Natal, Rio Grande do 
Norte, Brazil; MARCELO N. DE C. KOKUBUM, Laboratório de Herpetolo-
gia, Unidade Acadêmica de Ciências Biológicas e Programa de Pós-gradua-
ção em Ciências Florestais/CSTR, Universidade Federal de Campina Grande, 
CEP 58704-300, Patos, Paraíba, Brazil (e-mail: mnckokubum@gmail.com).

PIPA PIPA (Surinam Toad). BRAZIL: CEARÁ: Municipality oF 
FoRtaleza: Açude Itaperi (3.791714°S, 38.554821°W; WGS 84). 20 
January 2014. K. S. Serra. Verified by P.S. Bernarde. Coleção Her-
petológica da Universidade Federal do Ceará, Fortaleza, Ceará, 
Brazil (CHUFC A 6749). This species was previously known from 
basins of Amazonian biome (Suriname, Guyana, Venezuela, Co-
lombia, Ecuador, Peru, Bolivia and Brazilian Amazon) and the 
states of Mato Grosso and Goiás in Brazil (Alves-Pinto et al. 2014. 
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Herpetol. Notes 7:347–353). First state record and extends the 
known distribution ca. 890 km airline E from Canindé Munici-
pality, Pará, Brazil and ca. 1.650 km airline NE from Bonópolis 
Municipality, Goiás, Brazil. This species is not native from Ceará 
and the introduction probably results from an illegal animal 
commerce that occurs in 2 km around Açude Itaperi. We also saw 
four other animals in the same place, but they were not captured. 
The connection of the Açude Itaperi with other lagoons suggests 
that the species occurs in other waterbodies in the Municipal-
ity of Fortaleza. Specimen collected under an approved ICMBio 
permit (42737-1).

KALYL SILVINO SERRA (e-mail: kalyl_bio@yahoo.com.br), LUCAS 
BARROS DE CASTRO CRUZ, BRUNO ARAÚJO MARTINS, and GIOVAN-
NA SOARES ROMEIRO RODRIGUES, Universidade Estadual do Ceará 
(UECE), Laboratório de Ornitologia e Sistemática Animal (LORNISA), Av. 
Dr. Silas Munguba, 1700, Campus do Itaperi, CEP 60.714-903, Fortaleza, 
Ceará, Brazil; DANIEL CASSIANO LIMA, Faculdade de Educação de Itapip-
oca (FACEDI-UECE), Av. Monsenhor Tabosa, s/n, CEP. 62.500-000, Itapipoca, 
Ceará, Brazil (e-mail: daniel.cassiano@uece.br).

PRISTIMANTIS OCKENDENI (Carabaya Robber Frog). BRAZIL: 
AMAPÁ: Municipality oF seRRa do navio: Parque Natural Municipal 
do Cancão (0.913889°N, 51.999778°W; WGS 84), 120 m elev. 22 
April 2012. Yuri B. Silva e Silva. Verified by A.P. Lima. Colecao Uni-
versidade da Universidade Federal do Amapá, Macapá, Amapá, 
Brazil (CECCAMPOS 170). Pristimantis ockendeni is an arbo-
real and nocturnal frog found in primary and secondary forests 
throughout the upper Amazon Basin of Peru, Ecuador, south-
ern Colombia and northern Bolivia (Padial et al. 2004. Graellsia 
60:167–174; http://research.amnh.org/herpetology/amphibia/
index.html, 20 January 2014). In Brazil, this species was previ-
ously known from two states: Acre and Amazonas (http:// www.
iucnredlist.org; accessed 30 December 2013). Two adult males 
were found (one collected) in an upland forest during the night 
on leaves of shrubs at 1–2 m of height. First state record, extend-
ing the range 986 km NW from the Manaus, Amazonas. Speci-
men collected under ICMBio/SISBIO permit #32651-1.

YURI B. SILVA E SILVA (e-mail: yuribreno2@gmail.com), CARLOS E. 
COSTA-CAMPOS, DANIEL S. SOUSA VALENTIM, and MAYARA F. M. 
FURTADO, Laboratório de Herpetologia, Departamento de Ciências Bi-
ológicas e da Saúde, Universidade Federal do Amapá, Campus Marco Zero, 
68.903-419, Macapá, AP, Brazil.

TESTUDINES — TURTLES

CHRYSEMYS DORSALIS (Southern Painted Turtle). USA: ALA-
BAMA: bullock Co.: shallow floodplain swamp where Lock-
hart Creek crosses Highway 51 west of Hurtsboro, Alabama 
(32.229173°N, 85.463266°W; WGS 84). 27 September 2014. R. 
Birkhead, M. Birkhead, and S. Birkhead. Auburn University 
Natural History Museum (AUM 40826). Verified by David Lau-
rencio. New county record; verified records are lacking for many 
Alabama counties (Mount 1996. The Reptiles and Amphibians 
of Alabama. University of Alabama Press, Tuscaloosa, Alabama. 
347 pp.; www.vertnet.org, 29 Sept 2014). Chrysemys dorsalis is as-
sumed to occur primarily in the western portion of the state ex-
tending eastward along the Alabama and Tallapoosa River where 
they intergrade with C. p. picta. A previous specimen (AUM 8920) 
collected from western Bullock County was personally examined 
by RDB and found to have large yellow blotches on the head 
and is lacking a dorsal stripe on the carapace but with alternat-
ing costal and vertebral seams on the carapace and therefore 

aligns more closely to C. p. picta. This specimen also represents 
the first record for C. dorsalis occurring below the Fall Line from 
the Chattahoochee drainage (Cowikee Creek). Adult female (126 
cm carapace length, straight line) caught in baited ProMar col-
lapsible funnel trap. Specimen was collected under AL General 
Scientific Collecting Permit #2014063841468680 issued to RDB.

ROGER D. BIRKHEAD, COSAM Outreach, Alabama Science In Motion, 
Auburn University, Alabama 36849-5414, USA (e-mail: birkhrd@auburn.
edu); CHELSEA K. WARD, Department of Biological Sciences, Auburn Uni-
versity Montgomery, PO Box 244023, Montgomery, Alabama 36124-4023, 
USA.

TRACHEMYS ORNATA (Ornate Slider). MÉXICO: GUERRERO: 
Municipality oF zihuataneJo: Ciclopista Playa Linda, 4 km NW of 
Ixtapa (17.6844°N, 101.6310°W; WGS 84), 16 m elev. 12 July 2008. 
William H. Mertz. Verified by Edmundo Pérez Ramos. Amphib-
ian and Reptile Diversity Research Center, University of Texas at 
Arlington (UTADC 3699, photo voucher). New municipality re-
cord, extending its range in the state ca. 200 km NW from the 
vicinity of Acapulco (Iverson. 1992. A Revised Checklist with 
Distribution Maps of the Turtles of the World. Privately printed, 
Richmond, Indiana. 363 pp.; Fritz et al. 2011. J. Zool. Syst. Evol. 
Res. 50:125–136), and also bridges a distributional gap between 
Acapulco area populations and those at Cabo Corrientes, Jalisco 
(Legler and Vogt 2013. The Turtles of Mexico: Land and Freshwa-
ter Forms. University of California Press, Berkeley, California. 402 
pp.). The turtle was photographed during the morning in a man-
grove swamp.

WILLIAM H. MERTZ, Ave La Playa, Toncones, La Union, Guerrero, Méxi-
co 39270 (e-mail: hunter_mx1@yahoo.com); JACOBO REYES-VELASCO, 
Department of Biology, University of Texas at Arlington, 501 S. Nedderman 
Drive, 337 Life Science, Arlington, Texas 76010, USA (e-mail: jacobo@cro-
talus.com); CHRISTOPH I. GRÜNWALD, Chapalajara Real Estate, Carret-
era Oriente 57-1, “Ajijic Plaza” Ajijic, Jalisco, México (e-mail: cgruenwald@
switaki.com).

SQUAMATA — LIZARDS

ASPIDOSCELIS SEXLINEATA (Six-lined Racerunner). USA: 
ALABAMA: bullock co.: Wehle Forever Wild Tract, 6.4 km SE 
of AL Hwy 51 and Bullock CR 47 (Pleasant Hill Road) intersec-
tion (32.03176°N, 85.46720°W; WGS 84). 27 April 2014. J. Trent 
and E. Soehren. Verified by David Laurencio. Auburn University 
Museum of Natural History (AUM AHAP-D 857, digital photo 
voucher). New county record (Mount 1975. The Reptiles and Am-
phibians of Alabama. Agricultural Experiment Station, Auburn 
University, Alabama. 347 pp.). Male incidentally captured in per-
manent snake box trap placed within fire-maintained open pine 
sandy upland characterized by diverse herbaceous ground cover. 
Specimen photographed and released. Record fills gap within all 
surrounding counties in the eastern portion of the upper Coastal 
Plain region (Mount 1975, op. cit.) and was vetted through ex-
amination of online museum holdings (VertNet, HerpNET) and 
literature review.

JOHN A. TRENT (e-mail: john.trent@dcnr.alabama.gov) and ERIC C. 
SOEHREN, Elhew Field Station, Wehle Land Conservation Center, State 
Lands Division, Alabama Department of Conservation and Natural Re-
sources, 4819 Pleasant Hill Road, Midway, Alabama 36053, USA (e-mail: 
eric.soehren@dcnr.alabama.gov). 

CNEMIDOPHORUS CRYPTUS. BRAZIL: ESPÍRITO SANTO: Mu-
nicipality oF viana: 900 m W of Viana, SW of BR 262 (20.388611°S, 
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40.50815°W; WGS 84), 30 m elev. April 2009. J. C. F. Oliveira, E. 
Pralon, and L. Novaes Venerano. Verified by M. S. Hoogmoed. 
Museu Paraense Emilio Goeldi, Belém, Pará, Brazil (MPEG 
31482–31492). RIO DE JANEIRO: Municipality oF Rio de JaneiRo: Rio 
de Janeiro Galeão International Airport (22.8000°S, 43.2333°W; 
WGS 84), 6–40 m elev. No collecting date. Carlos Rodrigo Meire-
lles Abreu. Verified by A. Silveira. Museu Nacional Rio de Janeiro, 
Universidade Federal do Rio de Janeiro (MNRJ 21540). Species 
known from Venezuela, and northern and eastern Amazonia. In 
Brazil, the species occurs in the states of Amazonas, Roraima, 
Pará, and Amapá (Ávila-Pires 1995. Zool. Verh. Leiden 299:1–706; 
Mesquita and Colli 2003. Copeia 2003:285–298; Mesquita et al. 
2006. S. Amer. J. Herpetol. 1:61–71). First record of the species 
in southeastern Brazil, approximately 3700 km from the south-
ernmost known distribution of this species. In Espírito Santo the 
population seems to be well established due to the presence of 
newborns. In Rio de Janeiro only one individual was recorded and 
collected by chance during fieldwork. It probably represents an 
isolated occurrence. These records probably constitute invasions, 
likely human-induced, but at this time it is not possible to deter-
mine when the introduction occurred. Specimens from the Mu-
nicipality of Viana were collected under a SISBIO permit (#20007).

JANE C. F. OLIVEIRA (janeherpeto@gmail.com), JULIANE P. RIBEIRO, 
GISELE R. WINCK, and CARLOS FREDERICO DUARTE ROCHA, Departa-
mento de Ecologia, Universidade do Estado do Rio de Janeiro, 20550-013, 
Rio de Janeiro, RJ, Brazil; EDICARLOS PRALON, Departamento de Biologia 
Animal, Universidade Federal Rural do Rio de Janeiro, C.P. 74524, 23851-
970, Seropédica, RJ, Brazil; MARCÉLIA BASTO SILVA and TERESA C. S. 
ÁVILA-PIRES, Coordenação de Zoologia, Museu Paraense Emílio Goeldi, 
C.P. 399, CEP 66017-970, Belém, PA, Brazil.

HEMIDACTYLUS TURCICUS (Mediterranean House Gecko). 
USA: CALIFORNIA: oRange co.: La Habra (33.939652°N, 
117.935443°W; WGS 84), 123 m. elev. 14 September 2014. Aaron 
Wells and Francisco Torres. Natural History Musem of Los Ange-
les County (LACM 186001, 186002). Verified by Neftali Camacho. 
New county record. Fills a gap for H. turcicus in southern Cali-
fornia between San Diego and Los Angeles counties (Beaman et 
al. 2005. Herpetol. Rev. 36:79; Bernstein and Bernstein 2013. Her-
petol. Rev. 44:474). Seven additional H. turcicus were collected 
at this site on 18 October 2014 by GBP, MHE, and REE (LACM 
186003–186009). Two additional populations, E Bristol Lane at 
N Glassell Street, Santa Ana (LACM 186011–186015) and E Saint 
Gertrude Place at S Wright Street, Santa Ana (LACM 186017–
186019), were also found. All three localities are more than 11 km 
from each other. 

In total, four adult females, three adult males, and two 
juveniles were collected at the La Habra site, indicating an 
established population. The E Bristol Lane site in Santa Ana 
was first reported to the Herpetological Education and Research 
Project (http://www.naherp.com; HERP 124797, 128378) in 
September and October 2012, indicating geckos have been at 
this site for at least two years. Geckos were observed in a region 
spanning 240 m NNW to SSE and 130 m E to W. The broad spatial 
distribution, lengthy temporal occurrence, and range of size 
classes indicate that this is an established population. At the E 
Saint Gertrude Place at S Wright Street site in Santa Ana, geckos 
were observed in a region spanning 415 m N to S and 115 m E to 
W. Given this distribution and the various size classes observed, 
this population also appears to be established.

Sceloporus occidentalis were also observed at the La Habra 
and the E Bristol Lane sites. At the former site, S. occidentalis and 

H. turcicus were found within centimeters of each other using 
the same retreats (cracks in a cinder block wall). At the latter site, 
the two species were found in the same urban habitat (structures 
adjacent to a hedge row) ca. 25 m apart. Although the divergent 
diel activity periods likely reduce competition between these 
two species for some resources, these observations suggest they 
may compete for retreat space, at least in urban habitats. Their 
close proximity and co-occupation of retreats may also increase 
the chances for parasite and pathogen transmission. Specimens 
were collected under California Department of Fish and Wildlife 
Scientific Collecting Permit #SC4307.

GREGORY B. PAULY, Section of Herpetology, Natural History Museum 
of Los Angeles County, Los Angeles, California 90007, USA (e-mail: gpauly@
nhm.org); AARON WELLS, 22918 Leonara Drive, Woodland Hills, Califor-
nia 91367, USA; MAXWELL H. ESPINOZA, 18942 Leadwell Street, Reseda, 
California 91335, USA; THOMAS A. WAKE, The Cotsen Institute of Archae-
ology and Department of Anthropology, University of California, Los An-
geles, California 90095-1510, USA; ROBERT E. ESPINOZA, Department 
of Biology, California State University, Northridge, Northridge, California 
91330-8303, USA (e-mail: robert.e.espinoza@csun.edu).

HEMIDACTYLUS TURCICUS (Mediterranean House Gecko). 
USA: CALIFORNIA: ventuRa co.: Simi Valley, along N bank of Ar-
royo Simi, at confluence with Bus Canyon Drain, ca. 125 m N of 
intersection of Los Angeles Avenue and 5th Street (34.272817°N, 
118.783861°W; WGS 84), 225 m elev. 3 October 2014. Christian 
Huntley. Verified by Neftali Camacho. Natural History Musem of 
Los Angeles County (LACM PC 1852). New county record extend-
ing the range of this species ca. 16.6 km W (airline) from the clos-
est vouchered localities in Chatsworth, San Fernando Valley, Los 
Angeles County (Bernstein and Bernstein 2013. Herpetol. Rev. 
44:474). Two adults were uncovered from deep (ca. 30 cm) leaf 
litter by day along the concrete-channeled stream terrace. A sec-
ond, larger population (LACM 185981–185994) was also found.  

Vouchered specimens include six adult females, four adult 
males, and four juveniles. These geckos were collected at night 
(2110–2300 h) from a commercial district along the exterior walls 
of concrete, stucco, or stone buildings, and along stone or brick 
retaining walls ca. 0–2 m off the ground. Most collection sites 
were illuminated by light fixtures attached to buildings and had 
minimal landscaping. The presence of adults and juveniles across 
a broad area suggests that this is an established population. 
Specimens were collected under California Department of Fish 
and Wildlife Scientific Collecting Permit #SC4307. 

GILLIAN C. LARSON (e-mail: gillian.larson.102@my.csun.edu), TANJA 
WOLFMEYER, (e-mail: tanja.wolfmeyer.415@my.csun.edu), BENJAMIN 
SINGH, (e-mail: benjamin.singh.623@my.csun.edu), and ROBERT E. ES-
PINOZA, Department of Biology, California State University, Northridge, 
Northridge, California 91330-8303, USA (e-mail: robert.e.espinoza@csun.
edu); CHRISTIAN HUNTLEY, Aspen Environmental Group, 5020 Chesebro 
Road, Suite 200, Agoura Hills, California 91301, USA (e-mail: chuntley@as-
peneg.com); GREGORY B. PAULY, Section of Herpetology, Natural History 
Museum of Los Angeles County, Los Angeles, California 90007, USA (e-mail: 
gpauly@nhm.org).

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
TENNESSEE: knox co.: On retaining walls adjacent to an of-
fice building and a commercial distribution facility in Knox-
ville (35.966133°N, 83.945117°W; WGS 84), ca. 300 m elev. 6 June 
2014. Chase L. Hively, Joseph D. Prescott and J. Caleb Stair. Da-
vid H. Snyder Museum of Zoology, Austin Peay State University 
(APSU 19503, 19504). Verified by A. Floyd Scott and Arthur C. 
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Echternacht. First vouchered record for Knox Co. Previously, an 
unverified observation of a single juvenile was made in Knoxville 
ca. 2.4 km E of the current location on 10 October 2012. The near-
est previously verified record was made in Maryville, Tennessee 
ca. 24 km southwest of the current location on 17 August 2013 
(Nordberg et al. 2013. J. Tennessee Acad. Sci. 88:64–66).

A total of 13 adult (3.8–5.5 cm SVL) specimens (6 males, 
7 females) including one gravid female were observed from 
ca. 0030–0130 h suggesting the presence of an established 
population. Additional individuals have been observed at this 
location since the date of collection. Due to the close proximity 
of these individuals to a commercial distribution facility and a 
small garden, individuals may have arrived on shipping pallets 
and/or potted plants. The commercial distribution facility may 
also facilitate the dispersal of this species to new localities within 
and beyond Knoxville. Voucher specimens collected under 
a permit issued by the Tennessee Wildlife Resources Agency 
(#3812).  

CHASE L. HIVELY, Department of Natural and Behavioral Sciences, 
Pellissippi State Community College, Knoxville, Tennessee 37933, USA; e-
mail: clhively@pstcc.edu. 

IGUANA IGUANA (Green Iguana). MÉXICO: SINALOA: Munici-
pality oF ahoMe: San Miguel Zapotitlan, 5.8 km W of San Miguel Za-
potitlán, 12.5 km N of Los Mochis (25.930472°N, 108.9991694°W; 
WGS 84), 17 m elev. 27 February 2013. Pedro Uriarte- Garzón. 
Verified by Adriana González-Hernández. Colección Nacional 
de Anfibios y Reptiles, Instituto de Biología, Herpetología–Refer-
encia Fotográfica at Universidad Nacional Autónoma de México 
(CNAR IBH-RF 074 a–c, photo voucher). First municipality re-
cord, extending the known distribution 219 km airline N from 
the nearest known record at Costa Rica, Sinaloa, México (Smith 
and Van Gelder 1955. Herpetologica 11:145–149). The iguana was 
found in a tree (Populus mexicana) within riparian vegetation on 
the edge of Río Fuerte.

PEDRO URIARTE-GARZÓN (e-mail: uriartegp@hotmail.com) and 
VÍCTOR HUGO-REYNOSO, Colección Nacional de Anfibios y Reptiles, 
Departamento de Zoología, Instituto de Biología, Universidad Nacional 
Autónoma de México, Circuito Exterior s/n, Ciudad Universitaria, D.F., C.P. 
04510, México.

PHELSUMA LATICAUDA (Gold Dust Day Gecko). USA: HAWAI’I: 
Kaua’i: Wailua: ~200 m SW of intersection of Hwy 56 and Hwy 
580 at the south end of Wailua Road, which dead ends at the N 
bank of Wailua River (22.046414ºN; 159.336929ºW; WGS 84). 26 
June 2014. Maxwell Hitchcock Espinoza and Robert E. Espinoza. 
Verified by Robert N. Fisher. Natural History Museum of Los An-
geles County (LACM PC 1823, 1824, digital photographs of two 
individuals). First island record (McKeown 1996. A Field Guide 
to Reptiles and Amphibians in the Hawaiian Islands. Diamond 
Head Publishing, Los Osos, California. 173 pp.; Kraus 2009. Alien 
Reptiles and Amphibians, a Scienti→c Compendium and Analysis. 
Springer, Dordrecht. 563 pp.). Native to Madagascar and intro-
duced and previously known from Hawai’i (Big Island), Maui, 
and O’ahu (McKeown 1996, op. cit.; Kraus 2009, op. cit.). Three 
adults and one juvenile observed at 1000 h along a wooden fence 
and on the trunk and adventitious roots of a Pandanus tree with-
in 4 m of Wailua River. Several other adults and a juvenile were 
observed at 1630 h on the grounds of Kamokila Hawaiian Village, 
5443 Kuamo’o Road, Wailua (22.043712ºN, 159.360766ºW) 2–3 
m off the ground on Pandanus and other leafy ornamental veg-
etation. The different age classes and relatively high density of 

individuals at both localities suggests that breeding populations 
are well established. 

MAXWELL  HITCHCOCK ESPINOZA, 18942 Leadwell Street, Reseda, 
California 91335, USA (e-mail: maxwellhitch@gmail.com); ROBERT E. ES-
PINOZA, Department of Biology, California State University, Northridge, 
Northridge, California 91330-8303, USA (e-mail: robert.e.espinoza@csun.
edu).

PHRYNOSOMA DITMARSI (Rock Horned Lizard). MÉXICO: 
SONORA: Municipality oF nacozaRi de gaRcía: Sierra de Nacozari, 
vic. Mina la Caridad, 1630 m elev. 15 September 2013. Timothy 
R. Burkhardt and Scott Trageser. Verified by T. J. Papenfuss. Mu-
seum of Vertebrate Zoology (MVZObs: Herp 13, 14; photographic 
voucher). First records for the municipality and the region be-
tween the Rio Moctezuma and Rio Bavispe; the closest docu-
mented locality is ca. 75 km SW of Cerro La Palma in the Sierra 
Baviacora (University of Arizona [UAZ] 39530–39543). The record 
also helps fill a range gap among the four previously document-
ed populations: Sierra Manzanal (Lowe et al. 1971. J. Arizona 
Acad. Sci. 6:275–277), Sierra Baviacora (Lowe and Howard 1975. 
Southwest. Nat. 20:264–270), Rio Yaqui, vicinity of Tonichi (Per-
rill 1983. Herpetol. Rev. 14:123) and El Chorro, Municipality of 
Nácori Chico (Sherbrooke et al. 1998. Herpetol. Rev. 29:110–111). 
Both lizards, a male and juvenile, respectively, were observed at 
0830 h on a steep and rocky south-facing hillside in a transition 
zone covered with a dense stand of Sinaloa thornscrub-Madrean 
oak woodland vegetation.

TIMOTHY R. BURKHARDT, 10150 West Rudasill Road, Tucson, Arizona 
85743, USA (e-mail: triprionco@aol.com); SCOTT TRAGESER, 12525 East 
Arbor Vista Boulevard, Tucson, Arizona 85749, USA (e-mail: trageser.scott@
gmail.com). 

PLESTIODON LYNXE (Oak Forest Skink). MÉXICO: AGUAS-
CALIENTES: Municipality oF el llano: Mesa Las Preñadas 
(21.931920°N, 101.885647°W; WGS 84), 2440 m elev. 11 May 2014. 
Rubén Alonso Carbajal Márquez, Gustavo E. Quintero Díaz, and 
Carolina Chávez Floriano. Verified by Bradford Hollingsworth. 
San Diego Natural History Museum (SDSNH_HerpPC_05238, 
photo voucher). First municipality record, closing distribu-
tional gap of ca. 83 km between Cerro Altamira, Municipality 
of Tepezalá, Aguascalientes (Vázquez-Díaz and Quintero-Díaz 
2005. Anfibios y Reptiles de Aguascalientes, 2nd ed. CONABIO y 
CIEMA. Ed. México, D.F. 318 pp.) and Villa de Arriaga, San Luis 
Potosí (Lemos-Espinal and Dixon. 2013. Amphibians and Rep-
tiles of San Luis Potosí. Eagle Mountain Publishing, Eagle Moun-
tain, Utah. 300 pp.). The skink was found beneath a rock next to 
a stone wall in an oak savanna. Specimen collected under permit 
SEMARNAT (SGPA/DGVS/05143/14). 

RUBÉN ALONSO CARBAJAL-MÁRQUEZ, Centro de Investigaciones 
Biológicas del Noroeste, Instituto Politécnico Nacional No. 195 Col. Playa 
Palo de Santa Rita Sur, C.P. 23096, La Paz, Baja California Sur, México (e-
mail: redman031@hotmail.com); GUSTAVO ERNESTO QUINTERO-DÍAZ 
and CAROLINA CHÁVEZ-FLORIANO, Universidad Autónoma de Aguas-
calientes, Centro de Ciencias Básicas, Departamento de Biología, Avenida 
Universidad No. 940, Aguascalientes, Ags. 20131, México.

SQUAMATA — SNAKES

ARIZONA ELEGANS (Glossy Snake). USA: NEW MEXICO: los 
alaMos co.: DOE property; Pajarito Road, 2.25 mi W jct Pajarito 
Road and NM Hwy 4 (35.83603ºN, 106.25773ºW; WGS 84). 1 Oc-
tober 2014. Chuck Hathcock. Verified by Tom Giermakowski. 
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Museum of Southwestern Biology (MSB 95428). New county re-
cord (Degenhardt et al. 1996. Amphibians and Reptiles of New 
Mexico. University of New Mexico Press, Albuquerque, New Mex-
ico. 431 pp.). Adult male DOR. Specimen was collected ca. 20 air 
mi NW of the nearest known locality. 

CHUCK HATHCOCK, Los Alamos, New Mexico, USA (e-mail: chuck-
hathcock89@gmail.com); CHARLES W. PAINTER, 707 Griegos Road NW, 
Albuquerque, New Mexico 87107, USA (e-mail: cwpainter49@gmail.com).

ARIZONA ELEGANS (Glossy Snake). USA: TEXAS: paRkeR co.: 
Soda Springs Road approximately 0.6 road mi. N of the I-20 
frontage road (32.67349°N, 98.03993°E; WGS 84). 21 September 
2014. E. Wostl, C. Roelke, and M. Fontenot. Verified by Carl Frank-
lin. Amphibian and Reptile Diversity Research Center (UTA-R 
62069). New county record (Dixon 2013. Amphibians and Rep-
tiles of Texas: with Keys, Taxonomic Synopses, Bibliography, and 
Distribution Maps. Texas A&M University Press, College Station, 
Texas. 447 pp.). This locality is between the published ranges of 
the two recognized subspecies in the region. Arizona e. elegans is 
documented to the north and west and A. e. arenicolor has been 
documented to the east and south.

ELIJAH WOSTL (e-mail: ewostl@uta.edu) and COREY E. ROELKE, Uni-
versity of Texas at Arlington, Department of Biology, Box 19498, Arlington, 
Texas 76019, USA; MALLORY L. FONTENOT, 1315 West Abram Street, Ar-
lington, Texas 76013, USA.

BOIGA IRREGULARIS (Brown Treesnake). USA: COMMON-
WEALTH OF THE NORTHERN MARIANA ISLANDS: Rota: Rota 
Seaport (14.136502°N, 145.135351°E; WGS84). 3 September 
2014. Shelwyn Taisacan, Robert Ulloa. Verified by G. Zug. USNM 
581745. Snake (42 g, 810 mm SVL, 1020 mm total length) captured 
in a mouse-baited trap hung on the fence perimeter of the Rota 
Seaport. Because the Northern Marianas Islands are historically 
snake-free, these traps are used around ports and airports for 
early detection of snakes that may stow away in vessels or aircraft 
from Guam (60 km to the south), possibly evading quarantine 
detections. Necropsy revealed no prey items in stomach or gas-
trointestinal tract. Dissection at USNM confirmed the snake was 
female. To our knowledge, this is the first incursion of a live Boiga 
irregularis on Rota. Brown Treesnakes previously observed on 
the island (N = 3) arrived in cargo already dead. The USGS Brown 
Treesnake Rapid Response Team mobilized 4 September–20 Oc-
tober 2014 to search the focal and surrounding areas for evidence 
of a possible incipient population; no additional snakes were 
found during this search effort. 

ADAM KNOX (e-mail: aknox@usgs.gov), ELDEN HOLLDORF, ROB-
ERT N. REED, U.S. Geological Survey, 2150 Centre Ave Bldg C, Fort Col-
lins, Colorado 80526, USA; SYLVAN IGISOMAR, US Fish & Wildlife Service, 
CNMI, USA;  STEVE W. GOTTE, USGS Patuxent Wildlife Research Center-
National Museum of Natural History, 4210 Silver Hill Rd, Suitland, Maryland 
20746, USA.

CARPHOPHIS AMOENUS AMOENUS (Eastern Wormsnake). 
USA: TENNESSEE: unicoi co.: Rock Creek Road (36.12796ºN, 
82.35764ºW; WGS 84). 8 August 2013. Stephen K. Nelson and Jo-
seph T. Altobelli. Verified by A. Floyd Scott. David H. Snyder Mu-
seum of Zoology, Austin Peay State University (APSU 19468, color 
photo). First county record (Redmond and Scott 2008. Atlas of 
Reptiles in Tennessee. The Center for Field Biology, Austin Peay 
State University, Clarksville, Tennessee. http://apsu.edu/repat-
las/, accessed 7 November 2014). Found on alive on the road at 
night in light rain. Fills distribution gap in east Tennessee. 

STEPHEN K. NELSON, Department of Herpetology, Knoxville Zoologi-
cal Gardens, Knoxville, Tennessee 37914, USA (e-mail: snelson@knoxville-
zoo.org); JOSEPH T. ALTOBELLI, Department of Biology, Grand Valley 
State University, Allendale, Michigan 49401, USA (e-mail: altobelj@mail.
gvsu.edu).

CLELIA SCYTALINA (Mexican Snake Eater). MÉXICO: MICHO-
ACÁN: Municipality oF lazaRo caRdenas: 5.24 km NW of La Mira 
(18.081977°N, 102.337561°W; WGS 84), 56 m elev. 18 November 
2012. Ricardo Josué Pérez-Hernández and Ernesto Raya-García. 
Verified by Rubén Alonso Carbajal-Márquez. University of Ari-
zona, Department of Ecology and Evolutionary Biology, Tucson, 
Arizona (UAZ 57611-PSV; photographic voucher). First record 
for Michoacán (Duellman 1961. Univ. Kansas Publ. Mus. Nat. 
Hist. 15:1–148; Alvarado-Diaz et al. 2013. Amphib. Rept. Conserv. 
7:128–170), and a 331.2 km NW range extension from the near-
est known locality at Zoquiapan, Guerrero (Pérez-Ramos et al. 
2000. Anal. Inst. Biol., Univ. Nac. Autón.  México 71:21–24). The 
sub-adult was found AOR in tropical deciduous forest near a dry 
stream.

RICARDO JOSUÉ PÉREZ-HERNÁNDEZ (e-mail: josuehernandez03@
live.com ) and ERNESTO RAYA-GARCÍA, Instituto de Investigaciones 
sobre los Recursos Naturales, Laboratorio de Herpetología, Universidad 
Michoacana de San Nicolás de Hidalgo, Av. San Juanito Itzicuaro s/n, C.P. 
58337, Morelia, Michoacán, México (e-mail: tuataraya@hotmail.com); ALE-
JANDRO CHAVES, Facultad de Biología, Universidad Michoacana de San 
Nicolás de Hidalgo, C.P. 58000, Morelia, Michoacán, México (e-mail: paos-
er_5@hotmail.com).

CROTALUS ATROX (Western Diamond-backed Rattlesnake). 
USA: NEW MEXICO: cuRRy co.: Broadview, jct Co. Rd 45 and 
QRP (34.9089°N, 103.3012°W; WGS 84). 16 August 1989. Richard 
W. Manning. Verified by Travis J. LaDuc. Texas Natural History 
Collections (TNHC 70746). New county record (Degenhardt et 
al. 1996. Amphibians and Reptiles of New Mexico. University of 
New Mexico Press, Albuquerque, New Mexico. 431 pp.). Speci-
men previously collected and cataloged into the TNHC without 
permit information.

KELSEY HORNUNG, Texas Natural History Collections, University of 
Texas at Austin, 10100 Burnet Road, PRC 176/R4000, Austin, Texas 78758-
4445, USA; e-mail: kelshorn@yahoo.com.

CROTALUS CERBERUS (Arizona Black Rattlesnake). USA: ARI-
ZONA: Mohave co.: Cerbat Mountains ca. 1.2 km SE of Cherum 
Peak (35.395166°N, 114.125314°W; WGS 84), 1905 m elev. 5 July 
2014. Z. R. Mocarski. Verified by George Bradley. University of 
Arizona (UAZ 57610-PSV, photo voucher). This specimen rep-
resents the first vouchered report from the Cerbat Mountains. 
Previously, this species was known from this range only from un-
confirmed reports (Jones et al. 1985. Oecologia 66:595–601). This 
specimen represents a ca. 25-km range extension to the north-
west from the closest known locality in the Hualapai Mountains. 
No suitable habitat exists between the two ranges. Rather than 
chaparral, a habitat type frequented by this species, Mohave 
desert scrub prevails in the lowlands separating the Cerbat and 
Hualapai mountain ranges. Specimen observed at 1600 h.

ZENON R. MOCARSKI, Arizona Game and Fish Department, Region III 
Office, 5325 Stockton Hill Road, Kingman, Arizona 86409, USA (e-mail: zmo-
carski@azgfd.gov); RANDALL D. BABB, Arizona Game and Fish Depart-
ment, Region VI Office, 7200 East University Drive, Mesa, Arizona 85207, 
USA (e-mail: rbabb@azgfd.gov).
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CROTALUS HORRIDUS (Timber Rattlesnake). USA: ALABAMA: 
MaRshall co.: 271 Shirt Tail Bend, New Hope (34.50328°N, 
86.37999°W; WGS84). 27 May 2013. William E. Dawson. Verified 
by David Laurencio. Auburn University Museum of Natural His-
tory (AUM AHAP-D 714, photo voucher). New county record fill-
ing a distributional gap in northern Alabama (Mount 1996. The 
Reptiles and Amphibians of Alabama. University of Alabama 
Press, Tuscaloosa, Alabama. 347 pp.). Crotalus horridus has been 
previously recorded in the adjacent counties of Dekalb, Jackson 
(AUM database; accessed 6 Oct 2014), Blount (www.vertnet.org; 
accessed 6 Oct 2014), and Madison (Sutton et al. 2014. Herpetol. 
Rev. 45:293–294). First-year juvenile (ca. 40 cm total length) re-
moved from the inground swimming pool of a private residence. 
The snake was photographed and released.

JEFFREY E. DAWSON, Saint Louis Zoo, St. Louis, Missouri 63110, USA 
(e-mail: jdawson@stlzoo.org); ROGER D. BIRKHEAD, COSAM Outreach, 
Alabama Science In Motion, Auburn University, Alabama 36849-5414, 
USA.

CROTALUS VIRIDIS (Prairie Rattlesnake). USA: NEW MEXICO: 
haRding co.: 2.25 km NNW of junction of NM-39 and US-54 in 
Logan, New Mexico (35.3903°N, 103.4228°W; WGS 84), 1190 m 
elev. 24 June 2007. Ian M. Latella and Howard Snell. Verified by J. 
Tomasz Giermakowski. Museum of Southwestern Biology (MSB 
73141).  New county record (Degenhardt et al. 1996. Amphibians 
and Reptiles of New Mexico. University of New Mexico Press, 
Albuquerque. 431 pp.). This record fills a distributional gap in 
northeastern New Mexico.  This species is documented in adja-
cent Mora, Colfax, Union, San Miguel, and Quay counties (De-
genhardt et al. 1996, op. cit.). Subadult specimen was found alive 
crossing NM-39 at 2221 h.

IAN M. LATELLA (e-mail: ilatella@unm.edu) and HOWARD SNELL, 
Museum of Southwestern Biology, MSC03 2020, 1 University of New Mexi-
co, Albuquerque, New Mexico 87131, USA.

HYPSIGLENA SLEVINI (Slevin’s Nightsnake). MEXICO: BAJA 
CALIFORNIA: Municipality oF ensenada: Sierra Santa Isabel, 2.41 
km S of Puertecitos (30.327405°N, 114.648571°W; WGS84), 55 m 
elev. 14 June 2013. S. Murray. Verified by L. Lee Grismer. La Si-
erra University Digital Photograph Collection, Riverside, Califor-
nia (LSUDPC 9150–9151). Northernmost record for this species, 
extending the distribution 177 airline km NNW from Bahía de 
los Ángeles, Municipality of Ensenada, Baja California (Grismer 
2002. Amphibians and Reptiles of Baja California, Including its 
Pacific Islands and the Islands in the Sea of Cortés. Univ. Califor-
nia Press, Berkeley, California. 399 pp.; Mulcahy and Archibald 
2003. J. Herpetol. 37:566–571; Mulcahy et al. 2014. PLoS One 
9:e97682). The snake was found surface active at 2205 h in an 
area comprised almost exclusively of volcanic rock; vegetation 
was dominated by Brittlebush (Encelia farinosa).      

     SAM MURRAY, 6312 Rancho Mission Rd. #327, San Diego, Califor-
nia- 92108, USA (email: samxmurray@gmail.com); JACKSON D. SHEDD, 
The Nature Conservancy, P.O. Box 1117, Los Molinos, California 96055, 
USA (e-mail: jshedd@tnc.org); ERIC A. DUGAN, Dugan Biological Services, 
2546 Thunder Mountain Road, Upland, California 91784, USA (e-mail: eric.
dugan@dbsbio.com).

IMANTODES GEMMISTRATUS (Central American Tree Snake). 
MÉXICO: TABASCO: Municipality oF eMiliano zapata: Nuevo Po-
chote (17.83543°N, 91.69940°W; WGS 84), 14 m elev. 27 June 2014. 
P. Charruau, M. A. Morales-Garduza, J. G. Reyes-Trinidad, and 
M. A. Ramírez-Pérez. Verified by M. A. López-Luna. Colección 

de Anfibios y Reptiles de Tabasco, División Académica de Cien-
cias Biológicas, Universidad Juárez Autónoma de Tabasco (CART 
00732). First verified record for Tabasco, although it was expected 
because of nearby records from surrounding states of Campeche 
and Chiapas (Lee 1996. The Amphibians and Reptiles of the Yu-
catán Peninsula. Cornell University Press, Ithaca, New York. 500 
pp.) and Veracruz (Pérez-Higareda and Smith 1991. Ophidiofau-
na of Veracruz: Taxonomical and Zoogeographical Analysis. Publ. 
Espec. 7, UNAM, Instit. Biol., Mexico, D.F. 122 pp.). Fieldwork 
was financed by the Consejo Nacional de Ciencia y Tecnología 
(CONACYT) and Gobierno del Estado de Tabasco through proj-
ect Fondo Mixto TAB-2012-C28-194316. Specimen collected un-
der an approved SEMARNAT permit (SGPA/DGVS/03484/14).

PIERRE CHARRUAU (e-mail: charruau_pierre@yahoo.fr) and MAR-
COS A. MORALES-GARDUZA, Centro del Cambio Global y la Sustent-
abilidad en el Sureste, A.C., Calle Centenario del Instituto Juárez s/n, 86080 
Villahermosa, Tabasco, México; JOSÉ G. REYES-TRINIDAD and MAYRA A. 
RAMÍREZ-PÉREZ, División Académica de Ciencias Biológicas, Universidad 
Juárez Autónoma de Tabasco, Carretera Villahermosa – Cárdenas Km. 0.5 
S/N, Entronque a Bosques de Saloya, Villahermosa, 86060, Tabasco, México.

LAMPROPELTIS HOLBROOKI (Speckled Kingsnake). USA: 
KANSAS: McpheRson co.: Maxwell Wildlife Refuge (38.482721°N, 
97.458396°W; NAD 83). 18 September 2014. Daniel J. Martin. 
Verified by David J. Bender. University of Colorado Museum 
(UCM AC-186, photographic voucher). First documented record 
for this species in McPherson Co. (Collins et al. 2010. Amphib-
ians, Reptiles, and Turtles in Kansas. Eagle Mountain Publishing, 
Eagle Mountain, Utah. 312 pp.). Nearest known records from ad-
jacent counties include: Saline (37 km), Elsworth (47 km), Dick-
inson (62 km), Marion (45 km), and Harvey (46 km); no records 
are reported for Reno or Rice counties. A large (ca. >1 m) adult 
was found during a standardized reptile survey, basking at 1402 
h in partial shade under a currant shrub (Ribes sp.) next to large 
stones in mixed-grass prairie. Maxwell Wildlife Refuge manager 
C. Peterson recalled observing L. holbrooki on the Refuge several 
times around 1999 but not since. 

This observation was made as part of the Great Plains Reptile 
Monitoring Project (www.reptilemonitor.org), with funding and 
logistical support provided by the U.S. Fish and Wildlife Service, 
Colorado Parks and Wildlife, Texas Parks and Wildlife, and 
Colorado State Land Board through a State Wildlife Grant, and 
from Colorado State University and the U.S. Geological Survey. 
Work was conducted under Scientific Collection Permit No. SC-
000-2014 (State of Kansas) and Colorado State University ACUC 
#13-4218A.

DANIEL J. MARTIN (e-mail: danny.martin@colostate.edu) and CAM-
ERON L. ALDRIDGE, Natural Resource Ecology Laboratory, Colorado State 
University, Fort Collins, Colorado, 1499 Campus Delivery, 80523-1499, USA; 
CELINA R. BYCENSKI, BETH A. WITTMANN, DEVIN L. JACOBS, JAKE  
R. MILFORD, and LARISSA L. BAILEY, Colorado State University Depart-
ment of Fish, Wildlife, & Conservation Biology, Fort Collins, Colorado 80523-
1474, USA.

OPHEODRYS VERNALIS (Smooth Greensnake). USA: WISCON-
SIN: veRnon co.: Township of Stark (43.606667ºN, 90.629444ºW, 
WGS 84). 16 October 2014. Terrell Beck. Verified by Joshua M. 
Kapfer (University of Wisconsin - Whitewater). Illinois Natural 
History Survey (INHS 2014ae, photo voucher). New county re-
cord. (Casper 1996. Geographic Distributions of the Amphibians 
and Reptiles of Wisconsin. Milwaukee Public Museum. 87 pp.). 
An individual adult was photographed basking on a gravel trail 
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on 16 October 2014 within the Kickapoo Valley Reserve on Star 
Valley Trail. Associated habitat consisted of old field successional 
vegetation. Adjacent habitats were a mix of agricultural fields 
and fallow fields of upland grass and shrubs. This observation 
complements a specimen collected by K. Teed on 28 July 1990 in 
Wildcat Mountain State Park (Milwaukee Public Museum, MPM 
23475). The individual was found just off State Highway 33 on the 
road to the lower picnic area (T14N R02W, Sec. 14 NE4).

TERRELL BECK, S3368A Haugrud Ridge Road, La Farge, Wisconsin 
54639, USA (e-mail: beck.terr@uwlax.edu); BEN JOHNSTON, Kickapoo 
Valley Reserve, S3661 State Road 131, La Farge, Wisconsin 54639, USA (e-
mail: ben.johnston@wisconsin.gov); ANDREW F. BADJE and RICHARD A. 
STAFFEN, Wisconsin Department of Natural Resources-Bureau of Natural 
Heritage Conservation, 101 South Webster Street, PO Box 7921, Madison, 
Wisconsin 53707-7921, USA.

PYTHON REGIUS  (Ball Python). USA: LOUISIANA: st. John the 
baptist paRish: Town of Ruddock, Old Highway 51, 4.5 km S of 
Ruddock I-55 ramp (30.149723°N,  90.449167°W; WGS 84). 7 Oc-
tober 2014. Collected by Brian I. Crother and Mary E. White. Veri-
fied by David M. Sever. Southeast Lousiana University, Museum 
of Biology (SLU 02332, SLU-TC 1.78). First record for Louisiana 
(www.vertnet.org, accessed 10 October 2014; http://specifypor-
tal.flmnh.ufl.edu/herps/, accessed 10 October 2014).

Python regius has been introduced in Florida via pet trade 
(Krysko et al. 2011. Zootaxa 3028:1–64). This species is known 
from many sites in Florida, with the closest previous record 
(UF 169730) being from the City of Pensacola (30.4194°N, 
87.276389°W), approximately 309 km E of this first Louisiana 
record. Collection databases (Herpnet, Vertnet, and the 
FLMNH database) contain no record of P. regius from Alabama, 
Mississippi, or Texas. There is no evidence that P. regius is 
established in the state of Louisiana, although the species is 
thought to be established at a similar latitude and longitude in 
the Florida panhandle, despite a lack of direct evidence in the 
form of neonates or eggs (K. Krysko and L. Somma, pers. comm.). 
Python regius is known to occur in swamps (Luiselli and Angelici 
2009. Ital. J. Zool. 65:183–185) and may be able to successfully 
overwinter in Louisiana because of its natural tendency to seek 
out burrows (Aubret et al. 2005. Evol. Ecol. Res. 7:743–758). This 
specimen is a sexually mature female (94 cm SVL) and appears to 
have been healthy. The digestive tract contains gray and brown 
hairs, some of which, at 2.9 cm, are too long to have come from a 
mouse or rat. Specimen collected DOR.

DANIELLE S. WASSERMAN (e-mail: danielleswasserman@gmail.com) 
and BRIAN I. CROTHER, Southeastern Louisiana University, Department 
of Biological Sciences, SLU 10736, Hammond, Louisiana 70402, USA (e-
mail: bcrother@selu.edu).

SIBON ANTHRACOPS (Ringed Snaileater). PANAMÁ: distRito 
boquete: 200 m W Caldera (8.38868°N, 82.23274°W; WGS84), elev. 
420 m. 16 July 2011. Jessica Van den Burgh. Verified by Jonathan 
A. Campbell. Amphibian and Reptile Diversity Resarch Center, 
University of Texas at Arlington (UTADC 7476, photo voucher). 
First record for Panamá, and extends the range ca. 200 km SW 
from the closest confirmed locality in Costa Rica (Província de 
San José, Pozos de Santa Ana [Solórzano 2004. Serpientes de Cos-
ta Rica/Snakes of Costa Rica, INBio, Santo Domingo de Heredia, 
Costa Rica. 792 pp.]). 

QUETZAL DWYER, Parque Reptilandia, APDO 692-8000, San Isidro el 
General, San José, Costa Rica; e-mail: reptilandia.cr@gmail.com.

TANTILLA HOBARTSMITHI (Smith’s Black-headed Snake). 
USA: CALIFORNIA: inyo co.: Southeastern Argus Mountains, un-
named side canyon of Water Canyon (35.99036°N, 117.40489°W; 
WGS 84), 1150 m elev. 27 May 2014. Adam G. Clause. Natural His-
tory Museum of Los Angeles County (LACM 184721 [entire ani-
mal], TC 2082 [tissue], PC 1746–1747 [digital color photos]). New 
locality and second record from the Argus Mountains, ca. 26 km 
by air from the nearest known locality at Surprise Canyon, Pan-
amint Mountains (Cole and Hardy 1983. Bull. Amer. Mus. Nat. 
Hist. 171:199–284; http://herpnet2.org; 11 June 2014). Northern 
Kingston Mountains, Crystal Spring (35.79444°N, 115.96178°W; 
WGS 84), 1160 m elev. 31 May–1 June 2014. Adam G. Clause. 
LACM 184750, TC 2090–2091, 2132, PC 1755–1756. New locality 
and third record from the Kingston Mountains, ca. 3 km by air 
from the nearest known locality of Smith Talc Mine, Kingston 
Mountains (HerpNET2, op. cit.). san beRnaRdino co.: Southwest-
ern Clark Mountains, Pachalka Spring (35.51806°N, 115.63064°W; 
WGS 84), 1500 m elev. 29 May 2014. Adam G. Clause. LACM PC 
1788. First record from the Clark Mountains, ca. 37 km by air 
from the nearest known locality of Horse Thief Springs, Kingston 
Mountains (Cole and Hardy, op. cit.; HerpNET2, op. cit.). North-
eastern San Bernardino Mountains, Hwy 18, 0.8 road km S of 
Cushenbury Springs (34.35591°N, 116.85161°W; WGS 84), 1320 m 
elev. 11 June 2013. Philip Clevinger. lacM 185113, pc 1799. First 
record from the San Bernardino Mountains, ca. 54 km by air from 
the nearest known locality of Long Canyon, Joshua Tree National 
Park (Cole and Hardy, op. cit.; HerpNET2, op. cit.).

All specimens verified by Gregory B. Pauly via examination of 
head color pattern and/or hemipene structure. Snakes discovered 
under stones or DOR, associated with spring-fed riparian 
zones. These records partially fill several gaps in the spotty, relic 
distribution of T. hobartsmithi. They increase the total number 
of published and/or museum-vouchered California localities for 
this species to 28 (Cole and Hardy, op. cit.; HerpNET2, op. cit.; 
Persons and Nowak 2006. Inventory of Amphibians and Reptiles 
at Death Valley National Park. USGS Southwest Biological 
Science Center, Flagstaff, Arizona. 47 pp.; Stebbins 2003. Western 
Reptiles and Amphibians 3rd ed. Houghton Mifflin Co., New York, 
New York. 533 pp.). Our work was approved under California 
Department of Fish and Wildlife Scientific Collecting Permits 
#011663 and #010579, Bureau of Land Management Ridgecrest 
Field Office Permit #1110 (CA-6601.26) P, and University of 
Georgia IACUC AUP #A2012 10-004-Y1-A0. Financial support 
provided by a University of Georgia Presidential Fellowship.

ADAM G. CLAUSE, Warnell School of Forestry and Natural Resources, 
University of Georgia, 180 East Green Street, Athens, Georgia 30602, USA 
(e-mail: adamclause@gmail.com); PHILIP CLEVINGER, AMEC Environ-
ment and Infrastructure, 13461 First Avenue, Victorville, California, 92395, 
USA (e-mail: phatcattbone@yahoo.com).

THAMNOPHIS SIRTALIS (Common Gartersnake). USA: OKLA-
HOMA: RogeR Mills co.: Cheyenne City Park (35.607ºN, 99.699ºW; 
WGS 84). 4 October 2014.  Alyssa M. Anwar, Rachel L. Flanagan, 
Elyse S. Freitas, Gregory F. M. Jongsma, and Tucker H. Walton. 
Verified by Jessa L. Watters. Sam Noble Oklahoma Museum of 
Natural History (OMNH 44148). New county record (Sievert 
and Sievert 2011. A Field Guide to Oklahoma’s Amphibians and 
Reptiles. Oklahoma Department of Wildlife Conservation, Okla-
homa City, Oklahoma. 211 pp.). Female individual (49.7 mm SVL; 
66.2 cm total length) found and collected in the city park’s semi-
drained pool. The nearest known vouchered specimens are from 
Ellis Co., Oklahoma (OMNH 38404, 42762–42765). Specimen 
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collected under a Oklahoma Department of Wildlife Conserva-
tion Scientific Collector’s permit issued to Elyse S. Freitas (#6081).

ALYSSA. M. ANWAR (e-mail: alyssa.anwar@yahoo.com), E. S. FREI-
TAS, R. L. FLANAGAN, T. H. WALTON, and G. F. M. JONGSMA, Sam Noble 
Oklahoma Museum of Natural History, University of Oklahoma, 2401 Chau-
tauqua Avenue, Norman, Oklahoma 73072, USA.

UNGALIOPHIS PANAMENSIS (Southern Bromeliad Boa). PAN-
AMÁ: PANAMÁ OESTE: Altos del Maria (8.63333°N, 80.06666°W; 
WGS 84), 700 m elev. 24 June 2006. Julie M. Ray, Edgardo J. 
Griffith, and Heidi L. Ross. Verified by James L. Knight. Amphib-
ian and Reptile Diversity Research Center, University of Texas 
at Arlington (UTADC 6977, photo voucher). First record for the 
former Panamá Province and the new Panamá Oeste Province 
(Köhler 2008. Reptiles of Central America, 2nd ed. Herpeton Ver-
lag, Offenbach. 200 pp.). The snake was found on the ground in 
primary premontane cloud forest. I thank the TADS project for 
logistical support and E. J. Griffith and H. L. Ross for assistance 
in the field.

JULIE M. RAY, La MICA Biological Station, El Copé de La Pintada, Coclé 
Province, Republic of Panamá; e-mail: julie.ray@lamica.org.  

XENOCHROPHIS VITTATUS (Striped Keelback). USA: PUER-
TO RICO: Municipality oF caRolina: Carolina Pueblo Country 
Club, 409 Street (18.408226°N, 65.961828°W; WGS84), 3 m elev. 
22 July 2013. Brian Ríos-Dróz. MZUPRRP-R-15001. 504 Street 
(18.418684°N, 65.962445°W; WGS84), 0 m elev. 22 July 2013. Bri-
an Ríos-Dróz. MZUPRRP-R-15002. Both verified by R. Graham 
Reynolds. First records from the Western Hemisphere for this 
snake normally native to Indonesia. Several other sightings of 
reproductively mature adults and juveniles, from separate loca-
tions in the Municipality of Carolina made by AH-M and others 
since 2011, indicate a well-established population on Puerto 

Rico. Time of introduction is unknown, but anecdotal accounts 
of “garter snake” sightings in the region are traced back to about 
1994 and were thought to be accidental escapees from shipping 
containers, presumably destined for the pet trade, at the Luis 
Muñoz Marín International Airport, located ca. 4.5 km NW from 
collection sites. 

     ADRIANA HERRERA-MONTES, Department of Biology, University 
of Puerto Rico–Río Piedras Campus, P.O. Box 23360, San Juan, Puerto Rico 
00931-3360, USA (e-mail: ahemontes@gmail.com); BRYAN RÍOS-DRÓZ, 
University of Puerto Rico–Humacao Campus, Call Box 860, Humacao, 
Puerto Rico 00792, USA (e-mail: riosd_bryan@hotmail.com); ALBERTO R. 
PUENTE-ROLÓN, Department of Biology, Inter American University–Are-
cibo Campus, Arecibo, Puerto Rico  00614, USA (e-mail: albertonski@hot-
mail.com); DANIEL DÁVILA-CASANOVA, Department of Environmental 
Sciences, University of Puerto Rico–Río Piedras Campus, San Juan, Puerto 
Rico, USA (e-mail: coquidanny@gmail.com); NEFTALÍ RÍOS-LÓPEZ, De-
partment of Biology, University of Puerto Rico–Humacao Campus, Juma-
cao, Puerto Rico, USA (e-mail: neftali.rios@upr.edu; neftalirios@yahoo.com). 

ERRATUM

The latitude coordinates reported by Maxwell and Scott (2014. 
Herpetol. Rev. 45:466) for a record of Pituophis m. melanoleucus 
in Carroll Co., Tennessee, USA, should read 35.9354ºN instead 
of 36.9354ºN. The coordinates as published place the record in 
Marshall Co., Kentucky, whereas the correct coordinates put the 
record at the “gate to Carroll County Recreation Lake” as stated 
in the report.

A. FLOYD SCOTT, Department of Biology and Center of Excellence for 
Field Biology, Austin Peay State University, Clarksville, Tennessee 37044, 
USA; e-mail: scotta@apsu.edu.
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Preliminary Herpetofaunal Inventory of a Logging Concession 
in the Upper Baram, Sarawak, Borneo

The island of Borneo is the largest of the Sundaic subregion 
(which comprises the Malay Peninsula, Sumatra, Java, Borneo, 
Bali, and smaller associated islands), and is the second largest 
tropical island in the world. Previously covered in mixed 
dipterocarp forest, it contains some of the last remaining 
continuous tracts of tropical rainforest in Southeast Asia and 
is recognized as one of the most biodiverse areas of the Indo-
Malayan region (MacKinnon et al. 1996). However, Borneo 
experiences one of the highest deforestation rates in the world, 
with 1.7% of its forests converted annually primarily through 

commercial timber harvesting and conversion of forests to 
monoculture plantations (Koh 2007; Langer et al. 2007). While 
about 9% of the land area is afforded some level of protection, 
such protected areas are isolated and dwarfed by the vast areas 
designated for timber extraction and monoculture plantations 
(Brodie and Giordano 2011). The viability of such protected 
areas for the conservation of Borneo’s biodiversity is thus 
questionable (Meijaard et al. 2005). 

Borneo boasts high herpetofaunal species richness and 
endemism, with 290 reptiles and 164 amphibian species 
currently described, making it the richest in terms of 
herpetofaunal diversity of the greater Sundas (compared to 
Sumatra: 218 reptiles and 93 amphibians, Java: 173 reptiles and 
36 amphibians and Sulawesi: 115 reptiles and 40 amphibians; 
Das and van Dijk 2013). 

Most herpetofaunal studies in Borneo have focused on 
protected areas. Little work has been conducted in modified 
landscapes such as logging concessions and monoculture 
plantations. In the Malaysian state of Sarawak, only 4% of the 
total land area is protected, whereas 35% is designated for 
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logging activities (Sarawak Forest Department 1997). To better 
manage biodiversity in these modified landscapes, it is essential 
that assessment and monitoring of ecosystem dynamics and 
community structure be conducted. Thus providing more 
comprehensive data for conservation management (Meijaard 
et al. 2005). 

The present study was conducted in the Sela’an Linau 
Forest Management Unit (FMU), a logging concession of 55,949 
ha located in the Upper Baram region of northern Sarawak, 
Malaysian Borneo (Fig. 1). The licensed concessionaire is 
Samling. Roughly half the area was conventionally logged in the 
past and since 2003, a reduced impact logging (RIL) has been 
applied. The majority of the area supports mixed dipterocarp 
forest (60%), with some montane forest (4%), tropical heath 
forest (kerangas) (21%), and slash and burn areas (temuda) 
(15%). Roughly 3000 ha of forest was destroyed during the 1997–
1998 El Niño event though secondary growth, regenerating 
forest has now reclaimed the area. Elevation ranges from 250–
2000 m above sea level. The area receives high rainfall with 
3400–5900 mm falling annually and temperatures averaging 
26°C and 14°C in the low and high elevation areas, respectively 
(Mathai et al. 2010).

Methods.—The herpetofaunal records presented in this 
paper are opportunistic detections obtained during an ongoing 
small carnivore camera-trapping and habitat modelling study. 
Five field trips totalling 178 days were made between April 2013 
and July 2014. During this time, opportunistic herpetofaunal 

surveys were conducted in five survey sites (Protected 
zone, Burnt zone, Sepigen-Suit zone, Coupe one zone, and 
Long Lellang zone) each of an area 10–15 km2. These areas 
compromised a mix of undisturbed and disturbed lowland, 
hill, submontane and montane forest with elevations ranging 
between 220–1300 m elevation (see Fig. 1).

Observations were made during the day (0800–1700 h) while 
walking transects for habitat analysis and setting of camera-
traps. Between three to seven kilometers were walked each 
day; however, it is acknowledged that as researchers were not 
specifically surveying for herpetofauna, many specimens may 
have been missed and microhabitats specific to herpetofauna 
(tree buttresses, beneath logs/rocks, and within tree cavities) 
were rarely searched.

When possible, night walks were conducted along streams 
and old logging roads, specifically targeting herpetofauna. Such 
walks were conducted mainly after rain and microhabitats 
specific to herpetofauna were searched. 

All specimens detected were photographed. GPS coordinates 
of detection sites, date, time of encounter, and habitat type were 
recorded. Snout–vent length (SVL) and brief behavioral notes 
were taken wherever possible. All voucher specimen photographs 
have been registered with the Lee Kong Chian Natural History 
Museum, National University of Singapore. 

Results and discussion.—Opportunistic sampling detected 36 
reptile species (16 lizards, 18 snakes, and two turtles) comprising 
12 families, including 12 species endemic to Borneo. A total 

Fig. 1. Map of Borneo featuring the location of the Sela’an Linau Forest Management Unit (FMU) and location of our study sites therein. 
Study site habitat types, elevation range, and anthropogenic disturbance are as follows (modified from Mathai and Buckingham 2014). Long 
Lellang: Hill and submontane primary forest with some montane forest in higher elevation areas, 575–1200 m elev., low anthropogenic dis-
turbance. Coupe 1: Secondary-growth lowland forest; the majority of the area was subject to reduced impact logging in 2006 and 2007; some 
unlogged lowland and hill forest, 500–900 m elev., moderate anthropogenic disturbance. Sepigen-Suit Zone: Lowland (mainly secondary) 
forest with active temudas and rice paddies, 250–475 m elev., high anthropogenic disturbance. Protected Zone: Primary submontane forest 
with some montane forest in the higher elevation areas, 750–1550 m elev., low anthropogenic disturbance. Burnt Zone: Secondary-growth 
lowland forest (the majority of the area was burned during the 1997–1998 El Niño event), 250–750 m elev., high anthropogenic disturbance.
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table 1. Herpetofaunal species recorded from Sela’an Linau Forest Management Unit, Upper Baram, Sarawak, East Malaysia, between April 
2013 and July 2014. Catalogue number refers to ZRC (Zoological Reference Collection, Lee Kong Chian Natural History Museum, National 
University of Singapore) digital voucher numbers.

Taxon  Catalogue numbers

Amphibians  

 Bufonidae 

  Ansonia longidigita Inger, 1960 ZRC(IMG) 1.45-1.46

  Pelophryne signata (Boulenger, 1894) ZRC(IMG) 1.47

 Dicroglossidae 

  Fejervarya limnocharis (Wiegnmann, 1835) ZRC(IMG) 1.54

  Limnonectes ingeri (Kiew, 1978) ZRC(IMG) 1.48

  Limnonectes kuhlii (Tschudi, 1838) ZRC(IMG) 1.49

 Megophryidae 

  Leptobrachella parva Dring, 1984 ZRC(IMG) 1.72a–b

 Microhylidae 

  Kalophrynus subterrestris Inger, 1960 ZRC(IMG) 1.61

 Ranidae 

  Hylarana picturata (Boulenger, 1920) ZRC(IMG) 1.53

  Hylarana signata (Günther, 1872) ZRC(IMG) 1.71

  Staurois latopalmatus (Boulenger, 1887) ZRC(IMG) 1.58

  Staurois natator (Günther, 1858) ZRC(IMG) 1.59

 Rhacophoridae 

  Feihyla kajau (Dring, 1984) ZRC(IMG) 1.56

  Nyctixalus pictus (Peters, 1872) ZRC(IMG) 1.69a–b

  Philautus hosii (Boulenger, 1895) ZRC(IMG) 1.70a–c

  Philautus ingeri Dring, 1987 ZRC(IMG) 1.50

  Philautus macroscelis Boulenger, 1894 ZRC(IMG) 1.57

  Philautus petersi (Boulenger, 1900) ZRC(IMG) 1.51

  Polypedates otilopus (Boulenger, 1893) ZRC(IMG) 1.52

Reptiles 

 Agamidae 

  Bronchocela cristatella (Kuhl, 1820) ZRC(IMG) 2.215

  Draco cornutus Günther, 1864 ZRC(IMG) 2.188-189

  Gonocephalus bornensis (Schlegel, 1848) ZRC(IMG) 2.184

  Gonocephalus grandis (Gray, 1845) ZRC(IMG) 2.185-186

  Phoxophrys spiniceps Smith 1925 ZRC(IMG) 2.187

 Anguidae 

  Dopasia buettikoferi (van Lidth de Jeude 1905) ZRC(IMG) 2.232a–c

 Eublepharidae 

  Aeluroscalabotes felinus (Günther, 1864) ZRC(IMG) 2.190–191

 Gekkonidae 

  Cyrtodactylus consobrinus (Peters, 1871) ZRC(IMG) 2.192

  Cyrtodactylus malayanus (De Rooji, 1915) ZRC(IMG) 2.233a–c

  Cyrtodactylus pubisulcus Inger, 1957 ZRC(IMG) 2.234a–b

  Gekko smithi (Gray, 1842) ZRC(IMG) 2.235a–b

  Ptychozoon kuhli Stejneger, 1902 ZRC(IMG) 2.236a–d

 Scincidae 

  Dasia vittata Edeling, 1864 ZRC(IMG) 2.195

  Tropidorhorus beccarii Peters, 1871 ZRC(IMG) 2.193

  Tropidorhorus micropus van Lidth de Jeude, 1905 ZRC(IMG) 2.194

 Varanidae 

  Varanus rudicollis Gray, 1845 ZRC(IMG) 2.196
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of 18 amphibian species comprising six families, including 11 
species endemic to Borneo, were also detected (see Table 1). This 
represents 12.41 and 11.92% of all known Bornean reptile and 
amphibian species, respectively (calculated from Das 2011; Haas 
et al. 2013). All reptiles encountered (with the exception of two 
montane species, Phoxophrys spiniceps and Popeia sabahi) were 
lowland forest-dwelling species. 

Of the 36 reptile species recorded, 10 were detected on 
more than one occasion: three snake species, Aplopeltura boa, 
Asthenodipsas laevis, and Parias sumatranus, and seven lizard 
species, Gonocephalus grandis, Cyrtodactylus consobrinus, 
C. malayanus, C. pubisulcus, Aeluroscalabotes felinus, Draco 
cornutus, and Dasia vittata; the latter three are often associated 
with anthropogenically altered habitats (Das 2010). Draco cornutus 
and Dasia vittata, as well as Naja sumatrana and Bronchocela 
cristatella, were only encountered in a lowland village area.

Of the 18 amphibians detected, all were lowland forest dwellers 
with the exception of four exclusively montane species: Ansonia 
longidigita, Philautus ingeri, Philautus macroscelis, and Philautus 
petersi. Half of all species detected were exclusively riparian and/
or dependent on riparian habitats for breeding (Inger et al. 1997). 

A total of nine amphibian species were observed on more 
than one occasion with five of these observed with considerable 
frequency. Philautus petersi, Feihyla kajau, and Leptobrachella 
parva were commonly heard and sighted at night along riparian 
margins in the higher elevation areas (800–1200 m elev.), and 

Staurois natator and Staurois latopalmatus were commonly 
sighted by day among fast-flowing rivers in lower elevation areas 
(350–500 m elev.).

Two amphibians, Pelophryne signata and Kalophrynus 
subterrestris are considered lowland species, and have only 
previously been recorded below 1000 m and 300 m elevation, 
respectively (Inger et al. 1997). During this study P. signata was 
detected at 1200 m elevation, with K. subterrestris detected at 
1100 m elevation, significantly increasing the known elevation 
ranges of these amphibians.

Due to the limited time frame and opportunistic nature of 
our observations, no inferences can be drawn regarding true 
herpetofaunal diversity and abundance in the region. As such, 
it is recommended that more surveys specifically targeting 
herpetofauna be conducted within this logging concession and 
other concessions and modified landscapes throughout Sarawak 
and Borneo. Understanding of herpetofaunal diversity and 
community dynamics within these large unprotected regions 
is crucial to identify areas of high conservation priority and 
identify possible management strategies that could alleviate 
further biodiversity loss, particularly in the face of Borneo’s 
rapid deforestation, forest conversion, and proposed mega-dam 
projects.

Acknowledgments.—This study was made possible as part of 
the ongoing research work conducted by the Hose’s Civet and Small 

table 1. Continued

Taxon  Catalogue numbers

 Colubridae 

  Ahaetulla prasina (Boie, 1827) ZRC(IMG) 2.197

  Amphiesma sarawacense (Günther, 1872), ZRC(IMG) 2.198

  Boiga cynodon (Boie, 1827) ZRC(IMG) 2.199

  Calamaria grabowskyi Fischer, 1885 ZRC(IMG) 2.237a–c

  Coelognathus flavolineatus (Schlegel, 1837) ZRC(IMG) 2.238a–b

  Gonyosoma oxycephalum (Boie, 1827) ZRC(IMG) 2.200

  Macropisthodon rhodomelas (Boie, 1827) ZRC(IMG) 2.201

  Psammodynastes pulverulentus (H. Boie in F. Boie, 1827) ZRC(IMG) 2.239a–b

  Rhabdophis chrysargos (Schlegel, 1837) ZRC(IMG) 2.202

  Sibynophis melanocephalus (Gray, 1834) ZRC(IMG) 2.203

  Xenochrophis trianguligerus (Boie, 1827) ZRC(IMG) 2.204

 Viperidae 

  Parias sumatranus (Raffles, 1822) ZRC(IMG) 2.205

  Popeia sabahi (Regenass & Kramer, 1981) ZRC(IMG) 2.206

  Trimeresurus borneensis Peters, 1871 ZRC(IMG) 2.240a–c

 Elapidae 

  Naja sumatrana Müller, 1887 ZRC(IMG) 2.216 a–b

 Pareatidae 

  Aplopeltura boa Boie, 1828 ZRC(IMG) 2.208–209

  Asthenodipsas laevis (Boie, 1827) ZRC(IMG) 2.210–2.211

 Pythonidae 

  Malayopython reticulatus (Schneider, 1801) ZRC(IMG) 2.207

 Bataguridae 

  Heosemys spinosa (Gray, 1831) ZRC(IMG) 2.214

  Notochelys platynota (Gray, 1834) ZRC(IMG) 2.212–2.213
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The Natural History Notes section is analogous to Geographic Distribution. Preferred notes should 1) focus on observations in the 
field, with little human intrusion; 2) represent more than the isolated documentation of developmental aberrations; and 3) possess 
a natural history perspective. Individual notes should, with few exceptions, concern only one species, and authors are requested to 
choose a keyword or short phrase that best describes the nature of their note (e.g., Reproduction, Morphology, Habitat, etc.). Use of 
figures to illustrate any data is encouraged, but should replace words rather than embellish them. The section’s intent is to convey 
information rather than demonstrate prose. Articles submitted to this section will be reviewed and edited prior to acceptance. 

Electronic submission of manuscripts is requested (as Microsoft Word or Rich Text format [rtf] files, as e-mail attachments). Figures 
can be submitted electronically as JPG, TIFF, or PDF files at a minimum resolution of 300 dpi. Please DO NOT send graphic files as 
imbedded figures within a text file. Additional information concerning preparation and submission of graphics files is available on 
the SSAR web site at: http://www.ssarherps.org/HRinfo.html. Manuscripts should be sent to the appropriate section editor: Sean P. 
Graham or Crystal Kelehear Graham (amphibians; grahasp@tigermail.auburn.edu); James Harding (turtles; hardingj@msu.edu); 
Charles Linkem (crocodilians, lizards, and Sphenodon; herprev.ltc.nhn@gmail.com); and John D. Willson or David A. Steen (snakes; 
hr.snake.nhn@gmail.com).
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uploads/2014/07/NatHistNotes_FormattingGuidelines.pdf. Standard format for this section is as follows: SCIENTIFIC NAME in bold, 
capital letters; standard English name in parentheses with only first letter of each word capitalized (if available, for the United States 
and Canada as it appears in Crother [ed.] 2012. Scientific and Standard English Names of Amphibians and Reptiles of North America 
North of Mexico, with Comments Regarding Confidence in Our Understanding, 7th ed. Herpetol. Circ. 39:1–92, available from SSAR 
Publications Secretary, ssar@herplit.com; for Mexico as it appears in Liner and Casas-Andreu 2008. Standard Spanish, English and 
Scientific Names of the Amphibians and Reptiles of Mexico. Herpetol. Circ. 38:1–162); KEY WORD(S) referring to the content of the 
note in bold, capital letters; content reporting observations and data on the animal; place of deposition or intended deposition of 
specimen(s), and catalog number(s) if relevant. Then skip a line and close with author name(s) in bold, capital letters (give names 
and addresses in full—spell out state names—no abbreviations, e-mail address after each author name/address for those wishing to 
provide it—e-mail required for corresponding author). References may be briefly cited in text (refer to this issue or the online template 
for citation format and follow format precisely). One additional note about the names list (Crother 2012) developed and adopted by 
ASIH-HL-SSAR: the role of the list is to standardize English names and comment on the current scientific names. Scientific names are 
hypotheses (or at least represent them) and as such their usage should not be dictated by a list, society, or journal.

Recommended citation for notes appearing in this section is: Goldberg, S. R., and C. R. Mahrdt. 2012. Bogertophis rosaliae: 
reproduction. Herpetol. Rev. 43:655.

CAUDATA — SALAMANDERS

ANDRIAS JAPONICUS (Japanese Giant Salamander). DIET. An-
drias japonicus is well known as one of the largest extant amphib-
ians. The species is a high-order predator in Japanese river eco-
systems and preys on a variety of invertebrates and vertebrates 
including mammals (Tochimoto 2002. Hyogo Biol. 12:134–139; 
Okada et al. 2008. Herpetol. Conserv. Biol. 3:192–202). At 1500 
h on 30 March 2014, a local person observed a giant salaman-
der regurgitating an embryo of a Sika Deer (Cervus nippon) in 
a small irrigation canal (width = 60–110 cm, depth = 10–20 cm) 
that originates from the Sayo River, in Sayo Town, Hyogo Prefec-
ture, Japan (35.04861°N, 134.37083°E, datum WGS84; elev. 135 m; 
Fig. 1). The giant salamander (total length = 830 mm) was found 
as it was starting to expel its meal. On the following day (1548 h 
on 31 March 2014), we visited the place and the giant salaman-
der was found to have again swallowed the deer embryo. How-
ever, as soon as we began measuring it, it started to regurgitate 
(Fig. 2), which took ca. 10 sec. to complete. The giant salaman-
der weighed 4650 g before regurgitating the embryo and 3550 g 
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Fig. 1. Irrigation canal, originating from the Sayo River, Hyogo Pre-
fecture, Japan. Arrow shows where the Japanese Giant Salamander 
was found.
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afterward. The embryo was 360 mm in length and weighed 1100 
g. After measurements, we injected a PIT tag into the left shoul-
der of the giant salamander and released it to the main stream of 
the Sayo River (35.05750°N, 134.36694°E, datum WGS84; elev. 145 
m). The embryo was probably discarded in the river by a hunter. 

YUKARI MATSUSHITA (e-mail: menosira@poporo.ne.jp), OSAMU YA-
MAKAWA (e-mail: y.osamu@viola.ocn.ne.jp), HIROKAZU ONUMA (e-mail: 
hadakasu@poporo.ne.jp), The Nature Conservation Society of Hyogo Pre-
fecture, 2-1-18 Goko-dori, Chuo-ku, Kobe, Hyogo 651-0087, Japan; KAN-
TO NISHIKAWA, Graduate School of Human and Environmental Studies, 
Kyoto University, Yoshida Nihonmatsu-cho, Sakyo-ku, Kyoto 606-8501, Ja-
pan (e-mail: hynobius@zoo.zool.kyoto-u.ac.jp); MASAHARU MOTOKAWA 
(e-mail: motokawa.masaharu.6m@kyoto-u.ac.jp) and TAKASHI YATO (e-
mail: runchorosan@zoo.zool.kyoto-u.ac.jp), The Kyoto University Museum, 
Yoshida Hon-machi, Sakyo-ku, Kyoto 606-8501, Japan.

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (East-
ern Hellbender). LARVAL/ADULT ASSOCIATION. Hellbend-
ers are generally considered solitary animals with a single ani-
mal primarily found under one rock throughout most seasons 
(Smith 1907. Biol. Bull. 13:5–30; Nickerson and Mays 1973. The 

Hellbenders. Milwaukee Public Museum, Milwaukee, Wisconsin. 
106 pp.). However, during the breeding season more than one 
hellbender can be found under the same rock (Smith 1907, op. 
cit.; Bishop 1941. New York State Mus. Bull. 324:1–365; Peterson 
1988. Herpetol. Rev. 19:28–29). Further, the fact that hellbenders 
are cannibalistic is well known (Nickerson and Mays 1973, op. 
cit.; Groves and Williams 2014. Herpetol. Rev. 45:108–109) and 
might explain the rare instance of more than one hellbender un-
der the same rock when breeding season activities are not appar-
ent. Most reported occurrences of hellbenders sharing a single 
rock outside the breeding season generally refer to adults of un-
determined sizes and sexes (Smith 1907, op. cit.; Hillis and Bellis 
1971. J. Herpetol. 5:121–126; Nickerson and Mays 1973, op. cit.). 
Because few intraspecific associations of hellbenders of differing 
age classes have been reported, the following observations are 
of interest. In each case the specific locality is withheld due to 
conservation concerns.

On 13 March 2004 in the Hiwassee River drainage, Union Co., 
Georgia, USA, we encountered an adult male C. a. alleganiensis 
(total length = 37.5 cm) under a rock (c. 0.5 x 0.5 m) with four 
conspecific larvae. The average total length of the larvae was 
3.93 cm (range: 3.8–4.0 cm), and all larvae had noticeable yolk 
sacs, external gills, well-developed forelimbs, and small hind 
limbs. Based upon records of oviposition and nest guarding 
behavior occurring in September at this site (Jensen et al. 2004. 
Herpetol. Rev. 35:156), and given a 60–80 day incubation period 
(Hulse et al. 2001. Amphibians and Reptiles of Pennsylvania 
and the Northeast. Cornell University Press, New York. 419 pp.), 
it is possible these larvae hatched rather late in the season, 
within two–three weeks of this observation. However, little is 
known about embryonic development in the wild and what 
environmental factors affect development over winter.

On 29 June 2010 in the French Broad River drainage, 
Transylvania Co., North Carolina, USA, we collected an adult 
male C a. alleganiensis (total length = 42 cm) from under a 
large, flat rock measuring 1.2 x 1.2 m. Shortly after collecting the 
adult male, a small, gilled larval hellbender (total length = c. 5 
cm) was observed walking and swimming from under the same 
rock. This rock was in run habitat with 0.5 m water depth and 
approximately 50–60 m from a large pool at the base of a small 
waterfall. The larva did not appear to be stressed or injured. 
After emerging from under the rock, the larva circled and walked 
back under it in the same area that the adult male returned to 
upon release. We were unable to capture this larva for processing 
before it re-entered the large rock.

In a final example, on 08 August 2012 in the Hiwassee River 
drainage, Cherokee Co., North Carolina, USA, we collected an 
adult male C. a. alleganiensis (total length = 37 cm) from under a 
large, flat rock measuring 1.2 x 2.1 m in size. During the capture, 
a gilled larva (total length = 7 cm) was swept into a net positioned 
on the downstream side of the rock. We noticed no injuries on 
the larva during processing. The rock was in run habitat with 0.3 
m water depth and in a river section with bedrock and sand as 
the predominant substrate. After processing, both the adult male 
and the gilled larva were placed at the downstream entrance 
to the capture rock, where they both crawled back under and 
remained.

Although we cannot determine how long the larvae from each 
observation occupied the same rocks as the adult males, it is 
possible that the larvae were remaining young from the previous 
season’s brood and were still being protected under their natal 
rocks by the adult males.  The size of the larvae suggests that they 

Fig. 2. An adult Japanese Giant Salamander (Andrias japonicus) re-
gurgitating the embryo of a Sika Deer (A and B) and finally expelling 
it (C), on a handmade scale.
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were less than one year of age (Bishop 1941, op. cit.; Nickerson 
and Mays 1973, op. cit.), which supports this hypothesis. 
Another possibility is that shelter rocks had separate cavities or 
compartments within that provided the larvae refuge from being 
in direct contact with the adults and were thus able to avoid 
being cannibalized. A third alternative that must be considered 
is that the larvae observed in the latter two observations may 
have entered the rocks of the adult males opportunistically 
immediately prior to our surveys. The hellbender populations 
at our three localities are robust and appear to be stable which 
could increase the chance of larval/adult associations.

We thank Shem Unger for encouraging us to report these 
observations.

JOHN D. GROVES, North Carolina Zoological Park, 4401 Zoo Parkway, 
Asheboro, North Carolina 27205, USA (e-mail: johngroves2005@yahoo.
com); LORI A. WILLIAMS, North Carolina Wildlife Resources Commission, 
177 Mountain Laurel Lane, Fletcher, North Carolina 28732, USA (e-mail: lori.
williams@ncwildlife.org); SEAN P. GRAHAM, Sul Ross State University, De-
partment of Biology, Geology, and Physical Sciences, Alpine, Texas 79832, 
USA (e-mail: sean.graham@sulross.edu).

PLETHODON CINEREUS (Eastern Red-backed Salamander). 
MOVEMENT. Lungless salamanders (family Plethodontidae) 
are relatively sedentary and are presumed to have limited dis-
persal ability (Marsh et al. 2004. Ecology 85:3396–3405). Site fi-
delity in Plethodontidae is high, and individuals displaced 90 m 
return to home territories (Kleeberger and Werner 1982. Copeia 
1982:409–415). Individuals defend territories (Jaeger et al. 1982. 
Anim. Behav. 30:490–496) and female home ranges have been es-
timated to be 24.34 m2 (Kleeberger and Werner 1982, op. cit.). Fe-
males may seek out suitable subsurface habitat to oviposit eggs, 
yet little is known about their maximum movement distances 
(Petranka 1998. Salamanders of the United States and Canada. 
Smithsonian Institution Press, Washington. 587 pp.). 

On 18 September 2014, a female P. cinereus (lead back 
morphotype; SVL = 44.68 mm; 0.89 g) was found under a 
coverboard during a standard sampling event and uniquely 
marked using visual implant elastomer at the S.O. Conte 
Anadromous Fish Research Center, Massachusetts, USA 
(42.59280°N, 72.58070°W, datum WGS84; elev. 74 m). This 
individual was subsequently recaptured at ~1500 h on 8 October 
2014 under a coverboard within 3 m of the original capture 
location and then again ~1430 h on 16 October 2014 under a 
log, within the same forest patch, though in a 50 x 150 m area 
adjacent to the original study area. Because we found the marked 
salamander while collecting multiple individuals for a laboratory 
study, the exact recapture location of the marked individual is 
not known. However, the distance between the 8 October capture 
location and the nearest edge of the 16 October search area (i.e. 50 
x 150 m) was 143 m, indicating a minimum movement distance. 
As far as we are aware, this is the longest recorded movement 
for P. cinereus by more than 53 m (Kleeberger and Werner 1982, 
op. cit.). This finding followed a rain event of 1.63 cm within 24 h 
and the second largest sustained rain event during October. The 
movement we observed may have been due to disturbance from 
handling and marking, although this was minimized in the field.

SEAN C. STERRETT (e-mail: seansterrett@gmail.com), ADRIANNE B. 
BRAND, WILLIAM R. FIELDS, RACHEL A. KATZ, EVAN H. CAMPBELL 
GRANT, United States Geological Survey, Northeast Amphibian Research 
and Monitoring Initiative, Patuxent Wildlife Research Center, SO Conte 
Anadromous Fish Research Laboratory, One Migratory Way, Turners Falls, 
Massachusetts 01376, USA.

PLETHODON HUBRICHTI (Peaks of Otter Salamander). BE-
HAVIOR. On 13 September 2014, while examining a site lo-
cated near Onion Mountain, Bedford Co., Virginia, USA, where 
Plethodon hubrichti and P. cinereus are sympatric, we discovered 
a P. hubrichti (SVL ca. 48 mm) biting a P. cinereus (SVL ca. 30 mm) 
beneath a rock on the forest floor (Fig. 1). The P. cinereus vis-
ibly struggled during our observation with no noticeable effect 
on the P. hubrichti. The P. hubrichti appeared to have complete 
physical dominance over the P. cinereus. After a couple of min-
utes of observation, the P. hubrichti released its grasp and both 
salamanders retreated to the leaf litter. Both salamanders ap-
peared to be unharmed.

Interference competition with P. cinereus, including agonistic 
behavior and territoriality, is thought to be a factor influencing 
the range boundaries of several Plethodontid species, including 
P. hubrichti (Arif et al. 2007. Evol. Ecol. Res. 9:843–854). The range 
of P. hubrichti is limited to a 19-km length of the Blue Ridge 
Mountains in Virginia and it is sympatric with the wide-ranging P. 
cinereus along the edge of its range (Petranka 1998. Salamanders 
of the United States and Canada. Smithsonian Institution Press, 
Washington, DC. 587 pp.). Aggressive behaviors, such as lunging 
and biting, have been documented between P. hubrichti and 
P. cinereus; however, most behavior studies take place in the 
laboratory and these behaviors are rarely observed in the field. 
Although there is no dietary evidence that suggests P. hubrichti 
regularly consumes other salamanders (Arif et al. 2007, op. cit.) 
the size difference between the observed individuals suggests 
that the P. hubrichti was capable of swallowing the P. cinereus.

ANDREW KNIOWSKI, Department of Fish and Wildlife Conservation, 
Virginia Tech, Blacksburg, Virginia 24061, USA (e-mail: kniowski@vt.edu); 
RENÉE PIETSCH, Department of Biological Sciences, Virginia Tech, Blacks-
burg, Virginia 24061, USA.

TRITURUS MACEDONICUS (Macedonian Crested Newt). TAIL 
AUTOTOMY. Tail autotomy is one of many anti-predator adapta-
tions and is particularly common in lizards (e.g., Arnold 1988. In 
Gans and Huey [eds.], Biology of the Reptilia, Vol. 16, pp. 253–273 
Alan R. Liss, New York; Bateman and Fleming 2009. J. Zool. 277:1–
14). The tail plays an important role in defensive behavior in 
salamanders: it may be elevated, undulated, and wagged or con-
voluted, and autotomized (Brodie 1977. Copeia 1977:523–535; 
Jablonski and Balej 2014. Herpetol. Rev. 45:302–303). However, 
tail loss can result in loss of fitness as many animals, including 

Fig. 1. Plethodon hubrichti biting a smaller P. cinereus.
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salamanders, use the tail to store energy as fat (Arnold 1988, 
op. cit.; Maginnis 2006. Behav. Ecol. 17:857–872; Bateman and 
Fleming 2009, op. cit.). Regeneration of the tail may require an 
increase in feeding rate and diversion of energy from growth or 
other life processes (Maginnis 2006, op. cit.; Marvin 2013. J. Her-
petol. 47:174–178). Tail loss may also affect behavior, reproduc-
tion, and movement (e.g., swimming, running, and diving; Fox 
and McCoy 2000. Oecologia 122:327–334; Maginnis 2006, op. cit.; 
Marvin 2010. Copeia 2010:468–474; Marvin 2013, op. cit.). Cases 
of caudal autotomy in caudate amphibians are not usual; it is 
well established in salamanders of the family Plethodontidae, 
which occasionally can shed the end of their tails (e.g., Brodie 
1977, op. cit.; Ducey et al. 1993. Biotropica 25:244–349; Romano 
et al. 2010. Acta Herpetol. 5:199–205). 

Triturus macedonicus is an endemic and widespread species 
in western parts of the Balkans (Wielstra et al. 2014. Amphibia-
Reptilia 35:376–381). On 4 October 2013, during fieldwork 
carried out in Albania, we discovered a population (approx. 20 
individuals) of this species inhabiting a mountain waterhole 
in the Korab Mountains (41.6823°N, 20.5210°E, datum WGS84; 
elev. 1776 m). Several specimens were caught for photography 
and other documentation. Tail loss was recorded in one adult 
male during handling. The newt, after twisting movements of 
the tail, lost approximately 30 mm of the distal portion of its 
tail, accompanied with a small volume of blood. The discarded 
part of the tail then undulated approximately for 120 seconds. In 
other specimens of the same population regenerated tails were 
not observed. Several specimens (including the adult male) had 
old injuries on their tails. This observation was photographed 
and filmed (video available at: http://www.balcanica.info/video/
Triturus_macedonicus_Albania_autotomy_131004.avi). 

To our knowledge, this is the first observation of voluntary 
tail loss in the genus Triturus. However, we suggest that future 
research on skeletal morphology in crested newts is necessary. 

ZDENĚK MAČÁT, Department of Ecology and Environmental Sci-
ences, Palacký University, Šlechtitelů 11, 78371, Olomouc, Czech Repub-
lic (e-mail: zdenek.macat@gmail.com); EDVÁRD MIZSEI, Department of 
Evolutionary Zoology and Human Biology, University of Debrecen, H-4010 
Debrecen, P.O. Box 3, Hungary (e-mail: edvardmizsei@gmail.com); DANIEL 
JABLONSKI, Department of Zoology, Comenius University in Bratislava, 
Mlynská dolina B-1, 842 15, Bratislava, Slovakia (e-mail: daniel.jablonski@
balcanica.cz).

ANURA — FROGS

AMEEREGA TRIVITTATA (Three-striped Poison-dart Frog). 
MALE SIZE AND REPRODUCTIVE SUCCESS. Male Ameerega 
trivittata exhibit parental care by transporting tadpoles on their 
dorsum (Fig. 1) from their initial oviposition sites under leaves 
or palm sheaths to larger sources of standing water where they 
complete their development (Roithmair 1994. Copeia 1994:107–
115). Males generally transport the entire brood in a single 
trip when tadpoles reach approximately 18 days of age (Roith-
mair 1994, op. cit.). Male body size has been used as a measure 
of mate quality in anurans. For example, larger males may be 
able to mate with larger and more fecund females (Bowcock et 
al. 2013. Current Zool. 59:747–753) or transport more tadpoles 
(Ringler et al. 2013. Front. Zool. 10:67). In dendrobatid species, 
where males transport their young, one measure of reproductive 
success is the number of tadpoles a male carries. Here we test the 
hypothesis that the number of tadpoles transported is positively 
correlated with male size. 

This study was conducted 28 May 2013–03 June 2013 in 
Brownsberg Nature Park in the Republic of Suriname (4.94799°N, 
55.18271°W; datum WGS 84). Twenty-three male A. trivittata 
carrying tadpoles were captured by hand or handheld net as 
they approached tadpole deposition sites. Deposition sites 
were water-filled puddles ranging from 3–15 m in the middle of 
a dirt road surrounded by forest vegetation. We measured SUL 
of each male to the nearest 0.01 mm using calipers, counted the 
number of tadpoles present using a 10x magnifying lens, and 
then released the male with his tadpoles at their point of capture. 
To statistically assess the relationship between the number of 
tadpoles transported and male SUL, we used Pearson product 
movement correlation (Minitab 16 statistical software, Minitab 
Inc., State College, Pennsylvania). Male SUL ranged from 33.1 to 
38.9 mm (mean = 35.7 mm, SD = 1.61). The number of tadpoles 
transported ranged from 3–28 (mean = 17.6, SD = 7.15). We found 
a significant positive correlation between the number of tadpoles 
transported and male SUL (N = 23; p < 0.003; r = 0.60; Fig. 2). In 
contrast, the number of tadpoles transported was not correlated 
with male size in male A. trivittata in Peru (Roithmair 1994, 
op. cit.). This lack of relationship may simply be due to limited 

Fig. 1. Male Ameerega trivittata transporting tadpoles to a large pud-
dle in Brownsberg Nature Park, Republic of Suriname.

Fig. 2. Correlation between the number of tadpoles transported and 
male snout–urostlyle length in Ameerega trivittata at Brownsberg 
Nature Park, Republic of Suriname. 
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sample size (N = 8 versus N = 23 in the current study) or it may 
represent population differences in female choice, paternal care, 
clutch size, or predation of eggs or tadpoles before transport. 
Further research may elucidate whether factors involving female 
choice or paternal care result in the positive relationship between 
tadpole numbers and male size. 

We thank Paul Ouboter for his help and suggestion of a field 
site, Robby Dragman for his assistance in coordinating field 
and lodging logistics, and Tom Mathies and Paul Kaseloo for 
providing valuable suggestions on the manuscript. Funding was 
provided by a National Science Foundation HBCU-UP (USA) 
grant to C. d’Orgeix. 

CHRISTIAN A. D’ORGEIX (e-mail: cdorgeix@vsu.edu), IVAN V. 
MONAGAN JR., KAYLA ROBINSON, PAIGE SCOTT, Department of Bi-
ology, Virginia State University, Petersburg, Virginia 23806, USA; RAWIEN 
JAIRAM, Vertebrate Department of the National Zoological Collection, 
University of Suriname, Paramaribo, Suriname. 

ANAXYRUS WOODHOUSII (Woodhouse’s Toad). NECROPHIL-
IA. Necrophilia has been reported previously for amphibians 
(e.g., Meshaka 1996. Florida Sci. 59:74–75; Bettaso et al. 2008. 
Herpetol. Rev. 39:462; Sinovas 2009. Herpetol. Rev. 40:199; Over-
vides and Zaidan 2013. Herpetol. Rev. 44:655–656), but these re-
ports documented only the discovery of amplexed pair(s). Here-
in I report persistence of a male Anaxyrus woodhousii amplexing 
a deceased anuran.

At 1525 h on 10 May 2014 one of us (JCJ) observed a male A. 
woodhousii in axillary amplexus with a dead, bloated toad (Fig. 
1) at an abandoned slate mine pool at the Ouachita Mountains 
Biological Station, Arizona, USA (34.45811°N, 93.99894°W, datum 
WGS84; elev. 488 m). At 1330 h the following day (11 May 2014) 
the pair was under a partially submerged stem at the southwest 
corner of pool, approximately 2.5 m from the original location. 
The male A. woodhousii moved its left hind leg, apparently 
to maintain an upright position as the carcass seemed to be 
tilting; the wind created a small clockwise current in the pool. At 
1400 h the following day (12 May 2014), the pair was still in the 
southwest corner of the pool; the male toad was still moving its 
legs. JCJ was unable to locate the pair on 13 May 2014; there had 
been 56 mm rain overnight. On 14 May 2014, JCJ discovered the 
intact, upside down, carcass of the female toad; LMH confirmed 
the amplexed individual as a female A. woodhousii. 

Bull (2000. Behav. Process. 51:7–20) reported that a male 
Tiliqua rugosa (Sleepy Lizard) courted a dead female conspecific 
for two days. The toads reported here were in amplexus for at 

least 45 h. It is unclear when the toads initially amplexed; the 
first rain of the month (73.66 mm), which filled the pool, was on 
9 May 2014.

JO-ANN C. JENNIER, Ouachita Mountains Biological Station, 281 Polk 
Road 615, Mena, Arizona 71953, USA (e-mail: jjennier@msn.com); LAU-
RENCE M. HARDY, Museum of Life Sciences, Louisiana State University at 
Shreveport, 1 University Place, Shreveport, Louisiana 71118, USA.

CROSSODACTYLUS GAUDICHAUDII. PREDATION. Anuran 
larvae are an important component of the food web in aquatic 
ecosystems. Most tadpoles feed on algae, detritus and/or other 
animals (Altig et al. 2007. Freshwater Biol. 52:386–395), and in-
corporated nutrients are transferred to the next trophic level 
when they are consumed by fish and macro-invertebrate preda-
tors. Crabs are one of the most important invertebrate preda-
tors of anurans, preying on both adults and larvae (Wells 2007. 
The Ecology and Behavior of Amphibians. University of Chicago 
Press, Chicago, Illinois. 1400 pp.; Pyke et al. 2013. Herpetol. Notes 
6:195–199). However, there is a lack of information about preda-
tion on tadpoles by macro-detritivores in Atlantic Forest streams. 
Here, we report a common freshwater crab species from the At-
lantic rainforest feeding on a tadpole in a permanent water body 
habitat.

At 2230 h on 22 January 2014, during visual encounter 
surveys near the Cachoeira das Almas waterfall (22.948855°S, 
43.286212°W, datum WGS84; elev. 561 m), in Tijuca National Park 
(a remnant of the Atlantic Forest Biome), Rio de Janeiro, Brazil, 
we found a Trichodactylus petropolitanus (Freshwater Crab) 
feeding on a tadpole of Crossodactylus gaudichaudii (Fig. 1). 
They were found upon a rock in the stream, close to the water. 
The tadpole was already partially eaten, so we are unable to 
describe the predation event, or determine whether the tadpole 
was alive at the time of predation. However, considering the fresh 
appearance of its flesh it did not appear to be in decomposition. 
The T. petropolitanus hid itself due to our presence, and did 
not release the tadpole. Crabs have been reported preying on 
Crossodactylus schmidti (Caldart et al. 2011. North-West J. Zool. 
7:342–345). With this finding, we add an additional example of 

Fig. 1. Anaxyrus woodhousii amplexing a deceased partner on 10 
May 2014.  

Fig. 1. Trichodactylus petropolitanus feeding on a tadpole of 
Crossodactylus gaudichaudii.
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the link in the complex trophic chain in Atlantic Forest streams, 
where tadpoles are a food resource for freshwater crabs.

TATIANA MOTTA-TAVARES (e-mail: tmottatavares@gmail.com), 
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grama de Pós-Gradu ação em Ecologia e Evolução, Universidade do Estado 
do Rio de Janeiro, Pavilhão Haroldo Lisboa da Cunha, Sala 220, Rua São 
Francisco Xavier, 524, Maracanã, 20550-013, Rio de Janeiro, Rio de Janeiro 
State, Brazil; JORGE ANTÔNIO LOURENÇO PONTES, Programa de Pós-
Graduação em Ensino, Ambiente e Sociedade, Departamento de Ciências, 
Universidade do Estado do Rio de Janeiro, Rua Dr. Francisco Portela, 1470, 
Patronato, 24435-005, Rio de Janeiro, Rio de Janeiro State, Brazil; and CAR-
LOS FREDERICO DUARTE ROCHA, Programa de Pós-Gradu ação em Eco-
logia e Evolução, Universidade do Estado do Rio de Janeiro, Pavilhão Har-
oldo Lisboa da Cunha, Sala 224, Rua São Francisco Xavier, 524, Maracanã, 
20550-013, Rio de Janeiro, Rio de Janeiro State, Brazil.

DENDROBATES AURATUS (Green and Black Dart-poison Frog). 
TADPOLE DEPOSITION SITE. Artificial structures can pro-
vide valuable rearing habitat for amphibians. Many frogs use 
both natural and artificial structures for breeding and parental 
care. However, little information exists regarding the use and 
characteristics of larger artificial structures for dendrobatids. 

Dendrobates auratus is widely distributed across Panama (Dunn 
1941. Copeia 1941:88–93). Males of this species practice parental 
care by tending and actively transporting larvae in response to 
changing water conditions or rainfall (Wells 1978. Herpetologica 
34:148–155). Here I report on the use of an artificial structure for 
tadpole deposition by D. auratus.  

On 21 August 2014, I observed an adult male D. auratus (SVL 
= ca. 32 mm) with two larvae (Gosner stage 26–30) on its back 
(Fig. 1A). The adult frog was moving and depositing larvae in 
an artificial concrete structure (Fig. 1B) at a private residence 
surrounded by secondary forest and small forest patches in 
Chiriquí province, Panama (8.202724°N, 82.196791°W, datum 
WGS84; elev. 31 m). The structure measured 36.8 cm by 8.2 m and 
was filled with leaf litter with a water depth of 7.1 cm from recent 
rainfall. I observed seven D. auratus tadpoles within the artificial 
structure. This observation of frogs using larger than usual 
deposition sites provides information for future management 
of dendrobatid frogs as an alternative to previously described 
smaller artificial phytotelmata and tadpole rearing cups attached 
to tree trunks, which have proven successful as artificial breeding 
sites (Brown et al. 2009. Anim. Behav. 77:547–554; Stynoski 2009. 
Anim. Behav. 78:1351–1356). 

Thanks to Nicholas L. Unger for helping record data.
SHEM D. UNGER, Savannah River Ecology Laboratory, University of 

Georgia, Aiken, South Carolina 29802, USA; e-mail: unger@srel.uga.edu.

LEPTODACTYLUS VASTUS (Northeastern Pepper Frog). CAN-
NIBALISM. Leptodactylus vastus (recently separated from Lep-
todactylus labyrinthicus) occurs in northeastern Brazil, primar-
ily in Caatinga and adjacent Cerrado habitat (Heyer 2005. Arq. 
Zool. 37:269–348). Conspecific predation events are reported 
for a few anuran species, usually among large species (Toledo 
et al 2007. J. Zool. 271:170–177). Here we report a cannibalism 
event of L. vastus. At 0900 h on 25 May 2014 at Reserva Sapir-
anga, municipality of Mata de São João, state of Bahia, Brazil 
(12.570645°S, 38.045959°W, datum WGS84; elev. 18 m) we ob-
served a large adult L. vastus in the leaf litter near a pond at the 
edge of a river (Rio Pojuca). It had the partially ingested left leg 
of a younger L. vastus in its mouth (Fig. 1). The prey was alive but 
already had most of its thigh eaten. The predator remained still 
until we tried to capture it; it then fled into the river holding its 

Fig. 1. A) Dendrobates auratus adult male with tadpoles; B) view of 
the artificial structure used for parental care in Chiriquí province, 
Panama.

Fig. 1. Adult Leptodactylus vastus holding and injuring the left leg of 
a younger conspecific.
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prey in its mouth. Leptodactylus vastus has preyed on other ver-
tebrates such as bats (Gouveia et al. 2009. Herpetol. Rev. 40:210) 
and snakes (Ferreira et al. 2012. Herpetol. Rev. 43:147); however, 
this is the first report of adult cannibalism in this species. Canni-
balism has been observed in tadpoles of L. labyrinthicus (Silva et 
al. 2005. J. Nat. Hist. 39: 555–556); under current taxonomy that 
observation may now be assigned to L. vastus. 

This observation occurred during a field survey under 
ICMBio/SISBIO permit Nº 23355-2.

FRANCISCO PÉRICLES BRANCO BAHIENSE GUIMARÃES, Univer-
sidade Católica do Salvador, Centro de Ecologia e Conservação Animal – 
ECOA, Avenida Prof. Pinto de Aguiar, 2589, CEP 41740-090, Pituaçu, Salva-
dor, BA, Brazil (e-mail: bahiense.f.p.b.g@gmail.com); RICARDO MARQUES, 
Universidade Estadual de Santa Cruz – UESC, Campus Soane Nazaré de 
Andrade, km 16 Rodovia Ilhéus-Itabuna, Ilhéus, Bahia, Brazil (e-mail: rcd-
marquess@gmail.com); MOACIR SANTOS TINÔCO, Programa de Pós-
Graduação - Planejamento Ambiental– ECOA-UCSAL; The University of 
Kent, Canterbury – DICE, Marlowe Building, Kent, CT2 7NZ (e-mail: mo-
acirtinoco@gmail.com).

LEPTODACTYLUS VASTUS (Northeastern Pepper Frog). DIET. 
Leptodactylus vastus is a large terrestrial, nocturnal leptodactylid 
found in northeastern Brazil (Roberto et al. 2012. Biota Neotrop. 
13:320–330); it belongs to the pentadactylus group and was re-
cently split from L. labyrinthicus (Heyer 2005. Arq. Zool. 37:269–
348). In the current work, we present occurrence of predation 
of Physalaemus albifrons (Bahia Dwarf Frog) by L. vastus. Five 
specimens of L. vastus (all males; mean SVL = 10.8 ± SD 1.3 cm; 
range = 9.1–12.6 cm) were collected in the municipality Aiuaba at 
the Ecological Station of Aiuaba, Brazil (6.573476°S, 40.123564°W, 
datum SAD69; elev. 466 m) on 27 March 2011 and examined. A 
total of seven specimens of P. albifrons (mean SVL = 2.3 ± SD 0.5 
cm; range = 2.1–3.4 cm) were recovered: two in the stomach of 
one L. vastus and five in another. Voucher specimens were de-
posited in the herpetological collection of the Universidade 
Regional do Cariri–URCA-H (LZ 1309 and LZ 1320 for L. vastus 
and P. albifrons, respectively). Physalaemus albifrons is a small 
anuran, found in northeastern Brazil (Roberto et al. 2012. Biota 
Neotrop. 13:320–330). To our knowledge, this is the first time P. 
albifrons has been documented in the diet of L. vastus. 

We thank Igor Roberto Joventino for identifying the 
Physalaemus albifrons and CAPES for the scholarship granted to 
DAT, AAMT, and SCR. FUNCAP provided a scholarship to JKR and 
CNPq provided a schorlaship to SCR. ICMBio granted permission 
to collect under license SISBIO (System Authorization and 
Information on Biodiversity, No. 27542-2, process no. 96683918).
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Federal da Paraíba – UFPB , Cidade Universitária, Campus I, CEP 58059-900, 
João Pessoa, PB, Brazil.

ODONTOPHRYNUS MAISUMA. ATTEMPTED PREDATION. 
Odontophrynus maisuma is a recently described fossorial frog 
restricted to coastal areas of Uruguay and southern Brazil (Ros-
set 2008. J. Herpetol. 42:134–144). Some information has been 
published on its ecology, but data on its predators are lacking. 
During a herpetological survey of a grassland area associated 
with coastal sand dunes in the municipality of Rio Grande, Rio 

Grande do Sul, Brazil (32.2175°S, 52.2222°W, datum WGS84; elev. 
3 m), we observed a xenodontine snake Lygophis anomalus at-
tempting predation on O. maisuma. At 1120 h on 17 September 
2014, we observed an adult female L. anomalus (total length = 55 
cm) in grassland with its head burrowed in the ground. The snake 
was attempting to pull the frog from its burrow, and loops of the 
snake’s body were braced against the grass for leverage. During 
photography of the event, we disturbed the snake, which imme-
diately released the frog and began to tongue flick rapidly. The 
frog had inflated its body and was injured on the right portion of 
its head (Fig. 1). After 10 min. the snake fled, leaving the frog at 
the burrow entrance. The frog remained inflated for around one 
minute then retreated to its burrow.

Lygophis anomalus feeds on a variety of vertebrates, primarily 
anurans (Panzera and Maneyro 2014. South Am. J. Herpetol. 9:75–
82). Panzera and Maneyro (2014, op. cit.) found representatives 
of six anuran families as prey; however, this is the first report 
of O. maisuma. Both L. anomalus and O. maisuma inhabit 
wet environments and open grasslands and their distribution 
overlaps in coastal zones of Uruguay and southern Brazil. Thus, 
we suggest that predation of O. maisuma by L. anomalus may be 
a frequent occurrence in these areas.

LEONARDO FELIPE BAIROS MOREIRA (e-mail: leonardobm@gmail.
com), and NATÁLIA PALUDO SMANIOTTO, Universidade do Vale do Rio 
dos Sinos, Av. Unisinos, 950, São Leopoldo, Rio Grande do Sul, Brazil.

OSTEOPILUS SEPTENTRIONALIS (Cuban Treefrog). 
CANNIBALISM. Osteopilus septentrionalis is an invasive exotic 
anuran in southwest Florida. The rate at which O. septentrionalis 
has spread across the South Florida landscape and the possible 
impacts it is having to native treefrogs has been studied with 
little hope given to any potential control. It has been suggested 
that one of the major characteristics allowing their spread is 
a generalized adult diet and the propensity of their tadpoles 
to employ cannibalism (Babbitt et al. 2000. Copeia 2000:469–
474). At 0900 h on 11 October 2014, we witnessed an adult O. 
septentrionalis cannibalizing a juvenile (Fig. 1) in the vegetation 
near the parking lot of the CREW Marsh Hiking Trails, Collier Co., 
Florida, USA (26.492096°N, 81.534240°W; datum WGS84). Post-
metamorphic cannibalism in this species is often written about 
in non-scientific literature and species accounts with no evidence 
presented to substantiate the claims (Johnson 2013. The Cuban 

Fig. 1. Adult Odontophrynus maisuma and Lygophis anomalus fol-
lowing predation attempt.
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Treefrog (Osteopilus septentrionalis) in Florida. http://edis.ifas.
ufl.edu/pdffiles/UW/UW25900.pdf; 8 December 2014). In fact, 
most use the word “cannibalism” to mean that they eat other frogs 
rather than conspecifics (http://allaboutfrogs.org/info/species/
cuban.html; 8 December 2014). We fully expect that others have 
observed similar behaviors as our own in this species. And in 
fact, it has been demonstrated in lab experiments (Wyatt and 
Forys 2004. Southeast. Nat. 3:695–700). However, definitive proof 
of post-metamorphic cannibalism has not been scientifically 
documented in wild populations of O. septentrionalis, which 
is the purpose of this note. Future research should be done to 
determine if this was an isolated event, a common opportunistic 
event with little impact at the population level, or if it is a density-
dependent prey-switching behavior that represents a new self-
regulation system within this invasive population.

JOHN E. HERMAN (e-mail: jherman@fgcu.edu), ALEXANDRA BEN-
TON, and IVETTE NIKOL IRIZARRY, Department of Biological Sciences, 
Florida Gulf Coast University, 10501 FGCU Boulevard South, Fort Myers, 
Florida 33965, USA. 

PELOBATES FUSCUS (Common Spadefoot). REPRODUCTIVE 
BEHAVIOR. Calling in immature amphibian specimens has been 
observed in several European anurans, including Pelobates fuscus. 
Calling in P. fuscus has been observed in pre-adults (SVL = 33–37 
mm; Müller 1984. Salamandra 20:121–142). Males generally reach 
sexual maturity at the age of two and females at the age of three 
years (Wiener 1997. In Hödl et al. [eds.], Populationsbiologie von 
Amphibien: Eine Langzeitstudie auf der Wiener Donauinsel, pp. 
165–181. Stapfia 51). As they mature, male P. fuscus develop oval 
glands on the dorsal surface of the front legs which can appear 
nine months after metamorphosis (SVL = 37.3–40.4 mm; mass 
= 5–10 g; Nöllert 1990. Die Knoblauchkröte. A. Ziemsen Verlag, 
Wittenberg Lutherstadt. 144 pp.). What is notable in P. fuscus is 
that the females also emit vocalizations (Seglie et al. 2013. Bull. 
Soc. Herpetol. Fr. 145–146:61–72). Here we describe calling 
activity and the forming of a lumbar amplexus in captive post-
metamorphic P. fuscus.  

On 20 April 2012 small portions (8–10 cm) of eleven P. fuscus 
egg strings were collected from Valthe population in Drenthe 
province, the Netherlands (52.505747°N, 6.525512°E; datum 
WGS84) and the subsequent larvae were reared as part of a 
reintroduction program. The majority of larvae were released 
into the wild prior to metamorphosis. Some specimens were 

retained for educational purposes. Metamorphosis occurred at 
approximately eleven weeks of age after which they were kept 
terrestrially in groups of up to five animals in small terraria (30 
x 38 x 25 cm) with a sandy soil substrate taken from their natural 
habitat. Invertebrates such as Acheta domesticus, Alphitobius 
laevigatus, and Lumbricus terrestris were offered twice a week 
and water was permanently available in a small bowl. After being 
kept in these terraria for two weeks, two individuals (SVL = 28 
and 30 mm; mass = 3.0 g and 3.2 g) were placed in shallow water 
(approx. 4 cm deep) from 21–29 July 2012. Oval glands were 
absent in these specimens so sex determination was impossible. 
From 24 July 2012 on, calling activity was observed sporadically 
on a daily basis. During the only three visual observations, calling 
took place at the water surface; it is unknown if it also occurred 
in a submerged position, a behavior that P. fuscus normally 
exhibits. Calling was always brief and only observed during the 
day, mainly between 1000 h and 1700 h. The sound differed from 
that of adults in duration and pitch but was not recorded and it 
proved impossible to discern whether both specimens exhibited 
this behavior. On 27 July 2012, at 1500 h, two longer lasting calling 
periods were observed. A visual checkup showed the juveniles 
had formed a lumbar amplexus which lasted approximately 
28 minutes. Our case further demonstrates that calling and 
the formation of lumbar amplexus can be observed in post-
metamorphic P. fuscus only two weeks post-metamorphosis; 
thus prior to their first hibernation. 

We thank A. Nöllert for reviewing a draft of this 
correspondence.

RICHARD P. J. H. STRUIJK (e-mail: r.struijk@ravon.nl), WILBERT BOS-
MAN, Reptile, Amphibian & Fish Conservation Netherlands, Natuurplaza, 
Toernooiveld 1, 6525 ED Nijmegen, the Netherlands; WARREN SPENCER, 
Artis Royal Zoo, Plantage Kerklaan 38-40, 1000 HD Amsterdam, the Neth-
erlands.

PELOBATES SYRIACUS (Syrian Spadefoot). CANNIBALISM. 
Cannibalism has been observed in early life history stages of 
many amphibian species (Babbitt and Meshaka 2000. Copeia 
2000:469–474; Pfennig and Murphy 2000. Evolution 54:1738–
1749; Vera Candioti 2005. Acta Zool. 86:1–11); however, less is 
known about cannibalism in the terrestrial phase of the anuran 
life cycle. Herein we report cannibalism in a Pelobates syriacus . 
On 12 July 2013 we witnessed an adult male P. syriacus (SVL = 

Fig. 1. Adult Osteopilus septentrionalis cannibalizing a juvenile. 

Fig. 1. Adult male Pelobates syriacus attempting to ingest a conspe-
cific juvenile.
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66.2 mm, 35.9 g) trying to swallow a juvenile of the same species 
(SVL = 37.4 mm, 7.0 g; Fig. 1); while we were taking pictures the 
adult regurgitated its prey, which seemed to be unharmed, and 
we were able to measure them both. The observation was made 
in the southern part of the Danube Delta Biosphere Reserve 
(Constan→a Co., Romania), on a natural levee (Grindul Lupilor) 
separating Lakes Zmeica and Sinoe (44.620194°N, 28.812306°E, 
WGS84; elev. -2 m). After the mass land migration of newly meta-
morphosed spadefoots on 18–20 June 2013, a high density of ju-
veniles was recorded at the site (up to 8800 juveniles/ha, unpubl. 
data). As far as we are aware, our observation is the first record of 
cannibalism for this species.

This observation is part of our study on Pelobates species 
supported by the Romanian National Authority for Scientific 
Research, CNCS-UEFISCDI grant, project number PN-II-ID-
PCE-2011-3-0173.

DIANA SZÉKELY (e-mail: diana@butanescu.com), PAUL SZÉKELY, 
and DAN COGĂLNICEANU, University Ovidius Constanţa, Faculty of Natu-
ral Sciences, Al. Universităţii 1, corp B, 900470 Constanţa, Romania.

TESTUDINES — TURTLES

CHELYDRA SERPENTINA (Snapping Turtle). WATERFOWL 
PREDATION. Chelydra serpentina is an omnivorous resource 
generalist that has been observed preying on aquatic and semi-
aquatic birds (Ernst and Lovich 2009. Turtles of the United States 
and Canada, 2nd ed. Johns Hopkins Univ. Press, Baltimore, Mary-
land. 827 pp.). Numerous species and age/size classes of water-
fowl prey have been described in the diet of C. serpentina, such 
as adult Aechmophorus occidentalis (Western Grebe) (Igl and 
Peterson 2010. Waterbirds. 33:105–109), adult Leucophaeus atri-
cilla (Laughing Gull) (Alexander 1921. Auk 38:596), and cygnet 
and adult Cygnus buccinator (Trumpeter Swan) (Moriarty 1990. 
Minnesota Herpetol. Soc. Newsl. 10:4; Lumsden 2013. Can. Field 
Nat. 127:138–145), among other species (see Coulter 1957. J. Wildl. 
Manage. 21:17–21; Ernst and Lovich 2009, op. cit.; Igl and Peterson 
2010, op. cit.). Here we report predatory behavior and the first, to 
our knowledge, documented observation of predation of a Mergus 
merganser (Common Merganser) by C. serpentina.

At approximately 1000 h on 31 July 2014, an adult female M. 
merganser and five young-of-the-year juveniles were observed 
swimming along the shoreline of a shallow bay in Clear Lake, 
located in central Ontario, Canada (45.2530°N, 79.7877°W; datum 
WGS84). All individuals were repeatedly submerging their heads 
underwater, a characteristic definition of food searching behavior 
in M. merganser (Wood and Hand 1985. Can. J. Zool. 63:1260–1270). 
At approximately 1005 h, the female M. merganser was bitten on 
the lower right abdomen and flank by a C. serpentina (Fig. 1). The 
M. merganser silently struggled and beat its right wing and hind 
foot on the carapace and head of the C. serpentina. During this 
time, the juveniles rapidly swam away and were not observed in 
the bay again that day. At approximately 1007 h the M. merganser, 
with the C. serpentina still biting the lower flank, floated away 
from the shoreline and into deeper water in the bay. It, however, 
could not be determined which individual was instigating this 
movement (i.e., whether the M. merganser was moving on its 
own accord or being forcefully dragged into open water by the C. 
serpentina). Once out into deeper water, the C. serpentina began 
submerging the M. merganser, doing this three times over the 
course of approximately 10 minutes, each time holding the M. 
merganser underwater for approximately 15 seconds. In addition 
to maintaining a secure grip on the M. merganser with its jaws, 

the C. serpentina used its foreclaws to hold the bird in place (as 
has been observed previously during oversized prey handling in 
C. serpentina; Igl and Peterson, op. cit.; pers. obs.). Initially the 
M. merganser struggled, beating its wings and trying to resurface 
when submerged. However, by the third submergence the M. 
merganser had stopped struggling. At approximately 1018 h, the 
C. serpentina again completely submerged the M. merganser. The 
bird struggled for approximately 30 seconds while underwater, 
released a stream of bubbles, then ceased all movement. Within 30 
seconds of the bird’s death, the C. serpentina released the bird from 
its jaws, abandoning the carcass, and the bird floated up to the 
surface of the water. We did not directly observe the C. serpentina 
consuming the M. merganser, however upon inspection the next 
day, the head and neck of M. merganser were gone from the body. 
It is unclear if this was by C. serpentina or a scavenger. The C. 
serpentina was not captured for measurement but was estimated 
to have a straight carapace length of ca. 40 cm, likely making 
the turtle a male (Ernst and Lovich 2009, op. cit.). This repeated 
submergence and drowning of avian prey has been documented 
in other instances of C. serpentina predation (Alexander 1921, op. 
cit.; Igl and Peterson 2010, op. cit.). This observation serves as a 
contribution towards the predatory behavior and feeding ecology 
of C. serpentina.   

COLLEEN B. BOBBIE (e-mail: cbobbie@laurentian.ca), PATRICK D. 
MOLDOWAN, Laurentian University, Sudbury, Ontario, Canada, P3E 2C6 
(e-mail: pmoldowan1@laurentian.ca); BRIAN A. BOBBIE, Altech Environ-
mental Consulting, Toronto, Ontario, Canada, M4H 1E9. 

CHELYDRA SERPENTINA (Snapping Turtle). WINTER MOR-
TALITY. Turtles in northern latitudes may spend half the year in 
hibernation. Winter mortality is typically low, but overwintering 
can be stressful and lead to death due to freezing, prolonged an-
oxia, or predation (Ultsch 2006. Biol. Rev. 81:339–367). Mortality 
events can result in the death of many turtles.  For example, 186 
turtles from eight species died when a pond froze to the bottom 
in Iowa (Christiansen and Bickham 1989. J. Herpetol. 23:91–94).

On 6 May 2014, six adult Snapping Turtles were found dead 
at Mud Lake, a permanent waterbody >10 ha in size located in 
the Britannia Conservation Area in Ottawa, Ontario, Canada 
(45.371181°N, 75.794249°W, datum WGS84). There were four 
males (mean carapace length: 32.5 cm, range: 30.5–36.0 cm) and 
two females (mean carapace length: 28.8 cm, range: 27–30.5 cm). 
One adult male was found on shore, and the remaining turtles 

Fig. 1. Chelydra serpentina biting the lower right flank of an adult fe-
male Mergus merganser, Clear Lake, Central Ontario, Canada. 
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were found floating just off shore along the southern margin 
of the lake. All of the turtles appeared to be in good condition, 
except for the turtle on shore which had bite marks on the head 
and left front shoulder, which may have occurred after death. No 
other species of turtle was found dead, even though >100 adult 
Chrysemys picta (Painted Turtle) are known to occur in the lake. 
It is unclear when the lake became ice free, but on 18 April it was 
still ~90% iced over.

Average monthly minimum temperatures for the winter 
were compared with the monthly minimum temperatures 
of the 30-year (1981–2010) climate normal from the Ottawa 
International Airport which is <10 km from Mud Lake (http://
climate.weather.gc.ca/climate_normals/results_1981_2010_e.
html?stnID=4337&lang=e&StationName=ottawa&SearchTy
pe=Contains&stnNameSubmit=go&dCode=1). Each month 
from November to April was colder than the climate normal. 
On average the monthly minimum temperature was 2.8°C 
(range: 1.0-5.7°C) colder than the 30-year climate normal. A 
colder than average winter could result in thicker ice causing 
some shallow portions of the lake to freeze to the bottom. C. 
serpentina is known to hibernate in shallow water near shore 
(Ultsch, op. cit.) and turtles in these areas may have died 
from freezing. Alternatively, a cold winter may have resulted 
in a longer than normal ice cover, causing turtles to die from 
prolonged anoxia. It is unknown what percentage of the adult 
C. serpentina population died. Adults were not observed less 
frequently in 2014, suggesting a significant portion of the 
population survived.  It is unclear how often these kinds of 
mortality events occur, but dead turtles should be searched for 
after colder than average winters.

DAVID C. SEBURN, Seburn Ecological Services, 2710 Clarenda St, Ot-
tawa, Ontario, K2B 7S5, Canada; e-mail: davidseburn@sympatico.ca. 

CHRYSEMYS PICTA (Painted Turtle) and CHELYDRA SERPEN-
TINA (Snapping Turtle). RAILROAD MORTALITY. Railways can 
lead to turtle mortality when individuals become entrapped be-
tween rails and expire from overheating, dehydration, or train 
impacts (Kornilev et al. 2006. Herpetol. Rev. 37:145–148; Enge-
man et al. 2007. Herpetol. Rev. 38:331–332). Herein, I report ob-
servational evidence of railroad mortality in two turtle species. 
On 3 June 2014, at ~1300 h, I observed a dead adult female Chrys-
emys picta in the center of a railway adjacent to wetlands in Lime 
Ridge, Pennsylvania, USA (41.024208°N, 76.366718°W, datum 
WGS84; elev. ~150 m). The turtle’s carapace was partially crushed 
and extensive blood loss was evident. Mortality appeared to have 
occurred shortly before my observation. No obvious evidence 
of predation or scavenging was present on the C. picta carcass. 
Due to the nature of the turtle’s injuries and frequent locomo-
tive traffic along this railway (pers. obs.), it is likely that mortality 
resulted from direct impact with a passing train. 
 In August 2014, I observed the carcass of a medium-sized 
adult Chelydra serpentina in the middle of a railway adjacent to 
a pond in Espy, Pennsylvania, USA (41.010206°N, 76.416294°W, 
datum WGS84; elev. ~150 m). The C. serpentina carcass had ex-
perienced partial decay and desiccation. Because of the state 
of decomposition, it was impossible discern whether the ani-
mal experienced mortality directly from a train impact or had 
expired from overheating, dehydration, or predation resulting 
from entrapment between rails (Kornilev et al., op. cit.).
    In Pennsylvania, C. picta nest in late May–June and have 
been noted to use rocky substrates associated with railroad 
beds for nesting (Hulse et al. 2001. Amphibians and Reptiles of 

Pennsylvania and the Northeast. Cornell Univ. Press, Ithaca, New 
York. 419 pp.; Bieber-Ham 2011. Population and Nesting Ecol-
ogy of Painted Turtles [Chrysemys pica] in Pennsylvania. Honor’s 
Thesis. Dickenson College, Pennsylvania. 37 pp.). Therefore, it is 
likely that the female C. picta became trapped between rails and 
expired while searching for nesting substrate associated with the 
railway. Likewise, female C. serpentina in Pennsylvania nest in 
late May–June and often utilize substrate associated with rail-
ways, including railway substrate near the location in which the 
aforementioned C. serpentina carcass was observed (Hulse et al., 
op. cit.; pers. observ.). Though the sex of the carcass could not be 
determined, this individual may have been a female that became 
entrapped between rails and expired during the nesting season. 
I thank Brittney R. Dieter for providing literature references. 

SEAN M. HARTZELL, Department of Biological and Allied Health Sci-
ences, Bloomsburg University of Pennsylvania, Bloomsburg, Pennsylvania 
17815, USA; e-mail: smh14844@huskies.bloomu.edu.

EMYDID TURTLES. UNUSUAL BASKING LOCATION.  Emydid 
turtles are most often observed basking aerially in aquatic set-
tings (Boyer 1965. Ecology 46:99–118). Basking turtles primarily 
occupy deadwood structure when available (Lindeman 1998. 
Chelon. Conserv. Biol. 3:137–141), but will also opportunisti-
cally use other basking sites such as mammal lodges (e.g., bea-
ver lodges; WS, pers. obs.) and anthropogenic structures (e.g., 
boat dock crossbeams, rope tethers; Lindeman 2013. The Map 
Turtle and Sawback Atlas: Ecology, Evolution, Distribution, and 
Conservation. University of Oklahoma Press, Norman. 460 pp.).  
Herein, we report an unusual basking location—an active nest 
of a reintroduced Whooping Crane (Grus americana)—used by 
emydid turtles in southwestern Louisiana, USA.

As part of an ongoing program to monitor the status of a 
Whooping Crane reintroduction in southwestern Louisiana, 
periodic monitoring was made of a crane nesting attempt in 
Avoyelles Parish (Louisiana) during Spring/Summer 2014.  The 
nest was situated in an actively fished, commercial crawfish 
pond (Procambarus clarkii); these ponds are ephemerally 
flooded to promote crawfish production and often host an 
abundance of waterbirds (Huner et al. 2002. Waterbirds 25:66–
78) and turtles (WS, pers. obs.).  On 11 June 2014, a photograph 
was taken by SZ of the nesting crane via an aerial survey.  After 
review of the photograph, a large emydid turtle was observed 
basking on the nest mound along with the incubating crane; the 

Fig. 1. Deirochelyine turtle basking on active nest of Whooping Crane 
in southwestern Louisiana.
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turtle species could not be identified beyond family Emydidae, 
subfamily Deirochelyinae.  On 12 June 2014, CS and CG made a 
second observation via ground blind of an emydid turtle basking 
on the nest mound (1505 h; conditions: 31°C, overcast with light 
rain).  It was basking close to the incubating adult and remained 
there until 1607 h when the crane stood on the nest to preen 
and stretch its legs.  On 20 June 2014, a third observation was 
documented by SZ and CS via ground blind of an emydid turtle 
that emerged to bask on the nest mound (1109 h; conditions: 
28°C, sunny with scattered clouds).  The turtle basked within 
5–10 cm of the incubating crane (Fig. 1) and basked until SZ and 
CS left the site (1117 h).  

Measurements of the nest mound by CG, CS, and SZ could 
not be taken until nesting had ceased (26 June 2014) to minimize 
disturbance and potential nest failure. The diameter of the nest 
measured from 92–96 cm across, with the nest mound protruding 
13 cm above the water level.  The water depth at the nest measured 
29 cm, with mean water depth in the four cardinal directions 
similar to the level observed at the nest (mean = 30.3 cm, range 
29–32 cm).  The percent open water surrounding the nest was 
greater at 1 m (100%) and 5 m (100%), than at 10 m (70%).  

Due to the distance between the observer and nest, the 
species identification was difficult to determine in all three 
observations beyond emydid subfamily Deirochelyinae. For 
the third observation, SZ took a photograph (Fig. 1) and upon 
closer inspection, the turtle has prominent yellow markings on 
the pleural scutes of the carapace and a short neck, probably 
eliminating Deirochelys reticularia (Chicken Turtle). Based on 
the characteristics of the turtle in the photograph, the type of 
habitat, and the abundance of Trachemys scripta (Slider) relative 
to Pseudemys concinna (Cooter) in this habitat type (WS, pers. 
obs.), it appears most likely to be an adult T. scripta of unknown 
sex.  This is also the most likely species in observations #1 and #2, 
but cannot be definitively confirmed.  

During these observations, both crane and turtles did not 
appear to show any aggression towards each other. Whooping 
Cranes can be quite aggressive towards other bird species and 
conspecifics within their nesting territory (Allen 1952. The 
Whooping Crane. Research Report No. 3 of the National Audubon 
Society. New York, New York. 246 pp.), but also readily accept 
other nearby birds or non-predatory mammals (Lewis 1995. In 
A. Poole [ed.], The Birds of North America Online. Cornell Lab 
of Ornithology; http:bna.birds.cornell.edu/bna/species/153; 
accessed 23 September 2014). For the turtle, however, an 
emergent nest mound is likely a very desirable basking substrate 
and similar to the characteristics of mammal lodges.  These sites 
are desirable because they are 1) surrounded completely by water 
to avoid terrestrial predators; 2) the field of view is unobstructed, 
thereby lowering predation risks from aerial predators; and 
3) it lacks vegetation and increases the thermoregulatory 
potential of the site early in the spring.  Vegetation is thick on 
the surrounding levees of crawfish fields (see Fig. 1) which likely 
reduces its desirability as a basking site for all reasons listed 
above. To our knowledge, this is the first report of emydid turtles 
using a Whooping Crane nest as a basking site.

WILL SELMAN, Rockefeller Wildlife Refuge, Louisiana Department 
of Wildlife and Fisheries, 5476 Grand Chenier Hwy, Grand Chenier, Loui-
siana 70643, USA (e-mail: wselman@wlf.la.gov); SARA ZIMORSKI (e-mail: 
szimorski@wlf.la.gov), CHAD GASPARD (e-mail:cgaspard@wlf.la.gov), 
White Lake Wetlands Conservation Area, Louisiana Department of Wildlife 
and Fisheries, P.O. Box 480, Gueydan, Louisiana 70542, USA; CHARLES C. 
SMITH (e-mail: csmith@agcenter.lsu.edu), PHILLIP VASSEUR, Louisiana 

State University, 227 Renewable Natural Resources Bldg, Baton Rouge, 
Louisiana 70803, USA (e-mail: plv3449@gmail.com).

EMYDOIDEA BLANDINGII (Blanding’s Turtle). JUVENILE 
DIET.  Adult Blanding’s Turtles are known for being primar-
ily carnivorous (reviewed by Ernst and Lovich 2009. Turtles of 
the United States and Canada. 2nd edition. Johns Hopkins Uni-
versity Press, Baltimore, Maryland. 840 pp.). For example, past 
reports indicate that crustaceans and insects are important di-
etary components, but they also consume various vertebrates 
and vegetation (Lagler 1943. Am. Midl. Nat. 29:257–312; Kofron 
and Schreiber 1985. J. Herpetol. 19:27–40; Rowe 1992. J. Herpe-
tol. 26:111–114). Although the diet of adult Blanding’s Turtles is 
well known, little is known about the diet of juveniles.  Juveniles 
are secretive, and past studies have noted the difficulty in detect-
ing/capturing them during population research (Congdon et al. 
1993. Conserv. Biol. 7:826–833). The difficulty associated with 
capturing juvenile Blanding’s Turtles poses challenges to investi-
gation of their dietary habits. We were able to obtain dietary data 
on a radio-tracked juvenile Blanding’s Turtle that was part of an 
ongoing study conducted in Rock Co., Wisconsin, USA. These 
findings apparently represent some of the first published data 
on diet and feeding ecology for a juvenile Blanding’s Turtle.

A radio-tagged juvenile Blanding’s Turtle (straight-line 
carapace length: 122.25 mm, carapace width: 89.71 mm) was 
removed from the field and brought into the lab on 7 July 2014, 
to replace a damaged transmitter (3.9 g, model PD-2, Holohil 
Systems Ltd., Carp, Ontario). Prior to transmitter replacement, 
the turtle was placed in a large plastic container partially filled 
with water. While in the water, the turtle defecated and was 
subsequently removed. The water and fecal sample were next 
carefully strained through a 1-mm mesh sieve to acquire all 
available remains from the feces. The retained fecal sample 
was placed in 70% ethanol to prevent degradation and later 
investigated. The collected remains were first separated into 
broad categories (i.e., belonging to an insect, or plant remnants, 
etc.) by sifting through them under a dissecting microscope.  
All invertebrate remains were further investigated under a 
dissecting scope and identified to taxonomic family.  This 
was accomplished by comparing the fragments found in the 
fecal sample to preserved specimens of local aquatic macro 
invertebrates that have been previously collected and identified. 
Given the number of representative fragments observed, it was 
possible to estimate the number of individuals in each family 
identified.

The fecal matter contained primarily insect remains and 
only 2% of the discernable sample contained plant fragments.  
The insects identified are frequently found in wetlands, and 
included members of the families Dytiscidae (N = 14 larvae), 
Belostomatidae (N = 6; adults and various eggs), Corixidae 
(N = 4), Notonectidae (N = 4), adult Hydrophilidae (N = 2), 
and Nepidae (N = 1). Members of the families Dytiscidae, 
Belostomatidae,  Corixidae, and Notonectidae can be found in 
water depths less than 30 cm (Krull 1970. J. Wildl. Manag. 34:707–
718; Ward 1992. Aquatic Insect Ecology 1: Biology and Habitat, 
John Wiley and Sons, Inc., New York. 456 pp.). These insects 
are considered nektobenthic, meaning they are competent 
swimmers that also spend substantial time attached to the 
stems of submergent/emergent aquatic vegetation, rather than 
the sediments (Ward 1992, op. cit.).  The insect remains found 
in the fecal matter contribute to a better understanding of this 
juvenile Blanding’s Turtle’s diet and where it fed. For example, 
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given that many of the insects consumed rest on the stems of 
aquatic vegetation, the juvenile turtle likely spent time feeding 
off of vertical structures in shallow water, rather than off of the 
bottom.  This is consistent with the habitats where radio-tracked 
juveniles are typically found, which contain ample shallow water 
and emergent vegetation. It is noteworthy that neither hard 
crustacean (e.g., amphipods and juvenile crayfish) nor gastropod 
(e.g., snail) remains were found in the fecal sample, despite their 
abundance in southern Wisconsin wetlands.  This is particularly 
interesting given that crustaceans are commonly consumed by 
adults (Lagler 1943, op. cit.; Kofron and Schreiber 1985, op. cit.), 
which suggests that juvenile and adult diets may vary. We did 
not find evidence of soft-bodied prey (e.g., annelids and some 
species of dipteran larvae), which break down prior to defecation 
and may have been under-represented in our sample.  This note 
is based on one sample, and additional research on the dietary 
preferences of juvenile Blanding’s Turtles is desirable. 

We thank G. and P. Shackelford, Mr. and Mrs. Hodge, C. 
Sweeny, S. Yates, C. Vogel, M. Watrous, R. Conway, B. Parker, E. 
Sweeney, J. Van Altena, the Shearer Family, R. Hay, and S. Foster 
for their financial and/or logistical support. 
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GLYPTEMYS MUHLENBERGII (Bog Turtle) and CLEMMYS 
GUTTATA (Spotted Turtle). SHARED NEST SITE. Glyptemys 
muhlenbergii is a federally-threatened (USFWS) species that 
inhabits tussock-dominated fens and other early-successional 
wetlands with deep mucky soil in New York State. Females tend to 
choose unshaded, vegetated hummocks for nesting sites, laying 
a clutch of 2–6 eggs (Whitlock 2002. PhD dissertation. University 
of Massachusetts, Amherst) in a shallow depression that they dig 
with their hind legs and cover with soil and vegetation. There are 
numerous observations of female G. muhlenbergii sharing hum-
mocks or nesting cavities with conspecific females (Whitlock 
2002, op. cit.; Janson Tesauro, Suzanne Macey, and Alvin Breisch, 
pers. comm.), and even ejecting an earlier-laid clutch in the pro-
cess of digging and laying (A. Whitlock, pers. comm.).
 On 12 June 2013, a radio-tracked female G. muhlenbergii was 
observed laying eggs in an excavated nest on the top of a hum-
mock at approximately 1700 h in Putnam County, New York, USA 
(specific location withheld due to conservation concerns). At 
that time, there were four eggs already in the nest and she was 
still actively laying. The following evening, there were seven eggs 
in the nest, covered with a thin layer of sphagnum. 
 On 26 August, all seven eggs were intact within the nest. On 
4 September the eggs had hatched (100% hatching success), and 
two hatchling turtles remained in the nest. One was a G. muh-
lengergii; the other was a Clemmys guttata. G. muhlenbergii and 
C. guttata are known to share hibernacula (Ernst 1976. J. Herpe-
tol. 10:25–33), but to our knowledge this is the first documented 
instance of nest sharing between these two species. 
 Other species of freshwater turtle have been shown to place 
their eggs in microhabitats that differ from random in vegeta-
tive cover and nest temperature (Wilson 1998. Ecology 79:1884–
1892). The nesting hummock observed in this instance was cov-
ered in tussock sedge, sweet flag, other forbs and sphagnum and 
was not directly shaded by woody shrubs. Although this is con-
sistent with observations of other G. muhlenbergii nest locations, 

the hummock did not seem outwardly unique within this habi-
tat, which abounds with sedge and forb-dominated hummocks. 
The phenomenon of multiple females using the same hummock 
or nest cavity, with greater numbers of hatchlings emerging over 
a longer time window, might predictably increase the predation 
risk to eggs or hatchlings (Baker et al 2013. Can. J. Zool. 91:451–
461); Whitlock (2002, op. cit.) found depredation of Bog Turtle 
nests was highest in the weeks immediately following laying and 
later during hatchling emergence. This suggests there may be 
subtle cues that female turtles use to determine the suitability 
of a hummock that are perhaps similar in these two species, and 
that are more important than the increased predation risk that 
using common nesting spaces may create. Perhaps females are 
attracted to areas visited by other females, especially if similar 
nest-site characteristics are sought; attraction to other turtle’s 
nests may decrease time spent searching for and testing nest 
sites and minimize predation risk for exposed females.
 Funding for this project was through the New York State Wild-
life Grants program grant T2-2-R-1 in cooperation with the U.S. 
Fish and Wildlife Service, Wildlife and Sport Fish Restoration Pro-
gram. 

KELLY FARRELL (e-mail: Kelly.Farrell@dec.ny.gov), and LISA MASI, 
Department of Environmental Conservation Bureau of Wildlife, 21 South 
Putt Corners Rd., New Paltz, New York 12561-1620, USA. 

GOPHERUS POLYPHEMUS (Gopher Tortoise). NEST AND BUR-
ROW DEFENSE. Gopherus polyphemus lives in underground 
burrows and females often deposit their eggs within the bare 
sand “apron” at their burrow entrance. G. polyphemus has been 
documented guarding their nests from humans during daylight 
hours (Grosse et al. 2012. Chelon. Conserv. Biol. 11:148–151) but 
to our knowledge, defensive behavior has not been documented 
with non-human predators, or at night. Although not native to 
the southeastern United States, natural dispersal and transloca-
tion by humans since the early 1900s (Fitch et al.1952. J. Mam-
mal. 33:21–37) have drastically expanded the range of Dasypus 
novemcinctus (Nine-banded Armadillo), and it is now abundant 
throughout much of the Southeast. The following observations 
of nest and burrow defense occurred at the Joseph W. Jones Eco-
logical Research Center in Baker Co., Georgia, USA.

During the 2014 G. polyphemus nesting season, as part of a 
study on nest predation, we used motion sensing trail cameras 
(UWAY VH400HD, Norcross, Georgia) to monitor 24 active tor-
toise burrows (Auffenberg and Franz 1982. In R. B. Bury [ed.], 
North American Tortoises: Conservation and Ecology, pp. 95–
126. USDI Fish and Wildlife Service Wildlife Research Report 12) 
containing artificial nests constructed with chicken eggs and 16 
active burrows containing natural tortoise nests. The cameras 
detected G. polyphemus exhibiting aggressive behavior toward 
D. novemcinctus at four (10%) monitored nests. Between 19 
June and 20 June 2014 from 2050 to 0210 h, we recorded a fe-
male G. polyphemus exhibiting aggressive behavior in defense 
of her burrow, which contained a natural nest (located ~20 cm 
from the burrow entrance and 15.2 cm below ground) from a 
D. novemcinctus. This tortoise was observed on video lunging 
toward the D. novemcinctus and attempted to bite, but did not 
leave the entrance of the burrow. Despite the behavior of the 
tortoise, the D. novemcinctus fully depredated the nest during 
this event. We documented this behavior a second time with a 
different tortoise of unknown gender on 16 July 2014 at 0558 h. 
This tortoise was successful in driving the D. novemcinctus away 
from the burrow, and the nest (located ~27 cm from the burrow 
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entrance and 16 cm below ground) subsequently hatched on 8 
October 2014. 

On 15 July and 19 July 2014 at 0500 and 0434 h, respectively, 
we documented two additional G. polyphemus exhibiting ag-
gressive behavior toward D. novemcinctus. These tortoises were 
filmed at the entrance of their burrows lunging toward a D. 
novemcinctus, but to our knowledge, no natural tortoise nest was 
present at their burrows. However, D. novemcinctus may have 
been attracted to these burrows because they contained artificial 
nests, but we do not expect that the presence of an artificial nest 
would alter the resident tortoise’s behavior. Our observations 
indicate that G. polyphemus defend their burrows and possibly 
their nests from D. novemcinctus. 

MICHELINA C. DZIADZIO (e-mail: mdziadzi@jonesctr.org) and LORA 
L. SMITH, Joseph W. Jones Ecological Research Center, 3988 Jones Center 
Drive, Newton, Georgia 39870-8522, USA. 

GRAPTEMYS SABINENSIS (Sabine Map Turtle). KYPHOSIS. Ky-
phosis has been described in a number of chelonian species with 
most occurring in cryptodirans (Rhodin et al. 1984. Brit. J. Herpt-
etol. 6:369–373; Trembath 2009. Chelon. Conserv. Biol. 8:94–95). 
Among Graptemys, kyphosis had previously only been observed 
in G. oculifera (Ringed Sawback; Selman and Jones 2012. Che-
lon. Conserv. Biol. 11:259–261). During riverine turtle population 
studies in southwestern Louisiana, two female G. sabinensis ex-
hibiting kyphosis were captured in fyke nets, the first records of 
kyphosis for the species. 
 Female #1 was captured near Estherwood, Louisiana, USA 
(30.2027°N, 92.4886°W; datum WGS84) on Bayou Plaquemine 
Brule, a tributary of the Mermentau River on 28 August 2013 with 
a midline plastron length (MPL) of 10.9 cm, a carapace height 
(CH) of 6.6 cm, and a mass of 265 g (Fig. 1A). Female #2 was cap-
tured near Mermentau, Louisiana, USA (30.1729°N, 92.9010°W; 
datum WGS84) on the Mermentau River on 5 September 2013 
with an MPL of 16.6 cm, a CH of 9.4 cm, and a mass of 1050 g (Fig. 

1B). The deformity of Female #2 also included slight scoliosis 
(left lateral curvature of the spine at vertebral 2 and 3) suggestive 
of kyphoscoliosis. Female #1 possessed no additional physical 
abnormalities (Fig. 1A), while Female #2 had several carapacial 
scute abnormalities (14 left and 13 right marginal scutes, 6 ver-
tebral scutes, and 5 left plural scutes) and severe damage to the 
rear plastron (Fig. 1B). 
 These individuals represented 0.93% of the 216 G. sabinen-
sis captured in the Mermentau drainage and 0.38% of the 530 G. 
sabinensis caught across the Sabine, Calcasieu, and Mermentau 
rivers. The prevalence of kyphosis in G. sabinensis appears high 
relative to other turtle studies documenting kyphosis: 0.10% of 
3830 G. oculifera (Selman and Jones, op. cit.), 0.06% of 21,786 
Trachemys scripta (Tucker et al. 2007. Herpetol. Rev. 38:337), 
0.36% of 833 Emydura macquarii (Trembath, op. cit.). However, 
larger sample sizes from the Sabine and Calcasieu rivers would 
be needed to compare kyphosis prevalence across drainages be-
cause kyphosis is rare and our sample sizes were small compared 
to other studies. 

IRVIN J. LOUQUE JR., Lake Charles, Louisiana 70601, USA (e-mail: 
irvinlouque@gmail.com); WILL SELMAN, Rockefeller Wildlife Refuge, 
Louisiana Department of Wildlife and Fisheries, Grand Chenier, Louisiana 
70643, USA; CYBIL C. HUNTZINGER, Department of Biological Sciences, 
University of Southern Mississippi, Hattiesburg, Mississippi 39401, USA; 
EDDIE K. LYONS, Harold and Pearl Dripps Department of Agricultural Sci-
ences, McNeese State University, Lake Charles, Louisiana 70609, USA.

KINOSTERNON BAURII (Striped Mud Turtle). AUTO-
HIRUDINOPHAGY. Ecological interactions between turtles and 
leeches (Hirudinea) are typically viewed in the context of host-
parasite relationships (Telford 1984. In G. Hoff et al. [eds.], Dis-
eases of Amphibians and Reptiles, pp. 385–518. Plenum Press, 
New York; Brown et al. 1994. Copeia 1994:228–231; Raedel et al. 
2008. Copeia 2008:227–233). However, leeches have also been 
documented as prey for some chelonians (e.g., Chelydra ser-
pentina, Chrysemys picta, Emydoidea blandingii, Graptemys 
ouachitensis, G. versa, Kinosternon flavescens, Macrochelys tem-
minckii, Sternotherus odoratus; Ernst and Lovich 2009. Turtles of 
the United States and Canada. Johns Hopkins University Press, 
Baltimore, Maryland. 827 pp.). When observed, these predatory 
interactions involved turtles consuming leeches that were not at-
tached to a host (Ernst 1986. J. Herpetol. 20:341–352) or turtles of 
one species (C. picta) biting leeches that were attached to turtles 
of another species (C. serpentina) (Krawchuck et al. 1997. Can. 
Field Nat. 111:315–318). Herein, we describe observations of two 
Kinosternon baurii consuming leeches (Placobdella parasitica) 
attached to their own bodies. 

On 1 June 2014 at approximately 1500 h, we captured one 
adult male (80 mm CL) and one adult female (62 mm CL) K. bau-
rii in a pond on the Santa Fe College campus in Gainesville, Flor-
ida, USA (29.68279°N, 82.43869°W, WGS84; elev. 52 m) as part of 
a long-term mark-recapture study. Prior to measuring the turtles, 
we observed their behavior while they were temporarily housed 
in a plastic container (65 x 43 x 39 cm) filled with pond water to a 
depth of approximately 10 cm. At 1545 h, we observed the male 
bite at his own right hind limb and consume an attached leech. 
The male then fully extended his neck, turned his head 180°, 
and bit at the skin beneath the anterior edge of his carapace two 
times, each time consuming an attached leech. At 1555 h, we ob-
served the female also extend her neck, turn her head 180°, and 
consume four leeches attached to the skin near the anterior edge 
of her carapace. Our observations represent the first report of 

Fig. 1. A) Kyphotic Graptemys sabinensis female #1 captured on 
Bayou Plaquemine Brule near Estherwood, Louisiana. b) Kyphotic 
female #2 captured on the Mermentau River near Mermentau, Lou-
isana. 
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leeches in the diet of K. baurii and the first report of this species 
eating leeches attached to its own body. We term this behavior 
autohirudinophagy. Bourque (2011. Herpetol. Rev. 42:232–234) 
reported two captive Sternotherus minor removing leeches from 
their shells and limbs but could not tell if they were consumed; 
some leeches were attached to the inside of their mouths. No 
leeches remained in the mouths of the K. baurii we observed. 
Novelli et al. (2009. Herpetol. Rev. 40:435–436) observed four Bra-
zilian Snake-necked Turtles (Hydromedusa maximiliani) remov-
ing dead skin and turbellarian ectosymbionts from their own 
axillary and inguinal pockets in the laboratory. Consumption 
was not noted. Atmospheric and terrestrial basking that may aid 
in ectoparasite removal only rarely occur in these species (Ernst 
and Lovich 2009; Novelli et al., op. cit. and references therein; 
Mitchell and Johnston 2012. Herpetol. Rev. 43:127). Autohirun-
dinophagy and grooming may be alternatives to using basking as 
a means of removing leeches and skin in bottom-walking turtles 
that seldom bask (Novelli et al., op. cit.; this study).

GERALD R. JOHNSTON, Department of Natural Sciences, Santa Fe 
College, Gainesville, Florida 32606, USA (e-mail: jerry.johnston@sfcollege.
edu); JORDAN SCHMITT, 5165 SW 13th Place, Gainesville, Florida 32607, 
USA (e-mail: coralsnake712@live.com); JOSEPH C. MITCHELL, Florida Mu-
seum of Natural History, University of Florida, Gainesville, Florida 32611, 
USA (e-mail: dr.joe.mitchell@gmail.com).

KINOSTERNON HIRTIPES (Rough-footed Mud Turtle). MAXI-
MUM SIZE AND HABITAT. Kinosternon hirtipes occurs from 
extreme western Texas, south into northern and central Mexico 
(Ernst and Lovich 2009. Turtles of the United States and Canada. 
2nd edition.  Johns Hopkins University Press, Baltimore, Maryland. 
827 pp.). In Texas, K. hirtipes is restricted to the Alamito Creek 
drainage in Presidio Co. and classified as a threatened species by 
the Texas Parks and Wildlife Department owing to its limited distri-
bution and continuing habitat degradation (Texas Parks and Wild-
life Department 2013. Species of Conservation Concern. Available 
from: www.tpwd.state.tx.us). Kinosternon hirtipes is considered 
among the least-studied of North American turtles and very little 
is known concerning its natural history (Ernst and Lovich, op. cit.; 
Lovich and Ennen 2013. Amphibia-Reptila 34:11–23). We here re-
port a new maximum size record for K. hirtipes and describe the 
habitat where this turtle was captured.

On 9 March 2013, one of us (JLS) captured a large male K. 
hirtipes in a double-throated wire mesh trap (1 m long × 30 cm 
wide) baited with canned sardines (packed in soybean oil) and 
set in a livestock pond located on a private ranch approximately 
57 km SE of the town of Marfa, Texas. The straight-line carapace 
length (CL) of this turtle measured 195 mm; other measurements 
were: carapace width = 120 mm; plastron length = 145 mm; 
plastron width = 78 mm; shell depth = 80 mm; body mass = 982 
g. Because the plastral annuli were worn and no longer visible, we 
were unable to estimate the age of this turtle (Iverson et al. 1991. 
J. Herpetol. 25:64–72). The turtle was permanently marked by 
notching a unique series of marginal scutes (Cagle. 1939. Copeia 
1939:170–173) and released about 10 minutes after being captured 
and measured. The CL of this turtle exceeds the previously reported 
size maximum for K. hirtipes (CL = 185 mm; Ernst and Lovich, op. 
cit.) by 10 mm. Furthermore, the CL of this turtle is considerably 
larger than the asymptotic CL of 188 mm calculated by Platt et 
al. (unpubl.) for a sample (N = 27) of recaptured K. hirtipes from 
another wetland in the Alamito Creek drainage.

The pond (elevation approximately 1100 m) where the record-
sized turtle was captured is a spring-fed natural wetland within 

the Alamito Creek drainage that was modified by damming to 
provide water for livestock. The pond is steep-sided with an 
estimated surface area of 6418 m2 and averages 5.0 m deep; the 
substrate is mud. Because the pond is fed by an artesian spring, 
water levels remain relatively constant throughout the year, 
even under drought conditions. Water temperature ranged 
from a high of 23.7°C in summer to a low of 15.8°C in winter. 
The water is relatively clear and the bottom of the pond (5 m) is 
readily visible; Secchi depth was measured at 5.0 m. The pond 
supports dense stands of emergent aquatic vegetation (Scirpus, 
Typha, and Poaceae) and approximately 30% of the surface area 
is dominated by Typha. Notably, this is one of the few ponds in 
the area to support dense stands of Typha, which are typically 
eradicated by landowners to maintain open water. Mats of Chara 
and filamentous algae are present in open water. The surrounding 
landscape was formerly arid grassland (Wilde and Platt 2011. 
J. Big Bend Studies 23:85–106), but is now dominated by Honey 
Mesquite (Prosopis glandulosa) and Creosote Bush (Larrea 
tridentata). In addition to the record-sized K. hirtipes, five other 
large adult males (mean CL ± 1SD = 166 ± 8.8 mm; range = 156–
178 mm), but no females were trapped in this pond from 2011 
through 2014 as part of an on-going population study (Smith et al., 
unpubl. data). The nearest other pond known to harbor K. hirtipes 
is located approximately 8.7 km away. There is no connectivity 
between these populations, which are isolated by intervening 
desert landscape. Populations of Red Shiner (Cyprinella lutrensis), 
sunfish (Lepomis spp.), largemouth bass (Micropterus spp.), and 
catfish (Siluriformes) are present in the pond after having been 
stocked for recreational fishing by the landowner; the latter two 
fish represent likely predators of neonate and hatchling K. hirtipes. 
Although Yellow Mud Turtles (Kinosternon flavescens) are present 
in both ephemeral and permanent waterbodies in the Alamito 
Creek drainage (Platt et al., unpubl. data), none were captured in 
the pond during four years of trapping. 

There are few other published descriptions of K. hirtipes 
habitat for comparison to our data. Iverson et al. (op. cit.) found 
a large population of K. hirtipes inhabiting a springfed stream 
flowing through arid grassland in Chihuahua, Mexico. The stream 
was described as clear and fast-flowing, 100–200 cm wide (average 
width = 100 cm) and 10–100 cm deep (average depth = 50 cm) with 
a sand-gravel substrate and deeply undercut banks where turtles 
sought refuge. Dense stands of Typha were established along the 
bank in backwater areas where the current was reduced. Similarly, 
Ernst and Lovich (op. cit.) describe a population of K. hirtipes 
inhabiting a livestock pond in Texas (480 m2 and 4.0 m deep) 
that was “choked” with muskgrass (Chara sp.). Collectively, these 
reports and ours suggest that springfed permanent wetlands with 
an abundance of submerged and emergent aquatic vegetation are 
required by K. hirtipes.  Additional ecological studies of this poorly 
known species are warranted.

Turtles were collected under a Scientific Research permit 
(SPR-0307-844) issued to SGP by the Texas Parks and Wildlife 
Department. We thank the various landowners in Presidio County, 
Texas for allowing us to study turtles on their properties. Support 
for SGP was provided by Wildlife Conservation Society. Comments 
by Lewis Medlock improved an early draft of this manuscript.
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sity – Alamogordo, Alamogordo, New Mexico 88310, USA (e-mail: jsmith77@
nmsu.edu);  STEVEN G. PLATT, Wildlife Conservation Society - Myanmar 
Program, Office Block C-1, Aye Yeik Mon 1st Street, Hlaing Township, Yangon, 
Myanmar (e-mail: sgplatt@gmail.com); WIEBKE J. BOEING,  Department 
of Fish, Wildlife, and Conservation Ecology, New Mexico State University, 
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LISSEMYS PUNCTATA VITTATA (Indian Flapshell Turtle). 
CLUTCH SIZE.  The clutch size of Lissemys punctata sensu lato 
is reported to be 2–15 (Bhupathy et al. 2014.  In Rhodin et al. 
[eds.], Conservation Biology of Freshwater Turtles and Tortois-
es: A Compilation Project of the IUCN/SSC Tortoise and Fresh-
water Turtle Specialist Group. Chelonian Research Monographs 
No. 5, pp. 076.1–12). However, little is known of the reproduc-
tive attributes of Lissemys punctata vittata, a subspecies occur-
ring in peninsular India. Four specimens of  L. punctata vittata 
were confiscated by authorities in Kolkata, West Bengal, on 12 
December 2014 and were housed at the Wildlife Rescue Cen-
tre (Saltlake), Kolkata. On 18 December 2014 at ca. 1830 h we 
found a clutch containing 12 eggs in the turtle’s enclosure. Egg 
diameter ranged from 26.06–30.24 mm (mean = 27.68 mm) and 
the weight ranged from 10.8–14.6 g (mean = 12.45 g). We kept 
the eggs in a batch of six in two plastic boxes with vermiculite 
as substrate for artificial incubation. Unfortunately, facilities to 
maintain suitable incubation temperatures for the eggs were 
lacking at the rescue center and the eggs appeared non-viable. 
We thank the Forestry Department of West Bengal for their co-
operation.

ANIRBAN CHAUDHURI, Nature mates-Nature club, Jodhupur Park, 
Kolkata 700068, West Bengal, India (e-mail: abchaudhuri@gmail.com); 
JAYADITYA PURKAYASTHA, Help Earth, Guwahati 781007, Assam, India 
(e-mail: mail.jayaditya@gmail.com).

MALACLEMYS TERRAPIN LITTORALIS (Texas Diamond-
backed Terrapin). SOCIAL OR GROUP BURROWING. Social be-
havior in turtles is often seemingly related to limited resources, 
and is presumably beneficial if it increases mating success or 
access to resources. For example, Snapping Turtles (Chelydra 
serpentina) display territorial behavior that may allow them to 
defend resources and potential mates (Galbraith et al. 1987. Can. 
J. Zool. 65:2623–2629). Malaclemys terrapin has been observed 
participating in mating aggregations (Hauswaldt and Glenn 
2005. Mol. Ecol. 14:723–732) and lekking (Estep 2005. Thesis: 
College of Charleston), however, social burrowing behavior has 
not been reported to date.
 We observed “social burrowing” behavior of Malaclemys ter-
rapin littoralis during an ongoing mark-recapture population 
monitoring study on South Deer and North Deer Islands, as well 
as in a marsh along Sportsman’s Road on Galveston Island, in 
West Galveston Bay, Texas, USA between 2010–2011. A literature 
review indicates that this is the first reported occurrence of social 
or group burrowing in M. terrapin littoralis. Burrows were found 
during randomized terrestrial line transects and varied in loca-
tion between creek beds, lowland frequently-submerged marsh, 
and upland vegetated marsh. These burrows were typically locat-
ed in a natural occurring depression in the marsh, but were also 
dug by the terrapins in a few cases. We observed social burrows 
during December through September, but did not locate any so-
cial burrows in October and November. Burrows contained 3–15 
terrapins, and sex ratios in the burrows varied between months. 
Sex ratios favored females in every month with the exception of 
September, with the average number of females being more than 
double the average number of males from May through August. 
In some cases, groups of individual terrapins were recaptured 
together in separate burrowing events. Spatial and temporal 
distribution of burrows did not appear to be related to available 

habitat and resources, such as vegetation density, composition, 
or distance from water. This suggests that these burrows could 
potentially be indicative of mating aggregations rather than a 
resource-dependent behavior. We found that 95% of the burrows 
occurred less than 6.5 m from a waterbody, which includes the 
open bay as well as tidal creeks within the interior of South Deer 
island,, and that the average vegetation cover at the site of the 
burrow was 71.8%. Females found in these social burrows were 
frequently gravid as determined with ultrasound imaging. On 
average, we observed more terrapins per burrow in August and 
a greater number of burrows in June compared to other months.
 Further investigation into the cause and temporal and spatial 
distribution of these social burrows is desirable. Any trends we 
observed were statistically insignificant, which was mainly due 
to small sample size and high variance. Discovering the cause of 
social burrowing could increase our understanding of terrapin 
mating and social behavior, and could help us better describe 
key habitats for conservation.

EMMA CLARKSON, Texas Parks and Wildlife, 824 S Fuqua St, Rock-
port, Texas 78382-4636, USA (e-mail: Emma.Clarkson@TPWD.texas.gov); 
GEORGE GUILLEN, Environmental Institute of Houston, University of 
Houston Clear Lake, 2700 Bay Area Blvd, Houston, Texas 77058-1002, USA.

MANOURIA EMYS PHAYREI (Asian Brown Tortoise). FIRE 
SCARRING. Fire scars on turtle shells result from burn injuries 
sustained during exposure to the extreme heat of fires (Ernst et 
al. 1995. Herpetol. Rev. 26:185–187; Dodd et al. 1997. Herpetol. 
Nat. Hist. 5:66–72). Fire scars are characterized by an obvious 
blanching of the scutes caused by damage and subsequent re-
pair of the keratin layers (Dodd et al., op. cit.). Regeneration af-
ter severe fire injuries can result in complete disappearance of 
sutures between the scutes, as well as extensive remodeling and 
gross distortion of the underlying bone (Dodd et al., op. cit.). Fire 
scars can occur anywhere on the shell, but are most commonly 
observed on the carapace (Mitchell et al. 2005. Herpetol. Rev. 
36:169). Fire scars have been reported on the shells of various 
chelonians in Southeast Asia, including Sibenrockiella crassicol-
lis (Mitchell et al., op. cit.), Cuora amboinensis (Platt et al. 2001. 
Chelon. Conserv. Biol. 4:154–159; Ives et al. 2008. Chelon. Con-
serv. Biol. 7:240–248), Melanochelys trijuga (Mitchell and Rho-
din 1996. Chelon. Conserv. Biol. 2:66–72), Geochelone platynota 
(Platt et al. 2003. Oryx 2:66–72), and Indotestudo elongata (van 
Dijk. 1998. The Natural History of the Elongated Tortoise In-
dotestudo elongata [Blyth, 1853] [Reptilia: Testudines] in a Hill 
Forest Mosaic in Thailand, with Notes on Sympatric Turtle Spe-
cies. Ph.D. dissertation, National University of Ireland at Galway. 
255 pp.; Platt et al. 2001. Chelon. Conserv. Biol. 4:172–177). We 
here report on the incidence of fire scarring among a group of 
adult Manouria emys phayrei held at two conservation-breeding 
facilities (assurance colonies) in Myanmar. 

These M. emys were originally confiscated by the Myanmar 
Forest Department from illegal wildlife traffickers in 2007. 
Although their specific provenance could not be determined, 
given our understanding of regional wildlife trafficking networks 
(Platt et al. 2000. Chelon. Res. Monogr. 2:95–100), we believe 
the tortoises were harvested within Myanmar, most likely from 
the western hill tracts (Rakhine [= Arakan] and Chin Hills) or 
southern Tanintharyi Region (formerly “Division”); however, 
we cannot rule out the possibility that some members of this 
group originated in neighboring countries (e.g., Bangladesh 
or Thailand). After confiscation the tortoises were housed in 
outdoor pens at the Yadanabon Zoological Gardens in Mandalay 
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from 2007 through early 2013. Because ambient environmental 
conditions in this extremely arid region of Myanmar proved 
unsuitable for M. emys, new facilities were constructed in Gwa 
(Rakhine State) and Maymyo (Shan State) where the prevailing 
climate is more appropriate for the propagation of this forest-
dwelling tortoise (Chan-ard et al. 1996. Chelon. Conserv. Biol. 
2:109–113).

In May 2013, prior to transferring M. emys into the 
new assurance colonies, we weighed, measured (straight-
line carapace length [CL]), and permanently marked each 
individual. We also carefully inspected the carapace and 
plastron of every tortoise for shell damage. Seven (12.2%) of 
57 tortoises (25 males and 32 females) exhibited shell damage 
consistent with published descriptions of fire scarring (Rose 
1986. Southwest. Nat. 31:131–134; Ernst et al., op. cit.; Dodd 
et al., op. cit.). To our knowledge, this is the first report of fire 
scarring among M. emys. Fire scarring was noted on the shells 
of three females (CL = 481–504 mm) and four males (CL = 399–
472 mm), and varied from a few blanched and discolored scutes 

to extensive remodeling and ossification of the carapace. In 
the most extreme case, an adult male (CL = 417 mm) exhibited 
fire damage over >50% of its carapace; sutures between most 
costal and marginal scutes had disappeared, the anterior-most 
marginal scutes were missing, and massive distortion of bony 
carapacial elements was evident (Fig. 1). 

Fire scars on the other six tortoises were located on the 
medial and posterior regions of the costal and vertebral scutes; 
some distortion of the sutures was noted in four individuals. 
The marginal scutes of three of these six tortoises also 
exhibited fire scarring, but in two cases the damage appeared 
minor and consisted of discoloration or loss of keratinized 
laminae; only one tortoise had damage to the underlying 
bone. Another tortoise also had patches of exposed bone on 
the costal and vertebral scutes where the laminae apparently 
failed to regenerate over parts of the fire-damaged carapace. 
For the most part, fire scarring was confined to the carapace 
of tortoises; however, plastral scarring was observed in two 
individuals. In one tortoise, a small area of exposed bone on the 
distal edge of the left pectoral scute appeared associated with 
minor fire scarring on the adjacent plastral bridge.  A second 
tortoise with fire scars on the rearmost vertebral and three left 
costals, exhibited plastral damage at the junction of the right 
pectoral and abdominal scutes, although this did not appear to 
be the result of a fire injury.     

The pattern of fire scars on tortoise shells that we observed is 
probably best explained by the concealment behavior of M. emys. 
In the assurance colonies we frequently find M. emys partially 
buried in loose soil with only the upper part of the carapace 
exposed aboveground (Fig. 2). This behavior seems especially 
commonplace during the dry season (mid-November through 
late May) and probably both reduces evaporative water loss 
and confers protection from fires. Should a brushfire pass over 
the buried tortoise, the costal and vertebral scutes would seem 
most likely to sustain fire injuries, while the buried plastron and 
marginal scutes would not be exposed to flames. By withdrawing 
the head and legs into the shell, the tortoise would also avoid soft 
tissue burns.

Our observations of fire scarring suggest that wildfires pose a 
danger to M. emys in Myanmar and perhaps elsewhere within its 
geographic distribution. Fire has not previously been considered 
a threat to M. emys because these tortoises generally inhabit 
tropical evergreen forests (Thirakhupt and van Dijk 1994. Nat. 
Hist. Bull. Siam Soc. 42:207–259; Chan-ard et al., op. cit.), which 
are not prone to natural burning except under extremely dry 
conditions that infrequently occur during the dry-wet season 
transition when lightning strikes can cause ignition (Stott 1988. 
Geogr. J. 15:337–350). Because tropical evergreen forests rarely 
burn under natural conditions, most fires in M. emys habitat 
are thought to be anthropogenic in origin, resulting from the 
deliberate ignition of dried fuels by shifting agriculturalists, 
pastoralists, and hunters (Rabinowitz 1990. Nat. Hist. Bull. Siam 
Soc. 38:99–115; Platt et al. 2010. Bamboo Sci. Cult. 23:1–12). 

How anthropogenic burning might impact M. emys at the 
population level remains unknown, reflecting in part, a general 
paucity of information on the fire ecology of chelonians (Russell 
et al. 1999. Wildl. Soc. Bull. 27:374–384). However, there is no 
doubt that on occasion, fires cause significant mortality among 
populations of terrestrial chelonians (Platt et al. 2010. Nat. 
Areas J. 30:254–260). For example, in Florida, USA, fire-related 
mortality among Terrapene carolina bauri inhabiting pine forests 
subjected to different prescribed burning regimes ranged from 

Fig. 1. An extreme case of fire scarring on an adult male Manouria 
emys phayrei (CL = 417 mm) confiscated from wildlife traffickers in 
Myanmar.

Fig. 2. A partially buried adult Manouria emys phayrei at an assur-
ance colony in Myanmar. This concealment behavior may explain 
the distribution of fire scars on the carapace of many burned M. 
emys. 
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10.2 to 21.6%, depending on season (Platt et al. 2010, op. cit.). In 
Southeast Asia where anthropogenic burning is common during 
the dry season (Mitchell et al., op. cit.), fire-related mortality has 
been documented in Geochelone platynota (Platt et al. 2003, op. 
cit.), Indotestudo elongata (Thirakhupt and van Dijk, op. cit.), I. 
forstenii (Platt et al. 2001. Chelon. Conserv. Biol. 4:154–159), and 
Melanochelys trijuga (Mitchell and Rhodin 1996. Chelon. Conserv. 
Biol. 2:66–72). Although reports of fire-caused mortality appear 
lacking for M. emys, the extent of fire scarring we observed in one 
individual suggests that such injuries at least occasionally result 
in death. Because the ability of turtle populations to withstand 
even moderate levels of increased mortality among larger size 
classes is doubtful (Congdon et al. 1993. Conserv. Biol. 7:826–
833; Congdon et al. 1994. Amer. Zool. 34:397–408), mortality due 
to anthropogenic burning together with over-harvesting and 
habitat destruction potentially threatens the continued survival 
of M. emys in Myanmar.     

We thank the Ministry of Environmental Conservation and 
Forestry for granting us permission to conduct research in 
Myanmar. Continuing support for assurance colonies has been 
provided by Turtle Survival Alliance and Wildlife Conservation 
Society. Additional support for SGP was provided by Andy Sabin 
and the Sabin Family Foundation. We thank Deb Levinson and 
the library staff at Wildlife Conservation Society, and Peter Paul 
van Dijk for literature. Comments by Lewis Medlock improved 
an early draft of this manuscript. The findings and conclusions 
in this article are those of the authors and do not necessarily 
represent the views of the U.S. Fish and Wildlife Service.     
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STERNOTHERUS ODORATUS (Eastern Musk Turtle). FORAG-
ING AND DIET. Eastern Musk Turtles are known omnivores, eat-
ing a variety of both live and dead animal prey, from beetles to 
tadpoles and fish, as well as algae and fleshy-leaved plants and 
fruits (Ernst and Lovich 2009. Turtles of the United States and 
Canada, 2nd edition. Johns Hopkins Press, Baltimore, Maryland. 
827 pp.).   Seeds of many Pinus species are eaten by game birds, 
rabbits, squirrels, and chipmunks, as well as by coyotes and black 
bears (Petrides 1986. A Field Guide to Trees and Shrubs, 2nd edi-
tion. Houghton Mifflin Co., Boston, Massachusetts. 464 pp.). To 
the best of our knowledge, herein we document the first report of 
an Eastern Musk Turtle consuming seeds from a pine tree.

On 21 October 2014 at 1448 h we observed a young adult 
Eastern Musk Turtle of unknown sex swimming at the surface 
of a small pond on Charlie Elliott Wildlife Center, 6.7 km S of 
Mansfield, Jasper Co., Georgia USA (3.45868°N; 83.72326°W; 
WGS 84). The turtle began to actively chase after and consume 
the drifting Loblolly Pine (Pinus taeda) seeds that were floating 
at the surface. The turtle approached each seed from below 
and grabbed it with its jaws, wresting it from the papery samara 
that allowed the seed to float. The turtle then slowly sank down 
to the pond bottom where it appeared to crush the seed before 
swallowing. In this manner the turtle was observed to consume 

approximately a dozen seeds over the course of three or four 
minutes.

BERKELEY W. BOONE, AMBER MOONEY, and JAMES MURDOCK, 
Georgia Department of Natural Resources, Charlie Elliott Wildlife Center, 
543 Elliott Trail, Mansfield, Georgia 30055 USA (e-mail: bboone@dnr.state.
ga.us). 

TERRAPENE CAROLINA (Eastern Box Turtle). DIET. Terrapene 
carolina consumes a variety of food including insects, plants, 
and fungi (Strang 1983. J. Herpetol. 17:43–47). Mushrooms have 
been noted as a common source of food (Stickel 1950. Ecol. 
Monogr. 4:351–378); however, most published investigations on 
T. carolina consumption of mushrooms fail to identify the mush-
room species. The few mushroom species noted in publications 
include Russula spp., Leccunum scaber, Amanita vaginata, and 
Cyathus striatus (Nichols 1917. Copeia 46:66–88; Dodd 2002. 
North American Box Turtles: A Natural History. University of 
Oklahoma Press, Oklahoma. 231 pp.). On 15 July 2014, an adult 
female T. carolina was found consuming a large Bicolored Bo-
lete mushroom (Boletus bicolor) in Madison Co., Kentucky, USA 
(37.57252°N, 84.22002°E, WGS84; elev. 262 m). Boletus bicolor is a 
non-toxic mushroom that is found in eastern North America and 
is hosted by the Northern Red Oak (Quercus rubra) (Homola and 
Mistretta 1977. Maine Agric. Exp. Sta. Bull. No. 735). We believe 
this represents the first documented case of B. bicolor being con-
sumed by T. carolina. 

We thank S. Bec for identifying B. bicolor and K. Dodd for 
providing insights into T. carolina mushroom consumption.

LEO J. FLECKENSTEIN, Department of Animal and Food Sciences, 
University of Kentucky, Lexington, Kentucky 40506, USA (e-mail: leo.fleck-
enstein@uky.edu); MICKEY AGHA (e-mail: mickey.agha@uky.edu), and 
STEVEN J. PRICE, Department of Forestry, University of Kentucky, Lexing-
ton, Kentucky 40506, USA (e-mail: steven.price@uky.edu). 

CROCODYLIA — CROCODILIANS

CROCODYLUS ACUTUS (American Crocodile). DIET. Croco-
dilians are considered opportunistic hunters due to their con-
sumption of a wide variety of prey items (Magnusson et al. 1987. 
J. Herpetol. 21:85–95). Platt et al. (2013. J. Herpetol. 47:1–10) re-
ported the diet of Crocodylus acutus in coastal Belize includes 
insects, birds, amphibians, reptiles, fish, mollusks, and crusta-
ceans (see also Villegas and Schmitter-Soto 2008. Acta Zool. Mex. 
24:117–124). Several species of crocodilians, including C. acutus, 
also deliberately ingest fruits (Platt et al. 2013. J. Zool. 291:87–99). 
Neonates are opportunistic predators (Platt et al. 2002. Herpetol. 
Rev. 33:202–203) and are largely insectivores (Davenport 2013. 
Treat. Est. Coast. Sci. 6:227–249), but also eat crustaceans and 
small fish (Mazzotti 1983. PhD diss. Pennsylvania State Univer-
sity. 161 pp).  Magnusson et al. (1987. J. Herpetol. 21:85–95) re-
ported that Amazonian crocodilians consume isopods, and Platt  
(2013. J. Herpetol. 47:1–10) revealed that C. acutus in Belize also 
consume isopods; however, neither identified this prey item to 
genus.  Here we report the first confirmed evidence of a hatchling 
C. acutus consuming a crustacean from the order Isopoda within 
the genus Ligia.

While collecting data for an ongoing C. acutus ecology 
study on 9 August 2013 at approximately 2115 h, a hatchling C. 
acutus was captured in coastal mangrove habitat of Florida Bay, 
Everglades National Park, Florida, USA (25.1749°N, 80.6433°W). 
The hatchling was feeding on a small isopod of the genus Ligia 
(Fig. 1) while researchers collected morphometric data. After 
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approximately 5 minutes, the crocodile released the isopod. This 
organism was further narrowed down to two possible species, 
L. baudiniana or L. exotica, however it could not be positively 
identified to species as the photograph provided (Fig. 1) did not 
show enough key identifying characteristics (William Kern, pers. 
comm.).

SETH FARRIS (e-mail: SethCFarris@gmail.com), MICHIKO SQUIRES, 
JEFFREY S BEAUCHAMP, and FRANK MAZZOTTI, University of Florida, 
Ft Lauderdale Research and Education Center, 3205 College Ave, Davie, 
Florida 33314, USA.

SQUAMATA — LIZARDS

AMEIVA AMEIVA (Green Ameiva). PREDATION. The medium-
sized terrestrial teiid lizard Ameiva ameiva (up to ca. 170 mm 
SVL) is widely distributed throughout South America, occurring 
in both open and forested biomes (Vitt and Colli 1994. Can. J. 
Zool. 72:1986–2008; Ugueto and Harvey 2011. Herpetol. Monogr. 
25:113–170). On 18 January 2006, during the afternoon, one of us 
(RBN), witnessed the predation of an adult A. ameiva by a Margay 
Cat, Leopardus wiedii (Fig. 1), in Lagoa Santa farm (17.649167°S, 
40.352778°W), municipality of Nanuque, state of Minas Gerais, 
Brazil. This site contains fragments of Atlantic Rainforest sur-
rounded by Eucalyptus plantations. 

The Margay is widely distributed from northern Mexico 
through Central and South America south to NE Argentina, 
southern Brazil, and Uruguay (Eizirik et al. 1998. J. Mol. Evol. 
47:613–624). Margays prey mainly on small mammals and birds, 
but occasionally also on frogs, lizards, and snakes (Wang 2002. 
Stud. Neotrop. Fauna Environ. 37:207–212; Rocha-Mendes et al. 
2010. Biota Neotrop. 10[4]:21–30; Bianchi et al. 2011. Zoologia 
28:427–435; Cinta-Magallón et al. 2012. Cuad. Invest. UNED 
4:33–40). Regarding predation on squamate reptiles, those 
studies (which were mostly based on analyses of scats) did not 
give precise identification of the prey, with only one (Cinta-
Magallón et al., op. cit.) providing identification to genera 
and (tentatively) to species. The present note documents the 
first record of predation on A. ameiva by L. wiedii. Although 
Margays are widely regarded as primarily arboreal felids, there 
is increasing evidence (including the present report) that they 
may forage on the ground and prey on terrestrial vertebrates 

frequently (Cinta-Magallón et al., op. cit.; Wang, op. cit.; T. G. de 
Oliveira, pers. comm.).

We thank Tadeu G. de Oliveira, Rita de Cássia Bianchi, and 
Flávio Henrique G. Rodrigues for confirming the identification 
of the felid. T. G. de Oliveira also contributed with some 
information on the behavior of margays.

ROGÉRIO L. TEIXEIRA (e-mail: rogerioanfibio@yahoo.com.br) 
and ROBERTO B. NARCISO, Museu de Biologia Prof. Mello Leitão, Av. 
José Ruschi 4, Centro, 29650–000, Santa Teresa, ES, Brazil; DAVOR 
VRCIBRADIC, Departamento de Zoologia, Universidade Federal do 
Estado do Rio de Janeiro, Av. Pasteur 458, Urca, 22240-290, Rio de Janeiro, 
RJ, Brazil (e-mail: davor.vrcibradic@gmail.com).

ANOLIS AHLI (Ahl’s Anole). MAXIMUM ELEVATION. Anolis 
ahli is distributed in Sierra de Trinidad, central Cuba (Rodrí-
guez-Schettino 1999. The Iguanid Lizards of Cuba. University 
Press of Florida, Gainesville. 428 pp.) within an elevational 
range of 250–800 m elev. (Estrada 1994. Rev. Acad. Colomb. 
Cienc. 19:353–360). Herein we report a higher elevation record 
for A. ahli. On 4 October 2013 a specimen of A. ahli (MFP 12514: 
Felipe Poey Natural History Museum, Havana, Cuba) was col-
lected on Pico San Juan (21.9890°N, 80.1475°W; NAD27), Cien-
fuegos Province, Cuba, at 1030 m elev. This new record is over 
230 m higher than the previous record (Estrada, op. cit.). Pico 
San Juan, at 1140 m elev., is the maximum elevation in central 
Cuba.

We thank Julio León, Raimundo López-Silvero, and Leosveli 
Vasallo for field assistance, and the Cienfuegos Botanical 
Garden for logistical support.

JAVIER TORRES, Departamento de Biología Animal y Humana, Fac-
ultad de Biología, Universidad de la Habana, La Habana, Cuba (e-mail: 
javiertorres@fbio.uh.cu); RUBEN MARRERO, Instituto de Ecología y 
Sistemática, La Habana, Cuba (e-mail: rubens@ecologia.cu); TOMÁS M. 
RODRÍGUEZ-CABRERA, Jardín Botánico de Cienfuegos, Cienfuegos, 
Cuba (e-mail: tomasmichel.rodriguez@gmail.com).

ANOLIS GUAMUHAYA (Escambray Bearded Anole). MAXI-
MUM ELEVATION. Anolis guamuhaya is distributed in Sierra 
de Trinidad and is apparently confined to the Guamuhaya mas-
sif, south of Sancti Spiritus, central Cuba (Garrido et al. 1991. 
Carib. J. Sci. 27:162–168). This species is found from sea level to 

Fig. 1. Hatchling Crocodylus acutus feeding on an isopod of genus 
Ligia. Fig. 1. Leopardus wiedii preying on an adult Ameiva ameiva. 

PH
O

TO
 B

Y 
R.

 B
. N

A
RC

IS
O



Herpetological Review 46(1), 2015

NATURAL HISTORY NOTES     87

900 m elev. (Garrido et al., op. cit.; Henderson and Powell 2009. 
Natural History of West Indian Reptiles and Amphibians. Uni-
versity Press of Florida, Gainesville, Florida. 496 pp.). Herein 
we report an elevation record for A. guamuhaya. On 8 October 
2013 an immature specimen (SVL = 63 mm: MFP 12515: Fe-
lipe Poey Natural History Museum, Havana, Cuba) was found 
basking in secondary vegetation on Pico San Juan (21.98939°N, 
80.14956°W; NAD27), Cienfuegos Province, Cuba, at 1015 m 
elev. This extends the known elevational range by 115 m (Garri-
do et al., op. cit.; Henderson and Powell, op. cit.). Pico San Juan, 
at 1140 m elev., is the maximum elevation in central Cuba.

We thank Julio León, Raimundo López-Silvero, and Leosveli 
Vasallo for field assistance, and the Cienfuegos Botanical 
Garden for logistical support.

JAVIER TORRES, Departamento de Biología Animal y Humana, Fac-
ultad de Biología, Universidad de la Habana, Cuba (e-mail: javiertorres@
fbio.uh.cu); RUBEN MARRERO, Instituto de Ecología y Sistemática, La 
Habana, Cuba; TOMÁS M. RODRÍGUEZ-CABRERA, Jardín Botánico de 
Cienfuegos, Cienfuegos, Cuba.

ANOLIS LUCIUS (Cave Anole). MAXIMUM ELEVATION. Anolis 
lucius is an endemic Cuban lizard with a wide distribution (Ro-
dríguez-Schettino 1999. The Iguanid Lizards of Cuba. University 
Press of Florida, Gainesville, Florida. 428 pp.) and an elevational 
range of 0–800 m (Rodríguez et al. 2010. Poeyana 498:11–20). 
Herein we report a higher elevation for A. lucius. On 26 August 
2014, a juvenile individual (MFP 12579: Felipe Poey Natural His-
tory Museum, Havana, Cuba) was observed at an elevation of 
1080 m, exceeding the previous record by 280 m. The specimen 
was found at 1030 h sleeping on an upper face of a leaf in a small 
bush at Pico San Juan (21.988917°N, 80.144556°W; NAD27), Cien-
fuegos Province, Cuba.

We thank Julio León, Raimundo López-Silvero, and Leosveli 
Vasallo for field assistance. The management of the Cienfuegos 
Botanical Garden and the staff of the weather station at Pico San 
Juan provided for logistical support.

RUBEN MARRERO, Instituto de Ecología y Sistemática, La Habana, 
Cuba (e-mail: rubens@ecologia.cu); TOMÁS M. RODRÍGUEZ-CABRERA, 
Jardín Botánico de Cienfuegos, Cienfuegos, Cuba (e-mail: tomasmichel.
rodriguez@gmail.com); JAVIER TORRES, Departamento de Biología Ani-
mal y Humana, Facultad de Biología, Universidad de la Habana, La Habana, 
Cuba (e-mail: javiertorres@fbio.uh.cu).

APHANIOTUS FUSCA (Peninsular Earless Agama). ENDOPARA-
SITES. Aphaniotus fusca occurs in southern Thailand southward 
through Peninsular Malaysia to Sumatra and Borneo (Grismer 
2011. Amphibians and Reptiles of the Seribuat Archipelago [Pen-
insular Malaysia]: A Field Guide. Edition Chimaira, Frankfurt am 
Main. 239 pp.). To our knowledge there are no published reports 
of helminths from A. fusca. The purpose of this note is to estab-
lish the initial helminth list for A. fusca.

Twenty-two A. fusca from Peninsular Malaysia (mean 
SVL = 58.5 mm ± 5.6 SD, range = 48–65 mm) deposited in the 
herpetology collection of La Sierra University (LSUHC), Riverside, 
California, USA, collected 2002 to 2012 by state: Johor LSUHC 
7707, 8120, 8189, 8198, 8209, 9938, 10235; Kedah LSUHC 10307, 
10308, 10309; Pehang LSUHC 4853, 4867, 4868, 4869, 4870, 4873, 
4883; Perak LSUHC 9192; Selangor LSUHC 4816, 6507; Teregganu 
LSUHC 8297, 8298 were examined. A lateral incision was made 
through the body wall and the digestive tract was removed. The 
esophagus, stomach, small and large intestines were opened 
longitudinally and searched for helminths utilizing a dissecting 

microscope. The body cavity was also searched. Helminths 
were cleared in lactophenol, placed on a microscope slide, 
coverslipped, and studied using a compound microscope.

Found were three species of Nematoda, four Cosmocercoides 
pulcher (prevalence = number infected/number examined x 100 
= 9%; mean intensity = mean number infected lizards = 2.0 ± 
1.4 SD, range = 1–2, one Metetertakis singaporensis (prevalence 
= 5%), and one Orneoascaris sandoshami (prevalence = 5%). 
Helminths were deposited in the United States National Parasite 
Collection, USNPC, Beltsville, Maryland as Cosmocercoides 
pulcher (USNPC 108053), Meteterakis singaporensis (USNPC 
108054), Orneoascaris sandoshami (USNPC 108055).  

Cosmocercoides pulcher is widespread in Asian amphibians, 
and has been reported in two snake species (Baker 1987. 
Occas. Pap. Mem. Univ. Newfoundland. 325 pp.; Goldberg 
and Bursey 2002. Comp. Parasitol. 69:162–176; Goldberg et al. 
2004. Comp. Parasitol. 71:49–60). Meteterakis singaporensis is 
a common parasite in bufonids in Malaysia (Sandosham 1954. 
Kuala Liam Malay Inst. 26:210–226), but is also known from 
Eutropis multifasciata also of Malaysia (Singh 1967. Bull. Nat. 
Mus. Singapore 33:95–100). Orneoascaris sandoshami is known 
from Megophrys aceras (Yuen 1963. Parasitology 53:89–94) and 
Gonocephalus abbotti (Goldberg et al. 2005. Herpetol. Rev. 
36:450). Aphaniotus fusca represents a new host record for C. 
pulcher, M. singaporensis, and O. sandoshami.

STEPHEN R. GOLDBERG, Whittier College, Department of Biol-
ogy, Whittier, California 90608, USA (e-mail: sgoldberg@whittier.edu); 
CHARLES R. BURSEY, Pennsylvania State University, Department of Biol-
ogy, Shenango Campus, Sharon, Pennsylvania 16146, USA (e-mail: cxb13@
psu.edu); L. LEE GRISMER, La Sierra University, Department of Biology, 
Riverside, California 92515, USA (e-mail: lgrismer@lasierra.edu).

ASPIDOSCELIS LAREDOENSIS (Laredo Striped Whiptail). RE-
PRODUCTION AND LIFE HISTORY. The diploid parthenogenet-
ic whiptail species Aspidoscelis laredoensis comprises clonal com-
plexes A and B which are characterized by marked differences in 
geographic distributions, color patterns, and meristic variation 
(Walker 1987a. Amer. Midl. Nat. 117:319–332; Walker 1987b. Tex-
as J. Sci. 39:313–334; Walker et al. 1989. J. Herpetol. 23:119–130). 
In 1984 and 1985, we sought to extend the known distributions of 
both of these complexes to the northwest from the vicinities of 
the Texas-Mexico sister cities Laredo-Nuevo Laredo to as many 
sites as possible both near the Rio Grande and in outlying sites. 
We searched for Laredo Striped Whiptails using highways in an 
area over a straight-line distance (SLD) of ~323 km between Lare-
do (27.542226°N, 99.502707°W, 124 m elev.), Webb Co., and Lang-
try (29.808987°N, 101.559678°W, 397 m elev.), Val Verde Co., in 
Texas, and employed a similar search strategy over a SLD of ~263 
km at sites between Nuevo Laredo (27.499922°N, 99.502661°W, 
110 m elev.), Tamaulipas State, and Lake Amistad (29.471652°N, 
101.058606°W, 366 m elev.), Coahuila State, in Mexico (see map 
in Walker 1987b, op. cit.). During these expeditions, we collected 
the first samples of A. laredoensis B, though A was never present 
(Walker 1987b, op. cit.), to the northwest of Laredo-Nuevo Laredo 
in the Rio Grande Valley at several sites in the sister cities Ciu-
dad Acuña (29.324167°N, 100.931667°W, elev. 271 m), Coahuila-
Del Rio (29.327412°N, 100.927104°W, elev. 266 m), Val Verde Co., 
and Piedras Negras (28.700000°N, 100.523056°W, elev. 250 m), 
Coahuila-Eagle Pass (28.705480°N, 100.511720°W, elev. 210 m), 
Maverick Co. Subsequently, reciprocal skin-grafting experiments 
(Abuhteba et al. 2000. Can. J. Zool. 78:895–904; Abuhteba et al. 
2001. Copeia 2001:262–266) revealed that clonal complexes A 
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and B were mutually histoincompatible indicating their deriva-
tion from separate hybridization events between the gonocho-
ristic species A. gularis (Texas Spotted Whiptail) x A. sexlineata 
(Six-lined Racerunner). Evidence of the independent evolution-
ary histories of A. laredoensis A and B (Abuhteba et al. 2000, 2001, 
op. cit.) provided the impetus for our recent use of the samples 
from Ciudad Acuña and Piedras Negras to assess reproductive 
and life history attributes of A. laredoensis B for comparison with 
data for clonal complex A provided by Paulissen (2000. Herpetol. 
Nat. Hist. 7:41–57). 

We compiled clutch data from dissections and SVL data from 
measurements of specimens in the samples of A. laredoensis B to 
reconstruct the life history of this clonal complex of lizards in the 
northwestern-most part of its geographic distribution. GPS data 
for sites were taken from Google Earth (datum WGS84). The small 
sample sizes from Del Rio and Eagle Pass precluded their use in 
the assessment, and visits to these cities since 1995 have revealed 
apparent extirpation of the species from previously inhabited 
sites in both cities resulting from urban development. Moreover, 
increasing tensions along the border since 1995 have precluded 
return visits to monitor the ecological status of A. laredoensis B in 
Ciudad Acuña and Piedras Negras. We defined the size of sexual 
maturity in A. laredoensis B as 64 mm SVL based on the smallest 
specimen containing either yolked ovarian follicles or oviductal 
eggs. We failed to collect juveniles ranging in size from ~32–40 
mm SVL prior to the month of July, and so we assume juveniles 
in this size range collected in July–September were young-of-
year (YOY) hatched in June or July. We further classify juveniles 
collected before July ranging in size from ~45–54 mm SVL as 
second-year lizards. Means for SVL and clutch size are reported 
to one decimal place ± 1 SE. A number in parentheses following 
a datum for either SVL or clutch size represents the number of 
observations. 

We initially collected A. laredoensis B on 30 August 1984 
in Ciudad Acuña in a sandy riverfront park with large trees 
interspersed with patches of weedy/grassy vegetation. On that 
date, we collected five sexually immature YOY (83.3%; 45, 46, 48 
[2], 54 mm SVL) and one reproductively quiescent second year 
lizard (17.7%; 64 mm SVL). We obtained the second sample in 
Ciudad Acuña, in a tract of mostly mesquite-dominated habitat 
laid out for a suburban residential development, on 22 May 
1985. Included were five lizards (26.3%; 64 [2], 66, 67, 68 mm 
SVL) with unyolked follicles, two (10.5%; 66, 71 mm SVL) gravid 
lizards damaged during collection, 11 (57.9%; 64, 66, 68, 69 [2], 
70, 71 [3], 72, 75 mm SVL) with yolked ovarian follicles, and one 
(5.3%; 78 mm SVL) with shelled oviductal eggs. We assumed 
the five lizards with unyolked follicles would have developed 
clutches that year. Based on the 12 undamaged gravid females 
(mean, 70.3 ± 1.08 mm SVL) we observe clutches of two (6), 
three (5), and four (1) eggs in A. laredoensis B, mean 2.6 ± 0.19. 

We obtained the third sample of A. laredoensis B in Ciudad 
Acuña, in a different suburban area with scattered clumps of 
mesquite, on 19 July 1985. Surprisingly, we also obtained one 
specimen of gonochoristic A. marmorata (Marbled Whiptail; 
UADZ 2024) at this site, the first of this species found in syntopy 
with either A. laredoensis A or B (Walker 1987a, b, op. cit.), along 
with two specimens of gonochoristic A. gularis (Texas Spotted 
Whiptail; UADZ 1349, 1350). Among the eight specimens of A. 
laredoensis B were three YOY (37.5%; 38, 40, 49 mm SVL, mean 
42.3 ± 3.38) and five large second and third year females (62.5%; 
74, 75, 79, 80, 81 mm SVL, mean 77.8 ± 1.39) with large clutches 
of four (4) and five (1) eggs, mean 4.2 ± 0.20.

We separately analyzed the collections of A. laredoensis B 
from Piedras Negras at ~78 km SLD southeast of Ciudad Acu-
ña because of significant differences in meristc characters. We 
first collected lizards in Piedras Negras on 1 September 1984. 
They were abundant south of the international bridge along 
foot trails in a swath of waist-high Russian thistle (Salsola sp.) 
between railroad tracks and a highway; but only two reproduc-
tively quiescent adults (71, 78 mm SVL) could be obtained from 
the more than a dozen mostly large adults observed at the site. 
We obtained the second sample of the species in Piedras Ne-
gras, in a shrubby/weedy suburban area, on 23 May 1985. In-
cluded were six gravid females (100%; 65 [2], 67, 72, 73, 77 mm 
SVL mean, 69.8 ± 1.89). Clutch sizes in these females were one 
(1), two (1), three (2), five (1), seven (1) eggs, mean 3.5 ± 0.25. 
We collected the third sample of the species in Piedras Negras, at 
the same site as the second sample, on 20 July 1985. It included 
four YOY (21.1%; 42, 43 [2], 48 mm SVL, mean 44.0 ± 1.35) and 
one gravid female (5.3%; 75 mm SVL) damaged during collec-
tion. Also present were 11 females with yolked follicles (57.9%; 
66, 72 [5], 73, 75 [2], 77, 80 mm SVL) and three with oviductal eggs 
(15.8%; 70, 71, 72 mm SVL), pooled mean 72.8 ± 0.88. Clutch sizes 
in these 14 females were two (2), three (5), four (5), five (2) eggs, 
mean 3.5 ± 0.25. 

Analyzed by collecting period, mean clutch size in May and 
July samples of lizards from Ciudad Acuña ranged from a low of 
2.6 ± 0.19 to a high of 4.2 ± 0.20, respectively. Pooling all samples 
from Ciudad Acuña and Piedras Negras, 37 gravid females had a 
mean SVL of 72.2 ± 0.72 (64–81) mm and a mean clutch size of 
3.30 ± 0.20 (1–7) eggs. The smallest and largest clutch sizes of one 
and seven were each represented by one lizard. A positive rela-
tionship was noted between SVL and clutch size for the pooled 
sample (adjusted r2 = 0.47, P ≤ 0.0001). 

Using the samples from the two Mexican cities we 
reconstructed an approximation of the basic life history of 
A. laredoensis B as follows. By late May first clutch production 
appeared to be well underway in lizards >68 mm SVL and a 
second clutch could have developed in these lizards in late 
July. YOY were present in July samples at the same time as 
development of second clutches in larger lizards and delayed 
clutches in smaller individuals. YOY seemed to grow to ~50–60 
mm SVL before retiring to end the first activity cycle in late 
October. Based on our sampling, they emerged in late April from 
winter inactivity to continue growth to reproductive maturity. 
Only five females (7.9%) >75 mm SVL were present in our pooled 
sample of 63 specimens. We concluded that the surface activities 
and data for most individuals of A. laredoensis B fit an annual 
life cycle as outlined by Paulissen 2000 (op. cit.) for an array of 
diploid parthenogenetic A. laredoensis clonal complex A situated 
approximately 445 km to the southeast in Bentsen Rio Grande 
Valley State Park, Hidalgo Co., Texas (Walker 1987b, op. cit.).

Specimens from the collection of the University of Arkansas 
Department of Zoology (UADZ) and those transferred to the 
University of Kansas Natural History Museum (KU) included 
the following: Mexico: Coahuila: Ciudad Acuña, river-front 
park ESE of international bridge (across Rio Grande from Del 
Rio, Texas), site CO-5 (30 August 1984 [KU 200090–200095, N = 
6]; 22 May 1985 [UADZ 1011, N = 1]); Ciudad Acuña, suburbs 
WNW of international bridge (across Rio Grande from Del Rio, 
Texas), site CO-3 (22 May 1985 [UADZ 1012–1030, N = 19]; 19 
July 1985 [UADZ 1291, 1292, N = 2)]; Ciudad Acuña, suburbs 
WNW of international bridge (across Rio Grande from Del Rio, 
Texas), site CO-4 (19 July 1985 [UADZ 1264–1271, N = 8]); Piedras 
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Negras, ~5 km S of international bridge between railroad track 
and highway (across Rio Grande from Eagle Pass, Texas), site 
CO-10 (1 September 1984 [KU 200096, 200097, N = 2]); Piedras 
Negras, W of international bridge (across Rio Grande from Eagle 
Pass, Texas), site CO-9 (23 May 1985 [UADZ 1036–1041, N = 6]; 20 
July 1985 [1273–1290, 1 uncatalogued, N = 19]). Specimens were 
collected under authority of Texas Parks and Wildlife Department 
Permit No. 61, and permission granted by appropriate officials in 
Mexico.

JAMES M. WALKER, Department of Biological Sciences, University of 
Arkansas, Fayetteville, Arkansas 72701, USA (e-mail: jmwalker@uark.edu); 
STANLEY E. TRAUTH, Department of Biological Sciences, Arkansas State 
University, P.O. Box 599, State University, Arkansas 72467, USA (e-mail: 
strauth@astate.edu); JAMES E. CORDES, Division of Sciences and Math-
ematics, Louisiana State University Eunice, Eunice, Louisiana 70535, USA 
(e-mail: jcordes@lsue.edu).

COPHOSAURUS TEXANUS (Greater Earless Lizard). AQUATIC 
ESCAPE BEHAVIOR. Many terrestrial lizard species have been 
observed attempting to escape potential predators by swimming 
or submerging underwater, including Aspidoscelis sexlineatus 
(Dillon and Baldauf 1945. Copeia 1945:174; Trauth et al. 1996. 
Herpetol. Rev. 27:20), Crotaphytus collaris (Burt and Hoyle 1934. 
Trans. Kansas Acad. Sci. 37:193–216), Scincella lateralis (Akin and 
Towsend 1998. Herpetol. Rev. 19:43), Sceloporus clarkii (Zylstra 
and Weise 2010. Herpetol. Rev. 41:86), Uma exsul (Estrada-Ro-
driguez and Leyva-Pacheco 2007. Herpetol. Rev. 38:84–85), and 
Gambelia wislizenii (Medica 2010. Herpetol. Rev. 41:354–355). 
Herein, we report the escape-to-water behavior of C. texanus, a 
species not previously reported to exhibit this behavior.

On 27 September 2013, while conducting field work at 
Potrero Grande, Hidalgo, Nuevo León, México (26.008392°N, 
100.453522°W, WGS84; 609 m elev.), at 1456 h walking beside 
a small stream we observed a rapid movement. We observed a 
juvenile male C. texanus (42 mm SVL; 5.9 g) moving quickly over 
the water, and then stop on a small rock in the middle of the 
stream (ca. 4–50 cm deep, 1–5 m wide), with numerous rocks 
forming small islands; the temperature of the water and the 
rocks was not determined). Several photographs of the lizard 
were taken (Fig. 1) and then each of us stood on opposite sides 
of the stream making hand movements and trying to capture 

it. The lizard crossed the stream on three occasions, stopping 
several times on the protruding rocks inside the stream, where 
body parts remained in contact with water. Whenever we 
tried to approach, it launched from the rock into the water. 
Eventually the lizard was manually captured, probably due to 
exhaustion or cooling from contact with the water. Although this 
behavior may have a high energetic cost due to rapid cooling, it 
represents an efficient strategy to elude predators. In the water it 
is well camouflaged and immobile, likely to confuse a potential 
predator. 

MANUEL NEVÁREZ DE LOS REYES (e-mail: digitostigma@gmail.
com), SALVADOR CONTRERAS-ARQUIETA (e-mail: sarquiet@hotmail.
com), and DAVID LAZCANO, Universidad Autónoma de Nuevo León, Fac-
ultad de Ciencias Biológicas, Laboratorio de Herpetología, Apartado Postal 
513, San Nicolás de los Garza, Nuevo León, C.P. 66450, México (e-mail: 
imantodes52@hotmail.com).

CYRTODACTYLUS SERIBUATENSIS (Seribuat Bent-toed 
Gecko). REPRODUCTION. Cyrtodactylus seribuatensis is known 
only from islands of the Seribuat Archipelago, Johor State, Pen-
insular Malaysia (Grismer 2011. Lizards of Peninsular Malaysia, 
Singapore and their Adjacent Archipelagos. Edition Chimaira, 
Frankfurt Am Main. 728 pp.). Grismer (op. cit.) observed gravid 
C. seribuatensis females carrying two eggs during March, July, 
and September. In this note we provide additional information 
on C. seribuatensis from a histological examination of museum 
specimens.

A sample of 39 C. seribuatensis consisting of 10 adult males 
(mean SVL = 59.5 mm ± 9.2 SD, range = 46–72 mm), 16 adult 
females (mean SVL = 66.2 mm ± 3.2 SD, range = 61–72 mm), 5 
subadult females (mean SVL = 48.8 mm ± 6.1 SD, range 41–58, 6 
unsexed juveniles (mean SVL = 37.3 mm ± 3.4 SD, range = 33–43 
mm; 2 presumably neonates (mean SVL = 26.5 mm ± 3.5 SD, 
range = 24–29 mm), from islands of the Seribuat Archipelago, 
Johor State, Peninsular Malaysia collected March 2003, 
September 2003, July 2004, and deposited in the herpetology 
collection of LaSierra University (LSUHC), Riverside, California, 
USA were examined: LSUHC 5191, 5192, 5218, 5221, 5223-5226, 
5229, 5522, 5578, 5604, 5778-5780, 5784–5789, 5812, 5813, 6350–
6354, 6398, 6413, 6414, 6416–6421, 7516, 7517.

A cut was made in the lower abdominal cavity and the left 
testis or ovary was removed, embedded in paraffin, cut into 
5-µm sections, and stained with Harris hematoxylin followed 
by eosin counterstain. Enlarged follicles (> 4 mm) or oviductal 
eggs were counted. Histology slides were deposited in LSUHC.

The only stage noted in the testicular cycle was 
spermiogenesis in which seminiferous tubules are lined by 
sperm or clusters of metamorphosing spermatids. Males 
undergoing spermiogenesis were collected in July  (N = 7), 

Fig. 1. Juvenile Cophosaurus texanus resting on a rock in the middle 
of a stream.

table 1. Monthly stages in the ovarian cycle of 16 adult female 
Cyrtodactylus seribuatensis from Johor State, Peninsular Malaysia. 

Month N Quiescent Early yolk Enlarged Oviductal
   deposition follicles eggs
    > 4 mm

March 5 4 0 1 0

July 7 4 1 0 2

September 4 2 0 2 0
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August (N = 1), September (N = 2). The smallest reproductively 
active male measured 46 mm SVL (LSUHC 6351) and was 
collected in July.

Four stages were observed in the ovarian cycle (Table 1): 
1) quiescent, no yolk deposition; 2) early yolk deposition, 
basophilic vitellogenic granules in the ooplasm; 3) enlarged 
follicles > 4 mm; 4) oviductal eggs.  Mean clutch (N = 5) was 
an invariant 2. The smallest reproductively active female (yolk 
deposition) measured 61 mm SVL (LSUHC 5225) and was 
collected in March. There was no evidence that C. seribuatensis 
produces multiple clutches (oviductal eggs and concurrent 
yolk deposition), although this may reflect our small sample 
size. While it is clear C. seribuatensis exhibits an extended 
reproductive cycle (Table 1), examination of additional samples 
will be needed to ascertain if reproduction occurs throughout 
the year as proposed by Grismer (op. cit.). 

STEPHEN R. GOLDBERG, Natural History Museum of Los Angeles 
County, Herpetology Section, Los Angeles, California 90007, USA (e-mail: 
sgoldberg@whittier.edu); L. LEE GRISMER, LaSierra University, Depart-
ment of Biology, Riverside, California 92515, USA (e-mail: lgrismer@
lasierra.edu).

DIPSOSAURUS DORSALIS (Desert Iguana). URBAN HABI-
TATS. The geographical distribution of Dipsosaurus dorsalis is 
thought to include much of the Sonoran Desert in the vicinity 
of the Phoenix Metropolitan area (Brennan and Holycross 2006. 
A Field Guide to Amphibians and Reptiles in Arizona, Arizona 
Game and Fish Department, Phoenix. v + 150 pp.). However, it is 
absent from virtually all of the Phoenix Mountain Preserves, is-
lands of habitat protected over the last 10–40 years. Sullivan and 
Flowers (1998. Herpetol. Nat. Hist. 6[1]:13–22) suggested that this 
absence is due to the lack of Creosote (Larrea tridentata) flats in 
these preserves, which are primarily rocky slope habitat. In this 
report we document the persistence of D. dorsalis along various 
north to south running xero-riparian corridors in the western 
Phoenix Metropolitan area, even those with extensive habitat 
alteration including channelization and adjacent housing devel-
opments. We confirm its absence from large expanses of Creo-
sote flats to the northeast of these riparian habitats on the north-
ern edge of the Phoenix region. Our observations are consistent 
with the view that this lizard reaches the northeastern limit of its 
distribution in the Phoenix area, and is closely associated with the 
sandy, open Creosote-dominated microhabitats along intermit-
tent desert streams.

We searched for Desert Iguanas using visual encounter surveys 
during summer 2014. When patches of appropriate (e.g., presence 
of at least one Creosote shrub) open habitat were found, one or 
the other of us undertook 15–30 minute surveys by walking in 
roughly parallel lines until the patch had been covered completely 
or time expired. In areas with housing, surveys were conducted by 
driving slowly (20–45 kph) along streets and scanning the roadway 
edge, under shrubs and for road-killed lizards; because of the 
wariness of some (but not all) individual lizards, this method 
was more efficient than exiting the vehicle and walking along the 
roadway edge. Lizards seemed especially approachable when 
surveyors remained in a vehicle.  Neighborhoods lacking any sign 
of remnant habitat were excluded; presence of even occasional 
Creosote plants among houses (e.g., often at the road edge and 
along driveway entrances) was deemed sufficient for an area to be 
recognized as “remnant habitat.” 

Desert Iguanas were found across a variety of disturbed 
localities in western Phoenix, but were absent from the far north 

and northeast areas, even in large preserves. We observed them 
in vacant lots overgrown with Creosote shrubs, among housing 
developments of various densities (Fig. 1), and even open lots in 
which the surface had been scrapped bare of all vegetation (Fig. 
2). In some of the latter sites, after scrapping, 1–2 m diameter 
mounds of soil and rock were deposited around the edges; 
these small hillocks were subsequently used by the lizards for 
basking (Fig. 2).  Surprisingly, they were absent from relatively 
undisturbed, open Creosote flats north of New River Dam, Adobe 
Dam (except for one ~ 1-ha patch 4 km N along the creek bed), 
and Cave Buttes Dam, dams across the New River, Skunk Creek, 
and Cave Creek, respectively. These Creosote flats lacking Desert 
Iguanas are large and apparently little disturbed, except for the 
ubiquitous presence of grazing-induced changes in vegetation, 
including increased non-native grasses and invasive shrubs (Fig. 
3). It appears that historic riparian corridors now dominated 
by Creosotes attaining ~1 m in height and lacking Bursage 
(Ambrosia deltoidea) are preferred habitat; most of the flats 
of the Cave Buttes and Sonoran Preserve sites are numerically 
dominated by Bursage (Fig. 3).

Fig. 1. Satellite image of 14 km x 6 km area of northwest Phoenix 
showing Desert Iguana localities 12–16 km N of the confluence of 
the Agua Fria and New rivers (A); note localities between the ripar-
ian corridors (shown in blue) among housing developments (center 
of panel).  The entire western Phoenix Metropolitan area with the 
major xero-riparian corridors highlighted in blue (B). In both panels, 
Desert Iguana localities (2014 only) are indicated by black circles.
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Overall, Desert Iguanas still occupy remnant habitats in 
parts of the western Phoenix Metropolitan region, at least in 
the vicinity of xero-riparian corridors with large, widely-spaced 
Creosote shrubs and sandy soil with opportunities for burrowing 
by lizards and presumably rodents (Fig. 1). They persist in low-
density housing settings, apparently co-existing with feral cats 
and a variety of anthropogenic impacts over at least 30 years of 
direct observation by the senior author (BKS).

We thank Elizabeth, Justin, and Keith Sullivan for assistance 
in the field. Collecting permits were provided by the Arizona 
Game and Fish Department (2006–2014, to BKS), and collecting 
methods were approved as part of IACUC protocols (2006, 2009, 
and 2011) for surveying and vouchering lizards.

BRIAN K. SULLIVAN (e-mail: bsullivan@asu.edu), and JAMES M. VER-
NON, School of Mathematical and Natural Sciences, P. O. Box 37100, Ari-
zona State University, Phoenix, Arizona 85069, USA (e-mail: jvernon@asu.
edu).

ENYALIUS BILINEATUS (Two-lined Fathead Anole). COURT-
SHIP BEHAVIOR. Enyalius bilineatus is a species of semi-arbore-
al lizard that occurs in the states of Minas Gerais, Rio de Janeiro, 
Espírito Santo, and the southern states of Brazil (Etheridge 1969. 
Bull. Br. Mus. [Nat. Hist.] Zool. 18:233–260; Jackson 1978. Arq. 
Zool. [São Paulo] 30:1–79; Zamprogno et al. 2001. Rev. Bras. Biol. 
61:91–94). It is found mainly in Cerrado and Altantic Rainforest 
biomes of Brazil (Bertolotto et al. 2002. Hereditas 136:51–57). 
Before this report, the details of E. bilineatus courtship behavior 
were unknown. We observed courtship and copulation behav-
ior in E. bilineatus in the Cerrado biome in Minas Gerais, Brazil, 
under natural conditions. Our observations were made in the 
Reserva Biológica Unilavras/Boqueirão (21.9998°S, 44.2457°W, 
WGS84; 1250 m elev.), municipality of Ingaí, Minas Gerais, on 
16 November 2006 at 0902 h. We observed, at 4 m distance, one 
adult male E. bilineatus following one adult female. Upon detect-
ing the female, the male slowly positioned himself beside the fe-
male. He then quickly climbed on the female and held her in the 
inguinal region using his forelimbs and jaw (Fig. 1). He then bit 
her neck and immobilized her hind legs using the fourth digit 
of his feet, which are well developed in this species. The male 

Fig. 2. Desert Iguana on fence in vacant lot (A), northwest Phoenix 
Metropolitan region. Numerous Desert Iguanas inhabit the adjacent 
vacant lot with mounds of earth and only a few remnant Creosote 
shrubs (B) where up to five can be seen basking on the mounds in 
the mornings.  They initially take refuge under Brittlebush and then 
burrows (center of lower panel).

Fig. 3. Intact Creosote flats lacking Desert Iguanas in the Sonoran 
Preserve near Cave Creek (A).  Note the presence of some Bursage but 
primarily low growing (all < 1 m in height) Creosote on a relatively 
rocky, gravel substrate. Disturbed (note structures on horizon) 
habitat with Desert Iguanas along Skunk Creek (B), dominated by 
relatively large (many > 2.0 m in height) and widely spaced Creosote 
on a relatively sandier substrate indicative of a xeric riparian corridor.
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pressed the hind legs of the female to the ground, preventing 
her from escaping. Copulation between the individuals involved 
limited movement of sometimes-intertwined tails. Total time 
from viewing the male approach the female until leaving the fe-
male after copulation was ~21 minutes. After the male left, the 
female remained in place for another 40 minutes and then disap-
peared into the vegetation. These same behaviors were observed 
in Enyalius perditus (Lima and Sousa 2006. Rev. Bras. Zoociênc. 
8:193–197) under captive conditions. 

During pre-mating and mating, the male’s color pattern 
changed within the first five minutes, becoming darker dorsally, 
a phenomenon also reported in E. perditus (Lima and Sousa 
2006, op. cit.). Such a rapid change in color is likely due to 
hormonal action, melanophores-stimulating hormone that 
promotes pigment dispersion (Liem et al. [eds.] 2013. Anatomia 
Funcional de Vertebrados. Cengage Learning. 560 pp.) and 
may represent a defense strategy (e.g., crypsis) of Enyalius 
species. During mating individuals remain stationary for a 
considerable time, and are therefore vulnerable to predators. 
Our observations demonstrate the occurrence of a similar 
behavioral pattern for courtship and copulation among species 
of this genus (Lima and Sousa 2006, op. cit.; Migliore et al. 2014. 
Herpetol. Notes 7:273–276). The reproductive events reported 
here occurred in November, which coincides with reproductive 
timing of other species of this genus (Sturaro and Silva 2010. J. 
Nat. Hist. 44:1225–1238; Migliore et al. 2014, op. cit.). Our data 
corroborate the work of Migliore et al. (2014, op. cit.) in finding 
that the process of courtship and copulation is similar between 
the natural environment and captivity. This is the first record of 
courtship behavior and copulation under natural conditions in 
E. bilineatus.

IARA ALVES NOVELLI (e-mail: iaranovelli27@gmail.com), BERNA-
DETE MARIA DE SOUSA (e-mail: bernadete.sousa@gmail.com), PILAR 
COZENDEY, Laboratório de Herpetologia, Departamento de Zoologia, 
Instituto de Ciências Biológicas, Universidade Federal de Juiz de Fora – 
UFJF, Rua José Lourenço Kelmer, s/n, Campus Universitário, São Pedro, CEP 
36036-900, Juiz de Fora, MG, Brazil (e-mail: pilar_cozendey@yahoo.com.
br); FERNANDO ANTÔNIO FRIEIRO-COSTA, Laboratório de Zoologia, 
Centro Universitário de Lavras, Rua Padre José Poggel, 506, Centenário, CEP 
37200-000, Lavras, MG, Brazil (e-mail: ffrieiro@gmail.com).

EULAMPRUS QUOYII (Eastern Water Skink). PREY COMPETI-
TION WITH BIRD. Eulamprus quoyii is a medium-sized terres-
trial diurnal lygosomine skink, widespread in riparian and mesic 
habitats of the coastal plain, hinterland, and ranges of most of 
eastern mainland Australia (Cogger 2014. Reptiles and Amphib-
ians of Australia, 7th ed. CSIRO Publishing, Collingwood, Victoria. 
xxx + 1033 pp.); it is largely arthropodophagous, but occasion-
ally eats smaller lizard species and juvenile conspecifics (pers. 
obs.). The exotic English House Sparrow, Passer domesticus, is 
common in anthropogenic habitats in eastern Australia; it is 
largely vegetarian but readily feeds on arthropods especially in 
the spring-summer breeding period (Frith [ed.] 1982. The Read-
ers’ Digest Complete Book of Australian Birds. Readers’ Digest 
Services, Sydney, N.S.W. 615 pp.). This note documents a case of 
competition between an adult E. quoyii and a P. domesticus for a 
spider prey item.

On 13 November 2008, ~1400 h, on a sunny day, T
a
 = ~26°C, 

in an urban backyard in Cooranbong, Central Coast region, 
New South Wales, Australia, (33.08°S, 151.45°E, WGS84; 12 m 
elev.), where E. quoyii is common, the first author (TJA) from 
within the house through double glass sliding doors observed 
a male P. domesticus (total length ~150 mm) alight on the 
concrete paving outside and peck at a spider, which jumped 
away. The spider was most likely a White-banded Jumping 
Spider (Hypoblemum albovittatum: Salticidae), a medium-
sized (cephalothorax + abdomen length ~8 mm) species that is 
the most common salticid at this locality, although the Wattle 
Jumping Spider (Sandalodes scopifer), the Biting Jumping Spider 
(Opisthoncus mordax), and an undescribed species have also 
been recorded (TJA, pers. obs.). Within seconds of the first peck 
an adult (total length ~280 mm, SVL ~100 mm) E. quoyii raced 
out from under a nearby flowerpot and also chased the rapidly 
jumping spider. Both aspiring predators pursued the leaping 
spider for ~15–20 seconds and each made several, perhaps 
half a dozen, unsuccessful attempts to seize it. The E. quoyii 
apparently ignored the close proximity and near-miss pecks of 
the P. domesticus, which in turn appeared unconcerned by the 
close proximity of the E. quoyii and its rapid movements. The 
contest concluded when the E. quoyii successfully captured 
the spider, and ran off, briefly stopping to swallow, while the 
P. domesticus flew back to the roof from whence it had come. 
Eulamprus quoyii may become tolerant to the close proximity 
of humans where they are not persecuted, but are very wary of 
local bird predators such as Kookaburras (Dacelo gigas) and 
Pied Butcher Birds (Cracticus nigrogularis) (TJA, pers. obs). The 
above observation provided evidence that exotic P. domesticus 
will directly compete with endemic lizards for arthropod prey; 
it was also notable that the E. quoyii apparently did not perceive 
the relatively large-bodied P. domesticus as a threat despite its 
sharp and strong beak.

TERENCE J. ANNABLE, Faculty of Science and Mathematics, Avon-
dale College, PO Box 19, Cooranbong, New South Wales, Australia 2265; 
DEAN C. METCALFE, PO Box 4056, Werrington, New South Wales, Aus-
tralia 2747 (e-mail: dean_metcalfe@yahoo.com.au).

LERISTA  ARENICOLA (Bight Slider). VIVIPARITY. Vivipar-
ity has evolved in many vertebrate lineages, but shows the 
greatest diversity in squamate reptiles, where it has evolved 
over 100 times (Blackburn 2000. Comp. Biochem. Physiol. A 
127:391–409). The transition from oviparity to viviparity is of-
ten attributed to the adaptive benefit provided to offspring in 
cooler environments (Shine 1983. Oecologia 57:397–405). The 

Fig. 1. Courtship behavior and copulation of Enyalius bilineatus ob-
served in the Reserva Biológica Unilavras/Boquierão, Brazil.
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family Scincidae is the largest and most diverse group of lizards 
globally (Rabosky et al. 2007. Proc. Royal Soc. B 274:2915–2923), 
and contains both egg-laying (oviparous) and live-bearing (vi-
viparous) species. In Australia, the semi-fossorial scincid genus 
Lerista is the second most diverse lineage of skinks, and ranges 
from fully limbed semi-fossorial to limbless burrowing species 
(Skinner et al. 2008. BMC Evol. Biol. 8:310–318). The majority of 
Lerista species are oviparous, with viviparity known only from 
two southern species: L. microtis and two populations of L. bou-
gainvillii (Qualls et al. 1995. J. Zool. 237:13–26). However, data 
on the reproductive mode of other Lerista species is insufficient 
to confirm these as the only cases of viviparity within the genus. 
Herein, we report the occurrence of viviparity in an additional 
Lerista species from southern mainland Australia.

Two adult female L. arenicola were collected from Talia 
Caves and Venus Bay, South Australia (33.329444°S, 134.800278°E, 
WGS84; 34 m elev.) on 11 November 2006, and returned alive to 
the Museum of South Australia. In the museum, both lizards 
were housed together in a glass aquarium (60L x 35W x 45H cm) 
with an 8-cm layer of loose sand and dirt with a bark shelter; 
a 60-watt heat lamp produced a thermal gradient (21–35°C). 
Lizards were fed small crickets three times weekly, and water 
was always available. Lizards were checked daily for evidence of 
eggs or offspring. In early February 2007, each of the two females 
produced a litter of live offspring. See Table 1 for details on dates 
of parturition, maternal traits, and offspring traits. While we lack 
precise data on the duration of embryogenesis in L. arenicola, 
it is clear that both skinks were gravid upon arrival in the lab. 
The period of gestation within the laboratory was 85 and 81 
days for female 1 and 2, respectively. This interval, while a rough 
indication, is similar for other semi-fossorial Lerista species, 
which ovulate in late summer and produce a single clutch per 
year (Qualls and Shine 1998. J. Evol. Biol. 11:63–78).

Viviparity in L. arenicola supports the “cool climate” 
hypothesis in occurring more frequently in species from colder 
climates. Previous work comparing the climate of mainland 
and island populations of L. bougainvillii and populations of 
L. microtis, indicate that these viviparous populations occupy 
cooler environments than their oviparous relatives, being found 
predominantly on cool southern islands (Qualls et al. 1995, op. 
cit.). Similar to the other two viviparous species, L. arenicola 
is restricted to leaf-litter microhabitats on pale coastal sands 
along the Great Australian Bight in southeastern, western, and 
southwestern South Australia. In the eastern part of its range, L. 
arenicola overlaps with the distribution of L. microtis, where it 

presumably experiences similar environmental conditions and 
selective forces. 

The molecular phylogeny for Lerista indicates that L. 
bougainvillii and L. microtis occupy two separate clades, and 
thus represent independent evolutionary origins of viviparity 
(Skinner et al. 2008, op. cit.). However, as L. microtis and L. 
arenicola are sister species, it is probable that viviparity in both 
species may represent a single evolutionary event. The presence 
of viviparity in L. arenicola and within two distinct populations 
of L. bougainvillii (Fairburn et al. 1998. Mol. Phylo. Evol. 10:95–
103), suggests the evolution of viviparity and its maintenance 
may occur readily within members of the genus Lerista.

CAROLYN KOVACH, South Australian Museum, Adelaide, South Aus-
tralia, Australia, (e-mail: Carolyn.Kovach@samuseum.sa.gov.au); BRETT A. 
GOODMAN, School of Earth & Environmental Science, University of Ad-
elaide, Adelaide, South Australia, 5005, Australia.

PHYMATURUS PALLUMA (High Mountain Lizard). COPROPH-
AGY. Phymaturus palluma is a medium-sized, saxicolous, herbiv-
orous, and viviparous lizard that inhabits the Altoandina phyto-
geographic province in the Andes Highlands, Argentina. During 
the summer 2014 I observed juveniles of P. palluma eating small 
bites of fecal pellets at the Aconcagua Provincial Park, Mendoza, 
Argentina (32.8453°S, 69.7619°W, WGS84; 2480 m elev.). After re-
cording this behavior, I approached to get a closer view, and I saw 
that the feces, based on size, were of adult individuals of this spe-
cies. This is the first record of coprophagy in Phymaturus lizards. 

This behavior was reported in the herbivorous lizards 
Sauromalus obesus and Iguana iguana (Montanucci 1999. 
Herpetol. Rev. 30[4]:221–222; Troyer 1982. Science 216:540–542), 
which shows an association of hatchlings with adults of the same 
species similar to P. palluma. It has been demonstrated that 
coprophagy in I. iguana is related to the transfer of anaerobic 
gut symbiotic microbes that are utilized for effective degradation 
of plant materials. Possession of more complex microflora was 
associated with improved growth rate and digestive efficiency 
(Troyer 1982, op. cit.). Symbiotic microbes of P. palluma have 
not been studied. Phymaturus palluma shows social behaviors 
between juveniles and adults (Videla 1982. Bol. Mus. Cienc. Nat. 
Antropol. 3:57–62), similar to those in other lizards where transfer 
of microflora occurs; therefore, transfers of symbiotic microflora 
from parents to offspring via coprophagy might be possible.

NADIA VICENZI, IADIZA-CCT Mendoza, CONICET, Mendoza, Argen-
tina; e-mail: nvicenzi@mendoza-conicet.gob.ar.

PLESTIODON CALLICEPHALUS (Mountain Skink). REPRO-
DUCTION. Plestiodon callicephalus is known from southeastern 
Arizona and southwestern New Mexico in the United States, and 
Sonora, Chihuahua, Sinaloa, south to Nayarit and Jalisco in Mex-
ico (Swann et al. 2009. In Jones and Lovich [eds.], Lizards of the 
American Southwest, pp. 446–448. Rio Nuevo Publ., Tucson, Ari-
zona). Anecdotal information on reproduction exists for this spe-
cies including clutches of three to six eggs, female guarding of the 
eggs, and hatchlings measuring 20–25 mm (Swann et al. 2009, op. 
cit.). There is a report that P. callicephalus (as Eumeces) is vivipa-
rous (Taylor 1985. Herpetol. Rev. 16:27). The purpose of this note 
is to add information on the reproductive cycle of P. callicephalus.

A sample of 14 P. callicephalus consisting of four males (mean 
SVL = 57.8 mm ± 8.2 SD, range = 48–68 mm), five females (mean 
SVL = 64.0 mm ± 5.5 SD, range = 57–68 mm), and five juveniles 
(mean SVL = 29.4 mm ± 3.8 SD, range = 25–35 mm) were examined 

table 1. Maternal reproductive and offspring traits for two viviparous 
semi-fossorial skinks, Lerista arenicola.

 ID  Parturition Maternal Offspring Offspring Clutch
number date post-partum number mass (g) mass (g)
   mass (g)

1  9–12 Feb 2007 3.3432 1 0.2826 1.0702
    2 0.2514 
    3 0.2742 
    4 0.2620 
     
2  5–8 Feb 2007 2.5134 1 0.3054 0.5984
    2 0.2939
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from the herpetology collection of the Natural History Museum of 
Los Angeles County (LACM), Los Angeles, California. Lizards were 
collected 1949 to 1966 from the following sites: Mexico: Nayarit 
LACM 99503–99508; Sinaloa LACM 6768, 6769, 6770; Sonora 
LACM 99513, 99514; United States: Arizona, Cochise County 
LACM 99501; Santa Cruz County LACM 5929, 99502.

A cut was made in the lower abdominal cavity and the left 
testis or ovary was removed, embedded in paraffin, cut into 
5-µm sections and stained with hematoxylin followed by eosin 
counterstain. Oviductal eggs were counted. Histology slides were 
deposited at LACM.

Two stages were noted in the testicular cycle: 1) regressed, 
seminiferous tubules are reduced in size and contain 
spermatogonia and interspersed Sertoli cells; 2) spermiogenesis, 
seminiferous tubules are lined by clusters of sperm or 
metamorphosing spermatids. Two males from April were 
undergoing spermiogenesis, SVL = 48, 58 mm. One male each 
from June and July, SVL = 68, 57 mm, respectively, contained 
regressed testes. Two stages were observed in the ovarian cycle: 
1) quiescent, no yolk deposition; 2) oviductal eggs with embryos. 
One female from June, SVL = 68 mm and three from July, 
respectively, SVL = 57, 59, 68, contained quiescent ovaries. One 
female from June contained nine oviductal eggs with embryos 
(Fig. 1). Five subadults were from August. The smallest, SVL = 25 
mm is within the range of neonates in Swann et al. (op. cit.).

Plestiodon callicephalus reproduces during the Spring as 
do numerous other North American skinks (for examples see 
Goldberg 2005. Texas J. Sci. 57:295–301). Nine is a new maximum 
litter size for P. callicephalus. My observations of embryos in 
LACM 99505 confirm the observation of Taylor (op. cit.) that 
P. callicephalus is viviparous. Whether P. callicephalus is both 
oviparous (Swann et. al., op. cit.) and viviparous (Taylor, op. cit.; 
this report) will require further study.

I thank Greg Pauly (LACM) for permission to examine P. 
callicephalus and Richard Feeney (LACM) for figure preparation. 

STEPHEN R. GOLDBERG, Whittier College, Department of Biology, 
Whittier, California 90608, USA; e-mail: sgoldberg@whittier.edu.

PLESTIODON GILBERTI (Gilbert’s Skink). MALE COMBAT. 
Plestiodon gilberti is not known to be territorial (Lemm 2009. 
In Jones and Lovich [eds.], Lizards of the American Southwest, 
pp. 449–451. Rio Nuevo Press, Tucson, Arizona) and we are not 

aware of any reports of intraspecific combat or aggression in 
this species (e.g., Jones 1985. Cat. Amer. Amphib. Rept. 372:1–3), 
although male aggression is well known in other species in the 
genus (Cooper and Vitt 1987. Herpetologica 43:7–14). On 21 April 
2014 at approximately 1005 h, HDD observed two adult male 
P. gilberti (both approximately 90 mm SVL) on the ground in a 
Prosopis glandulosa, Populus fremontii, and Salix sp. riparian 
woodland at Big Morongo Canyon Preserve, 1.2 km E of Mo-
rongo Valley, San Bernardino Co., California, USA (34.049837°N, 
116.567869°W, WGS84; 765 m elev.). One individual was laying 
roughly perpendicular to the other and had the other lizard’s 
head grasped in its mouth. Upon approach, the two lizards split 
up and quickly disappeared into the leaf litter and other debris 
on the forest floor. Although only one of the lizards was photo-
graphed (UAZ 57612-PSV, verified by G. Bradley) and is readily 
identifiable as a male in breeding colors, the second lizard was 
very similar to the first with respect to size, proportions, and 
head coloration and thus we are confident that it was also a male. 

HENRY D. DETWILER, Southwest Birders, 8815 S. Ave D, Yuma, Ari-
zona, 85364, USA (e-mail: henrydetwiler@earthlink.net); JAMES C. RORA-
BAUGH, P.O. Box 31, Saint David, Arizona 85630, USA (e-mail: jrorabaugh@
hotmail.com).

SCELOPORUS CONSOBRINUS (Prairie Lizard). MORTALITY. 
Discarded bottles have been well documented as fatal traps for 
small mammals, but few accounts report on other small verte-
brates becoming trapped inside such bottles (Morris and Harp-
er 1965. Proc. Zool. Soc. Lond. 145:148–153; Pagels and French 
1987. Am. Midl. Nat. 118:217–219; Benedict and Billeter 2004. 
Southeast. Nat. 3:371–377). Glass bottles inclined with openings 
pointed uphill >15° render escape almost impossible for small 
vertebrates and other organisms, as they cannot climb the slip-
pery sides or provide momentum to move bottles (Morris and 
Harper 1965, op. cit.; Gerard and Feldhamer 1990. Am. Midl. Nat. 
124:191–194; Benedict and Billeter 2004, op. cit.). 

On 22 May 2012, we collected a clear glass beer bottle 
containing a dead Sceloporus consobrinus (Fig. 1) in south-
central Nebraska, USA, 13.4 km N and 4.9 km E of Smithfield in 
Gosper Co. (40.6921°N, 99.6821°W; WGS84). The littered bottle 
was discovered on a grassy slope with scattered trees adjacent 
to rolling grasslands near an irrigation canal spillway (“Johnson 
Return to River”) on the Central Nebraska Public Power and 
Irrigation District’s supply canal located downstream of the 

Fig. 1. Gravid Plestiodon callicephalis (LACM 99505) collected June 
1959 from Nayarit, Mexico. Arrow is on embryo in oviductal egg.

Fig. 1. A fatally trapped Sceloporus consobrinus discovered in a lit-
tered glass bottle in south-central Nebraska.
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Canaday Steam Plant. The opening of the glass bottle was pointed 
upward on the slope, and it also contained a single carrion beetle. 
The lizard was deposited in the natural history collections at the 
Sternberg Museum of Natural History, Fort Hays State University, 
Hays, Kansas (FHSM 16552) and verified by Curtis J. Schmidt. 
To our knowledge this represents the first report of this species 
trapped in littered debris.

Other reports have described herpetofaunal mortalities 
associated with littered bottles and cans (Herrington 1985. 
Herpetol. Rev. 16:113). At least 33 lizards and plethodontid 
salamanders were reported fatally trapped in littered bottles in 
the eastern United States, but numbers likely underrepresented 
actual fatalities of individuals due to decomposition and 
scavenging (Benedict and Billeter 2004, op. cit.). Moreover, 
remains of 140 Insular Lizards (Podarcis hispanica atrata) were 
observed in discarded bottles and tin cans at dumps in islands 
off the coast of Spain (Castilla and Bauwens 1991. Biol. Conserv. 
58:69–84). As suggested for shrews, small reptiles and amphibians 
potentially are entering bottles to feed upon trapped insects and 
other invertebrates (Morris and Harper 1965, op. cit.; Gerard and 
Feldhamer 1990, op. cit.).

CODY A. DREIER, R. ARIC BUERER, and KEITH GELUSO, Department 
of Biology, University of Nebraska at Kearney, Kearney, Nebraska 68849, 
USA (e-mail: gelusok1@unk.edu).

SCELOPORUS UNIFORMIS (Yellow-backed Spiny Lizard). TAIL 
REGENERATION. We report on Sceloporus uniformis having two 
regenerated sections along its tail from an individual captured 
near the lower Virgin River in Beaver Dam, Mohave Co., Arizona, 
USA (36.8983°N, 113.9222°W). Similar to many species of lizards, 
spiny lizards (Sceloporus spp.) can regenerate autotomized tails. 
Intravertebral fracture planes cross each vertebrae, allowing for 
tail autotomy and regeneration to occur from point of amputa-
tion (Jamison 1964. Herpetologica 20:145–149). The regenerated 
section of an autotomized tail has calcified cartilaginous tubes 
lacking the intravertebral autotomy fracture planes (Bateman 
and Fleming 2009. J. Zool. 277:1–14). This would suggest that re-
generated tails should not be able to regenerate a second time 
because of the loss of the specialized fracture planes found 
in bony vertebrae. However, Alibardi (2014. Prog. Histochem. 
Cyto. 48:143–244) suggested that lizards with autotomous frac-
ture planes are able to regenerate their tails outside of the frac-
ture planes. Compared to lizard species with non-autotomous 
planes, Alibardi (2014, op. cit.) suggests that species with fracture 
planes can have a new regeneration of a regenerated tail because 
stem cells are present in the connective tissue containing fibro-
blasts in the tail. Despite the histological evidence, there are few 
examples of lizards with two regenerated sections of their tails 
and, we believe, this is the first documentation of two regener-
ated sections in a single tail for S. uniformis.  

We captured S. uniformis in trap arrays established in riparian 
habitat with cottonwood (Populus fremontii), willow (Salix spp.), 
and saltcedar (Tamarix sp.) trees as part of a larger project to 
examine the effects of saltcedar biocontrol and restoration on 
herpetofaunal communities (Bateman et al. 2014. Biol. Invasions 
DOI:10.1007/s10530-014-0707-0). On 26 May 2014, we captured 
a male S. uniformis that weighed 44 g, had a snout–vent length 
of 109 mm, and tail length of 79 mm. The tail was regenerated at 
two locations with the first regenerated section beginning at 23 
mm from the vent and the second section beginning at 61 mm 
from the vent (each section was 38 mm and 18 mm in length, 
respectively) (Fig. 1). 

Bureau of Land Management in the Arizona Strip District 
permitted access to study site. Scientific collecting permits 
were issued by the Arizona Game and Fish Department and 
Institutional Animal Care and Use Committee. This study 
was funded by the Bureau of Reclamation Southern Rockies 
Landscape Conservation Cooperative (LCC) and Desert LCC. 

HEATHER L. BATEMAN, Arizona State University at the Polytechnic 
campus, 7231 E. Sonoran Arroya Mall, Mesa, Arizona 85212, USA (e-mail: 
heather.bateman@gmail.com); CHARLENE HOPKINS (e-mail: hopkin92@
gmail.com), and KENT R. MOSHER (e-mail: krmosher@asu.edu).

VARANUS PANOPTES (Yellow-spotted Monitor). DIET AND 
FORAGING BEHAVIOR. Although large predatory animals are 
capable of capturing and consuming large prey, most regularly 
consume smaller prey (e.g., Hart and Hamrin 1990. In Hughes 
[ed.], Behavioural Mechanisms of Food Selection, pp. 235–253. 
Springer-Verlag, Berlin). Large monitor lizards are no exception. 
For example, Varanus bengalensis reaches 1.75 m in total length 
but 75% of its diet consists of small invertebrates (Auffenberg 
1994. The Bengal Monitor. The University Press of Florida, 
Gainesville. 560 pp.). Generalist predators such as large moni-
tor lizards use different foraging strategies to obtain different 
prey, a pattern well documented for V. bengalensis (Auffenberg 
1994, op. cit.). One foraging behavior noted was regular search-
es for dung beetles (Scarabaeidae) in the dung pats of (mainly) 
large mammals. Herein we document similar foraging behavior 

Fig. 1. Ventral (A) and dorsal (B) view of Sceloporus uniformis having 
two regenerated sections along its tail, Beaver Dam, Arizona
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in the Yellow-spotted Monitor, Varanus panoptes, in northern 
Australia.

The Yellow-spotted Monitor is a large lizard (up to 1.5 m in 
total length) inhabiting riparian areas and floodplains in tropical 
Australia (Cogger 2000. Reptiles and Amphibians of Australia. 
Reed New Holland, Sydney. 808 pp.). It is a generalist carnivore 
consuming mammals, frogs, reptiles, fish, invertebrates, 
and the eggs of reptiles and birds (Christian 2004. In Pianka 
and King [eds.], Varanoid Lizards of the World, pp. 423–429. 
Indiana University Press, Bloomington and Indianapolis. 
588 pp.). Invertebrates eaten include orthopterans, ants, 
lepidopterans, spiders, centipedes, roaches, hemipterans, 
beetles, trichopterans, and crabs (Christian 2004, op. cit.). 
Studies of V. panoptes diet are based mainly on dissections of 
museum specimens, and on stomach flushing of live individuals, 
although a few observations of feeding and prey capture have 
recently been published (Shannon 2008. Biawak 2:80–86; 
Shannon and Mendyk 2009. Biawak 3:85–87; Rhind and Doody 
2011. Herpetofauna 41:64–65; Doody et al. 2012a. Herpetol. Rev. 
43:339–340; Doody et al. 2012b. Herpetol. Rev. 43:491–492; Rhind 
et al. 2013. Herpetol. Rev. 44:516–517; Rhind et al. 2014. Herpetol. 
Rev. 45:335–336). Collectively, these studies and observations 
indicate that V. panoptes is capable of a wide range of foraging 
behaviors including capturing fast prey, subduing large prey, 
excavating inactive or hidden prey including eggs, foraging for 
aquatic prey, raiding poultry pens, and scavenging roadkill and 
human consumable waste. 

At 0935 h on 9 July 2010 we observed, photographed, and 
videoed a large male V. panoptes tearing apart a cattle dung pat 
on the campground at El Questro Station, El Questro Wilderness 
Park, in the Kimberley Region of Western Australia (16.006297°N, 
127.979819°E) (http://dx.doi.org/10.6084/m9.figshare.1281287). 
Upon closer examination (within 3 m) we observed the lizard 
to: 1) tongue-flick in and around the pat; 2) tear apart the pat 
with alternating forelimbs; 3) press its nose into the pat; and 4) 
capture small prey items and swallow them. Although we could 
not confirm it with absolute certainty, the prey items appeared to 
be dung beetles, which we later found to be relatively common 
in other dung pats in the area (there were no other similar-sized 
invertebrates in the 10 pats we examined). After the lizard tore 
apart the pat, it proceeded in a straight line to another pat 7 
m away. In this way the lizard tore apart seven dung pats in a 
~30-minute period. The pats were all within a 50-m2 area. The 
dung pats were from cattle, which invade the campground to 
forage on green grass late in the dry season. The campground 
is encompassed by the Station, a million-acre property that 
supports ~5000 head of cattle (M. Bass, pers. comm.). 

Varanus bengalensis forages for dung beetles in the dung pats 
of cattle, elephants, rhinoceros, donkeys, camels, blackbuck, 
nilgai, horses, and canids (Auffenberg 1994, op. cit.). In 
particular, V. bengalensis regularly visited bovine dunging sites, 
which contained a rich and diverse abundance of dung beetles. 
The lizards also demonstrated spatial memory, visiting but not 
disturbing fresh dung pats which have few beetles, then revisiting 
the pats days later when beetle densities were higher. We do not 
know if the V. panoptes knew of the dung pats previously; however, 
the lizard clearly focused on dung pats exclusively during the 
feeding bout. Earlier in the year when dung pats are not available 
at the site, we commonly observe V. panoptes foraging in the 
campground on mowed grass for buried prey including beetle 
larvae, hymenopteran larvae, and frogs. They also occasionally 
scavenge on human food items. Other producers of significant 

amounts of dung in the east Kimberley are feral donkeys, horses, 
cattle, and pigs. Dung foraging in monitors may be a relic; 
historically, prominent megafauna would have provided an 
abundance of dung pats and beetles for ancestral species of large 
monitors. Auffenberg (1994, op. cit.) estimated that the habit 
of gleaning dung beetles from Bovine pats by Asian monitors 
extended back into the Pliocene, based on fossil evidence from 
the Varanidae, Bovidae, and Scarabaeidae.

The great breadth of both food types and foraging strategies 
in V. panoptes probably increases the likelihood of individual 
variation of both. Individual variation in prey preference may 
be critical for the viability of V. panoptes populations in the 
Kimberley Region as they face the invading Cane Toad (Rhinella 
marina). Varanus panoptes is one of three species of monitor 
lizards that suffers severe population-level declines, via lethal 
toxic ingestion, with the invasion of Cane Toads (e.g., 83–96%, 
Doody et al. 2009. Anim. Conserv. 12:46–53). Toads have since 
invaded El Questro in 2012–2013. Perhaps individuals that prefer 
non-frog prey such as invertebrates will comprise the proportion 
of animals surviving the toad invasion. 

J. SEAN DOODY, Department of Ecology and Evolutionary Biology, 
University of Tennessee, 569 Dabney Hall, Knoxville, Tennessee 37996-1610, 
USA (e-mail: jseandoody@gmail.com); GRAEME SAWYER, 19 Tasman Cir-
cuit, Wagaman, Northern Territory 0810, Australia (e-mail: graemes@en-
tity1.com); KIM HANDS, Stop the Toad Foundation, 2 Delhi Street, West 
Perth, Western Australia 6005, Australia (e-mail: kim@stopthetoad.org.au).

VARANUS PANOPTES (Yellow-spotted Monitor). TOXIC PREY 
AVOIDANCE. It is well established that toxic Cane Toads (Rhi-
nella marina) poison some predator species attempting to ingest 
them (Lever 2001. Cane Toad: The History and Ecology of a Suc-
cessful Colonist. Westbury, Yorkshire). In a few species this interac-
tion translates into strong, population-level impacts; for example, 
Varanus panoptes suffers population declines of about 90% upon 
toad arrival (Doody et al. 2009. Anim. Conserv. 12:46–53; Ujvari 
and Madsen 2009. Herpetol. Conserv. Biol. 4:248–251). However, 
it is not known whether the surviving ~10% possessed genetic-
based immunity (Ujvari et al. 2013. Evolution 67:289–294), an in-
nate adaptive avoidance of frogs, or whether non-lethal encoun-
ters result in lizards learning to avoid Cane Toads (Llewelyn et al. 
2013. Austral. Ecol. 39:190–197). Behavioral observations, while 
insufficient alone to allow distinguishing among those hypoth-
eses, can clarify interactions that can facilitate choosing which 
hypothesis is the best to pursue. While studying the nesting biol-
ogy of V. panoptes in the Kimberley region of tropical Australia, we 
captured video of a natural interaction between a V. panoptes and 
a Cane Toad, soon after the arrival of toads to the site. 

In April and May 2013 we monitored four V. panoptes 
nesting warrens for female activity using Moutrie I-35® remote 
game cameras at El Questro Wilderness Park, Western Australia 
(15.895033°S, 128.132456°E). The site is mainly woodland 
savannah and is in the wet-dry tropics; the nesting warrens were 
in the sandhill of a riparian area. Cameras were placed on the 
trunks of small trees near the burrow entrances of warrens. Two of 
the cameras were set to take still photographs and two set to take 
short videos with an associated photograph (30 sec in duration). 
At 0829 h on 1 May a video captured the interaction of an adult 
gravid female V. panoptes and an adult Cane Toad (http://dx.doi.
org/10.6084/m9.figshare.1281314). The video begins by showing 
the lizard with its head turned towards the toad, which was sitting 
in shade next to a burrow opening (Fig. 1). The direction of her 
gaze and repeated tongue-flicking (6 flicks in that posture for 10 
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seconds), suggested that she was aware of the toad’s presence. 
At 11 seconds the lizard turned away from the toad and burrow 
entrance, at which time the toad hopped quickly into the burrow, 
possibly in response to the lizard’s movement. The lizard walked 
slowly about 0.5 m away from the burrow, during which time she 
flicked her tongue nine times; at 24 seconds the lizard ceased 
tongue-flicking and flattened out her body and basked in a patch 
of sunlight for the last 6 seconds of the video. Toads had arrived 
at the site during the previous wet season, sometime between 
November 2012 and March 2013. When we excavated the warrens 
in May and June most of the burrows contained 1–4 adult toads. 
Over the next few weeks the lizard completed her nesting in the 
same burrow, and was seen several times during this process, 
indicating that she was not a victim of toad poisoning. Excavation 
of her burrow revealed her eggs but no more toads.

As far as we know, this is the first direct observation of the 
interaction between a V. panoptes and a Cane Toad in nature (but 
see Llewelyn et al. 2013, op. cit., for field experiments in which V. 
panoptes were offered toads from a noose). The lizard, which was 
clearly large enough to consume the toad, was not toad-naïve, 
but may not have experienced toad toxin. It is possible that the 
lizard was satiated, or that V. panoptes do not feed while gravid, 
or during the nesting process. However, it is equally likely that 
the lizard avoided the toad due to either innate avoidance or a 
learned response to toad poisoning. Further monitoring of V. 
panoptes nesting warrens as toads arrive could reveal insightful 
interactions that clarify the behavioral repertoire of V. panoptes 
for dealing with Cane Toads. These interactions could help 
disentangle competing hypotheses underpinning the surviving 
10% of V. panoptes during the Cane Toad invasion.

J. SEAN DOODY, Department of Ecology and Evolutionary Biology, 
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com); MAIK FIDEL, 2/151 Main Road, Lower Plenty, Victoria 3093, Australia 

(e-mail: mantis_maik@hotmail.com); DOMENIC D’AMORE, Department 
of Natural Sciences, Daemen College, 4380 Main Street, Amherst, New York 
14226, USA (e-mail: ddamore@daemen.edu); SIMON CLULOW, School 
of Environmental and Life Sciences, University of Newcastle, Callaghan, 
New South Wales 2308, Australia (e-mail: simon.clulow@newcastle.edu.
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WOODWORTHIA MACULATA (Common Gecko). LEUCISM. 
Leucism is a condition where the lack of deposition of mela-
nin in the skin results in a white or pale coloration of the ani-
mal, but the eyes maintain normal pigmentation (cf. albinism; 
Bechtel 1995. Reptile and Amphibian Variants: Colors, Patterns, 
and Scales. Krieger Publishing Co., Malabar, Florida. 206 pp.). 
Leucism can vary from partial (<25%, also defined as piebald-
ism) to completely white individuals (van Grouw 2006. Dutch 
Birding 28:79–89; Rocha and Rebelo 2010. Herpetol. Notes 
3:361–362). Occurrence of leucistic New Zealand geckos in the 
wild are uncommon (T. Jewell, pers. comm.) and the few obser-
vations are generally not recorded.

On 25 February 2014, several Woodworthia maculata were 
caught at dusk, under a pile of rocks close to the shoreline at an 
island in Whakatane, New Zealand. One of the three individuals 
was an adult female (SVL = 67 mm) with very pale white 

Fig. 1. Game camera photograph of a gravid female Varanus panop-
tes near the entrance of her nesting burrow, looking towards a Cane 
Toad (Rhinella marina) that is sitting at the base of a small tree (in 
shadow). The dust in the air is a result of the lizard’s digging action 
just before the photograph was taken.

Fig. 1. Leucistic female Woodworthia maculata, (A) lateral head 
showing the pigmented eyes, and (B) light patterning on the dorsal 
region.
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coloration and dark viscera visible through the translucent 
skin. The eyes were pigmented, indicating that the individual 
was not an albino (Fig. 1A). The female also had light brown 
patterns on its dorsal region (Fig. 1B). This nocturnal species 
is generally grey, brown or olive-green in color with highly 
variable dorsal patterning, and has a large geographical range 
in New Zealand (Jewell 2008. Reptiles and Amphibians of New 
Zealand. New Holland, New Zealand. 143 pp.). This is one of the 
rare observations of leucism occurring in wild populations of 
W. maculata.

MARLEN BALING, Institute of Natural and Mathematical Sciences, 
Massey University (Albany Campus), Private Bag 102904, Auckland 0745, 
New Zealand; e-mail: m.baling@gmail.com.

XANTUSIA GRACILIS (Sandstone Night Lizard). DIET AND 
FORAGING BEHAVIOR. Occurrence of Xantusia gracilis is lim-
ited to a small range of sandstone habitat in the Anza-Borrego 
Desert of southern California. Due to the location and cryptic 
nature of X. gracilis, very little information has been gathered 
on its natural history. In captivity, these lizards have been ob-
served eating the eggs of Phyllodactytus nocticolus (as P. xan-
ti) (Grismer and Galvan 1986. Trans. San Diego Soc. Nat. Hist. 
21:155–165). While the diet of X. henshawi has been extensively 

examined through the analysis of stomach contents (Brat-
tstrom 1952. Copeia 1952[3]:168–172), to my knowledge, the 
hunting behavior and prey items of X. gracilis have never been 
observed in the wild.

On 25 May 2014, we observed an adult X. gracilis exposed on 
a sandstone wall. Light was immediately taken off of the animal 
in an effort to prevent it from retreating. By the time I readied 
my camera for a photo voucher, the lizard had disappeared. I 
approached the last known location of the lizard and discovered 
it inside the crevice of an exfoliating slab of sandstone. While 
attempting to take a photo of the lizard through the opening, 
it exited and consumed an insect on the artificially illuminated 
sandstone surface. It quickly retreated to the crevice where it 
was witnessed masticating, and licking its eye. It was observed 
for about an hour, emerging to prey on various insects, 
followed by partial to full retreat to the crevice soon after each 
catch or miss. One of the insects consumed was identifiable 
as a small beetle (Coleoptera) (Fig. 1). At least one potential 
prey item was rejected after approach and inspection by the 
lizard. Interest was shown in a Trimerotropis pallidipennis 
(Pallid-winged Grasshopper) (Fig. 2), with the lizard making a 
sudden movement in response to the grasshopper leaping. It 
was difficult to distinguish whether this was a predatory strike 
or the lizard startled from the grasshopper movement. No 
physical contact was made with the lizard and it did not appear 
to be disturbed by human presence or artificial lights. All of the 
mentioned behavior was video recorded and can be viewed by 
request to the first author.

TAYLOR S. HENRY, 13945 Chancellor Way, Poway, California 92064, 
USA (e-mail: taylorshenry@yahoo.com); GARY S. HENRY (e-mail: garysh-
enry@gmail.com).

SQUAMATA — SNAKES

AGKISTRODON CONTORTRIX (Copperhead). REPRODUCTION. 
Robust estimates of lifetime reproduction in female New World 
pitvipers exist only for several taxa, and in particular Crotalus 
horridus (Timber Rattlesnake). Here, we present data from a wild 
female Agkistrodon contortrix that suggests this species’ reproduc-
tive lifespan is protracted, similar to C. horridus from New York.

On 24 August 2001, a pregnant female A. contortrix (SVL = 62.2 
cm, tail length = 8.5 cm, mass = 165 g) was captured at our study 
site (Fig. 1). The area is a 485-ha parcel of basalt trap rock ridge 
ecosystem located 4.75 km NW of Meriden, Connecticut (Smith 
et al. 2009. Herpetol. Monogr. 23:45–73). She produced a litter of 
3 healthy offspring in the laboratory on 5 September 2001. Her 
post-birth mass was 99.3 g. She was subsequently PIT tagged and 
released at the exact location of capture.

The female was subsequently captured at the same site (within 
1 m) on 25 July 2008, 28 May 2010, 26 July 2011, and 12 August 
2013. On 25 July 2008 she appeared pregnant (SVL = 65.3 cm, tail 
length = 8.5 cm, mass = 340 g) and produced a litter of 6 healthy 
offspring in the laboratory on 2 September 2008. Her post-birth 
mass was 162 g. On 28 May 2010, although she did not appear 
pregnant (SVL = 65.5 cm, tail length = 9.0 cm, mass = 340 g), she 
was nonetheless brought back to the laboratory for observation. 
She did not produce a litter in 2010. On 26 July 2011 she appeared 
pregnant (SVL = 67.6 cm, tail length = 9.0 cm, mass = 274 g) and 
was brought to the laboratory. She produced a litter of 8 healthy 
offspring on 28 August 2011. Her post-birth mass was 199 g. On 
12 August 2012 she was recaptured at the same location and 
appeared pregnant (SVL = 67.8 cm, tail length = 9.0 cm, mass = 262 

Fig. 1. Xantusia gracilis with beetle immediately before predation.

Fig. 2. Xantusia gracilis showing interest in Trimerotropis pallidipen-
nis.
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g). She produced a litter of 6 healthy offspring in the laboratory on 
31 August 2013. Her post-birth mass was 155.2 g. 

From her initial capture on 24 August 2001 until her last 
capture on 12 August 2013, we documented production of four 
litters by this female. Additional unobserved litters are possible 
from 10 October 2001 (when she was released following her first 
litter) to 25 July 2008 (when she was captured prior to her second 
litter). Based on her size and indisputable evidence of sexual 
maturation at the initial capture, we conservatively estimated her 
age in August 2013 to be 15 years old. Accordingly, we document 
her reproductive lifespan to be at least 12 years.

Long-term data on wild female C. horridus indicate that repro-
ductive senescence is delayed or absent in this species’ life history 
(Brown 1991. Herpetologica 47:101–115). Our data on A. contortrix 
are consistent with this suggestion. We encourage others to collect 
long-term data on individuals of other pitviper species to better 
understand this important life history characteristic.

We thank J. Victoria and L. Fortin, Connecticut Department 
of Environmental Protection Wildlife Division, for providing the 
necessary permits. C. Annicelli, S. Berube, H. Gruner, S. Horwitz, 
J. Marzolf, and T. Tyning provided numerous favors. The Ameri-
can Wildlife Research Foundation, The University of Connecticut 
Department of Ecology and Evolutionary Biology Wetzel Fund, the 
Connecticut Department of Environmental Protection Non-game 
Fund, Sigma Xi, Georgia State University (Biology Department), 
and a National Science Foundation Predoctoral Fellowship (CFS) 
provided funding. This research was conducted under the super-
vision of The University of Connecticut Institutional Animal Care 
and Use Committee (IACUC), protocol number S211 1201.
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burg, South Carolina 29304, USA (e-mail: charlessmith35@gmail.com); The 
Copperhead Institute, PO Box 6755, Spartanburg, South Carolina 29304, 
USA; and Chiricahua Desert Museum, PO Box 376, Rodeo, New Mexico 
88056, USA; GORDON W SCHUETT, Department of Biology and Center for 
Behavioral Neuroscience, Georgia State University, 33 Gilmer Street, SE, Unit 
8, Atlanta, Georgia 30303-3088, USA; The Copperhead Institute, PO Box 6755, 
Spartanburg, South Carolina 29304, USA; and Chiricahua Desert Museum, PO 
Box 376, Rodeo, New Mexico 88056, USA (e-mail: gwschuett@yahoo.com).

APOSTOLEPIS MULTICINCTA. DIET. Apostolepis multicincta 
(family Dipsadidae) is a small, fossorial snake endemic to the in-
ter-Andean dry valleys of Bolivia in the Departments of Santa Cruz 
(Reiche and Embert 2005. J. Herpetol. 39:379–383) and Chuqui-
saca (Cortez, in press. Kempffiana). Little information is available 
on the natural history of this species, including its diet. The only 
known prey item is a blind snake (Leptotyphlops striatula = Epic-
tia striatula; Embert and Reichle 2003. Salamandra 39:249–252). 
Herein we document a new prey item for A. multicincta. On 16 
June 2014 at 1500 h we captured an adult A. multicincta (male; SVL 
= 385 mm; tail length = 50 mm; head width = 5.6 mm) crossing 
the road in the community of Pacay, Florida Province, Santa Cruz 
Department, Bolivia (18.039722°S, 64.142222°W, WGS 84; elev. 
1294 m). Several hours later, while in captivity, the A. multicincta 
regurgitated a juvenile Amphisbaena cegei (male; SVL = 140 mm; 
tail length = 15 mm). This is the second known prey item for A. 
multicincta, and the first instance of an amphisbaenian in its diet. 
Both individuals were deposited in the Herpetology Collection in 
the Noel Kempff Mercado Museum, Santa Cruz de la Sierra, Bolivia 
(A. multicincta MNKR 5355; A. cegei MNKR 5356).

RONALD SOSA, Sección de Herpetologia, Museo de Historia Natural 
Noel Kempff Mercado, Santa Cruz de la Sierra, Bolivia (e-mail: yacarek@gmail.
com); CHRISTOPHER M. SCHALK, Department of Wildlife and Fisheries Sci-

ences, Texas A&M University, College Station, Texas 77843-2258, USA (e-mail: 
cschalk@tamu.edu); LORENZO BRAGA,  Sección de Herpetologia, Museo 
de Historia Natural Noel Kempff Mercado, Santa Cruz de la Sierra, Bolivia (e-
mail: lorenzobraga@gmail.com); FR. ANDRÉS MARIA LANGER OP, Parro-
quia de Pampagrande, Santa Cruz de la Sierra, Bolivia.

ASPIDITES MELANOCEPHALUS (Black-headed Python). DIET. 
Pythons (Pythonidae) are among the largest native predators in 
many Australian terrestrial communities. However, interactions 
between these species and the suite of introduced mammalian 
predators that now dominate much of Australia have rarely 
been reported. On 7 July 2014, we observed a road-killed A. 
melanocephalus (total length ca. 1.5–2 m) on the Gibb River 
Road, Western Australia, just west of the turnoff to Windjana 
Gorge Road in open savanna woodland (Fig. 1). Inspection of 
the stomach contents revealed three feral cat kittens (Felis catus). 
Based on their small size (ca. 150 mm head–body length), folded 
ears and closed eyes, these cats were less than a few weeks old 
and had been consumed in one session, presumably when the 
python found them in a den. The posterior-most cat was near fully 
digested, while the other two cats were intact.

Australia’s mammal fauna has undergone systematic declines 
across most of the continent and direct predation by introduced 
predators (i.e., feral cats; red foxes) is widely considered a key 
threatening process (Short and Smith 1994. J. Mammal. 75:288–
297). Populations of some native predators have clearly shifted 
to prey on comparatively abundant introduced mammals (e.g., 
rabbits, house mice; Heard et al. 2004. Austral Ecol. 29:446–460). 
However, although feral cats have played an important role in the 
decline of many native species, they have not been considered as 
potential prey for many native predators. This observation suggests 
that feral cats, which are relatively abundant and widespread 
throughout Australia, could be a significant food resource for 
some large native predators, such as A. melanocephalus. 

TOM PARKIN (e-mail: elapideco@gmail.com) and PAUL OLIVER, Re-
search School of Biology, Australian National University, Canberra, Australia 
(e-mail: paul.oliver@anu.edu.au).

BOA CONSTRICTOR (Boa Constrictor). DIET. Boa constrictor 
is an opportunist and generalist predator occurring throughout 
Central and South America (Henderson et al. 1995. Herpetol. Nat. 
Hist. 3:15–27). Its diet includes mainly mammals, reptiles, and 
birds (Pizatto et al. 2009. Amphibia-Reptilia 30:533–544; Bernarde 

Fig. 1. Road-killed Aspidites melanocephalus on the Gibb River Road, 
Western Australia, with three Felis catus it had consumed.
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and Abe 2010. Biota-Neotrop. 10:167–173). Although predation 
on wild birds by B. constrictor is well documented (e.g., Pizatto et 
al. 2009, op. cit.; Barbier and Rocha-Santos 2014. Herpetol. Rev. 
45:140), herein we provide the first report of B. constrictor preda-
tion on Patagioenas picazuro (Picazuro Pigeon: Columbidae), in 
an urban forested fragment.

The observation occurred on 20 Sep 2010 in a forest clearing 
at the Natural Heritage Private Reserve of the Universidade Fed-
eral de Mato Grosso do Sul (NHPR/UFMS), Mato Grosso do Sul, 
Campo Grande, Brazil (20.5082°S, 54.6162°W; datum WGS84). At 
0857 h, we found a B. constrictor constricting and swallowing a P. 
picazuro (Fig. 1A). The NHPR/UFMS fragment has an area of ap-
proximately 50 ha of dense savannah within a highly urbanized 
landscape. Despite the relatively small size of the fragment (Fig. 
1B), our observation highlights the importance of these remain-
ing protected areas as refuges for species and communities threat-
ened by urban development.

We acknowledge Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) and Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) for 
financial support. We are grateful to Rudi Laps, Franco L. Souza, 
and Vanda L. Ferreira for helping in species identification and 
Cynthia P. A. Prado, Franco L. Souza, and Harry W. Greene for 
critically reviewing the manuscript.
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BOA CONSTRICTOR (Boa Constrictor). DIET. Boa constrictor is 
a widely distributed, semiarboreal, mostly nocturnal, large-bod-
ied snake (Greene 1983. In Janzen [ed.], Costa Rican Natural His-
tory, pp. 380–382. Univ. Chicago Press, Chicago, Illinois). These 
generalist, opportunistic, sit-and-wait predators are known to 
feed on a variety of prey, with endothermic animals compris-
ing a large proportion of the diet of adult specimens (Pizzatto et 
al. 2009. Amphibia-Reptilia 30:533–544). Previous accounts on 
mammalian prey include opossums, bats, rats and mice, rabbits, 
squirrels, porcupines, tamanduas, mongooses, agoutis, coatis, 
armadillos, sloths, deer, ocelots, and monkeys (Reed and Rodda 
2009. Giant Constrictors: Biological and Management Profiles 
and an Establishment Risk Assessment for Nine Large Species 
of Pythons, Anacondas, and the Boa Constrictor. U.S. Geological 
Survey Open-File Report 2009–1202, Reston, Virginia. 302 pp.). 
On 29 May 2012, we obtained an adult female B. constrictor (total 
length ca. 210 cm) from a local farmer (who thought it to be a 
Lachesis stenophrys [Matabuey or Bushmaster]) on the southern 
slope of Reserva Natural Cerro Musún (12.96°N, 85.23°W, datum 
WGS84; 650 m elev.), Dept. Matagalpa, Nicaragua. The farmer 
had killed the snake the previous morning at ground level in his 
crop field, situated at the edge of a relatively large and well pre-
served premontane wet forest. In the snake’s stomach, we found 
a recently ingested, full-grown Potos flavus (Kinkajou: Procyoni-
dae: Carnivora), a strictly nocturnal and mainly frugivorous and 
arboreal mammal (Ford and Hoffmann 1988. Mammalian Spe-
cies 321:1–9). The snake had swallowed the Kinkajou head-first. 
To our knowledge, this is the first report of Kinkajou in the diet 
of B. constrictor.

JAVIER SUNYER, Museo Herpetológico de la UNAN-León (MHUL), 
Departamento de Biología, Facultad de Ciencias y Tecnología, Univer-
sidad Nacional Autónoma de Nicaragua-León, León, Nicaragua (e-mail: 
jsunyermaclennan@gmail.com); DIANA M. GALINDO-URIBE, Grupo de 
Ecofisiología, Comportamiento y Herpetología, Universidad de los Andes, 
Bogotá, Colombia (e-mail: dm.galindo48@uniandes.edu.com).

COLUBER (= MASTICOPHIS) BILINEATUS (Sonoran Whip-
snake). DIET. Avian nest predation by snakes has been reported 
infrequently, but may account for as much as 90% of all nest 
predation (Weatherhead and Blouin-Demers 2004. J. Avian Biol. 

Fig. 1. A) Patagioenas picazuro (Picazuro Pigeon) predation by Boa 
constrictor. B) Google Earth satellite image showing urban fragment 
where predation took place (arrow), in Campo Grande, MS, Brazil.

Fig. 1. Ingestion of Potos flavus (Kinkajou) by Boa constrictor at 
Reserva Natural Cerro Musún, Dept. Matagalpa, Nicaragua.
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35:185–190). Coluber bilineatus is a common snake in the So-
noran Desert that is semiarboreal to arboreal and is most com-
monly observed in brush and trees (Jones 2014. Arizona Wildlife 
Views: 43). The diet of C. bilineatus is known to consist of lizards 
(Bezy and Enderson 2003. Sonoran Herpetol. 16:16–17) and 
mammals (Camper and Dixon 2000. Texas J. Sci. 52:83–92). Here 
we document the first report of bird eggs as food items for C. bi-
lineatus. 

On 13 August 2013 at 1100 h, we observed an adult C. bilin-
eatus (total length ca. 1700 mm) predating the nest of a Zenaida 
asiatica (Mourning Dove) at La Cieneguita, 12 km from Maz-
ocahui, municipality Baviacora, Sonora, México (29.539253°N, 
110.015°W; datum WGS84). The snake climbed to the nest ca. 
3.5–4 m above the ground of a live mesquite (Prosopis velutina). 
The dove fought for a few seconds but it was unable to protect 
the eggs and flew away. The snake proceeded to swallow the first 
egg (Fig. 1), but dropped the second egg while trying to swallow 
it. It searched for more eggs, but not finding any, eventually de-
parted in response to our presence. Photos are deposited in the 
Colección Científica de Vertebrados de la Universidad Autónoma 
de Ciudad Juárez. 

ANA GATICA-COLIMA, Universidad Autónoma de Ciudad Juárez, ICB, 
Departamento de Ciencias Químico Biológicas, Laboratorio de Ecología 
y Biodiversidad Animal, Anillo Envolvente del PRONAF y Estocolmo s/n, 
CP 32310, Ciudad Juárez, Chihuahua, México (e-mail: agatica@uacj.mx); 
ALDO HIRAM GUTIÉRREZ-SALDAÑA (e-mail: aldohiram@gmail.com), 
ANTONIO OROZCO-AVÍTIA (e-mail: avitia65@ciad.mx), ROSA IDALY 
MORALES-ESTRADA (e-mail: idalyum@yahoo.com.mx), and JESÚS AL-
BERTO JIMÉNEZ-LEYVA (e-mail: funjidos@yahoo.com.mx), Centro de 
Investigación en Alimentación y Desarrollo (CIAD A.C.),  Coordinación de 
Tecnologías de Alimentos de Origen Vegetal (CTAOV), Laboratorio de 
Biotecnología de Plantas y Hongos, Carretera a La Victoria Km 0.6 C.P. 
83304, Hermosillo, Sonora, México. 

COLUBER (= MASTICOPHIS) FLAGELLUM (Coachwhip). DE-
FENSIVE BEHAVIOR. Speed and retreat into bushes is the most 
common escape behavior seen in racers and whipsnakes (BHB, 
pers. obs.). Here we report an unusual escape behavior of a Colu-
ber flagellum crawling up a Giant Saguaro (Carnegia giantea). 
Robert and Jamie Dieterich saw a C. flagellum (total length ca. 
100 cm) in the shade of the veranda of their house on their Fly-
ing D Ranch, near Signal, Mohave Co., Arizona, USA (34.50864°N, 
113.6304°W; datum WGS 84) at about l500 h on 17 April 2014. Ap-
parently reluctant to go from the 30°C shade into the hot sun, it 

rattled its tail and made strikes at a broom used to move it away 
from the house. Finally the snake left the shade, traveled 3 m to 
and up 1.5 m on a 7-m tall Saguaro (Fig. 1). Distractions caused 
the observers to leave the area for about 5 min and on their re-
turn the snake had disappeared. While the snake was still visible, 
the spines on the cactus would deter most potential predators 
until further escape was possible. 

BAYARD H. BRATTSTROM, Horned Lizard Ranch, P.O. Box 166, Wikie-
up, Arizona 85360, USA (e-mail: bayard@hughes.net); JAMIE K. DIET-
ERICH and ROBERT DIETERICH, Flying D. Ranch, P.O. Box 132, Wikieup, 
Arizona 85360, USA.

COLUBER (= MASTICOPHIS) MENTOVARIUS (Neotropical 
Whipsnake). PREDATION. Although snake predation by rap-
tors is common and well-documented (Mitche and Fischer 2008. 
Banisteria 31:54–56), there are no records to my knowledge of 
Coluber mentovarius being part of the diet of any Buteo species. 

Fig. 1. Coluber bilineatus swallowing a Zenaida asiatica (Mourning 
Dove) egg in Sonora, México.

Fig. 1. Coluber flagellum crawling up a Saguaro Cactus near Signal, 
Arizona, USA.

Fig. 1. Head of a Coluber mentovarious found with feathers in its 
mouth, suggesting predation by a raptor.
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Knight and Erickson (1976. Raptor Research 10:108–111) report-
ed a high prevalence of snakes in the diet of a population of Bu-
teo jamaicensis (Red-tailed Hawk) from north-central Washing-
ton, along the Columbia River, USA; Coluber constrictor (North 
American Racer) was the most abundant reptile prey item. Also, 
Granzinolli and Motta-Junior (2007. Emu 107:214–222) reported 
eight individual snakes (all of them Colubridae) in a sample of 
259 pellets and 3296 prey items from eight species of raptors of 
the orders Falconiformes and Strigiformes in southeastern Bra-
zil.

On 12 July 2014 at 1802 h, I found the head of an adult C. 
mentovarius with feathers in its mouth in relictual oak forest near 
Zacatzonapa, Tixtla de Guerrero, Guerrero, Mexico (17.51639°N, 
99.3572°W, datum WGS84; 1546 m elev.). Nearby, I saw a Buteo sp. 
resting in an oak tree, suggesting that the snake was preyed upon 
by the hawk and bit the bird’s feathers in defense.

RICARDO PALACIOS-AGUILAR, Facultad de Estudios Superiores Iz-
tacala, Universidad Nacional Autónoma de México, Carrera de Biología, Ap. 
Postal 314. Tlalnepantla de Baz 54090, Estado de México, México; e-mail: 
ricardopalaciosaguilar@gmail.com. 

CROTALUS LEPIDUS (Rock Rattlesnake). DIET. The diet of Cro-
talus lepidus includes arthropods, frogs, small rodents, lizards, 
and snakes (Ernst and Ernst 2003. Snakes of the United States 
and Canada. Smithsonian Institution Press, Washington, D.C. 668 
pp.). Herein we report a new prey item in the diet of this species. 

On 24 June 2013 at 1445 h, we collected a male C. lepidus with 
a perceptible diet item in Cañon San Isidro, which is located in 
Santiago, Nuevo Leon, México (25.378966°N, 100.310179°W, 
WGS84; elev. 1800 m). The snake was maintained in captivity 
for eight days until feces were released. Examination of the 
fecal material revealed numerous black keeled and mucronated 
scales, as well as a partially digested right leg, and a femur and 
phalangeal bones of a left leg. A comparison of the scales found 
in the samples with those from reptiles present in the area 
indicated that the scales belonged to the lizard Sceloporus oberon 
(Royal Lesser Minor Lizard), a species apparently common in 
the area. To the best of our knowledge this is the first report of 
S. oberon in the diet of C. lepidus. The snake was released at the 
site of capture.

Special thanks to V. Mata-Silva for reviewing a draft of this 
note.

JAVIER BANDA-LEAL (e-mail: javier_banda@hotmail.com), DAVID 
LAZCANO, MANUEL NEVÁREZ- DE LOS REYES, and ALEJANDRO 
HUERECA-DELGADO, Universidad Autónoma de Nuevo León, Facultad 
de Ciencias Biológicas, Laboratorio de Herpetología, Apartado Postal # 513, 
San Nicolás de los Garza, Nuevo León, C.P. 66450, México.

CROTALUS MOLOSSUS (Black-tailed Rattlesnake). REPRO-
DUCTION. Reproductive bimodality has been observed in sever-
al North American pit vipers, most notably Crotalus atrox (West-
ern Diamond-back Rattlesnake), but has not been documented 
in C. molossus molossus (Ernst 1992. Venomous Reptiles of North 
America. Smithsonian Institution Press, Washington D.C. 236 
pp.). Therefore, we were surprised when we discovered one of 
our radio-telemetered C. m. molossus engaged in courtship with 
an unmarked female on 5 March 2014 at 1225 h. We observed the 
snakes on an east-facing talus slope on Tumamoc Hill, a national 
environmental study site where our lab is located, within 3.2 km 
of downtown Tucson, Arizona, USA, (32.2169°N, 111.0031°W, da-
tum NAD83). Courtship behavior included persistent chin-rub-
bing and tongue-flicking by the male along the female’s dorsum, 

even as the female began to move slowly into the talus. We left 
the site at 1256 h to reduce disturbance to the animals. 

We revisited the site at 1710 h, at which time we observed the 
two snakes in copulo (T

ambient
 = 23.3°C, T

substrate
 = 33.0°C, relative 

humidity = 36%, cloud cover = 85%). We were able to determine 
that the snakes were copulating, because the female had a 
noticeable bulge immediately anterior to her cloaca (Fig. 1), 
and she was clearly dragging the male with her as she moved. 
We left again at 1720 h, when it became apparent that the female 
was attempting to hide in the talus, possibly in reaction to our 
presence. The following day at 1139 h, the male had moved ca. 20 
m, and the female was no longer present. 

Although spring mating in C. m. molossus has not been 
observed in the past, histological findings indicate that males are 
at least capable of spermiogenesis as early as May, resulting in the 
presence of viable sperm in the vasa deferentia (Goldberg 1999. 
Texas J. Sci. 51:321–328). In contrast, males found in March–April 
were characterized by either regressed or recrudescent testes, 
which would preclude successful insemination. With regard 
to females, a few individuals were found with oviductal eggs as 
early as April; however, fertilization from stored sperm seems 
a more plausible explanation for early ovulation. Regardless, 
these histological findings do not coincide with the timing of 
our observation. Although Goldberg’s (op. cit.) data include 59 
individuals from Arizona, he only provides locality data as county 
of origin. Therefore, detailed histological information from C. m. 
molossus found at our study site would be required for a more 
robust interpretation of our observation.

Observations of reproductive behavior in C. molossus 
nigrescens provide additional context. Successful copulation was 
observed in this species on 1 February 1978, 28 May 1973, and 2 
March 1974. The second two observations were made of captive 
animals, and the first was in the field (Ernst, op. cit). The range 
of C. m. nigrescens encompasses central Mexico between the 
states of Durango and Oaxaca, an area that typically experiences 
mild winters without hard freezes (Campbell and Lamar 2004. 
The Venomous Reptiles of the Western Hemisphere. Cornell 
University Press, New York. 870 pp.). Given the climatic differences 
faced by the two subspecies, it seems plausible to suggest that 
spring mating might occur more commonly in low-elevation/
low-latitude populations of C. m. molossus, such as our study 
population in Arizona.

AIVA TESKEY, LILY WALSH, MICKEY PARKER (e-mail: mparker@
email.arizona.edu), and MATT GOODE, Tumamoc Hill Herpetology Lab, 

Fig. 1. Pair of Crotalus molossus molossus in copulo, as evidenced by 
the bulge immediately anterior to the female’s cloaca, 5 March 2014 
in Tucson, Arizona, USA.
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School of Natural Resources and Environment, 325 Biological Sciences East, 
University of Arizona, Tucson, Arizona 85721, USA (e-mail: mgoode@email.
arizona.edu). 

CROTALUS TOTONACUS (Totonacan Rattlesnake). DIET. Like 
most of the larger members of its genus, Crotalus totonacus is 
known to prey on small mammals and birds. Reports include a ju-
venile containing rodent hair (Armstrong and Murphy 1979. Univ. 
Kansas Mus. Nat. Hist. Spec. Publ. 5:1–88), and mammal hair and 
bird feathers (Klauber 1972. Rattlesnakes: Their Habits, Life His-
tories, and Influence on Mankind. Vol. I & II. 2nd ed. University of 
California Press. Berkeley, California. 1533 pp.). Specific prey items 
documented for the species are limited. Martin (1958. Misc. Publ. 
Mus. Zool. Univ. Michigan 101:1–102) found a Neotoma sp. (cave 
rat) and a Sciurus alleni (Allen’s Tree Squirrel) in the stomachs of 
two specimens from Tamaulipas, México. Here we report the first 
record of an additional species, Spermophilus (Otospermophilus) 
variegatus (Rock Squirrel). 

At 1342 h on 6 June 2007, 9.37 km (airline) SW of the junction 
of Mex Hwy 85 and N. L. State Hwy 20, on a dirt pathway S of 
Hwy 20, in the municipality of Santiago, Nuevo León, México 
(25.335934°N, 100.192566°W, datum WGS84; elev. 1282 m), one 
of us (SEOH) observed an adult C. totonacus (total length ~1.8 m) 
eating a squirrel. When first seen, the snake had already swallowed 
the head of the squirrel (Fig. 1). The snake was observed for 
about 5 min during which time it dragged the food item about 
2 m to some scrub cover and was left alone to finish eating. 
Additionally we report here the contents of an unpublished 
thesis (Vallejo-Gamero 1981. Taxonomía y distribución de la 
familia Crotalidae en el estado de Nuevo León, México. Tesis 
Inédita, Facultad de Ciencias Biológicas, Universidad Autónoma 
de Nuevo León, México. 49 pp.) that noted stomach contents of 
C. totonacus included Neotoma sp. and Didelphis sp. (opossum). 
Unfortunately the specimens the report was based on are no 
longer present in the UANL collection for verification. We thank 
Juan Cruzado-Cortés for help with identifying the squirrel.

WILLIAM L. FARR, Houston, Texas 77096, USA (e-mail: williamfarr@sb-
cglobal.net); MANUEL NEVÁREZ DE LOS REYES, DAVID LAZCANO, Uni-
versidad Autónoma de Nuevo León, Facultad de Ciencias Biológicas, Lab-
oratorio de Herpetología, Apartado Postal 513, San Nicolás de los Garza, 
Nuevo León, C.P. 66450, México; SADOT EDGARDO ORTIZ-HERNÁNDEZ, 
Parque Nacional Cumbres de Monterrey, Nuevo León, México.

DRYMARCHON MELANURUS (Central American Indigo 
Snake). DIET. Drymarchon melanurus is known to feed on a 

great variety of prey including fishes, eggs, frogs, turtles, lizards, 
snakes, birds, and mammals (Scott 1983. In Janzen [ed.], Costa 
Rican Natural History, pp. 380–382. Univ. Chicago Press, Chicago, 
Illinois). In Nicaragua, the only dietary record of this species in-
cludes a Leptodactylus savagei (Travers et al. 2011. Herpetol. Rev. 
42:399–403). Herein we report the first record of predation by D. 
melanurus on a Swamp Eel.

At 1715 h on 18 February 2014, at Lost Canyon Nature Reserve 
(12.70582°N, 86.41777°W, datum WGS84; 140 m elev.), San Juan de 
Dios, El Jicaral, Dept. León, Nicaragua, a D. melanurus (total length 
ca. 180 cm) was encountered pulling a Swamp Eel (Synbranchus 
marmoratus; total length ca. 80 cm) out of a 2.3-m wide stream 
surrounded by secondary vegetation. The snake firmly grabbed 
the eel with its posterior teeth while pulling it out of the water 
by coiling its body uphill. The eel showed evidence of the attack 
in the middle and posterior part of its body. The snake never 
tried to constrict and did not release the eel, which hissed and 
struggled for about 10 min. After ca. 15 min. they were left alone 
because the snake was clearly concerned with the presence of 
human observers. At that point, the snake had managed to pull 
the eel 1 m up and about 50 cm horizontal from the stream to 
the adjacent spiny vegetation. The habitat was lowland dry forest 
in transition to arid habitat (Holdridge 1967. Life Zone Ecology, 
rev. ed. Tropical Science Center, San José, Costa Rica. 206 pp.). We 
thank Eric van den Berghe for identification of the eel.

JAVIER SUNYER, Museo Herpetológico de la UNAN-León, Departa-
mento de Biología, Facultad de Ciencias y Tecnología, Universidad Nacio-
nal Autónoma de Nicaragua-León, León, Nicaragua (e-mail: jsunyerma-
clennan@gmail.com); RICHARD LEONARDI, Lost Canyon Nature Reserve, 
Nicaragua (e-mail: r.k.leonardi@gmail.com, www.Lost-Canyon.org).

ERYX JACULUS (Sand Boa). ALBINISM. Eryx jaculus is a diurnal, 
burrowing snake and is the only member of the family Boidae in 
Europe. It ranges from the Balkans, Turkey, and Greece to central 
Asia, the Middle East, and Mediterranean North Africa. In Greece 
it is present on the mainland and many islands of the Aegean and 
the Ionian Seas (Valakos et al. 2008. The Amphibians and Rep-
tiles of Greece. Edition Chimaira, Frankfurt am Main, Germany. 
463 pp.). On 14 May 2014, at 1908 h, we found an albino adult 
E. jaculus under a stone near the port of Aghios Georgios, Irak-
lia, Greece (36.8611°N, 25.4701°E; datum WGS84). The specimen 
(Fig. 1; SVL = 300 mm; tail length = 30 mm; 31.6 g) was found 50 
m from another adult E. jaculus with a typical pattern. Although 

Fig. 1. A Crotalus totonacus preying on a Spermophilus variegatus 
(Rock Squirrel) in the municipality of Santiago, Nuevo León, México.

Fig. 1. Predation by Drymarchon melanurus on Synbranchus marmo-
ratus, at Lost Canyon Nature Reserve, San Juan de Dios, El Jicaral, 
Dept. León, Nicaragua.
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albinism has been reported to occur in other boid species (e.g., 
Lichanura trivirgata; Klauber 1972. Rattlesnakes: Their Habits, 
Life Histories, and Influence on Mankind. University of Califor-
nia Press, Berkeley, 2 vols. 1533 pp.), we know of no other cases of 
albinism in this species. 

YUVAL ITESCU (e-mail: yuvitescu@gmail.com), GAYA SAVYON, and 
ALEX SLAVENKO, Department of Zoology, Tel-Aviv University, Tel-Aviv 
69978, Israel.

HYDROPHIS (= PELAMIS) PLATURA (Yellow-bellied Seasnake). 
INTERACTION WITH DOLPHINS. Hydrophis platura is the only 
fully pelagic sea snake. It is thought to be predominantly a pas-
sive drifter that concentrates around ocean slicks, where it some-
times forms aggregations into the millions (Campbell and Lamar 
2004. Venomous Reptiles of the Western Hemisphere. Cornell 
University Press, Ithaca, New York. 870 pp.). Little is known about 
biotic interactions of H. platura. It eats fishes and probably has 
few predators because it is unpalatable to many fishes and may 
have toxic flesh (Campbell and Lamar, op. cit.).

At ~1015 h on 7 November 2013, one of us (EL) was swim-
ming with a pod of about half a dozen Tursiops truncatus (Com-
mon Bottlenose Dolphins) in Banderas Bay, Jalisco, Mexico 
(20.7031078°N, 105.3278205°W; datum WGS84), when two of the 
dolphins began interacting with an adult H. platura (Fig. 1; total 
length ca. 70 cm based on photographs). Over a period of 6–7 min, 
the two dolphins pushed the snake around in the water with their 
heads and repeatedly threw it into the air using their tails. The 
snake did not react in any obvious way, only continued to swim.

Although wild and captive delphinids occasionally manipu-
late other animals for functional purposes (e.g., Smolker et al. 
1997. Ethology 103:454–465), the majority of reports of these 
kinds of interactions seem to serve no particular purpose and 
are categorized as play. Social object play using plants or animals 
that do not serve as prey often involves pushing these animals 
around, passing them from one part of the body to another or 
among individuals, or chasing and grabbing them only to release 
them before chasing again (Janik 2015. Current Biol. 25:R7–R8). 
These behaviors are often accompanied by splashing, aerial dis-
plays, and social interactions (Mann and Smuts 1999. Behaviour 
136:529–566). Because the behavior of the dolphins we observed 
fit this description, we suggest that the dolphins were playing 
with the snake. If this was indeed the case, this is the first docu-
mentation of dolphins playing with a marine reptile. 

Dolphins do not appear to prey upon H. platura. Kropach 
(1972. PhD dissertation, The City University of New York), 
reporting the unpublished data of other investigators, stated that 

stomach contents of 214 dolphins examined from areas of the 
eastern Pacific where H. platura was plentiful contained no sea 
snakes, and Heatwole (1975. In W. A. Dunson [ed.], The Biology 
of Sea Snakes, pp. 233–249. University Park Press, Baltimore, 
Maryland) concluded that H. platura are nearly free from 
predation. Two reports of pinnipeds, both of which became ill, 
consuming H. platura suggest that the snakes are unpalatable to 
marine mammals. In addition, the venom of H. platura is largely 
neurotoxic and is probably highly potent. Although only a few 
fatal bites to humans have been reported, the potential for fatal 
bites to marine mammals exists.

ANDREW M. DURSO, Department of Biology, Utah State University, 
Logan, Utah 84322, USA (e-mail: amdurso@gmail.com); MARIA EUGENIA 
RODRIGUEZ, and EDUARDO LUGO, Wildlife Connection, Puerto Vallarta, 
Jalisco, Mexico, C.P. 48328.

LEPTODEIRA SEPTENTRIONALIS (Northern Cat-eyed Snake). 
DIET AND PREDATION. Beginning at 1838 h on 30 May 2014 
at the Caves Branch Jungle Lodge in Belize, we observed an en-
counter between a Leptodeira septentrionalis and an Incilius val-
liceps that appeared to have initiated as a predation attempt by 
the toad on the snake. The toad (SVL ca. 9 cm) had the dorsal 
portion of the snake’s head in its mouth (Fig. 1); however, the 
toad was motionless and the snake (with its head in the toad’s 
mouth) was retracting backwards up a stone wall into a crevice, 
pulling the toad with it. The snake’s lower jaw was beneath the 
lower jaw of the toad, meaning that teeth of the snake’s upper jaw 
were undoubtedly imbedded in the toad’s lower mouth, thereby 
allowing the snake to envenom the toad, indicated by the toad’s 
lack of motion (for information on toxicity of venom within 

Fig. 1. Albino Eryx jaculus found near the port of Aghios Georgios, 
Iraklia, Greece. 
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Fig. 1. Tursiops truncatus (Common Bottlenose Dolphins) seemingly 
playing with a Hydrophis (= Pelamis) platura (Yellow-bellied Seas-
nake) in Banderas Bay, Jalisco, Mexico.
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genus Leptodeira see Weinstein et al. 2014. Clin. Toxicol. 52:277–
282). Within 2 min the snake had retracted nearly its whole body 
into the crevice, but it was also clear that the toad would not fit 
into it (Fig. 1). At approximately 1858 h, the snake made a quick 

motion to simultaneously extract its head from the immobilized 
toad and put the toad’s snout in its mouth. It then began an at-
tempt to swallow the toad (Fig. 2). To do so the snake gradually 
began to exit the crevice and stretch downwards. By 1941 h, the 
snake had engulfed nearly the whole head of the toad. The next 
morning the toad was found dead about 2 m from where the en-
counter was first observed. There was no indication of the fate of 
the snake. Our only explanation for the encounter was that the 
toad attempted to predate the snake, but the snake was able to 
bite inside the toad’s mouth to envenom and kill the toad. This 
provided the counter-opportunity for the snake to attempt to eat 
the toad, which may have been too large to consume. 

RICHARD M. ENGEMAN, National Wildlife Research Center, 
4101 LaPorte Ave., Fort Collins, Colorado 80521-2154, USA (e-mail: 
richard.m.engeman@aphis.usda.gov); CARRIE ENGEMAN, 2485 Pelican 
Cove, Windsor, Colorado 80550, USA.

OXYRHOPUS OCCIPITALIS. MELANISM. Melanism is an unusu-
ally high amount of black pigment within a particular individual 
(Gilhen and Scott 2014. Can. Field-Nat. 128:63–71). Melanism 
may provide advantages for thermoregulation and reproduction 
(Clusella-Trullas et al. 2007. J. Therm. Biol. 32:235–245) and has 
been described as common and highly variable in snakes (Lori-
oux et al. 2008. Amphibia-Reptilia 29:1–5). 

On 16 October 2013 at 1128 h, a melanistic adult female 
Oxyrhopus occipitalis (Fig. 1; SVL = 680 mm; tail length = 198 
mm) was collected at the upland forest in Reserva Extrativista 
Beija Flor Brilho de Fogo (0.8044°N, 52.212692°W, datum WGS 
84; elev. 98.4 m), municipality of Pedra Branca do Amapari, 
Amapá state, Brazil, and deposited in the herpetology collection 
of Universidade Federal do Amapá (CECCAMPOS 00911). This 
record constitutes the first published account of melanism in O. 
occipitalis (Dipsadidae, Xenodontinae, Pseudoboini) from the 
eastern Amazon. 

We are grateful to Edmilson G. Coelho (Secretaria Municipal 
do Meio Ambiente e Turismo) for providing logistic help in the 
Reserva Extrativista Beija Flor Brilho de Fogo. We thank Paulo 
S. Bernarde for help with the identification of the snake, and 
ICMBio for the license number 41443-1.

CARLOS E. COSTA-CAMPOS (e-mail: eduardocampos@unifap.br), 
PEDRO G. NERY SAMPAIO, JULIANA G. CORRÊA, YURI B. SILVA E 
SILVA, RAIMUNDO R. JESUS BAÍA, HÉLIO R. M. PAMPHILIO JÚNIOR, 
MAYARA F. M. FURTADO, and PEDRO F. FRANÇA, Laboratório de Herpe-
tologia, Departamento de Ciências Biológicas e da Saúde, Coordenação de 
Ciências Biológicas, Universidade Federal do Amapá, Campus Marco Zero, 
68.903-419, Macapá, AP, Brazil.

PANTHEROPHIS GUTTATUS (Red Cornsnake). DIET. Panthe-
rophis guttatus is a common predator of small mammals and of 
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Fig. 1. Leptodeira septentrionalis found with the dorsal portion of its 
head in the mouth of an Incilius valliceps in Belize. 

Fig. 2. In a quick motion 20 min after observations were initiated, the 
Leptodeira septentrionalis removed its head from inside the mouth 
of the Incilius valliceps and captured the toad’s snout in its mouth. 

Fig. 1. Dorsal (A) and ventral (B) views of an adult female Oxyrhopus 
occipitalis displaying melanistic coloration.
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bird eggs and nestlings, including those of Colinus virginianus 
(Northern Bobwhite) and various songbirds (Ernst and Ernst 
2003. Snakes of the United States and Canada. Smithsonian 
Inst. Press, Washington, D.C. 668 pp.; Miller and Leonard 2010. 
Southeast. Nat. 9:395–402). Circumstantial evidence suggests 
that P. guttatus might occasionally prey upon eggs or nestlings 
of larger birds such as cavity-nesting birds of prey. We report 
here the first documented case of P. guttatus preying on Falco 
sparverius (American Kestrel) nestlings in a nest box located ca. 
1 km W of Sparr, Marion Co., Florida, USA. Kestrels began incu-
bating a clutch of five eggs on 21 March 2012, and three healthy 
5-day-old nestlings and two unhatched eggs were observed on 
24 April. When we returned on 14 May to band the 25-day-old 
nestlings, the nest box contained one unhatched egg and a P. 
guttatus (ca. 1.1 m total length) with three visible lumps from 
its ingested prey (Fig. 1). Kestrel nestlings typically average 100–
105 g as they approach fledging. The nest box was located 4.6 
m above ground on a utility pole surrounded by pastures and 
linear fencerows of oak woodlands.

KARL E. MILLER (e-mail: karl.miller@myfwc.com), and ANNA FASO-
LI, Fish and Wildlife Research Institute, Florida Fish and Wildlife Conserva-
tion Commission, 1105 SW Williston Road, Gainesville, Florida 32601, USA 
(e-mail: anna.fasoli@myfwc.com).

PLATYCEPS NAJADUM (Dahl’s Whip Snake). MAXIMUM SIZE. 
Platyceps najadum is found throughout the Balkans, Cyprus, 
the Middle East, and the Caucasus Mountains in dry, xeric habi-
tat from sea level to 2000 m elev. An individual from Bulgaria is 
the largest known specimen with a maximum total length (TL) 
of 152 cm (Stojanov et al. 2011. Die Amphiben und Reptilien 
Bulgariens. Chimaira, Frankfurt am Main. 588 pp.). 

Here we present a new maximum body size for P. najadum 
based on a female specimen found on the road in the vicinity of 
Rustavi, Kvemo Kartli Region, Georgia, near an industrial zone 
of a nitrogen fertilizer plant (41.536530°N, 45.067462°E; elev. 
320 m), 25 September 2012. The specimen was identified by N. 
Ananjeva and measured 172 cm TL with a tail length of 53 cm. 

DAVID BEKOSHVILI, Laboratory of Vertebrate Animals Zoology, In-
stitute of Zoology, Ilia State University, Cholokashviliave., 3/5, 0162 Tbilisi, 
Georgia (e-mail: daviti57@mail.ru); IGOR V. DORONIN, Department of 
Herpetology, Zoological Institute of Russian Academy of Sciences, St. Pe-
tersburg 199034, Russia (e-mail: ivdoronin@mail.ru). 

POPEIA FUCATA (Thai Peninsula Pit Viper). REPRODUCTION. 
Popeia fucata is known from parts of Myanmar, Thailand, and 

Peninsular Malaysia (Das 2010. A Field Guide to the Reptiles of 
South-east Asia, Myanmar, Thailand, Laos, Cambodia, Vietnam, 
Peninsular Malaysia, Singapore, Sumatra, Borneo, Java, Bali. 
New Holland Publishers, UK. 376 pp.). Popeia fucata (as Tri-
meresurus popeiorum) has litters of 7–12 young (Cox et al. 1998. 
A Photographic Guide to Snakes and other Reptiles of Thailand 
and South-east Asia. Asia Books Co., Ltd. Bangkok. 144 pp.). We 
know of no published information on reproduction of male P. fu-
cata. In this note we present information on the minimum size 
for maturity in male P. fucata.

Seven P. fucata males were examined (mean SVL = 450.4 
mm ± 124.8 SD, range = 242–592 mm) from Peninsular Malaysia 
collected by LLG during 2002, 2004 to 2006, and 2012 and 
deposited in the herpetology collection (LSUHC) of La Sierra 
University, Riverside, California, USA (by state): Kedah, LSUHC 
6872, 7565, 7566, 6832; Perak, LSUHC 10664, 10665; Selangor, 
LSUHC 5098. The lower part of the body cavity was opened and 
the left testis was removed, embedded in paraffin, histological 
sections cut at 5 µm and stained by Harris hematoxylin followed 
by eosin counterstain. Histology slides are deposited in LSUHC.

Two stages were noted in the testicular cycle: 1) regressed, 
seminiferous tubules are reduced in size, spermatogonia 
and interspersed Sertoli cells are present; 2) spermiogenesis, 
seminiferous tubules are lined by sperm or clusters of 
metamorphosing spermatids. Juvenile males exhibiting 
regressed testes were LSUHC 242, SVL = 242 mm from July; 
LSUHC 10664, SVL = 364 mm from July; and LSUHC 7565, SVL 
= 403 mm from August. Adult males exhibiting spermiogenesis 
were LSUHC 6872, SVL = 452 mm from September; LSUHC 7566, 
SVL = 535 mm from August; LSUHC 6832, SVL = 565 mm from 
September; and LSUHC 5098, SVL = 592 mm from November. 
Thus, it appears that male P. fucata mature at ca. 450 mm SVL. 

STEPHEN R. GOLDBERG, Whittier College, Department of Biology, 
Whittier, California 90608, USA (e-mail: sgoldberg@whittier.edu); L. LEE 
GRISMER, La Sierra University, Department of Biology, Riverside, California 
92515, USA (e-mail: lgrismer@lasierra.edu).

PSEUSTES POECILONOTUS (Bird-eating Snake). PREDATION. 
Herpetotheres cachinnans (Laughing Falcon) is a relatively com-
mon and widespread bird found in woodlands throughout Central 
and South America and has a diet consisting primarily of snakes 
(86% of the diet in a well-studied population in Guatemala [Parker 
et al. 2012. In D. F. Whitacre [ed.], Neotropical Birds of Prey: Biology 
and Ecology of a Forest Raptor Community, pp. 265–280. Cornell 
University Press, Ithaca, New York]). However, to our knowledge, 
Pseustes poecilonotus is not a known diet item (Sazima and Abe 
1991. Stud. Neotrop. Fauna Environ. 26:159–169; Laurencio 2005. 
Herpetol. Rev. 36:188; DuVal et al. 2006. Biotropica 38:566–568; 
Parker et al., op. cit.). On 04 March 2014, at the Organization for 
Tropical Studies, La Selva Biological Station in northeastern Costa 
Rica (Heredia Province), we observed an H. cachinnans capture 
and then drop an adult P. poecilonotus (total length ca. 1.5 m) along 
the Sendero Surá trail, within the arboretum. AS initially spotted 
the falcon attacking the snake; the falcon flew 2 m off the ground 
with the snake, but dropped it as the snake struggled. RAS and 
AWJ arrived and observed the bird and snake for an additional 30 
min. After dropping the snake, the falcon perched on a horizontal 
branch at the edge of the arboretum clearing, approximately 10 m 
above snake. It appeared that the falcon could no longer locate the 
snake, and after 30 min, the bird flew away without the snake. The 
snake was still alive after the bird flew, but its left eye was pierced, 
there were two punctures on the dorsal region of its head, a few 

Fig. 1. Pantherophis guttatus with ingested Falco sparverius (Ameri-
can Kestrel) nestlings, Marion County, Florida.
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displaced dorsal scales ca. 5 cm from the nuchal region, blood on 
its broken jaw, and multiple punctures at ca. 1/3 the length of its 
body. We returned to the site at 1320 h and the snake remained 
coiled up in the same spot and was marginally responsive. We re-
turned again the following morning at 0800 h and the snake was 
no longer present.

RALPH A. SAPORITO, Department of Biology, John Carroll University, 
University Heights, Ohio 44118, USA (e-mail: rsaporito@jcu.edu); ANDREW 
W. JONES, Cleveland Museum of Natural History, Cleveland, Ohio 44106, 
USA; AMANDA SNOW, Department of Earth & Space Science, Columbus 
State University, Columbus, Georgia 31907, USA.

SISTRURUS CATENATUS CATENATUS (Eastern Massasauga) 
AND NERODIA SIPEDON SIPEDON (Northern Watersnake). 
DIET AND FOREIGN OBJECT. We examined the gut contents of 
Sistrurus catenatus catenatus (N = 13) and Nerodia sipedon sipe-
don (N = 17) found dead on a highway in Magnetawan First Na-
tion, Ontario, Canada between 1 May and 31 August 2013. Necrop-
sies determined that 5/13 (38.5%) S. c. catenatus and 3/17 (17.6%) 
N. s. sipedon had prey within their digestive systems. For S. c. cate-
natus, all identifiable prey items were parts of small mammals (fur, 
paws, and bones; average wet mass = 13.64 g), excluding a single 
adult Opheodrys vernalis (Smooth Greensnake), found in the gut 
of a juvenile S. c. catenatus (body size of both snakes could not be 
measured due to vehicular damage). Prey items identified from N. 
s. sipedon were both fish (whole, scales, and bones; average wet 
mass = 9.1 g) and unidentified small mammals (bones, tissue, and 
fur; average wet mass = 8.4 g). A similar (S. c. catenatus) or lower 
(N. s. sipedon) percentage of snakes we collected on a roadway had 
prey within their digestive tracts when compared to previous field 
studies that examined gut contents in individuals of these snake 
species collected from sites not associated with roads (Keenlyne 
and Beer 1973. J. Herpetol. 7:383–384; Shepard et al. 2004. Am. 
Midl. Nat. 152:360–368).

Both the presence of small mammal fur within N. s. sipedon 
and an O. vernalis within a juvenile S. c. catenatus are noteworthy 
as although these prey items have been documented previously, 
they are uncommon (Rowell 2012. The Snakes of Ontario: Natural 
History, Distribution, and Status. Art Bookbindery, Winnipeg, 
Manitoba. 411 pp.). However, an even more interesting item 
recovered from the necropsies was a fishhook (4.4 cm long) found 
within the intestines of a male S. c. catenatus (Fig. 1). The fishhook 
appeared to be a small J-hook with barbed end, typically used 
for fishing with bait. The fishhook had considerable corrosion, 
either from exposure to water or as a result of the stomach acid 
of the snake. The diet of adult S. c. catenatus is thought to consist 
predominately of small mammals; however, fish, crayfish, 
and amphibians have been documented as prey (Rubio 2010. 
Rattlesnakes of the United States and Canada. ECO Herpetological 
Publishing & Distribution, Rodeo, New Mexico. 307 pp.; Ernst and 
Ernst 2011. Venomous Reptiles of the United States, Canada and 
Northern Mexico. John Hopkins Univ. Press, Baltimore, Maryland. 
352 pp.). As fish are known prey of this species, the snake may 
have inadvertently ingested the hook while consuming a living 
or dead fish previously hooked on a fishing line. Partially digested 
prey, consisting of mammal hair (wet mass = 10.74 g), was also 
recovered from the gut of this S. c. catenatus. The snake appeared 
to be in good body condition and the presence of relatively fresh 
prey in the gut suggests that it was still actively feeding despite 
having a fishing hook lodged in its intestines. To our knowledge 
this is the first documented account of a fishhook being recovered 
from the digestive system of S. c. catenatus.

We thank Jen Baxter-Gilbert, Geoff Hughes, and Liv Monck-
Whipp for their field assistance and students in the 2013 Lau-
rentian University herpetology course for their laboratory as-
sistance. Financial support for this research was provided by 
Magnetawan First Nation, Laurentian University, the Ontario 
Ministry of Natural Resources and the Ontario Ministry of Trans-
portation. All research was conducted under an approved Lau-
rentian University Animal Care Committee protocol, and autho-
rized by Magnetawan First Nation’s Chief and Band Council and 
the Ontario Ministry of Natural Resources. 

JAMES BAXTER-GILBERT (e-mail: jx_baxtergilbert@laurentian.ca), 
JULIA L. RILEY, PATRICK D. MOLDOWAN, and JACQUELINE D. LITZGUS 
(e-mail: jlitzgus@laurentian.ca), Department of Biology, Laurentian Univer-
sity, Sudbury, Ontario, P3E 2C6.

SISTRURUS TERGEMINUS EDWARDSII (Desert Massasauga). 
DIET. Massasaugas feed on a variety of prey, including inverte-
brates, frogs, lizards, and small mammals (Campbell and Lamar 
2004. Venomous Reptiles of the Western Hemisphere. Comstock 
Publishing Associates, Ithaca, New York. 870 pp.), and their diet 
varies across their large geographic distribution. Sistrurus cat-
enatus (Eastern Massasauga) feeds primarily on small mammals, 
while S. tergeminus (Western Massasauga) includes more lizards 
in the diet (Werler and Dixon 2000. Snakes of Texas. University 
of Texas Press, Austin. 437 pp.; Ernst and Ernst 2003. Snakes of 
the United States and Canada. Smithsonian Institution Press, 
Washington D.C. 668 pp.). At ~ 0030 h on 9 August 2014 we found 
a recently road-killed S. tergeminus edwardsii on U.S. Hwy 90, 
17.3 km SE of Valentine, in Presidio Co., Texas, USA (30.48109°N, 
104.36359°W; datum WGS84). Upon dissection the snake was 
found to contain two partially digested individuals of Aspidos-
celis inornata (Trans-Pecos Striped Whiptail). To our knowledge 
this species is a novel prey item for S. tergeminus (Greene and 
Oliver 1965. Herpetologica 21:226–228; Werler and Dixon 2000, 
op. cit.; Ernst and Ernst 2003, op. cit.; Campbell and Lamar 2004, 
op. cit.). The snake and lizards were collected and deposited as 
SRSU 6616.  

SEAN P. GRAHAM, Department of Biology, Geology, and Physical Sci-
ences, Sul Ross State University, Alpine, Texas 79830, USA (e-mail: sean.gra-
ham@sulross.edu); CRYSTAL KELEHEAR, Smithsonian Tropical Research 
Institute, Apartado 0843-03092, Balboa, Ancon, Panama. 

Fig. 1. A small fishhook with barbed end (4.4 cm in length), typically 
used for fishing with bait, found within the gut of a Sistrurus catena-
tus catenatus. 
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STORERIA DEKAYI (Dekay’s Brownsnake). DIET. Storeria dekayi 
is a small North American natricine snake that preys predomi-
nantly upon slugs and earthworms (Judd 1954. Copeia 1954:62–
64; Gray 2013a. Herpetol. Rev. 44:527). Snails have also been 
reported as prey items of S. dekayi (Surface 1906. Pennsylvania 
Dept. Agric., Div. Zool., Monthly Bull. 4:114–208). However, ob-
servation of snails or their remains in the diet of free-ranging S. 
dekayi are scarce. In this note, I provide evidence of snail preda-
tion by free-ranging S. dekayi from northwestern Pennsylvania, 
USA.

Between 23 April and 13 June 2014, 20 fecal samples were 
collected from free-ranging S. dekayi from a site in Erie Co., 
Pennsylvania, USA (42.09375°N, 80.14180°W; datum WGS84). 
Fecal samples were placed in 70% isopropyl alcohol and 
examined with a dissecting microscope as per Gray (2013b. Bull. 
Chicago Herpetol. Soc. 48:157–165). Fecal samples from two 
female (SVL = 274 and 279 mm) and one male (SVL = 140 mm) 
S. dekayi each contained 1–2 jaws characteristic of snails in the 
family Succineidae (Fig. 1), 1–2 unidentified radulae, and plant 
material. The jaws of succineid snails have a median process on 
the cutting edge, and are unique among the terrestrial gastropods 
found in northeastern USA in having a relatively large squarish 
dorsal process (Pilsbry 1948. Land Mollusca of North America 
[north of Mexico], 2[2]. Acad. Nat. Sci. Philadelphia, Monogr. 
3:i–xvii + 521–1113). Amber snails (Succinea spp.) are relatively 
abundant along the edge of a palustrine forest immediately west 
of the Erie Co. site.

No succineid shells were present in any of the fecal samples 
examined. In a previous study it was observed that slug shells, 
which are very brittle, pass through the digestive tract of S. dekayi 
intact (Gray 2013b, op. cit.). Therefore, if a shell or shell fragments 
from a succineid snail were ingested, they should have passed 
through undigested. Thus, it is most likely that the gastropods 
consumed by the three S. dekayi were extracted from their shells. 
Rossman and Myer (1990. J. Herpetol. 24:434–438) documented 
the process by which wild-caught S. dekayi extracted snails from 
their shells. The body of succineid snails is relatively large and 
barely retractable within the shell (Kerney and Cameron 1979. 
A Field Guide to the Land Snails of Britain and North-West 
Europe. William Collins Sons and Company, Ltd., London. 288 
pp), offering little protection from gastropod-eating snakes. 
While preparing specimens for preservation, I observed that the 
body of succineid snails seemed to be easier to extract from their 
shells than snails with heliciform shells (e.g., snails in the family 
Polygyridae).

Storeria dekayi at this site preys predominantly on non-
native slugs (e.g., Arion hortensis complex and Deroceras 
reticulatum) and to a lesser extent on the exotic earthworm 
Lumbricus rubellus (Gray 2013a, op. cit.; Gray 2014. J. N. Amer. 
Herpetol. 2014:28–39). The discovery of succineid jaws in three 
fecal samples demonstrate that these snails are also occasionally 
consumed and corroborate the importance of detecting this prey 
type using remnants of the body rather than those of the shell.

 Thanks to Walter Meshaka, Jr., Tim Pearce, and George Pisani 
for their comments and suggestions regarding the manuscript.

BRIAN S. GRAY, Natural History Museum at the Tom Ridge Environ-
mental Center, 301 Peninsula Drive, Erie, Pennsylvania 16505, USA; e-mail: 
brachystoma@hotmail.com. 

TELESCOPUS FALLAX (European Cat Snake). REPRODUC-
TION. Telescopus fallax is widely distributed in parts of the 
Middle East and southern Europe (Uetz and Hošek [eds.], The 
Reptile Database, http://www.reptile-database.org, accessed 
14 June 2014). Bar and Haimovitch (2011. A Field Guide to 
Reptiles and Amphibians of Israel. Herzilya, Israel. 245 pp.) re-
ported that T. fallax deposited clutches of seven eggs starting 
in June. The purpose of this note is to add information on the 
reproductive cycle of T. fallax from a histological examination 
of museum specimens from Israel, including the first informa-
tion on timing of the testicular cycle. 

A sample of 22 T. fallax consisting of 9 adult males (SVL = 
450.9 mm ± 39.2 SD, range = 410–523 mm), 10 adult females (SVL 
= 460.9 mm ± 60.3 SD, range = 353–530 mm), 3 juvenile males 
(SVL = 359.3 mm ± 32.3 SD, range = 330–394 mm) collected 
1948–2013 in Israel and placed in the Zoological Museum of 
Tel Aviv University (TAUM), by region was examined: HaGolan: 
(TAUM) 12432; HaSharon: (TAUM) 1421, 1650, 1673, 2851; 
HaShefla: (TAUM) 88; Shomeron (TAUM) 12858, 15281, 15728, 
15732, 15735, 16482, 16709; Southern Coastal Plain (TAUM) 
89, 2810, 9479, 13213; Upper Galil: (TAUM) 86; Yizreel Valley: 
(TAUM) 85, 1896, 3063; Yehudah Mts: (TAUM) 13618. A small slit 
was made in the left side of the abdomen and the left gonad was 
removed for histological examination. Enlarged ovarian follicles 
(> 4 mm) or oviductal eggs were counted only. Gonads were 
embedded in paraffin. Sections were cut at 5 µm and stained by 
Harris’ hematoxylin followed by eosin counterstain. Histology 
slides are deposited at TAUM.

Three stages were observed in the testicular cycle (Table 1): 1) 
regressed, seminiferous tubules are reduced in size and contain 
spermatogonia with interspersed Sertoli cells; 2) recrudescence, 
a proliferation of germ cells occurs for the next period of 
spermiogenesis (= sperm formation), primary or secondary 
spermatocytes predominate; 3) spermiogenesis, seminiferous 
tubules are lined by sperm or clusters of metamorphosing 
spermatids. The period of sperm formation (spermiogenesis) 
occurred in summer and autumn (Table 1). The presence of 
regressed or recrudescent testes in spring with vasa deferentia 
packed with sperm, suggests T. fallax breeding occurs in the 
spring. The smallest reproductively active male (TAUM 1421) 
measured 415 mm SVL and was collected in March. It had a 
regressed testis, with a vas deferens containing sperm. Telescopus 
fallax males follow a testicular cycle similar to that exhibited by 
Masticophis taeniatus and Pituophis catenifer (reported as P. 
melanoleucus) from Utah, USA in which sperm formation occurs 
in autumn and mating occurs in spring when testes are regressed, 
utilizing sperm stored over winter in the vas deferens (Goldberg 
and Parker 1975. Herpetologica 31:317–322). This timing fits the 

Fig. 1. A succineid snail jaw found in a fecal sample from a Storeria 
dekayi, Erie County, Pennsylvania, USA.
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“aestival spermatogenesis” of Saint Girons (1982. Herpetologica 
38:5–16).

Four stages were observed in the ovarian cycle (Table 2): 1) 
quiescent, no yolk deposition; 2) yolk deposition, basophilic yolk 
granules in ooplasm; 3) enlarged follicles > 4 mm; 4) oviductal 
eggs. The main period of female reproductive occurs in spring. 
The presence of one October female exhibiting yolk deposition 
in October may suggest some females commence ovarian 
activity in autumn. Clutch sizes were 5, 5, and 11. The smallest 
reproductively active female (TAUM 15281) measured 353 mm 
SVL, contained squashed oviductal eggs and was collected in 
May. In contrast to the report in Bar and Haimovitch (op. cit.) egg 
laying in T. fallax may begin as early as April (Table 2).

I thank Shai Meiri (TAUM) for permission to examine T. 
fallax, Erez Maza (TAUM) for facilitating the loan and the 
National Collections of Natural History at Tel Aviv University for 
providing samples of T. fallax for study.

STEPHEN R. GOLDBERG, Whittier College, Department of Biology, 
Whittier, California 90608, USA; e-mail: sgoldberg@whittier.edu. 

THAMNOPHIS SCALARIS (Mexican Alpine Blotched 
Gartersnake) and T. EQUES (Mexican Gartersnake). 
PREDATOR-PREY RELATIONSHIPS. At Área de Conservación 
e Investigación Ecológica, Bordo las Maravillas, in the El 
Cerrillo campus of the University Autonomus of State of Mexico 
(17 km NW of Toluca City, México; 99.68°W, 19.4°N, datum 
WGS84, elev. 2614 m), on 2 June 2012 (1159 h), we found an 
adult Thamnophis scalaris (SVL = 37 cm, tail length = 9.8 cm) 
that had eaten a T. eques (SVL = 22 cm SVL, tail length = 5.5 cm), 
near a seasonal pond bordered with Salix sp. The habitat was 
grassland surrounded by cultivated fields. The T. scalaris died 
by unknown causes; it had an injury from which the other snake 
was emerging (Fig. 1). Thamnophis spp. are poorly studied in 

México and T. eques has not been reported as part of the diet of 
T. scalaris. Several studies have determined that T. scalaris feed 
on frogs (Hyla plicata), salamanders (Pseudoeurycea bellii and 
P. leprosa), lizards (Barisia imbricata and Sceloporus aeneus), 
and rodents (Peromyscus maniculatus; Fouquette and Rossman 
1963. Herpetologica 19:185–201; Sanchez-Herrera 1980. Bull. 
Maryland Herpetol. Soc. 16:9–18; Lemos-Espinal and Ballinger 
1992. Herpetol. Rev. 23:117; Manjarrez et al. 2007. Southwest. 
Nat. 52:258–262). Previous reports at the same location found 
that T. scalaris preys on Crotalus triseriatus and that T. scalaris 
is consumed by T. eques (Venegas-Barrera and Manjarrez 2001. 
Herpetol. Rev. 32:187 and Manjarrez et al. 2007. Southwest. 
Nat. 52:258–262). This observation of ophiophagy among 
these sympatric snakes demonstrates that the predator-prey 
relationship is reciprocal.

LEROY SORIA-DÍAZ,  Universidad Tecnológica de México (UNITEC, 
Mexico) Campus Toluca,  Paseo Tollocan 701 Santa Ana Tlapaltitlan, CP. 
50160 Toluca Estado de México, México;  HUBLESTER DOMINGUEZ-
VEGA (e-mail: hdvar83@gmail.com), YURIANA GÓMEZ-ORTÍZ, JAVIER 
MANJARREZ, Laboratorio de Biología Evolutiva, Centro de Investig-
ación en Recursos Bióticos, Facultad de Ciencias, Universidad Autóno-
ma del Estado de México, Instituto Literario No. 100. CP. 50000, Toluca 
Estado de México, México (e-mail: jsilva@ecologia.unam.mx); TAMARA 
RUBIO-BLANCO, Centro Tlaxcala de Biología de la Conducta, Carretera 
Tlaxcala-Puebla Km 1.5 CP. 90062, Tlaxcala, México; VÍCTOR MUNDO-
HERNÁNDEZ, and  CARLOS PÉREZ-ALMAZÁN, Posgrado en Ciencias 
Ambientales, Universidad Autónoma del Estado de México, Instituto Lit-
erario No. 100. CP. 50000, Toluca Estado de México, México.

table 2. Monthly stages in the ovarian cycle of ten adult female 
Telescopus fallax from Israel; * = squashed oviductal eggs could not 
be counted.

Month N Quiescent Yolk Enlarged Oviductal
   deposition follicles > 4mm eggs

January 1 1 0 0 0

April 2 0 0 0 2

May 1 0 0 0 1*

June 4 2 1 0 1

July 1 1 0 0 0

October 1 0 1 0 0

table 1. Monthly stages in the testicular cycle of nine adult male 
Telescopus fallax from Israel; * = vas deferens containing sperm. 
These are the only vasa deferentia examined.

Month N Regressed Recrudescent Spermiogenesis

March 4 1*1*1* 1 0

April 1 0 1* 0

August 1 0 0 1*

September 1 0 0 1

October 1 0 0 1*

November 1 1 0 0

Fig. 1. An adult Thamnophis scalaris and a T. eques found at the Uni-
versity Autonomus of State of Mexico. Both were found dead; the T. 
scalaris by unknown factors and T. eques by ophiophagy.
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Contributions to the History of Herpetology, 
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ESTEBAN O. LAVILLA
Fundación Miguel Lillo – CONICET
San Miguel de Tucumán, Argentina
e-mail: eolavilla@gmail.com

I think all herpetologists know Kraig 
Adler, and many have received his gener-
ous help when it came to locating an ob-
scure and ancient reference, or have been 
contacted by him asking about someone 
who, at some time, dealt with amphibians 
and reptiles around our places of residence. 

Adler’s latest opus is the new edition, aucta et reformata, of the 
first volume of his Contributions to the History of Herpetology. 

This series, which includes three published volumes (Adler 
1989, 2007, 2012), began in 1989 when the SSAR and Adler pre-
sented the first volume during the First World Congress of Her-
petology, held in Canterbury, England. Its formal aspects are out-
lined in the header of this review and on the last printed page of 
the book, so I will not dwell on it longer; instead, let’s consider its 
contents. The two Latin words in the previous paragraph, aucta 
and reformata, were usually used by earlier herpetologists (even 
before the development of the word and the concept of herpe-
tology) to indicate that the new work or edition was enhanced 
and revised with respect to a previous one. In fact, the main body 
(pages 5 to 133) is almost a facsimile of the first edition, with only 
few changes; the pagination is the same, and there are only two 
readily observable changes. One is the presence of several un-
derlined names, a helpful reference to indicate that there is a bi-
ography related to each of them in some volume of the series, 
and the other is the presence of a myriad of footnotes, that fre-
quently add valuable information to the already valuable con-
tent. Removed from the book are the sections by Applegarth (on 
the authors in taxonomic herpetology) and Altig (on the lineages 
of doctoral degrees in herpetology), both of which have been up-
dated from the original and included in the third volume of the 
series, published in 2012.

The first thing that stands out is the portrait of John Edwards 
Holbrook which serves as the frontispiece of the book. This is 
complemented by a photograph, placed between the two col-
umns of the editor’s note, of Daniel Huntington, painter of the 

portrait, and an unnumbered color plate on page 4, consisting of 
four additional images of the father of North American herpetol-
ogy (plus their respective captions). After this Holbrookmania, 
there are 42 black-and-white, full-page plates, printed on recto 
and verso of 21 pages, with their own pagination, scattered in the 
main text. The majority reproduce letters from renowned herpe-
tologists, others show facsimiles of plates or texts of special val-
ue, and others illustrate curious, miscellaneous things, like Vail-
lant’s diploma. In all but one case the epigraphs are a delightful 
source of new information, and this alone is worth the inclusion 
of this new edition in our libraries. Next, the Index to Biographies 
was enhanced to include all names from all the volumes in the 
series, and after that, seven pages of corrections and annotations 
for volumes 2 and 3 are included, mostly adjusting some dates of 
birth and/or death, but also including seven previously unpub-
lished portraits and one signature.

The real wonder, however, is at the end of the book, where 54 
full-color, full-page plates, numbered from 43 to 96 have been 
added. The selection is exquisite and the captions, as usual, very 
enriching. The entirety, including the 42 black-and-white plates 
and the additional portraits and signatures, constitutes a kind of 
Thesaurus of Adler’s magnificent collection and library.

If I may digress, not long ago, while re-reading Schneider’s 
(1799) Historiae Amphibiorum, I was struck by a comment of 
this German author that referred to the plates of “our lizards” 
drawn by Roesel von Rosenhof, and shown to him by his friend, 
Iohann Hermann. In his words, “... Learned men should pray 
that these plates, along with their annotations, will be pub-
lished by public subscription, or by the desire of a bookseller 
who wanted to invest the money, not only because the genius of 
Roesel deserves public praise, but also because they will greatly 
increase our knowledge of lizards, those four-legged animals 
whose history other wise men and scholars already learned to 
admire ....” Plate 45 in Adler’s new edition is palpable evidence 
that Schneider’s desire remains valid more than two hundred 
years later.

A few paragraphs above I suggested that information related 
to one plate had a problem. This is the comment on plate 2, il-
lustrating an individual of the Emerald Tree Boa from Surinam, 
taken from Linnaeus’ (1754) description of the collection of the 
Swedish King, Adolf Frederick. Adler mentions that the speci-
men was collected by Daniel Rolander, and this is not so. It is true 
that Rolander commented on that snake under the name Cen-
chris viridis; in his words, “... a snake of large bulk, had climbed 
some tall trees in several places. Its head more often than not 
looked down. Its open jaws reveal a capacious circumference. It’s 
said to swallow down small deer, squirrels, rabbits, small anteat-
ers, mice and opossums. It looks like the trunks, branches and 
leaves of trees. And so, walking through the forest, as you touch 
a tree trunk, you sometimes encounter this snake at the same 
time. It is extremely cold, as all amphibians, and causes a chill in 
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whoever touches it ....” But it is also true that Rolander arrived in 
Surinam on June 20, 1755 (old style), and the observation on the 
snake was on August 1 (Rolander 2008). It is probable that Lin-
naeus’ (1758) comment on Boa canina, attributed to Rolander 
(the snake was “adored by the Americans”) misled Adler. An old 
adage says that perfection is restricted to the gods, and this mis-
interpretation does not alter the quality of the work.

Before concluding, I want to ask a rhetorical question. In 
times in which we care so much about the latest innovations, to 
the point that many journals make available pre-publications of 
their will-be articles in electronic format, is it not anachronistic 
not only to edit, but to re-edit a volume on the history of herpe-
tology?

The short answer is no, it is neither an anachronism nor 
wasteful, although this may be considered just a matter of my 
personal preferences. The long answer was probably given, in 
the twelfth century, by John of Salisbury in his Metalogicus (circa 
1130; see Joannis Saresberiensis 1848), when he wrote: “...Ber-
nard of Chartres used to say that we were like dwarfs seated on 
the shoulders of giants. If we see more and further than they, it 
is not due to our own clear eyes or tall bodies, but because we 
are raised on high and upborne by their gigantic bigness....” The 
phrase has become a cliché, but the virtue of common phrases is 
that they frequently are tested truths (something unthinkable in 
science). Furthermore, since the advent of the rules of nomen-
clature, the past is present in all our studies. This is so because 
the Codes of Nomenclature, due to the inclusion of the principle 
of priority, are the only set of “laws,” at least that I know, that 
have retroactive application. Consequently, whenever we want 
to step forward in taxonomic studies, we must look back to 1758 
and beyond. And that “beyond” goes back to the first printed de-
scription of an amphibian or reptile because, at least in zoology, 
although the names prior to 1758 are not valid, their content may 
form part of the definition of the species of which they are syn-
onyms.

But, what is the real value of this book (and of the whole se-
ries)? Reading this first volume of compiled biographies, por-
traits, and signatures of 152 herpetologists, from Conrad Gess-
ner to Avelino Barrio, is almost like spying through a keyhole (an 
increasingly difficult thing because fewer locks have a hole), on 
the how, when, where, why, and what of some of those who pre-
ceded us in order to better understand and interpret their work. 
These include women and men who were aristocrats who led an 
almost dilettante life—with amphibians and reptiles as a hobby, 
clergy and soldiers, peripatetic exiles who changed countries 
every few years, and others who never moved from their own 
neighborhoods; those who died young, those who reached old 
age, and even someone who, while waiting for a ride to the mu-
seum, was surprised by the first nuclear attack. All of which re-
minds me of Foucault’s (1977) concept of genealogy, of which 
the French philosopher wrote “...Genealogy (...) requires pa-
tience and a knowledge of details and it depends on a vast ac-
cumulation of source material. Its ‘cyclopean monuments’ are 
constructed from ‘discreet and apparently insignificant truths’ 
and according to a rigorous method (...). In short, genealogy de-
mands relentless erudition...” This book illustrates this well.
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I have always been a fan of herpetology 
books. I enjoy reading them carefully and 
evaluating and critiquing their content, of-
ten in the pages of Herpetological Review. 
Only a few times in my experience have 
I found a book that is a jewel… an impec-
cable book (because such thing as a perfect 
book does not exist)—a book that inspires and reminds you why 
you are drawn to herpetology in the first place. This book has 
clear but entertaining text, excellent images, and exquisite de-
sign. In other words, it is a masterpiece! 
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The book is the work of three young friends whose careers 
I have followed since the beginning. Two of them, Alejandro 
Arteaga and Lucas Bustamante, are still in their early 20s. I have 
had the great fortune to be with them in the field and to see the 
efficiency with which they work. It is a pleasure to see their work 
come to fruition in this book about a herpetological community 
in the cloud forests of Mindo, in western Ecuador. 

The book cover is an attractive compilation of images of rep-
tiles and amphibians of Mindo, all on a white background. This is 
a common presentation for all photographs in the book. The au-
thors, who are known as superb herp photographers, have cho-
sen, for mostly taxonomic reasons, to illustrate every species on 
a white background, avoiding the distraction of other elements, 
and focusing the reader on the subject of the account. 

The book starts with a foreword by Jonathan Losos, a well-
known herpetologist from the Museum of Comparative Zool-
ogy at Harvard. Alejandro Arteaga, the first author, follows with 
a preface explaining the motivation behind the book. The ac-
knowledgments are worthy of note as they are presented on a 
beautifully designed page (p. 7) with the name of each colleague 
appearing at a size proportionate to the importance of his or her 
contribution. Following this is the Introduction, including some 
tips for herping in Mindo (usable throughout the tropics), and 
how to identify herps. This is facilitated by illustrations showing 
the salient features of amphibians (fig. 2), the groin pattern in 
rainfrogs (fig. 3), the principal scale types of lizards (fig. 4), the 
dewlap coloration of anoles (fig. 5), and the basic terminology 
for snake scalation (fig. 6). An explanation about the plan and 
use of the book is found afterwards.

Each species account includes several paragraphs as follows: 
recognition of the species (size, coloration, characteristic fea-
tures), natural history, local and general distribution, conserva-
tion status, etymology (they make an extraordinary effort to show 
the origin and meaning of the scientific names, which I deeply 
appreciate and enjoy), and when significant, taxonomic notes. 
This is the only book I know where each account has been so 
carefully cone that all reviewers that contributed by commenting 
or correcting are named (superfluous perhaps, but an indication 
of the care taken by the authors). Lastly all references are cited in 
order of appearance through the text, where they are numbered. 

The description of coloration deserves explanation. The au-
thors decided to use a palette of colors like that used by a paint-
er. Descriptions of coloration are commonly so subjective that 
a purplish green can be also greenish fuchsia depending on the 
eye and the experience of the descriptor. To avoid this, they pres-
ent a visual reference showing the amount of variation in their 
“painter’s palette,” which I see quite useful. 

A short but well-informed section is devoted to the study 
area, putting Mindo and its surroundings on the map, and com-
menting about its touristic importance. 

101 species of herps are included in this book. First are am-
phibians. The first photo, one of Atelopus longirostris, a species 
considered extinct, looks somewhat strange. Alejandro Arteaga 
explained that it was a preserved individual, for which the eye 
was digitally manipulated to give a more life-like appearance. Il-
lustrations, all exquisite, of extinct or critically endangered am-
phibian species (Atelopus mindoensis, Rhaebo caerulostictus, 
Cochranella balionota, Strabomantis helonotus, S. necerus, Hy-
loxalus lehmanni, Gastrotheca guehtheri) were made by Rita Hi-
dalgo or Silvia Cevallos.

Some interesting new information is embedded in the ac-
counts. About Epipedobates darwinwallacei, there are two 

interesting points. One is that the females are the ones carrying 
the tapoles (which has only been reported in E. anthonyi and E. 
tricolor, Lötters et al. 2007), but the authors do not give any ref-
erence about this. The second is that the tadpoles are cannibal-
istic! The reference is the field notes of Alejandro Arteaga. As it 
is an interesting rarity within Dendrobatidae (only corroborated 
for Dendrobates (Ranitomeya) imitator and D. (R.) variabilis; J. C. 
Santos, pers. comm.), this aspect should be further commented 
on or better explained.

I really like plates with several individuals depicting the intra-
specific variation, like that for Pristimantis hectus. However, the 
authors do not comment if the individuals are depicted at the 
same scale. The same applies on page 152 for a composite plate 
of the snake Atractus dunni. 

Among the reptiles, the authors state that Basiliscus galeritus 
is omnivorous, feeding on invertebrates, fishes, seeds, and fruits. 
I observed a subadult basilisk in Itapoa, Esmeraldas Province, 
preying upon and almost swallowing an adult Pristimantis sp., 
suggesting an even broader diet. For a few figures the captions 
are incomplete, as on page 129: “Adult Anadia rhombifera from” 
(locality lacking). This also happens on page 137 for Anolis ae-
quatorialis. Although I appreciate the excellent photography, it 
seems that in some cases the selected photographs are not suffi-
cient to show the most striking characters of some species. When 
certain characters are the only ones that can externally distin-
guish close relatives, those characteristics must be depicted. In 
the case of Anolis lyra, I really wanted to see the “lyre-like” mark 
on its back of the head; in the case of Dendrophidion clarkii, the 
nuchal collar, which is the only easy character to separate it from 
D. graciliverpa, it is not clearly visible. Also, I would like to see 
the “anchor-like” mark on the back head of Micrurus anchoralis 
more clearly. 

The authors do not use the family Dipsadidae, despite its 
proven evolutionary value (Zaher et al. 2009; Pyron et al. 2013). 
The distribution of Erythrolamprus epinephelus also includes 
Costa Rica, which is not included in the distribution section. 
However, many authors are clear that subspecies of this highly 
polychromatic species deserve full species status, and thus, Cos-
ta Rican and Ecuadorian epinephellus would be different species 
(juvenalis for Costa Rica and albiventris for western Ecuador; 
Dixon 1983). That last comment applies for many amphibians 
and reptiles. 

With the snake Saphenophis boursieri, I could not see the 
white postocular stripe mentioned in the Recognition section for 
the depicted specimen, but rather a black one! The white I see 
is a labial bar continuing to the throat (all spotted with black). 
There is no mention of ventral patterning (except for the pho-
tographs that illustrate the throat and tail). I do not personally 
know this snake and thus, I cannot be sure if the specimen pho-
tographed is aberrant, or if the text is misleading. The Tantilla 
“melanocephala” depicted is indeed very different from those 
I have seen in other Neotropical countries, and, as the authors 
comment wisely, surely a species complex. When representing 
Urotheca lateristriga, a small and harmless snake, the authors 
say that they are rarely fatal to humans. This means that even 
in rare cases, there are deaths due to this snake. Such assertions 
should be further discussed or at least referred to some authori-
tative paper. 

The maps constitute a real plus for this book. Not only are 
they neatly prepared, but they also include all localities known 
and the potential area of distribution is illustrated for species 
represented by more than 10 localities. However, being a book 
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about Mindo, a very discrete area, I believe in a future edition 
the authors can add a local map, like the one on page 28, with 
precise localities for all species. In the distribution section, how-
ever, they mention all known localities in Mindo where the spe-
cies have been seen. 

I usually do not deal with common names, but I am trying to 
advocate for a change in them. It has been very popular to call 
the Terrarana “rainfrogs.” However, terraranans are direct de-
velopers and breed on land and often vocalize when there is no 
rain. The straight translation of Terrarana is landfrog, and they 
should be called by this common name (Barrio-Amorós et al. 
2013). To choose common names can be tricky and in some cas-
es there are odd results. For example, I would like to know why 
Pristimantis laticlavius is called in English “Bacon Rainfrog.” Is it 
tasty? Another strange common name is the “Spring Rainfrog”—
why Spring? There is no such discrete season in the tropics. This 
problem also occurs in Spanish. If the authors call Pristimantis 
nyctophyllax “Cutín celador,” what vernacular name would they 
apply to Pristimantis celator? If new common names are coined 
by the authors, they should explain them in the etymology sec-
tion. I do acknowledge, however, the difficulty of selecting useful 
common names for animals that are rarely going to be referred 
to by non-specialists. I did it too in my work on Venezuelan am-
phibians (Barrio-Amorós 1998) and it was a nightmare! 

Something I have not seen before is the synergy of an inter-
net web page (www.tropicalherping.com) with the book itself. 
There are complementary data, like the recorded calls of 33 spe-
cies of amphibians that are shown on the web under each spe-
cies account. 

Despite all the positives, I also have a few complaints. Figure 
1 is a schematic habitat drawing with various microhabitats indi-
cated by small letters. In order to determine which species occur 
in which microhabitats one must scan down a list of more than 
100 taxon names. This is cumbersome; an alternative might be to 
number each species and provide a list of numbers correspond-
ing to each microhabitat. 

In figure 2, the principal identification features for amphib-
ians are illustrated on a number of different drawings. These 
could be more effectively combined and illustrated on just one 
or two stylized frogs. Also, the letter “ñ” is used in figures 1, 2, and 
6; this letter does not occur in the English alphabet, and, with 
small print, resembles “n,” which is also used in these figures. In 
each chapter, the figures start again with number 1, rather than 
being numbered continuously. This is confusing as there are four 
figure 1s (five including the one in the addendum describing a 
new species of Pristimantis). 

There are some inconsistencies in citations; for example, au-
thor names and dates that appear in the text without parenthe-
ses; for example: Savage 2002, rather than Savage (2002) or (Sav-
age 2002). 

As a herpetology book, The Amphibians and Reptiles of Mindo 
stands out for its beautiful design, white background photogra-
phy of all 101 species in the area, clear and informative text, and 
a manageable size and weight. However, it is not usable in the 
field. A second edition could be improved by printing on water-
proof paper. Dichotomous keys and a more in-depth treatment 

of tadpoles as well as a short chapter dealing with the prevention 
and treatment of snakebite would also be desirable. 

 Also, some vital data are missing in my opinion, specifically 
the type locality of each species. In an area where new species 
resembling known forms might be expected to be found, this is 
important to help determine which population represents the 
described form. 

The book includes the description of a new species of land-
frog (or rainfrog), Pristimantis mindo, in an addendum by 
Arteaga, Yanez-Muñoz, and Guayasamín. Although I prefer well-
known journals for such actions, the presence of this description 
does not bother me. It has been made with great accuracy; it is 
very detailed, based on a suitable number of specimens, appro-
priate comparison with similar species, bioacustic and genetic 
data. The only minor detail that the authors seem to forget is to 
give common Spanish and English names, to be consistent with 
the rest of the book. 

I like the efficient use of technical words. This could be a little 
off-putting to non-specialist readers, but there is a glossary at 
the end of the book to solve this potential issue. However, not all 
terms appear at the glossary (e.g., scutcheon, holocrine, cathem-
eral, cryophobic, molluscivorous, lumbricophagous, etc.). The 
glossary is followed by an impressive list of 1935 references—one 
of the most complete I have seen for a small book like this. Fi-
nally, the last pages introduce the authors in a humorous way, 
complete with their “scientific names” and funny photographs. 

With the kind of data presented in this book, the general area 
of Mindo, a great touristic attraction for those looking for adven-
turous activities as well as relaxation (plus one of the best bird 
watching areas in the world), will be now a top destination for 
herpers, thanks to the detailed work of the young authors of this 
book. I only hope a second edition incorporating the potential 
improvements suggested above will be possible. This book will 
be a real jewel in any herpetologist’s library.
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Bioacoustics has long been an interesting field of study for 
herpetologists. Calls are one of the most characteristic traits of 
anurans, perceived and used to distinguish species well before 
the animals themselves are spotted. Although many field herpe-
tologists carry a recorder as a mandatory piece of equipment, the 
recorded calls of many species are still not available. The Sound 
Guide of the Calls of Frogs and Toads from Southern Brazil and 
Uruguay compiled and edited by Axel Kwet and Rafael Márquez, 
advances our knowledge of the anuran calling repertoire.

This guide presents the calls of 109 anurans, although 16 of 
the species were undescribed and/or uncertain as of 2010 when 
the guide was published. The calls are divided into two audio-
only compact discs: one with 55 species belonging to the fam-
ily Hylidae, and the other with 54 species belonging to ten ad-
ditional families. Each species is represented by a single track, 
generally divided into different cuts with overall good quality re-
cordings. The listener can follow the tracks and their cuts using a 
color print booklet provided with the audio CDs. The booklet, 56 
pages long, contains scientific name (ordered by species group 
at the genus level), photograph, distribution map, and natural 
history information for each species. The photographs provided 
are small, but this is to be expected for a sound guide. The maps 
are very simple but somewhat confusing because of the recur-
rent change of scale, but they are still a nice addition for this type 
of publication.

The level of detail for the calls is noteworthy. First of all, more 
than one cut is presented for most species, stating, for example, 
the social context in which the call was emitted and/or empha-
sizing when more than one type of note occurs. Thus, even if the 
call is not sufficiently understood to receive a definitive classifi-
cation (Toledo et al. 2014), the guide provides a valuable starting 
point for natural history and behavior studies. Moreover, addi-
tional descriptions are given in the audio and/or booklet, for in-
stance, background noise, different species participating in the 
chorus, air temperature, time of recordings and type of recording 
filter, factors that may influence the calling activity of frogs and 
the quality of the recordings.

The accessibility to the text is very convenient. Every piece of 
information is given in English, Spanish, and Portuguese, which 

is great for use in undergraduate courses, where students might 
not be comfortable with the English language, as well as any-
body else that may fall into this category. Although there is not 
an upfront definition of the bioacoustic terms used throughout 
the booklet, the language is intuitive and accurately utilizes the 
scientific terminology of this field.

At least four other sound guides for Brazilian species have 
been published (Atlantic Forest domain: Haddad et al. 2005, To-
ledo and Haddad 2011; Cerrado, Campo Rupestre, and Panta-
nal domains: Toledo et al. 2007; Rio Claro Farm, São Paulo state: 
Maffei and Ubaid 2014), but each of these contain 76 species at 
most. At the same time, this is the first sound guide for frogs in 
Uruguay, including over 30 out of 48 known anurans (Maneyro 
2012), which is a huge contribution to the field of herpetology 
in that country. Furthermore, the geographic range of almost 20 
species included in the guide extends to northern Brazil, as well 
as Bolivia, Paraguay and Argentina. The result is a comprehensive 
overview of frog calls from habitats on the border between Bra-
zil and Uruguay (e.g., coastal dune zone and grassland; Maneyro 
and Kwet 2008), and also from a variety of habitats throughout 
Brazil, Uruguay, and additional countries.

Although some open access websites make frog calls avail-
able (e.g., AmphibiaWeb), the content is usually not as detailed 
or standardized across researchers. In this guide, in particular, 
most of the 109 species were recorded by Axel Kwet, which di-
minishes the recording setting and equipment variation. In con-
clusion, the Sound Guide of the Calls of Frogs and Toads from 
Southern Brazil and Uruguay is a well-done and welcome proj-
ect. Because this guide was released in 2010, we believe that 
within a few years it would be promising to have an updated — 
and maybe interactive—sound guide, incorporating the resolu-
tion of the undescribed and/or uncertain species. This would 
represent an even more useful contribution to South American 
herpetology to which the scientific editors Kwet and Márquez are 
clearly committed.
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Almost everyone now knows that am-
phibians are in trouble. Some concerned 
individuals are in positions to stem or even 
halt declines in the areas in which they work 
or live. Many simply want to help. However, 
conservation of amphibians is complicated, 
many sided, and must be approached from 

many different angles. People involved in the movement, espe-
cially those not trained in conservation biology, need guidance 
to help them solve their specific problems and meet their goals. 
This book joins the procession of books and documents offer-
ing practical information that can direct positive actions on the 
ground. 

The authors of this book used an evidence-based approach 
to aid biodiversity conservation. This approach uses current best 
evidence to make decisions about, in this case, amphibian con-
servation. The umbrella organization is the Centre for Evidence-
based Conservation (CEBC, www.cebc.bangor.ac.uk) in the 
United Kingdom. CEBC is a source of advice on evidence-based 
practices and coordinates the Collaboration for Environmental 
Evidence program. Program staff help others to undertake sys-
tematic reviews on issues of concern to policy and practice in a 
variety of fields. Systematic reviews of specific conservation in-
terventions that have had proven benefits are their primary tools 
to support projects that rely on the decision-making process. 
“Intervention” appears to mean actions taken to thwart a par-
ticular type of threat (e.g., agriculture). It is equivalent to “man-
agement guidelines” in the Habitat Management Guidelines 
(HMGs) series produced by Partners in Amphibian and Reptile 
Conservation (PARC, www.parcplace.org), a conservation NGO 
based in the United States. This book is a synopsis of the result of 
a global search of the amphibian conservation literature, includ-
ing dissertations, theses and available gray literature.

This small book (234 x 156 mm) is one in a series entitled 
Synopses of Conservation Evidence produced by the CEBC. Oth-
ers have been published on bee, bird, farmland, and bat conser-
vation. The authors of this book summarize evidence relevant to 
the practical conservation of amphibians to provide a global list 
of interventions that could benefit amphibians (from the infor-
mation page that accompanied the review copy). They claim the 
book is a thorough summary of what is known, or not known, 
about the effectiveness of amphibian conservation actions 
across the world. The target audience includes land managers, 
conservationists in the public or private sector, farmers, cam-
paigners, consultants, policymakers, and researchers and land 
owners seeking to protect local wildlife. The book is based on 
scientific conservation literature derived from complete series 

of 18 herpetology journals (but not Herpetological Review), 30 
conservation journals, and web searches using ISI Web of Sci-
ence and Google Scholar. To be included, the paper must report 
an intervention actually applied in the field and subsequently 
monitored quantitatively. The authors found 416 studies that 
met these criteria. 

The book’s outline and chapter titles are based on the Interna-
tional Union for the Conservation of Nature (IUCN) Unified Clas-
sification of Direct Threats (www.iucnredlist.org/technical-doc-
uments/classification-schemes/threats-classification-scheme). 
However, understanding the book’s organization requires some 
effort. Each of the first ten chapters focuses on a particular threat 
(e.g., transportation and service corridors, pollution, climate 
change and severe weather). These are followed by four chapters 
with general headings (e.g., Habitat protection, Species manage-
ment). A shaded box that begins each chapter includes a brief 
statement about the threat and where it is addressed in other 
chapters. A list of “Key messages” (= interventions) follows with a 
single sentence or a paragraph that briefly summarizes results of 
the literature search. These messages (interventions) then form 
the titles of a series of individually-numbered sections with their 
own bulleted summaries followed by a background box and a 
single paragraph or several pages of text. Boxes and text sections 
that include references to particular papers are followed by their 
own literature cited list. Each paragraph in the text section sum-
marizes information in one published paper. The information 
in these paragraphs includes methods and numeric results but 
no conclusions or how the reader should interpret the results. 
Each paragraph starts with phrases such as “A before and after 
study… found that”, “A review … found that”, and “A controlled, 
before and after study … found that.” Not much writing creativ-
ity here. The last four chapters based on IUCN Classification of 
Conservation Actions start out as just described, but additional 
text is added on anurans and/or salamanders, as well as selected, 
mostly European, species. Paragraphs summarizing each study 
in these sections are structured as above.

Some of the chapters contain extensive text and numerous 
citations. Others contain no useful information. For example, 
Chapter 6 on the threat of human intrusions and disturbance 
has one preselected intervention:  “Use signs and access restric-
tions to reduce disturbance” and a sentence noting they found 
no literature-based evidence on this topic. The intervention and 
the note in Key messages are repeated verbatim in the section 
just below it. The authors would claim that including topics lack-
ing literature is useful. But why is there only one intervention 
and why this one? There are many other ways humans intrude 
on amphibian habitats that could have been included. Several 
management guidelines in the PARC HMGs would have nested 
nicely in this chapter. However, I assume they did not use the 
HMGs because as yet no publications include results of moni-
toring studies. 

 Chapter 3 on the “Energy production and mining” threat 
contains a single intervention that fits one species in a restricted 
location. The Kihansi Spray Toad (Nectophrynoides asperginis) 
in Tanzania is critically endangered from loss of habitat below a 
hydroelectric dam that blocked the montane stream and elimi-
nated 90% of the spray zone. The authors cite one before-and-
after study that describes the effectiveness of a sprinkler system 
installed to aid the toad’s recovery. The single intervention in-
cluded in this chapter, “Artificially mist habitat to keep it damp,” 
might be appropriate in this and perhaps a few other similar lo-
cations, but it is not useful to a global audience as implied. 
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The lack of information on how to apply the interventions 
and information in this book to conservation issues in specific 
habitats weakens the book’s usefulness. The authors do note the 
synopsis is not intended “to make decisions for you” but provide 
support for those decisions. But how can land managers, land 
owners, and others in their list of target audiences interpret the 
information in this book for their conservation projects without 
guidance from professional conservation biologists or ecolo-
gists? For this reason the book’s usefulness will be limited to 
those who understand the science and are able to interpret the 
interventions for on-the-ground actions. 

Several minor points should be mentioned. Chapter 5 
(Threat: Biological resource use) was omitted from the review 
copy, and even from the Table of Contents, but this was appar-
ently a printing error and has been rectified in copies subse-
quently distributed. No reviewers were acknowledged. Some of 
the writing would have benefited substantially from their edits. 
There is no summary or conclusions chapter. The pricing struc-
ture seems unusual. Why would anyone buy the hardback ver-
sion of this book for US $114.99 when he could have an elec-
tronic version for US $16.99? The paperback version is more 
affordable, but in my view is still overpriced for what you get. 
One can also download individual interventions on a searchable 
database (www.conservationevidence.com), apparently for free.

The practical interventions and associated background liter-
ature are useful contributions to conservation and management 
efforts on behalf of amphibians. I found many publications of 
which I was not aware. The authors deserve credit for conduct-
ing the extensive literature search and providing summaries 
within the intervention (management guidelines) context. Un-
happily, as Roger Conant would say, they fell short of their goal 
to provide information readily understood by a broad audience. 
I would recommend this book to practicing conservation biolo-
gists but not to consultants (unless well trained), campaigners, 
farmers, land managers, policymakers, or private land owners. 
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The content of this book exceeds its 
title remarkably. The Biology of Chame-
leons and its Morphological, Physiologi-
cal, Paleontological and Evolutionary Ba-
sis, though cumbersome, might be more 
appropriate. The book comprises 10 
chapters written by authors who are well 
respected in their special fields. The sub-

jects of these chapters, apart from the introductory one, are: (2) 
anatomy, (3) physiology, (4) function and adaptation, (5) ecology 

and life history, (6) sensory systems and communication, (7) 
evolution and biogeography, (8) systematics, (9) fossil history 
and (10) conservation—truly a wide array of topics!

Chapter 1, written by the two editors, is a mere introduction 
to the following chapters, but the great fascination Krystal Tolley 
and Anthony Herrel have for chameleons is clearly discernable. 
The first and overall impression of this book is certainly excel-
lent, and the list of contents looks absolutely complete. However, 
some comments may nonetheless be warranted. These concern 
some suggestions on what has been overlooked, mainly in re-
spect to certain literature references which I regard to be impor-
tant, and thoughts and interpretations on some aspects which, 
in my view, have not been fully discussed or synthesized. 

An example of a missing reference concerns the paragraphs 
Microstructure (p. 39) and Ear (p. 45) in Chapter 2. A very recent 
detailed study by Marlene Spinner (Spinner et al. 2013) if already 
available to the editors (they did cite other papers from 2013), 
would have been a useful addition. Another matter of citation is 
the correct information that the apical structures of chameleo-
nid hemipenes may vary not only ontogenetically but also sea-
sonally (p. 54). This is credited to Klaver and Böhme (1986), how-
ever, it was first mentioned and documented by Böhme (1988), a 
title not cited in the book.

An example of the second point is seen in the paragraph 
about the Ear. Here, I find no mention of the “Cranoliti” (cal-
cified endolymphatic sacs in the otic region) described in de-
tail by Siebenrock (1893) for Brookesia superciliaris. These were 
described in the same paper as the uniquely derived structure 
of the vertebral column, which Siebenrock stated would only 
be understood when the biology of this chameleon was better 
known. In the meantime, we have had the opportunity to learn 
much more about the biology of Brookesia, one aspect of which, 
“freeze and roll” antipredator behavior, is discussed in Chapter 
6 (p. 127) of the present book. However, a direct link between 
the endolymphatic system, the aberrant vertebral structure and 
this behavior in B. superciliaris has not been made. As has been 
argued in an earlier paper (Böhme 1982), the “Cranoliti” seem 
to function as a static organ, since calcified endolymphatic sacs 
are restricted to lizards with a climbing life style (Kluge 1967; 
Moody 1980). In Brookesia, a cataleptic antipredator mecha-
nism (freeze and roll) should be directed against visually—rath-
er than olfactorially-oriented enemies, i.e., against birds with 
strong visual accommodation capabilities rather than against 
scent-sensitive carnivorous mammals or even tongue-flick-
ing snakes. So, when a prey item such as a Brookesia abruptly 
stops moving and thus disappears from the bird’s visual field, 
the predator will well try to check with some pecks whether the 
now motionless object is edible or not. And here, the double-
protected vertebral column of Brookesia can be life-saving only 
if the chameleon orients this heavily ossified backbone, and not 
the vulnerable flanks or belly, towards the predator. That the cal-
cified endolymphatic system can actually work as a static organ 
in the context of the cataleptic freezing behavior, was corrobo-
rated by Schmidt et al. (1989) in both wild and captive Brooke-
sia. When grasped by a bird bill, many Brookesia species exhibit 
a high-frequency body vibration which is likely to affect a bird, 
with its pneumatisized skull bones, more than other potential 
predators (Böhme 1982). In the book by Tolley and Herrel (p. 
112), the generalist feeder Brachypteracias leptosomus is listed 
as a bird that searches the leaf litter for Brookesia. This species 
would be the ideal candidate for an experimental in situ test of 
the above hypothesis.
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The short paragraph on “Sexual dimorphism: body size and 
ornamentation” (p. 126) also misses some interesting correla-
tions. It is only stated that sexual size dimorphism (SSD) is either 
female-biased or male-biased, and ornamentation is dealt with 
separately. However, there is a clear interconnection between 
male-biased SSD and head ornamentation in that males in spe-
cies with head ornamentation are markedly larger than in those 
without such ornamentation. The best examples are the horned 
species of Trioceros in Africa, where the adorned males are al-
ways considerably bigger than the corresponding females. With-
in the Cameroon radiation of Trioceros, in the so-called T. crista-
tus group, in the horned species T. quadricornis, T. montium, and 
T. pfefferi, the male grows much larger than the female, but the 
opposite is true in the hornless T. cristatus in which the female 
grows much bigger than the male (for data see Klaver and Böhme 
1992). The same is true for the East African horned species. The 
same principle also applies in the genus Chamaeleo where horns 
are functionally replaced by an extremely high casque in, for ex-
ample, C. calyptratus males, which are much larger than con-
specific females. Conversely, in casqueless species of the C. dil-
epis complex, most extremely in C. roperi, adult males are really 
dwarfs in respect to females. An even more comprehensive cor-
relation between ornamentation and hemipenial structure has 
been discovered: species with ornamented males tend to have 
similar hemipenes while those resembling each other in external 
morphologically, show deep divergences in hemipenial struc-
ture (Ziegler and Böhme 1997, fig. 113). This means that female 
choice depends on the external form of males (i.e., a pre-mating 
signal) in the first case, but on hemipenial structures in the other.

This aspect leads directly to the question brought up on page 
130, viz., “whether the degree of different visual signals (color-
ation, ornamentation, and behavior) among closely related spe-
cies is positively related to the number of sympatric species.” Here, 
the paper by Rand (1961) should have been cited, since it already 
demonstrated that there is no sympatry (or more precisely, no 
syntopy) of chameleon species in East Africa with identical head 
ornamentation (in this case, three horns). Likewise, Parcher (1974) 
demonstrated experimentally in Madagascar that males with 
head ornamentations artificially removed are no longer recog-
nized as conspecific by their respective females. In another study 
it was shown that in cases of emerging syntopy, males of a horned 
species will reduce their horns when a second horned species ex-
pands into its range and habitat; this character displacement can 
be demonstrated to have occurred in a sequential fashion, due to 
historical climate change (Böhme and Klaver 1981). 

My next remark concerns the chapter on systematics. The 
listing of species in the generic arrangement follows the most 
recent revisions, it is, however, not always consistent. As an ex-
ample, Trioceros eisentrauti is still listed on Table 7.1 as a valid 
species, but is missing in the enumeration of Trioceros species 
on p. 171, obviously because it was downgraded to a subspecies 
of T. quadricornis by Barej et al. (2010). Here it becomes clear that 
it was disadvantageous to leave all subspecific taxa out, because 
the current checklists (Mertens 1966; Klaver and Böhme 1997) 
demonstrate how many taxa originally described as subspecies 
subsequently received full specific rank. This also concerns the 
taxon quilensis Bocage, left out in this book obviously because 
the editors regard it as conspecific with C. dilepis. That it has a 
hemipenial ornamentation dramatically different from that of C. 
dilepis has been demonstrated by Ullenbruch et al. (2007). This 
may also have relevance for the color figures 1.3 and 8.5, which 
show the same individual of “Chamaeleo dilepis.” However, due 

to its small rudimentary neck flaps, this specimen is certainly 
not true C. dilepis, but rather—if South African (the locality is not 
mentioned)—C. quilensis, underlining my statement above. 

I should like to add here that the etymology given for the 
name Chamaeleo (or Chamaeleon, respectively) as derived from 
ancient Greek and meaning “ground lion” does not gain more 
sense and probability by repeating it again. Rather, the alterna-
tive etymological derivation from the old Semitic word “gamal” 
(camel) with the diminutive ending “-ún,” i.e., “gamalún”—little 
camel by Keller (1913) should also be considered. The dorsal 
hump of resting chameleons (see, for example, figs. 8.4. and 8.5. 
in the present book) indeed resembles a little camel much more 
than a terrestrial lion (Keller 1913; Böhme 2011), although the 
Greek “chamai” may also mean “dwarf” or “dwarfish” instead of 
“on the ground.” 

Finally, just a few comments on the list of references. It is 
clear that the great majority of titles of this rather complete bibli-
ography are in English, but is inconsistent in respect to other lan-
guages cited. In several German, French, Spanish, Portuguese, 
etc. titles the name of the respective language is added in paren-
theses, but in others not; I regard this as unnecessary because it 
is self-explanatory when reading the title itself. Some references 
missing in this list and, in my view worthy of being cited, have 
already been discussed above. In some citations the titles are in-
correctly reproduced, in other instances the journal names have 
errors. For instance Moody’s (1980) thesis is cited as “The phylo-
genetic relationships of taxa within the lizard family Agamidae” 
but the correct title is “Phylogenetic and historical biogeographi-
cal relationships of the genera in the family Agamidae.” Parcher 
(1974), is said to have been published in “Zeitschrift für Tier-
zuchtung und Zuchtungsbiologie (sic!)” (a journal for breeders 
of domestic animals!) instead of “Zeitschrift für Tierpsychologie” 
which is the famous forerunner of “Ethology,” where it actually 
appeared (although the volume number and pages are correct). 
Klaver, C. and Klaver, C.J.J. are treated as two different authors 
in this list although they refer of course to the same person who, 
according to the acknowledgments, together with Bill Branch re-
viewed the systematics chapter of this book.

Despite these small corrections, amendments, and addi-
tions, the present book by Tolley and Herrel is a great achieve-
ment in chameleonology. It will certainly have a great influence 
on future research on these fascinating creatures, and it will be 
nice if my comments above on some evolutionary aspects will 
also stimulate some further discussion. 
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Studies on Non-venomous Colubrid Snakes and  
a Few Other Families in Zoos and Aquariums

so geneRal is the Repugnance oF Mankind to the aniMals coM-
posing these classes, that theiR study has been oveRlooked, and 
they have usually been consideRed as beings which it was not only 
necessaRy but MeRitoRious to destRoy.  a paRt oF this vulgaR pReJu-
dice is deRived FRoM education, and peRhaps soMe oF it May oRigi-
nate FRoM the Fact that seveRal oF theM aRe FuRnished with ven-
oMous Fangs, capable oF causing intoleRable suFFeRings and death.  
to the natuRalist and physiologist, howeveR; to those who study 
natuRe thRough heR vaRious ModiFication oF FoRM and stRuctuRe, 
they pResent soMe oF the Most inteResting obJects oF conteMpla-
tion.  theiR utility, eitheR in diMinishing vaRious noxious aniMals, 
oR in FuRnishing Food theMselves to otheRs, has been lost sight 
oF; and because they weRe cold to the touch, with a naked sliMy 
skin without haiR oR FeatheRs, they have been consideRed as loath-
soMe and hideous, although theiR stRuctuRe displays as Much oF 
the oMnipotence and caRe oF the cReatoR as can be seen in those 
which aRe consideRed to be the Most goRgeous and beautiFul oF 
his aniMated beings.

Zoology of New-york or the New-york fauNa, Part III. 
rePtIles aNd amPhIbIa. by JaMes e. dekay, 1842

This article is last in a four-part series on the history of snakes 
kept in zoos and aquariums. In each article, I focus on taxa that 
have been regularly displayed in zoos and aquariums. Certainly 
there are many other species that have been kept but in generally 
limited numbers. I would be remiss if I did not acknowledge 
the enormous contributions of our academic and museum 
colleagues over many centuries. Without their inspiration, 
guidance and assistance, we would not know what to call our 
animals or how these creatures live and die in the wild. Without 
knowing these facts, we would have been virtually helpless in 
maintaining them in captivity. Starting with lavishly illustrated 
books, cabinets of curiosities and operating theaters of anatomy, 
luminaries like Albertus Seba, Frederik Ruysch, Oleus Worm, 
Adam Oleareus, Konrad Gessner, and a host of others showed 
us the beauty and complexity of our natural world (Figs. 1, 2). 
Many biologists today have not had an opportunity to see these 
magnificent works of art and this is why I have included them in 
my articles.

Considerable advances on properly keeping and reproducing 
herps have been made by herpetoculturists in the private sector 
(Murphy and McCloud 2010a, b). Compare the behavioral 
observations in the first published herpetocultural book by 

Johann Matthäus (or Matthaeus) Bechstein in 1797 on captive 
care of reptiles (called Amphibians at that time) and amphibians 
entitled Naturgeschichte; oder, Anleitung zur Kenntniss und 
Wartung der Säugethiere, Amphibien, Fische, Insecten und 
Würmer, welche man in der Stube halten kann [Natural History 
or Guide to Knowledge and Care of Mammals, Amphibians, 
Fishes, Insects and Worms which can be kept at Home]. In it, he 
covered the European Grass Snake (Coluber Natrix, now Natrix 
natrix; Fig. 3) and here are a few quotes from that tome: “Positive 

ZOO VIEW

JAMES B. MURPHY
Division Amphibians & Reptiles
National Museum of Natural History
10th and Constitution Ave NW
Washington, DC  20013-7012, USA  
e-mail: murphyjb@si.edu

Fig. 1. Upon death, zoo specimens should be cosmetically necrop-
sied (if a necropsy is necessary), preserved, and placed in a scientific 
depository. Those lacking locality data can be used as study speci-
mens. Illustration of cabinet of curiosities from Levinus Vincent’s 
collection in 1704.  In the 1660s, Robert Boyle published an article 
in Philosophical Transactions where he described using alcohol for 
fixing and preserving animal specimens.  This important discovery 
revolutionized herpetological descriptions, for herpetologists and 
artists were able to scrutinize preserved materials and create de-
tailed diagnostic drawings. 
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Properties—These are certainly endearing animals which can be 
trained to dance with a stick and the pipe, and to play dead…My 
friend Mr D. Vognetz has a ringed snake which is so tame that 
she crawls up and down in the room like a domestic bird, often 
climbs up on him, crawling up the arms and into the bosom.  But 
it does not easily approach anyone else.  He puts it in his pocket, 
goes into the garden with it and as soon as he emits a loud whistle, 
similar to the tone with which at mating time they call their mates, 
it comes to him, crawls up on him, lets him put it in his pocket and 
remains there without moving until he takes it out again.  Since 
these crawling amphibians often grow exceptionally large, this 
has provided opportunity for all kinds of fables.” (translated from 
German in Heichler and Murphy 2004). 

When I started in the zoo profession in the mid-1960s, I never 
imagined seeing the amazing numbers of amphibians and reptiles 
produced by the private community in the following decades. 
There are several pictures of enormous displays of these animals 
(Rieck et al. 2001). See Barker and Barker (2014) for a thorough 
discussion of the topic of the value of animals in captivity and the 
role that serious amateurs can play in conservation.

Where feasible, I have updated scientific names from those 
used by the authors in their publications, based on Uetz and Hošek 
(2014). I follow McDiarmid et al. (1999) for family arrangements. 

tRaveling thRough tiMe

As every herpetologist knows, snakes have been the focus of 
attention of humans for centuries in both positive and negative 
ways.  Brattstrom (1998) postulated that the circular Aesculapian 
Temple (Tholos) at Epidauros, Greece was likely an early snake pit 
between 360 and 320 BC. Wajid Ali Shah kept a large menagerie 
in Calcutta in the 1850s that included tortoises and a large 
enclosure containing thousands of snakes (Walker 2001). Rulers 
during this period often kept animals to impress their subjects 
and competitors. There were many early assemblages of captive 
snakes, as described in Murphy (2007). One which caught my 
attention was when Hernando Cortés and his band of soldiers 
arrived at the Aztec capital Tenochtitlan (now Mexico City) in 
1519 and found the Aztec emperor Montezuma’s royal menagerie 
which included snakes. There were over 300 animal keepers so I 
will remind my herpetological colleagues to continually complain 
to their bosses about being constantly shorthanded by stressing 
this factoid. To gain a picture of the relationship of humans 
and snakes, read Greene (1997), Morris and Morris (1965), and 
Stutesman (2005).

Arthur E. Brown from Philadelphia Zoo (see Conant 1957) 
described Marcy’s Garter Snake, Trans-Pecos Ratsnake, Gray-
banded Kingsnake, Short-tailed Snake, and others (1889, 1890, 
1893, 1901a, 1901b, 1902a, 1902b, 1902c, 1903a, 1903b, 1905). Cover 
and Boyer (1988) bred the endangered and beautiful San Francisco 
Garter Snake (Thamnophis sirtalis tetrataenia) at Dallas and Ft. 
Worth Zoos. These illegally-collected snakes were confiscated 
from private persons by the US Fish & Wildlife Service for the 
purpose of providing captive-born neonates to other zoos to stress 
the species’ precarious state in California and develop assurance 
colonies. We were told that plans were being considered to clear 
prime habitat proximal to the airport to be used for additional 
landing strips and should this become a reality, immediate action 
for intervention would be needed. The snakes proved to be prolific 
and many were distributed to institutions throughout the world. 
In 2005, the Eastern Plains Garter Snake (Thamnophis radix radix) 
reproduced at Cleveland Metroparks Zoo. The same year, the 
Exiled Garter Snake (Thamnophis exsul) produced a litter at San 
Antonio Zoo. Many years ago, curator Ray Pawley showed me a 

Fig. 2. Snake seems to be Dipsadidae, given New World Pipa in the 
jars. Could be a Leptodeira or (very skinny) Imantodes based on 
eating frogs, but is it attacking more diverse prey, including mol-
lusks? Harry Greene suggests that it might be a composite dipsadid. 
Illustration from Frederik Ruysch’s book on a natural history cabi-
net in 1710—Frederici Ruis chii ... Thesaurus animalium primus = / 
Het eerste cabinet der dieren / van Frederick Ruysch ... Imprint: Am-
stelædami, apud J. Wolters. 
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Fig. 3. Common Snake Tropidonotus natrix from Our Reptiles and 
Batrachians by M. C. Cooke, 1893. “Everybody shudders at the name 
of a snake. Very few possess courage enough to attempt staring one 
out of countenance, or staying to count the number of scales on its 
head.”
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unique and effective garter snake exhibit at Chicago Zoological 
Park. The enclosure was filled with human detritus often found 
strewn in wild areas and vacant lots in the city—rusty tin cans and 
bed springs, broken shards of glass, discarded food wrappers and 
newspapers, and junk of all types. Ray’s message was simple—we 
are littering our world with our garbage! North American Queen 
Snakes (Regina septemvittata) produced 48 young between 1872 
and 1880 at London Zoo (Coote 2001). Fox et al. (1961) described 
the morphological effects of low temperatures during the 
embryonic development of the garter snake, Thamnophis elegans. 
In 1942, Conant reported on young of Brazos Watersnake (Natrix 
harteri) as well as Southern Black Racer (Coluber constrictor 
priapus), and Texas Patchnose Snake (Salvadora lineata), and 
Arid Land Ribbon Snake (Thamnophis proximus diabolicus) and 
Aguanaval Watersnake (Natrix erythrogaster alta) (Conant 1965).  
Lederer (1949) published a lengthy study on the Viperine Snake 
(Natrix maura) and hybrid ratsnakes (Lederer 1950). Reichling 
(1974) reported upon a new record-size Natrix erythrogaster 
flavigaster x neglecta. Petzold bred the Indian Striped Snake 
(Amphiesma stolata) at Tierpark Berlin (Petzold and Stettler 1972) 
and reported observations on the breeding biology and keeping 
of Tretanorhinus variabilis, a water snake of Cuba (Petzold 1967). 
Roger Conant was the most prolific researcher on natricine 

snakes in the zoo community (Conant 1938, 1943a, 1943b, 1945, 
1946, 1949, 1950, 1951, 1953, 1958, 1961, 1963, 1965, 1969, 1975; 
Conant et al. 1945). As a nonagenarian, Roger sent me a copy of 
his last paper in 2003 on the garter snakes of the Thamnophis 
eques complex from Mexico from data compiled in the 1960s—
simply extraordinary productivity. His accomplishments were 
recognized in an SSAR volume in 1994 (Adler 1994; Fig. 4.) and 
other publications (Conant 1957, 1980, 1997; Conant and Collins 
1991). It bears repeating that Roger was the only herpetologist 
who returned cloth shipping bags cleaned, pressed, and folded 
to me (Adler 2004). There are several other excellent references 
on garter snakes and water snakes (Rossman et al. 1996; Gibbons 
and Dorcas 2004, Fig. 5).  

The late John Werler was director of Houston Zoo for 
many years (Kawata and Murphy 2004). At Houston Zoo, 
common Diamondback Watersnakes (Nerodia rhombifer) were 
periodically obtained as living food snakes from a reptile dealer 
for the King Cobras—they were not frozen until used because 
Werler felt that the cobras deserved living prey; they were kept 
in a large enclosure in the rear section. In 1953, Roger Conant 
described a new taxon in honor of Werler (Nerodia rhombifer 
werleri) from Mexico and a few living ones were collected by 
him and kept on display to honor John.  Just before Conant was 
to visit, a prankster in the herp department convinced a newly-
hired keeper that he had fed all of this very rare subspecies to the 
cobras by using the ones in the holding enclosure. To continue 
the ruse, John contacted Roger and they both confronted this 
terrified keeper for many minutes about his sheer incompetence 
feeding off these priceless serpents until they both started 
laughing uproariously and admitted their nefarious deed—the 
poor keeper had a near-death experience. As an aside, I have 
collected the nominate form and experiencing them up close and 
personal is a miserable experience—multiple bites with flowing 
blood, unpleasant musk, and staggering amounts of metabolic 
by-products. See Werler and Dixon (2000) for an exhaustive 
treatment of Texas snakes, including natricines. 

Kingsnakes and milksnakes (Lampropeltis) have been popular 
zoo ophidians due to their beauty and hardiness in captivity (Fig. 
6). Beginning in the mid-1960s, we began to specialize in this 
group at Dallas Zoo. We reported on courtship and copulatory 
behavior in the Mexican Milk Snake (Lampropeltis triangulum 
sinaloae) by looking at three elements—Tactile-Chase, Tactile-

Fig. 4. Two endangered water snakes described by Roger Conant: 
Northern Copperbelly Water Snake (Nerodia erythrogaster neglecta) 
and Lake Erie Water Snake (Nerodia sipedon insularum). Reproduced 
from a watercolor by David M. Dennis in 1994 from the SSAR book 
Captive Management and Conservation of Amphibians and Reptiles.

Fig. 5. Eastern Garter Snake (Thamnophis s. sirtalis) in The Natural 
History by Mark Catesby in 1743. 
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Alignment, and Intromission and Coitus—and by creating this 
new terminology for a generalized colubrid pattern (Gillingham 
et al. 1977). Murphy et al. (1978) provided an inventory of 
reproduction and social behavior in Gray-banded Kingsnakes 
(L. alterna). At San Antonio Zoo, Laszlo (1984) discussed 
reproduction in captives utilizing environmental parameters. 
After these snakes were cooled to as low as 9°C in the winter, 
successful reproduction did occur—in both the Tryon colonies 
(window left open in unheated room) and the Dallas Zoo group 
(hibernaculum) (Radcliffe et al. 1974; Murphy et al. 1978; Tryon 
1984a). Tryon and Murphy (1982) investigated the reproductive 
biology of thirteen varieties of kingsnakes (species mexicana, 
triangulum, and zonata). Jon Campbell brought some beautiful 
milksnakes to our Zoo collected from Zapotitlan, Puebla, Mexico, 
found in desert terrain at 1500 m, and listed in our paper as L. t. 
ssp.  Hugh Quinn (1983) later described these as L. triangulum 
campbelli. These snakes proved to be incredibly prolific. 
Hammack (1989) reproduced the Colombian Milk Snake (L. t. 
andesiana) at Dallas Zoo. Radcliffe and Murphy (1984) described 
precopulatory and related behaviors in captive kingsnakes and 
other reptiles. Paul Weldon presented kingsnake secretions to 
assess the ophiophage defensive response in a large number of 
crotaline snakes (Weldon and Burghardt 1979). In some cases, 
the defensive body bowing behavior exhibited by the pitvipers 
was dramatic as bodies were lifted in an inverted U-configuration 
with head and tail on the substrate and mid-body pressed to the 
top of the enclosures. Because it was reported in the literature, we 
assumed that the pitviper might use body blows directed to the 
kingsnake swabs but I did not notice this behavior. Later, Chiszar 
et al. (1993, pers. comm.) felt that this was a strategy used by the 
pitvipers to wedge themselves tightly into burrows to avoid being 
seized by the kingsnakes.

When private kingsnake breeders learned about the extent 
of our collection, many visited the Zoo but often focused only 
on kingsnakes even though we had a very diverse collection. 
Some particularly desirable forms which we were reproducing 
in numbers but were unavailable at that time in the private 
herpetocultural community were Jaliscan Milksnake (L. t. 
arcifera; these were actually Ruthven’s Kingsnake [L. ruthveni]; 
R. Hansen, pers. comm.), Pueblan Milksnake (L. triangulum 
campbelli), and Colombian Milksnake (L. t. andesiana). We also 
had a group of snakes of the L. mexicana complex collected 
by Jon Campbell and Barry Armstrong (see Garstka 1982 for 
additional information). Fanciers begged us for some neonates 
but when I explained that zoo policy required that all propagules 
had to be offered first to AZA members and there was a very long 
waiting list, a few unscrupulous ones started calling my keepers 
at home to try and convince me to change my mind by doctoring 
records to eliminate hatchlings. It reminded me of the tulip craze 
in Holland during the 1630s. As the private sector became more 
proficient at breeding kingsnakes, we later decided to move on to 
other projects and sent most of them to other zoos.

Tryon and Hulsey (1976) noted reproduction in captive 
Nelson’s Kingsnakes (Lampropeltis triangulum nelsoni) at 
Ft. Worth Zoo. At this Zoo, Ronald Markel worked in the 
herpetological department. He told me that he was planning 
an ambitious project illustrating as many milksnakes and 
kingsnakes in color as possible and he succeeded by locating 
them all at zoos and other places (1990).  Herman (1979a, b) 
bred the Jaliscan Milksnake (L. t. arcifera; again, these were 
actually L. ruthveni, as noted above) and Scarlet Kingsnake (L. t. 
elapsoides) at Zoo Atlanta. Kardon (1979) noted breeding in three 

Fig. 6. Varieties of kingsnakes (Coronella annulata) from Biologia 
Centrali Americana: Reptilia and Bathrachia in 1885–→1902 by Albert 
Günther—top to bottom—Yucatan, Mexico, Tehuantepec. 
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Fig. 7. John Edwards Holbrook published North American Herpetol-
ogy, beginning in 1836, covering all herps found east of the Missis-
sippi River at that time. Shown is Eastern Milksnake (Lampropeltis 
t. triangulum).
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Mexican milksnake subspecies (L. t. polyzona, L. t. nelson, and L. 
t. sinaloae) at San Antonio Zoo. Korinek (1997) bred Campbell’s 
Milksnake (L. t. campbelli) in the terrarium of Olomouc Zoo. In 
2004, five Eastern Milksnakes (L. t. triangulum) hatched at the 
Detroit Zoological Institute (Fig. 7). Tryon and Murphy (1982) 
and Tryon (1984b) described multiple egg clutches in a single 
reproductive season; this phenomenon is now known to occur in 
a number of Lampropeltis taxa.

Roger Conant (1934) recorded reproduction in the Black 
Kingsnake (Lampropeltis getula nigra) and discussed milksnakes 
of the Atlantic Coastal Plain (1943a). Hosono (1982) bred the 
Florida Kingsnake (L. getula floridana) at the Kyoto Municipal 
Zoo in Japan. Mulder et al. (1979) from Audubon Zoo surgically 
removed retained eggs from a kingsnake (L. getula). Tryon 
and Carl (1980) reproduced the Mole Kingsnake, L. calligaster 
rhombomaculata. 

Zweifel (1980) described techniques for maintaining a colony 
of L. getula at the American Museum of Natural History in New 
York to study inheritance of color pattern. Shaw (1956, 1959) 
described two-headed California Kingsnakes (L. g. californiae) at 
San Diego Zoo by name: Dudley-Duplex, Dudley-Duplex II, and 
Nip-and-Tuck. This Zoo has owned several of these snakes over 
the years and the first one lived over six and one-half years. Boyer 
and Baldwin (1997) devised a simple method of preventing self-
inflicted injury when feeding a dicephalic California Kingsnake 
by using a collar around one head (pictured in Murphy 
2007). Groves (1964) and Groves and Groves (1972) described 
swallowing of shed skin by L. getula. 

Ratsnakes are also popular zoo exhibits. I use the term 
“ratsnakes” in an historical sense, inclusive of both Old and New 
World representatives that we now know are not closely related 
(Utiger et al. 2002). Herrmann (1998) reported on husbandry and 
reproduction in the Black and Yellow Ratsnake (Spilotes pullatus) 
at Cologne Zoo (Fig. 7). At Ft. Worth Zoo, Campbell (1972) bred 
the Trans-Pecos Ratsnake (Bogertophis subocularis) and Tryon 
(1976) reported on courtship behavior and second-generation 
reproduction. Brecke et al. (1976) documented reproduction 
and social behavior in the Baird’s Ratsnake (Pantherophis 
bairdi) at Dallas Zoo, and Dathe and Dedekind (1985) at 
Tierpark Berlin. Tremper (1981) propagated the Neotropical 
Ratsnake (Pseudelaphe f. flavirufa) at Chaffee Zoo. Engelmann 
(1984) explained egg-laying behavior of the Yellow Ratsnake 
(Pantherophis obsoletus) at Leipzig Zoo. Retired Detroit Zoo 
curator Jim Langhammer (pers. comm.) had many snakes at 
Indiana University during our college years including Ludwig, 
a large female Yellow Ratsnake: “She was about 5 feet long and 
totally trustworthy around strangers. Ludwig’s dimensions were 
too small to allow her being on the ground among foot traffic but 
she was often handled by strangers. I often walked Jordan Halls 
with her settled quietly around my neck. Many strangers would 
ask directions/questions of me without ever seeing the snake. To 
my recollection she never struck at anyone. One indication of her 
gentleness was her intense fondness for large chicken eggs. She 
ALWAYS began at the blunt end of an egg. If you held it with the 
blunt end in your palm, she would work to expose that blunt end 
but never bit the hand in the process. Once engulfed, she would 
move it down about 10 inches and then crush the egg against her 
vertebrae before swallowing it further.” 

Frolov and Kudryavtsev (1985) and Kudryavtsev and Frolov 
(1984) kept and bred Russian Ratsnakes (Elaphe s. schrencki) at 
Moscow Zoo. →→Mamet (1989) outlined the reproductive biology of 
ratsnakes of the longissima-complex from Southern Azerbaijan 

(Fig. 8). Mamet and Kudryavtsev (1997a) propagated the 
Mandarin Ratsnake (E. mandarina) and Mamet and Kudryavtsev 
(1997b) provided notes on the reproductive biology of the Asiatic 
Ratsnake (Elaphe persica) at the Moscow Zoo. At Tula Exotarium 
in Russia, Ryabov (1997) reported upon high productivity in the 
Radiated Ratsnake (E. radiata), natural history, keeping, and 
breeding the Persian Ratsnake (E. persica) (2001), and Ryabov 
and Popovskaya (2000) provided some comparative data on 
the breeding of four subspecies of the Stripe-tailed Ratsnake 
(Elaphe taeniura). “This is from Stan Grumbeck who told me that 
Moellendorf’s Ratsnakes (Orthriophis moellendorffi) are notably 
different than the norm in that their eggs feel much more like 
turtle eggs and that the young do not slit the eggs upon hatching 
but rather burst or break through the shells” (William Lamar, 

Fig. 8. Baron Georges Cuvier published Le règne animal… in 1836→–
1839. Illustration is Aesculapian Snake (Elaphe longissima).

Fig. 9. Yellow and Black Ratsnake (Spilotes pullatus) from Biologia 
Centrali Americana: Reptilia and Batrachia in 1885→–1902 by Albert 
Günther. This beautiful and active snake is not often seen in zoo 
collections.
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pers. comm.).  Frank Groves described eggs and young (1957) 
and albinism (1965) of the Corn Snake (Pantherophis guttatus) 
at the Baltimore Zoo. Lederer (1950) discussed hybridization 
in ratsnakes. Barnard et al. (1979) from Zoo Atlanta followed 
growth and food consumption in the Corn Snake. Orangutans 
and gorillas are afraid of Black Ratsnakes (Murphy et al. 2014, 
Fig. 12). Clarke (1973) recorded longevity in a Great Plains 
Ratsnake (Pantherophis guttatus emoryi). Dowling (1959a) 
noted egg-eating adaptations in the Chinese Ratsnake, Elaphe 
carinata. During the 1970s, political relationships with China 
were tense so virtually no herpetofauna from the region was 
being imported into the US. When relations improved, a few 
reptile dealers began to bring in some ratsnakes such as Elaphe 
dione, E. schrenckii, E. carinata, E. bimaculata, and Orthriophis 
moellendorffi. Some of these were sent to zoos but after a few 
weeks, there was unacceptable mortality. Upon necropsy, it 
was discovered that gall bladders had been removed for the 
medicinal market and the surgical site stitched so expertly that 
it was virtually impossible to notice. Two references on ratsnakes 
are especially helpful: Schulz 1996 and Rhodes 2008.

At Memphis Zoo, Steven Reichling has embarked on a long-
term study of the Louisiana Pine Snake (Pituophis melanoleucus 
ruthveni) (1986, 1988a, 1989, 1990a, 1990b, 2008) and the Black 
Pine Snake (P. m. lodingi) in 1981—both taxa are at risk. At 

Cheyenne Mountain Zoological Park, Connors (1986) described 
a captive breeding of the Great Basin Gopher Snake (P. catenifer 
deserticola). Charles Shaw and Sheldon Campbell from San 
Diego Zoo described male combat, courtship behavior and 
reproduction, feeding, defense, and many other aspects of the 
Gopher Snake (Pituophis catenifer) in their book Snakes of the 
American West (1974, Fig. 11). This is an excellent reference for 
all the snakes in this area. Shaw (1951) described male combat 
in American colubrid snakes with remarks on combat in other 
colubrid and elapid snakes. From the same Zoo, Jeffrey Lemm 
(2006) has published a field guide to herps of the San Diego 
region. Chiszar et al. (1989) showed that Bull Snakes (Pituophis 
melanoleucus) discriminated between thermally different rodent 
carcasses. An adult at Dallas Zoo regularly pinned as many as 
four live mice at the same time during feeding bouts; the one it 
was swallowing had been constricted and was dead, the second 
was being constricted by the first third of the body, the third 
and fourth were being pressed against the side of the enclosure 
with such force that they were gasping. I never could answer the 
question of how a snake could deal with multiple prey items.

At Zoo Atlanta and other institutions, neonates of the Eastern 
Indigo Snake (Drymarchon couperi) were maintained for a 
captive head-start program (Speake and Smith 1987; Wines 2014). 
Gravid females were collected in the wild, eggs were hatched, and 
females released at site of capture. This is an excellent model for 
a collaborative project; it involved U.S. Fish and Wildlife Service, 
The Alabama Natural Heritage Program, Alabama Department 
of Conservation and Natural Resources, Georgia Department of 
Natural Resources, Zoo Atlanta, The Orianne Society, and the U.S. 
Forest Service. The researchers examined reproductive ecology, 
captive propagation, juvenile ecology and restocking potential, 
including optimal egg incubation temperature, and the effects 
of diet on growth of hatchlings. After necropsying many indigo 
snakes, pathologist John Roberts (pers. comm.) was adamant 
in insisting that these snakes need a predominantly bird diet 
rather than rodent diet. Serum chemistry values were analyzed 
for two specimens at Sacramento Zoo (Drew 1994). Hellmuth 
et al. (2012) used operant conditioning and desensitization to 
facilitate veterinary care with this taxon at National Zoological 
Park in Washington, DC. Groves (1960) bred the Eastern Indigo 
Snake (D. couperi) at the Baltimore Zoo.

Some species are rarely kept in zoos and aquariums and 
thus are poorly studied. There are many reasons why certain 
taxa do not make their way to zoos and aquariums—availability, 
specialized food needs, non-attractiveness or other lack of 
visitor appeal, inability to adapt to captivity, size, secretiveness, 
poor temperament, lack of managed captive management 

Fig. 10. Ferruginous Thrushes (Turdus rufus) defending nest from 
attacking Black Ratsnake (Pantherophis obsoletus) from John James 
Audubon’s Birds of America from 1827→–1830. 

Fig. 11. Bull Snake (Pituophis melanoleucus) from United States 
Exploring Expedition, Vol. 29. Herpetology in 1858 by Charles Frédéric 
Girard. 
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program, lack of space and, of course, curatorial preferences. 
Cahill (1971) provided observations on a captive Beak-Nosed 
Snake (Scaphiophis albopunctatus) at the University of Ife Zoo 
in Nigeria. Simmons (1977) reproduced the Chinese Red Snake 
(Dinodon rufozonatum) and Campbell and Murphy (1984) 
outlined reproduction in five species of Paraguayan colubrids 
housed at the Fort Worth Zoo—racers (Liophis), false cobras 
(Hydrodynastes), green racers (Philodryas). At Houston Zoo, 
Freed (1989) documented delayed fertilization in the African 
Egg-eating Snake (Dasypeltis scabra), a species rarely kept in zoos 
because of the need for a steady supply of suitably-sized eggs 
(Fig. 12). Shaw (1961) published photographs of an egg-eating 
snake swallowing an egg. Boycott (1990) described copulation 
and parturition in the Mole Snake (Pseudaspis cana) at Transvaal 
Snake Park (Fig. 13). Dathe and Dedekind explained care and 
breeding of Horseshoe Snakes (Coluber hippocrepis) (1988), and 
Madagascar Hog-nosed Snakes (1996) in the Berlin Tierpark. 
Campbell and Murphy (1977) described reproductive biology 
of two colubrid snake species from the Malagasy Republic, 
Madagascar Hog-nosed Snakes Leioheterodon madagascariensis 
and Madagascariophis colubrina.  

At Dallas Zoo and a few others, the Southern Hognose Snake 
(Heterodon simus) was maintained but the Eastern Hognose 
Snake (Heterodon platirhinos) was rarely exhibited. This was 
because the former usually fed on rodents whereas the latter 
almost always restricted its diet to toads or occasionally frogs, 
difficult to find during winter. In one case, a beautiful orange-
phase Eastern Hognose was on display at another facility but 
the supply of toads disappeared. In desperation, the caretaker 
offered a large horned frog (Ceratophrys). The battle was epic 
with the frog trying to swallow the snake for many minutes; at the 
end, the snake prevailed. The South American Hognose Snakes 
(Xenodon dorbignyi, X. pulcher) are now showing up in zoo 
collections, due to attractive coloring and hardiness in captivity. 

One of the most spectacular snakes in our collection at 
Dallas Zoo was the Filetail Ground Snake (Sonora aemula) from 
northwestern Mexico. Our specimen, about a foot long, had a 
brilliant red body with a black head and whitish collar. It lived 
in a gallon jar with a moist paper towel and small water dish and 
fed on small insects. The snake remained visible most of the time 
and always caught the eye of our visitors. Many years ago, we 
held an open-house tour of the reptile building, complete with 
wine and cheese in the lobby, for an ASIH meeting held in Fort 
Worth. While we were enjoying the repast, one of our attending 

herpetological or ichthyological colleagues slipped into the rear 
section, opened the jar, stole the snake, and replaced the cover—
the snake was never recovered. 

At Dallas Zoo and Zoo Atlanta where I started my career, 
we had several snakes with foul tempers. The most notorious 
were Wagler’s Snake (Xenodon merremi), Jackson’s Twig Snake 
(Thrasops jacksoni), sipo (Chironius sp.), Indian Ratsnake (Ptyas 
mucosa), rear-fanged Mangrove Snake (Boiga dendrophila), 
tropical racer (Masticodryas), and several US watersnakes 
(Nerodia). Curator Joe Laszlo at San Antonio Zoo had a few 
examples of keelback snakes, genus Helicops, comprising about 
16 species. Although small, they were incredibly skillful at biting 
and left tiny teeth marks. Joe invited visiting herpetologists to 
touch the tail without being bitten—these snakes swapped 
ends so quickly that few were able to avoid being bitten even 
though forewarned. These episodes helped pass the time for us 
during my visits. I strongly recommend that all of these noxious 
creatures be excluded from future collection plans. 

I have always been intrigued by snake patterns and colors, 
especially since many from various parts of the world are similar. 
One of the most striking combinations are a coralsnake-mimic 
coloring anteriorly and a unicolored part posteriorly in the 
colubrid Neckband Snake, Scaphiodontophis annulatus (Fig. 
14). At Dallas Zoo in the 1970s, an adult was obtained which 
fed well in captivity on a diet of anoles and skinks, which were 
swallowed alive at astounding speed. The snake often rested 

Fig. 12. John Anderson published Zoology of Egypt in 1898. Some of 
the finest drawings of reptiles ever produced were by P. J. Smit and 
John Green in this book. Pictured is Egg-eating Snake (Dasypeltis 
scabra).

Fig. 13. Andrew Smith published Illustrations of the Zoology of South 
Africa in 1838→–1839. Mole Snake (Pseudaspis cana) (top and bottom), 
Green Bush Snake (Philothamnus semivariegatus) (middle).
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with the anterior portion of the body elevated. I decided to test 
the snake’s reactions to potential predators or their scents—
European Ferret, Gray Fox, skunk, raptor feathers, and humans. 
The snake remained motionless rather than thrashing the body 
as was described in a paper by Henderson (1984). The tail of this 
species is exceedingly long and breaks easily (likely in response 
to predators) but this did not happen in our specimen.

Coachwhips (Coluber flagellum) and Racers (C. constrictor) 
are rarely kept in zoo collections as they are snappy, nervous, 
and flighty. In fact, an adult male Racer was the only snake in my 
career to have aggressively attacked me without provocation. I 
encountered this male courting a female in the wild during high 
school and this suitor likely wanted privacy. I retreated and the 
snake continued to pursue me, wildly striking.

During my college years, I had a perverse streak which, 
some would say, lasts even to this day.  I had captured an adult 
black-phase Coachwhip in Florida. For my speech class, I gave a 
riveting presentation in dulcet tones on snakes, using some of my 
calm live captives as examples. Admittedly, many of the students 
were apprehensive but fascinated.  I finished by talking about the 
exceptional speed, aggressiveness, and toxicity of black mambas 
and slowly opened the cloth bag containing my black-phase 
Coachwhip, which promptly exploded from the bag and shot 
off the stage into the crowd. There was complete pandemonium 
as the students rushed toward the exits, scattering chairs in 

their way—within minutes, I was standing alone in the room. 
The professor, who bolted as well and peeked around the open 
door frame to see if the snake had been secured, thought it was 
hilarious and gave me an A+ for the class. He said that it was one 
of the few presentations that was not dreadfully boring! 

husbandRy and Medical ManageMent

In my earlier papers and books, I listed many titles dealing 
with these subjects. There is a comprehensive new book that 
must be on the bookshelf of every person maintaining live 
herpetofauna—Petzold’s The Lives of Captive Reptiles. This 
wonderful compilation, translated into English by Heichler and 
Murphy (2008), includes aspects of reproduction, development, 
nutrition, history of zoos, relevance of terrarium observations, 
and conservation programs in zoos and private terraria. See 
Peeling’s review (2009) for details.

Campden-Main from the Louisiana Purchase Zoo in Monroe 
wrote a paper on the care of newborn snakes (Campden-Main 
and Campden-Main 1982). Banks (1985) observed feeding 
and sloughing in a collection of captive snakes. Greene (1983) 
collected data from a number of serpents in zoos to strengthen 
his analysis of the dietary correlates of the origin and radiation 
of snakes. These data are helpful when considering suitable prey 
items. Bloxam and Tonge (1986) appraised the breeding program 
for reptiles at the Jersey Zoo. William Gehrmann discussed 
lighting requirements in several papers (1971, 1987, 1994). 
Murphy and Campbell (1987a) provided selected references 
applicable to the maintenance of snakes in captivity and a book 
chapter on captive maintenance the same year (Murphy and 
Campbell 1987b).

Susan Barnard from Zoo Atlanta and her associates have 
published a number of papers on parasitism in snakes. Camin 
and associates (1948, 1953, 1964) documented the ravages 
caused by the snake mite (Ophionyssus natricis) in captive reptile 
collections. Da Paixão Sevá et al. (2011) described occurrence 
and molecular diagnosis of Cryptosporidium serpentis in captive 
kingsnakes and ratsnakes in São Paulo, Brazil. 

Lloyd at the Roger Williams Park Zoo in Rhode Island pub-
lished three papers on ophidian paramyxovirus and reptilian 
dystocias (Lloyd and Flanagan 1991; Lloyd 1990, 1992). Reichling 
(1988b) discussed treatment of dystocia in snakes. Ungureanu et 
al. (1972) identified hemorrhagic septicemia in snakes in captiv-
ity at Zoological Garden of Bucharest. At Philadelphia Zoo, Aron-
son (1929) described spontaneous tuberculosis (Mycobacterium 
thamnopheos) in garter snakes. Adamy (1966) investigated the 
therapy of salmonellosis. Mitch Bush and associates from the 
Smithsonian National Zoological Park published papers on the 
use of antibiotics in snakes (1976), biological half-life of Genta-
micin in Gopher Snakes (1978), and blood collection and injec-
tion techniques in snakes (1978). At the same zoo, Nichols and 
Lamirande (1994) used methohexital sodium as an anesthetic for 
colubrid snakes. Hilf et al. (1989) investigated pharmacokinetics 
of Gentamicin and Piperacillin in blood pythons and Hilf et al. 
(1990) did a comparative study of upper airway flora in healthy 
boid snakes and snakes with pneumonia at Pittsburgh Zoo. Ve-
layan and Ambu (1991) studied bacterial infections in reptiles 
at the National Zoo, Malaysia. Flanagan and Harwell (1983) 
from Houston Zoo discussed pathobiology and management 
of chronic regurgitation in snakes. At Baltimore Zoo, Cranfield 
and Graczyk (1995) expanded information on ophidian crypto-
sporidiosis. Ippen (1980) described mycosis in snakes. Garner et 

Fig. 14. Mesopeltis dimidiatus (above) and Henicognathus venustis-
simus from Biologia Centrali Americana: Reptilia and Batrachia in 
1885‒1902 by Albert Günther. Henicognathus is now Scaphiodonto-
phis; the congener S. annulatus (Neckband Snake) was maintained 
at Dallas Zoo.
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al. (1995) diagnosed vertebral chondrosarcoma in a Corn Snake 
(Pantherophis guttatus). Zachiesche et al. (1988) diagnosed lym-
phoid leukemia with presence of type C virus particles in a Yellow 
Ratsnake (P. obsoletus).  

a Few snake FaMilies RaRely kept in zoos

Acrochordidae—Dunn et al. (1987) were successful in 
exhibiting and breeding the Arafura File Snake (Acrochordus 
arafurae) at Melbourne Zoo. Banks (1989) described skin lesions 
in Acrochordus and Erpeton, perhaps caused by excessively 
bright lighting. Our captives did not have skin lesions, which may 
be due in part to the presence of aquatic snails in their aquaria 
or relatively high pH (above 7.2). The snails were often on the 
heads and bodies of the snakes; algae growth did not occur and 
there were no shedding problems including eye caps.  Curator 
Louis Pistoia told me that an adult Java Wart Snake (A. javanicus) 
refused food for slightly over four years in the Columbus Zoo 
collection. Dowling (1960) described feeding habits at Bronx 
Zoo. In the 1970s, A. javanicus was imported in small numbers 
to the US. The snakes were poor feeders on living fishes at Dallas 
Zoo until the water temperature was raised to 85°F (30°C) or 
slightly higher. Dubach et al. (1997) described parthenogenesis 
in the Arafura File Snake at Chicago Zoological Park.  

Aniliidae—The only living zoo examples of Coral Cylinder 
Snake (Anilius scytale) I have seen were a few in collections 
in South America. This is likely due to specialized dietary 
requirements: amphisbaenians, caecilians, and snakes. 
Defensive tail display has been observed at Instituto Butantan  
(Sawaya 2010, Fig. 15).

Cylindrophiidae—The only living representatives of this 
group I have seen in zoo collections were a few Red-tailed Pipe 
Snakes (Cylindrophis ruffus) years ago at the Oklahoma City 
Zoo (Fig. 16). When I asked if the snakes ever displayed the 
characteristic tail-raising defensive behavior, the caretakers 
said that the snakes did briefly at first but quickly habituated to 
captivity. 

Leptotyphlopidae—The only living example during my early 
career was a large snake called Giant Blind Snake  (Leptotyphlops 
maximus) from Mexico at Dallas Zoo. The snake had been 
confiscated by US Fish and Wildlife Service and was given 
that technical name on the manifest[1]. The feeding behavior 
corresponded to the description by Kley (2001), known as 
mandibular raking. Ants, eggs, and larvae were literally sucked 
up like a vacuum cleaner; I have never seen a snake go into a 
feeding frenzy quite like this. In the beginning, we fed this snake 
Carpenter ants collected from nests on Zoo grounds. When 
fire ants arrived in Dallas, all carpenter ants disappeared and 
we were unable to find some to feed the snake. In desperation, 
I tried to collect fire ants to substitute but I regretted that plan 
immediately after multiple encounters with their defensive 
behavior. When I offered them to the snake, known as an ant 
specialist, it immediately went into convulsions. Amazingly, the 
ants had penetrated the interstitial skin between the scales and 

[1]In this shipment, approximately 2000 tarantulas, each in its own small plas-
tic bag, were included. Most were the Red-legged Tarantula but several other 
types were present as well. The wildlife inspector was worried that the arach-
nids would dehydrate and suffocate so he asked me to help him transfer the 
animals to larger containers with air holes and include a damp paper towel 
for moisture. One of the primary defenses is to flick urticating hairs (bristles), 
which are extremely irritating, especially to those persons with severe aller-
gies. We had several tarantulas in the Dallas Zoo collection that I handled for 
demonstrations with no negative reactions but, as these tarantulas were un-
packed, the hairs literally coated the room and after several hours of handling 
the creatures, my whole body began to itch and the result was excruciating. For 
two days, I soaked in the bathtub at home with Epsom salts added to the water 
to lessen the pain and diminish swelling, cursing the inspector who seemed to 
have no negative reaction and was amused by my plight. When I called in sick 
to the Zoo to explain the circumstances, my boss was quite skeptical. All of the 
confiscated tarantulas were donated to a university researcher a few days later.
Also in this shipment were about three dozen adult spiny-tailed iguanas 
(Ctenosaura pectinata and C. similis). We did not have suitable holding space 
in the reptile building so the lizards were released in the rear section of the spa-
cious aquarium, an antiquated Art Deco concrete structure in Fair Park. They 
immediately scaled the rough concrete walls and ran around the wide tops of 
the large cement aquaria, often basking under the display lights. We fed them 
several times a week and they would descend like ravenous wolves from all 
directions and snatch vegetables and dog food from the metal trays placed on 
the floor. They lived for years but avoided the water in the tanks, unlike Green 
Iguanas, which dive into water to escape predators.

Fig. 16. Illustration of Red-tailed Pipe Snake Cylindrophis ruffus 
from Heinrich Rudolf Schinz, curator of the natural history society 
of Zürich and author of many important zoological works between 
1824 and 1852. Modified image from Naturgeschichte und Abbildun-
gen der Reptilien (1833–1834).

Fig. 15. Coral Pipe Snake (Anilius scytale) from Dictionnaire universel 
d’histoire naturelle by Alcide D’Orbigny in 1838→–1849. 
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were attached to the snake’s body. I immediately put the snake 
under running water and eventually the ants released their grip. 
Later, the snake laid three infertile eggs but did not coil around 
the clutch as mentioned in the literature about some blindsnakes. 

Typhlopidae—I have never seen an exhibit of blind snakes 
(scolecophidians) in a zoo. These snakes are the most basal form 
for a visitor to compare against advanced snakes (caenophidians), 
but absence from collections is almost certainly due to difficulty 
in finding enough food throughout the year and the secretive 
nature of the animals. We found what we believed to be an 
adult Flowerpot Snake Rhamphotyphlops (now Indotyphlops) 
braminus in a pile of mulch outside the back door of the reptile 
building at the National Zoological Park in Washington DC.  I 
asked the horticulturist who had delivered the pile and she 
said that the material had been ground into small pieces from 
branches trimmed from a standing dead tree on Zoo property 
and almost immediately brought to the building in the bed of a 
pickup truck. It may have traveled from flower pots delivered to 
the Zoo but she did not believe that this was the case as there 
were no pots anywhere near the tree. This invasive species is 
known from Massachusetts and Florida. My plan was to preserve 
the snake as a voucher specimen for certain identification but 
it wriggled through my fingers and catapulted into the adjacent 
outdoor alligator exhibit, never to be seen again.

Uropeltidae—In the April 2011 issue of Zoo’s Print, the 
magazine of the Zoo Outreach Organization, the list of reptiles 

assessed during the Conservation Assessment and Management 
Plan (CAMP) workshop in Western Ghats, India in March 
2011 included 20 species of shield-tail snakes (Uropeltis). The 
collected data are being analyzed to determine the conservation 
needs for reptiles throughout India and will be published in a 
future IUCN Red List. 

Xenopeltidae—McGeorge (1997) bred the Sunbeam Snake 
(Xenopeltis unicolor) at Chester Zoo.

suMMaRy

During the past few decades, there has been an increasingly 
vocal group of animal rights advocates calling for a ban against 
keeping live animals in captivity. They claim that animal 
welfare issues are ignored and the captives live unenriched 
and unfulfilled lives. Concurrently, there have been objections 
to collecting and euthanizing animals for scientific research 
collections. Both of these views are misguided, for if this 
happened we would not be able to add very much to our current 
understanding of snake biology. 

In reading my four-part series on snakes kept in zoos and 
aquariums through centuries (Murphy 2014a, b, c; this paper), it 
should be apparent that many important scientific studies have 
been generated and replicated in that environment. In fact, 
many of the questions posed could not have been investigated 
in the wild. For example, how would we have known that some 
pythons incubate egg clutches to increase temperatures by 
twitching? What behaviors are apparent when males court 
females? What are the communication channels? Which snakes 
lay eggs and which ones give birth to living young? Does 
parthenogenesis happen? 

What do hemipenes look like and how do they work? Former 
curator Herndon Dowling at New York Zoological Society 
published several important studies on the morphology of 
these structures (1959b, 1959c, 1967; Dowling and Savage 
1960). Observations on living Ottoman Vipers (Vipera 
xanthina) at Dallas Zoo documented usage (Murphy and 
Barker 1980). Dowling also published a paper on zoo record-
keeping (Dowling and Gilboa 1966), a critical component for 
documenting interesting animals doing interesting things.

 Because snakes are essentially living tubes without limbs, 
how do they move and how do snakes find and dispatch their 
prey? Or swallow prey much larger than themselves? Being 
ectothermic, how can they digest meals and live and prosper 
in a world of changing climatic conditions? Several researchers 

Fig. 17.  Illustration of snake hall (Schlagen-Zaal) at Natura Artis 
Magistra in Amsterdam from De Dierentuin van het Koninklijk Zoöl-
ogisch Genootschap te Amsterdam by Hermann Schlegel in 1872. 
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Fig. 18. Title page from Promenade au jardin zoologique d’Anvers par 
Eugéne Gens by Eugéne Gens in 1861. CO
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have published important studies that should be consulted: 
David Chiszar, David Cundall, Alexandra Duefel, Carl Gans, 
Frances Irish, Ken Kardong, Hamidreza Marvi and associates at 
Zoo Atlanta, Hobart Smith, Steve Secor, and others. 

How can some live underground, others above ground, some 
in water, and others high in trees? What structural modifications 
are needed to do this? Harvey Lillywhite (2014) tells us how.

How do serpents defend themselves against predators 
(Greene 1997)? And against humans who want to chop them 
into tiny bits? Since human ophiophobia is a real phenomenon 
(Burghardt et al. 2009), why do we so-called intelligent beings 
want to wear their skins if ophidians frighten us and many are 
collected in unsustainable numbers for the fashion industry? 
When I ask some visitors and acquaintances who hate and fear 
snakes and other reptiles why they are wearing cobra shoes, 
python handbags, lizard hatbands, croc wallets and belts, and 
other reptilian accoutrements, they are clueless and find my 
question irrelevant and/or offensive. When I say that the fashion 
industry is responsible for millions of reptile deaths annually, 
there exists an enormous illegal black market worldwide, reptiles 
may be brutally dispatched by being skinned alive but cannot 
scream in pain, and many populations are seriously endangered, 
they often are completely indifferent.  When I suggest that 
it would be interesting to study these fashion statements as 
possible subliminal expressions of dominance over a fallen 
enemy, they simply shrug their shoulders and view me as a 
lunatic. Would natural selection favoring ugly or nondescript 
skins be an advantage to survival? Probably not as I have seen 
plenty of artificially-colored reptile skin products in department 
stores and boutiques and most are garish, offending my aesthetic 
sense.

Most humans will never encounter a living snake in the wild. 
So would they miss seeing their stunning beauty and remarkable 
morphology unless they visited a zoo or aquarium? At the 

London Zoo, visitors were asked to rank their favorite exhibits; 
two of the three most popular were the aquarium and reptile 
house (Balmford et al. 1996; Balmford 2000). The message here is 
snakes may be fearful and unsettling but humans are fascinated 
with them nonetheless and a zoo visit must almost always 
include seeing them. One day outside a zoo reptile building, I sat 
on a bench next to an older female visitor who was waiting for 
her family to exit. I asked why she did not go into the place to see 
the snakes with her relatives as these creatures were well worth 
seeing. I was told in no uncertain terms that she could not even 
tolerate listening to the word “snake” much less view serpents. 
Even seeing a picture of one would send her to the sick bed 
for several days. Her family’s daily task was to review incoming 
printed materials to intercept any snake images and remove 
them. Our interaction was quickly finished, especially since I 
did not feel like calling the paramedic squad that day should she 
see an ophidian. She was fortunate that I was not wearing my 
favorite ball python T-shirt showing a wide range of color morphs 
coiled together. 

These are not questions generated by me. Rather, these are 
some of the intriguing enquiries over the past centuries explored 
and answered by our predecessors and we owe them a huge debt 
of gratitude.  And it must be remembered that virtually none of 
this would have happened without zoos, aquariums, academic 
institutions, and museums (Figs. 17–20).

            
Acknowledgments.—This contribution is dedicated to Charles C. 

(Chuck) Carpenter and his then-graduate student James C. Gilling-
ham from University of Oklahoma in Norman. Beginning in 1975, 

Fig. 19. Illustration of London Zoo reptile building. The beginning 
of an article from The Illustrated London News on 2 June 1849 reads 
as follows: “The new reptile house in the Gardens of the Zoological 
Society in the Regent’s Park will ultimately form one of the most in-
structive, as it is the most novel and original feature in this delightful 
institution. The collection already contained in it is so unexpectedly 
brilliant, considering the small number of reptiles previously exhib-
ited in the Menagerie, that we cannot but anticipate the most impor-
tant results in the study of this singularly interesting division of the 
animal kingdom.”   

CO
U

RT
ES

Y 
O

F 
KR

A
IG

 A
D

LE
R

Fig. 20. How did this keeper feed these snakes (probably Reticulated 
Pythons, Malayopython reticulatus) in the same enclosure without 
them grabing and constricting each other? Possibly that is the rea-
son he is holding a broom. Illustration called “The Meal of Serpents 
in Museum d’ histoire Naturelle” from Magasin pittoresque to the 
56th année, sér. II, tome VI, p. 241, 1888. The Menagerie Jardin des 
Plantes is part of the museum, located in Paris (see Murphy 2009a, 
b for history). 
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we began a collaborative effort to study the behaviors of reptiles in 
the Dallas Zoo collection—two rattlesnake species, Madagascan 
Tree Boa, Blue-tongue Skink, Angle-headed Dragon, Gillen’s Moni-
tor, Death Adder, Fiji Island Iguana, and kingsnakes. About a decade 
later, Chuck published a paper on dominance of snakes (Carpenter 
1984), based in part on observations at Dallas Zoo. We all learned an 
important lesson as we spent hours trying to document their lives—
under carefully controlled conditions, animals tend to do as they 
damn well please! 

For various courtesies, I thank Kraig Adler, Judith Block, Kristen 
Bullard, John Edwards, Matt Evans, Kevin de Queiroz, Harry Greene, 
Robert Hansen, William Lamar, Jim Langhammer, Joe Mendelson, 
Polly Lasker, Roy McDiarmid, Robert Mendyk, Matt Neff, Leslie Over-
street, Ray Pawley, Chad Peeling, Clyde Peeling, and George Zug.
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NYASA CROCODILES
Harry Hamilton  — original line drawing

 Nyasa Crocodiles (Crocodylus niloticus). Original line draw-

ing by Harry Hamilton Johnston (12 June 1858–31 July 1927) ap-

pearing on page 357 of his 1897 book British Central Africa. An 

Attempt to Give Some Account of a Portion of the Territories un-

der British Influence North of the Zambezi River (Methuen & Co., 

London). Sir Harry Johnston was a prolific writer and explorer, 

and a very important figure in Britain’s colonial expansion in 

Africa during the end of the 19th and beginning of the 20th cen-

turies. He studied painting at the Royal Academy, having early 

shown an interest in drawing and painting birds. He frequent-

ed the Zoological Gardens in London and the British Museum 

(Natural History), and he independently studied zoology at Re-

gent’s Park and anatomy at the museum of the Royal College 

of Surgeons.  After several exploring expeditions in Africa from 

1879–1884, he entered the British Foreign Office in 1885 and was 

posted to Cameroon and the Niger River (1886, as Vice Consul, 

later Consul), Mozambique (1889, as Consul), Nyasaland (= Ma-

lawi) (1891, as British Commissioner for South Central Africa), 

Tunisia (1897, as Consul General), and Uganda (1899, as Special 

Commissioner). Johnston was a prolific writer, with more than 

600 articles and books to his credit, including extensive accounts 

of African societies, peoples, languages, history, geography, and 

natural history, particularly in Liberia, Uganda, and Central and 

East Africa. He used his artistic talents to illustrate his books, and 

his natural history illustrations are of particularly high quality.

 Nyasa Crocodiles is the only herpetological illustration in 

British Central Africa. Johnston traveled widely around Lake 

Nyasa and noted the abundance of crocodiles there. He was the 

first explorer to observe that Nile Crocodiles used their legs to 

rise-up and run awkwardly into the lake rather than slither as 

was commonly misperceived at the time. British Central Africa 

contains a short narrative of the reptiles, but not amphibians, 

recorded from the region (pp. 355–359) and an appendix of all 

species (pp. 361–362; 1 crocodile, 9 chelonians, 18 lizards, 21 

snakes, 10 frogs). The narratives include personal observations 

of Johnston’s encounters with reptiles, as well as native stories 

and anecdotes. More extensive herpetological observations and 

illustrations were included in Johnston’s 1906 book Liberia (see 

Dodd 2014. Bibliotheca Herpetologica 10:33–43).

 Submitted by C. Kenneth Dodd, Jr., Department of Wildlife 

Ecology and Conservation, University of Florida, Gainesville, 

Florida 32611, USA; e-mail: Terrapene600@gmail.com
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Continuing in the tradition of recent past 
presidents I am pleased to have this opportuni-
ty to introduce myself to the SSAR membership 
and to lay out some of the upcoming opportuni-
ties and challenges that our society will be fac-
ing in the next few years. I was born in New York 
City and grew up on nearby Long Island, in Old 
Westbury and later in Mineola. I was strongly 
influenced by visits to the American Museum 
of Natural History and by the age of five had 
decided that I wanted to be a herpetologist — 
a decision that was solidified that year when I 
caught my first Smooth Greensnake (Opheo-
drys vernalis). When searching for universities, 
I looked for a place that offered undergraduate 
courses in herpetology and zoogeography and chose Michigan 
State University. Despite my interest in herpetology I had no idea 
what I would actually do with amphibians and reptiles, or how 
one made a living as a herpetologist. At MSU I took classes from 
two herpetologists, Jim Edwards and the late Max Hensley. In an 

advanced morphology course I had the oppor-
tunity to be the student host for Carl Gans and 
this helped point me in the direction of an aca-
demic career in reptile morphology. At MSU I 
also indulged my interest in history and did a 
second major in this field. Although my con-
centration at the time was in ancient history, I 
also did research in the history of science.

Largely through the influence of Jim Ed-
wards, I applied to the University of California, 
Berkeley for doctoral work and was accepted 
in the lab of Marvalee Wake. At the time there 
were a record number of “lizard students” in the 
Museum of Vertebrate Zoology, including Kurt 
Schwenk, David Good, Kevin de Queiroz, Jona-

thon Losos, Claudia Luke, Fabian Jaksic, and Jonathon Carothers, 
who, along with Marvalee and David Wake, Harry Greene and the 
other students and faculty in the Department of Zoology and the 
MVZ, made Berkeley an incredibly exciting place to be. It was also 
a time when phylogenetic systematics was burgeoning and as I 

ABOUT OUR COVER: Celestus hylaius
The 50 species of the lizard fami-

ly Diploglossidae (“galliwasps”) are dis-
tributed among three genera—Celestus, 
Diploglossus, and Ophiodes—with a collec-
tive range from Central to South America, 
including Caribbean islands. These are 
small to medium-sized lizards, usually 
found in forested habitats. Closely related to 
the Anguidae, they share many characteris-
tics such as heavily armored bodies. The ge-
nus Celestus contains 29 species (Uetz and 
Hošek [eds.]. The Reptile Database, http://

www.reptile-database.org, accessed 18 Oct 2014) of skink-like 
lizards defined by exposed claws on the digits, enlarged head 
scales, and other cranial scale features. Celestus hylaius, de-
scribed in 1993 (Savage and Lips 1993. Revista de Biología 
Tropical 41:817–842), is a rarely encountered lizard of lowland 
wet and moist forests of the Atlantic versant of Costa Rica, at ele-
vations of 40–403 m (Savage 2002. The Amphibians and Reptiles 
of Costa Rica: A Herpetofauna between Two Continents, between 
Two Seas. University of Chicago Press, Chicago, Illinois. 934 pp.). 
The individual depicted on our cover was found at an elevation 
of 700 m in the leaf litter on a trail at Rara Avis Rainforest Lodge 
and Reserve. 

Several specimens of Celestus hylaius have been found over 
the years at Rara Avis during the course of long-running surveys 
by Twan Leenders and others. Rara Avis Reserve is located on the 

northeast border of Braulio Carillo National Park, Costa Rica. It is 
south of the renowned La Selva Biological Station, which is low-
land forest. Rara Avis Reserve consists of primary and secondary 
forest on the slopes of Volcán Barva, with elevations ranging from 
600–750 m. Rara Avis contains an amazing diversity of species 
such as nearly 400 species of birds, at least 46 species of amphib-
ians, and 85 species of reptiles, including undescribed species.

Our cover subject was recorded in March 2010 by Tim Paine, 
using a Nikon D3 with a Nikon 105mm macro lens and two 
SB800 speedlights in soft boxes at f/22, 1/60s, ISO 200. Tim has 
made a substantial number of visits to Costa Rica, many work-
ing with Twan Leenders. When not engaged in herpetologi-
cal and photographic pursuits, Tim serves as a police officer 
with the San Francisco Police 
Department, where he has 
worked for nearly 20 years. He 
travels often to Latin American 
destinations to photograph 
herps and is involved with 
TreeWalkers International and 
PrimatesPeru, two non-profits 
dedicated to research, conser-
vation, and education. More of 
Tim’s images and writing can be 
found at http://amphibios.org.
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progressed I realized that I needed to work on the systematics of 
my organisms before I could really interpret their morphology. 

My first field trip was to Chiapas, Mexico, where Marvalee 
sent me to collect caecilians. I think I must be one of the only 
people whose first 30 field numbers were assigned to gymnophi-
ones. With the help of small grants from the American Museum 
and the National Academy of Sciences, I made an extensive mu-
seum trip across the U.S. and the following year I did the same in 
Europe, spending three months in collections before carrying on 
to Australia, New Caledonia, and New Zealand, where I collected 
specimens for my dissertation on the systematics, evolutionary 
morphology, and biogeography of carphodactyline geckos (now 
Carphodactylidae and Diplodactylidae). I made several return 
trips to the South Pacific, especially to New Caledonia, and I be-
came a true travel junkie. 

Following graduation in 1986 I was hired to teach Com-
parative Vertebrate Anatomy for a semester at Berkeley, which 
allowed/forced me to develop a set of lectures for the course. I 
then moved to the University of Calgary for a postdoc with Tony 
Russell, a leader in the field of lizard morphology, with whom I 
had already been collaborating throughout my time at Berkeley. 
While at Calgary I made my first trip to southern Africa and al-
most my only foray into North American herpetology, publishing 
the book The Amphibians and Reptiles of Alberta with Tony. 

In 1988 I moved to Villanova University, just west of Philadel-
phia, and have been there ever since. Villanova has no doctoral 
program, but I am the director of our Masters program, which 
attracts many excellent herpetology students. My current work 
centers on the phylogenetics, taxonomy, evolutionary morphol-
ogy and biogeography of geckos, skinks, lacertids, cordylids, ger-
rhosaurs, and agamids in the Old World. My students and I work 
extensively in southern Africa (Namibia, South Africa, Angola, 
Zimbabwe, Botswana, Swaziland, Malawi), the South Pacific 
(Australia, New Zealand, New Caledonia), and tropical Asia (In-
dia, Sri Lanka, Malaysia, Thailand). I also work in the history of 
herpetology and herpetological collections from the 16th through 
the 19th centuries. 

pRoFessional seRvice

I have served the herpetological community in a variety of 
positions. I have served on the Board of Governors of ASIH and 
on the ASIH Planning and Finance, Nominations, Resolutions, 
and Honorary Foreign Member Committees. For The Herpetolo-
gists’ League I served as a Board of Trustees member, president, 
and chair of the Symposium Committee, and Associate Editor for 
Herpetologica. I have also been chairman of the Herpetological 
Association of Africa and Secretary General of the World Con-
gress of Herpetology. With respect to SSAR, I have been a mem-
ber since 1982 and have served on the Resolutions committee, 
as chair of the Nominating Committee, as Editor of Facsimile 
Reprints in Herpetology, Book Review Editor for Herpetological 
Review, and as Associate Editor for Journal of Herpetology. I be-
lieve strongly in playing an active role in the societies to which I 
belong and encourage my students to do the same. I believe that 
even beginning students should choose at least one professional 
society to belong to and become invested: go to the business 
meeting, volunteer to review manuscripts or serve on commit-
tees, spread the word via social media, etc. This is an important 
part of becoming a professional in our field. It doesn’t matter 
what society one joins, but participate. Student membership 
costs no more than a nice meal out or a night at the bar! 

challenges

For more than a decade the model of how herpetological so-
cieties support themselves has been undergoing massive chang-
es, and the same is true for most, if not all, organismally-oriented 
professional societies. Revenue that once came from member-
ships is being replaced by revenue from electronic access, and 
with that access, available to most people at universities and 
museums—at least in developed countries, societies have seen 
drops in membership. SSAR has suffered less than some soci-
eties, but it has suffered nonetheless. When people do not join 
SSAR because they get Journal of Herpetology “for free” through 
their institution, they are missing much of the point of member-
ship. In addition to the journals, there are meetings and book 
discounts and other tangible benefits. Then there is the intangi-
ble benefit of being part of a society of colleagues who are bound 
together by shared research and conservation goals and by their 
interest in a particular group of animals. Membership is a way 
of sharing in the proud tradition of herpetology as a discipline 
and of formally associating oneself with this field. It is critical for 
the continued health of SSAR that we retain and even grow the 
membership. This is not a purely financial concern. As a society 
with unpaid officers and editors, our ability to provide the ben-
efits enjoyed by our members is dependent on having a pool of 
volunteers who will step up and contribute. Student members 
are vitally important as they are the editors and officers of the 
future and ensure the continuity of the society and of the prod-
ucts and services that SSAR provides to the herpetological com-
munity as a whole. 

Another challenge is how we disseminate information about 
SSAR and how we distribute our publications. SSAR has always 
been distinguished by its diverse series of publications, featuring 
Journal of Herpetology and Herpetological Review, but also in-
cluding Herpetological Circulars, the Catalogue of American Am-
phibians and Reptiles (CAAR), and our three book series: Contri-
butions to Herpetology, Facsimiles Reprints in Herpetology, and 
Herpetological Conservation. Our journals are now distributed 
both in hard copy and electronically, and CAAR has transitioned 
to electronic format only. Despite the ubiquity of pdfs, many 
members still prefer hard copy and for the immediate future we 
will continue to provide options for journal content delivery. Our 
other publications remain in high demand and meet the needs 
of our broad membership, however, book production is chang-
ing rapidly and the market for hard copy books has changed in 
recent years. SSAR will work to continuously evaluate how best 
to keep costs low, facilitate access, and continue to serve the di-
verse interests of the herpetological community. Members will 
have noticed the recent update of the SSAR website (ssarherps.
org) and, as a society, we are striving to make the site as useful as 
possible and to use both it and social media to attract new mem-
bers and keep current members in contact and up-to-date about 
publications, services, news, and events.

2015 ssaR Meeting in lawRence, kansas

For many years SSAR has annually met jointly with our sister 
societies, The Herpetologists’ League (HL) and the American So-
ciety of Ichthyologists and Herpetologists (ASIH). This year, how-
ever, we will meet independently of these groups at the Univer-
sity of Kansas in Lawrence and will welcome PARC (Partners in 
Amphibian and Reptile Conservation), CNAH (Center for North 
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American Herpetology), the herpetological societies of Kan-
sas, Missouri, and Arkansas, and the International Society for 
the History and Bibliography of Herpetology, as co-sponsoring 
societies. While SSAR values its association with HL and ASIH, 
the Lawrence meeting will provide members with something 
special. With the 2015 meeting, SSAR returns to its historical 
origins on a university campus. With fewer participants than a 
joint meeting and more opportunities to interact, the conference 
promises to be memorable. For most students, accustomed to 
hotel and convention center-based meetings, the KU meeting 
will be a new experience. In addition to traditional activities, like 
the auction, student social, and president’s travelogue, the meet-
ing will feature many special events including a herpetological 
quiz, live animal display (Kansas species), rare book exhibit, 
tour of the Henry Fitch Natural History Reserve, and the newly 
revised and digitized audio-visual shows “Amphibians of the Ap-
palachians” and “Herpetologists Past and Present” not seen for 
many years. A special reception will honor senior herpetologists, 

some of whom have not attended our meetings in many years, 
and will provide students and others with the chance to meet 
their herpetological heroes. Rounded out by a stellar slate of fea-
tured speakers and excellent symposia (see advertisement on 
pages 150–151 in this issue), the 2015 meetings will be a celebra-
tion of herpetology and a showcase for SSAR and its many ac-
tivities. Thank you for your membership and for your support of 
SSAR. I look forward to seeing you in Lawrence, Kansas this sum-
mer (July 30–August 3, 2015). Be sure to go to SSAR2015.ku.edu 
to register and see more details about the meeting.

Aaron M. Bauer
President, SSAR

SSAR Student Poster Awards  
Named for Victor Hutchison

The SSAR Board of Directors recently decided to name its an-
nual awards for the best student posters presented at its meet-
ings in honor of Victor H. Hutchison, the George Lynn Cross 
Research Professor Emeritus at the University of Oklahoma. Vic 
is a long-time and active member of the Society, beginning in 
the 1960s during its primordial stage as The Ohio Herpetologi-
cal Society. He organized and ran two of our annual meetings: 
the 1972 session at the Oklahoma Biological Station, located on 
the north shore of Lake Texoma at the Texas-Oklahoma border, 
and the 1984 event on the University of Oklahoma’s main cam-
pus in Norman near Oklahoma City. He was a Director of SSAR in 
1986–1988 and served as our President in 1999.

Vic is a native of Georgia and received his master’s and doc-
toral degrees at Duke University under the mentorship of Joseph 
Bailey and Knut Schmidt-Nielsen. He began his professorial ca-
reer at the University of Rhode Island and moved to the Univer-
sity of Oklahoma as professor and zoology department chairman 
in 1970. He had served in the U.S. Army in Korea during 1952–
1954 and retired as a full colonel in the active reserve in 1982. His 
research interests are broad and include environmental physi-
ology; physiological ecology, respiration, and metabolism in 
amphibians and reptiles; and thermal tolerances in vertebrates. 
He is perhaps best known to herpetologists for developing the 
critical thermal maxima concept, research on respiratory gas 
exchange in amphibians, and for proving experimentally that 

the heat produced by brooding pythons is due to coordinated 
spasmodic contractions of the body musculature. He mentored 
more than 40 graduate students, among them Gustav Engbret-
son, Terry Graham, Ronald Gratz, James Lazell, Lynette Sievert, 
Allen Vinegar, and Walter Whitford who received PhDs under his 
supervision. Vic is a Fellow of AAAS, and he was a Guggenheim 
Fellow and an NSF Visiting Fellow in Poland. He served as Presi-
dent of ASIH in 1988. He has also been a leader in conservation 
and science education at the state and national levels. Since 1993 
he has served as Editor of the Animal Natural History book series 
for the University of Oklahoma Press.

It is a distinct honor for SSAR to associate Vic’s name with 
its program to recognize outstanding research conducted by stu-
dents. Doing so adds greatly to the prestige of these awards.

Herpetological Conservation
A book-length series published by SSAR

Herpetological Conservation is an underused publication 
outlet devoted to the conservation and management of amphib-
ians and reptiles. Books in this periodic series have been peer-re-
viewed contributions containing separate chapters and sections. 
The first two were on Canadian herpetology and the third was on 
urban herpetology. 

I am seeking proposals for the next volume (Number 4). 
Points that should be addressed: topic is applicable to herp con-
servation and management, geographic coverage is global in 
scope or at least broadly regional, and the work makes an im-
portant contribution to a topic not well covered by other publi-
cations. Send inquiries to Joe Mitchell at dr.joe.mitchell@gmail.
com. 
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Biology of the Reptilia Online Completed

It is with great pleasure that the Gans Collections and Chari-
table Fund announces that the Biology of the Reptilia is now fully 
online. This includes all 22 volumes of the set, consisting of ap-
proximately 14,000 pages. Visitors to the site CarlGans.org can 
now browse the full Table of Contents of the series, directly ac-
cess the Full Content of every volume, and quickly find material 
through the 26-page A–Z Index of the Entire Series.

Every page is viewable individually in an embedded PDF 
viewer, where the researcher can quickly jump to the desired 
page, or browse page by page through an entire volume. Addi-
tionally, illustrated plates that were embedded between pages 
are now available at the end of each volume.

The full series is a major reference work in the areas of Mor-
phology, Physiology, Ecology, Behavior, Neurology, and Devel-
opment. It is hoped that easy access to this reference guide will 
inspire and enable further research in these fields.

Posthumous Honor for Ilya Darevsky

IMAGE COURTESY OF IGOR V. DORONIN, RUSSIAN ACADEMY OF SCIENCES, SAINT PETERSBURG

 Former SSAR member Ilya Sergeevich Darevsky (1924–2009), 
academician of the Soviet Academy of Sciences and the discov-
erer of natural parthenogenesis in reptiles, was recently honored 
by the Russian Postal Service with a commemorative post card. 
On December 18, 2014, the 90th anniversary of his birth, a sym-
posium was held to honor him at the Academy of Sciences in 
Saint Petersburg where he was head of the Division of Herpetol-
ogy and Ornithology. Darevsky became a member of the society 
in the mid-1960s. His first published paper in English appeared 
in the society’s Journal in 1966, which introduced his important 

research to a wide audience in Western countries. For more de-
tails on his life, see his obituary in Herpetological Review, vol. 40, 
pages 401–403, 2009. 

2014 Sabin Conservation Prizes

Sabin Conservation Prizes for 2014 were awarded at a special 
luncheon held in New York City on 20 January 2015. Emcee Russ 
Mittermeier noted that species-based conservation support is 
generally decreasing, making the awards provided by the Sabin 
Family Foundation especially important. Each awardee received 
a US $20,000 honorarium.

The 2014 Sabin Turtle Conservation Prize was awarded to 
Margaretha Hofmeyr, Emeritus Professor in the Biodiversity 
and Conservation Biology Department at the University of the 
Western Cape in South Africa. Her research initially focused on 
large mammals but she switched to chelonians when she re-
sumed her research career after raising three children. In 1996 
she initiated and developed a research program on Chelonian 
Biodiversity and Conservation for South Africa, and that has 
been her focus ever since. Living in the world’s center of tortoise 
species richness, she has worked and published on many spe-
cies of Psammobates, Homopus, Kinixys, Chersina, Stigmochelys 
and the turtle Pelomedusa. Her work on the Geometric Tortoise 
(Psammobates geometricus) has been critical to the continu-
ing survival of this species. After the 2012 fire that destroyed at 

NEWSNOTES

Margaretha Hofmeyr, shown here receiving the 2014 Sabin Turtle 
Conservation Prize from Andrew Sabin (left) and Eric Goode (center).
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least half of the population at the Elandsberg Reserve, she was 
instrumental in leading the recovery program for that popula-
tion, formerly the largest known of Geometric Tortoises. She pio-
neered semi-captive management and breeding and has devel-
oped a workable head-start method for this species, which has 
never been bred in captivity. She collaborates widely with other 
tortoise biologists and works closely with several governmen-
tal conservation agencies. Recently, she led South Africa’s sub-
mission to the IUCN Tortoise and Freshwater Turtle Specialist 
Group’s Red-listing meeting in Togo for sub-Saharan chelonians. 
This work has resulted in the uplifting of several South African 
species, including the Geometric Tortoise. Her combination of 
broad scale strategic planning and closely focused fieldwork has 
put her in the front ranks of turtle conservationists. Her current 
research focuses on the diversity, distribution and niche require-
ments of southern African tortoises, and the conservation man-
agement of Geometric Tortoises.

Carlos Vásquz Almazán is shown here accepting the 2014  
Sabin Amphibian Conservation Prize from Andrew Sabin (left) 
and Robin Moore (center).
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The 2014 Sabin Amphibian Conservation Prize was awarded 
to Carlos Vásquez Almazán, a rapidly emerging leader in the 
conservation of Central America’s amphibians. Carlos is effec-
tively bridging the gaps among science, conservation action, 
and community engagement to identify and protect some of the 
most critical habitats in Guatemala. 

Carlos was instrumental in one of the landmark success sto-
ries of recent years: the creation of the Sierra Caral Amphibian 
Reserve. The reserve, which protects the single most biodiverse 
forest remnant in Caribbean Guatemala and numerous amphib-
ians found nowhere else, was recently expanded by the Guate-
mala National Congress to encompass 47,000 acres of lush forest. 

Carlos continues to build on the success of the Sierra Caral 
by working with local and international partners towards the 
protection of the rich forests of the Cuchumatanes Mountains of 
northwest Guatemala, home to several endemic and Threatened 
salamanders and frogs.

SSAR congratulates Margaretha Hofmeyr and Carlos Vásquez 
Almazán for this recognition, and also acknowledges the critical 
support from Andrew Sabin for his important role in encourag-
ing these conservation initiatives.

—Submitted by Ross Kiester

The Kenya Reptile Atlas

With initial funding from the Rufford Foundation and sup-
ported by the National Museum of Kenya, a team of five herpe-
tologists—Stephen Spawls, Patrick Malonza, Beryl Bwong, Vic-
tor Wasonga, and Vincent Muchai—are producing a free online 
atlas of all of Kenya’s reptiles, available at www.kenyareptileatlas.
com. For each species there is a map, showing the distribution 
of that species within Kenya by quarter-degree squares, color il-
lustrations, often several showing different forms, and a descrip-
tion. At present, accounts are available for all of Kenya’s vipers, 
elapids, burrowing snakes (Atractaspidinae and Aparallactinae), 
chameleons, agamas, and medically important rear-fanged 
snakes, plus fully updated checklists for all of Kenya’s reptiles. 
To obtain any account go to the website and click on downloads. 
Eventually, accounts for all Kenyan reptile species will be avail-
able, to be followed by regular updates. We encourage herpetolo-
gists to please spread the word, download the material, and use 
it as you see fit. We are particularly keen that schools and other 
educational institutions make use of the data. Any picture that’s 
not marked as copyright belongs to Steve Spawls and anyone 
is welcome to use those pictures. Anyone wanting want high-
resolution scans of any pictures by Steve, contact him at steves-
pawls@hotmail.com. We encourage participation and contribu-
tion; if you have photographs of any Kenya reptiles, please send 
them to Kenyareptileatlas@gmail.com. Anyone in Kenya finding 
specimens is urged to deposit them at the Herpetology Section at 
the National Museum in Nairobi. 

—Submitted by Stephen Spawls
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Meeting announcement information should be sent directly to 
the Editor (herpreview@gmail.com) well in advance of the event. 
We also welcome brief reports of meetings; please consult the Edi-
tor for details. 

2–5 April 2015—62nd Annual Meeting of the Southwestern Asso-
ciation of Naturalists, San Diego, California, USA. Information: 
http://www.biosurvey.ou.edu/swan/annualm.html

18–19 April 2015—Terrapin, Tortoise & Freshwater Turtle Meet-
ing, Dalaman, Mugla, Turkey. Information: Chelonian1@aol.com 
(Chuck Schaffer).

19–24 April 2015—35th Annual Symposium on Sea Turtle Biology 
and Conservation, Dalaman, Muǧla, Turkey. International Sea 
Turtle Society. Information: http://iconferences.seaturtle.org/

27–30 May 2015—38th Annual International Herpetological Sym-
posium, San Antonio, Texas, USA. Information: www.interna-
tionalherpetologicalsymposium.com

15–19 July 2015—American Society of Ichthyologists and Herpe-
tologists and The Herpetologists’ League annual meeting, Reno, 
Nevada, USA. Information: www.asih.org

27–29 July 2015—World Conference on Monitor Lizards, Bang-
kok, Thailand. Information: monitor.conference.2015@gmail.
com (and see announcement below).

30 July–3 August 2015—58th Annual Meeting of the Society for 
the Study of Amphibians and Reptiles (with Partners in Amphibi-
an and Reptile Conservation, Kansas Herpetological Society, and 
International Society for the History and Bibliography of Herpe-
tology), Lawrence, Kansas, USA. Information: www.SSAR2015.
ku.edu

18–20 August 2015—Northeast Partners in Amphibian and Rep-
tile Conservation (NEPARC) annual meeting, Greenwich, Rhode 
Island, USA. Information: http://northeastparc.org/next-meet-
ing-info/

MEETINGS

Brief Review of the XIII National  
Mexican Herpetological Meeting

From 4–7 November 2014, the XIII National Meeting of Her-
petology was hosted by the Universidad Autónoma de Aguas-
calientes, organized by Sociedad Herpetológica Mexicana A. C. 
(SHM). The overall event was coordinated by the executive board 
of 2012–2014: MSc. Gustavo Ernesto Quintero-Diaz (President), 
Dr. Víctor H. Luja-Molina (Vice President), Dr. Jorge E. Morales-
Mávil (Secretary General), MSc. Jazmín Cobos-Silva (Treasurer), 
MSc. Roberto Luna-Reyes (Southern Representative), MSc. Hen-
ry Fahd Carmona-Torres (Central Representative), and Biol. Ja-
vier Banda-Leal (Northern Representative). Herpetologists from 
several countries, including Argentina, Brazil, Colombia, Cuba, 

Honduras, United States of America, and Mexico, were in atten-
dance to discuss topics on Mexican amphibians and reptiles.

Agalychnis callidryas, a stunning example of Mexico’s amphibian di-
versity.
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Bothriechis rowleyi, one of the rarest and most beautiful venomous 
snakes in Mexico.
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During the meeting five distinguished speakers made pre-
sentations invited by the SHM. In addition two symposia and 
five workshops/courses were offered. In all there were 111 oral 
and 72 poster presentations, of which 41 were formal degree pre-
sentations. 

Five new or recently published books were presented. The 
first was Theoretical and Methodological Guide on the Informa-
tion and Handling of Herpetofauna, by MSc. Gustavo Jiménez-
Velázquez, Biol. Jaén Alberto Sandoval-Quintero, and Dr. Nuri 
Trigo-Boix. Dra. Ireri Suazo-Ortuño gave an overview of the book.

The second was Amphibians and Reptiles of Hidalgo, Mex-
ico: Diversity, Biogeography and Conservation, by Dr. Aurelio 
Ramírez-Bautista, MSc. Uriel Hernández-Salinas, MSc. Raciel 
Cruz-Elizalde, Biol. Christian Berriozabal-Islands, Biol. Dan-
iel Lara-Tufino, Dr. Irene Goyenechea-Mayer, and MSc. Jesus 
M. Castle-Ceron. The book was presented by MSc. Guadalupe 
Gutiérrez-Mayén, who spoke eloquently about the history of the 
book and received positive comments for the authors.

The third and fourth books were The Turtles of Mexico. Land 
and Freshwater Forms, by John M. Legler and Richard C. Vogt; 
and The Turtles of Amazonia, by Richard C. Vogt. The fifth book, 
Guide of Amphibians and Reptiles of Charco Azul, Xichú, Guana-
juato, by Dr. Adrián Leyte-Manríquez and Biol. Matías Domín-
guez-Laso, was presented by Dr. Jesús Sigala-Rodríguez.

Among the speakers was Dr. Rulon W. Clark, Professor in the 
Department of Biology, San Diego State University (USA). Dr. 
Clark focused on predators and anti-predator behavior of rattle-
snakes. We also received a presentation by Dr. Sean M. Rovito on 
the evolution of lungless salamanders. Dr. Rovito is a research 
professor at the National Laboratory of Genomics for Biodiver-
sity (CINVESTAV) in Mexico and presented a discussion on “New 
revelations about an adaptive radiation.”

Dr. Richard C. Vogt, researcher at the National Institute for 
Research in the Amazon (Brazil), presented “Acoustic communi-
cation in aquatic turtles.” Two other presentations were offered, 
the first by the leading researcher in Mexico on amphibians, Dra. 
Gabriela Parra-Olea, from the Institute de Biologia (UNAM), who 
addressed the issue of “Emerging infectious diseases and the 
decline of amphibians.” In the second, Biol. Roberto Arreola-
Alemón of CONABIO spoke about “Citizen science, social net-
works and their contribution to the understanding of the am-
phibians and reptiles of Mexico.”

Worth special mention were two symposia conducted within 
the XIII Reunion Nacional de Herpetologia. The first symposium 
was organized by Dr. Oscar Flores-Villela from the Facultad de 

Ciencias (UNAM). This consisted of an eloquent tribute to Dr. 
Hobart Muir Smith, prominent scientist from the United States 
who spent much of his lifetime on the study of the amphibians 
and reptiles of Mexico. The event was conducted by his son, 
Bruce Smith (accompanied by wife Dorothy and daughter Re-
becca). In addition, we were honored with the presence of Mr. 
Miguel Cerón-Herrera, now 95 years of age, whose experience as 
expressed by himself and his daughter, transported the attend-
ees to the mountains of Veracruz, the site where, as children, he 
and his brother had first been contacted by Dr. Hobart Smith. 
The Cerón brothers were the ones who guided Dr. Smith and 
other visiting researchers to many collecting sites in the area.

The second symposium was coordinated by Dr. Jesús Siga-
la-Rodríguez (Universidad Autónoma de Aguascalientes) and 
presented topics on “Poisonous Snakes.” In the symposium, 
Dr. Sigala-Rodriguez presented the “Specialist Group” and gave 
a presentation on viperids and the International Union for the 
Conservation of Nature. Additional presentations included: Dr. 
Ana Gatica-Colima (Universidad Autónoma de Ciudad Juárez), 
“The state of conservation of rattlesnakes in the desert area of 
northwest Mexico;” Alan Kardon (San Antonio Zoo), “Mainte-
nance and captive reproduction of new world pitvipers at the 
San Antonio Zoo;” Dr. David Lazcano (Universidad Autónoma 
de Nuevo Leon, Facultad de Ciencias Biológicas), “Variation in 
body weight in three mountain species of rattlesnakes, Crotalus 
aquilus (Klauber, 1972), Crotalus lepidus (Kennicott, 1861) and 
Crotalus willardi (Meek, 1905), under captive conditions.”

Biol Raúl Hernández-Arciga (Herpetario de San Luis de la 
Paz, Guanajuato) presented a “National snake panorama re-
view;” Dr. Alejandro Carbajal-Suacedo (Herpetario Kuiana) pre-
sented “Protocol for safe handling of snakes”; Biol. Guillermo 
Gil-Alarcón (Departamento de Prevención de Riesgos de la Di-
rección General de Divulgación de la Ciencia [DGDC], Univer-
sum, Museo de las Ciencias, de la UNAM) presented “Network 
support for snake accidents;” and the last presentation was giv-
en by MSc. Gustavo Jiménez-Velázquez (UNAM and Vida Silves-
tre Cóatl A.C) titled “Geographic and ecological distribution of 
mountain rattlesnakes via an ecological niche modeling and its 
application in their conservation.”

Additionally, more than 60 photographs of amphibians of 
Mexico, provided by MSc. Roberto Luna-Reyes, were exhibited 
to highlight conservation of amphibians in Chiapas.

As a final event, a general plenary of the SHM took place and 
the outgoing executive board presented its report. In the same 
assembly, a new executive board was elected for the period 

Attendees at the XIII National Mexican Herpetological Meeting, Aguascalientes, Mexico.
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The years 2013–2014 have been especially controversial ones 
insofar as herpetological nomenclature is concerned. It began 
with an article in this journal by Kaiser et al. (2013) recommend-
ing a standard of best practices for systematic herpetology. The 
article in particular reviewed the practices of R. T. Hoser and his 
notorious Journal of Australasian Herpetology. In that “journal” 
he has created hundreds of taxonomic names proposed in ways 
that most herpetologists think do not meet the conditions for 
publication required by the International Code of Zoological No-
menclature (International Commission of Zoological Nomencla-
ture 1999). In what is clearly a ploy to legitimatize his journal, 
Hoser has applied to the Commission in Case 3601 (see below) to 
endorse his claims that his “journal” meets the requirements of 
the Code thereby making his multitude of new names available.

Kaiser et al. (2014) countered Hoser’s contentions and there 
is widespread support in the herpetological community for 
placement of all issues of the Journal of Australasian Herpetol-
ogy on the Index of Rejected and Invalid Works in Zoological 
Nomenclature. This action is certainly within the purview of the 
Commission under Arts. 78 and 81 relating to the Plenary Power, 
which may be invoked to suppress a particular name or works 
that would “disturb stability or universality or cause confusion.” 

The problems raised by the Hoser case clearly test the long 
held notion that the Commission not make judgments on the 
taxonomic quality of an author’s work by applying the Code in as 
neutral manner as possible. Nevertheless, in ruling on individual 
cases presented to the Commission, the attempt at neutrality 
is not uniformly successful. In almost all cases, there are differ-
ences of opinion among the Commissioners, hence the require-
ment that approval of most applications be a simple majority, 
but where the Plenary Power is involved a two-thirds majority is 
required for approval. Because of these concerns, Commission-
ers Harvey and Yanega (2013) prepared a brief, very thoughtful, 
document requesting advice from the taxonomic community as 
a whole on possibly changing the guidelines for Commission ac-
tions to deal with such extreme cases as Hoser’s. They asked that 

responses address the issues they raise not the specific case that 
has led to the controversy. The results of their survey have not yet 
been published and there is still time to comment anonymously 
on their questions via the Commission website.

While all this activity was going on, major changes took place 
in the location and operations of the Commission. A major fi-
nancial crisis led to the dissolution of the International Trust for 
Zoological Nomenclature that had long been the financial entity 
supporting Commission activity. In another move, the University 
of Singapore agreed to provide space and staff for the coordinat-
ing activities of the Commission, for three years. A small staff, 
including the editor of the Bulletin of Zoological Nomenclature 
(BZN), will remain at the Natural History Museum in London. 
Visit the ICZN website (http://iczn.org/) for more details. The 
University of Singapore’s rescue is temporary and it remains to 
be seen if the Zoological community will rise to the occasion and 
develop a funding plan that insures the continuance of the vital 
functions of the Commission.

Recent Rulings on heRpetological naMes

(BZN = Bulletin of Zoological Nomenclature)

Opinion 2328 (Case 3571). Crotalinus catenatus Rafinesque, 
1818 (currently Sistrurus catenatus) and Crotalinus tergeminus 
Say in James, 1822 (currently Sisturus tergeminus; Reptilia, Ser-
pentes): usage conserved by designation of neotypes for both 
species. BZN 70(4):282–283.

Opinion 2331 (Case 2331) Cetiosaurus Owen, 1841 (Dinosau-
ria, Sauropoda): usage conserved by designation of Cetiosaurus 
oxoniensis Philipps, 1871 as the type species. BZN 71(1):48–50.

Opinion 2350 (Case 3566) Tropidolaemus Wagler, 1830 and 
Cophias wagleri F. Boie, 1827 (currently Tropidolaemus wa-
gleri) (Reptilia, Squamata, VIPERIDAE): usage conserved. BZN 
71(4):271–273.

(2014–2016), and consists of Dr. Víctor H. Luja-Molina (Presi-
dent), MSc. Guadalupe Gutiérrez-Mayén (Vice President), Dr. 
Ana Gatica-Colima (Secretary General), MSc. Jazmín Cobos-Sil-
va (Treasurer), MSc. Roberto Luna-Reyes (Southern Representa-
tive), Biol. Guillermo Gil-Alarcón (Central Representative), and 
MSc. Anny Peralta-Garcia (Northern Representative).

Students who attended and presented their projects could 
enroll in five different workshops/courses: 1) “Principles of GIS 
(Geographic Information Systems) maps with quality for publi-
cation” (Biol. José Carlos Arenas-Monroy, Laboratorio de Herpe-
tologia, Facultad de Ciencias, UNAM); 2) “Management of poi-
sonous reptiles” (MSc Eric Abdel Rivas-Mercado, Universidad 
Autónoma de Aguascalientes; 3) “First aid, update on the study 
of poisons and treatment in snake accidents” (Biol. Guillermo 
Gil-Alarcón, Dr. Alejandro Carbajal-Saucedo, and MSc. Fahd 
Henry Carmona-Torres (UNAM); 4) “Methods for estimating 
biodiversity” (MSc. Victor Hugo González-Sánchez, Universidad 
Autónoma de Aguascalientes); 5) “Techniques for rock climbing 
in herpetology” (Biol. Juan Daniel Rendon-Trinidad, Universi-
dad Autónoma de Aguascalientes).

Anyone interested in Mexican herpetology is welcome to be-
come a member of the society. We also encourage researchers 

interested in working in Mexican herpetology to contact any 
members of the board for information. For those interested in 
obtaining copies of the latest program of activities please con-
sult our web page (http://www.sociedadherpetologicamexicana.
org/). The new executive board plans to update the web page, 
as well as publish our new electronic journal (Revista Mexicana 
de Herpetologia) for all members and welcomes contributions to 
the journal. Our next meeting for November 2016 will be hosted 
by the Universidad Autónoma de Nayarit; this will be the first 
time the meeting will take place there. Nayarit, like many states 
of Mexico, is a beautiful place for any type of academic activity.

We thank Dr. Robert L. Bezy (Natural History Museum of Los 
Angeles County) and Dr. David Lazcano (Universidad Autónoma 
de Nuevo León) for their suggestions and helping out with the 
English version of this manuscript, and for documenting this 
important event for all of us that enjoy working with Mexican 
herpetology.

—Submitted by Víctor H. Luja and  
Gustavo Ernesto Quintero-Díaz

HERPETOLOGICAL NOMENCLATURE
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pending cases oF heRpetological inteRest

Case 3625. Kinosternon chimalhuaca Berry, Seidel, & Iverson 
in Rogner, 1996 (Reptilia, Testudines): proposed confirmation of 
the publication date. BZN 70(3):190–102.

Case 3628. Terrapene putnami Hay, 1906 (Testudines, 
EMYDIDAE): replacement of the holotype by designation of a 
neotype. BZN 70(3):193–198.

Case 3601. Spracklandus Hoser, 2009 (Reptilia, Serpentes, 
Elapidae): Request for the confirmation of the availability of the 
generic name and for the nomenclatural validation of the jour-
nal in which it was published. BZN 70(4):234–237.

Case 2641. Ascalabotes sthenodactylus Lichtenstein, 1823 
(currently Stenodactylus sthenodactylus; Reptilia, Gekkota, GEK-
KONIDAE): proposed conservation of current usage of the spe-
cific name by designation of a neotype. BZN 71(1):17–21.

Case 2629. Vipera latastei Boscá, 1878 (Reptilia, Serpentes, 
VIPERIDAE): request for conservation of the original spelling. 
BZN 71(1):22–25.

Case 3666. Dicroglossidae Dubois, 1987 (Amphibia, Anura): 
proposed conservation. BZN 71(4):244–249.

liteRatuRe cited

haRvey, M., and d. yanega. 2013. Call for comments: taxonomic prac-
tice and the code. Bull. Zool. Nomen. 70(4):216–217.

inteRnational coMMission on zoological noMenclatuRe. 1999. Interna-
tional Code of Zoological Nomenclature, 4th ed. Larangola, Paud-
ua. 306 pp.

kaiseR, h., b. i. cRotheR, c. M. R. kelly, l. luiselli, M. o’shea, p. passos, 
w. d. schleip, and w. wüsteR. 2013. Best practices: in 21st century, 
taxonomic decisions in herpetology are acceptable only when 
supported by a body of evidence and published via peer-review. 
Herpetol. Rev. 44(1):8–23.

———, w. d. schleip, w. wüsteR, d. g, bRoadley, and v. wallach. 2014. 
Comments: On Spracklandus Hoser, 2009 (Reptilia, Serpentes, 
ELAPIDAE): request for confirmation of the availability of the ge-
neric name and for the nomenclatural validation of the journal in 
which it was published. Bull. Zool. Nomen. 71(1):30–38.

—Jay M. Savage, Section Editor

 The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than 
those published by the American Society of Ichthyologists and 
Herpetologists, The Herpetologists’ League, and the Society for 
the Study of Amphibians and Reptiles. Limited space prohibits 
comprehensive coverage of the literature, but an effort will be 
made to cover a variety of taxa and topics. To ensure that the cov-
erage is as broad and current as possible, authors are invited to 
send reprints to the Current Research section editors, Ben Lowe 
or Chava Weitzman; e-mail addresses may be found on the in-
side front cover. 

Acoustic Mimicry of Vipers in a Natricine Snake

It is generally accepted that snakes hiss to intimidate po-
tential predators and dissuade large herbivores from trampling 
them. A special case of the former that has been hypothesized 
is that hissing in harmless snakes may sometimes serve to in-
crease resemblance to a venomous species, principally vipers. To 
test this hypothesis in a suspected case of Batesian mimicry, the 
authors of this study made audio recordings of three snake spe-
cies: Asp Viper (Vipera aspis, the model), Viperine Snake (Natrix 
maura, the suspected mimic), and Grass Snake (Natrix natrix, 
not considered a viper mimic and included as a control). Ani-
mals were collected along the Lez River in southwestern France, 
measured and recorded hissing in the laboratory, and released. 
Hissing in snakes consists of four elements: inhalation, exhala-
tion (generally the loudest element), and brief pauses after each. 
Focusing on exhalation, various spectral components of this el-
ement were teased out and included in a principal component 
analysis (PCA), and each spectral component was evaluated in-
dependently across the species in an ANOVA. Furthermore, in- 
and exhalation duration variation was investigated with respect 

to species and size using general linear models. These investi-
gations revealed size was not correlated with exhalation dura-
tion, and the species did not differ in exhalation duration. To the 
contrary, inhalation length of Asp Vipers was significantly lon-
ger than for Natrix, and while all Asp Vipers and most Viperine 
Snakes performed the inhale element, only a quarter of Grass 
Snakes did so. Plotting the first two axes from the PCA showed 
the Asp Viper and Grass Snake form non-overlapping clusters, 
while the Viperine Snake occupies a broader space that greatly 
overlaps those of the other two species. ANOVAs performed on 
the spectral component data showed the species differed signifi-
cantly, and post-hoc tests revealed the Grass Snake hiss differed 
significantly from that of the Asp Viper and Viperine Snake, but 
that the latter two were indistinguishable. The authors argue this 
hiss similarity is best explained as selection on Viperine Snakes 
to resemble Asp Vipers, a similarity which had plenty of time to 
evolve as phylogeographic evidence suggests the two species 
have been sympatric for 22 million years.

aubRet, F., and a. Mangin. 2014. The snake hiss: potential acoustic 
mimicry in a viper-colubrid complex. Biological Journal of the 
Linnean Society (in press) doi: 10.1111/bij.12374

Correspondence to: FABIEN AUBRET, Station d’Ecologie Expérimentale 
du CNRS à Moulis, St-Girons, France; e-mail: faubret@gmail.com

Factors Associated with Non-Native Reptile 
Establishment Success Identified

Introduction and establishment of non-native species was 
a common phenomenon in the twentieth century, and prom-
ises to be so in the twenty-first as well. Numerous studies 
have investigated invasive species with the goal of identifying 

CURRENT RESEARCH
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characteristics correlated with successful establishment, how-
ever, most of these studies focused on regional fauna. With the 
hopes of bringing a global perspective and rigorous methods to 
this question, the authors of this paper made use of a previously-
published dataset of 1307 reptile introductions (involving 398 
species), 708 of which have progressed to establishment. Fol-
lowing supplementation by the authors, this dataset included 
32 variables divided between three general categories: 1) ecol-
ogy/life history, 2) geographic specifics of introduction, and 3) 
non-geographic specifics of introduction. (The latter category 
included time since introduction, number of prior introduc-
tions, and intentional vs. accidental.) This dataset was analyzed 
using generalized linear mixed modeling methods, which iden-
tify statistically significant correlates from a set of variables. Each 
of the three categories were analyzed independently to identify 
important variables within each category, and variables found to 
meet a relaxed threshold of support in these analyses were sub-
sequently analyzed in a “global” analysis allowing comparisons 
between categories. The authors found variables that correlate 
with successful introduction in each of the three general cat-
egories: 1) parthenogenesis, an herbivorous diet, a large native 
range, 2) a small latitudinal differential between native and in-
troduced ranges, the presence of congeners in the area of intro-
duction, 3) longer time since first introduction, and number of 
introductions. The global analysis found category 2 (geographic 
specifics of introduction) explained the highest proportion of es-
tablishment success variation, followed by the non-geographic 
introduction specifics, followed by the ecology/life history traits. 
Two additional ecology/life history characteristics, high fecun-
dity and small size, were identified as important in the global 
analysis, and one of the category 2 traits found to be important 
in the category specific analysis (presence of congeners) became 
non-significant. The authors point out this is the first study to 
quantify the importance of parthenogenesis in invasive species 
establishment, and stress the importance of taking life history 
and ecology into account when considering the risk of non-na-
tive reptile introductions.

Mahoney, p. J., k. h. beaRd, a. M. duRso, a. g. tallian, a. l. long, R. 
J. kindeRMann, n. e. nolan, d. kinka, and h. e. Mohn. 2014. Intro-
duction effort, climate matching and species traits as predictors 
of global establishment success in non-native reptiles. Diversity & 
Distributions (in press) doi: 10.1111/ddi.12240.

Correspondence to: PETER MAHONEY, Department of Wildland Resourc-
es and the Ecology Center, Utah State University, Logan, Utah 84322-5230, 
USA; e-mail: pmahoney29@gmail.com

Hot, Dry Costa Rican Peninsula a  
Climatic Refuge from Bd

The persistence of Bd-vulnerable frog species in some habi-
tats despite extirpation elsewhere has led researchers to propose 
the “climatic refuge” hypothesis, in which climatic conditions 
unfavorable to the growth of Bd protect these populations from 
the fungal infection. One climatic refuge from Bd has been dem-
onstrated in Australia’s Wet Tropics, and as another region that 
has experienced devastating amphibian declines, Costa Rica 
also represents a potential place to find climatic refuges from 
Bd. The authors of this paper surveyed two frog communities for 

Bd: one on the Costa Rica’s Santa Elena Peninsula, the country’s 
driest region and most likely a climatic refuge from Bd, and the 
Sector Santa Rosa del Área de Conservación Guanacaste (Santa 
Rosa), a site 16 km away from the first but considerably cooler 
and wetter, serving as a control. Areas were surveyed two con-
secutive years at the beginning of the wet season. This entailed 
swabbing all frogs encountered as well as checking them for vis-
ible pathology related to Bd. Of special interest was the species 
Craugastor ranoides, which was widespread across Costa Rica 
but has recently become extirpated from all but the Santa Elena 
Peninsula (and is considered highly susceptible to Bd). Swabs 
were assayed for Bd presence and load through real-time PCR 
methods. Additionally, employing temperature and precipita-
tion data layers, GIS methods were performed to determine if 
the climatic envelope for extant C. ranoides populations differed 
from that of the recently extirpated populations. Out of 310 San-
ta Elena Peninsula samples (114 of which were C. ranoides), only 
one (a C. ranoides) tested positive for Bd. Prevalence was higher 
at Santa Rosa (9 of 100), with the Tungara Frog (Leiuperidae: 
Engystomops pustulosus) being the most frequently infected (6 
of 19). At both locations, the highest zoospore counts observed 
were an order of magnitude lower than the count widely rec-
ognized to be fatal and/or representative of a mass outbreak 
(10,000 zoospores), and no Bd-associated pathology was seen. 
The climatic envelope of the extant C. ranoides populations was 
indeed outside the envelope encompassing the extirpated pop-
ulations, with the Santa Elena Peninsula localities being drier 
than all and hotter than most extirpated populations. The low 
prevalence of Bd in the Santa Elena Peninsula, coupled with the 
persistence of a species considered vulnerable to Bd supports 
the hypothesis that this hot, dry area is serving as a climatic ref-
uge for anurans.

zuMbado-ulate, h., F. bolaños, g. gutiÉRRez-espeleta, and R. puschen-
doRF. 2014. Extremely low prevalence of Batrachochytrium den-
drobatidis in frog populations from Neotropical Dry Forest of Cos-
ta Rica supports the existence of a climatic refuge from disease. 
EcoHealth (in press) doi: 10.1007/s10393-014-0967-2.

Correspondence to: HÉCTOR ZUMBADO-ULATE, School of Biology, Uni-
versity of Costa Rica, San Pedro de Montes de Oca, San Jose, Costa Rica; 
e-mail: hugozu1@yahoo.com

Rapid Thermal Acclimation in  
Australian Cane Toads 

The ecology of Cane Toads (Rhinella marina) in Australia has 
been studied intensely, due to the insights into invasion ecol-
ogy afforded. Observations of the toads occupying Australian 
regions cooler than those occupied in most of their native range 
led the authors of this paper to examine thermal tolerance and 
acclimation in toads occurring at two cool, high-elevation sites 
within Border Ranges and Nightcap National Parks, New South 
Wales. Toads were collected from these sites as well as two near-
by warmer, low elevation sites (control) and tested immediately 
to determine at what low temperature they were unable to right 
themselves (CTmin). Toads from two high and two low locations 
were also brought into the laboratory, and animals from each 
population were split between high- and low-temperature accli-
mation treatments (24 and 12°C, respectively). After four weeks, 
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the toads in each treatment were further divided between “test 
temperature” treatments of 12 and 24°C and left for 12 hours. 
Subsequently, toads were tested for speed and endurance on a 
“race track,” allowed to rest for an hour, then evaluated for their 
CTmin. Finally, an ANOVA analysis was performed to identify 
correlates of CTmin, hopping speed, and stamina among the 
treatments. High elevation toads evaluated in the field had sig-
nificantly lower CTmins that low elevation toads. Remarkably, for 
a given test temperature, toads did not differ in CTmin, regard-
less of collection elevation or acclimation temperature. The test 
temperature did affect CTmin: toads held for 12 hours at 12°C 
had significantly lower CTmins than toads held at 24°C. Con-
versely, while acclimation temperature had little effect on speed 
and endurance of toads in the 12°C test temperature treatment, 
toads acclimated at 24°C performed better in the 24°C test tem-
perature treatment than did toads acclimated at 12°C, and low 
elevation toads acclimated at the warm temperature performed 
better in the warm test temperature treatment than did similar 
toads acclimated at 12°C. Also, high-elevation toads showed sim-
ilar endurance in both the low- and high-test temperatures. The 
authors argue the CTmin findings imply that toads are meeting 
thermal challenges through acclimation rather than adaptation, 
as only the temperature experienced over the last 12 hours af-
fects CTmin. They also stress that estimates of areas vulnerable 
to Cane Toad invasion based on data from their native range may 
be vastly underestimated.

Mccann, s., M. J. gReenlees, d. newell, and R. shine. 2014. Rapid ac-
climation to cold allows the cane toad to invade montane areas 
within its Australian range. Functional Ecology 28: 1166-1174.

Correspondence to: RICHARD SHINE, School of Biological Sciences, Uni-
versity of Sydney, Sydney, New South Wales 2006, Australia; e-mail: rick.
shine@sydney.edu.au

Two New Philippine Monitors Described

Our collective understanding of herpetofaunal diversity 
and distribution in the Philippines has increased considerably 
over the last 15 years, due largely to molecular phylogenetics 
and unprecedented survey efforts. Recent studies of the Vara-
nus salvator species complex (water monitors) have led to de-
scriptions of new Philippine species and identification of other 
populations that may deserve species status. The authors of this 
study describe two of those populations as new species. These 
species are represented as two reciprocally monophyletic and 
geographically cohesive lineages in a phylogeny generated by 
an analysis of a concatenated mitochondrial and nuclear gene 
dataset. Despite morphologically matching a widespread Philip-
pine species, V. marmoratus, this phylogeny suggests these new 
species may be each more closely related to other, morphologi-
cally diagnosable members of the complex. One new species, V. 
bangonorum, is restricted to the islands of Mindoro and Semir-
ara, which are southwest of Luzon. The other new species, V. 
dalubhasa, occurs on the Bicol Peninsula of Luzon and several 
adjacent islands. Despite presumably being in geographic con-
tact with V. marmoratus, the specific status of V. dalubhasa is not 
entirely surprising, as the Bicol Peninsula is increasingly being 
recognized as being biogeographically distinct from the rest of 
Luzon. These new species are truly cryptic—no morphological 

characters separate them from V. marmoratus. However, each 
new species exhibits a unique gular pigment pattern not seen 
in other closely related Varanus in the Philippines. The authors 
argue that these species delimitations are strongly supported by 
multiple lines of evidence (phenotypic, genetic). Further, they 
discuss the importance of identifying cryptic species in the Phil-
ippines, where wildlife is facing heavy pressure from habitat de-
struction and illegal harvesting.

welton, l. J., s. l. tRaveRs, c. d. sileR, and R. M. bRown. 2014. Inte-
grative taxonomy and phylogeny-based species delimitation of 
Philippine water monitor lizards (Varanus salvator complex) with 
descriptions of two new cryptic species. Zootaxa 3881:201–227.

Correspondence to: LUKE WELTON, Department of Biology, Brigham 
Young University, Provo, Utah 84602, USA; e-mail: lwelton@byu.net

Molecular Investigation of a Continentally  
Distributed Amphibian Species

Molecular phylogenetic studies in the 21st century have rel-
egated many species once considered continentally distrib-
uted to complexes of cryptic species with distinct geographic 
distributions, leaving few remaining continentally distributed 
amphibian species in the Neotropics. The Lesser Treefrog, Den-
dropsophus minutus (Hylidae), is one such species. It is distrib-
uted across much of northern and central South America in both 
open and forested habitats, and previous regional studies have 
hinted at species-level differences in this taxon. The authors of 
this study used phylogeographic methods to evaluate the ge-
netic diversity and historical biogeography across the distribu-
tion of D. minutus. In what they call, “a roadmap for future in-
tegrative studies,” they collected mitochondrial DNA sequence 
data for 407 D. minutus and related species (members of the D. 
minutus species group) to generate a time-calibrated estimate of 
their phylogenetic relationships. These analyses confirmed the 
monophyly of D. minutus, within which 25 mitochondrial lin-
eages were recovered. Using the branching pattern of the mito-
chondrial gene tree, they inferred the likely biogeographic histo-
ry of the D. minutus species group, hypothesizing, an origination 
in the Amazon Basin in the Early to Middle Miocene. This was 
followed by a Late Miocene dispersal to eastern Brazil, where the 
lineage leading to D. minutus began to diversify in the Atlantic 
Forest. Subsequently, D. minutus expanded its range westward 
across Brazil to the Andes. The authors stress that subsequent 
studies are required to determine if any of the mitochondrial lin-
eages within D. minutus should be described as distinct species, 
as the degree of coexistence of divergent mitochondrial clades 
could alternatively be due to geographic overlapping of previ-
ously isolated populations of conspecifics. They conclude by 
highlighting the need to identify cryptic species in an age of am-
phibian extinctions, and pointing out that cryptic species within 
widespread taxa can only be identified through collaborative, 
multi-national projects.

gehaRa, M., a. J. cRawFoRd, J. köhleR, and colleagues. 2014. High levels 
of diversity uncovered in a widespread nominal taxon: continen-
tal phylogeography of the Neotropical tree frog Dendropsophus 
minutus. PLoS ONE 9:e103958.



Herpetological Review 46(1), 2015

147147

Correspondence to: MARCELO GEHARA, Division of Evolutionary Biology, 
Zoological Institute, Technical University of Braunschweig, Braunschweig, 
Germany; e-mail: marcelo.gehara@gmail.com.

Gene Expression Following Bd Infection Varies 
at Both Species and Individual Level 

The fungal pathogen Bd has recently been shown to suppress 
the immune system of highly susceptible frog species through 
lymphocyte activity inhibition. In an effort to determine how sus-
ceptible and resistant species compare in this regard, the authors 
of this paper exposed frogs of four Central American species (five 
to twelve individuals each) to Bd, and analyzed gene expression 
between experimental and control individuals. One included 
species, Atelopus zeteki (Bufonidae), is highly susceptible and ex-
tinct in the wild, while the three remaining species, A. glyphus, 
Agalychnis callidryas (Hylidae), and Craugastor fitzingeri (Crau-
gastoridae) seem to be less susceptible to Bd. On a weekly basis 
post-exposure, each frog was swabbed, and Bd presence and load 
was determined via quantitative PCR. Frogs were euthanized af-
ter several weeks or at first sign of advanced Bd infection (loss 
of righting reflex). Gene expression profile at time of euthanasia 
was characterized through next generation sequencing of the 
transcriptome, which allows assessment of both RNA transcript 
presence and relative abundance in specific tissues. The authors 
sampled the transcriptomes of both skin (primary site of Bd in-
fection) and spleen (site of lymphocyte accumulation and pro-
liferation in frogs). All transcripts present in all four species were 
identified, their concentration was quantified for each sample, 

and significant differences in expression relative to controls and 
heterospecifics were identified. Huge differences in Bd infection 
load (five orders of magnitude) were seen among the four species, 
with A. zeteki exhibiting the highest and A. callidryas exhibiting 
the lowest level of infection. In the skin, an astounding number of 
gene upregulations were shared by infected C. fitzingeri and At-
elopus spp., many of which were identified as serving an immune 
function. In contrast, scant genes were found to be upregulated 
in the skin of infected A. callidryas, indicating reduced inflamma-
tion. Conversely, a suite of genes important for lymphocyte activ-
ity and proliferation was found to be significantly upregulated in 
infected A. callidryas, more so than in the other species. Impor-
tantly, expression levels of one suite of skin genes and three suites 
of spleen genes were correlated with Bd load. The authors posit 
that lymphocyte activity and the ability to avoid the immunosup-
pressive effects of Bd are likely the key to Bd resistance. Further, 
the identification of genes whose activity is correlated with Bd in-
fection demonstrates a connection between gene expression and 
Bd susceptibility at the individual level and provides a roadmap 
for future genomic studies of this pathogen.

ellison, a. R., t. tunstall, g. v. diRenzo, M. c. hughey, e. a. RebollaR, l. 
K. bELdEn, R. n. HaRRis, R. ibáñEz, K. R. Lips, and K. R. zaMudio. 2015. 
More than skin deep: functional genomic basis for resistance to 
amphibian chytridiomycosis. Genome Biology and Evolution (in 
press) doi: 10.1093/gbe/evu285
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nell.edu

Giving Talks at Meetings

Going to scientific meetings is important, even if costly in 
time, energy, and money. The value in meetings is in hearing 
about new work in the field, meeting old and making new friends, 
discussing, gossiping and exchanging information and ideas. If 
current meetings cost so much and the speakers don’t know how 
to present their papers (so you are in fact not learning anything 
from them), then attendees are not getting a cost effective deal.

I have attended many meetings of many societies, given pa-
pers at most, and been a judge of papers at some. Most (but not 
all) of the professors that present papers know how to talk to an 
audience. But most of the other talks, maybe 80% of them, and 
especially government employees, consultants, and graduate 
students, are poorly given. They present too much data, don’t 
know how to speak loud, enunciate their words, project their 
voice, or use the mike! Thus 80% of my time listening to papers is 
a waste of time, money, and energy!

At a recent meeting, a person presented a paper on an animal 
that I encounter frequently and wanted to know more about. The 
person gave the paper with interesting slides. Later I happened 
to be in a lunch line with the speaker. I introduced myself and 
said that from the slides (though they had no color code), I gath-
ered that the talk was interesting, but that I had heard hardly any 
of it. I suggested that the person might try to speak louder, be 
less monotonic, use the microphone, and talk to the audience, 

not the slides. The person turned around, probably somewhat 
discombobulated at my remarks…but teachers always try!

About a year later at another meeting, the same person gave 
another paper on the same fun animal. I wanted to learn more, 
so I sat in the front row! By the way, at 85 my hearing is still pretty 
good! The person went up to the podium, put the mike in front, 
then stepped BACK a few steps so the mouth was about a meter 
from the mike. The person then gave the talk in a low, almost 
inaudible monotone. The slides were good, but still no key to the 
colors used. I was frustrated, but teachers charge on! So in hopes 
of improving a better transfer of knowledge, getting something 
for my money in future meetings, and hopefully helping some 
people get the jobs or grad school they want, I present here a 
series of suggestions on how to be a better speaker.

1.  If you have something to say, SAY IT LOUD, SO EVERYBODY 
CAN HEAR IT! This is not a conversation or committee meet-
ing. It is a TALK, a PRESENTATION to an AUDIENCE of dozens 
or hundreds of people, so speak to them, not to the screen, 
not your notes, not just your friends in front row, TO ALL OF 
THEM. And PRACTICE, PRACTICE, PRACTICE!

LETTERS TO THE EDITOR

BAYARD H. BRATTSTROM
Horned Lizard Ranch, P.O. Box 166, Wikieup, Arizona 85360, USA
e-mail: bayard@hughes.net
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2.  Don’t tell the audience what you are going to talk about, JUST 
START!

3.  Do not spend 2/3 of your talk telling us about all the details of 
your methods and all the statistical tests you used because:

 a.  It leaves no time for results.
 b.   Nobody cares! There may be one or two people in the audi-

ence who do, but they will ask you about it later.
 c.   It suggests that your data are so weak that you had to search 

and search to find a statistical test to finally show that your 
results are significant.

4.  Don’t tell unrelated stories about people, or “in” jokes. This is 
a professional, scientific meeting and the people in the audi-
ence have spent a lot of time and money to come to hear what 
you have to say, so be professional!

5.  Try this: 
 1 minute: Introduction.
 1 minute: Materials & Methods.
 10 minutes: Results.
 1 minute: Conclusions.
 = 13 minutes, leaving 2 minutes for questions.
6.  Scan the audience as you talk. Talk to the whole audience. Tai-

lor your message to this audience. Is anyone in the audience 
holding their hand up to their ear? If so, speak LOUDER!

7.  Pay attention to your moderator and respond quickly when 
the moderator gives you end-of-the-talk timing clues. PRAC-
TICE YOUR TIMING!

8.  If there is a screen monitor, glance at it, not the screen. You 
should have practiced enough so that you know which slide is 
going to appear next; a quick glance to see if it is the right one 
is enough, then talk to your audience.

9.  Don’t be too nervous, or too relaxed. Do some deep breathing 
in your seat before you get up to talk.

Pictures, Slides, and Graphs

1.  Do not show big complicated tables with lots of statistics. 
Nobody can read them! Don’t use your manuscript tables, in-
stead…

2.  Simple bar graphs or simple line graphs are remembered! Re-
member: SIMPLIFY, SIMPLIFY, SIMPLIFY!

3.  Use few words and make one point per slide.
4.  People can read faster than you can talk, so don’t read num-

bers on charts. Just say, “The blue line shows…” or “The lower 
right box shows that this variable is the critical one.”

5.  Do not use cute pictures and animations on your PowerPoint 
slides. It distracts! This is a talk for professionals, not middle 
school students. Of course if your talk is on one or two species, 
then show their pictures, and…

6.  This does not mean not to use as the main point on a slide, a 
quirky cartoon, a pretty habitat slide, or a critical conclusion 
in one line (or add lines of conclusions, one after the other).

7.  If you must use an acknowledgment slide, then keep it up for 
only a few seconds! Nobody can read it all anyway, everybody 
knows from the abstract that you have co-authors and intui-
tively know that you needed money and had friends helping 
you! So put the slide up if you must, 10 seconds only, and just 
say “I want to thank all these people” and then change the 
slide.

 

The Mike

1.  If you can’t project your voice (breathing and talking from 
your diaphragm, not your throat…go to a live play and watch 
and listen to the actors), THEN USE THE MIKE! THE MIKE IS 
YOUR FRIEND! MAKE LOVE TO THE MIKE!

 a.   Put your mouth/head about 3” from the mike. Leave 
it there. Don’t move away, just turn your head to see the 
screen, for a glance… you should know your slides in order. 

 b.   Move the mike only so that it is 3” from your mouth. Don’t 
move it aside. Speak loud into the mike. If and only If you 
can project your voice, then you can move your head back 
to 12”.

 c.   If you have to ask the audience if they can hear you and half 
say no, believe them! Not those in the front row.

 d.   OPEN YOUR MOUTH, ENUNCIATE YOUR WORDS!
2.  Talk to your audience, not the mike, not the slides, not your 

notes… you should know your slides and notes by now. Re-
member: PRACTICE, PRACTICE, PRACTICE! It helps to prac-
tice in a quiet room, out loud, with nobody else in the room.

Comments

1.  Not everything is due to climatic change!
2.  People in the audience usually don’t speak up when asking a 

question. If in the audience, SHOUT OUT YOUR QUESTION. 
If speaker, REPEAT THE QUESTION, so that the rest of the au-
dience can know to what question you are responding.

3.  You have 15 minutes. Don’t give the audience an overly schol-
arly, overly data/table-laden talk that they will not remember. 
Instead go 1, 2, 3, 4, and sit down!

Conclusions

1.  Stick to the Big Picture.
2.  Define your goal and know your audience.
3.  Teach.
4.  Speak loud, even shout!
5.  Make love to the mike.
6.  Simplify, simplify, simplify.
7.  PRACTICE! PRACTICE! PRACTICE! 
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Field Herpetology  
of the Southwest

Southwestern Research Station —  
24 July–2 August, 2015

This 9-day course will introduce participants to an outstand-
ing diversity of amphibians and reptiles of Arizona’s Chirica-
hua Mountains and surrounding deserts.

Labs and lectures will focus on identification and ecology of 
herps. The majority of time will be spent in the field, hiking 
through low and high elevation habitat.

For  more information about the course, contact Dawn 
Wilson. Ph: 520-558-2396; email: dwilson@amnh.org; http://
research.amnh.org/swrs/herpetology-field-course

Interdisciplinary World Conference  
on Monitor Lizards 

27–29 July 2015 at
Phranakhon Rajabhat University,  

Bangkhen District, Bangkok, Thailand

 The Interdisciplinary World Conference on Monitor Lizards 
will focus on the biology, ecology, natural history, and captive 
breeding of monitor lizards. For those interested in attending 
and those who have enquiries are encouraged to contact the 
conference organizers at: monitor.conference.2015@gmail.com 
to receive the latest information about the conference and ac-
commodations. Manuscripts and posters are also to be submit-
ted to this address.
 Conference fee: Has not yet been determined at the time of 
this announcement, but it is planned to make it less expensive 
than comparable international conferences. The conference 
fee is tentatively planned to be US $200. Included with the con-
ference fee is conference attendance, lunch along with coffee 
breaks on the days of the conference, and the welcome dinner 
on the first day of the conference. Also included with the confer-
ence fee is a copy of the conference proceedings to be published 
after the completion of the conference.
 There are optional events that will be available to those at-
tending the conference, such as a trip to the National Science 
Museum and Natural History Museum, Dusit Zoo to see an ur-
ban monitor population, and a two-day trip to Khao Yai National 
Park. The costs of optional events are not included with the con-
ference fee.

—Submitted by Michael Cota
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