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Helminths of Night Lizards in the Genus Xantusia  
(Squamata: Xantusiidae) and the Effects of Host Ecology

The 34 living species of the Xantusiidae are arrayed in 
three genera distributed from the southwestern United States 
to Panama with a single species in Cuba (Noonan et al. 2013). 
The northernmost genus, Xantusia (Night Lizards), contains 14 
named species with populations scattered from southern Utah 
to Durango and Zacatecas, Mexico (Bezy and Flores Villela 1999; 
Sinclair et al. 2004; Bezy et al. 2008); plus two genetically isolated 
lineages that remain to be formally described (Leavitt et al. 2007). 

Night Lizards (Xantusia) are secretive, philopatric lizards 
that may be found under the same cover throughout life (Zweifel 
and Lowe 1966; Mautz 1993; Davis et al. 2011) but occasionally 
have been observed active abroad (Lee 1975; Fellers and Drost 
1991). The species are habitat specialists, living primarily in rock 
crevices, under rocks, or in decaying yuccas, agaves, and other 
plants (Bezy 1989). As a result of these microhabitat restrictions 
they may be exposed to fewer sources of parasites than most 
other lizards.

Gastrointestinal parasites have been reported previously in 
four species of Xantusia: Bolsón Night Lizard, X. bolsonae; Granite 
Night Lizard, X. henshawi; Island Night Lizard, X. riversiana; and 
Desert Night Lizard, X. vigilis (Lucker 1951; Brattstrom 1952; 
Read and Amrein 1952; Telford 1970; Goldberg 1985; Goldberg et 
al. 1993). In general, helminth species appear to have a high level 
of endemism in xantusiids (Goldberg et al. 1993). We here report 
the helminths of five additional species with small geographic 
ranges and discuss the relationship of the lizards’ habitat and 
ecology to their parasite communities. 

Two species live primarily in yuccas and agaves: Xantusia 
wigginsi (Wiggins’ Night Lizard) in the Sonoran Desert of Baja 
California, Mexico, and extreme southern California, and X. 
extorris (Durango Night Lizard) in the southern Chihuahuan 
Desert of Durango and Zacatecas, Mexico; three occur primarily 

in rock crevices: X. sierrae (Sierra Night Lizard) in the western 
foothills of the Greenhorn Mts. of California, X. arizonae (Arizona 
Night Lizard) and X. bezyi (Bezy’s Night Lizard) in the mountains 
of central Arizona (Webb 1965; Bezy et al. 2008; Sinclair et al. 
2004; Noonan et al. 2013). 

Materials and methods.—A sample of 86 xantusiid lizards 
consisting of nine Xantusia arizonae (mean snout–vent length, 
SVL = 51.4 mm ± 4.7 SD, range = 42–56 mm), 12 X. bezyi (mean 
SVL = 52.1 ± 3.3 SD, range = 47–60 mm), 24 X. extorris (mean SVL 
= 35.5 mm ± 3.0 SD, range = 30–42 mm), 21 X. sierrae, (mean SVL 
43.8 mm ± 4.4 SD, range = 36–51 mm), 20 X. wigginsi (mean SVL 
= 36.1 mm ± 3.1 SD, range = 31–43 mm) were borrowed from the 
herpetology collections of the Natural History Museum of Los 
Angeles County (LACM), Los Angeles, USA and the University of 
Arizona Museum of Natural History (UAZ), Tucson, Arizona, USA, 
and examined for helminths (Appendix 1). 

The digestive tract was removed and the contents of the 
esophagus, stomach, small and large intestines were examined 
under a dissecting microscope. Cestodes were regressively 
stained in hematoxylin, dehydrated in an ascending series of 
alcohols, cleared in xylol, mounted in Canada balsam, cover 
slipped and studied under a compound microscope. Nematodes 
were placed on a microscope slide, cleared in lactophenol, cover 
slipped and studied under a compound microscope. Parasite 
terminology is according to Bush et al. (1997).

Results.—Found were one species of Cestoda, Oochoristica 
bezyi Bursey and Goldberg, 1992 and three species of Nematoda, 
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Fig. 1. Space beneath a rock inhabited by Xantusia riversiana on San 
Clemente Island, California with an accumulation of feces “defecato-
rium” (arrow), 13 July 1972. 
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Thubunaea iguanae Telford, 1965, Parapharyngodon californiensis 
(Read and Amrein, 1952), and Physaloptera sp. (Tables 1–2). 
Parapharyngodon californiensis had the highest prevalence 
(infected individuals/number examined × 100) and Oochoristica 
bezyi had the highest mean intensity (mean number of helminths 
per infected lizard) (Table 1). 

Voucher helminths were deposited in the United States 
National Parasite Collection (USNPC), Beltsville, Maryland, 
USA as: Xantusia arizonae: Oochoristica bezyi (USNPC 108200); 
Parapharyngodon californiensis (USNPC 108201); Physaloptera 
sp. (larva) (USNPC 108202); Xantusia bezyi: Oochoristica bezyi 
(USNPC 108203); Parapharyngodon californiensis (USNPC 
108204); Xantusia sierrae: Oochoristica bezyi (USNPC 108205), 
Parapharyngodon californiensis (USNPC 108206); Xantusia 
wigginsi: Thubunaea iguanae (USNPC 108207). All helminths 
are new host records for X. arizonae, X. bezyi, X. sierrae, and X. 
wigginsi, respectively. 

Discussion.—Oochoristica bezyi  was described from Xantusia 
vigilis from the southern Mojave Desert in Los Angeles and San 

Bernardino counties, California, by Bursey and Goldberg (1992). 
It also has been reported from X. henshawi (Goldberg et al. 1993). 
Although the life cycle of O. bezyi has not been studied, Conn 
(1985) found that tenebrionid beetles served as intermediate 
hosts for the congener O. anolis.  Parapharyngodon californiensis 
is, to date, restricted to xantusiid lizards (Baker 1987; Goldberg et 
al. 1993). Like other oxyurids (Anderson 2000), P. californiensis 
has a direct life cycle with no intermediate host. Infection 
presumably occurs by lizards ingesting eggs from infected 
substrate during feeding. The physalopterid, Thubunaea iguanae 
presumably utilizes an intermediate host (Anderson 2000).

Considering the ecological distribution of the xantusiid 
hosts, the high prevalences of P. californiensis in rock crevice 
species X. arizonae, X. bezyi, X. bolsonae, X. henshawi, and X. 
sierrae (67%, 58%, 50%, 28% 57%, respectively) is noteworthy 
and contrasts sharply with that in Xantusia species living in 
yuccas and agaves, i.e., X. vigilis, X. wigginsi, and X. extorris 
(1%, 0%, 0%, respectively). The reasons for high prevalences of 
P. californiensis in rock crevice Xantusia are speculative, but the 

Table 1. Number of helminths (N), prevalence (%), mean intensity + 1 SD, and range for four species of Xantusia.

Xantusia Helminth N Prevalence Mean Intensity Range

X. arizonae     
 Oochoristica bezyi 1 11% (1/9) 1 —
 Parapharyngodon californiensis 11 67% (6/9) 1.8 ± 1.2 1–4
 Physaloptera sp. (larva) 1 11% (1/9) 1 —

X. bezyi     
 Oochoristica bezyi 15 45% (5/12) 3.0 ± 2.6 1–7
 Parapharyngodon californiensis 10 58% (7/12) 1.4 ± 1.1 1–4

X. sierrae     
 Oochoristica bezyi 15 27% (5/21) 3.8 ± 1.7 2-6
 Parapharyngodon californiensis 21 57% (12/21) 1.8 ± 1.0 1–4

X. wigginsi     
 Thubunaea iguanae 11 15% (3/20) 2.3 ± 2.3 1–5

Table 2.  Helminth records for the nine species of Xantusia examined so far: Arizona (X. arizonae, X. bezyi); California (X. henshawi, X.  river-
siana, X. sierrae, X. vigilis); Baja California, Mexico (X. wigginsi); Durango, Mexico (X. bolsonae; X. extorris). SCI = San Clemente Island. Lizard 
species names are abbreviated with first two letters of genus and species.

Microhabitat Rock crevice Yucca, Agave Under rocks

Location Mainland SCI

Xantusia spp.  XAAR XABE XABO XAHE XASI XAEX XAVI XAWI XARI

Helminth         

Mesocestoides sp. (tetrathyridia) — — — — — — — — 1*

Oochoristica bezyi 2 2 — 3 2 — 3 — —

Oochoristica islandensis — — — — — — — — 3

Alaeuris clementensis — — — — — — — — 3

Alaeuris riversianae — — — — — — — — 3

Parapharyngodon bicaudatus — — — — — — — — 4

Parapharyngodon californiensis 2 2 3 3,4,5 2 — 3,4,5 — —

Parapharyngodon pseudothaparius — — — — — — — — 3,6

Parapharyngdon xantusi — — — — — — — — 3,6

Physaloptera sp. (larva) 2 — — — — — — — —

Thubunaea iguanae — — — — — — — 2 3

*References: 1. Goldberg 1985; 2. This study; 3. Goldberg et al. 1993; 4. Read and Amrein, 1952; 5. Telford 1970; 6. Lucker 1951.
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rock crevices may allow accumulations of moist feces promoting 
excellent opportunities for repeated infections. The dryer, more 
complex microhabitats of yucca-dwelling species may promote 
a sporadic infection rate. In Sceloporus jarrovii (Yarrow’s Spiny 
Lizard), a phrynosomatid species that utilizes rock crevices, 
Goldberg and Bursey (1992) found that 74% of neonates between 
one day and two weeks of age were infected with eggs or larvae 
of the oxyurid nematode Spauligodon giganticus which has a 
direct life cycle. Infection of Sceloporus jarrovii by Spauligodon 
giganticus likely is facilitated by the substrate licking behavior 
of S. jarrovii (DeFazio et al. 1977), which promotes ingestion of 
parasite eggs from the soil. 

Oochoristica bezyi was present in all rock crevice species 
(Table 2) except X. bolsonae. In yucca dwellers it was present 
in X. vigilis, but absent in X. wigginsi and X. extorris. This might 
reflect sample size or conceivably that the range of O. bezyi and 
its intermediate tenebrionid host do not extend south to either 
Baja California or Durango, Mexico. The rock crevice species 
X. arizonae, X. henshawi (Brattstrom 1952), and presumably X. 
bezyi and X. sierrae include coleopterans (supposed intermediate 
hosts for Oochoristica) in their diets, which would facilitate 
cestode infection.

Turning to an island endemic that lives under rocks, in 
a moist maritime climate, X. riversiana, besides harboring a 
unique species of cestode, O. islandensis Bursey and Goldberg, 
1992, it is host to four unique species of nematodes, with direct 
life cycles, Alaeuris clementensis (Telford, 1965), A. riversianae 
(Telford, 1965), Parapharyngodon pseudothaparius (Telford, 
1965) and P. xantusi (Lucker, 1951) (Lucker 1951; Telford 1970; 
Goldberg et al. 1993). Fellers and Drost (1991) found that on 
Santa Barbara Island, California 29% of the fecal samples of X. 
riversiana harbored oxyurid nematodes. We have observed the 
accumulation of fecal piles in one corner of the space under 
rocks inhabited by X. riversiana (Fig. 1) and this likely facilitates 
infection by the four oxyurid (direct life cycle) nematodes unique 
to X. riversiana. This may help explain why P. californiensis, 
which is common in rock crevice xantusiids from Arizona and 
California, was absent from X. riversiana under rocks on San 
Clemente Island, suggesting the use of defecatoria and the moist 
maritime climate may favor survival of oxyurid species other 
than P. californiensis. 

Acknowledgments.—We thank Greg Pauly (LACM) and George 
Bradley (UAZ) for permission to examine xantusiid lizards and Jea-
nette Arreola for assistance with dissections.
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aPPendix 1

 Specimens of Xantusia examined for helminths from the her-
petology collections of the University of Arizona Museum of Natu-
ral History (UAZ) and the Natural History Museum of Los Angeles 
County (LACM). All GPS coordinates are WGS84.
 Xantusia arizonae (N = 9): Arizona, Yavapai County, Yarnell 
(34.2225°N, 112.7497°W), May 1982, LACM 134510–134516, 134524, 
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134526.  Xantusia bezyi (N = 12): Arizona, Pinal County, Superior 
(33.2889°N, 111.1039°W), May 1982, LACM 134479–134481, 134484, 
134486–134488, 134491, 134493; Arizona, Maricopa County, Sun-
flower (33.8642°N, 111.4676°W), May 1982, LACM 134500, 134503, 
134504. Xantusia extorris (N = 24): Mexico, Durango, Pedriceña 
(25.1000°N, 103.7833°W), September 1971, 1972, LACM 72329, 
72330, 76152, 116266; April 1965, UAZ 17401, 17404, 17405, 17408, 
17474, 17559, 17563–17565, 17568–17570, 17572–17574, 17576, 
17578–17582. Xantusia sierrae (N = 21): California, Kern County, 
Granite Station (35.6139°N, 118.8589°W), April 1971, LACM 76128, 

76130–76134, 76137–76141, 76144, 134549, 134551, 134552, 134554, 
134557, 134561–134564. Xantusia wigginsi (N = 20): Baja California, 
Mexico, El Rosario (30.0603°N, 115.7269°W), April 1954, LACM 10211; 
Valle de San Felipe (31.0275°N, 114.8353°W), May 1967, LACM 36569; 
Punta Prieta (28.9500°N, 113.5500°W), June 1959, LACM 62240; Los 
Angeles Bay (28.9500°N, 113.5500°W), August 1961, LACM 62245; SE 
of Ensenada (31.8578°N, 116.6058°W), June 1963, LACM 101213; Val-
le de la Trinidad (31.1368°N, 116.1554°W), April 1963, LACM 101214, 
101215, 101217–101225; San Ignacio (27.2822°N, 126139°W), June 
1977, LACM 126139, 126140, 126142.

Herpetological Review, 2015, 46(3), 312–319.
© 2015 by Society for the Study of Amphibians and Reptiles

New Northern Distribution Records for Pattern Classes A, 
B, and D of Aspidoscelis neotesselata (Colorado Checkered 
Whiptail) in Colorado, and Biogeographic Sources of  
Northern Colonists

Aspidoscelis neotesselata (Colorado Checkered Whiptail) 
originated from a hybridization event between individuals of A. 
tesselata (Common Checkered Whiptail) and A. sexlineata viridis 
(Prairie Racerunner) (Parker and Selander 1976; Dessauer and 
Cole 1989; Walker et al. 1995; Taylor et al. 2015). Aspidoscelis 
neotesselata inherited its parthenogenetic mode of reproduction 
from A. tesselata, and embryogenesis in both species is initiated 
and completed independently of spermatozoa. Therefore, a 
local group of A. neotesselata females lacks the genetic cohesion 
of a local population of a sexually reproducing species, and 
clonal divergence—a consequence of random mutation—is the 
principal mode of evolution. Based on the mother-daughter 

pattern of descent in obligate parthenogens, with evolution 
expressing itself as clonal divergence, local groups of related 
parthenogenetic females are more appropriately referred to as 
“arrays” (“tokogenetic arrays” of Frost and Hillis 1990) rather 
than “populations.” 

Color pattern differences among arrays of A. neotesselata 
illustrate that clonal inheritance has not prevented postorigin 
evolution (Taylor et al. 2015). Although ontogenetic and 
individual variation add to the challenge of discerning discrete 
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Fig. 1. Selected localities showing the geographic distributions of 
pattern classes A, B, and D of Aspidoscelis neotesselata, primarily 
north of the Arkansas River in El Paso, Fremont, Pueblo, and Teller 
counties, Colorado. Symbols identify localities detailed in Appen-
dices 2 and 3. Yellow pentagons = pattern class A lacking statistical 
confirmation of A1 or A2 group; green squares = group A1 of pattern 
class A; blue diamonds = group A2 of pattern class A; magenta tri-
angles = pattern class B lacking statistical confirmation of B1 or B2 
group; magenta stars = group B2 of pattern class B; red circle = pat-
tern class D.
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groups within this variation, specific color pattern attributes 
have been used to identify four color-pattern classes. These are 
designated by capital letters: A and B (Zweifel 1965), C (Walker 
et. al. 1997), and D (Walker et al. 2012).  

Histocompatibility among color pattern classes (Walker et 
al. 2012; J. E. Cordes and J. M. Walker, unpubl.) indicates that A. 
neotesselata originated from a single parthenogenetic hybrid, 
thereby nullifying a hypothesis that color pattern classes A and 
B were derived from different hybridization events (Densmore 
et al. 1989). Additional morphological groups, designated as A1, 
A2, B1, and B2 within pattern classes A and B, were revealed by 
multivariate statistical analyses of meristic characters (Taylor 
et al. 2015). Because pattern classes A, B, C, and D are typically 
allopatric, as are groups A1, A2, B1, and B2, pattern classes are 
useful for depicting fine-scale geographic distributions, and 
pattern class groups have value in identifying genealogical 
sources of disjunct arrays.   

This project was a collaborative effort to clarify the 
distribution of A. neotesselata north of the Arkansas River in 
southeastern Colorado. New localities include those that add 
El Paso and Teller counties to the four-county distribution 
(Fremont, Las Animas, Otero, and Pueblo) previously known to 
define the general range of A. neotesselata in Colorado. We also 
report an elevation record for A. neotesselata in Teller County 
that substantiates one reported from Fremont County (Banta 
and Kimmel 1965). Finally, we identify the likely biogeographical 
sources of the northern arrays of pattern classes A and D that 
now define the northern boundary of the species’ range in 
Colorado.

Methods and materials.—Only two whiptail lizards, A. 
neotesselata and A. sexlineata viridis, are present in the 

study area, and these species have distinctive color patterns 
and coloration, making species misidentification unlikely 
(Hammerson 1999, plates 8.55 and 8.56). We documented new 
distribution records of A. neotesselata by voucher specimens, 
photographs, and reliable observations. We obtained direct 
GPS coordinates for most localities (UTM coordinates based 
on GPS datum WGS84). In a few instances, the location was 
estimated by comparing the observation location with satellite 
images available on Google Earth©. For published localities, we 
used associated information to map estimated localities. We 
determined elevation for each set of coordinates by mapping 
them in National Geographic TOPO! © (Version 4.5.0) software 
and obtaining the elevation from the Quad level map (USGS 
1 arc-second National Elevation Dataset, 1 meter vertical 
precision). 

We used seven meristic characters in the multivariate 
analyses (Appendix 1; Table 2). The L-breaks character is 
subject to ontogenetic development. Therefore, we used linear 
regression to check reference samples for a relationship between 
L-breaks and snout–vent length (SVL). This relationship was 

Fig. 2. Photograph of an individual of Aspidoscelis neotesselata of pat-
tern class B (with a partially regenerated tail) taken on 27 June 2014 
at Chico Basin Ranch by William Maynard—the northernmost re-
cord of A. neotesselata B for Pueblo County, Colorado. This individual 
can be identified as pattern class B by the prominent longitudinal 
mid-vertebral line and transverse white bars crossing the lower lat-
eral dark field.

Fig. 3. Individuals of Aspidoscelis neotesselata at Fountain Creek Na-
ture Center and Fountain Creek Regional Park (Appendix 3). This 
area supports the northernmost self-sustaining array of A. neotesse-
lata that has been discovered in Colorado. A) An individual of pat-
tern class A, photographed by Don Erickson on 13 July 2012 at FCNC, 
El Paso Co., Colorado. B) A juvenile individual of A. neotesselata 
hatched in 2014, photographed by William Maynard on 27 October 
2014 at the north end of Rice’s Pond, FCNC. Photographs are not at 
same scale.
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found in sample A2 and removed by using only specimens 
> 65 mm SVL in the analyses. We used the seven univariate 
characters in a principal components analysis (PCA) of a 
pooled sample of voucher and reference specimens to produce 
a set of uncorrelated principal components; these were used as 
characters in a canonical variate analysis (CVA) for definitive 
comparisons (Jombart et al. 2010). Because all characters were 
measured on the same scale (discrete counts of scales and 
femoral pores), we used a variance/covariance matrix to obtain 
coefficients used to compute principal component scores. A 
variance/covariance matrix retains the relative variances of 
original characters, so that characters with larger variances are 
given greater weight in developing the principal components 
(Neff and Marcus, 1980). We used reference samples of A1, 
A2 and D as a priori (preidentified) groups (Appendix 2), and 
stepwise selection of principal components to include in 
the CVA (F-to-enter probabilities < 0.05 that did not exceed 
0.06 when other components were added to the model). The 
six voucher specimens from Fountain Creek Nature Center 
(FCNC), El Paso County, and Shelf Road, Teller County, were 
included in the CVA as unassigned individuals for classification 
to the reference sample each most closely resembled. We used 
Mahalanobis D2 distance as a resemblance index (smaller D2 
values = greater resemblance and higher probability of correct 
classification of vouchers). Mahalanobis D2 distances are 

sensitive to multivariate outliers (Tabachnick and Fidell, 2013). 
Therefore, we checked each reference sample for multivariate 
outliers by evaluating D2 distances from each specimen to 
the centroid of the remaining cases. Specimens would be 
identified as outliers from a standard table of critical values for 
Chi Square; i.e., those with D2 values exceeding a critical Chi-
square value at P = 0.001, and degrees of freedom defined by the 
number of characters (principal components) included in the 
CVA model (Tabachnick and Fidell, 2013). We used SPSS© and 
NCSS© software for statistical routines, tests, and scatterplot 
construction.

Results.—Three key pieces of evidence formed the foundation 
of this study. First, Dick Roth discovered A. neotesselata in Teller 
County on 16 July 2004 (Fig. 1; Appendix 3) and documented a new 
elevation record of 2138 m for this species (UTM 13S 480729E, 
4279916N). We augmented this Teller County record with 
voucher specimens collected on 21 August 2014, approximately 
0.3 km S of Dick Roth’s 2004 observation location (Appendix 3). 
All were representatives of pattern class A (Fig. 4A: a–c). 

Second, a photograph taken by William Maynard on 27 June 
2014 at Chico Basin Ranch (CBR), Pueblo County (Fig. 2; Appendix 
3), documented a new northern record for pattern class B of A. 
neotesselata. Latitudinally, the photographic location (UTM 13S 
548568E, 4261673N) is approximately 24 km N of the previous 
northernmost record for pattern class B (UTM 13S 554644E, 

Table 1.  Descriptive statistics for samples of Aspidoscelis neotesselata from southeastern Colorado. PNC A1 = pattern class A from Pueblo 
Nature Center; Fremont A2 = pattern class A from Fremont County; LJ D = pattern class D from La Junta (Appendix 2). Means ± SE and range 
limits are shown. Means sharing the same letter (a, b, c) are not significantly different at αa = 0.05. Group assignments of voucher specimens by 
CVA are shown below specimen numbers. FCNC = Fountain Creek Nature Center, El Paso County.

Characters Reference samples FCNC vouchers Teller Co. vouchers
       
   
  PNC A1 Fremont A2 LJ D 396 397 398 399 400 401
  N = 27 N = 30 N = 18 A2 A2 D A2 A2 A2

 CV1 0.3 ± 0.19  a 1.1 ± 0.21  b -2.4 ± 0.18  c 0.5 0.3 -1.7 2.3 1.8 2.7
  -1.3 to 2.0 -1.6 to 3.5 -4.5 to -1.2
 
 CV2 -1.5 ± 0.22  a 1.0 ± 0.20  b 0.5 ± 0.12  b 1.4 2.6 0.7 1.1 0.7 0.2
  -3.8 to 0.5 -2.2 to 2.6 -0.4 to 1.5 
 
 LSG 23.0 ± 0.57  a 23.4 ± 0.45  a 17.7 ± 0.43  b 26 26 23 26 23 27
  17–28 18–28 15–21 
    
 SDL 33.2 ± 0.25  a 35.2 ± 0.19  b 33.4 ± 0.26  a 34 35 33 37 37 36
  30–35 33–38 32–36 
 
 GAB 81.9 ± 0.70  a 80.9 ± 0.51  a 76.4 ± 0.61  b 74 73 72 82 84 81
  74–90 76–87 72–81 
      
 SPV 6.3 ± 0.19  a 7.3 ± 0.14  b 6.3 ± 0.16  a 7 7 6 6 6 6
  4–8 6–9 5–7
     
 FP 38.4 ± 0.27  a 39.9 ± 0.31  b 39.9 ± 0.29  b 40 42 39 39 39 38
  36–41 36–43 38–42 
     
 L-breaks 3.0 ± 0.70 a 1.8 ± 0.40  a 1.2 ± 0.23  a 0 0 0 0 1 0
  0–11 0–10 0–3 
 
 COS 11.9 ± 0.28  a 12.5 ± 0.20  a 12.3 ± 0.14  a 12 12 14 12 10 9
  10–16 9–15 11–13
     
 SVL 82.4 ± 1.42  a 85.1 ± 1.21  a 80.9 ± 2.49  a 83 88 88 101 96 78
  70–96 75–100 59–94
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4238113N) at Pueblo Chemical Depot (PCD), Pueblo County 
(Taylor et al. 2006a). We made two unsuccessful attempts in 
August 2014 to collect a voucher specimen from the CBR location. 

Third, a photograph taken at FCNC by Don Erickson on 13 
July 2012 (Fig. 3A) and posted on http://www.donerickson.com/
reptiles/reptiles.html provided the first evidence of A. neotessela-
ta in El Paso County. Significantly, this photograph and voucher 
specimens collected from the photographic location (UTM 13S 
524574E, 4284921N) document a new northernmost record for 
A. neotesselata in its natural range. A young individual, photo-
graphed on 27 October 2014 by William Maynard (Fig. 3B), indi-
cates that A. neotesselata had reproduced successfully at FCNC 
in 2014. We collected three voucher specimens of A. neotesselata 
from FCNC (Appendix 3), two of pattern class A (Fig. 4B: d, e), 
and one of pattern class D (Fig. 4B: f ). The latter was unexpected 
because the distribution of pattern class D is centered on a small 
area associated with railroad yards in northeast La Junta, Otero 
County, approximately 125 straight-line km SE of FCNC (Walker 
et al. 2012; Taylor et al., in press). We determined the morpho-
logical affiliations of voucher specimens from FCNC and Teller 
County by a CVA in which reference samples of A1, A2, and D 
were used as a priori groups (Appendix 2), and the six voucher 
specimens were included as unassigned for classification to 
group. Two outliers in the PNC sample and four specimens with 
SVL < 65 mm in the Fremont County sample were excluded from 
the definitive multivariate analyses. Reference samples differed 
significantly for different combinations of univariate characters 
(Appendix 1). Reference samples A1 and A2 differed in SDL, SPV, 
and FP, whereas the reference sample of pattern class D differed 
from A1 in LSG, GAB, and FP, and from A2 in LSG, SDL, GAB, and 
SPV (Table 1). The CVA model (Table 2) classified 68 of the 75 
reference specimens (90.7%) to correct samples of origin. Ref-
erence sample PNC A1 had 4 of 27 specimens misclassified as 
Fremont County A2, and reference sample Fremont A2 had 3 of 
30 specimens misclassified: 2 to PNC A1 and 1 to LJD D. None 
of the individuals in the LJD D reference sample was misclassi-
fied. This overall high level of classification success was reflected 

by the significant differences in CV1 among the 
three reference samples (Table 1). 

Each of the three voucher specimens from 
Teller County was assigned to reference sample 
A2 by the CVA (probabilities of 0.990 for HLT 399; 
0.957 for HLT 400; and 0.937 for HLT 401). The 
two voucher specimens of pattern class A from 
FCNC were also assigned to reference sample 
A2 (probabilities of 0.969 for HLT 396 and 0.987 
for HLT 397). Our identification of specimen 
HLT 398 as pattern class D was supported by 
its classification to the reference sample of 
pattern class D from La Junta (P = 0.963). The 
probability that HLT 398 actually represented 
A2, the group to which the other two FCNC 
vouchers were classified, was only 0.021. These 
robust classifications of voucher specimens 
are shown graphically by their positions in A2 
and D clusters of canonical variate scores (Fig. 
5). Although CVA classified FCNC and Teller 
County voucher specimens of pattern class A 
to group A2, vouchers from these two localities 
are distinctly different in GAB scores. All FCNC 
vouchers (pattern class A as well as pattern 
class D) most closely resembled the reference 

sample of pattern class D in GAB (Table 1).
Discussion.—Our locality records (Fig. 1; Appendices 2 and 3) 

extend the known distribution of A. neotesselata into Teller and 
El Paso counties, verify a previously reported elevation record, 
and establish a new northern range limit for A. neotesselata 
in Colorado. These new county records are of particular 
significance because they provide information regarding the 
ecological amplitude and the potential for range expansion in A. 
neotesselata. 

The range of A. neotesselata extends approximately 173 km 
WNW beyond the range of A. tesselata in Colorado (Taylor et 
al. 2006b). Therefore, because triploid A. neotesselata inherited 
a diploid genome from A. tesselata and a haploid genome 
from A. sexlineata viridis (Neaves 1969; Parker and Selander 
1976; Taylor et al. 2015), the greater ecological breadth of A. 
neotesselata may be related to the genome inherited from A. 
sexlineata (Taylor et al. 2006b). A natural experiment based on 
elevation records for the three species supports this hypothesis. 
We have not encountered A. tesselata above 1507 m in Colorado. 
Specimens of both A. tesselata and A. neotesselata were collected 
at this elevation by HLT on 11 June 2005 from a juniper (Sabina 
monosperma) woodland north of Lockwood Canyon and west 
of the Sharp Ranch road, U.S. Army Pinyon Canyon Maneuver 
Site, Las Animas County (UTM 13S 601962E, 4151131N). Other 
prominent plants at this site were skunkbush sumac (Rhus sp.), 
snakeweed (Gutierrezia sp.), and a cactus (Opuntia imbricata). 
Therefore, 1500 m might represent an approximate upper 
ecological limit for A. tesselata in Colorado. In contrast, the new 
elevation record of 2138 m for A. neotesselata in Teller County 
is similar to the maximum elevation (2103 m) reported for A. 
neotesselata in Fremont County (using the name Cnemidophorus 
tessellatus) by Banta and Kimmel (1965). This is slightly lower 
than the upper elevation of 2286 m reported for A. sexlineata in 
Colorado by Banta (1968b). Therefore, based on these data, the 
upper elevation boundary for A. neotesselata is approximately 
600 m higher than that of A. tesselata. In addition, the northern 
distribution record of A. neotesselata from FCNC, El Paso County, 

Table 2. Loadings: correlations between seven meristic characters and principal com-
ponents 1, 2, and 4 and between five principal components (selected for inclusion 
in the CVA model) and canonical variates 1 and 2: multivariate statistical analyses of 
Aspidoscelis neotesselata pattern classes A and D from southeastern Colorado.

Characters Loadings

  PC1 PC2 PC4 CV1 CV2

 LSG 0.321 0.927 -0.014  

 SDL  0.286 0.168 0.664

 GAB 0.966 -0.090 -0.014

 SPV 0.281 -0.085 0.571

 FP -0.336 0.170 0.752

 L-breaks 0.599 -0.506 0.073

 COS 0.093 -0.220 0.323

 PC1    0.559 -0.310

 PC2    0.429 0.019

 PC4    0.126 0.705

 PC5    -0.037 -0.241

 PC7    0.128 0.181

 Eigenvalues 18.489 12.375 3.013 2.066 1.349

 Percentage of variance  44.6 29.9 7.3 60.5 39.5
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is only ca. 6 km farther north than the northern record from 
Teller County, suggesting that a northern latitudinal limit may 
have been identified for A. neotesselata in its natural range. 

A number of alternative scenarios could account for the 
presence of pattern class A at FCNC. First, habitats associated 
with Fountain Creek might have served as a dispersal corridor 
from Pueblo to FCNC, a distance of approximately 51 straight-
line km (Fig. 1). Pattern class A occurred along Fountain Creek 
within the city limits of Pueblo in the 1960s (Walker et al. 1996), 
and also north of Pueblo (Fig. 1) as documented by a specimen 
collected in 1965 near Fountain Creek, via Overton Road, 12.4 
km N of Hwy U.S. 50 (G. Hammerson, pers. comm.). There is a 
distributional gap between this record and FCNC. On 9 August 
1994, Hobart Smith, David Chiszar, and Lauren Livo searched the 
vicinity of Fountain Creek in El Paso County, approximately 15 km 
N of the Hammerson record. Representatives of A. sexlineata, but 
not A. neotesselata, were encountered. However, our multivariate 
evidence identified the two voucher specimens of pattern class A 
from FCNC as representatives of group A2 from Fremont County, 
not A1 from Pueblo County, thereby contributing no support for 
arrival by northward dispersal along Fountain Creek. It is unlikely 
that pattern class A arrived at FCNC by dispersal from the east. 
Banta (1968a) used a pitfall trapline (July through October, 1963) 
to assess the herpetological community 22.5 km E of FCNC. Fifty-
seven individuals of A. sexlineata were among the 586 reptiles and 
amphibians captured, but A. neotesselata was not represented.

Although human introduction of pattern class A into FCNC 
cannot be excluded, there are potential source arrays of pattern 
class A located on the U.S. Army Fort Carson Installation 
southwest of FCNC (Fig. 1; Appendix 3). Fort Carson arrays have 

Fig. 4. Voucher specimens of Aspidoscelis neotesselata of pattern class 
A (a–e), and pattern class D (f). A. Shelf Road, Teller County, Colorado: 
a. HLT 399: 101 mm SVL; b. HLT 400: 96 mm SVL; c. HLT 401: 78 mm 
SVL (all collected 21 August 2014). B. Fountain Creek Nature Center, 
El Paso County, Colorado; d. HLT 396: 83 mm SVL (collected 18 July 
2014); e. HLT 397: 88 mm SVL; f. HLT 398: 88 mm SVL (both collected 
on 15 August 2014). See Appendix 3 for details. Photographs are not 
at same scale. We identified specimen f (HLT 398) as pattern class D 
based on relatively uncluttered dark fields and a linear series of spots, 
rather than a short irregular-line (arrows), as found posteriorly in the 
vertebral field of pattern class A (also seen in specimens a–c). HLT 
398 also had pale-tan spots and stripes, rather than gray (as shown 
for specimens a–e). Multivariate analysis of meristic characters con-
firmed this visual identification of specimen f as pattern class D. 

Fig. 5. Scatterplot of canonical variate scores CV1 and CV2 based 
on functions derived from CVA of three reference samples (a priori 
groups) of Aspidoscelis neotesselata from southeastern Colorado: 
group A1: 27 specimens from Pueblo Nature Center, Pueblo County; 
group A2: 30 specimens from north of Florence, Fremont County; 
group D: 18 specimens from La Junta, Otero County. Scores for six 
voucher specimens from Fountain Creek Nature Center, El Paso 
County, and Shelf Road, Teller County, were from classifications of 
vouchers, treated as “unknowns,” by the CVA. Axis percentages are 
proportions of variation accounted for by canonical variates CV1 
and CV2, and ellipses enclose the 95% confidence limits of the score 
distributions.
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not been sampled and statistically confirmed as representing 
group A2, but they are geographically proximate to the A2 
reference sample from Fremont County (Fig. 1; Appendix 3). 
The Teller County array of pattern class A is also linked to the 
A2 reference by the strong, multivariate classification of voucher 
specimens to that group and by a chain of observations north of 
Cañon City (Fig. 1, Appendix 3). 

Similarly, the new northern record for pattern class B in Pueblo 
County is connected to the source array of group B2 at PCD by a 
well-defined path of observations along Chico Creek, (Fig. 1). 

The discovery of a new pattern class of A. neotesselata (pattern 
class D) was an accidental surprise based on the capture, by 
nine-year old Michelle Keefer, of an individual of pattern class 
D that had wandered a short distance from its highly localized 
range within the city limits of La Junta (Walker et al. 2012). 
Therefore, the discovery of an individual of pattern class D at 
FCNC was unexpected. Although dispersal from the small local 
array of pattern class D at La Junta across 128 km of questionable 
habitats seems unlikely, there are other possible explanations for 
its presence at FCNC. 

First, pattern class D might have been introduced into 
the FCNC area. The inherent capacity of A. neotesselata to 
establish an array following introduction is illustrated by a self-
sustaining array of A. neotesselata in Grant County, Washington, 
approximately 1600 km NW of its natural range in Colorado 
(Weaver et al. 2011). That human introduction might have been 
involved in the geographic distribution of some of the arrays of A. 
neotesselata in Colorado is illustrated by the following example. 
On 29 May 2004, Joey Kellner, Paul Differding, and Melissa Van 
Dreese photographed an adult A. neotesselata (pattern class A) 
located approximately 1.61 km from the nearest road in Chatfield 
State Park, Douglas County, Colorado. It is unknown whether 
this individual represented an intended release or inadvertent 
transport to the area. Although J. Kellner checked the observation 
area several times in subsequent years, A. neotesselata was not 
reencountered. The Chatfield State Park locality is approximately 
94 straight-line km N of FCNC and has an elevation of 
approximately 1724 m. According to our evidence, the latitude 
of Chatfield State Park exceeds the tolerance boundary for the 
perpetuation of arrays of A. neotesselata in Colorado.  

A second possibility is that pattern class D appeared at 
FCNC by expression of an alternative developmental pathway 
in one or more eggs of an individual of pattern class A at that 
locality. Pattern classes A and D are members of the same basic 
morphological subgroup (subgroup A: groups A1, A2, and D 
versus subgroup B: groups B1, B2, and C: Taylor et al. 2015). 
They have similar color pattern features (Fig. 4), but statistical 
differences can be revealed by quantification of color pattern 
characters (Walker et al. 2012). Similarities between pattern 
classes A and D extend to ranges of variation for the univariate 
meristic characters used in the present study. Of the seven 
characters analyzed, GAB was the only character in HLT 398 
(FCNC D) with a value (72) outside the range limits (74–90) of 
reference samples A1 and A2 (Table 1). However, if pattern class 
D originated at FCNC from an individual of pattern class A, the 
morphological link to that event is tenuous. Our CVA provided a 
probability of only 2% that HLT 398 represented group A2 rather 
than pattern class D. Specimen HLT 398 was 88 mm in SVL when 
collected, which exceeds the average size of 102 gravid females of 
A. neotesselata: SVL = 84.8 ± 0.72 SE, 68–101 (Taylor et al. 2006b). 
If HLT 398 had originated at FCNC, it would have been a potential 
contributor to several reproductive seasons of recruitment. If 

pattern class D is established and sympatric with pattern class A 
at FCNC, this can be ascertained by photographic evidence, and 
this investigation will begin in 2015.  

Aspidoscelis neotesselata is endemic to southeastern 
Colorado (Walker et al. 1997). It is regarded as a species of 
special concern by Colorado Parks and Wildlife, is ranked as 
Near Threatened in the 2014 IUCN (International Union for 
the Conservation of Nature) Red List, and is currently under 
consideration for listing under the Endangered Species Act 
(http://www.fws.gov/southeast/candidateconservation/pdf/
Petition_53AmphibiansReptiles.pdf, submitted 11 July 2012). 
Contemporary distribution information on A. neotesselata, 
such as presented herein, and continuing efforts to develop 
standardized monitoring protocols; e.g., Great Plains Reptile 
Monitoring Project (www.reptilemonitor.org), should contribute 
to understanding its status in nature and facilitating decisions on 
appropriate management protocols.  
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aPPendix 1

 Morphological meristic characters: L-breaks: bilateral count of 
number of dark disruptions (breaks) in the pale lateral stripe. Pale 
scales in the stripe may accumulate melanin during ontogeny to form 
localized transverse bridges between dark fields (Taylor et al. 2003). 
COS: bilateral total of circumorbital scales. FP: sum of femoral pores 
on both thighs. GAB: number of granular dorsal scales in a single row 
around midbody. The third ventral row of enlarged ventral scales, lat-
eral to the mid-sagittal line, terminates anteriorly in the axillary re-
gion. The 15th ventral scale posterior to this terminus established the 
point for beginning the GAB count. SPV: number of scales separating 
clear medial margins of paravertebral stripes as close as possible to 
the counting position for GAB. LSG: bilateral total of number of lateral 
supraocular granules. These granular scales are located between the 
supraoculars and superciliary scales, and the count includes all scales 
anterior to a line extended from the suture line between the third and 
fourth supraoculars. SDL: number of subdigital lamellae on the fourth 
toe of one foot (right was chosen unless damaged). 

aPPendix 2

 Reference samples of Aspidoscelis neotesselata assembled in 1998, 
and 2002–2006. HLT numbers = Regis University numbers. UTM co-
ordinates are based on GPS datum WGS84. (1) A. neotesselata A1: 
Colorado, Pueblo County, Pueblo Nature Center (UTM 13S 528035E, 
4235693N): HLT 53–74, 102, 104, 180–184; N = 29. (2) A. neotesselata 
A2: Colorado, Fremont County, several sites north of Florence includ-
ing (13 S 490238E, 4250759N: southernmost site) and (13 S 490785E, 
4251693N: northernmost site): HLT 85–93, 96, 98–101, 105, 106, 108–
115, 190–192; Sixmile Park, Indian Springs Ranch (UTM 13S 488250E, 
4261108N) : HLT 94, 95, 193–197; N = 34 (pooled). (3) A. neotesselata 
D: Colorado, Otero County: La Junta (UTM 13S 628661E, 4206010N): 
RU 02090, 98083, 98084, HLT 333, 335–348; N = 18. (4) A. neotesselata 
pattern class B2: Colorado, Pueblo County: U.S. Army Pueblo Chemi-
cal Depot. Found at several localities adjacent to Chico Creek, includ-
ing: (13S 554931E, 4235951N: southernmost site) and (13S 554644E, 
4238113N: northernmost site): HLT 1–6, 11–14, 18–22, 33–38, 107, 
133–136, 178, 179; N = 28.

aPPendix 3

 New distribution records of Aspidoscelis neotesselata. HLT num-
bers = Regis University numbers. UTM coordinates are based on GPS 
datum WGS84.
 Locations documented by voucher specimens: Teller County: Shelf 
Road north of Cañon City: HLT 399 (UTM 13S 480638E, 4279276N); HLT 
400 (480320E, 4279645N); HLT 401 (480483E, 4279391N), Pattern class 
A, collected by Lauren Livo, Steve Wilcox, and Harry Taylor on 21 Au-
gust 2014. El Paso County: Fountain Creek Nature Center (13S 524574E, 
4284921N): HLT 396, Pattern class A, collected by HLT on 18 July 2014; 
HLT 397,  Pattern class A and HLT 398, Pattern class D, collected by Lau-
ren Livo, Steve Wilcox, and Harry Taylor on 15 August 2014. 
 Other locations (order of information for each set of coordinates: 
UTM Zone, Easting, Northing, Elevation, Evidence, Observer): El Paso 
County: Pattern class A: Fountain Creek Nature Center (13S 524584E, 
4284914N, 1708m, Photo, D.E.); Fountain Creek Regional Park (13S 
523913E, 4285600N, 1711m, Photo, W.R.M.; 13S 524649E, 4284668N, 
1706m, Photo, W.R.M.); Ft. Carson Army Base (13S 505111E, 4267384N, 
1887m, Sight, *; 13S 505700E, 4266964N, 1876m, Sight, *; 13S 506399E, 
4268921N, 1926m, Sight, *; 13S 506413E, 4264709N, 1819m, Sight, *; 
13S 506431E, 4265124N, 1836m, Photo, *; 13S 506446E, 4264425N, 
1820m, Sight, *; 13S 506450E, 4265039N, 1837m, Sight, *; 13S 506488E, 
4265110N, 1829m, Sight, *; 13S 506820E, 4267141N, 1880m, Sight, *; 
13S 507022E, 4267605N, 1888m, Photo, *; 13S 507597E, 4267596N, 
1881m, Sight, *; 13S 507647E, 4266417N, 1871m, Sight, *; 13S 511247E, 
4263852N, 1823m, Photo, *; 13S 511254E, 4263754N, 1839m, Sight, *). 
Fremont County: Pattern class A: Ft. Carson Army Base (13S 504459E, 
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4252913N, 1614m, Sight, *; 13S 504555E, 4252482N, 1600m, Sight, *; 
13S 504590E, 4260876N, 1793m, Photo, *; 13S 504591E, 4252452N, 
1603m, Sight, *); Pathfinder Regional Park (13S 486880E, 4251652N, 
1579m, Photo, W.R.M.); Shelf Road (13S 480107E, 4271286N, 1872m, 
Photo, L.J.L.; 13S 480736E, 4270478N, 1897m, Photo, D.R.; 13S 480938E, 
4264888N, 1761m, Photo, H.T., L.J.L.). Pueblo County: Pattern class 
A: Ft. Carson Army Base (13S 505458E, 4255581N, 1773m, Sight, *; 
13S 505497E, 4255618N, 1754m, Sight, *; 13S 505659E, 4255386N, 
1723m, Sight, *; 13S 505659E, 4255424N, 1720m, Sight, *; 13S 505874E, 
4255492N, 1758m, Sight, *; 13S 505882E, 4255482N, 1757m, Sight, *; 
13S 505948E, 4255340N, 1750m, Sight, *; 13S 506203E, 4255160N, 
1704m, Sight, *; 13S 506283E, 4256486N, 1770m, Sight, *; 13S 507326E, 
4258077N, 1772m, Sight, *; 13S 507420E, 4260184N, 1776m, Sight, *; 
13S 507954E, 4258496N, 1767m, Sight, *; 13S 508009E, 4256528N, 
1718m, Sight, *; 13S 508265E, 4262876N, 1792m, Sight, *; 13S 508536E, 
4259117N, 1769m, Sight, *; 13S 511466E, 4255929N, 1697m, Sight, *; 13S 
511480E, 4256480N, 1733m, Sight, *; 13S 511779E, 4256234N, 1721m, 
Photo, *; 13S 512113E, 4255492N, 1686m, Photo, *; 13S 512582E, 
4255657N, 1718m, Photo, *; 13S 513715E, 4254481N, 1664m, Sight, 
*; 13S 513819E, 4258191N, 1792m, Sight, *; 13S 515233E, 4254918N, 
1679m, Sight, *; 13S 515314E, 4254834N, 1677m, Sight, *; 13S 516997E, 
4253838N, 1738m, Sight, *; 13S 519674E, 4253475N, 1664m, Sight, *; 
13S 519713E, 4253874N, 1664m, Sight, *; 13S 521564E, 4253076N, 
1671m, Sight, *; 13S 522358E, 4259302N, 1750m, Sight, *; 13S 522370E, 

4259328N, 1749m, Sight, *; 13S 522408E, 4256672N, 1717m, Sight, *); 
Lake Pueblo State Park (13S 523427E, 4234087N, 1502m, Photo, L.J.L.; 
13S 524414E, 4235801N, 1449m, Photo, L.J.L.; 13S 524937E, 4236027N, 
1446m, Photo, L.J.L.; 13S 526848E, 4234657N, 1438m, Photo, W.R.M.); 
Pattern class B: Chico Basin Ranch (13S 544539E, 4258617N, 1556m, 
Sight, T.P., A.E.; 13S 548568E, 4261673N, 1539m, Photo, W.R.M.; 13S 
550641E, 4255880N, 1489m, Photo, W.R.M.; 13S 550877E, 4245784N, 
1453m, Photo, C.B.; 13S 551158E, 4245521N, 1449m, Photo, D.M.; 
13S 551176E, 4245559N, 1449m, Photo, B.W.; 13S 552293E, 4248083N, 
1472m, Photo, C.B.; 13S 552552E, 4248139N, 1460m, Photo, E.S.; 13S 
552646E, 4248172N, 1449m, Photo, C.B.). Teller County: Pattern 
class A: Shelf Road (13S 480394E, 4279433N, 2090m, Sight, L.J.L.; 13S 
480534E, 4279383N, 2093m, Sight, L.J.L.; 13S 480729E, 4279916N, 
2143m, Sight, D.R.). 
 * Individuals reporting observations of A. neotesselata on Ft. Car-
son Army Base include: Richard Bunn, Chris Caris, Rick Clawges, Bob-
by Day, April Estep, Michael Christine Farrell, Danny Follett, Raquel 
Levya-Lander, Daniel Martin, Jake Milford, Nina Nedrow, Erin Parks, 
Tracy Perfors, and Beth Wittmann. Observers at other localities: Celina 
Bycenski (C.B.), Don Erickson (D.E.), April Estep (A.E.), Lauren J. Livo 
(L.J.L.), William R. Maynard (W.R.M.), Daniel Martin (D.M.), Tracy Per-
fors (T.P.), Dick Roth (D.R.), Ed Schmal (E.S.), Harry Taylor (H.T.), and 
Beth Wittmann (B.W.). 
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Marine Turtles and Estuarine Crocodiles in Lampi Marine 
National Park, Myanmar: A Conservation and Threat 
Assessment with Recommendations

National parks, wildlife sanctuaries, and other protected 
areas often figure prominently in successful species conservation 
strategies (Stohlgren et al. 1994; Bruner et al. 2001). Protected 
areas can safeguard habitats for the long-term maintenance of 
biodiversity while at the same time serving as baselines against 
which biological and ecosystem change can be measured 
(Stohlgren et al. 1994). To realize these objectives, protected area  
managers require species inventories, accurate assessments 

of conservation status, and an understanding of existing and 
potential anthropogenic threats (Stohlgren et al. 1994; Castellano 
et al. 2003; Tuberville et al. 2005). Such information is essential 
for effectively targeting conservation efforts, formulating 
management policies, prioritizing research, and designing 
appropriate monitoring protocols, especially where cryptic, rare, 
and threatened species are concerned (Oliver and Beattie 1993; 
Stohlgren et al. 1994; Castellano et al. 2003; Tuberville et al. 2005). 

The protected area system in Myanmar plays a pivotal role 
in the national and regional conservation of marine turtles 
(Olive Ridley [Lepidochelys olivacea], Loggerhead [Caretta 
caretta], Green Turtle [Chelonia mydas], Hawksbill [Eretmochelys 
imbricata]), and Estuarine Crocodiles (Crocodylus porosus). For 
example, Thamihla (also spelled “Thameehla”) Kyun Wildlife 
Sanctuary hosts nesting populations of C. mydas, L. olivacea, 
C. caretta, and E. imbricata, Moscos Island Wildlife Sanctuary 
is an important nesting area for E. imbricata and Meinmahla 
Kyun Wildlife Sanctuary harbors the only viable population of 
C. porosus remaining in Myanmar and one of the few known in 
the region (Thorbjarnarson et al. 2000a, 2000b; Rao et al. 2002; 
Thorbjarnarson et al. 2006; Onishi 2009; Beffasti and Galanti 
2011; Holmes et al. 2014). 

Lampi Marine National Park (LMNP; 10°50’N; 98°12’E) 
encompasses parts of the Myeik (formerly “Mergui”) Archipelago 
in Tanintharyi Region (formerly “Division”) of southernmost 
Myanmar (Beffasti and Galanti 2011). Reconnaissance surveys 
conducted in the 1980s (Blower 1983) and 1990s (Rabinowitz 
1995) documented the occurrence of marine turtles and 
estuarine crocodiles within the park and concluded these reptiles 
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were imperiled by various anthropogenic threats. More recently, 
Beffasti and Galanti (2011) included three species of marine 
turtles on a faunal checklist of LMNP, but noted few data were 
available to assess their conservation status. Recent information 
regarding C. porosus in LMNP is likewise scant, although attacks 
on humans elsewhere in the Myeik Archipelago (Platt et al. 2012a, 
2014a; www.crocodile-attack.info) suggest crocodiles could be 
present in the park. 

This situation is not unique to LMNP as most protected 
areas in Myanmar lack data on the occurrence and conservation 
status of even common species, in large part due to the paucity 
of financial and technical resources available to park managers 
(Rao et al. 2002). More generally, there is an overall paucity of 
information on Myanmar’s herpetofauna (Leviton et al. 2008), 
and in particular, few studies of marine turtles and crocodiles are 
yet available in the peer-reviewed scientific literature (but see 
Thorbjarnarson et al. 2000a, 2000b, 2006). As a first step towards 
addressing this need, we conducted a conservation assessment 
of marine turtles and estuarine crocodiles in LMNP with the 
objectives of 1) determining if populations of marine turtles and 
estuarine crocodiles occur within the park, 2) locating critical 
nesting habitat for marine turtles and estuarine crocodiles, 
3) identifying and evaluating potential anthropogenic threats 
to these populations, and 4) developing a set of conservation 
recommendations based on our findings. 

laMPi Marine naTional Park

Lampi Marine National Park (205 km2; Fig. 1) was established 
in 1996 to protect coastal fauna and flora, particularly coral reefs 
(Beffasti and Galanti 2011). The park consists of Lampi Island and 
adjacent satellite islands, surrounded by a no-fishing exclusion 

zone extending offshore approximately 3.2 km from the high tide 
mark. The park is located approximately 25 km from mainland 
Tanintharyi and the intervening sea is shallow (mean depth = 12 
m) with a maximum depth of 24 m. The islands within the park 
are characterized by steep terrain (to 455 m) supporting relatively 
undisturbed tropical evergreen forest (Beffasti and Galanti 
2011; Blower 1983; Rabinowitz 1995). The park is well-watered 
with two spring-fed perennial rivers (Me Gyaung Chaung and 
Labi Chaung) and numerous smaller streams flowing from the 
uplands into the Andaman Sea. Extensive seagrass beds occur in 
shallow offshore waters, and mangrove forests are present along 
the two perennial rivers. Most of the coastline is rocky, although 
limited areas of sand beach are scattered around the island 
(Beffasti and Galanti 2011). 

Although permanent settlements are prohibited on Lampi 
Island, four large villages (Ma Kyone Galet, Warr Kyun, Ko 
Phawt, and Salet Galet) containing a total of 3,000 residents are 
located on satellite islands encompassed by the boundaries 
of LMNP (Beffasti and Galanti 2011). These communities 
consist of ethnic Burmese, Karen, and Moken (also known as 
“Salone” within Myanmar). The latter are one of several semi-
nomadic peoples, collectively known as “Sea Gypsies,” who 
inhabit coastlines and islands of the Andaman Sea (Andrews 
1962; Diran 2001). Harvesting marine resources (primarily fish, 
squid, and sea cucumbers) provides the principal source of 
income for island communities (Beffasti and Galanti 2011; Platt 
et al. 2014b). Wildlife and forest resources within LMNP are 
completely protected under Myanmar law; however, commercial 
poaching of wildlife, often by organized gangs from mainland 
urban centers, has been reported, and illegal timber-felling is 
widespread, but largely confined to the vicinity of permanent 
settlements (Rabinowitz 1995; Beffasti and Galanti 2011; Platt et 
al. 2014b). In addition to national protected area status, LMNP 
is recognized as an ASEAN Heritage Site and an Important Bird 
Conservation Area (Beffasti and Galanti 2011). The natural and 
cultural resources of LMNP are described in greater detail by 
Beffasti and Galanti (2011) and Platt et al. (2014b).

MeTHods 

We conducted fieldwork in LMNP from 10–21 December 2013. 
During this period we traveled throughout the park, stopping at 
villages and fishing encampments where we conducted semi-
directed, opened-ended interviews (Martin 1995; Gilchrist et al. 
2005) of fishermen and other knowledgeable individuals regarding 
the past and present occurrence of marine turtles and crocodiles, 
local ecological knowledge (sensu Anadón et al. 2009) about these 
species, folk taxonomy (sensu Berlin et al. 1966), the whereabouts 
of marine turtle and crocodile nesting sites, exploitation of turtles 
and crocodiles, fishing practices, and potential threats to turtles 
and crocodiles. While recognizing the limits of local ecological 
knowledge (Huntington 2000), our experience (Platt et al. 2004, 
2005; Thorbjarnarson et al. 2006) and that of others (Thirakhupt 
and van Dijk 1995; Zhou et al. 2008; Anadón et al. 2009; Kanagavel 
and Raghavan 2012) indicates such individuals can be reliable 
sources of information concerning the occurrence, abundance, 
natural history, and local exploitation of turtles and crocodilians. 

In accordance with the format of a semi-directed interview, 
we asked informants a series of questions that included standard 
questions prepared in advance and others that arose during 
the course of conversation. We guided the discussion, but the 
direction and scope of each interview was allowed to follow the 

Fig. 1. Map of Lampi Marine National Park showing location of vil-
lages and marine turtle nesting sites. Inset shows location of the Park 
within Myanmar.
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participants’ train of thought (Huntington 1998). Semi-directed 
interviews are more of a conversation than a typical question 
and answer session, and rather than rigidly adhering to a set of 
prepared questions, the interview provides an opportunity for 
collecting and discussing unanticipated information (Huntington 
2000; Gilchrist et al. 2005). We conducted interviews of individuals 
as well as groups ranging in size from 3 to 36 people. Interviews 
were conducted by native Burmese speakers and later translated 
into English and transcribed. During interviews we also asked 
to examine any turtle shells that might be available in villages. 
We then measured straight-line carapace length (CL) with tree 
calipers (± 1 mm) and photographed each specimen. We later 
visited beaches where marine turtles were reported to nest as 
well as other sites that appeared likely nesting habitat. At each 
site, we searched for crawls (trackways made by nesting female 
turtles), nests, and other signs of activity. Crawls were identified 
on the basis of characteristics outlined in Pritchard and Mortimer 
(1999). Interview transcripts, voucher photographs of specimens, 
and field notes are archived in the Campbell Museum, Clemson 
University, Clemson, South Carolina, USA. Place names are in 
accordance with a national gazetteer currently being compiled by 
the Myanmar government. We determined geographic coordinates 
(India-Bangladesh Datum) with a Garmin® GPSmap76. 

resulTs

Marine turtles.—We interviewed about 110 villagers (ca. 
83 men and 27 women) at various locations in LMNP during 
this survey. Obtaining a precise count proved difficult because 
interviews were often conducted in a group setting and 

individuals tended to wander in and out of the meeting venue. 
The information on marine turtles that we obtained often proved 
difficult to categorize to species as most people refer to marine 
turtles (except D. coriacea) generically (Pinle Leik) without 
distinguishing among species. Although vernacular names are 
available for each species (Table 1), these are apparently used by 
only the most knowledgeable individuals. We nonetheless were 
able to document the occurrence of D. coriacea, C. mydas, and E. 
imbricata within LMNP. Our records of C. mydas and E. imbricata 
are based on physical remains obtained from villagers or found 
while searching beaches, whereas our inclusion of D. coriacea is 
based on information provided by two fishermen (Fig. 2; Table 2). 
The physical remains we examined originated from dead turtles 
that washed ashore. We found no evidence for the occurrence of 
C. caretta or L. olivacea during our survey. A group of divers (N = 
8) who harvest sea cucumbers (Echinodermata: Holothuroidea) 
from October–April reported encountering at least one marine 
turtle during about 50% of their nocturnal dives. 

According to our informants, C. mydas figures prominently 
in Moken Nat worshiping practices. In Moken culture, Nats 
are spiritual guardians of the land- and seascape that must 
be properly propitiated; those who fail to do so risk divine 
retribution in the form of misfortune, sickness, or even death 
(Spiro 1967). Each of the two Moken communities in LMNP 
annually sacrifices a single large subadult or adult C. mydas to 
sea-dwelling Nats. The source of the turtles used in this ceremony 
is unclear, but most are probably captured from waters within or 
adjacent to the park. Importantly, we found nothing to suggest 
nesting female turtles are harvested for this ceremony. As part of 
this Nat worshiping ceremony, the turtle is killed and beheaded; 

Table 1. Vernacular names of marine turtles found in Myanmar. 

Species Vernacular name and comments

Marine turtles (generic name) Pinle Leik = Sea Turtle

Dermochelys coriacea Leik Zaung Lyar = Star Fruit Turtle; name based on resemblance of carapacial ridges to 
longitudinal ridges on fruit of Averrhoa carambola. 

Caretta caretta Leik Khway = Dog Turtle; facial appearance, particularly prominent eyes, is said to be sug-
gestive of a domestic dog. 

Chelonia mydas Pyin Thar Leik = non-descriptive name of uncertain meaning.

Eretmochelys imbricata Leik Kyat Tu Yway = Parrot Turtle; name derived from the distinctive beak which resembles 
that of a parrot.

Lepidochelys olivacea Leik Laung = Immature Turtle; so named because adults of this species are smaller than 
other marine turtles.

Table 2. Marine turtles found during a survey of Lampi Island Marine National Park, Myanmar in December 2013. 

Species Comments

Dermochelys coriacea Fisherman stated that a small turtle (CL ca. 40 cm) fitting the description of a leatherback 
was found dead on a baited hook set in offshore waters in 2012.

Chelonia mydas Carapace (CL = 415 mm) in possession of a fisherman in Ma Kyone Galet; reportedly re-
moved from a turtle found dead on a nearby beach. 

Eretmochelys imbricata A disintegrating carapace (CL = 273 mm) obtained from a villager in Ma Kyone Galet who 
recovered it from a nearby beach; carapacial and plastral scutes along with bony elements 
found during a search of Honey Moon Beach.
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the head is proffered to the Nats, while the meat is consumed 
in a raucous village feast. Consumption of turtle meat outside of 
this ceremony is believed offensive to the Nats and could invite 
misfortune upon the community. We found no evidence that 
other ethnic groups dwelling within the park consume marine 
turtles. However, we cannot rule out this possibility owing to the 
reticence of informants to discuss illegal practices. 

We identified six beaches in LMNP used as nesting sites by 
marine turtles: Bi Thaung, Kyauk Phyu Aw, Wah Ale Kyun, Honey 
Moon Beach, Hline Gyi Aw, and La Pyat Aw (Table 3; Fig. 1). In 

general, these beaches are characterized by a wide expanse of 
deep sand fronted by low dunes with a deep-water approach. 
Evidence of recent nesting activity was noted on Wah Ale Kyun 
and La Pyat Aw. We found two fresh (< 48 h) crawls made by 
nesting females at Wah Ale Kyun on 15 December 2013; large 
holes excavated at the apex of each trackway and numerous 
human footprints indicated fishermen had harvested both 
clutches. Based on crawl width (>100 cm), parallel lines of 
symmetrical flipper marks, and straight, well-defined tail-drag 
marks, we attributed these crawls to nesting female C. mydas. We 
also found an indistinct crawl and large excavation on La Pyat Aw 
where fishermen reportedly collected a clutch of turtle eggs on 
6 December 2013. No sign of recent (<1 month) nesting activity 
was found at the other beaches. 

Based on information provided by fishermen, we estimate 
that about 20 clutches of marine turtle eggs are annually collected 
from various beaches in LMNP. We were unable to determine 
which species of turtles nest on these beaches because informants 
invariably used the generic Pinle Leik when describing nesting 
activity. Most nesting is said to occur from early November 
through late March. Fishermen opportunistically monitor 
nesting beaches during this period, follow any tracks they find, 
and harvest the eggs, which are sold in local markets or retained 
for domestic consumption. Fishermen receive 100 Myanmar 
Kyats per egg (about US $0.10) and a large clutch represents a 
significant income if sold. According to observations made by 
our informants, semi-feral dogs (Canis familiaris) and monitors 
(Varanus sp.) also excavate nests and consume turtle eggs in 
LMNP. Although we observed numerous macaques (Macaca 
sp.) on beaches in LMNP, these primates were surprisingly not 
among the nest predators described by informants. 

In addition to anthropogenic nest predation, our informants 
identified several other potential threats to marine turtles in 
LMNP. Foremost among these are commercial trawlers that 
regularly, albeit illegally, operate within the exclusion zone 
surrounding LMNP. Interviewees were unanimous in their 
condemnation of commercial trawlers (often foreign-owned 
boats) which frequently damage or sweep away artisanal fishing 
gear. We likewise observed fishing trawls legally operating 
in shallow waters just beyond the exclusion zone on several 
occasions during our survey. Other potential threats to marine 
turtles identified by interviewees include long-line fisheries 
(lines of baited hooks, sometimes extending >1 km) and 
dynamite fishing. Fishermen also reported occasionally finding 
marine turtles entangled in discarded monofilament fishing 
nets; if alive, the turtle is cut free and any wounds are treated with 
turmeric powder, which is believed to promote healing. About 
50% of our informants had found dead marine turtles or their 
remains on area beaches within the past five years.

In contrast to commercial fisheries, the artisanal fishers 
we interviewed claimed to capture few marine turtles either 
intentionally or as by-catch. Artisanal fishermen maintain that 
they respect marine turtles as long-lived organisms and believe 
that to kill such an animal will bring misfortune to an individual. 
Our examination of floating wire cage traps (N = 30), one of the 
most common methods used by artisanal fishers to catch fish 
and squid in LMNP, suggests these pose little threat to marine 
turtles because the diameter of the funnel-shaped opening is too 
small to permit entry except by the smallest of turtles.  

Estuarine Crocodiles.—Our interview data suggest C. porosus 
is no longer extant within LMNP. Indeed, <25% of our informants 
had knowledge of crocodiles, but because one of the two pe-

Fig. 2. Carapace of Green Turtle (Chelonia mydas) (above) and 
Hawksbill (Eretmochelys imbricata) (below) obtained from fisher-
men in Ma Kyone Galet. Both turtles were found dead on beaches in 
Lampi Marine National Park.

Table 3. Geographic coordinates of beaches used by nesting marine 
turtles in Lampi Marine National Park, Myanmar. 

Beach Latitude (°N) Longitude (°E)

Bi Thaung 10.7265 98.2390

Hline Gyi Aw 10.6652 98.2350

Honey Moon Beach 10.8556 98.0633

Kyauk Phyu Aw 10.8930 98.1746

La Pyat Aw 10.6778 98.2445

Wah Ale Kyun 10.8453 98.0735
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rennial rivers on Lampi Island is known as Me Gyaung Chaung 
(= Crocodile Creek), most people assumed crocodiles once oc-
curred locally. Several older individuals stated that in the past, 
crocodile eggs were harvested for domestic consumption and ju-
veniles and adults were captured and sold to buyers in neighbor-
ing Thailand. A subadult C. porosus (TL ca. 150 cm) we examined 
at a monastery in Ma Kyone Galet was reportedly captured on the 
coast of Rakhine State near the Myanmar-Bangladesh frontier 
and transported to Lampi Island for exhibition as a curiosity. In 
contrast to Lampi Island, our informants stated crocodiles per-
sist in other parts of the Myeik Archipelago. Two C. porosus (TL 
ca. 180 and 300 cm) believed responsible for a spate of attacks 
on humans were killed in 2013 near Mine Twin Village (Kyun Su 
Township, Ye Ngan Aw Group), approximately 90–120 km N-NW 
of LNMP.

disCussion

Marine turtles.—Our survey documented the occurrence of 
three species of marine turtle within LMNP, which are classified 
as Endangered (C. mydas) and Critically Endangered (D. 
coriacea and E. imbricata; IUCN 2014; Wallace et al. 2011). Our 
results complement an earlier survey that reported C. mydas, L. 
olivacea, and C. caretta in the park (Beffasti and Galanti 2011). 
In contrast to our findings, neither E. imbricata nor D. coriacea 
had previously been reported in LMNP (Beffasti and Galanti 
2011). The occurrence of E. imbricata and C. mydas in LMNP 
is especially encouraging because both species are endangered 
and the former is approaching extinction in Myanmar 
(Thorbjarnarson et al. 2000b; Limpus 2012; Holmes et al. 2014). 
Our record of D. coriacea is likewise important as this species is 
considered the rarest marine turtle in Myanmar (Maxwell 1911; 
Thorbjarnarson et al. 2000b).

Based on characteristics of turtle crawls, the species known 
to inhabit area waters, and reports from nearby Moscos Island 
(Beffasti and Galanti 2011; Limpus 2012), it is probable that most 
clutches deposited on beaches in LMNP are those of C. mydas and 
E. imbricata. Nesting populations of both species in Myanmar 
have declined from “thousands” in the early 1900s (Maxwell 1911) 
to a “few tens” today (Limpus 2012; Holmes et al. 2014). Thus, 
even though a relatively small number of clutches are apparently 
deposited in LMNP, these are nonetheless extremely important 
from a local conservation standpoint. Protecting these nests 
will undoubtedly prove challenging as egg harvesting has a long 
history in the Mergui Archipelago (Andrews 1962) and appears 
to be culturally entrenched in island communities (Rabinowitz 
1995). Nevertheless, nest protection should be accorded high 
priority by park authorities as chronic over-harvesting of eggs has 
been implicated in the long-term decline and near-extirpation of 
several species of marine turtles in Southeast Asia, most notably 
for D. coriacea in Malaysia (Chan and Liew 1996; Thorbjarnarson 
et al. 2000b; Chan 2006). 

The construction of commercial eco-tourist resorts at two 
of the seven known nesting beaches in LMNP (Bi Thaung and 
Honey Moon Beaches) is also cause for concern. Although the 
presence of resorts and their security staff are likely to deter egg 
poachers, these establishments nonetheless pose two distinct 
threats to marine turtles. First, resort construction could result 
in the direct loss of critical nesting beach habitat. Such habitat 
is limited in LMNP, where most of the coastline is rocky and 
few suitable beaches are available for nesting turtles. Second, 
because neonates emerging from nests are attracted to light, 

any unmanaged artificial lighting generated by the resorts 
could disorient hatchlings, thereby increasing the time spent on 
beaches with the concomitant risks of predation and desiccation 
(Lorne and Salmon 2007). 

Our study is the first to describe some of the cultural beliefs 
of indigenous maritime communities in southern Myanmar 
regarding marine turtles. The veneration of marine turtles as 
long-lived organisms seems to reflect a wider belief among rural 
Burmese that misfortune will befall anyone who intentionally 
harms an organism that has endured years of hardship to attain 
advanced age (e.g., Platt et al. 2008). Among some communities, 
to accidentally capture and then liberate such an animal is 
viewed as a means of gaining karmic merit and the release is 
often accompanied by an elaborate ceremony (Platt et al. 2008). 
The Nat-worshiping practices we documented among the 
Moken are not unusual. Nat-worship is widespread in Myanmar 
(Spiro 1967) and Nats are perceived as guardians of tortoises 
(Platt et al. 2003), some species of freshwater turtles (Platt et 
al. 2013a), and King Cobras (Ophiophagus hannah; Platt et al. 
2012b). Although generally quite localized and occasionally even 
restricted to a single community (Platt et al. 2013a), these beliefs 
are nonetheless consistent with conservation objectives and 
can be harnessed to this end (Platt et al. 2003). For example, a 
conservation program for the critically endangered Burmese Star 
Tortoise (Geochelone platynota) premised on reinforcing local 
Nat worshiping practices has to date proven highly successful 
(Platt et al. 2014c). The cultural taboos of the Moken therefore 
warrant further investigation as a potential tool for marine turtle 
conservation in LMNP, perhaps as part of a community-based 
conservation initiative (see below). 

The potential anthropogenic threats faced by marine turtles 
in LMNP are representative of those confronting marine turtles 
throughout the region (Chan 2006; Diamond et al. 2012; Settle 
1995; TRAFFIC 2004). We consider fishing trawlers to pose 
the most serious potential threat to turtles in LMNP despite 
the existence of an exclusion zone where commercial fishing 
is prohibited. Although trawls deployed anywhere in the 
territorial waters of Myanmar are legally required to be outfitted 
with turtle excluder devices (TEDs), compliance is difficult 
to monitor and appears minimal in most areas (Aung Hlaing 
Win and Maung Maung Win 2012; Holmes et al. 2014). This is 
unfortunate because the installation of TEDs has repeatedly 
been demonstrated to significantly reduce drownings of marine 
turtles by trawls (Jenkins 2012; National Research Council 1990). 
When not equipped with TEDs, fishing trawls are the primary 
source of mortality of subadults and adults in many marine 
turtle populations (National Research Council 1990). Long-
line and dynamite fishing are also likely to pose a risk to turtles 
(Chan et al. 1988; Chan 2006), and although strictly prohibited 
by park regulations, legal enforcement to date has been weak or 
non-existent. However, we stress that our assessment of these 
threats must be considered tentative pending the completion of 
more detailed investigations to quantify mortality among marine 
turtles in LNMP. 

Given the lack of historic baseline data, conclusions regarding 
long-term population trends of marine turtles in LMNP are at 
best speculative. Although encounter rates reported by fishermen 
suggest marine turtles are still fairly common within the protected 
waters of the park, illegal fishing practices appear commonplace 
and could be killing turtles at unsustainable levels. That said, 
corroborative evidence in the form of stranding and carcass 
surveys (Shaver and Teas 1999) is lacking and must be obtained 
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before this conclusion can be uncritically accepted. Moreover, the 
annual loss of turtle nests to predation and anthropogenic harvest 
must be quantified before its impact on turtle populations can be 
accurately assessed. What little data are available from elsewhere 
in Myanmar suggests a similar suite of threats has resulted in 
population declines among all species, including the near-
extirpation of E. imbricata (Thorbjarnarson et al. 2000b; Limpus 
2012; Holmes et al. 2014). Indeed, Limpus (2012) concluded 
that without dramatic improvements in the effectiveness of 
conservation measures, all species of marine turtles will be 
approaching extinction in Myanmar by 2030. 

Estuarine Crocodiles.—That C. porosus occurred on Lampi 
Island within the recent past is unequivocal. Estuarine Crocodiles 
are known to occur elsewhere in the Mergui Archipelago (Andrews 
1962), and both Blower (1983) and Rabinowitz (1995) reported 
fishermen collecting crocodile eggs for domestic consumption on 
Lampi Island. Additionally, a freshwater river (Me Gyaung Chaung) 
on Lampi Island is almost certainly named for the crocodiles that 
once inhabited it. Place names often attest to the past occurrence 
of fauna, flora, and habitats which are no longer extant (Platt 
and Brantley 1997; Sousa and García-Murillo 2001). The fact that 
most (but not all) informants had no knowledge of crocodiles is 
not unexpected given the relatively brief duration of “community 
memory” regarding locally extinct species (Turvey et al. 2010). 
Indeed, Turvey et al. (2010) demonstrated that even charismatic 
megafaunal species are rapidly forgotten by communities once 
they cease to be encountered on a regular basis. 

The extirpation of C. porosus from LMNP probably resulted 
from egg collection for domestic consumption (Andrews 
1962; Rabinowitz 1995) and harvesting of the demographically 
important adults for illegal sale to wildlife traffickers in Thailand. 
During the 1970s and 1980s, there was a heightened demand 
among Thai crocodile farmers for C. porosus to hybridize with 
the more readily obtainable Siamese Crocodiles (Crocodylus 
siamensis). Hybrid progeny are commercially desirable because 
they exhibit rapid growth rates, attain large body sizes, and yield 
high-quality skins (Suvanakorn and Youngprapakorn 1987). As far 
as we could determine, the last crocodiles collected from LMNP 
were three adults captured and sold in 1986, although eggs were 
still being harvested as late as the early 1990s when Rabinowitz 
(1995) visited the islands. Given this timeframe, C. porosus was 
probably extirpated from LMNP by 2000 or shortly thereafter.

Recommendations.—We consider the absence of effective law 
enforcement to be the single greatest obstacle to preserving the 
biological integrity of LMNP. Although existing regulations appear 
adequate to protect marine turtles, crocodiles, and other wildlife 
resources, without rigorous enforcement of these legal statutes, 
the continued erosion of biodiversity from the park is inevitable. 
This state of affairs stems not from any lack of will on the part 
of Myanmar conservation authorities, but is instead due to the 
paucity of resources available to park staff, particularly boats 
and communications equipment. Therefore, it is imperative that 
government authorities and non-governmental organizations 
(NGOs) tasked with managing LMNP make every effort to 
address this situation and adequately equip those responsible for 
enforcing park regulations. Without vastly improved enforcement 
capabilities, preventing the illegal incursions of commercial 
trawlers, enforcing compliance with fishing regulations, 
and safeguarding marine turtle nesting sites are unrealistic 
expectations. Eco-tourist lodges now being established within the 
park could play a significant part in enhancing law enforcement 
capacity, particularly if this role is mandated by the Myanmar 

government in exchange for being granted a development 
concession within a national park. Eco-tour operators could 
collaborate with Forest Department rangers and local NGOs to 
conduct joint patrols, report violators, provide boat transportation, 
and facilitate radio communication. Importantly, incentives 
would be aligned because eco-tour operators have a vested 
financial interest in maintaining and protecting the biodiversity 
their clients are paying to view (Zander et al. 2014). 

A community-based conservation initiative (Campbell and 
Vainio-Mattila 2003) offers further options for strengthening the 
protection of marine turtles in LNMP. We recommend that such a 
program be developed as a partnership between park authorities, 
NGOs, eco-tour operators, and local communities with the goal of 
protecting nesting beaches, bolstering hatchling recruitment, and 
reducing the incidental take of larger turtles in fisheries operations. 
The latter is critically important, given the demographic 
importance of the larger size classes (Congdon et al. 1993; Heppell 
et al. 2003), and best addressed through a community education 
campaign emphasizing turtle-friendly fishing practices, proper 
disposal of used fishing gear (especially monofilament nets), and 
protection of nesting beaches. Importantly, local Nat worshiping 
beliefs consistent with conservation goals should be integrated 
into all levels of any community education program. Furthermore, 
fishing regulations mutually developed by local communities and 
government authorities would go far toward protecting marine 
turtles in the park. Such regulations are perhaps the best approach 
for limiting potentially harmful fishing practices and gear and 
designating areas closed to fishing (Johannes 2002).

As an immediate first step in implementing a community-
based conservation program, we recommend that a beach-
monitoring and egg collection program be initiated whereby local 
fishermen are recruited as “beach wardens” to monitor known 
nesting sites in the park. Wardens will notify Forest Department 
staff when a turtle has nested so the clutch can be collected and 
transferred to a secure incubation area for hatching. A similar 
program along the upper Chindwin River has been instrumental 
in reversing the decline of the only remaining wild population of 
Burmese roofed turtles (Batagur trivittata) in Myanmar (K. Platt 
et al. 2013). 

Again, ecotourist resorts being constructed in LMNP could be 
important partners in this aspect of marine turtle conservation, 
especially if tasked by the Myanmar government to do so. The 
resorts could host and manage the hatchery and assist with 
transporting park staff to nesting sites, hiring beach wardens, and 
releasing neonates. Additionally, donations or even a small fee 
levied on tourists could partly offset costs incurred by the tour 
operators participating in the project (Meletis and Harrison 2010; 
Zander et al. 2014). Furthermore, the marine turtle conservation 
program could serve as an attraction for tourists desiring to 
participate in an actual conservation project. Such “experiential” 
tourists could be involved in monitoring beaches, collecting and 
transporting eggs, and releasing neonates. Similar participatory 
conservation programs for marine turtles have enjoyed success in 
the United States and elsewhere (Tisdell and Wilson 2002; Wilson 
and Tisdell 2003; Ballantyne et al. 2009). That said, given the 
brief temporal distribution of nesting activity by a what appears 
to be a relatively small number of females (ca. 20 nests/year), an 
ecotourist venture based solely on marine turtles is unlikely to 
prove economically viable (Troëng and Drews 2004). However, 
marine turtles are just one of the many natural attractions of 
LNMP likely to appeal to ecotourists; others include scuba diving 
and snorkeling, hiking, bird-watching, and viewing marine 
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mammals, all of which can serve as the foundation for successful 
ecotourism ventures. 

Despite being locally extirpated, the recovery of C. porosus 
in LMNP can probably be accomplished if adequate levels of 
protection are afforded to crocodiles. Crocodilian populations 
are resilient to over-exploitation and often respond dramatically 
to timely and well-planned conservation measures (Bayliss 1987). 
For example, a 10- to 20-fold increase occurred among C. porosus 
populations in northern Australia following the enactment of legal 
protection (Webb et al. 2010). This dramatic response is largely 
due to a suite of life-history traits that crocodilians possess (e.g., 
high fecundity, rapid growth of offspring, high adult survival, and 
extended parental care of offspring) which are unique among large 
predators (Bayliss 1987). Given the proximity of potential source 
populations on other islands in the Myeik Archipelago as well as 
the Tanintharyi mainland (Platt et al. 2012a, 2014a) and the fact 
that long distance movements between widely separated island 
populations are commonplace among C. porosus (Campbell et 
al. 2010), natural re-colonization of Lampi Island will almost 
certainly occur without direct human interventions. Given the 
small number of likely founders, however, the time to recovery 
could prove lengthy. 

Alternatively, translocating wild-caught individuals or 
reintroducing captive-bred crocodiles to LMNP could facilitate 
the recovery of C. porosus in a comparatively brief period, 
although we urge caution if this option is pursued by management 
authorities. First, capturing wild subadult or adult crocodiles from 
elsewhere in Myanmar (e.g., Meinmahla Wildlife Sanctuary) and 
releasing them on Lampi Island is unlikely to prove successful 
due to the tendency of translocated crocodiles to return to their 
original home range (Lang 1987); e.g., unidirectional movements 
>100 km are commonplace among translocated C. porosus (Read 
et al. 2007). Second, the demographic consequences of removing 
even a small number of crocodiles from Meinmahla Kyun Wildlife 
Sanctuary (the likely source of crocodiles for any reintroduction) 
are unclear and could threaten the continued viability of this small 
population (Thorbjarnarson et al. 2000a). That said, captive-bred 
C. porosus are available from the government-operated Thaketa 
Crocodile Farm near Yangon. However, the genetic integrity of 
this population has likely been compromised by hybridization 
with Siamese Crocodiles obtained from Cambodia during the 
1960s (Platt et al. 2013b). Therefore, it must first be determined 
that any crocodiles selected for reintroduction from the farm are 
indeed genetically pure C. porosus. Moreover, because the farm 
has experienced repeated disease outbreaks, it is imperative that 
crocodiles be thoroughly screened for infectious diseases before 
being released into the wild (Platt et al. 2013b). 

In our opinion, a more desirable option would be to obtain 
crocodiles for reintroduction to LNMP from a head-starting 
program using eggs and hatchlings collected from Meinmahla 
Wildlife Sanctuary. Removal of eggs and hatchlings from the wild 
has minimal demographic impacts on crocodilian populations 
and survival of head-started juveniles released into the wild is 
typically high (Elsey et al. 1998, 2000). Importantly, any future 
reintroduction of crocodiles to LMNP should be closely monitored 
to determine the fate of released animals (Dodd and Seigel 1991). 
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Contribution to the Reproductive Biology of  
Bothrops erythromelas (Squamata: Viperidae) in the  
Semiarid Region of Brazil

Although oviparity is the prevalent reproductive mode 
among reptiles, squamates exhibit significant reproductive 
plasticity, with oviparous and viviparous species in numerous 
clades (viperids in particular, see Fenwick et al. 2012) and with 
different structural adaptations in both reproductive modes. 
In viviparous species, embryonic development occurs entirely 
in the oviduct, and the embryos can be fed entirely by the 
vitellus (lecithotrophic viviparity) or by nutrient transfer from 
the mother via the placenta (placentotrophic viviparity) (Yaron 
1985; Stewart and Thompson 2000).

Reproductive seasonality is a widely discussed phenomenon 
in squamate reptiles from temperate zones, where there are 
marked variations in temperature and photoperiod (Marion 
1982). On the other hand, a more frequent occurrence in tropical 

regions is an adjustment between the reproductive period and 
rainfall seasonality. This tendency seems to be related to food 
availability, which can significantly decrease during the dry 
season (Janzen and Schoener 1968; Ribeiro and Freire 2011). In 
this sense, most data on snake reproduction refer to temperate 
and subtropical regions. Neotropical snakes were until recently 
relatively little studied with regard to reproduction (Amaral 
1977; Vanzolini et al. 1980; Seigel and Ford 1987). However, 
this scenario has changed considerably and several studies 
have produced a substantial amount of information, thereby 
significantly increasing our knowledge about the reproduction 
of neotropical snakes (David and Lewis 2011; Mesquita et al. 
2011; Gomes and Marques 2012; Bellini et al. 2013; Figueroa 
et al. 2013; Marques et al. 2013; Panzera and Maneyro 2013; 
Siqueira et al. 2013; Sousa et al. 2014).

The genus Bothrops has a biennial, seasonal reproductive 
cycle, exhibiting an active phase of follicular growth, mating, 
and gestation in one year, and a parturition phase followed by 
follicular quiescence in the next year (Almeida-Santos and Orsi 
2002; Barros et al. 2014). The reproductive apparatus contains 
two ovaries and two oviducts (Gomes and Puorto 1993). 
Copulation occurs during the fall with a gestation between 
four and five months and offspring are born in the summer 
(Almeida-Santos and Orsi 2002). It is a widely diversified clade 
with origin and recent radiation in the neotropical region, 
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and currently comprises 58 species, distributed primarily in 
South America (Wüster et al. 2002; Campbell and Lamar 2004; 
Uetz and Hošek 2014). The species B. erythromelas, popularly 
known as “jararaca-da-seca” or “jararaca-avermelhada,” is 
widely distributed in the Caatinga (Tropical Thorny Deciduous 
Savanna), in addition to “Brejos de Altitude” (humid forest 
remnants). These forest fragments are remnants of the cycles 
of expansion and retraction of the humid forests that were 
initiated during the Pleistocene and are represented by some 
“islands” of humid forest that cover some isolated plateaus 
and mountain ranges varying from 600 to 1200 m of altitude 
within the Caatinga lowlands (Soares 2001). Previous studies 
describe the litter size (Lira-da-Silva et al. 1994), courtship 
and copulation behavior, and fecundity of B. erythromelas 
carried out in captivity (Silva et al. 2013). The present study 
aims to contribute knowledge on the reproductive aspects of B. 
erythromelas derived from nature. Here we describe the number 
of days in captivity until parturition, offspring morphology, and 
the relationship between litter size and female length.

Six B. erythromelas females were collected during fauna rescue 
efforts associated with the São Francisco River Integration Project 
(PISF) at different locations in the semiarid region of northeastern 
Brazil, two in Brejo Santo township (7.492778°S, 38,985°W), one 

in Jati, in Ceara state, and one each 
in Sertânia, Salgueiro and Petrolina 
(9.392778°S, 40.507778°W), in 
Pernambuco state.These areas are 
semiarid (Ab’Sáber 1974), with a short 
irregular rainy season concentrated 
in 2–3 months of each year, between 
January and March, and rainfall 
ranging between 500 and 700 mm/
year. Mean annual temperatures 
vary from 28 to 30°C, and maximum 
temperatures exceed 40°C, whereas 
the minimum temperatures range 
between 17 and 20°C. Relative 
humidity oscillates around 30–50% 
in the dry season, reaching 80–90% in 
the rainy season (Nimer 1972).

One of the snakes collected 
in Brejo Santo, in December 
2009, was seriously wounded and 
was euthanized in the field and 
deposited in the Herpetology 
Collection of the Caatinga Fauna 
Museum – CEMAFAUNA (voucher 
number MFCH 3000). The dissection 
was performed in December 2012 
and it was found that the specimen 
was in the gestational phase with 
the presence of embryos and 
extra-embryonic structures. The 
embryonic development stage was 
estimated according to Zehr (1962). 
Biometric and body mass data 
were collected from these embryos. 
A t-test was used to determine 
differences in the total length of 
female and male embryos.

The other specimens, collected 
at Petrolina in August 2012, Brejo 

Santo in May 2013, Salgueiro in May 2013, Jati in July 2013 
and Sertânia in January 2014, were held in captivity at the 
serpentarium of the Center for Conservation and Management 
of Caatinga Fauna – CEMAFAUNA, housed in 100 × 70 × 60 
cm plastic boxes under a controlled temperature of 27°C until 
parturition. During the screening of these snakes in order to 
record biometric data and sex, dilation was observed in the 
ventral and paraventral region, suggesting pregnancy. After the 
offspring were born, biometric data (snout–vent length, tail 
length, and body mass) were measured. Spearman’s correlation 
was used to correlate litter size with female length. Data were 
analyzed using SPSS version 13.0. The signiαcance level adopted 
for obtaining critical values on the tests was 0.05 (Zar 1999), and 
descriptive statistics are given as mean ± 1 SD.

A total of 22 offspring from five litters of B. erythromelas were 
analyzed, an average of four per litter. Offspring were born on 
average 157 days after the females arrived at the serpentarium, 
with mean length of 200.5 ± 12.61 mm (166.1–224.0 mm) and 
weight of 4.5 ± 1.01 g (4–6 g) (Table 1).

Twenty-one embryos were found in the dissected female, 12 
in the right oviduct and nine in the left. According to Koba et al. 
(1970), number of eggs in the right oviduct is always greater than 
the left side in snakes due to its forward positioning in relation to 

Fig. 1. Reproduction in Bothrops erythromelas. Right oviduct (A) with 12 embryos and left oviduct 
(B) with six remaining. Embryos at stage 31 of embryonic development, according to Zehr (1962): 
embryo with scales visible only on the body and not on the head (C), and male with hemipenes 
everted (arrow) visible on trunk coil (D). Right ovary (top) and left ovary (bottom) with transpar-
ent follicles without vitellus deposition (quiescent phase) (white arrow) and yellow follicles with 
vitellus deposition (active phase) (black arrow) (E).
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the left. In B. jararaca a larger number of eggs in the right oviduct 
(69.92%) was observed when compared to the left (30.08%) 
(Janeiro-Cinquini 2004).

All embryos were enveloped by amniotic sacs separated by 
tissue constriction isolating each one (Fig. 1A–B). These embryos, 
in an advanced stage of development, were characterized as 

stage 31 as described by Zehr (1962). In this phase the scales are 
visible only on the body and not on the head (Fig. 1C). In males, 
the hemipenes still everted are also visible on trunk coil (Fig. 1D). 
The snout–vent length of females (101.2 ± 5.5 mm, 94–110 mm, N 
= 12) was significantly greater than that of males (92.2 ± 5.2 mm, 
87–105 mm, N = 9) (t-test = 3.831, df = 17.89, P = 0.001).

Table 1. Reproductive and morphological data of Bothrops erythromelas from the semiarid northeast of Brazil. Sex was determined only for 
those embryos from snake VI based on everted hemipenes, as described by Zehr (1962).

Snout–vent length Parturition Number of Sex Neonate / embryo data
of mother or dam month neonates / embryos F: female, M: male Total length (mm) /Body mass (g)
(I–VI) (mm)

I. 650 December 2013 3 — 193.0 6
    195.0 6
    195.0 6
    Mean 194.3  Mean 6

II. 526 January 2014 4 — 207.1 6
    207.9 4
    211.4 6
    190.1 4
    Mean 204.1  Mean 5

III. 619 January 2014 4 — 216.0 6
    217.5 6
    209.0 6
    224.0 6
    Mean 216.6 Mean 6

IV. 524 January 2014 5 — 199.5 4
    208.3 4
    206.0 4
    208.0 4
    199.5 4
    Mean 204.2 Mean 4

V. 558 January 2014 6 — 166.1 4
    199.3 4
    187.3 4
    190.7 4
    194.5 4
    190.3 4
    Mean 188.0 Mean 4

VI. 563 ____ 21 F 120.0 0.45
   F 122.0 0.30
   M 112.0 0.33
   F 118.0 0.43
   M 107.0 0.31
   M 107.0 0.44
   F 115.0 0.44
   M 106.0 0.39
   F 116.0 0.40
   M 107.0 0.55
   F 120.0 0.70
   F 118.0 0.73
   M 111.0 0.59
   F 122.0 0.60 
   F 112.0 0.60
   F 124.0 0.61
   M 114.0 0.57
   M 125.0 0.60
   M 110.0 0.62
   F 111.0 0.56
   F 112.0 0.50
    Mean 114.7 Mean 0.51
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The uterine wall was distended around the embryos and 
below it was a thin chorioallantoic membrane. It was also 
observed that the ovaries were asymmetrically disposed, the 
right more anterior and much larger than the left. Two types 
of follicles were found in the ovaries: transparent or whitish, 
without vitellus deposition, in the quiescent phase, and yellow 
with vitellus deposition in the active phase (Fig. 1E).

Analysis of snout–vent length in females and litter size 
showed no significant correlation (r

s
 = –0.406, N = 6, P = 0.425), 

even when disregarding the female with the maximum litter size 
(21 embryos) (r

s
 = –0.616, N = 5, P = 0.269). Solórzano and Cerdas 

(1987, 1989), studying the reproductive biology of Crotalus 
durissus durissus and B. asper of Costa Rica, found a significant 
correlation between the total length of females and the number of 
neonates (r = 0.579, p < 0.05 and r = 0.779, p < 0.01, respectively). 
Significant correlation was also observed by Janeiro-Cinquini et 
al. (1990) and Janeiro-Cinquini (2004) between the length of the 
mother and litter size in B. jararaca populations.

The birth and litter records of B. erythromelas in December 
and January, notably in January (four litters), indicate that 
summer is the preferential reproduction period for this snake, 
reinforcing the observations made by Almeida-Santos and Orsi 
(2002) and Silva et al. (2013). The birth of newborns in the wet 
season is a characteristic of B. erythromelas shared with every 
species of the genus Bothrops studied to date (Almeida-Santos 
and Salomão 2002). According Barros et al. (2014) this similarity 
in reproductive timing in Bothrops species may be attributed 
to the influence of phylogenetic inertia in the determination 
of reproductive events for females. The number of days held 
in captivity prior to parturition for the five B. erythromelas at 
the serpentarium varied from 19 to 236 days. Although these 
data do not represent the total gestation period, Klauber 
(1972) and Aldridge and Duvall (2002) argue that variation in 
gestational period in pitvipers may result from sperm storage, 
or be influenced by temperature and/or seasonal fluctuations 
in food availability, making it difficult to determine the standard 
gestation period of the species.

There was a large difference between the number of offspring 
in B. erythromelas females who laid their litters and the dissected 
individual (21 offspring), even though the mothers exhibited 
nearly the same snout–vent length, with a mean of 573 mm. This 
difference in litter size may be explained by climatic fluctuations 
at the sites of specimen occurrence, influenced by the availability 
of food and the nutritional status of females (Fitch 1985; Aldridge 
and Duvall 2002). The number of embryos here described is 
much larger than that mentioned in the literature. Lira-da-Silva 
et al. (1994) reported 11 neonates for one B. erythromelas female, 
and Barros et al. (2014) found two to 13 embryos (average = 8) in 
the oviducts of five females. Lira-da-Silva et al. (1994) corroborate 
with the opinion of Klauber (1972) who affirm that intrinsic 
factors (e.g., physiological) can also interfere in the fertility rate. 
In this respect, marked reproductive effects that sometimes 
result in geographic variations can occur.

Silva-Filho (2000) followed the birth of 20 offspring of B. 
erythromelas kept in captivity, observing, based on the biometric 
data of newborns, that this species can be included among the 
smaller species of the genus Bothrops. However, biennial cycles 
are common in viperids and, considering the different factors 
that interfere in determining reproductive frequency in snakes 
and the size of their litter, it is premature to confirm, based on this 
sample, the proportion of the population that reproduces each 
year. Only a more detailed study will be able to determine the 

proportion of B. erythromelas females in the reproductive state 
per year and the possible fluctuations in reproductive frequency, 
identifying the existence of years with a larger or smaller number 
of reproductive females (Vitt and Seigel 1985; Ernst 1993).
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Comparing Common Five-lined Skink (Plestiodon fasciatus) 
Diet Among Populations and Time

Having knowledge of an animal’s diet helps to provide an 
understanding of its biology, ecology, natural history and can 
help in its conservation. Although predators are often considered 
dietary generalists or specialists, virtually all species show 
some specificity. Food items taken may also vary depending 
on availability in space and time.  Most lizards are carnivorous 
and many, if not most, small to medium body-sized species are 

considered to be gape-limited generalized arthropod predators. 
Having a generalized diet or being opportunistic would allow 
a species greater success when food resources change through 
time or differ among locations.

Although the details of the Common Five-lined Skink 
(Plestiodon [formerly Eumeces] fasciatus) diet have not been 
thoroughly documented, the species is widely considered 
to be a generalized arthropod predator with a preference for 
arachnids, orthopterans, and blattids (Fitch 1954 and references 
therein). We studied diet of the Common Five-lined Skink near 
the northern edge of its range at Point Pelee National Park, 
Ontario, Canada, in 2000 (Hecnar et al. 2002), which supported 
this general description of the diet. In 2013 we reexamined skink 
diet at the same location and in the neighboring but isolated 
Rondeau Provincial Park, Ontario population with the goals of 
determining if diet changed through time or differed among 
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locations. Both locations lie within the “Carolinian Population” 
of the species’ range in Canada where P. fasciatus is designated as 
an endangered species (COSEWIC 2015).

Methods.—We determined skink diet by examining scats 
following the methods we previously described (Hecnar et al. 
2002). This sampling method is advantageous because it is 
non-invasive and non-lethal. We collected fresh scats in glass 
vials during population surveys in 2013 in the same area as we 
collected in 2000 at Point Pelee National Park, Ontario, Canada 
(PPNP; 41.9629°N, 82.5163°W; WGS84), and from 70 km E at 
Rondeau Provincial Park, Ontario, Canada (RPP; 42.2808°N, 
81.8550°W). Skinks have distinctive cylindrical, straight, brown 
to black scats ca. 1.0–2.5 cm long (2–5 mm diam.) capped by 
a plug of white uric acid (Fitch 1954; Judd 1955; pers. obs.). 
Fragments of arthropod body parts that make up the main 
body of the scat give it a coarse texture and exoskeleton parts 
are usually obvious without magnification (Fig. 1). Compared 
with similar bird scats, skink scats are generally more uniform 
in shape, rougher and drier in texture, and the uric acid cap is 
less compact making them distinctive (Fitch 1954; pers. obs.). At 
RPP we collected some scats when individuals that we captured 
defecated during handling. We used these scats to determine if 
diet differed among sexes or age classes (male or female adult, 
juvenile). Sampling occurred near the peak of nesting season 
when size, color, and patterns allow sex and age classification. 
Vials were topped with 40% ethanol and transported to the lab 
for study. Contents of each scat were separated with probes in 
water and examined under a dissecting microscope to identify 
items to the lowest taxonomic category possible (all to Order, 
some to Family or species). Chitinous exoskeleton fragments 
were sorted to facilitate identification. Remains also tend to 
occur sequentially in a scat allowing counting of the number of 
food items (Hecnar et al. 2002).

We determined if diet changed in two different ways. 
First we counted the number of food items in each scat and 
then compared number of items between years and location 
using a separate variance t-test on square root transformed 
data followed by a Mann-Whitney U test for a non-parametric 
equivalent. Second, after identifying food items, we ranked items 
by decreasing abundance and conducted a Kendall’s rank test to 
determine if the type of diet items changed over time or between 
location. This non-parametric test considers the ranked order of 
items by abundance between groups to determine if the groups 

are associated (i.e., correlated; Sokal and Rohlf 2012). If items 
among groups are not significantly associated, it means that diets 
differ. If items are significantly associated among groups (same 
ranked order) diets are similar among groups. Considering only 
abundance can inflate the perceived importance of particular 
dietary items (e.g., multiples of small items in individual scats) 
so we also conducted Kendall’s rank test for the frequency of 
item occurrence in scats (number of scats containing each item). 
We used Systat 12 for all statistical analyses. Measures of central 
tendency are indicated with means ± 1 standard error (SE).

Results.—We collected 41 individual scats (17 PPNP, 24 
RPP) containing 110 individual food items (40 PPNP, 70 RPP) 
among 15 arthropod groups representing eight orders (Table 
1). In some cases we were able to identify items to taxa lower 
than order. Our most detailed identifications and incidence 
(% of scats) included: Family Forculidae, Forficula auricularia, 
European Earwig (49%); Family Salticidae, jumping spiders 
(10%); Family Rhinotermatidae, termites (7%); Family Aphidae, 
aphids (7%); Sub-order Zygoptera, damselflies (5%); Family 
Carabidae, carabid beetles (2%); and Family Ixodidae, ticks 
(2%). An average of 2.4 ± 0.23 items (1−5) occurred in PPNP 
scats and 2.9 ± 0.96 items (1−24) occurred in RPP scats. The 
number of items per scat did not differ between PPNP and RPP 
in 2013 (separate variance t = 0.06; 30.29 df; P = 0.95; U = 229.5; 
1 df; P = 0.12). Similarly, number of items did not differ between 
PPNP in 2000 (3.2 ± 0.36 items, range 1−6, data from Hecnar et 
al. 2002) and 2013 (separate variance t = 1.77; 33.45 df; P = 0.09; 
U = 254.5; 1 df; P = 0.16). Combining data for both years at PPNP 
and RPP for 65 individual skinks indicates an average of 2.9 ± 
0.39 SE items (1−24) occurred per scat among 15 taxonomic 
groups.

A high proportion of dietary items in 2013 were arachnids 
(Orders Arachnida, Opiliones, Acarina) at both PPNP (35%) and 
RPP (20%) and this was similar to PPNP in 2000 (43%). However, 
substantial differences in the proportion of other insect groups 
in lizard scats occurred at both locations in 2013 (Table 1, Figs. 
2–5). Most notable was the high proportion of Dermaptera 
(Earwigs) at both PPNP (35%) and RPP (23%) and Isoptera 
(Termites) that dominated the number of diet items at RPP 
(41%). Kendall’s rank tests indicated no association between 
the abundance of each type of dietary items compared between 
years at PPNP (t α = 0.07; N = 14; P > 0.1) or between PPNP and 
RPP (αt = 0.36; N = 10; P > 0.5)(Fig. 2). Tests using frequency of 
items among scats had similar results; no association between 
years at PPNP (t = 0.01; N = 14; P > 0.1) or between PPNP and 
RPP (t = 0.46; N = 10; P > 0.1) (Fig. 3).  

We were able to collect 16 scats from skinks at Rondeau 
(4 ♀♀, 5 ♂♂, 7 juveniles) while they were being processed for 
another study (Table 1). Number of food items per scat did not 
differ among sex or age class (males 2.2 ± 1.64; females 2.5 ± 
1.73; juveniles 1.7 ± 1.25; Kruskal-Wallis H = 1.45; 2 df; P = 0.484; 
Fig. 4). Kendall’s rank test indicated no association between the 
abundance of each type of food items consumed among males, 
females, and juveniles (Taus ranged αt α = 0.27–0.58; N = 6–8; and P 
> 0.05 for all comparisons). Tests using frequency of items among 
scats had similar results; no association among males, females, 
and juveniles (Taus ranged t α = 0.14–0.59; N = 6–8; P > 0.1 for all 
comparisons; Fig. 5).

Discussion.—In general our recent sampling confirms 
findings of earlier studies that Five-lined Skinks largely consume 
ground-active rather than flying forms of arthropods (Fitch 1954 
and references within; Hecnar et al. 2002). Our results also add 

Fig. 1. The distinctive scat of a Common Five-lined Skink on the bark 
of a prone log. Fragments of exoskeletons from prey items give the 
scat a coarse texture. The scat is tipped by a cap of uric acid (white).  
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evidence of dietary differences between locations or changes 
over time potentially or presumably reflecting prey availability 
and opportunistic feeding.

Exoskeletons of individual items were sometimes missing 
pieces, but in most cases a sufficient number allowed some level 
of identification. Although considered a gape-limited predator, 
Fitch (1954) suggested that missing parts of exoskeletons in 
scats indicated that Five-lined Skinks battered larger prey items 
prior to swallowing. On several occasions, we observed skinks 
capturing and battering larger grasshoppers and harvestmen to 
subdue them and accommodate swallowing. Judd (1955) noted 
that sometimes two skinks would grasp a single food item and 
tear it apart.

Numbers of items per scat did not change significantly over 
time at PPNP or between PPNP and RPP, suggesting that skinks had 

the same abundance of food. Interestingly, the average number 
of items in scats from our samples in both years (2.9–3.2 items/
scat) was nearly double the number reported from Kansas (1.67 
items/scat; Fitch 1954). Skinks took a wide variety of food items 
at both PPNP and RPP in 2013, as they did at PPNP in 2000, with 
arachnids (spiders and harvestmen) forming a sizeable portion 
of the diet. This adds additional evidence that skinks might 
exhibit some preference for arachnids. We cannot demonstrate 
selectivity as we did not measure the array of available foods. 
However, the proportion of arachnids in scats appears much 
greater than their availability. Similarly, coleopterans (beetles) 
were well represented in diets. We found the remains of a carabid 
beetle (genus Agonum) in one 2013 PPNP scat, and beetles, 
most of which were carabids, were the second most common 
food item found in the 2000 analysis. This contrasts surprisingly 
with a study of the closely related Southeastern Five-lined Skink 
(Plestiodon inexpectatus), which indicated that they avoid eating 
and are repelled by secretions of the carabid beetle Pasimachus 

Fig. 2. Abundance of diet items by arthropod taxon found in skink 
scats at Point Pelee National Park, and Rondeau Provincial Park, On-
tario, Canada. Data for PPNP in 2000 from Hecnar et al. 2002.

Fig. 3. Frequency of occurrence of diet items in skink scats by arthro-
pod taxon at Point Pelee National Park, and Rondeau Provincial Park, 
Ontario, Canada. Data for PPNP in 2000 from Hecnar et al. 2002.

Fig. 4. Abundance of diet items by arthropod taxon found in male, 
female, and juvenile skink scats at Rondeau Provincial Park, Ontario, 
Canada in 2013.

Fig. 5. Frequency of occurrence of diet items in male, female, and 
juvenile skink scats by arthropod taxon at Rondeau Provincial Park, 
Ontario, Canada in 2013.
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Table 1. Number of arthropods and other taxa identified in skink scats. Sex and age for RPP scats are noted as M = male, F = female, and J = juvenile.

 Scat Araneida Coleoptera Opiliones Gastropoda Homoptera Dermaptera Odonata Unknown Acarina Isoptera Total
  (spiders) (beetles) (harvestmen) (snails) (aphids) (earwigs) (damselflies)  (ticks) (termites)
         

 PPNP

 1 1  1   1     3

 2 1  1        2

 3      2     2

 4 1       1   2

 5   1   1     2

 6      1     1

 7        1   1

 8 1 2    1 1    5

 9  2         2

 10  1     1    2

 11 1     1     2

 12 1     2     3

 13  1 1   1     3

 14 1  1   1     3

 15 1  1  1      3

 16      2     2

 17      1 1    2

Subtotal

Items 8 6 6 0 1 14 3 2 0 0 40

Subtotal

Scats 8 4 6 0 1 11 3 2 0 0 17

 RPP           

 1 M  1    1     2

 2 M 1   1       2

 3 F      5     5

 4      1  1   2

 5 F 2          2

 6 1          1

 7 J 2     1     3

 8 1    1   1   3

 9 M  2 1   2     5

 10 J   1        1

 11        1   1

 12 F  1    1     2

 13 J      3  1   4

 14 1          1

 15 F          1 1

 16 J 1          1

 17 J 1          1

 18 J         1  1

 19 M 1          1

 20 J     1      1

 21      1     1

 22          24 24

 23 M      1     1

 24          4 4

Subtotal

Items 11 4 2 1 2 16 0 4 1 29 70

Subtotal

Scats 9 3 2 1 2 9 0 4 1 3 24

Total

Items 19 10 8 1 3 30 3 6 1 29 110
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subsulcatus (Witz and Mushinsky 1989). Fitch (1954) and earlier 
sources he cited also suggested a preference for orthopterans 
(grasshoppers) and blattids (cockroaches), with which our 
study at PPNP in 2000 concurred. However, neither group was 
represented in 2013 at either location (Table 1: Blattaria and 
Gryllidae). Ants (Family Formicidae) were also absent at both 
locations in 2013, and we found only one ant in a scat at PPNP 
in 2000. Considering that ants commonly co-occur with skinks 
at both sites but are essentially absent in scats suggests that they 
are avoided as food items as Taylor (1935) noted for the Eumeces 
group of skinks. Formic acid and other associated defensive 
chemicals present in ants likely deters consumption (Blum 2012). 

Judd (1962) examined stomach and intestinal contents 
of seven male skinks captured at RPP and found remnants 
of 11 crickets, 2 snails, 2 spiders, 1 cockroach, 1 sow bug, and 
1 caterpillar. Although his sample size was small, the nature 
of dietary items clearly differs from our observations at the 
same location 54 years later—adding further evidence to an 
assumption of dietary change or opportunistic feeding over 
time. Each of the food items found in skinks in the 1959 study 
(Judd 1962) also occurred in sympatric Jefferson Salamanders 
(Ambystoma jeffersonianum, [now considered Jefferson Complex 
at RPP] (Judd 1957). We also noted high seasonally syntopic local 
distribution of ambystomatid salamanders with skinks in 2013.  

Despite similarities in the number of dietary items and some 
evidence of preferences for arachnids, other types of dietary 
items differed widely in both time and location. The most striking 
differences were the appearance of Dermaptera at both locations 
in 2013. Although earwigs were not recorded as dietary items at 
PPNP in 2000, they dominated diets in 2013. Similarly, they were 
the second most common diet item at RPP in 2013, following only 
termites. In most cases we were able to identify dermapteran 
fragments as belonging to Forficula auricularia, the European 
Earwig. The termite fragments were likely Reticulitermes flavipes 
(Isoptera: Rhinotermitidae), the only termite known from 
wild populations in the region (Raffoul et al. 2011). Two of us 
documented the first occurrence of a wild population R. flavipes 
for the region at Point Pelee (Raffoul et al. 2011). This species is 
becoming an important pest in southern Ontario cities. In recent 
years, the abundance and distribution of termites has expanded 
at PPNP and now they apparently also occur at RPP.

Our sample of food items among sex and age classes was 
small but indicated that number of food items per scat was not 
significantly different between males, females, and juveniles. 
Similar to our time (2000 vs. 2013) and location (PPNP vs. RPP 
in 2013) analyses, the types of dietary items consumed were not 
associated when either abundance of items or their frequency 
among scats were considered. This suggests sex and age classes 
may have dietary differences. That female and juvenile diets 
were not associated was somewhat surprising as they often co-
occurred at nest sites when we collected our samples (Hecnar 
1994). Results for sex and age class comparisons should be 
interpreted cautiously as sample sizes were small.

Our studies show how a simple non-invasive sampling 
technique can be useful for reconstructing diets of arthropod 
or insectivorous lizards. Scats are easily recognizable, are easy 
to collect, do not degrade quickly, and the identity of prey items 
is relatively easy to determine. Our studies now suggest that the 
Five-lined Skink in the Carolinian portion of its northern range 
is a generalist arthropod predator that appears to show some 
preference for arachnids, but it also demonstrates that skinks are 
opportunistic feeders. Dietary breadth is likely a characteristic 
that promotes skink survival in these highly dynamic coastal 
dune communities. Considering the broad overlap of geographic 
ranges for Five-lined Skinks with earwigs and termites, they may 
be important predators on these pest species. This evidence for 
skink predation on invasive pests and other evidence that skinks 
may serve as “dilution hosts” (reduce prevalence) for Lyme 
disease (Giery and Ostfield 2007) highlight often overlooked 
services reptilian species provide for humans.
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Table 1. Continued.

 Scat Araneida Coleoptera Opiliones Gastropoda Homoptera Dermaptera Odonata Unknown Acarina Isoptera Total
  (spiders) (beetles) (harvestmen) (snails) (aphids) (earwigs) (damselflies)  (ticks) (termites)
         

Total

Scats 17 7 8 1 3 20 3 6 1 3 41

Male

Items 2 3 1 1 0 4 0 0 0 0 11

Female

Items 2 1 0 0 0 6 0 0 0 1 10

Juvenile

Items 4 0 1 0 1 4 0 1 1 0 12

Male

Scats 2 2 1 1 0 3 0 0 0 0 5

Female

Scats 1 1 0 0 0 2 0 0 1 0 4

Juvenile

Scats 3 0 1 0 1 2 0 1 1 0 7
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The First Report of Aplectana hylambatis (Nematoda; 
Cosmocercidae) Associated with Dermatonotus muelleri  
(Anura; Microhylidae) from Brazil

Dermatonotus muelleri (Boettger 1885) is the only species 
for this genus from the family Microhylidae. This anuran is hard 
to find due to its fossorial habits, and it is an explosive breeder 
during the wet season (Nomura 2009). Concerning its helminth 
fauna, only specimens from Paraguay have been recorded, 
including the nematode Aplectana hylambatis (Baylis 1927) and 
the cestode Ophiotaenia cohospes Coredo, 1946 (Campião et al. 
2014). In Brazil, there are records of Aplectana sp., a species of 
Cosmocercidae, and plerocercoid larvae of Spargana parasitizing 
D. muelleri (Bezerra et al. 2012; Campião et al. 2014). In light of 
this, we present the first record of A. hylambatis parasitizing a 
Brazilian anuran species, D. muelleri, as well as the ecological 
descriptors of parasitism. In addition, we also describe the 
morphological characterization of this nematode species.  

During the rainy season in February 2013, we collected 19 
specimens of D. muelleri from a biological reserve in the State 
of São Paulo (Reserva Particular do Patrimônio Natural Foz do 
Rio Aguapeí). The anurans were necropsied and upon discovery, 

nematodes were fixed with hot alcohol (70%) and then mounted 
on temporary slides with Lactofenol. The identification was 
based on Travassos (1931), Baker (1980), Vicente et al. (1991), 
and recent articles about the species description of Aplectana 
spp. The ecological descriptors of parasitism—prevalence (%), 
mean abundance (MA), and mean intensity of infection (MII)—
were calculated according to Bush et al. (1997). MII and MA are 
presented as mean values with their standard errors.

Aplectana hylambatis was the only helminth species found 
in these anurans. Only 3 of 19 (15.8%) anurans examined had 
this parasite in the large intestine, with a total of 678 helminths 
detected (range: 16–553). Parasitized individuals were infected 
with an average of 226.0 ± 165.7 helminth individuals per host, 
and MA was 35.7 ± 29.3.

Family Cosmocercidae Travassos, 1925
Aplectana hylambatis (Baylis, 1927) Travassos, 1931

These nematodes present marked sexual dimorphism, 
wherein females are slightly longer than males. Both sexes have 
a transversal cuticle, mouth with three lips, and a very visible 
excretory pore that is anterior from bulb of oesophagus (Fig. 1A). 
There are no plectanes at the end of males’ tails, but there are 
some papillae distributed with number and pattern variable. 
The spicules are very marked and present a hook at the extremity 
(Fig. 1B). Females have an equatorial vulva with a salient border 
which is easily notable (Fig. 1C), and the majority of them 
present numerous thin shell eggs. Unfortunately, females of 
several species of Cosmocercidae have very similar morphology, 
thus it is necessary, often, to have the presence of males in 
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Fig. 1. Photomicrograph of Aplectana hylambatis associated with Dermatonotus muelleri from Brazil. A: anterior end of a female, showing 
esophagus (e), bulb (b), and excretory pore (ep). B: posterior end of a male, showing spicules (*), gubernaculum (gb) and hooks (ho) at ex-
tremity. C: vulva (vu) of female, showing the salient borders.

Table 1. Body measurements of male and female Aplectana hylambatis parasitizing the anuran Dermatonotus muelleri, in Brazil.

Measurements (µm)  Males (N = 10)  Females (N = 4)
  Mean SD Range Mean SD Range

Total length  2868.4 539.1 2231.0–4005.0 3127.25 640.2 2353.0–3860.0

Width  193.4 45.4 137.0–282.0 242.0 55.6 188.0–299.0

Muscular esophagus  560.0 35.5 503.0–610.0 634.0 20.2 612.0–661.0

Bulb length  105.1 12.3 91.0–131.0 123.0 7.5 115.0–132.0

Bulb width  125.5 13.1 106.0–145.0 153.0 13.6 136.0–169.0

Excretory pore from anterior end  425.1 33.4 382.0–496.0 481.5 46.6 412.0–509.0

Vulva from anterior end  – – – 2047.5 387.7 1604.0–2549.0

Tail  208.6 38.6 160.0–279.0 198.0 15.4 182.0–219.0

Gubernaculum  68.2 11.0 53.0–85.0 – – –

Spicules  276.8 36.8 228.0–340.0 – – –

Table 2. Size of spicules, gubernaculum, and distribution of caudal papillae in males of Aplectana hylambatis in different hosts from South 
America.

Host Physalaemus santafecinus Rhinella arenarum Dermatonotus muelleri Dermatonotus muelleri

Reference González and Hamann 2010 González et al. 2013 Baker and Vaucher 1986* Present study

Locality Argentina Argentina Paraguay Brazil

Spicules (µm) 255 – 298 240 – 348 319 – 350 228 – 340

Gubernaculum 67 – 89 48 – 78 109 – 116 53 – 85

Papilaes Preanals 6 pairs 4 pairs 5 pairs 3 – 4 pairs

Papilaes Adanals 1 large unpaired + 3 pairs +  1 unpaired + 3 pairs + 1 sublateral pair + 3 pairs +  1 large unpaired + 2 pairs
 1 sublateral pair 1 lateral pair + 1 unpaired + 1 pair sublateral 
  1 posterior pair +
  2 ventrolateral pairs  

Papilaes Postanals 1 large subventral pair 2 ventral pairs + 2 subventral pairs + 3 ventrolateral pairs +
 + 3 lateral subventral pairs + 2 ventrolateral pairs + 1 subdorsal pair + 2 unpaired ventral
 3 lateral subdorsal pairs + 1 lateral pair 2 lateral pairs + 
 2 unpaired ventral  1 subventral pair
 
*In Dermatonotus muelleri from Paraguay, Baker and Vaucher (1986) report that descriptions of Aplectana hylambatis were attributed to 
Baker (1980), where this nematode was redescribed parasitizing Rhinella achalensis from Argentina.
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the sample to distinguish taxa. Due to this, most descriptions 
address characteristics of males. The measurements of males 
and females are showed on the Table 1.

Aplectana hylambatis was described by Baylis (1927) in 
Leptopelis aubryi (Duméril, 1856) (Arthroleptidae) from Guinea, 
Africa, and it is redescribed by Baker (1980), recording this 
nematode in Rhinella achalensis (Cei, 1972) from Argentina. 
After this, other studies showed the morphological variation 
of this nematode species associated with other hosts (e.g., 
González and Hamann 2010; González et al. 2013). The number 
of caudal papillae on the posterior end of males is variable, and 
the two articulation parts of spicules can be seen clearly through 
the scanning electron microscope (González and Hamann 2010).

The papillae pattern of A. hylambatis can vary in some 
specimens associated with different species of host, but this 
variation is not so marked (Table 2). The spicules of specimens 
associated with anurans from South America (Argentine, 
Paraguay, and the present study in Brazil) vary from 228 µm to 
350 µm in length, while the gubernaculum can measure 48–116 
µm (Table 2). This cosmocercid has a wide distribution, occurring 
in six countries from South America (Argentina, Ecuador, 
Guyana, Paraguay, Peru, and Uruguay), and 22 anuran species 
are associated with it (Campião et al. 2014). However, in Brazilian 
anurans, this is the first record; Aplectana hylambatis has never 
been recorded in Brazil. This study increases the geographic 
distribution of this nematode. 

Aplectana hylambatis, as well as other cosmocercids, is a 
generalist nematode parasite, but the association with D. muelleri 
from Brazil may suggest host specificity because this nematode 
of trophic infection has also been reported in D. muelleri from 
Paraguay (Baker and Vaucher 1986). In the present study, the 
exclusive parasitism by A. hylambatis with this population of D. 
muelleri, without cosmocercids of skin penetration, indicates 
that the fossorial habitat and skin secretions of this anuran may 
hinder infections by parasites with skin penetration (Tempone 
et al. 2007).
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Field Venom Extractions: Saving Fingers with Tubes,  
Forceps, and Nerf Bullets

Historically, reptile venom research has only been correlated 
with medical significance to humans (Weiner 1960; Shafqat et al. 
1990; Earl et al. 2012; Savanur et al. 2014). Thanks to technological 
and analytical advancements, venomics has extended into 
other fields of biology such as ecology and phylogeny (Li et al. 
2005; Mackessy et al. 2006; Richards et al. 2012; Heyborne and 
Mackessy 2013; Benard-valle et al. 2014). Proteomic techniques 
(e.g., electrophoretic profiling, spectrometry, transcriptomics) 
have been effective for exploring interspecific and intraspecific 
protein variability geographically and ontogenetically (Mackessy 
et al. 2006; Alape-Giron et al. 2008; Barlow et al. 2009; Casewall et 
al. 2009; Madrigal et al. 2012; Lourenco et al. 2013; He et al. 2014; 
Lanari et al. 2014), thus presenting new evidence for untangling 
the complex trajectories of venom evolution (Calvete et al. 2009; 
Fry et al. 2009; Casewall et al. 2009; Margres et al. 2014; Brahma 
et al. 2015).

In contrast to methodological advancements in venom 
analysis, the general procedure for extracting crude venom 
from live specimens remains essentially unchanged (Willemse 
et al. 1979; Savanur et al. 2014). The only apparent documented 
exceptions rely on techniques such as electrical pulsations and 
anesthesia (McCleary and Heard 2010; Margres et al. 2014), 
which present obvious limitations in the field. The traditional 
method for venom extraction from high-pressure delivery species 
(e.g., viperids and elapids) relies on manual subcranial restraint 
followed by venom delivery into a collection vessel, often through 
a membrane. Accidental envenomations during traditional 
extractions are accredited to human error in combination with the 
impressive cranial dexterity of specimens (Hayes 2008; J. Harrison, 
pers. comm.). Acknowledgment of this inherent danger generates 
logistical complications (e.g., collection permits and IACUC 
protocols) that might compromise or limit venom research efforts 
(pers. obs.). 

To increase the relative safety while extracting venom, the 
separating tube extraction method was established and evaluated 
for effectiveness on terrestrial pit vipers (Crotalinae). The proposed 
method was designed to operate within the limitations of a field 
setting while minimizing stress for the specimen. It combines 

previously established handling techniques (Johnson 2011) with 
a novel concept in an attempt to eliminate direct physical contact 
with the snake’s head.

MaTerials

Separating Snake Tubes.—A custom set of snake tubes were 
fabricated from 1-m lengths of rigid vinyl tubing (Lowes® item 
numbers: 652376, 652385, 652455, 432506, 432501, 443439, 
443438, 35778, 35768). Finished tubes separate into two pieces 
when grasped at opposite ends flexed side to side. Separation 
points were positioned 20 cm off-center (resulting in 30 cm and 70 
cm segments when separated) and the friction-dependent joints 
were meticulously constructed to ensure a reliable connection. 
Tapering directionality for the joints is depicted in Fig. 1. This 
layout preserves interior diameters of the shorter segments where 
the snake’s head is exposed during extractions.

Padded Forceps for Gland Manipulation.—Curved hemostat 
forceps (HTS 161S3, 12”) were modified to replace the extractor’s 
hands during head positioning and venom gland manipulation 
(Fig. 2). The unnecessary locking mechanism was removed to 
prevent accidental locking. Tool-grip rubber was applied over the 
teeth to coat any sharp edges. Cylindrical foam was positioned 
over the coated teeth (13 mm diameter) to disperse pressure 
during gland manipulation. The foam was derived from Nerf® 
darts based on their availability and contrasting coloration (Nerf® 

product number: 62567).
Venom Collection Vessels.—Plastic beakers (50 mL) with plastic 

membranes were chosen for venom collection vessels. Rubber 
bands were utilized for securing membranes over beakers and 
also for fastening beakers to sturdy rocks or logs in field extraction 
settings. Beakers were prepped each day before entering the 
field to minimize set-up time. Venom was pipetted out of the 
membrane-covered beakers into 2-ml sample tubes and stored on 
ice while in the field.

MeTHods

The step-by-step procedure below was tested and refined via 
mock scenarios using various non-venomous snakes from the 
Herpetology Collection at the University of Massachusetts (e.g., 
Pantherophis, Elaphe, Aspidites). The technique was then tested 
periodically between April and July of 2014 in the field on 11 wild 
adult Crotalus oreganus (Western Rattlesnake, one extraction 
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session per snake) in the Columbia River Plateau Ecoregion of 
Oregon and Washington, USA. These efforts were supplementary 
to a population genetics project. The extractor was proficient in 
using standard venomous snake handling equipment (regular 
acrylic snake tubes, tongs, hooks, and bags) and safety measures 
(snake proof “gators” and/or boots, multiple individuals present 
on site, reliable research vehicle, localities and contact information 
for closest antivenom-stocked medical centers). For our purposes, 
a venom extraction was considered successful after collecting at 
least 0.1 ml uncontaminated crude venom (Mackessy 2002) (Fig. 
3E) while avoiding direct physical contact with snake’s head. All 
snakes were released at respective capture locations the same 
day as capture. Extractions were videotaped using a Sony HD 
Handycam and later reviewed for potential improvements.

The following is the proposed venom extraction procedure. 
Extraneous details were excluded in this outline for clarity (e.g. 
capture and release strategies, additional specimen processing, 
proper use of bags and other handling equipment, preparing 
and sterilizing extraction equipment). It is presented as a second-
person instructional narrative to concisely highlight timing details 
for the reader and minimize misinterpretation. I believe the best 
treatment for snakebite is prevention.

ProPosed ProCedure

1. Set up Extraction Station.—Designate a sturdy surface 
to serve as the extraction station (e.g., tailgate, picnic table, 
flat boulder, log). Using one or two rubber bands, secure the 
prepped collection vessel to a flattened stone or similar object 
(approximately the size and weight of a brick). Minimal mobility of 
the collection beaker is preferable. Stage the padded forceps next 
to the collection vessel for ease of access. Assemble the separating 
tubes and make sure all the joints are intact and functional. Assess 
the surroundings for potential obstacles and confirm the location’s 
suitability for venom extraction.

2. Tubing the Snake.—Select the smallest diameter tube which 
accommodates the snake’s midsection. If uncertain, always 
undershoot and adjust accordingly. The goal is not to prevent 
the snake from “turning around” but rather to minimize body 
contortions for maximum control. Correct tube size is crucial for 
optimizing safety and yield. While holding the tube at the very end 
of the larger segment, guide the snake into the opposite opening 
using snake tongs and gently coax it inside until the head is within 
a couple centimeters of the joint. This may be performed in a 
bucket to help contain the snake. When ready, drop the tongs 
and with that hand quickly grasp both the snake body and tube at 
the opening. The grip should be relaxed yet firm. With the tubed 
snake in hand, slowly relocate to the extraction station. Support 
the snake’s un-tubed posterior to avoid damaging the vertebrae.

3. Venom Extraction.—Position the tube on a flat surface with 
the snake’s head facing away. Carefully feed more of the body into 
the tube until the head passes over the joint seam (Fig. 3A). Grab the 
far end of the tube and wiggle using moderate effort until the joint 
gradually releases. Take your time with this step. The separation 
of the two halves exposes the snake’s head from the smaller 
segment (Fig. 3B). Use the padded forceps to gently restrain the 
snake directly behind the head. Lift the snake over to the venom 
collection beaker and offer it the membrane surface (Fig. 3D). If 
the snake is unwilling to bite, a gentle nudge against the beaker 
is sufficient to elicit a bite. After fang penetration, reposition the 
forceps over the venom glands and apply pulsating pressure. The 
effort is comparable to squeezing a tube of toothpaste. Cease gland 
manipulation after approx. 30 seconds (or when enough venom is 
delivered) and allow the snake to release itself. If a fang becomes 
stuck gently maneuver it out using the forceps. Promptly re-attach 
the tube segments following the extraction as a safety precaution. 

resulTs

All extractions attempted were successful with 0.10 ml or 
higher yields and no direct contact was made with the exposed 
heads. Snout vent length of the 11 snakes ranged from 62 cm to 
99.8 cm, and extraction stations included the hood and trunk 
space of our research vehicle (Jeep Grand Cherokee), pickup truck 
tailgates, and boulders at capture locations.

disCussion

On two occasions a fang penetrated through the rubber band 
securing the collection vessel and on one occasion a fang missed 
the vessel completely. However this had no effect on the extractor’s 
safety and sufficient yield was still attained. If a snake was extracted 
at the place of capture, the elapsed time between capture and 
release was less than 20 min (making it our preferred method). 
This would not be possible if the procedure relied on anesthetics 

Fig. 1. Close up of the connection point on the 32-mm interior diam-
eter tube. The vinyl was tapered for 5 cm to the edge on the outside 
of the 30-cm segment and 5 cm on the interior of the 70-cm segment.

Fig. 2. Modified forceps. The rubber band was used to prevent the 
tool from inverting accidentally during extractions when only one 
hand was available.
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(McCleary and Heard 2010). On multiple occasions, snakes were 
spotted on days following their venom extractions mirroring the 
behaviors observed during their capture (e.g., basking outside 
burrow, coiled in ambush).

The separating tubes revealed a few unexpected advantages 
during the field tests. First they were far more practical to carry 
around than standard snake tubes. Their ruggedness also provided 
an additional sense of security by eliminating the possibility of 
brittle tubes breaking with a snake in hand. Since they were made 
from vinyl and slightly malleable, the mistake of overshooting 
tube size for a given snake and having it turn around while tubed 
can be counteracted by simply squeezing the tube. In regard to 
applying for permits, this method merits the same or similar risk 
of envenomation as does general snake tubing. Since the process 
was designed to be implementation by a single individual, the 
risk of envenomation due to miscommunication is small. Most 
notably from a safety standpoint, there is no reason to rush during 
this method and the best results come from working slow and 
methodically. The extractor does not have to race or outwit the 

snake in pursuit of pinning or releasing it. This in turn reflects 
on the overall well being of the snake throughout this process; 
anyone familiar with snake handling can attest to the advantages 
of moving slow and methodical.

Areas of improvement also became apparent both in the field 
and during post-project discussions. The forceps used for gland 
manipulation might be further modified with the addition of 
elevated foam areas to provide more direct pressure to the glands. 
Alternatively, the gland manipulation step may be excluded 
altogether as the morphological consequences of this step are not 
yet completely understood (Giannotti et al. 2013). Inflammation 
of gland tissues may affect mRNA expression patterns and 
compromise transcriptomic analyses (D. Rokyta, pers. comm.). 
The snake tubes may be redesigned to increase control by 
positioning the separation point based on projected snake lengths 
for a given size tube (as opposed to making segments 30 mm and 
70 mm, exclusively). Thus, smaller snakes may be held in relatively 
shorter tube segments than longer snakes during extractions. 
Another possibility is customizing the extraction opening with 

Fig. 3. The back of a research vehicle is one example of a field extraction station. A) Positioning an adult Crotalus oreganus in relation to the 
separation joint. B) Exposing head of an adult Crotalus oreganus. Proper hand placement is demonstrated during tube separation, i.e., grasp-
ing the break away section from the very end. Rattle painted pink to prevent re-capture. C, D) Application of the padded forceps. Establishing 
initial control of the head was particularly challenging at first. Patience and practice increased proficiency. E) Yield of approx. 0.2 ml from 
adult Crotalus oreganus. 
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a slightly smaller interior diameter at the separation point. This 
could further limit head contortions and increase overall control, 
although it may create issues when removing the snake afterwards. 
Material choice for the tubes might also be reconsidered for 
increased safety, control, and overall functionality of the joint.

I predict that given enough practice and (potential) equipment 
improvements, this technique will produce comparable yields to 
the traditional method at a greatly reduced risk of envenomation. 
Furthermore, the reduced risk supports general implementation 
of field extractions, which completely removes the step of 
bringing snakes into the lab. Collaborative efforts for improving 
and establishing a universally accepted technique will streamline 
safe venom research. Veterinary applications such as oral care 
for venomous snakes in husbandry settings might also benefit. 
Suggestions for improvements are encouraged. Video footage 
demonstrating the separating tube extraction technique may be 
viewed here:

Complete Procedure: https://www.youtube.com/watch?v=Qnw 
 WFXr_Nwg
Additional Footage: https://www.youtube.com/watch?v=vij-5X_ 
 Fd4U
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Characterization of Microsatellite Loci for the  
Spotted Dusky Salamander (Desmognathus conanti)  
Using Paired-end Illumina Shotgun Sequencing and  
Cross-Amplification in Another Species of Desmognathus

Amphibians are underrepresented in the field of population 
genetics (Jehle and Arntzen 2002; Allendorf and Luikart 
2007), and some groups, like those that breed in streams, 
are infrequently the focus of these studies (Emel and Storfer 
2012). This is particularly true of dusky salamanders (genus 
Desmognathus), for which few, highly variable markers, such as 
microsatellites, have been published (e.g., Croshaw and Glenn 
2003; Adams et al. 2005) or tested across multiple species within 
the genus (but see Munshi-South et al. 2013). Microsatellites loci 
are useful in characterizing patterns of gene flow and genetic 
diversity among populations (Avise 2004; Selkoe and Toonen 
2006). There are multiple applications for such data within 
Desmognathus, a genus comprised of species that exhibit a wide 
range of ecologies (e.g., aquatic [D. marmoratus] to terrestrial 
[D. aeneus]) (Petranka 1998), that face a variety of threats, and 
among which hybridization is known to occur, or have occurred, 
in the recent past (Tilley 1988; Beamer and Lamb 2008). 

The two species of Desmognathus of interest in this study are 
the Spotted Dusky Salamander (D. conanti) and the Southern 
Dusky Salamander (D. cf. auriculatus). Desmognathus conanti is 
a moderately sized, semi-aquatic species that was first described 
by Rossman (1958) from populations in western Kentucky and 
Tennessee. The expansive range of D. conanti stretches from 
western Kentucky south into the Gulf Coastal Plain and east 
across parts of the lower Atlantic Coastal Plain (Means and Bonett 
2005). There are multiple genetically differentiated groups within 
D. conanti (i.e., Karlin and Guttman 1986; Bonett 2002; Kozak 
et al. 2005; Beamer and Lamb 2008), but whether these groups 
reflect strong phylogeographic structure or distinct species has 
yet to be determined. Populations appear stable throughout most 
of the aforementioned range, but this salamander is classified 
as “critically imperiled” (state rank S1) in Arkansas, “imperiled” 
in Illinois (S2), and “vulnerable” in Kentucky (S3) (NatureServe 
2015). These salamanders can be found in seeps, springs, and 
lower order streams in areas with moderate relief, as well as along 
the edges of swamps and floodplain pools or sloughs (Valentine 
1963; Means 2005a; Jensen et al. 2008; Graham et al. 2010). 

Molecular work completed by Beamer and Lamb (2008) 
indicates that what is currently referred to as the Southern 

Dusky Salamander (Desmognathus auriculatus) is likely a 
conglomeration of several species. The original range of D. 
auriculatus stretched along the Coastal Plain from eastern Texas 
in to Virginia and included a large portion of both Louisiana 
and Mississippi (Means 2005b). Populations from Louisiana 
and Mississippi attributed to D. auriculatus were not included 
in Beamer and Lamb’s (2008) work, and, pending taxonomic 
revisions, we will refer to these populations as D. cf. auriculatus. 
Desmognathus cf. auriculatus is infrequently encountered in 
Louisiana and Mississippi. It is classified as “critically imperiled” 
(state rank S1) in Louisiana (Louisiana Natural Heritage Program 
2015; and see Boundy [2005]) and as “rare or uncommon” to 
“imperiled” (S2S3) in Mississippi (Mississippi Natural Heritage 
Program 2015). In Louisiana and Mississippi, D. cf. auriculatus 
is associated with swamps and bottomland seeps and streams 
that contain black-organic or silt/clay-based muddy substrates.

MeTHods and resulTs

Tissue samples from Desmognathus species were collected 
from various locales in Mississippi.  We used sharp scissors 
sterilized with ethanol, by flame, or both to collect 2–5 
millimeters of tissue from the tip of the tail. Tail tips were placed 
in individually labeled vials containing 95% ethanol and stored 
at –20°C in the laboratory. Total genomic DNA was extracted with 
the DNeasy Tissue Kit (QIAGEN Inc.). We sent genomic DNA for 
a specimen of D. conanti from south Mississippi to the Savannah 
River Ecology Laboratory Molecular Ecology Laboratory (SREL 
MEL), where an Illumina paired-end shotgun library was 
prepared (Nunziata et al. 2013) and PAL_FINDER_v0.02.03 
(Castoe et al. 2012) was used to extract reads containing di-, tri-
, tetra-, penta-, and hexanucleotide microsatellite sequences. 
SREL MEL used Primer3 (Rozen and Skaletsky 2000) to design 
primers for these reads. We screened 40 of the 4777 loci identified 
by SREL MEL. These included tetra- and pentanucleotide loci for 
which sequences occurred only one or two times among reads. 

We collected tissue from two, widely separated populations 
of D. conanti from Mississippi. The northernmost population 
occurs on private-property in a seep-fed, 1st order (Strahler 
1964) stream feeding into the Yazoo River in Union Co. (N = 
23; population A), and was accessed with permission from the 
property owners. All individuals from this population were 
collected on 5 August 2014. The southernmost population 
of D. conanti is ca. 300 miles south at the Ward Bayou Wildlife 
Management Area in Jackson Co., Mississippi (N = 30; population 
B). Salamanders were caught in and along small seeps draining 
into a 1st order stream. Tissue samples were collected from this 
population from January to April 2013. We collected tissue from 
a single population of D. cf. auriculatus from the floodplain of 
a 2nd order stream in Camp Shelby, Forrest Co., Mississippi (N = 
23) on two separate occasions, 27 October 2014 and 27 February 
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Table 1. Characterization of 20 polymorphic microsatellite loci developed for Desmognathus conanti and tested with D. cf. auriculatus. Forward 
primers are reported without the tailed M13 sequence. The information for each locus is reported such that the first row contains information for a 
population of D. conanti from Union Co., Mississippi (A), the second for a population of D. conanti from Jackson Co., Missouri (B), and the third row 
for a population of D. cf. auriculatus from Forrest Co., Missouri (cf. auric.). All loci were tested on 23 individuals for A, 30 individuals for B, and 23 
individuals for cf. auric. Size describes the range of observed alleles in base pairs not including the 19 base pairs from the M13 tail. N indicates the 
number of individuals successfully genotyped, and NA the number of alleles. HO and HE are observed and expected heterozygosities, respectively. 
T°C represents the annealing temperature used for that population and locus.

Locus Primer sequence 5’–3’ Motif Population Size (bp) N N
A
 H

O
 H

E
 T°C

Dcon01 F: TTTCATAGGGTGAACTTGTGTGC ATTGG A 286 & 291 14 2 0.071 0.191 56
 R: CAATAGTGGCACTCTCTACCAACC  B 301–331 26 7 0.923 0.793 56
   D. cf. auric. –  –  –  –  –  – 

Dcon04 F: TCGATGCGTATCACTCTGTGC ATCT A 411–475 20 11 0.900 0.880 56
 R: AAAGCTTATGGCAGTTCAGTTCG  B 381–409 28 7 0.679 0.798 56
   D. cf. auric. –  –  –  –  –  – 

Dcon05 F: GGATTCGGGTTCATGTCAGC ATCT A 239–267 19 6 0.579 0.598 56
 R: TGCACTATTATAGCAGACAGATTAGGTAGG  B 231–371 25 14 0.880 0.836 56
   D. cf. auric. 268–356 21 9 0.667 0.834 56

Dcon11 F: TTCTCTTTCTGCACACAAACACC AAAG A 289–373 22 9 0.636 0.829 56
 R: TGTGTATTGATTAGGGCAATGG  B 217–265 21 11 0.762 0.865 56
   D. cf. auric. 235 & 243 15 2 0.267 0.320 56

Dcon12 F: ATAAGTGTGCATCCTCCTTGC ATCT A 280–360 18 17 0.889 0.918 54
 R: ACAAGCCTGCTATCACAGCG  B 221–253 29 9 0.793 0.867 56
   D. cf. auric. –  –  –  –  –  – 

Dcon13 F: GGAGGGAGCAGAAGGAAGG AAAG A 258–282 23 7 0.522 0.812 56
  R: ACGGGTCGATTTGAATCTGG   B 273–337 28 12 0.607 ‡ 0.878 56
      D. cf. auric. 308–424 14 5 0.143 ‡ 0.615 56 †

Dcon14 F: TTCGTACAGAAACCATTCATTCC ATCT A 286–378 20 16 0.850 0.901 56
 R: CAGTGCAGAATGATCCCAGC  B 265–289 30 7 0.833 0.823 56
   D. cf. auric. 311–319 22 3 0.636 0.594 56

Dcon16 F: CCATTGGCTTCAAACCG ATCT A 414–510 23 9 0.739 0.687 56
 R: TGCTGATTTCAAATGGTATGTTATCC  B –  –  –  –  –  – 
   D. cf. auric. 428–460 20 7 0.750 0.826 56 †

Dcon17 F: CTAGAAGTCTTGACGATAGAGCG ATCT A – – – – – –
 R: TCACAGCAGTCACTATTGCCC  B 225–257 22 9 0.364 ‡ 0.848 56
   D. cf. auric. –  –  –  –  –  – 

Dcon18 F: TCATGTAATGTAGCTGAAGGCG ATCT A 469–561 22 12 0.864 0.837 56
 R: ATATGCAACAGTGCCCAAGC  B 447–483 26 9 0.808 0.863 56
   D. cf. auric. –  –  –  –  –  – 

Dcon21 F: TCTACGTGAGTGGTATCCGGC AATAC A 197–217 21 5 0.714 0.709 56
 R: TTATACTCTCGACATTCTGCAGGG  B 218–243 29 5 0.483 0.683 56
   D. cf. auric. 180 & 195 21 2 0.286 0.472 56 †

Dcon22 F: GGTACTTGGGATGTGGAGGG ATCT A – – – – – –
 R: CCAATGCCTTTCAATTCTTAATGC  B 263–299 27 9 0.667 0.834 56
   D. cf. auric. –  –  –  –  –  – 

Dcon23 F: TTCTTTCCTTTGTGTCCACTGC AAAG A 377–429 20 9 0.850 0.831 56
 R: GGTTGGCACTGGTTTGTGC  B 368–444 26 16 0.731 0.904 56
   D. cf. auric. 261 & 349 19 2 0.105 0.100 56

Dcon26 F: AACCACAATTTGTCAGCCTGC ATCT A 303–351 21 9 0.857 0.851 56
  R: TAGCATACAGATGCCGTTGGC   B 245–305 26 13 0.885 0.875 56
      D. cf. auric. 275–303 19 8 0.737 ‡ 0.837 52

Dcon28 F: TCCCTTCACCTCGAAGCC ATCT A 482 20 1 0.000 0.000 56
 R: CTTTCAAGCCCACAGAGCC  B 240–280 26 11 0.885 0.879 56
   D. cf. auric. 258 20 1 0.000 0.000 56
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2015, to test for cross-species amplification of these primers. All 
individuals were captured by hand from beneath natural cover 
items (e.g., litter packs, logs), and we released any individuals 
that we did not use as site vouchers immediately following tissue 
collection. Species identifications were verified by amplifying 
and sequencing a ~550 base pair region of the mitochondrial 
gene cytochorome oxidase subunit c (cox1) using primers from 
Beamer and Lamb (2008) and the Eurofins sequencing service 
(unpublished data).

We used five individuals of D. conanti from population B 
and five individuals of D. cf. auriculatus from the Camp Shelby 
population to complete our initial screening of the 40 loci 
meeting our selection criteria.  Amplifications were conducted 
in a total volume of 12.5 µl using 1X standard Taq (Mg-free) 
buffer (BioLabs), 2 mM dNTPs, 2 mM MgCl

2
, 0.1875 units of Taq 

polymerase (New England Biolabs), 0.3 µM of the M13 tailed 
forward primer (Boutin-Ganache et al. 2001), 0.3 µM of the 
reverse primer, 0.004 µM of the labeled M13 primer (LICOR Co.), 
20–150 ng of template DNA, and water to the final volume. PCR 
cycling conditions consisted of an initial denaturing step of 94°C 
for 2 min followed by 35 cycles of 30 sec at 94°C, 30 sec at 56°C, and 
1 min at 72°C. A final elongation step of 10 min at 72°C ended the 
cycle. We visualized microsatellite alleles on acrylamide gels using 
a LICOR 4300 DNA analyzer, and sized alleles using GeneProfiler 
ver. 4.05 (LICOR Co.). Any loci that amplified well under these 
initial conditions were then screened for polymorphism across 
all individuals in each of the three populations. We attempted 
to optimize conditions for loci that did not initially amplify, or 
for which bands were too faint to score, by using one or more of 
the following variations: decreasing the annealing temperature 
to 54 or 52°C, increasing the concentration of MgCl

2
 to 3 mM, 

or increasing the amount of DNA template used. Annealing 
temperatures and conditions for 20 polymorphic loci are reported 
in Table 1. We calculated summary statistics for these loci for each 
population using GENALEX 6.5 (Peakall and Smouse 2012), and 
tested for deviations from Hardy-Weinberg equilibrium and for 
linkage disequilibrium using the probability tests in GENEPOP v 

4.2 (Raymond and Rousset 1995; Rousset 2008). We adjusted our 
threshold for statistical significance for all multiple tests within a 
population using sequential Bonferroni procedures (Rice 1989). 

A total of 20 loci were optimized across the species and 
populations tested. Sixteen loci amplified reliably for population 
A, 19 for population B, and 11 for the single population of D. cf. 
auriculatus (Table 1). For population A, the number of alleles 
per locus ranged from 1 to 17 (mean = 8.50), and observed 
heterozygosity levels from 0.000 to 0.900 (mean = 0.627). 
Individuals screened from this population had only 2 alleles for 
Dcon01, and only one allele for both Dcon28 and Dcon38. No 
loci deviated significantly from Hardy-Weinberg Equilibrium 
(Table 1). For population B, the number of alleles per locus 
ranged from 5 to 19 (mean = 11), and observed heterozygosity 
levels from 0.364 to 0.923 (mean = 0.721).  Four loci, Dcon13, 
Dcon17, Dcon34, and Dcon38, deviated significantly from Hardy-
Weinberg Equilibrium (Table 1). For the population of D. cf. 
auriculatus, the number of alleles per locus ranged from 1 to 9 
(mean = 4.27), and observed heterozygosity levels from 0.000 to 
0.750 (mean = 0.401). Individuals screened from this population 
had only 2 alleles for Dcon11, Dcon21, and Dcon23, and only 
one allele for Dcon28. Three loci, Dcon13, Dcon26, and Dcon34 
deviated significantly from Hardy-Weinberg Equilibrium (Table 
1). No loci exhibited linkage disequilibrium in any of the species 
or populations tested. 

disCussion

The long-term survival of amphibian species and the 
preservation of regional biodiversity will depend on our ability to 
identify current and historic patterns of population connectivity 
(i.e., gene flow) and genetic diversity using molecular tools, 
such as these 20 microsatellite loci (Semlitsch 2002; Beebee 
2005; Allentoft and O’Brien 2010). Genetic diversity is positively 
correlated with fitness in many amphibians (Allentoft and 
O’Brien 2010) and it can buffer populations against stressors 
such as UV-B radiation (Weyrauch and Grubb 2006) and 

Table 1. Continued.

Locus Primer sequence 5’–3’ Motif Population Size (bp) N N
A
 H

O
 H

E
 T°C

Dcon31 F: CAATTCATTGTGAATAGTAACGAGGG AAAG A – – – – – –
 R: TCACAGACTCTAAGCTGAGCACG  B 334–382 28 8 0.750 0.833 56
   D. cf. auric. –  –  –  –  –  – 

Dcon34 F: TTTGGTGCACTTAGAAGTCGG ATCT A 254–342 23 8 0.739 0.805 56
  R: AGTCGTAATGGTGCTCAGCG   B 238–362 29 19 0.655 ‡ 0.900 56
      D. cf. auric. 299–351 22 5 0.318 ‡ 0.635 56 †

Dcon36 F: GTCTCTCCTCCCTCAGCACC ATCT A 250–318 23 14 0.826 0.903 56
 R: GAAATGTGTCCAGGCTCGC  B 210–274 27 16 0.741 0.886 56
   D. cf. auric. 195–215 22 3 0.500 0.549 56

Dcon38 F: GAAGTAAAGAGGAAATTAGAGAAGGG AAAG A 254 23 1 0.000 0.000 56
 R: GATTGACCAATCTGGAAGGG  B 294–366 30 14 0.433 ‡ 0.896 56
   D. cf. auric. –  –  –  –  –  – 

Dcon40 F: CAGCTTAAGACCCTGTTGTTCG ATCT A – – – – – –
 R: GGTTGTCGGTGTGAATACATCC  B 234–290 28 13 0.821 0.875 56
      D. cf. auric. –  –  –  –  –  – 

‡Locus deviates significantly from HWE after Bonferroni correction across loci for that population. †Locus was optimized with 3 mM concentration 
of MgCl2 for the population in question. All loci for population A were amplified using 1 µL of genomic DNA. Loci that were not successfully or reli-
ably amplified for one population are indicated with a –.  
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emergent pathogens (Pearman and Garner 2005). Population 
connectivity, which counteracts inbreeding depression and 
genetic drift, is one facet responsible for maintaining high levels 
of genetic diversity (Allendorf and Luikart 2007). Consequently, 
it is important to understand how gene flow is affected by prior 
and ongoing management practices and the natural history of 
the species of interest. We successfully amplified many of these 
microsatellite loci in both of our study species (D. conanti and 
D. cf. auriculatus), as well as in widely separated populations 
within one of these species (e.g., population A and B of D. 
conanti). This is, hopefully, indicative of the utility of these loci 
in addressing the aforementioned areas of conservation interest 
not only across populations of D. conanti and D. cf. auriculatus, 
but also across other species within the genus Desmognathus. 
Our laboratory is currently using these microsatellites in tandem 
with mitochondrial gene sequencing to characterize geographic 
patterns of genetic structure in D. conanti across the Gulf 
Coastal Plain, as well as to examine fine-scale patterns of gene 
flow within the Pascagoula and Pearl River Drainages. Future 
endeavors include using these loci to examine current levels of 
genetic diversity and isolation in Mississippi populations of D. 
cf. auriculatus, as well as to investigate the paternity of clutches 
of eggs that have resulted from captive courtship trials for this 
species (unpublished data).
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Lateral Vessel Puncture: A New Method for Drawing  
Blood from Small Snakes

Genetic analyses have revolutionized our understanding 
of phylogenetic relationships (Pyron et al. 2013), interactions 
between and within populations (Castoe et al. 2007), 
relationships between species, geology, and climate (Ornelas 
et al. 2013), and other important aspects of biology (Vonk et al. 
2013). Increasingly, they are the preferred method for answering 
questions not only regarding the evolution of organisms, but 
also their conservation (Holycross and Douglas 2007). However, 
obtaining reliable genetic material from some organisms in 
the field without injuring or sacrificing the animal can be 
challenging.  

Researchers requiring a non-lethal method of collecting 
genetic material from small snakes often use ventral scale clips 
(e.g., Bryson et al. 2011). The keratin cells that comprise the 
posterior portion of each scale are non-nucleated, so scale clips 
must include connective tissue at the base of the scales (Burbrink 
and Castoe 2009). Biologists have long used ventral scale clips to 
mark snakes in population studies (Woodbury 1956). Negative 
effects have not been reported, but infection is a potential risk, 
especially given that the resulting open wound remains in direct 
contact with the ground.

Although scale clips can provide useable amounts of 
DNA, blood is a more reliable source of non-degraded genetic 
material. The primary method used by herpetologists to draw 
blood from snakes is venipuncture of the caudal vein (Gorzula et 
al. 1976). The methodology involves using a syringe to puncture 
the tail from the ventral side through to the vertebral column, 
whereupon the needle punctures the caudal vein and blood 
can be drawn. While some biologists have had success using 

this technique with relatively small snakes (e.g., Holycross and 
Douglas 2007), I found that the technique rarely worked in a 
study of Crotalus pricei (Twin-spotted Rattlesnakes), one of the 
smallest rattlesnakes. Not only did I typically fail to obtain blood, 
but the method involved an apparent risk of damage to the 
snake’s hemipenes, hemipene retractor muscles, musk glands, 
and spinal cord. I did not observe any injuries caused by this 
method, but it is likely that harm to the animal would be subtle 
and go unnoticed. 

DAVID B. PRIVAL
Southwestern Ecological Research Company
215 East 18th Street, Tucson, Arizona 85701, USA 
e-mail: deprival@yahoo.com

Fig. 1. With the snake tubed and in a vertical orientation with the 
head up, use a pair of cuticle clippers to make an incision on the side 
of the tail, revealing a blood vessel.  
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In order to obtain genetic material while mitigating the risks 
these techniques may present to the snake, I developed a new 
blood draw method that combines clipping scales and puncturing 
a blood vessel. First, orient the snake in a vertical or near-vertical 
position so that its head is elevated, causing blood to pool in the 
tail. This is easiest to achieve if the snake is tubed (Murphy 1971). 
The snake should remain in this position throughout the blood-
drawing process. A pair of cuticle clippers and a small area on 
one side of the snake’s tail should be cleaned with 70% isopropyl 
alcohol or another disinfectant. Then, create a skin flap on the 
cleaned side of the tail with the cuticle clippers (Fig. 1). A skin flap 
can be made by slightly angling the cuticle clippers to ensure that 
there is no skin between the lowest ends of the blades while there 
is skin between the upper ends. The incision should be about 2 
mm wide and should extend from about 1 mm below the dorsal-
ventral scale boundary up through the second dorsal scale row 
(Fig. 2). The incision should be made at the point where you can 
cover this entire area in a single clip. This point will be closer to the 
vent in smaller snakes and closer to the tail tip in larger snakes. 
Leave the skin flap attached on the dorsal side. Care must be taken 
to cut only the skin and not any underlying tissue.  

Fold the skin flap up with a sterile syringe needle. This exposes 
a small blood vessel which is generally located near the dorsal-
ventral interface line, but is embedded in muscle and can change 
position to be as much as two dorsal scales above that line or a bit 
below. This thin red blood vessel is clearly visible against the gray 
exposed tissue. Puncture the vessel with the syringe needle and 
then remove the needle. I use 25-gauge needles but other sizes 
may work equally well. If successful, drops of blood will form at 
the puncture site within 30 seconds. Draw each blood drop into 
the syringe and deposit it in a vial containing preservative (Fig. 3).  

I have found that even a single drop of blood is sufficient 
for obtaining enough genetic material for analysis, but typically 
draw three to five drops of blood to ensure that there is plenty 
of material. When enough blood has been obtained, reorient the 
snake so that the tail is elevated, causing blood to flow toward the 
head. This often stops the bleeding if it has not stopped already. 
Fold the skin flap back over the wound with the syringe needle 
and use a paper towel or sterile pad to apply direct pressure to 
the wound until you are certain that bleeding has completely 
stopped. Direct pressure will usually stop any bleeding within 30 
seconds, though occasionally several minutes of direct pressure 
may be needed. Finally, apply a skin sealant to the wound to 
help keep the skin flap in place and reduce the risk of infection. 
I use Skin Shield® Liquid Bandage (Del Pharmaceuticals, Inc., 
Uniondale, New York), but other skin sealants such as VetbondTM 
Tissue Adhesive (3M, Saint Paul, Minnesota) should work as well.

Although DNA lysis buffer is typically recommended as the 
preferred field preservative for genetic samples (Burbrink and 
Castoe 2009), I recommend using 70–95% ethanol with this 
blood draw method. The blood drops from the punctured vessel 
usually form slowly and single drops of blood dry quickly in 
the syringe needle, so in most cases it is necessary to flush the 
blood out of the syringe with the preservative during the blood 
collection process. This leaves trace amounts of preservative on 
the syringe needle which could enter the snake’s bloodstream. 
While many of us have found through personal experience that 
small amounts of ethanol do not have lasting negative effects, 
the chemicals in DNA lysis buffer may or may not be harmful. 

I have attempted to use this lateral vessel puncture method to 
draw blood from 100 Crotalus pricei. Although there have been 
a few occasions when I was unable to get snakes to bleed, my 
success rate is 92%. I have successfully drawn blood from snakes 
ranging in size from 161 mm SVL, 3.5 g to 551 mm SVL, 126 g. This 
method is a bit easier to employ if one person holds the snake 
while the other draws the blood, but it is not difficult to conduct 
the entire operation alone in the field as long as all materials are 
ready and at hand.  

The main advantage to the lateral vessel puncture method 
over the traditional caudal vein venipuncture method is that it 
can be used with small snakes in which the caudal vein is too 
narrow for success to be likely. An additional advantage is that 
all injuries can be observed clearly and mitigated with basic first 
aid techniques (elevation and direct pressure). The disadvantage 
is that in most cases only a few drops of blood can be collected 
before the snake stops bleeding. However, a few drops of blood 
should be sufficient for any genetic analysis.

The lateral vessel puncture method has proved to be 
successful with a small, terrestrial rattlesnake species and should 
work equally well for other terrestrial snake species. The method 
was especially successful with the smallest snakes, as blood was 
obtained during all attempts with snakes measuring 161–320 mm 
SVL (N = 22). Researchers studying snakes that are significantly 

Fig. 2. This photo was taken one year after the lateral vessel puncture 
method was used. The incision site is indicated by the red oval. 
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Fig. 3. Puncture the blood vessel with a syringe and draw the drops of 
blood that form on the surface. 
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smaller than Crotalus pricei (e.g., Tantilla) may find this method 
useful. However, the method may prove to be less effective with 
arboreal species. Arboreal snakes can regulate the blood flow to 
their tails very effectively while in a vertical orientation, which 
may mean that less blood would be produced by a lateral vessel 
puncture (Lillywhite 1987).
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A Novel Protocol for Washing Environmental Microbes  
from Amphibian Skin 

A key derived feature of amphibians is their unique skin mor-
phology, which includes a perpetually moist surface associated 
with mucous and granular (e.g., poison) glands (Duellman and 

Trueb 1986). The skin morphology of different amphibian spe-
cies varies considerably (Heatwole and Barthalmus 1994), rang-
ing from the highly toxic alkaloids sequestered onto the surface 
of dendrobatid frogs (Saporito et al. 2004) to the highly vascular-
ized surface of the lungless plethodontid salamanders (Czopek 
1962). Associated with this diversity of skin morphologies is an 
array of microorganisms, which when mutually beneficial, rep-
resent an important line of defense against pathogens (Belden 
and Harris 2007; Ramsey et al. 2010). The moist, thin, bare sur-
face of amphibian skin allows gas exchange and is permeable 
to water (Heatwole and Barthalmus 1994), and therefore could 
be less effective at preventing pathogen transmission than the 
more impervious skin surfaces of other tetrapods. In addition, 
the skin of amphibians has been documented in the past to have 
a poor or non-existent cell-mediated and humoral immune re-
sponse (Berger et al. 1998; Pessier et al. 1999; Woodhams et al. 
2006). Recent evidence indicates that amphibians can acquire 
behavioral and immunological resistance to emerging fungal 
pathogens like Batrachochytrium dendrobatidis (McMahon et 
al. 2014). Amphibians have also developed an armory of potent 
antimicrobial peptides (Nicolas and Mor 1995; Simmaco et al. 
1998; Rollins-Smith et al. 2002) that may somewhat compen-
sate for their lack of scales, feathers, and hair. Evidence suggests 
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that the cutaneous antimicrobial peptides and microbiota as-
sociated with amphibians may play a key role in maintaining 
amphibian health and mediating the effects of emerging infec-
tious diseases, which have been implicated as a major cause of 
amphibian declines worldwide. For example, species-specific 
differences in both antimicrobial peptides (Rollins-Smith et al. 
2002; Rollins-Smith 2009) and microbiota (Harris et al. 2009) 
are associated with susceptibility to B. dendrobatidis, the fungal 
pathogen responsible for amphibian population crashes in Aus-
tralia, western North America, and the American tropics. Specifi-
cally, cutaneous microbiota and secreted antimicrobial peptides 
of amphibians can kill or inhibit the growth of B. dendrobatidis 
(Rollins-Smith and Conlon 2005; Harris et al. 2006; Brucker et al. 
2008a; Brucker et al. 2008b; Becker et al. 2009; Harris et al. 2009). 
Therefore, a better understanding of amphibian microbial com-
munities may increase our understanding of this devastating 
wildlife disease. 

To date, studies on the skin microbiota of amphibians have 
been variable, with protocols differing substantially among stud-
ies. For example, the two most cited papers (Culp et al. 2007; Lau-
er et al. 2007) describing the methodology for removing environ-
mental microbes prior to skin sampling and characterization of 
the resident microbial communities differ in methodology (e.g., 
the number of times each animal was washed and the volume of 
water used for each wash). However, these two protocols are often 
cited in a single study, and citing studies do not precisely follow 
the same protocols (McKenzie et al. 2012; Fitzpatrick and Allison 
2014; Kueneman et al. 2014). A standardized washing protocol is 
necessary to allow for comparison of independent studies on the 
skin microbiota of amphibians.

Any conclusions regarding resident symbionts depend on the 
ability of the researcher to separate environmental microbiota 
from strict host/symbiont associations. To contribute to the 
study of amphibian skin microbiota, we set out to develop a 

standardized sampling protocol for biologists studying this 
topic. We conducted identical protocols using plethodontid 
salamanders in both the laboratory and the field, to ensure that 
this protocol can be used in both settings. Moreover, we used an 
experimental approach to determine if our washing protocol 
worked. We used a plate-based assay to count colony-forming 
units to show a sequential reduction of cultureable bacteria 
in our four-step protocol and molecular confirmation using 
PCR to show resident microbial community presence after the 
decontamination protocol. Here, we present evidence for our 
ability to retrieve microbial communities from amphibian skin 
after washing off transient environmental microbes.

MaTerials and MeTHods

Study species.—Red-backed Salamanders (Plethodon 
cinereus; N = 23) were collected at Jolliffe Nursery in Wetzel Co., 
West Virginia, USA (39.657°N, 80.555°W), on 20 December 2013. 
Red-backed Salamanders were kept individually in microcosms 
(40 × 25 × 18 cm) on natural soil substrate (depth = 10 cm), 
misted daily with water, and maintained at 21.5°C on a 12 h dark: 
12 h light cycle in the laboratory (as a component of another 
research project). After 12 weeks salamanders were subjected 
to the washing protocol described below. The washing protocol 
was also field tested on Northern Gray-cheeked Salamanders 
(Plethodon montanus; N = 6) in Nantahala National Forest 
(35.700°N, 082.399°W), North Carolina, USA. Northern Gray-
cheeked Salamanders were collected by hand from beneath logs 
on 12 May 2014, stored with moist substrate in plastic ziplock 
bags, and subjected to the washing protocol within 8 h of 
collection. 

Washing protocol.—This procedure required two researchers 
beginning the protocol with clean nitrile or latex gloves and is 
outlined in Table 1. Researcher #1 held the amphibian while 

Table 1. Standardized washing protocol developed and tested in this study. 

Protocol Step Researcher #1 Researcher #2
 Description Description

Squirt bottle Begin the protocol with clean nitrile or latex gloves.  Wash the salamander for 15 seconds (25 mL sterile
 Hold the salamander while researcher #2 washes it. ddH

2
O) using a squirt bottle.

Wash bath #1 Change into fresh gloves at this time to prepare for Place the salamander into a sterile 90 mm petri dish
 transfer of the salamander into the second wash containing 25 mL sterile ddH

2
O and swirl the plate

 bath after the first wash is complete. in a circular motion for 30 seconds.

Wash bath #2 Wearing fresh gloves, place the salamander into a Change into fresh gloves at this time to prepare for
 sterile 90 mm petri dish containing 25 mL sterile  transfer of the salamander into the third wash bath
 ddH

2
O and swirl the plate in a circular motion for 30  after the second wash is complete.

 seconds. 

Wash bath #3 Change into fresh gloves at this time to prepare for  Wearing fresh gloves, place the salamander into a
 swabbing of the salamander.  sterile 90 mm petri dish containing 25 mL sterile   
  ddH

2
O and swirl the plate in a circular motion for 30   

  seconds.

Swabbing Hold the salamander while researcher #2 performs  Swab the salamander on the left, right, dorsal, and
 the swabbing technique. ventral sides for a total of 15 strokes from the head to   
  the tip of the tail.

Storage Store swabs at -20°C within one hour of being 
 collected for lab specimens or in 99.9% acetone for 
 field collections.
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researcher #2 washed the animal for 15 sec (25 ml sterile ddH
2
O) 

with a squirt bottle. The animal was then placed into a sterile 90 
mm Petri dish with 25 ml sterile ddH

2
O and gently swirled in a 

circular motion for 30 sec. With a new set of gloves researcher #1 
picked up the animal and carried out two additional (sequential) 
Petri dish washes repeating the aforementioned steps. The squirt 
bottle was only used once at the beginning of the protocol. With a 
fresh set of gloves, researcher #1 then picked up the animal while 
researcher #2 swabbed it 15 times on the right, left, dorsal, and 
ventral sides of the salamander. A total 15 strokes with the swab 
was performed from the head to tail tip of each salamander. 
Swabs were stored at -20°C within one hour of being collected 
(Red-backed Salamanders) or stored in 99.9% acetone (Fukatsu 
1999) for field collections (Northern Gray-cheeked Salamanders); 
differences in storage conditions allowed assessment of the 
feasibility of field vs lab-based applications of this protocol.

Plate-based assay.—An aliquot of the Petri dish water from the 
three sequential salamander washes was sampled using a plate-
based method by quantifying bacterial colony forming units 
(CFUs). Specifically, 150 µl of wash water was transferred to a 90 
mm Tryptic Soy Agar (Fisher Scientific) plate and spread across 
the surface of the medium using a glass L-shaped rod. Plates 
were then inverted and incubated for 48 h at 32°C. CFUs were 
counted and recorded for each of the three sequential washes. 
To evaluate whether our washing protocol reduced the quantity 
of bacteria on the salamander’s skin we performed a repeated 
measures ANOVA on ln-transformed CFUs using JMP Pro 9.0.0. 

Molecular methods.—To confirm the presence of resident 
microbial communities a subset of the salamanders (N = 10, P. 
cinereus; N = 6, P. montanus) subjected to the washing protocol 
were swabbed with a sterile cotton swab autoclaved for two hours 
(Gefrides et al. 2010) and DNA extracted with the Qiagen DNA 
Micro Kit according to the manufacturers protocol for isolating 
genomic DNA from small volumes of blood. The following 
alterations were made to the DNA extraction protocol: extraction 
was performed directly from the swab after an incubation period 
of 7 h (with proteinase K - step 5 of protocol). PCR conditions 
were as follows for a 25 µl reaction: 12.5 µl New England Biolabs 
Taq 2X Master Mix, 1 µl (10 µM) forward primer 515F, 1 µl (10 µM) 
reverse primer 806R (Caporaso et al. 2011), 5 µl DNA, 5.5 µl sterile 
ddH

2
O. Electrophoresis was performed in a 1% agarose gel at 140 

volts for 40 min. Five µl of each PCR reaction was added to each 
well. PCR amplicon fluorescence was interpreted as the presence 
of resident microbial communities from the salamander skin.  

resulTs

There was a significant reduction in the amount of environ-
mental bacteria (CFUs) with washing (F

1,45 
= 34.89; P < 0.0001; Fig. 

1). DNA extraction, PCR, and gel electrophoresis of both field and 
lab tested skin swabs indicated the presence of PCR amplicons 
targeting resident bacterial communities on the skin of these sal-
amanders (Figs. 2– 3). For P. cinereus, 9 of 10 skin swabs showed 
PCR amplicons (Fig. 2), whereas for P. montanus 4 of 6 skin swabs 
had dull PCR amplicons (Fig. 3).

disCussion

This study successfully demonstrates and tests a new 
standardized protocol for removing environmental microbes 
for studies on resident microbes composing the amphibian 
microbiome. We show that successive washes with sterile 
ddH

2
O significantly reduce the amount of CFUs and also that 

PCR amplifiable microbial DNA is present upon concluding 
the protocol from salamanders in both the field and the 
laboratory. Field and laboratory experiments revealed similar 
results, confirming that our methods can be made portable for 
biodiversity inventories. Presumably, since no significant change 
was detected after the third wash in either laboratory maintained 
or field-collected salamanders, only the endemic microbiota 
associated with the salamander is sampled after our protocol. 
This technique is similar to previous studies that showed similar 
results (Lauer et al. 2007). This protocol will help standardize 
wash time, water volume, and researcher technique, all of which 
are critical in the removal of environmental microbes from 
amphibian skin. Adopting a standardized protocol amongst labs 
will be imperative for direct comparison of future studies on the 
amphibian microbiome. 

Fig. 1. Colony forming units (CFUs) for three sequential washes of 
Red-backed Salamanders (Plethodon cinereus). Mean (± 1 S.E.) CFUs.

Fig. 2. Gel electrophoresis of laboratory-tested Red-backed Salaman-
der (Plethodon cinereus) skin swabs (lanes 1–10) and negative con-
trols (–a, –b).

Fig. 3. Gel electrophoresis of field-tested Northern Gray-cheeked Sal-
amanders (Plethodon montanus) skin swabs (lanes 1–6) and nega-
tive control (lane –a).
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We acknowledge that a plate-based assay is 
a limitation of this study since it only quantifies 
microbes capable of growing on synthetic medium 
at 32°C. In addition, gel electrophoresis of PCR 
amplicons from salamander skin swabs was used 
to confirm the presence of skin symbionts. It could 
be argued that these microbes are environmental 
in origin. However, based on past research by Culp 
et al. (2007), Lauer et al. (2007), and the plate-
based assay results in this study, we conclude 
that environmental microbes were successfully 
removed and the PCR amplicons are representative 
of skin symbionts of P. cinereus and P. montanus. 
We also acknowledge the limitations placed on 
this washing protocol by the size of the amphibian; 
studies on larger amphibians will be restricted by 
Petri dish size. This protocol was designed for small 
to medium amphibians (< 150 mm length × < 15 
mm height) and should prove useful for studies of 
many similar-sized amphibian species worldwide. 

Previous studies have reduced cutaneous 
microbiota using broad-spectrum antibiotics and/
or hydrogen peroxide in salamanders and fish 
(Lumsden et al. 1998; Russo et al. 2007; Becker 
and Harris 2010). Our study suggested that these 
extreme measures might not be necessary to 
remove environmental microbes. We hypothesize 
that a volume of 50 ml of sterile water is sufficient 
to remove the vast majority of environmental 
microbes, similar to that used in previous studies (60 
ml ddH

2
O in Culp et al. 2007; 50 ml ddH

2
O in Lauer 

et al. 2007). If this is the case, then results based on 
next-generation sequencing studies using variations 
on these washing protocols are likely accurate in the 
characterization of the amphibian skin microbiome 
(McKenzie et al. 2012; Fitzpatrick and Allison 2014; 
Kueneman et al. 2014; Walke et al. 2014). 

The need for standardization of such 
protocols has arisen due to the precarious health 
of world amphibian populations. This is due in 
part to emerging infectious pathogens such as 
B. dendrobatidis and the newly discovered B. 
salamandrivorans, which has caused population 
crashes of salamanders in Europe and has the 
potential to cause worldwide declines if it spreads 
to North America and Asia (Martel et al. 2013). 
Since the associated microbiota of amphibians 
can be considered an important component 
of the amphibian immune response, studies 
focusing on intra- and interspecific differences in 
microbiota components and diversity are needed 
to better understand interactions between the 
skin of amphibians and pathogens. In the future 
such studies are capable of becoming exceedingly 
sophisticated with the advent of next-generation 
sequencing and bioinformatics approaches. 
However, a necessary first step is a clean sample. 
We recommend standardization of protocols as 
studies proceed. This protocol provides researchers 
with a viable and experimentally tested washing 
protocol to remove environmental bacteria from 
the skin of small to medium sized amphibians.T
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AMPHIBIAN AND REPTILE DISEASESAMPHIBIAN AND REPTILE DISEASES
This section offers a timely outlet for streamlined presentation of research exploring the geographic distribution, host range, and im-

pact of emerging amphibian and reptile pathogens, especially fungal infections and ranaviruses. Amphibian chytrid fungi, Batrachochy-
trium dendrobatidis and B. salamandrivorans are both linked to amphibian mass mortality episodes, yet both have also been detected 
in amphibians without disease. Snake fungal infections in snakes and turtles are not well known, but are being detected more frequently 
in the last few years and may be primary or secondary infections leading to local losses. Ranaviruses also cause mass mortality, infecting 
both amphibians and reptiles, but have not yet been linked to large-scale declines. For each of these pathogens, we know relatively little 
about the global distribution, host range, or impacts on host populations. To improve our understanding of the scope of this issue, we 
encourage submission of studies that illuminate the geographic distribution, host ranges, and impact of these pathogens on amphibian 
and reptile populations, including research on individual species or groups of species, wild or captive animals, native or non-native spe-
cies, live animals or museum specimens, environmental samples, and, provided there is sufficient sampling1, reports of non-detections.

We ask authors to: 1) restrict the Introduction of their paper to a maximum of one paragraph to highlight the context of their study; 
2) briefly include both field and laboratory Methods; 3) present Results in a Table, although a map might also be useful, and limited text; 
and 4) have a short discussion of a maximum of three paragraphs to touch upon key findings. Please include the following informa-
tion in submissions as appropriate: coordinates and description of sampling areas (or please note if locations are extremely sensitive 
to reveal, and provide general area instead); species name(s) and life history stages examined, as well as other species present; whether 
samples were collected randomly or just from dead or moribund animals; date of specimen collection; evidence of unusual mortality; 
numbers of positive and negative samples; disposition of voucher specimens; name of collaborative laboratory or researcher conduct-
ing histological sections or PCR analyses; and names of cooperative land owners or land management agencies. We encourage research-
ers to conduct post-mortem examinations when possible to identify the cause of death when reporting mortalities. We aim to expedite 
the review and publication process! Please e-mail submissions directly to Associate Editor, Dr. Dede Olson.

Upon publication, we encourage authors to import their data to online disease reporting portals for rapid communication with re-
searchers and natural resource managers. The Global Bd Mapping Project is available at: Bd-maps.net. The Global Ranavirus Reporting 
System is available at: https://mantle.io/grrs. The Bsal online portal is under construction at AmphibiaWeb.org.

 
1If a sample of 30 individuals of a particular life history stage of a particular species yields no positive results, and the diagnostic test is highly sensitive, one can 
conclude that the prevalence of infection is less than 10% with 95% confidence. With a sample of 10 an infection in one of four individuals could go undetected. 
We encourage researchers to collect sufficient samples so that negative results are meaningful.
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First Report of Batrachochytrium dendrobatidis in Atelognathus 
reverberii, a Threatened Species in Argentina

Patagonia and other Andean regions of Argentina have many 
species of conservation concern because of local endemism 
or restricted regional distribution, and several threat factors 
including habitat alteration, chemical contamination, invasive 
species, and emerging diseases (Vaira et al. 2012). Since the first 
report of Batrachochytrium dendrobatidis (Bd) in Argentina 
in 2002, the pathogenic fungus has been reported in 14 of 23 
provinces of the country, infecting numerous amphibian species 
in diverse environments (Herrera et al. 2005; Barrionuevo and 
Mangione 2006; Fox et al. 2006; Arellano et al. 2009; Ghirardi et 
al. 2009, 2012, 2014; Gutierrez et al. 2010; Delgado et al. 2012; 
Lescano et al. 2013). Many of these reports have addressed 
infection of endangered species inhabiting Andean regions, such 
as Telmatobius atacamensis and T. pisanoi in the northern Andes 
(Barrionuevo and Magione 2006) or Alsodes pehuenche and 
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Atelognathus patagonicus in the southern Andes (Fox et al. 2006; 
Ghirardi et al. 2014), with mortality recorded in the last species.

The Laguna Raimunda Frog, Atelognathus reverberii 
(Cei 1969), is an endemic species of conservation concern 
associated with permanent and temporary lagoons between 
920 and 1200 m elevation in the Provinces of Chubut and Rio 

Negro (Cei 1969; Martinazzo et al. 2011). This frog, which has a 
fragmented distribution within its 500 km2 range (Úbeda et al. 
2004), is classified as Vulnerable in Argentina (Vaira et al. 2012) 
and is listed as Endangered by the IUCN Red List (Úbeda et al. 
2004). The reproductive biology of the species is unknown, yet 
a relatively low reproductive potential is supported (Vaira et al. 
2012). These attributes suggest that A. reverberii may be highly 
vulnerable to Bd-related population declines (see Bielby et al. 
2008). Herein we provide the first report of the presence of Bd 
in A. reverberii, and associated mortality supporting a disease 
threat for this rare species.

In January 2015, during a field survey of this species in the 
Somuncurá Plateau, a Natural Protected Area of  Río Negro 
Province, Argentina (41.288738°S, 66.831912°W; 1182 m elev.; 
Fig. 1), we found 11 dead A. reverberii individuals within a 0.6-
m diameter and 1.5-m deep pit, holding 30-cm water in the 
bottom. These water pits, locally named “jagüeles,” are dug by 
local residents near water bodies to obtain water for human 
and cattle consumption. The dead frogs were collected using 
latex rubber gloves (which were changed between specimens), 
and fixed in a solution of 10% formaldehyde. We analyzed 
shed skin from the hind limbs of all fixed individuals through 
direct examination without stain, under a compound optical 
microscope at 400× magnification. Specimens were deposited 
at the Colección Herpetológica del Museo de La Plata, Argentina 
(MLP A 5758–A 5768).

All dead individuals had excessive shed skin, which is 
one of the clinical signs of chytridiomycosis. We detected 
Bd zoosporangia in 100% (N = 11) of the shed skin samples 
analyzed (Fig. 2). Samples were compared with previous Bd-
infected shed skin (Arellano, unpubl. data), some of which 
belonged to frogs in controlled Bd experimental infections 
with very high zoospore treatment doses (6 × 104 zoospore/
ml). Due to the comparability of zoospore densities between 
these new and experimental skin samples, the natural infection 
of A. reverberii appeared to be very high. Based on previous 
studies of Bd in Argentina (Fox et al. 2006; Ghirardi et al. 2014; 
Bd-maps.net, accessed 2 June 2015), our detection of infection 
in A. reverberii is the southernmost record of Bd in this area 
of the central Patagonian steppe, and is near to the known 
southernmost extent of Bd in South America (in Chile, 43.78°S; 
Bourke et al. 2011).

In March 2015, we revisited the study area and found a high 
density of A. reverberii individuals (>100) hiding under rocks 
at the edge of Laguna Azul (the highest wetland of the area). 
A great number of individuals (~50%) were observed in a very 
weakened state and another ~10% were dead under the rocks, 
although these samples were not analyzed (Fig. 3). 

The fact that we found dead and very weak individuals 
during the survey, added to the excessive shed skin seen in all 
the individuals, is very worrying, since this frog is potentially 
vulnerable to losses (Bielby et al. 2008) and is currently affected 
by several human-related activities. Other amphibian species 
on the Plateau, including Pleurodema somuncuriensis, an 
aquatic frog recently reported with Bd infection (Kacoliris, 
pers. comm.), are also listed as critically endangered (IUCN) 
(Úbeda and Lavilla 2004). Because many Argentinian regions 
remain unsurveyed for Bd and there are many endemic species 
or species with restricted distributions that are of significant 
concern (Vaira et al. 2012), much more extensive Bd sampling 
focused on these species is warranted to set priorities for future 
conservation actions.

Fig. 1. Study site on the Somuncurá Plateau (A) and the Laguna Azul 
(blue circle), Argentina. Collection site of Atelognathus reverberii in-
dividuals (star) on the banks of the Laguna Azul (B).

Fig. 2. Fresh skin surface (without stain) from the hind limbs of At-
elognathus reverberii infected with Batrachochytrium dendrobatidis 
(400×) in Argentina. Arrows indicate zoosporangia and arrowhead a 
discharge tube. Scale bar = 20 µm.
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littoral forms of the Patagonian frog Atelognathus patagonicus 
(Batrachylinae): new molecular evidence. Zootaxa 3129: 62–68.
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First Report of Ranavirus and Batrachochytrium  
dendrobatidis in Green Salamanders (Aneides aeneus)  
from Virginia, USA

The Green Salamander (Aneides aeneus) is distributed from 
extreme southwest Pennsylvania, USA to northern Alabama 
and Mississippi with a disjunct population in southern North 
Carolina, northeastern Georgia, and northern South Carolina 
(Petranka 1998). Because of unique habitat requirements, Green 
Salamanders are thought to be at risk of range-wide declines and 
extirpations (Corser 2001). Green Salamanders primarily dwell 
in rock crevices within rock outcrops (Gordon 1952; Rossell 
et al. 2009). Like its western congeners, Green Salamanders 
also inhabit arboreal habitats (Petranka 1998; Waldron and 
Humphries 2005) as well as decaying logs and stumps on the 
forest floor (Fowler 1947).  

Green Salamander populations, especially those in the 
disjunct Carolina populations, have experienced declines and 
extirpations (Snyder 1991; Corser 2001). From the 1970s to 1980s 
local extirpations occurred in once-abundant North Carolina 
populations (Snyder 1991), and since the 1980s reductions of up 
to 98% have occurred in remaining populations (Corser 2001). 
One of the most-studied Blue Ridge escarpment populations 
was located at Biscuit Rock (Highlands, North Carolina; Gordon 
1952; Snyder 1991; Corser 2001), and in the past five years this 
population became extirpated without a definitive cause (Lori 
Williams, unpubl. data). Various hypotheses have been proposed 
for Green Salamander declines such as disease and loss of 
surrounding timber (Snyder 1991; Petranka 1998; Corser 2001). 
Diseases are one of the leading causes of worldwide amphibian 
declines (Stuart et al. 2004; Young et al. 2004; Sodhi et al. 2008). 
Currently the Green Salamander is listed as threatened or 
endangered in Indiana, Maryland, Mississippi, North Carolina, 
Ohio, and Pennsylvania (MDNR 2005; MMNS 2005; PGCPBFC 
2005; IDNR 2006; NCWRC 2014; ODNR 2014) and as a species of 
greatest conservation need in all other inhabited states (GDNR 
2005; SCDNR 2005; TWRA 2005; VDGIF 2005; WFFDADCNR 2005; 
WVDNR 2005; KDFWR 2013). However, the potential impact of 
diseases on Green Salamanders is unknown, especially in Virginia.

Diseases caused by ranaviruses are responsible for amphibian 
die-offs throughout Europe and North America, including 
the southeastern United States (Green et al. 2002; Miller et al. 
2011; Hoverman et al. 2012), and may contribute to population 
declines (Gray et al. 2009a). In the southern Appalachian 
Mountains, ranavirus infections have been reported in 18 species 
of plethodontid salamanders, but Green Salamanders have not 
been sampled (Miller et al. 2011; Hamed et al. 2013). Overall 
ranavirus prevalence in plethodontid salamanders has varied 
from 3–81% throughout the southern Appalachian Mountains 
(Gray et al. 2009b; Hamed et al. 2013) with salamanders from 
the genus Desmognathus having highest individual prevalence 
(Sutton et al. 2014). Only a single past study has sampled 
plethodontid salamanders for ranavirus within the Virginia 
portion of the Green Salamander’s range (Wise Co.; Davidson 
and Chambers 2011a); overall ranavirus prevalence in this study 
was 33%, although Green Salamanders were not sampled. 

Chytridiomycosis, the disease caused by Batrachochytrium 
dendrobatidis (Bd), has also been responsible for numerous 
amphibian declines and extirpations worldwide, especially in 
Central American anurans (Lips et al. 2006; Lötters et al. 2009). 
Infection rates of Bd vary throughout the southeastern U.S., with 
17 species of plethodontid salamanders testing positive for Bd in 
past studies, and an additional 23 species not infected (Hughey 
et al. 2014). However, Bd is thought to have played a role in the 
declines of plethodontid salamanders in Central America and 
has been shown to be lethal to plethodontid salamanders in the 
western United States (Lips et al. 2006; Weinstein 2009; Cheng et 
al. 2011). Only a single prior study with a limited sampled size 
(N = 3) has surveyed Green Salamanders for Bd, with no positive 
results (Hill et al. 2011). Our goal was to determine ranavirus and 
Bd prevalence in Green Salamander populations from southwest 
Virginia.

To determine the potential impact of ranaviruses and Bd, we 
sampled Green Salamanders from known historic locations as 
well as new locations with ideal habitat in southwestern Virginia 
(Dickenson, Scott, Washington, and Wise counties; Fig. 1; VDGIF 
2014) and tested them for infection by these pathogens. Multiple 
observers searched rock crevices and surrounding trees and 
mid-story vegetation for Green Salamanders from May–August 
2013. We also used burlap bands at three sites to intercept 
Green Salamanders climbing trees (Thigpen et al. 2010), but 
burlap proved to be ineffective due to repetitive damage from 
mammals, presumed to be Black Bears (Ursus americanus). 
Once located, we captured Green Salamanders by hand, while 
wearing nitrile gloves (Fisher Scientific, Pittsburg, Pennsylvania 
USA), and placed salamanders in individual 1.2-liter plastic bags, 
where they remained throughout processing and until released. 
We measured both snout–vent length (SVL) and total length (TL) 
using dial calipers to assess life stage (adult, subadult, juvenile; 
Waldron and Humphries 2005). To sample for ranavirus (N = 
38), we followed procedures of Hamed et al. (2013) and used 
sterilized stainless steel forceps to collect a small tail section 
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from a natural break point. Each sample was placed in a sterile, 
2-ml microcentrifuge tube with 99% reagent grade isopropyl 
alcohol. We did not sample for ranavirus if a salamander had 
tail damage, and we also excluded female salamanders guarding 
eggs. To sample for Bd infection (N = 41), we swabbed each Green 
Salamander with a DryswabTM with wire shaft and rayon bud 
swab (MW&E, England). First, we swabbed each flank 5 times, 
then the ventral surface 10 times, and finally the bottom of each 
foot 5 times (Chatfield et al. 2012). Swab tips were placed in 
separate microcentrifuge tubes with 99% reagent grade isopropyl 
alcohol. We released all salamanders at their original location of 
capture. Bags and gloves were changed and forceps autoclaved 
after each use.  

Genomic DNA was extracted from tail samples and swabs 
using Qiagen DNeasy Blood and Tissue Kits (Qiagen Inc., 
Valencia, California, USA) and then quantified utilizing a QubitTM 
fluorometer (Life Technologies Corp., Carlsbad, California, USA). 
We used quantitative real-time PCR (qPCR) utilizing an ABI 
7900HT PCR system (Life Technologies Corp.). For ranavirus 
testing, we used identical primers and protocol of Gray et al. 
(2012) and ran samples in duplicate. We utilized two positive 
(cultured virus and DNA from a confirmed positive animal) and 
two negative (water and DNA from a known negative animal) 
controls. We deemed samples to be positive if C

T
 value ≤ 30, based 

on a 95% confidence interval that we derived from a standard 
curve originating from runs with known concentrations of virus 
(Caraguel et al. 2011). For Bd testing, we also used qPCR following 
the procedure and primers of Boyle et al. (2004) and ran samples 
in duplicate. We repeated analysis if C

T
 values differed by more 

than 1 C
T
 value. We used two positive (DNA from a Bd culture 

and DNA from a confirmed positive animal) and two negative 
(water and DNA from a known negative animal) controls. We 
considered samples to be positive for Bd infection if C

T
 value ≤ 35, 

which was similarly based on a 95% confidence interval derived 
from a standard curve (Caraguel et al. 2011). All DNA extraction 
and PCR testing was conducted in the Center for Wildlife Health 
at the University of Tennessee. We established 95% confidence 
intervals (CIs) for prevalence using Lowry (2014) 2-sided CIs 
from a single proportion.

Our survey is the first known to document ranavirus and Bd 
infections in Green Salamanders (Miller et al. 2011; Hughey et al. 
2014). We did not observe co-occurrence of pathogens in a single 
individual, but we did within the same site (Breaks Interstate Park; 
Fig. 1). We sampled a total of 42 Green Salamanders (21 adults, 
15 subadults, and 6 juveniles), but due to tail damage, escape, 
or females guarding eggs we did not collect a tail sample or 
swab from every individual. We sampled 38 Green Salamanders 
for ranavirus, and salamanders averaged 41.22 ± 1.90 (mean ± 
SE) mm in SVL. Ranavirus prevalence was 8% (3/38), and no 
salamanders testing positive for ranavirus displayed external 
signs of infections (Table 1; Miller et al. 2011). Only one Green 
Salamander testing positive for ranavirus was an adult (50 mm 
SVL) while the remaining two salamanders were both subadults 
(40 mm SVL each). Green Salamanders infected with ranavirus 
were collected only from the Breaks Interstate Park (Dickenson 
Co.; Fig. 1), which had the greatest number of Green Salamanders 
encountered during the survey.

We swabbed 41 Green Salamanders for Bd, and salamanders 
averaged 42.70 ± 1.89 mm SVL. We detected Bd in 6 of 41 (15%) 
sampled Green Salamanders (Table 1). Two Green Salamanders 
infected with Bd were adults (52 and 57 mm SVL), whereas the 
other four were subadults (32–42 mm SVL). Only one salamander 
that tested positive for Bd displayed external signs of illness 
(e.g., emaciation). However, another Green Salamander was thin 
but not emaciated and did not test positive for either pathogen. 
Plethodontid salamanders from Mexico that were Bd-positive also 
lacked clinical external signs, thus suggesting positive salamanders 
do not always exhibit external signs of disease (Rooij et al. 2011). 
Green Salamanders infected with Bd were collected from Breaks 
Interstate Park (N = 4), Flag Rock (N = 1; Wise Co.), and Brumley 
Cove Camp (N = 1; Washington Co; Table 1; Fig. 1).

Due to the cryptic behavior of Green Salamanders and the 
presence of nesting females, we were only able to sample a 
single individual at six locations and are therefore cautious 
about inferring the potential disease status of these populations. 
However, two locations (Breaks Interstate Park, N = 22; Flag Rock, 
N = 13) provided a sufficient sample size to evaluate disease 
status. Only the Breaks Interstate Park had ranavirus-positive 
individuals, and this location was much lower in elevation (553 
m) than Flag Rock (983 m), where no Green Salamanders tested 
positive for ranavirus. A similar trend was observed in the Great 
Smoky Mountains National Park where ranavirus prevalence 
was greater in salamander communities at lower elevation sites 
(Gray et al. 2009b; Sutton et al. 2014). However, our two sites were 
separated by almost 50 km and could have been influenced by 
other factors, including variation in temperature and moisture 
that have also been linked with ranavirus prevalence (Sutton et al. 
2014). The Breaks Interstate Park also had the highest prevalence 
for Bd. A seep and subsequent stream were adjacent to three rock 
crevices at the Breaks Interstate Park. Both ranavirus and Bd are 
associated with streams and aquatic environments (Lips et al. 
2006; Sutton et al. 2014).  

Green Salamanders are not typically associated with aquatic 
habitats, but other hosts (i.e., those associated with aquatic 
habitats) may be transmitting one or both of these pathogens. 
For example, ranavirus has been demonstrated to be transmitted 
by an infected individual to an uninfected individual following a 
short contact time (Brunner et al. 2007). Also, Bd can be passed 
via water containing zoospores (Carey et al. 2006) and can survive 
for up to three months in river sands, thus suggesting moist rock 
ledges could harbor Bd (Johnson and Speare 2005). Brumley 

Fig. 1. Distribution of sampling sites and presence of ranavirus and 
Batrachochytrium dendrobatidis (Bd) for Aneides aeneus across four 
counties in southwest Virginia, USA. The diameter of the symbol 
for each sampling locality is proportional to the sample size at each 
site. Inset map indicates U.S. states and location of study area (white 
box) relative to the distribution of A. aeneus (dark gray).
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Cove Camp had a Bd-positive individual and a large stream 
(Brumley Creek) that drains a reservoir (Hidden Valley Lake) is 
within a few meters of the rock face. We observed Desmognathus 
ochrophaeus (Alleghany Mountain Dusky Salamander) on the 
Brumley Cove Camp rock faces. In southwest Virginia, two 
sister species, D. ochrophaeus and D. orestes (Blue Ridge Dusky 
Salamander), have tested positive for ranavirus (Davidson and 
Chambers 2011a; Hamed et al. 2013) and the former also has 
tested positive for Bd (Davidson and Chambers 2011b). Thus, it 
is possible that salamanders of the genus Desmognathus could 
be moving both ranavirus and Bd out of aquatic systems to rock 
crevices. Flag Rock had no flowing or standing water, and only 
a single salamander tested positive for Bd, with no ranavirus 
infections.

The only observation of negative pathogen impacts was 
the emaciated Green Salamander that tested positive for Bd 
infection. We did not collect tissue samples for histological 
examination, but the animal was also lethargic. Anurans with Bd 
infections are often emaciated, with symptoms persisting for 2–3 
months after clearing Bd infections (Parker et al. 2002). However, 
emaciation does not always imply a Bd infection, as anurans with 
parasite infections often appear emaciated (Young et al. 2012). 
We are cautious in assigning the condition of this salamander to 
Bd without histological evidence, but our results warrant further 
sampling, including histological examination and surveys for 
visibly infected or dead Green Salamanders.

Our finding of both ranavirus and Bd in Green Salamanders 
for the first time suggests that both pathogens could impact 
Green Salamander populations. Due to the conservation status of 
Green Salamanders throughout their range, our findings support 
implementation of range-wide monitoring. These results also 
confirm that Green Salamanders can be infected by either 
or both pathogens, suggesting that past declines could have 

been influenced by pathogens. Ranavirus prevalence has been 
shown to increase in drought years (Gray et al. 2009b; Sutton et 
al. 2014), and thus future long-term monitoring is warranted at 
yearly intervals to detect possible infection trends, especially on 
dry rock outcrops. Lastly, on rock faces where other amphibians 
are utilizing the same rock ledges or those in close proximity to 
known Green Salamander crevices, a broader sampling effort 
would determine if other amphibians are potentially spreading 
ranavirus and/or Bd from aquatic environments to rock faces 
inhabited by Green Salamanders.
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A Report of Ranavirus Infecting Midland Painted  
Turtles with Novel Localities for Frog Infection in  
Northwest Ohio

Amphibian die-offs attributed to ranaviruses (genus 
Ranavirus, Family Iridoviridae) continue to be reported from 
around the world (Gray et al. 2009; Duffus et al. 2015), and 
constitute one of the single most important factors in mass 
mortalities in the United States in recent years (Green et al. 2002). 
Continued reporting is important as it affords an opportunity to 
monitor the spread and distribution of the pathogen (Muths et 
al. 2006), identify affected species (Duffus et al. 2015), potentially 
compare viral genomes (e.g., Tan et al. 2004), and study the 
long-term effects of viral infections on host survival in local 
populations (Gray et al. 2009). 

In September  2011, during the third year of a routine, biweekly 
sampling of frogs at a five-year old, 1-ha, mitigated wetland 
named Spurgat’s Wetland in Hancock County in northwest Ohio, 
USA (40.9905°N, 83.7596°W), dozens of tadpoles and recently 
metamorphosed American Bullfrogs (Lithobates catesbeianus) 

were found dead or moribund at the water’s edge. Most exhibited 
edema, diffuse petechial lesions, and bloating, which are signs 
of ranavirus documented in Wood Frogs (Lithobates sylvaticus) 
by Brunner et al. (2011). Over the next four weeks (September 
through November 2011), we surveyed for dead or moribund 
frogs on six different occasions, during which we collected three 
dead Bluegill fishes (Lepomis macrochirus), two Midland Painted 
Turtles (Chrysemys picta marginata), and 139 dead or moribund 
tadpoles, recently transformed larvae, or adult frogs, all ≤ 55 mm 
snout–vent length that were either Lithobates catesbeianus or L. 
clamitans (Table 1). 

Whole dead or moribund frogs were collected and transported 
in sterile, plastic bags to the laboratory for both gross examination 
and genetic testing for the presence of ranavirus (Table 1). Liver 
samples (~ 5 mm in diameter) were taken from 13 whole frog 
specimens and immediately frozen at -20°C for use in molecular 
analysis before the whole specimen was fixed in formalin. All 
tools used for liver sample collection were rinsed between each 
specimen in 50% bleach solution for 20 minutes and thoroughly 
rinsed in sterile distilled water. The life stage of whole frog 
specimens was determined as described by (Gosner 1960) and 
physical signs of disease were noted. Skin swab samples were 
collected using sterile, single use, cotton-tipped transport swabs 
with a plastic shaft. Skin swab samples were transported on wet 
ice to the laboratory where DNA extraction was performed.

DNA was extracted from both liver and skin swab samples for 
molecular analysis using DNeasy Blood and Tissue Kit (Qiagen, 
Valencia, California) following the manufacturer’s protocol. 
Extracted DNA was used to perform conventional PCR of two 
targets in the major capsid protein (MCP) gene using previously 
published gene specific primers, including: MCP1, MCP6R, 
M153, and M154 (Hyatt el al. 2000, Marsh et al. 2002). Each PCR 
reaction was carried out using established methodology (Hyatt 
el al. 2000, Marsh et al. 2002). Samples showing an approximate 
amplicon size of 1300 bp (MCP1 / 6R primer set) or 600 bp 
(M153 / 154 primer set) after gel electrophoresis were sent to 
the University of Chicago Comprehensive Cancer Center DNA 
Sequencing and Genotyping Facility for Sanger sequencing. 
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All forward and reverse sequences were assembled into 
contigs using the assembly function in Geneious™ version 6.0 
(Biomatters, New Zealand; www.geneious.com), and any am-
biguous nucleotides were corrected using the electrophero-
gram as reference. The average nucleotide length (bp) of PCR 
products for reactions using MCP1 / 6R primer set was 1365 
bp (± 15 bp, standard deviation). For the M153 / 154 primer 
set, average nucleotide length was 593 bp (± 29 bp, standard 
deviation). Reference ranavirus sequences were downloaded 
from GenBank (Accession Numbers: GU391284, DQ897669, 
FJ459783, FVU36913, AB474588, FJ515796, AY03363, HM133594, 
GU391285, DQ335253). Sequences were aligned in BioEdit ver-
sion 7.2.5 (http://www.mbio.ncsu.edu/bioedit/bioedit.html) 
and a nucleotide query was performed using Blast (http://blast.
ncbi.nlm.nih.gov/Blast.cgi). There was 100% identity between 
sequences collected in this study and the type ranavirus frog 
virus sequence (FV3; GenBank Accession Number AY548484). 
The experimental sequences from this study covered nucleo-
tide regions 41–1393 of the type FV3 protein coding reference 
sequences, representing 97% of the full MCP coding sequence. 
Based on the number of successful PCR amplicons in all of the 
samples, ranavirus was confirmed in approximately 53.5% of 
the samples (Table 1). 

Ranavirus was previously identified in central Ohio (Homan 
et al. 2013) in Ambystoma maculatum, L. catesbeianus, L. clami-
tans, L. sylvaticus, and Anaxyrus americanus, and our study ex-
pands the known distribution of ranavirus into new localities in 
northwestern Ohio. Ranavirus in frogs has also been detected in 
surrounding states including Illinois, New York (Brunner et al. 
2011), Pennsylvania (Glenney et al. 2010), and Tennessee (Green 
et al. 2002; Gray et al. 2009). Genetic sequences produced in 
this study confirm that ranavirus may also be found in Midland 
Painted Turtles (Chrysemys picta marginata) in Ohio. Ranavirus 
has been isolated from other naturally-occurring populations of 
North American turtle species, including: the Eastern Painted 
Turtle (C. picta picta; Goodman et al. 2013), Eastern Box Turtle 
(Terrapene carolina carolina; DeVoe et al. 2004, Johnson 2008, 
Ruder et al. 2010, Allender et al. 2011, Allender et al. 2013), Flor-
ida Box Turtle (Terrapene carolina bauri; Johnson 2008), and the 
Common Musk Turtle (Sternotherus odoratus; Goodman et al. 
2013). Ranavirus was not detected in any of the three Bluegill fish 
(L. macrochirus), even though FV3-like ranaviruses are known to 
infect fishes (e.g., Mao et al. 1999; Brenes et al. 2014), but the ad-
vanced state of decomposition of the fishes may have prevented 
successful detection of ranavirus using the molecular techniques 
in this study. 

Table 1. Species, stage, and quanitity of individuals collected from six surveys conducted between 26 September 2011 until 09 November 2011. 
A molecular assay using conventional PCR was used to test these samples for ranavirus.    
     
Date Species Common Name Stage Number Number Positive 
    Tested for Ranavirus

26-Sep-11 Lithobates catesbeianus American Bullfrog tadpole 1 1
   metamorph 2 0
   adult 2 1
 
 Lithobates clamitans Green Frog metamorph 1 0
   adult 3 1
   Total 9 3
     
11-Oct-11 Lithobates catesbeianus American Bullfrog adult 3 2
 
 Lithobates clamitans Green Frog adult 3 2
   Total 6 4
     
12-Oct-11 Lithobates catesbeianus American Bullfrog tadpole 8 4
   metamorph 2 1
   adult 74 52
 
 Lithobates clamitans Green Frog adult 12 1
 
 Chrysemys picta marginata Midland Painted Turtle adult 2 1
 
 Lepomis macrochirus Bluegill Fish adult 3 0
   Total 101 59
     
4-Nov-11 Lithobates catesbeianus American Bullfrog tadpole 8 2
   adult 14 5
   Total 22 7
     
6-Nov-11 Lithobates catesbeianus American Bullfrog adult 4 1
   Total 4 2
     
9-Nov-11 Lithobates catesbeianus American Bullfrog adult 2 1
   Total 2 2
     
   Overall Total 144 77
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Continued biological sampling and ecological monitoring 
of amphibians in Spurgat’s Wetland in northwestern Ohio will 
allow appropriate documentation of the ecology of ranavirus. 
Dedicated sampling and monitoring is necessary to determine 
the long-term impact that ranavirus may have on the organismal 
community in Spurgat’s Wetland. The current study adds to the 
growing body of literature concerning the impact of ranavirus on 
various populations, and continued monitoring and sampling 
will further contribute to our understanding of its distribution, 
virulence, and impact on herpetological and non-herpetological 
(e.g., fishes) populations.
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Relationship between the Water Temperature  
Experienced by Captive Loggerhead Turtles  
(Caretta caretta) and Eggshell Formation

Loggerhead Turtles, Caretta caretta, have a worldwide 
distribution, encompassing temperate and tropical oceans 
(Pritchard 1997). Adult female Loggerhead Turtles tend to 
migrate long distances from foraging areas to breeding areas 
(Miller 1997). Subsequently, they mate with males and then lay 
several clutches of eggs on sandy beaches, which are separated 
by approximately two-week internesting intervals (the period 
between nesting and next nesting) during a single nesting season 
(Miller 1997). Although vitellogenesis (i.e., ovarian growth) of sea 
turtles may continue into the early nesting season (Wibbels et al. 
1990), it is almost complete prior to nesting season (i.e., migrating 
and mating season) (Rostal et al. 1996; 1998; 2001; Hamman et 
al. 2003; Rostal 2005, 2007). First ovulation may be induced by 
the mating stimulus (Manire et al. 2008), and all subsequent 
ovulations occur immediately after each nesting event (Licht 
et al. 1979, 1980, 1982; Licht 1982; Wibbels et al. 1992). Mature 
follicles which are ovulated are subsequently fertilized, covered 
with albumen, and are finally surrounded by an eggshell in 
preparation for the laying (Owens 1980; Rostal 2005, 2007).

The internesting intervals for Loggerhead Turtles vary 
between 9 and 28 days (Dodd 1988), with this variation being 
influenced by water temperature. Mrosovsky (1980) reported 
a negative correlation between internesting intervals and the 
ambient water temperature experienced by wild Loggerhead 
Turtles, followed by similar findings by Sato et al. (1998) and 
Hays et al. (2002). Although the thermal mechanism of this 
phenomenon is still unclear, Sato et al. (1998) hypothesized 
that the pre-ovipositional development of eggs during the 
internesting periods seems to be expedited by high water 
temperature, because the body temperature of Loggerhead 
Turtles is dependent on the ambient water temperature (Sato 
et al. 1994, 1995, 1998). Their results led to the assumption that 
egg formation is regulated by both water and body temperature. 

Yet, this hypothesis has not been confirmed to date. To test this 
hypothesis, the relationship between ambient water temperature 
and egg formation process in captive Loggerhead was explored. 
A study performed in captivity using ultrasonography, within 
which it is possible to follow the reproductive events (e.g., 
nesting and internesting) of identifiable individual turtles and 
nests, would provide information about egg development during 
the internesting intervals over the course of a season (Rostal et al. 
1990, 1996, 1997; Rostal 2005, 2007; Kawazu et al. 2014b); such a 
study would not be possible to undertake in the wild.

In the current study, the egg development of two captive 
Loggerhead Turtles was recorded during the internesting periods, 
along with the daily water temperatures of the tanks over a 6-yr 
period. Ultrasonography was used to observe the oviducts of 
both turtles at regular intervals to determine the relationship 
between the water temperature experienced by the turtles and 
egg formation. 

In 1994, two adult female Loggerhead Turtles (referred to as 
Turtle 1 and 2) were incidentally captured in the set-nets of fishing 
boats operating around Okinawa Island, and were subsequently 
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Fig. 1. Negative correlation between the mean water temperature 
and internesting intervals for two captive Loggerhead Turtles Caretta 
caretta. Mean water temperatures were averaged for each internest-
ing interval. The regression line is shown by Y = -1.06X + 39.58 (Spear-
man’s rank correlation coefficient = -0.8, N = 32, P < 0.001).
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kept in captivity at the Ocean Expo Park, Motobu-tyo, Okinawa 
Prefecture, Japan. The two turtles were kept for the development 
of a captive breeding program (Teruya et al. 1997), and were 
maintained under conditions based on the ethical guidelines for 
animal exhibition and research of JAZA (Japanese Association 
of Zoos and Aquariums). The holding tank (16.8 × 10.5 × 2 m, 
outdoors) had an open-water system and a sandy nesting area 
(115 m2) (Teruya et al. 1997). The water temperature of the tank 
was measured daily, ranging between 20°C and 30°C across a 
12-month period. This water temperature range was similar 
to that experienced by Loggerheads under natural conditions 
(sea surface temperature), at least around Okinawa Island. The 
turtles were fed at 24-h intervals, with a diet that included fish 
and squid in quantities equivalent to 2% of their body weight. 
A male Loggerhead Turtle was also present in the holding tank 
since 1994, with which the two turtles mated at 1- to 2-year 
intervals, and subsequently nested on the sandy area (Teruya 
et al. 1997). The straight carapace length and body weight of the 
two females turtles between 2007 and 2013 were 940 ± 0.5 mm 
(mean ± SD) and 126.6 ± 4.9 kg for Turtle no. 1 and 829 ± 0.2 mm 

and 103.8 ± 4.8 kg for Turtle no. 2, respectively. The number of 
clutches (nesting) per season of both turtles combined was 4.2 ± 
1.0 (Turtle no. 1: 4.2 ± 1.3 days, Turtle no. 2: 4.2 ± 0.8 days; Table 
1). For both turtles, lengths of all internesting intervals and clutch 
sizes were recorded according to the method described by Miller 
(1999). Specifically, clutch size was measured as the number of 
eggs with albumen and yolk (normal eggs). 

Beginning one day after each nesting event to the onset of 
eggshell formation, we observed the left and right ovaries and 
oviducts of both turtles daily by using ultrasonography with a 
5-MHz probe (Mini-dock P04341-04, Sonosite Inc., USA). The 
turtles were placed in dorsal recumbency, and the probes were 
positioned in the inguinal region of both the right and left rear 
flippers at a water depth of 200 mm, as described previously 
(Kawazu et al. 2014b). We used the results of this procedure 
to document the number days from egg laying to the onset of 
eggshell formation (early egg formation period). In addition, 
we also documented the number days from the onset of 
eggshell formation to the subsequent egg-laying event (late egg 
formation period) by subtracting the early egg formation period 
from the internesting interval. Spearman’s rank correlation 
coefficient was calculated for mean water temperature versus 
the internesting intervals, the early egg formation period, and 
the late egg formation period for both turtles combined.

The mean clutch size of both turtles combined was 113 
± 17.6 eggs (Turtle no. 1: 121.8 ± 14.2 eggs, Turtle no. 2: 104.1 
± 16.5 eggs). The mean internesting intervals of both turtles 
combined were 13 ± 1.9 days (Turtle no. 1: 13.3 ± 1.9 days, Turtle 
no. 2: 12.6 ± 1.8 days). During these nesting periods, the water 
temperature in the holding tank was between 20.5°C and 29.2°C. 
There was a significant negative correlation between mean water 
temperature and internesting interval for both turtles (Fig. 1; 
Spearman’s rank correlation coefficient = -0.80, N = 32, P < 0.001). 

Fig. 2. Representative ultrasonograms at 1 day (A) and 3 days (B) after 
nesting by a loggerhead turtle Caretta caretta (Turtle no. 1). The solid 
arrows indicate examples of vitellogenic follicles in the ovary (slide 
A) and oviduct (slide B), while the dotted arrow indic

Fig. 3. Relationship between the mean water temperature and the 
days from egg laying to the onset of eggshell formation (early egg for-
mation period) and from the onset of eggshells formation to the sub-
sequent egg-laying event (late egg formation period) for two captive 
Loggerhead Turtles Caretta caretta. Open and solid circles indicate 
the periods for early and late egg formation, respectively. The mean 
water temperatures were averaged for each period. The regression 
line of the early and late egg formation period is shown by Y = -0.33X 
+ 11.03 (Spearman’s rank correlation coefficient = -0.71, N = 32, P < 
0.01) and Y = -0.73X + 28.6 (Spearman’s rank correlation coefficient = 
-0.71, N = 32, P < 0.001), respectively.
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Ultrasonography clearly showed the presence of vitellogenic 
follicles (Fig. 2A) and calcified eggs (Fig. 2B). Therefore, we were 
able to confirm the day that eggshell formation started. However, 
we could not distinguish oviductal eggs without shells after 
ovulation from ovarian follicles. The mean early egg formation 
period was 2.8 ± 0.7 days in both turtles combined (range: 2–4 
days). There was a significant negative correlation between mean 
water temperature and the early egg formation period for both 
turtles (Fig. 3; Spearman’s rank correlation coefficient = -0.71, N 
= 32, P < 0.01). In contrast, the mean late egg formation period 
was 10.6 ± 1.5 days (range: 7–14 days). There was a significant 
negative correlation between mean water temperature and the 
late egg formation period for both turtles (Fig. 3; Spearman’s rank 
correlation coefficient = -0.71, N = 32, P < 0.001).

This study confirmed the negative correlation between 
mean water temperature and internesting interval for two 
captive Loggerhead Turtles, supporting the thermal trends 
documented for wild loggerheads by Mrosovsky (1980), Sato et 
al. (1998), and Hays et al. (2002) (Fig. 1). Miller (1997) reported 
a mean of 3.49 clutches per season for loggerheads, with an 
internesting interval of 14 days and clutch size of 112.4 eggs. 
These parameters appeared to be similar to those recorded in 
the current study (mean of 4.2 clutches, internesting intervals 
of 13 days, and 113 eggs per clutch). Although the remigration 
intervals of wild nesting loggerheads are averaged approximately 
2- to 3-year (Miller 1997; Schroeder et al. 2003), the fewer 
intervals, such as captive loggerheads (1- to 2-year), are also 
observed in wild (Dodd 1988; Schroeder et al. 2003; Kawazu et al. 
2014a). Therefore, we assumed that reproductive parameters in 
the captive animals reflected those of wild animals. In addition, 
we observed a negative correlation between each mean water 

temperature and early and late egg formation periods during 
the interesting intervals (Fig. 3). This result indicates that the egg 
formation process is influenced by temperature, supporting the 
hypothesis of the relationship between water temperature and 
the egg formation. We suggest that the egg formation process 
is expedited by the ambient water temperature experienced by 
turtles, which results in the documented shorter internesting 
intervals at higher temperatures and with nesting progression.

In sea turtles, ovulation, fertilization, and covering of 
the fertile yolk with albumen are completed before eggshell 
formation (Owens 1980). Unfortunately, ultrasonography could 
not determine the period of ovulation after nesting in the captive 
loggerheads. However, some previous studies have demonstrated 
the periovulatory period of some sea turtles species on the basis 
of changes in the levels of follicle follicle-stimulating hormone 
(FSH), luteinizing hormone, and progesterone. For instance, 
wild green and Loggerhead Turtles ovulate from 20 to 50 h after 
nesting (Wibbels et al. 1992). Other physiological studies have 
shown that Green Turtles ovulate 6 to 48 h after nesting, while 
Olive Ridley Turtles, Lepidochelys olivacea, ovulate from 1 to 3 
days after nesting (Licht et al. 1979, 1982). In addition, Kawazu 
et al. (2014b) reported that egg formation occurred one day 
after ovulation based on the administration of FSH to Hawksbill 
Turtles, Eretmochelys imbricata. These previous studies indicate 
that eggshell formation tends to start within four days of nesting. 
In the current study, these similar results demonstrated that the 
early egg formation period (before eggshell formation) occurred 
within 2–4 days of egg laying in the two captive loggerheads. 
Fertilization and covering of fertile yolk with albumen also occur 
during this period, because the egg formation process follows 
this ordering after ovulation, ending with eggshell formation 

Table 1. Number of nesting events and date of two captive Loggerhead Turtles, Caretta caretta. 

 Turtle no. 1 αTurtle no. 2
 Year Number of nesting Nesting date αYear Number of nesting Nesting date

 2007 4 6 May 2007 4 8 May
   22 May   22 May
   4 Jun   4 Jun
   16 Jun   17 Jun

 2009 6 17 Apr 2009 5 4 May
   5 May   20 May
   19 May   2 Jun
   31 May   15 Jun
   13 Jun   26 Jun
   23 Jun 
    2011 4 22 May

 2010 5 20 Apr   4 Jun
   5 May   16 Jun
   20 May   25 Jun
   1 Jun 
   13 Jun 2012 3 17 May 
      28 May

 2011 3 17 May   10 Jun
   30 May 
   11 Jun 2013 5 4 May 
      20 May

 2012 3 16 May   2 Jun
   29 May   13 Jun
α α  11 Jun α α α24 Jun
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(Owens 1980). Even though we could not use ultrasonography 
to document the day on which egg formation was completed, 
Miller (1985) described the eggshell as not being fully formed 
until at least 7 days after ovulation. This previous study indicates 
that yolk fertilization and/or albumen secretion in the oviducts 
simultaneously progress with eggshell formation. A review by 
Hamann et al. (2003) stated that eggshell formation is complete 
at 9–10 days after ovulation, which is similar to the mean late egg 
formation period (eggshell formation period) documented in the 
current study (mean: 10.6 ± 1.5 days). Thus, egg formation may 
be completed just before the subsequent nesting event, at least a 
few days beforehand.

Mature follicles are likely to be covered with albumen in the 
anterior glandular region of the oviduct, after which they are 
surrounded by eggshells in the shell-forming region, which has 
the function of protein carbohydrate shell membrane formation 
and calcium deposition (Solomon and Baird 1976, 1979; 
Owens 1980; Rostal et al. 1997; Rostal 2005, 2007). During the 
internesting intervals, sea turtles must rapidly provide albumen 
(i.e., protein) and eggshell (i.e., calcium) for egg development 
(Wallace et al. 2006). The plasma total protein and calcium levels 
of Loggerheads during nesting are significantly higher than those 
during foraging (Deem et al. 2009). These blood parameters 
significantly drop with the progression of each nesting event 
in Hawksbill Turtles (Goldberg et al. 2013) and the calcium 
level remain in Kemp’s Ridley Turtles (Rostal et al. 1998) and 
Leatherback Turtles Dermochelys coriacea (Rostal et al. 2001) 
during nesting. These reduction and maintenance of two blood 
parameters with nesting progression may indicate the utilization 
for egg formation (i.e. albumen and eggshell) throughout the 
metabolic process of protein and calcium. Loggerheads use 
metabolic heat production to maintain their body temperatures 
slightly higher than the ambient water temperature; thus, 
water temperature influences the internesting interval (Sato 
et al. 1994, 1995, 1998). Hence, faster egg formation at higher 
water temperature indicates that the elevated temperature may 
accelerate the metabolism of compounds for egg formation in 
turtles. Consequently, the internesting interval may be shorter 
at higher temperatures and with the progression of nesting, as 
inferred by previous field studies (Sato et al. 1998). Further studies 
on the thermal mechanism of captive sea turtles during nesting 
need to be performed by controlling the water temperature.
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Feeding Frequency Influences Weight Gain Independently of 
Dietary Intake in Juvenile Boa constrictor (Squamata, Boidae)

The somatic growth rate of snakes may be defined by feeding 
frequency and the amount of food intake (Barnard et al. 1979; 
Taylor and Denardo 2005; Penning and Cairns 2012). In studies 
where snakes were separated into different feeding groups, 
treatment groups that ate more frequently (Myer and Kowell 
1973; Taylor and Denardo 2005) or consumed larger amounts 
of food in the same time interval (Forsman and Lindell 1996; 

Penning and Cairns 2012) grew more rapidly and were larger than 
snakes in groups fed with a lower frequency or at a lower prey 
mass to snake body mass ratio. However, studies on growth rates 
in snakes have generally focused on feeding frequency (Taylor 
and Denardo 2005) or the amount of food ingested (Barnard et 
al. 1979; Forsman and Lindell 1996; Penning and Cairns 2012), 
with few relating these two variables (Myer and Kowell 1973). 
Furthermore, in these studies, the amount of food and frequency 
of the feedings were not controlled in relation to each other or to 
body size (but see Penning and Cairns 2012). Thus, it is difficult to 
accurately infer the effects of feeding frequency and food intake 
based on these results because animals eating weekly ingest a 
greater amount of food (twice as much) than individuals eating 
biweekly if individual meal size remains constant.

The aim of this study was to evaluate the combined influence 
of feeding frequency and food mass on the growth rates of snakes 
in captivity, using juvenile Boa constrictor as a model. As far as 
we can tell, this is the first study that seeks to evaluate growth 
in snakes using these standardizations. Boa constrictor has a 
wide distribution, occurring from northern Mexico to central 
Argentina (Pope 1961; Vanzolini et al. 1980), feeds on mammals, 
birds, and lizards (Vanzolini et al. 1980; Pizzatto et al. 2009; 
Gondim et al. 2012; Rodrigues et al. 2014), and belongs to the 
family Boidae, a taxonomic group that has low metabolic rates 
when compared to other squamates (Chappell and Ellis 1987). 
To our knowledge, all studies evaluating growth rates in snakes 
have focused on species belonging to the families Colubridae 
or Viperidae (e.g., Dmi’el 1967; Barnard et al. 1979; Taylor and 
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Denardo 2005; Penning and Cairns 2012); therefore, B. constrictor 
represents a suitable model for studying the influence of prey size 
and feeding frequency on the growth rate of snakes. Additionally, 
this work seeks to aid in improving the husbandry and breeding 
of B. constrictor in captivity, since this species is commercially 
bred for the pet trade and is commonly raised as pets throughout 
the world.

Materials and methods.—The juvenile Boa constrictor used in 
this study originated from a litter born at the Núcleo Regional 
de Ofiologia da Universidade Federal do Ceará (NUROF-UFC) 
on 28 November 2012. The litter was randomly divided into two 
groups, which were not statistically different in body mass or 
body length (body mass: Mann-Whitney U = 17, P = 0.11; body 
length: Mann-Whitney U = 4, P = 0.17; see Table 1): Group 1 
(weekly) with four individuals and Group 2 (biweekly) with five 
individuals. The study period extended from January to October 
2013, totaling 10 months.

The animals were housed individually in cylindrical plastic 
tubs (26.5 cm in diameter and 36.5 cm in height) with small 
perforations to allow the passage of air. Sheets of newspaper 
were used as substrate. After nine months of the experiment, 
the snakes were relocated to wooden boxes (31 × 47 × 31 cm [L × 

W × H]) with small perforations in the sidewalls for the passage 
of air. Newspaper continued to serve as substrate. Enclosures 
were cleaned weekly for both groups, and water was offered ad 
libitum. Snakes did not have access to artificial heat sources 
because the ambient temperature of the room where the animals 
were kept remained around 30°C.

Initially, from December 2012 to early January 2013, all 
snakes were fed biweekly with mice equivalent to 10% of their 
body mass. From January 2013 onward, snakes from Group 1 
were fed weekly on mice with a mass equivalent to 10% of their 
body mass, while snakes from Group 2 were fed biweekly (every 
other week) on mice with a mass equivalent to 20% of their body 
weight. Although subject to different feeding frequencies, all 
animals consumed the same amount of food within a two-week 
interval, which was 20% of their body mass.

All snakes (including the biweekly group) were weighed on 
a digital scale every week prior to feedings. The snout to vent 
length (SVL) of each individual was measured monthly using a 
thin cord that was aligned along the spine of the animal; this cord 
was then measured with a ruler.

The net gains in body mass and SVL at the end of the 
experiment (the difference between the final measurements 
and those taken at the beginning of the study) were evaluated 
using Mann-Whitney U tests. This test was also used to verify 
the differences between the initial weights and SVLs among 
the groups. In order to ensure that our results were not limited 
or biased by the small sample size in each group, a null model 
was performed in which 1000 numbers were obtained from a 
normal distribution, with mean and standard deviation equal to 
the values obtained when all of the snakes were considered as a 
single group. Next, we randomly sampled four and five numbers 
and evaluated if there was a difference between these groups 
using the Mann-Whitney test. Since both groups were collected 
from the same population (the 1000 numbers generated), no 
difference was expected between them. Finally, we report how 
many times we found this lack of difference, divided by the 
number of samplings performed (this ratio is hereafter referred 
to as “efficiency”), representing how well our sampling design 
is able to represent the real population. This null model was 
performed in our study using 1000 comparisons between groups 
randomly generated from sampling. Statistical analyses were 
performed in R ver. 2.15.3 (R Development Core Team 2012), and 
descriptive statistics are reported as mean ± standard deviation.

Results.—Mean body masses and SVLs of snakes in the two 
groups are shown in Table 1. After ten months, the general pattern 
of weight gain differed for weekly and biweekly groups (Fig. 1). 
For the group of snakes fed weekly, weight gain was constant and 
ever-increasing from the start of the experiment until July 2013, 
when there was a change in the pattern of weight gain in this 
group, becoming irregular and even showing decreases between 
samples. Body mass was also increasing for the biweekly group, 
but this group showed large increases in mass the week after a 
feeding. Decreases in mass were observed the following week 
(just before feeding again), but these reductions were slightly 
smaller than the gains in the postprandial week.

At the end of the experiment, snakes in the weekly group had 
an average net gain of 207.51 ± 27.54 g, whereas the biweekly 
group had an average net gain of 136.75 ± 47.81 g. There were 
significant differences in net weight gain (U = 19, P = 0.03, 
efficiency = 0.968) and final mass (U = 19, P = 0.03, efficiency = 
0.965) between the groups at the end of the experiment. These 
high values of efficiency suggest that these significant differences 

Fig. 1. Growth rate curves of mean body mass (g) for juvenile Boa 
constrictor. Snakes in the weekly group (grey; N = 4) were fed once 
a week with mice weighing 10% of their body mass; those in the 
biweekly group (black; N = 5) were fed every other week with mice 
weighing 20% of their body mass.

Fig. 2. Growth rate curves of mean snout–vent length (cm) for juve-
nile Boa constrictor. Snakes in the weekly group (grey; N = 4) were fed 
once a week with mice weighing 10% of their body mass; those in the 
biweekly group (black; N = 5) were fed every other week with mice 
weighing 20% of their body mass.
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are real, because if the groups belonged to the same population 
there is a probability of 96% that this pattern would be recovered. 
These values of efficiency were very similar to simulated values 
havin a high number of replicates, such as 100 in each group, 
been used in our study (efficiencies = 0.967 and 0.973 for net 
gain and final mass, respectively). There were no significant 
differences in net gain in SVL at the end of the experiment (U = 
16, P = 0.19) or in the final SVL (U = 16, P = 0.17) between groups 
(Fig. 2). Together, snakes from both groups had an average net 
gain of 28.95 ± 6.44 cm in SVL (Table 1). 

Discussion.—Net gain in body mass differed between the 
feeding groups over the course of this study, where snakes fed 
weekly gained more weight than those fed biweekly. Similar 
results were found by Myer and Kowell (1973) and Taylor and 
Denardo (2005) for groups eating more frequently. However, in 
these studies, the amount of food offered in feeding events was 
similar for both groups or was not properly quantified. Unlike 
these works, both dietary groups in the present study ate the 
same amount of food relative to body mass within a standard two-
week interval, and the feeding frequency was still a determining 
factor in the differential weight gain. Our results also reinforce 
the assertion that body mass is not a good estimate of age in 
snakes (also observed in Penning and Cairns 2012), considering 
that despite having the same age, snakes differed in body mass 
according to their feeding frequency. 

There was no difference in SVL between feeding groups in 
our study, demonstrating the stability of growth in length, which 
is more invariant with respect to changes in food consumption 
patterns (see Fig. 2). However, in other studies, differences 
in total length (Myer and Kowell 1973) and SVL growth rates 
(Taylor and Denardo 2005) were observed between groups fed 
with different frequencies, but the amount of food ingested 
per feeding event was similar in both experimental groups or 
sometimes not quantified.

Seven months into the experiment, an adverse effect was 
observed in the weekly feeding group, with at least one snake 
regurgitating its prey after each feeding trial. Additionally, 
snakes in the weekly group sometimes refused food during 
feeding trials and there was an increase in the amount of feces 
produced by these animals in the final months of the study 
(visual evaluation only; feces were not weighed). These results 
may indicate an overfeeding of this group in terms of feeding 
frequency and, consequently, a need for changes in feeding 
schedule and prey size. Although the metabolism of neonatal 
snakes is high, demanding a high energy input, older snakes 
do not require a constant food supply due to the accumulation 
of body reserves (Dmi’el 1967). It may be inferred that in the 
first seven months of the experiment, individuals in the weekly 
group accumulated sufficient amounts of corporal reserves 
where weekly feedings were no longer necessary. In the studies 

of Dmi’el (1967) and Myer and Kowell (1973), food was offered 
ad libitum, and these authors also observed changes in patterns 
of prey ingestion. Dmi’el (1967) reported that the snakes 
increased food intake throughout life, but there was a decrease 
in the mass ratio of prey items to the body mass of the snakes. 
Myer and Kowell (1973) noted that snakes changed from eating 
small amounts of food every day to eating larger prey items less 
frequently. These results may explain the regurgitations and 
decreased interest in feeding observed in snakes fed weekly in 
the present study. Furthermore, weekly feedings may represent 
the best feeding schedule for juvenile B. constrictor during the 
initial seven to nine months, followed by a change to biweekly 
feedings with larger prey. Some B. constrictor fed biweekly also 
experienced occasional regurgitations, but not at the frequency 
seen in the weekly group.

In summary, weight gain in snakes appears to be influenced 
by feeding frequency. An initial dietary pattern with high feeding 
frequency and small prey items resulted in rapid growth of 
juvenile snakes in captivity. Future studies should evaluate the 
effectiveness of changing this feeding routine after some months 
to a lower frequency, with larger prey items relative to body mass. 
Moreover, future studies could also determine the ideal body 
weights (standardized by body length) of B. constrictor, which 
can then be used as a guideline to determine the best feeding 
routine for the species in captivity.
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An Incidence of Twinning in Taylor’s Cantil  
(Agkistrodon taylori) at the Wildlife Conservation  
Society’s Bronx Zoo

Animals in managed care, such as in zoos and aquaria, can 
provide insights into occurrences rarely observed in the wild. 
Thus, these institutions have a great potential for contributing 
biological information to the scientific community. Reproductive 
behaviors in reptiles, particularly egg-laying and the bearing 
of live young are infrequently observed in the wild; therefore, 
observations in captivity can provide insight as to what can 
be expected within wild populations. Instances of twinning in 
reptiles have been reported by Derickson (1927), Curtis (1950), 
List and Smith (1954), Carpenter and Yoshida (1957), Crooks and 
Smith (1958), Yntema (1971), Singh and Thapliyal (1973), Marion 
(1980), Eckert (1990), Tucker and Janzen (1997), and Mendyk 
(2007), but to our knowledge, observations of true twinning 
in live-bearing snakes are lacking. Here, we report a case of 
twinning in Taylor’s Cantil (Agkistrodon taylori).

The Wildlife Conservation Society’s Bronx Zoo received a 
female A. taylori from the Abilene Zoo on 20 April 2011. This 
individual was captive-born at the San Antonio Zoo on 23 
June 2005. Upon her arrival at the Bronx Zoo, she was housed 
off-exhibit in a custom-built wooden enclosure measuring ca. 
100 × 75 × 75 cm (L × W × H). During her routine quarantine 
examination, a radiograph revealed numerous developing 
embryos, and on 8 June 2011, this snake was observed bearing 
her young. It was noted at the time of birth that one of the egg sac 
membranes contained two individuals (Fig. 1). All eight young 
were individually weighed and measured upon emerging from 
their egg sac membranes (Table 1), as were three infertile eggs 
(not reported here). Mean mass of young at the time of birth 
was 11.65 ± 1.144 g, mean snout–vent length (SVL) was 17.98 ± 

0.638 cm, and mean total length was 21.99 ± 0.769 cm. The twins 
were significantly smaller than the rest of their siblings in both 
mass and SVL (Mann-Whitney U-test, P = 0.0455 and P = 0.0455, 
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Fig. 1. Two neonatal Taylor’s Cantils (Agkistrodon taylori) in one egg 
sac at the time of birth. There are two heads within the circled area; 
one oriented vertically and the other horizontally with the ventral 
side of the lower jaw facing upward.

Fig. 2. The mass (g) to SVL (cm) ratios of eight Taylor’s Cantils 
(Agkistrodon taylori) at the time of birth; the twins are encircled.
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respectively). To determine if the twins were proportionate in 
size compared to the rest of the clutch, we performed a linear 
regression. The ratio of mass to SVL does appear to be similar to 
the remainder of the clutch (Fig. 2; R2 = 0.8279, P = 0.0017).

It is unclear whether this occurrence implies identical or 
fraternal twinning, as we did not identify the presence of a 
single or double yolk. One twin did not survive long after birth; 
necropsy detected fluid in the lungs, but there were no apparent 
developmental deformities. Lack of space in the egg sac and 
the potential for sharing a yolk appears to impede the growth 
of embryos during this developmental stage (Marion 1980). 
Marion (1980) cited several accounts of twins having a combined 
weight similar to those of single siblings. Since the twins were 
significantly smaller than their siblings, this could indicate that 
twins born in the wild may be less fit than non-twin siblings. 
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Table 1. Mass (g), snout–vent length (cm), and total length (cm) of 
Taylor’s Cantils (Agkistrodon taylori) at time of birth on 8 June 2011. 
ID#’s H11052 and H11053 represent the two twins.

ID Mass (g) Snout–vent length (cm) Total length (cm)

H11052 7.7 16.2 19.8

H11053 5.5 14.1 17.4

H11054 11.0 18.0 21.9

H11055 12.0 19.7 24.0

H11056 15.0 19.7 24.2

H11057 15.0 18.6 23.0

H11058 14.0 18.8 23.0

H11059 13.0 18.8 22.7

SQUAMATA — LIZARDS

CTENOPHORUS MIRRITYANA (Barrier Range Dragon).  LON-
GEVITY. Ctenophorus mirrityana is an endangered species of 
rock-dwelling agamid, currently known only from four locations 
in western New South Wales, Australia.  It was only described 
in 2013, when it was split from the closely related C. decresii 
(McLean et al. 2013. Rec. Aust. Mus. 65:51–63). Although the lon-
gevity of wild C. mirrityana is not known, this genus is typically 
short-lived with the wild lifespan of three studied species record-
ed at 1–2 years (Cogger 1978. Aust. J. Zool. 26:653–672; Dickman 
et al. 1999. Oecologia 119:357–366). Despite their short lifespans 
in the wild, captive individuals may live much longer, with a cap-
tive specimen of this species (reported therein as C. decresii) pre-
viously recorded to live to over 9 years old (McFadden and Har-
low 2007. Herpetofauna 37:22–26). Herein we report a captive 
male C. mirrityana that lived for 11 years, 6 months, and 5 days.

The dragon was bred at Taronga Zoo, Sydney, from specimens 
collected at Mutawintji National Park in 1998 and 1999. It hatched 
on 22 November 2003. This specimen was housed individually, 
excluding a period with a post-reproductive female from March 
2006 to April 2008, so did not reproduce during its lifetime. It was 
euthanized on 27 May 2015 due to a decline in mass and body 
condition, despite remaining active and feeding. Post-mortem 
examination revealed the dragon had a liver tumor, or biliary 
adenoma undergoing malignant transformation.

MICHAEL S. McFADDEN and DEAN PURCELL, Herpetofauna Divi-
sion, Taronga Conservation Society Australia, PO Box 20, Mosman, NSW, 
2088, Australia (e-mail: mmcfadden@zoo.nsw.gov.au). 

SQUAMATA — SNAKES

HETERODON SIMUS (Southern Hog-nosed Snake). 
LONGEVITY. Longevity is an important factor in any organism’s 
biology. Even though captivity may potentially prolong an 
animal’s “natural” lifespan, information on maximum potential 
longevity, particularly for species of conservation concern, can 
be an important consideration when conducting field studies 
and making management decisions.

A captive longevity record of 12 years and 42 days for 
Heterodon simus was reported by Beane and Thorp (2007. Bull. 
Chicago Herpetol. Soc. 42[12]:193), who further reported four 
additional specimens that had exceeded 11 years in captivity, as of 
that writing. All of those snakes are now deceased. The individual 
surviving the longest was a male, wild-collected as a recent 
hatchling in Moore County, North Carolina, USA (7.6 km WSW 
Pinebluff, 35.0894°N, 79.5514°W; WGS 84) on 17 October 1996 by 
Jeffrey C. Beane and Laura H. Terry. The snake was maintained 
in captivity until his death on 10 April 2015. During that period, 
he was fed mostly laboratory House Mice (Mus musculus) and 
neonatal laboratory Norway Rats (Rattus norvegicus). Initially, 
these were “scented” with Squirrel Treefrogs (Hyla squirella), 
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Green Treefrogs (H. cinerea), Pine Woods Treefrogs (H. femoralis), 
or Spring Peepers (Pseudacris crucifer). Other food items eaten 
between 17 October 1996 and 1 February 1998 were H. femoralis, 
H. squirella, and cut pieces of chicken (Gallus gallus) flesh. The 
snake first accepted an “unscented” neonatal laboratory mouse 
on 18 September 1997. From 1 February 1998 until his death, he 
was fed exclusively laboratory mice and rats. The snake molted 33 
times during his captivity (and almost certainly had undergone 
only one postnatal molt when first collected). During the last few 
years of his life, he experienced difficulty with ecdysis, developed 
cataracts in both eyes, and occasionally regurgitated food. During 
his final months, he had difficulty swallowing even small food 
items, and occasionally was gently “assisted” with swallowing. 

On 9 April 2015, the day before his death, he attempted to feed, 
but was unable to swallow unassisted.

To my knowledge, this period of 18 years, 5 months and 24 
days far surpasses all previously reported records for the species. 
Upon death, the snake measured 379 mm SVL and 485 mm total 
length. The specimen was maintained under permits issued 
by the North Carolina Wildlife Resources Commission, and is 
deposited in the herpetological collection of the North Carolina 
State Museum of Natural Sciences (NCSM 84567).

JEFFREY C. BEANE, North Carolina State Museum of Natural Sciences, 
Research Laboratory, MSC # 1626, Raleigh, North Carolina 27699-1626, 
USA; e-mail: jeff.beane@naturalsciences.org.
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GYMNOPHIONA — CAECILIANS

SIPHONOPS PAULENSIS (Boettger’s Caecilian). brazil: 
CeArá: MunICIPAlIty oF CrAto: ca. 3.5 km SW of Crato (7.279722°s, 
39.438250°W; WGS 84). 11 February 2014. Milene G. Gaiotti. 
Verified by I. J. Roberto. Coleção Herpetológica da Universidade 
Regional do Cariri, Crato, Ceará, Brazil (URCA-H 7095). Sipho-
nops paulensis has a large distribution, from tropical Brazilian 
rainforest in the southern Amazon basin, to northern Argentina, 
Paraguay, and eastern Bolivia (Taylor 1968. The Caecilians of the 
World. A Taxonomic Review. University of Kansas Press, Law-
rence, Kansas. 848 pp.). In Brazil, it occurs in the states of Rio 
de Janeiro, São Paulo, Goiás, Mato Grosso do Sul, Rio Grande 
do Norte, Rio Grande do Sul, Minas Gerais, Distrito Federal, 
Ceará, Mato Grosso, Tocantins, Maranhão and Sergipe (Sawaya 
1937. Bol. Facul. Fil. Ciên. Letras Univers. SP. 1:225–263; Dunn 
1942. Bull. Mus. Comp. Zool. 91:437–540; Dunn 1942. Bull. Mus. 
Comp. Zool. 91:437–540; Schmidt and Inger 1951. Fieldiana Zool. 
31:439–465; Braun and Braun 1980. Iheringia. Sér. Zool. 56:121–
146; Kokubum and Menin 2001. Herpetol. Rev. 32:53; Souza et 
al. 2002. Herpetol. Rev. 33:146–147; Loebmann and Haddad 
2010. Biota Neotrop. 10:227–256; Faria and Mott 2011. Herpetol. 
Notes 4:53–56; Lema and Martins 2011. Anfíbios do Rio Grande 
do Sul. Catálogo, Diagnose, Distribuição e Iconografia. Ed. Univ. 
PUCRS. Press, Porto Alegre, Brazil. 196 pp.; Valdujo et al. 2011. 
Biota. Neotrop. 11:251–262; Maciel et al. 2012. J. Herpetol. 46:47–
50; Miranda et al. 2013. Herpetol. Notes 6:327–329; Santana et 
al. 2015. Check List 11:1531–1533). This new record fills the gap 
in the distribution between Ibiapaba Municipality (Ceará State), 
and Simão Dias Municipality (Sergipe State; Loebmann and 
Haddad 2010, op. cit.; Santana et al. 2015, op. cit.) and is the first 
record from Chapada do Araripe in northeastern Brazil. The new 
record extends the distribution ca. 300 km SE from the Planalto 
da Ibiapaba, Ceará and ca. 400 km NW from Simão Dias, Sergipe. 

MARCIANA CLAUDIO DA SILVA (e-mail: marcianaclaudio@gmail.
com), ROSA HERMINA DE OLIVEIRA, and ROBSON WALDEMAR ÁVILA, 
Universidade Regional do Cariri - URCA, Centro de Ciências Biológicas e 
da Saúde, Departamento de Ciências Biológicas, Coleção Herpetológica, 
Laboratório de Herpetologia, Campus do Pimenta, Rua Cel. Antonio Luiz, 
1161, Bairro do Pimenta, CEP 63105-100, Crato, Ceará, Brazil; MILENE 
GARBIM GAIOTTI, Universidade de Brasília. Departamento de Ecologia, 
Laboratório de Comportamento Animal, Programa de Pós-Graduação em 
Ecologia, Campus Darcy Ribeiro Asa Norte, CEP 70910-900, Brasília, Distrito 
Federal, Brazil.

CAUDATA — SALAMANDERS

AMBYSTOMA JEFFERSONIANUM (Jefferson Salamander). 
USA: INDIANA: sCoTT Co.: Clark State Forest (38.642740°N, 
85.885825°W; NAD 83). 1 April 2015. Sarabeth Klueh-Mundy and 
Jason Mirtl. Verified by Chris Phillips. Illinois Natural History 
Survey (INHS 2015ao, photo voucher). This capture provides a 

new county record for Indiana (Minton 2001. Amphibians and 
Reptiles of Indiana. Indiana Academy of Science, Indianapolis, 
Indiana. 404 pp.). 

SARABETH KLUEH-MUNDY (e-mail: sklueh-mundy@dnr.IN.gov) and 
JASON MIRTL, Wildlife Science Unit, Indiana Department of Natural Re-
sources, Division of Fish and Wildlife, 5596 East State Road 46, Blooming-
ton, Indiana 47401, USA.

AMBYSTOMA MACULATUM (Spotted Salamander). USA: 
ALABAMA: suMTer Co.: CR 85, ~3.83 road km N of AL 116 
(32.84188°N, 88.19707°W; WGS 84). 21 March 2015. Brian D. Holt 
and Evan Lawrence. Verified by David Laurencio. Auburn Uni-
versity Natural History Museum (AUM AHAP-D 961, digital pho-
tographic voucher). New county record (Mount 1975. Reptiles 
and Amphibians of Alabama. Agricultural Experiment Station, 
Auburn University, Alabama. 347 pp.). One adult observed cross-
ing road during light rain. The nearest previously documented 
locations in the state occur in Pickens Co. to the north (Mount 
1975, op. cit.) and Greene Co. to the east. This record fills a gap 
in the Southeastern Floodplains and Low Terraces section of the 
Southeastern Plains ecoregion in western Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT (e-mail: brian.holt@dcnr.alabama.gov) and EVAN 
LAWRENCE, Alabama Department of Conservation and Natural Resourc-
es, State Lands Division, Natural Heritage Section, 64 N Union Street, Suite 
464, Montgomery, Alabama 36130, USA.

AMBYSTOMA MACULATUM (Spotted Salamander). USA: TEN-
NESSEE: grainger Co.: 7.5 km W of New Market (36.1072°N, 
83.6365°W; WGS 84). 19 February 2011. Lynn F. Faust. Verified by 
Floyd A. Scott. David H. Snyder Museum of Zoology, Austin Peay 
State University (APSU 19480, color photo). New county record 
(Redmond and Scott 1996. Atlas of Amphibians in Tennessee. 
Misc. Publ. No. 12, The Center for Field Biology, Austin Peay State 
University, Clarksville, Tennessee. 94 pp. Hard copy and Internet 
versions, the latter [http://www.apsu.edu/amatlas/, accessed 9 
March 2015] including links to data on amphibians in Tennessee 
that have appeared since 1996). A single individual was found 
under a small log near a vernal pool on McBee Island along the 
Holston River.

MARTIN K. WOOD (e-mail: woodvflwfs@gmail.com) and TED M. 
FAUST, Clinch River Environmental Studies Organization (CRESO), Clinton, 
Tennessee 37716, USA (e-mail: tmfaust21@gmail.com). 

AMBYSTOMA OPACUM (Marbled Salamander). USA: TEN-
NESSEE: grainger Co.: 7.5 km W of New Market (36.1072°N, 
83.6365°W; WGS 84). 13 November 2010. Lynn F. Faust. Verified 
by A. Floyd Scott. David H. Snyder Museum of Zoology, Austin 
Peay State University (APSU 19479, color photo). New county 
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record (Redmond and Scott 1996. Atlas of Amphibians in Ten-
nessee.  Misc. Publ. No. 12, The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. 94 pp. Hard copy 
and Internet versions, the latter [http://www.apsu.edu/amat-
las/, accessed 9 March 2015] including links to data on amphib-
ians in Tennessee that have appeared since 1996). A single in-
dividual was found under a piece of bark near a vernal pool on 
McBee Island. The individual was surrounded by eggs.

MARTIN K. WOOD (e-mail: woodvflwfs@gmail.com) and TED M. 
FAUST, Clinch River Environmental Studies Organization (CRESO), Clinton, 
Tennessee 37716, USA (e-mail: tmfaust21@gmail.com). 

AMPHIUMA TRIDACTYLUM (Three-toed Amphiuma). USA: 
ALABAMA: dallas Co.: 0.34 mi WSW of AL 14 along train tracks 
(32.42926°N, 86.95938°W; WGS 84). 30 June 2013. C. Davis. Au-
burn University Museum of Natural History (AUM 40446). Veri-
fied by David Laurencio. New county record (Mount 1996. The 
Reptiles and Amphibians of Alabama. University of Alabama 
Press. xi+347 pp.). Amphiuma tridactylum is assumed to oc-
cur throughout the western half of the state; however, verified 
records are lacking for many Alabama counties. Specimen col-
lected with a baited funnel trap. Specimen collected under an 
Alabama Department of Conservation and Natural Resources 
permit (#2014044694668680) issued to CKW and CWD.

CHRIS W. DAVIS, Auburn University at Montgomery, Montgomery, 
Alabama 36124-4023, USA (e-mail: cdavis53@aum.edu), ROGER D. BIRK-
HEAD, Alabama Science In Motion, Auburn University, Auburn, Alabama 
36849-5414, USA (e-mail: birkhrd@auburn.edu); CHELSEA K. WARD (e-
mail: cward3@aum.edu) and JOHN M. AHO, Auburn University at Mont-
gomery, Montgomery, Alabama 36124-4023, USA (e-mail: jaho@aum.edu).

ANEIDES AENEUS (Green Salamander). USA: NORTH CARO-
LINA: bunCoMbe Co.: Rocky Broad River corridor, 3.4 km airline 
N town of Bat Cave (location details withheld and on file with 
the North Carolina Wildlife Resources Commission). 8 May 2015. 
Lori A. Williams, Alan D. Cameron, Bill McAninch, and Jerry 
McAninch. Verified by Jeffrey C. Beane. North Carolina Museum 
of Natural Sciences (NCSM 13183, photo voucher). New county 
record (NCSM files; Beane et al. 2010. Amphibians & Reptiles of 
the Carolinas and Virginia, 2nd ed. University of North Carolina 
Press, Chapel Hill, 274 pp.; North Carolina Natural Heritage Pro-
gram [NCNHP]. 2015. Biotics Database. Department of Environ-
ment and Natural Resources, Raleigh, North Carolina.). Record 
represents the northernmost known occurrence to date in the 
greater Bat Cave area and on the western side of the Hickory 
Nut Gorge in North Carolina (Beane et al. 2010, op. cit.; NCNHP, 
op. cit.). Closest previous historical records in the state are from 
private property, Henderson County, 1.6 km airline S (location 
details withheld and on file with the North Carolina Wildlife 
Resources Commission). Juvenile regenerating entire tail (TL = 
41.1 mm, SVL = 37.5 mm) temporarily collected during visual en-
counter surveys of rock outcrops.

LORI A. WILLIAMS, North Carolina Wildlife Resources Commission, 
177 Mountain Laurel Lane, Fletcher, North Carolina 28732, USA (e-mail: lori.
williams@ncwildlife.org); ALAN D. CAMERON, 1030 W. Blue Ridge Road, 
Flat Rock, North Carolina 28731, USA (e-mail: adcamer77@bellsouth.net); 
BILL McANINCH and JERRY McANINCH, P.O. Box 243, Bat Cave, North 
Carolina 28710, USA. 

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). USA: ALA-
BAMA: PiCkens Co.: Coal Fire Creek at AL 17, approximately 7.15 
road km S of intersection with AL 96 (33.51627°N, 87.98272°W; 

WGS 84). 3 March 2015. Ashley Peters and Brian D. Holt. Verified 
by David Laurencio. Auburn University Natural History Museum 
(AUM AHAP-D 917, digital photographic voucher). New county 
record (Mount 1975. Reptiles and Amphibians of Alabama. Ag-
ricultural Experiment Station, Auburn University, Alabama. 347 
pp.). Three adults, two of which were in amplexus, were observed 
in a ditch filled with overflow from Coal Fire Creek. Previously 
documented locations in the state occur in Lamar County to the 
north (Graham et al. 2009. Herpetol. Rev. 40:367–371), Tuscalo-
osa County to the east, and Greene County to the south (Mount 
1975, op. cit.). This record fills a gap in the Fall Line Hills of the 
Southeastern Plains ecoregion in western Alabama.
We thank Eric Soehren for reviewing this note and David Lau-
rencio for verifying the identification and confirming the county 
record. Additional online museum records were examined for 
county occurrences via VertNet.

BRIAN D. HOLT (e-mail: brian.holt@dcnr.alabama.gov), and ASHLEY 
PETERS, Alabama Department of Conservation and Natural Resources, 
State Lands Division, Natural Heritage Section, 64 N Union Street, Suite 
464, Montgomery, Alabama 36130, USA.

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). USA: IN-
DIANA: laWrenCe Co.: Hoosier National Forest (38.737985°N, 
86.581768°W; NAD 83). 9 May 2015. Amy Kearns, Noah Kearns, 
and Sarabeth Klueh-Mundy. Verified by Chris Phillips. Illinois 
Natural History Survey (INHS 2015an, photo voucher). New 
county record (Minton 2001. Amphibians and Reptiles of In-
diana. Indiana Academy of Science, Indianapolis, Indiana. 404 
pp.). 

AMY KEARNS, NOAH KEARNS, and SARABETH KLUEH-MUNDY, 
Wildlife Science Unit, Indiana Department of Natural Resources, Division 
of Fish and Wildlife, 5596 East State Road 46, Bloomington, Indiana 47401, 
USA (e-mail: sklueh-mundy@dnr.in.gov).

ANURA — FROGS

ACRIS BLANCHARDI (Blanchard’s Cricket Frog). USA: WISCON-
SIN: adaMs Co.: ca. 5 miles W of Briggsville (43.655°N, 89.688°W; 
WGS 84). 22 September 1929. Collector unknown. Verified by 
K. Tighe. National Museum of Natural History (USNM 311739). 
New county record that completes a gap in the species’ docu-
mented range (Casper 1996. Geographic Distributions of the 
Amphibians and Reptiles of Wisconsin. Milwaukee Publ. Mus., 
Milwaukee, Wisconsin. 87 pp.). Supplied coordinates have been 
approximated and are based on the museum specimen’s locality 
description. Given the age of this specimen, it is unknown if this 
species still resides in the general vicinity; however, this speci-
men provides important historical context for the distribution 
of this species in Wisconsin. Acris blanchardi has experienced a 
range contraction in the state from the 1960s to the 1980s, and is 
listed as endangered in Wisconsin. Currently, the nearest known 
Wisconsin population is ca. 20 km to the south. Because the cir-
cumstances surrounding the collection of this specimen are un-
known, additional effort to re-confirm the presence of this spe-
cies in Adams Co. is warranted.

ANDREW F. BADJE (e-mail: andrew.badje@wisconsin.gov), TARA L. 
BERGESON, and RORI A. PALOSKI, Wisconsin Department of Natural Re-
sources, Bureau of Natural Heritage Conservation, 101 S. Webster St., P.O. 
Box 7921, Madison, Wisconsin 53707, USA; JOSHUA M. KAPFER, Depart-
ment of Biological Sciences, University of Wisconsin-Whitewater, Upham 
Hall, Whitewater, Wisconsin 53190, USA (e-mail: kapferj@uww.edu).
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ACRIS CREPITANS (Eastern Cricket Frog). USA: ALABAMA: 
suMTer Co.: Approximately 3.83 road km N of AL 116 on CR 85 
(32.84188°N, 88.19707°W; WGS 84). 21 March 2015. Brian D. Holt 
and Evan Lawrence. Verified by David Laurencio. Auburn Uni-
versity Natural History Museum (AUM 41116, 41117). New coun-
ty record (Mount 1975. Reptiles and Amphibians of Alabama. Ag-
ricultural Experiment Station, Auburn University, Alabama. 347 
pp.). Several individuals observed with Acris gryllus (Southern 
Cricket Frog; AUM 41114, 41115) on road during light rain. The 
nearest previously documented locations in the state occur in 
each adjacent county: Greene County to the east (VertNet), Pick-
ens to the north, Marengo to the southeast, and Choctaw to the 
south (Mount 1975, op. cit.). This record fills a gap in the South-
eastern Floodplains and Low Terraces section of the Southeast-
ern Plains ecoregion in western Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT (e-mail: brian.holt@dcnr.alabama.gov) and EVAN 
LAWRENCE, Alabama Department of Conservation and Natural Resourc-
es, State Lands Division, Natural Heritage Section, 64 N Union Street, Suite 
464, Montgomery, Alabama 36130, USA.

ANAXYRUS AMERICANUS (American Toad). USA: INDIANA: 
noble Co.: Crooked Lake (41.268266°N, 85.480650°W; WGS 84). 
23 June 2015. Andrew Hoffman and Sierra Hoffman. Verified by 
Kenneth Krysko. Florida Museum of Natural History (UF 175751, 
photo voucher). New county record (Minton 2001. Amphibians 
and Reptiles of Indiana. Indiana Academy of Science, Indianapo-
lis, Indiana. 404 pp.). Numerous recently metamorphosed toads 
found near lake shore in grass.

ANDREW HOFFMAN (e-mail: hoffmana10@alumni.hanover.edu) and 
SIERRA HOFFMAN Terre Haute, Indiana 47803, USA (e-mail: sshepard1@
sycamores.indstate.edu).

ANAXYRUS AMERICANUS (American Toad). USA: TENNESSEE: 
Hardin Co.: Horse Creek Wildlife Sanctuary and Animal Refuge 
(35.123433°N, 88.167761°W; WGS 84). 30 April 2015. Lee J. Barton, 
Brian P. Butterfield, Paige Whittaker, and Joshua P. Kee. Verified 
by A. Floyd Scott. Austin Peay State University Museum of Zool-
ogy (APSU 19549, color photo). First record for Hardin County 
(Redmond and Scott 1996. Atlas of Amphibians in Tennessee. 
Misc. Publ. No. 12, The Center for Field Biology, Austin Peay State 
University, Clarksville, Tennessee. 94 pp. Hard copy and Inter-
net versions [http://www.apsu.edu/amatlas/]. Accessed 2 May 
2015). Calling male was captured by hand. Voucher collected un-
der Tennessee Wildlife Resources Agency Permit 1494.

LEE J. BARTON, BRIAN P. BUTTERFIELD (e-mail: bbutterfield@fhu.
edu), and PAIGE WHITTAKER, Freed-Hardeman University, 151 E. Main 
Street, Henderson, Tennessee 38340, USA; JOSHUA P. KEE, Department 
of Biology, Austin Peay State University, Clarksville, Tennessee 37044, USA.

CALLUELLA FLAVA (Yellow Burrowing Frog). BRUNEI DARUS-
SALAM: TEMBURONG: aMo disTriCT: Ulu Temburong National 
Park, low ridge between Sungei Temburong and Sungei Apan 
(4.55762°N, 115.15099°E; WGS 84), 120 m elev. 25 November 
2012. Hanyrol H. Ahmad Sah. Verified by Samuel Shonleben. 
Universiti Brunei Darussalam Natural History Museum (UBDM 
2.00199). Female, on ridge (presumably drier, sandy soil) of low-
land mixed-dipterocarp forest in plastic bucket pitfall trap (SVL 
37.2 mm; with eight large ova). Bucket filled with 5 cm of water as 

result of heavy rain. Extends previous single record from Keran-
gas Forest between Camp 5 and Sungei Berrar, Gunung Mulu 
National Park, Sarawak, Malaysia (Kiew 1984. Malayan Nat. J. 
37:163–166) by 54 km to the northeast. First record for Brunei 
Darussalam and second record for species. Permit No. UBD/
KBFSC/R/2.

HANYROL H. AHMAD SAH (e-mail: spanish_novia@yahoo.co.uk) and 
T. ULMAR GRAFE, Faculty of Science, Universiti Brunei Darussalam, Ga-
dong, BE1410, Brunei Darussalam (e-mail: ulmar.grafe@ubd.edu.bn).

CRAUGASTOR BRANSFORDII (Bransford’s Robber Frog). RE-
PUBLIC OF PANAMA: VERAGUAS: sanTa Fe disTriCT: Guayabito 
River (8.54719°N, 81.02581°W; WGS 84), 633 m elev. 25 July 2014. 
E. E. Flores. Verified by Andreas Hertz. Museo de Vertebrados, 
Universidad de Panamá, Panama City, Panama (MVUP 2483). 
This report vouchers for the first time the presence of this spe-
cies in Veraguas Province and in the Santa Fe National Park and 
extends the known range of the species in Panama 48 km to the 
east of Fortuna Forest Reserve in Chiriqui Province (NMNH 
572226.6567807), and 50 km to the west of El Cope National Park 
in Cocle Province (NMNH 572221.6567800). The frog was cap-
tured at 1835 h on rain forest leaf litter near the river’s bank. This 
work was conducted under the scientific permit (SE/A-114-13) 
provided by the Panamanian National Authority for the Environ-
ment (ANAM).

 ERIC ENRIQUE FLORES, Friends of Santa Fe National Park & Panama 
Wildlife Conservation, Apartado 0923-00126, Veraguas, Panama (e-mail: 
sailax1@gmail.com); JOELBIN DE LA CRUZ, Herbios-Group Panama, San-
tiago de Veraguas, Panama (e-mail: joelbin-18@hotmail.com); BERNARDO 
PEÑA (e-mail: bernadp1990@gmail.com), VAYRON DE GRACIA (e-mail: 
vayrondv_13grx@hotmail.com), ILIANA CISNEROS (e-mail: ilianacis-
nero08@yahoo.es), and JOSUE ORTEGA, University of Panama, School 
of Biology, Canto Del Llano, Santiago de Veraguas, Panama (e-mail: josue-
ortega26@yahoo.es).

CRAUGASTOR LAURASTER. NICARAGUA: RIVAS: Ometepe Is-
land: Reserva de la Biósfera Isla Ometepe, Reserva Natural Volcán 
Maderas, 1.6 airline km S of Finca Magdalena on trail to sum-
mit of Volcán Maderas (11.46869°N, 85.50687°W; WGS 84), 466 
m elev. 23 August 2009. Javier Sunyer, Lenin A. Obando, Sean M. 
Rovito, and Theodore J. Papenfuss. Verified by Vance Vredenburg 
(based on the sequence of the 16S mitochondrial gene compared 
to a known population from Finca Monimbó, Matagalpa [MVZ 
264231]). Museum of Vertebrate Zoology (MVZ 263735). First 
record for Rivas and southernmost record for the species, and 
about a 175 km range extension from its closest known locality at 
Selva Negra, Matagalpa (Köhler 2001. Anfibios y Reptiles de Ni-
caragua. Herpeton, Verlag Elke Köhler, Offenbach, Germany. 208 
pp.). The frog was found on leaf litter along a path surrounded 
by undisturbed premontane moist forest (Holdridge 1967. Life 
Zone Ecology. Tropical Science Center, San José, Costa Rica. 206 
pp.). The frog was caught under permit No. 006–062009 issued 
by Ministerio del Ambiente y los Recursos Naturales, Managua, 
Nicaragua. 

JAVIER SUNYER (e-mail: jsunyermaclennan@gmail.com) and LENIN 
A. OBANDO, Museo Herpetológico de la UNAN-León (MHUL), Departa-
mento de Biología, Facultad de Ciencias y Tecnología, Universidad Nacio-
nal Autónoma de Nicaragua-León, León, Nicaragua; SEAN M. ROVITO and 
THEODORE J. PAPENFUSS, Museum of Vertebrate Zoology and Depart-
ment of Integrative Biology, 3101 VLSB, University of California Berkeley, 
California 94720-3160, USA.
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DENDROPSOPHUS MICROCEPHALUS (Small-headed Tree-
frog). NICARAGUA: CHINANDEGA: Comarca Las Grietas, Finca 
San José de las Marías (12.73027°N, 86.86583°W; WGS 84), 25 
m elev. 1 September 2012. Javier Sunyer and Pedrarias Dávila. 
Verified by Lenin A. Obando. Museo Herpetológico de la Univer-
sidad Nacional Autónoma de Nicaragua-León, León, Nicaragua 
(MHUL 163). First record for Chinandega, with the closest known 
locality ca. 65 km northeast at Estelí (Köhler 2001. Anfibios y 
Reptiles de Nicaragua. Herpeton, Verlag Elke Köhler, Offenbach, 
Germany. 208 pp.). The frog was calling at night on grass that 
emerged from a seasonal pond in a pasture carved from lowland 
dry forest (Holdridge 1967. Life Zone Ecology. Tropical Science 
Center, San José, Costa Rica. 206 pp.). The frog was caught under 
permit No. 002–012012 issued by Ministerio del Ambiente y los 
Recursos Naturales, Managua, Nicaragua. 

JAVIER SUNYER (e-mail: jsunyermaclennan@gmail.com) and PE-
DRARIAS DÁVILA, Museo Herpetológico de la UNAN-León (MHUL), De-
partamento de Biología, Facultad de Ciencias y Tecnología, Universidad 
Nacional Autónoma de Nicaragua-León, León, Nicaragua; LILIANA SO-
LANO, Computational Evolutionary Biology, Faculty of Life Sciences, Uni-
versity of Manchester, Manchester, M13 9PT, United Kingdom.

ELEUTHERODACTYLUS PLANIROSTRIS (Greenhouse Frog). 
USA: MISSISSIPPI: Hinds Co.: Jackson (32.31342°N, 90.16976°W; 
WGS 84). 11 June 2014. Wenhua Lu, Tom Mann, and Debora L. 
Mann. Verified by Robert L. Jones. Mississippi Museum of Natu-
ral Science (MMNS 10386). New county record. Introduced spe-
cies previously recorded in Mississippi from a greenhouse in Ok-
tibbeha Co., Starkville (about 180 km to the NE), from Harrison 
Co., Gulfport (about 238 km to the SE; Dinsmore 2004. Herpetol. 
Rev. 35:403), and Jackson Co., Ocean Springs (Jennifer Y. Lamb, 
pers. comm.). Five or six individuals were calling from a wooded 
ravine in the Belhaven residential neighborhood of Jackson. One 
was calling from leaf of a shrub at a height of approximately 1 m.
 A survey for calling frogs was undertaken on the night of 14 
June 2014. The species was heard at the collection site and 7 oth-
er locations within 1 km. An additional specimen (MMNS 10475) 
was collected on 29 August 2014, approximately 3 km from the 
Belhaven collection site; others were heard calling nearby.
 The presence of the frogs in multiple locations over a dis-
tance of at least 3 km suggests that the species is established in 
Jackson. This represents the most northerly inland population 
established outdoors of which we are aware. The population sur-
vived a cold winter: the US National Weather Service recorded 62 
days between October 2013 and April 2014 when the tempera-
ture reached 0°C or lower in Jackson (National Weather Service, 
Jackson, MS Weather Forecast Office. http://www.srh.noaa.gov/
jan/?n=climate_zone_jan_90_100_degs, updated 12 September 
2014, accessed 12 September 2014). The means of introduction is 
not known; the Gulfport population is suspected to have arrived 
on nursery stock (Dinsmore 2004, op. cit.).

DEBORA L. MANN, Millsaps College, Jackson, Mississippi 39210, USA 
(e-mail: manndl@millsaps.edu); TOM MANN, Mississippi Museum of Natu-
ral Science, Jackson, Mississippi 39202, USA (e-mail: tom.mann@mmns.
state.ms.us); WENHUA LU, 6 Swinburne St., Jamestown, Rhode Island 
02835, USA (e-mail: theconservationagency@cox.net); NICK WINSTEAD, 
Mississippi Museum of Natural Science, Jackson, Mississippi 39202, USA (e-
mail: nick.winstead@mmns.state.ms.us)

DENDROPSOPHUS HADDADI. BRAZIL: SERGIPE: MuniCiPal-
iTy oF areia branCa: Parque Nacional Serra de Itabaiana (PAR-
NASI) (10.74775°S, 37.34010°W; WGS 84), 212 m elev. 2 July 2015. 

Jefferson O. Lima and Rony P. S. Almeida. Verified by Mirco Solé 
and Caio V. M. Mendes. Herpetological Collection of Laboratório 
de Biologia e Ecologia de Vertebrados, Universidade Federal de 
Sergipe, Itabaiana, Sergipe, Brazil (LABEVA 1168 [SVL = 17.10 
mm], 1169 [SVL = 18.42 mm], 1170 [SVL = 19.34 mm], 1171 [SVL 
= 17.29 mm]). Species previously known from the Atlantic Rain 
Forest and restingas habitat of Pernambuco, Alagoas, Bahia, and 
Espírito Santo states (Araújo-Neto et al. 2012. Check List 8:248–
250). First state record, extends the species distribution ca. 907 
km N from the type locality, in Conceição da Barra in State of 
Espírito Santo (Bastos and Pombal 1996. Amphibia-Reptilia 
17:326) and ca. 213 km S from closest locality in Maceió in State 
of Alagoas (Araújo-Neto et al., op. cit.). Specimen collected under 
an approved SISBIO/ICMBio (#38769-2).

RONY P. S. ALMEIDA (e-mail: rony_peterson@hotmail.com), JEFFER-
SON O. LIMA (e-mail: jeffersonbio17@hotmail.com), ROBERTO F. J. MAT-
TOS, and EDUARDO J. R. DIAS, Laboratório de Biologia e Ecologia de Ver-
tebrados, Departamento de Biociências, Universidade Federal de Sergipe 
- Campus Prof. Alberto Carvalho, Av. Vereador Olímpio Grande, s/n - CEP 
49500-000 - Itabaiana – SE, Brazil (e-mail: ejrdias@hotmail.com).

GASTROPHRYNE CAROLINENSIS (Eastern Narrow-mouthed 
Toad). USA: ALABAMA: TallaPoosa Co.: Coon Creek Forever Wild 
Tract, Coon Creek Landing Road approximately 1.05 road km N 
of intersection with Gravel Pit Drive (32.59706°N, 85.88016°W; 
WGS 84). 22 May 2014. Brian D. Holt, Betsy Battistella, and Kev-
in Carr. Verified by David Laurencio. Auburn University Natu-
ral History Museum (AUM AHAP-D 967, digital photographic 
voucher). New county record (Mount 1975. Reptiles and Am-
phibians of Alabama. Agricultural Experiment Station, Auburn 
University, Alabama. 347 pp.). One adult observed under hard-
wood log upslope from floodplain at mouth of Coon Creek. The 
nearest previously documented locations in the state occur in 
Chambers Co. to the northeast, Lee Co. to the east, and Macon 
Co. to the south (Mount 1975, op. cit.). This record fills a gap in 
the Southern Outer Piedmont section of the Piedmont ecoregion 
in east-central Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT, Alabama Department of Conservation and Natural 
Resources, State Lands Division, Natural Heritage Section, 64 N Union 
Street, Suite 464, Montgomery, Alabama 36130, USA (e-mail: brian.holt@
dcnr.alabama.gov); BETSY BATTISTELLA, 331 Funchess Hall, Auburn Uni-
versity, Auburn, Alabama 36849, USA; KEVIN CARR, 2313 Windsor Ave, 
Montgomery, Alabama 36107, USA.

HYALINOBATRACHIUM MONDOLFII. BRAZIL: PARÁ. Mu-
niCiPaliTy oF ViTória do xingu: 24 km NNW of Altamira (2.971°S, 
52.277°W; WGS 84). 22 January 2014. E. A. Oliveira and J. Carval-
ho. Verified by J. C. Señaris. Laboratório de Zoologia de Altamira, 
Altamira, Pará, Brazil (LZA 841, 844). Previously known from Am-
azonian areas of Venezuela, Bolivia, and Colombia (Castroviejo-
Fisher et al. 2011. Zootaxa 3132:1–55). From Brazil it is known 
from Para State, Óbidos, north of the Amazon River (Avila-Pires 
et al. 2010. Bol. Mus. Para. Emílio Goeldi. 5:13–112 [reported as 
Cochranella sp.]) and Acre State, Municipality of Feijó, on the 
left bank of the Jurupari River (8°9’S, 70°21’W) (Venâncio et al. 
2014. Check List 10:1184–1186). Southeasternmost record for 
the species, extends known distribution 490 km from Óbidos 
(Avila-Pires et al., op. cit.) the nearest locality previously known. 
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We thank SISBIO/Brazil for the permit for collection of biological 
material (#32401). 

ELCIOMAR ARAÚJO DE OLIVEIRA, Instituto Nacional de Pesquisas 
da Amazônia – INPA, Programa de Pós-graduação em Genética, Conser-
vação e Biologia Evolutiva – GCBEv, Av. André Araújo, 2.936 - Petrópolis 
- CEP 69067-375 – Manaus - AM, Brazil (e-mail: elciomar.atractus@gmail.
com); EMIL JOSÉ HERNÁNDEZ- RUZ, Programa de Pós-graduação em 
Biodiversidade e Conservação, Universidade Federal do Pará, Campus de 
Altamira, Rua Coronel José Porfirio, 2515, CEP 68372-040, Altamira, PA – 
Brasil (e-mail: emilhjh@yahoo.com); JOYCE CELERINO DE CARVALHO, 
Laboratório de Zoologia, Faculdade de Ciências Biológicas, Universidade 
Federal do Pará, Campus de Altamira, Rua Coronel José Porfirio, 2515, CEP 
68372-040, Altamira, PA – Brasil (e-mail: joyce.celerino@gmail.com).

HYLA CHRYSOSCELIS (Cope’s Gray Treefrog). USA: ALABAMA: 
suMTer Co.: CR 85, 2.61 road km N of intersection with CR 34 
(32.95910°N, 88.19701°W; WGS 84). 22 March 2015. Brian D. Holt 
and Evan Lawrence. Verified by David Laurencio. Auburn Uni-
versity Natural History Museum (AUM AHAP-D 963, digital pho-
tographic voucher). New county record (Mount 1975. Reptiles 
and Amphibians of Alabama. Agricultural Experiment Station, 
Auburn University, Alabama. 347 pp.). One adult observed cross-
ing road during light rain. The nearest previously documented 
locations in the state occur in Lamar Co. to the north (Graham 
et al. 2009. Herpetol. Rev. 40:367–371) and Greene Co. to the east 
(Mount 1975, op. cit.). This record fills a gap in the Southeastern 
Floodplains and Low Terraces section of the Southeastern Plains 
ecoregion in western Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT (e-mail: brian.holt@dcnr.alabama.gov) and EVAN 
LAWRENCE, Alabama Department of Conservation and Natural Resourc-
es, State Lands Division, Natural Heritage Section, 64 N Union Street, Suite 
464, Montgomery, Alabama 36130, USA.

HYLA CINEREA (Green Treefrog). USA: ARKANSAS: Van bu-
ren Co.: Highway 92, 13.4 km NE of Bee Branch (35.50183°N 
092.27854°W; WGS 84), 190 m elev. 25 May 2015. Thomas J. Bel-
ford. Verified by William E. Duellman. University of Kansas Digi-
tal Archives (KUDA 21417, photographic voucher). First county 
record (Trauth et al. 2004. The Amphibians and Reptiles of Ar-
kansas, University of Arkansas Press, Fayetteville. 421 pp.). A 
single adult specimen was found sitting in the middle of the road 
during a light rain storm. This specimen extends the range 25.81 
km W of the nearest known record in Cleburne Co., Arkansas.

THOMAS J. BELFORD, 37 White Oak Circle, Searcy, Arkansas 72143, 
USA, e-mail: thomasbelfordiniraq@yahoo.com.

HYLA CINEREA (Green Treefrog). USA: MISSOURI: CaPe gi-
rardeau Co.: Cape Girardeau, Old Route V (37.340641°N, 
89.496753°W; WGS 84). 19 June 2015. Jon Davenport and Dustin 
Siegel. Verified by Richard Daniel. University of Missouri–Co-
lumbia (UMC 2804P, digital image voucher). New county re-
cord (Daniel and Edmond 2014. Missouri Herpetological Atlas, 
available at http://atlas.moherp.org, last updated 3 March 2015, 
accessed 23 June 2015). Single specimen captured and photo-
graphed after heard calling in ditch on Old Route V, opposite 
(north) to Juden Creek Conservation Area. 

JON M. DAVENPORT (e-mail: jdavenport@semo.edu) and DUSTIN S. 
SIEGEL, Department of Biology, Southeast Missouri State University, One 

University Plaza MS6200, Cape Girardeau, Missouri 63701, USA (e-mail: 
dsiegel@semo.edu).

HYLA VERSICOLOR (Eastern Gray Treefrog). USA: INDIANA: 
noble Co.: Crooked Lake (41.268903°N, 85.482217°W; WGS 84). 
23 June 2015. Andrew Hoffman and Sierra Hoffman. Verified by 
Kenneth Krysko. Florida Museum of Natural History (UF 175746, 
audio voucher); New county record (Minton 2001. Amphibians 
and Reptiles of Indiana. Indiana Academy of Science, Indianapo-
lis, Indiana. 404 pp.). Small chorus heard to the west on opposite 
side of the lake.

ANDREW HOFFMAN (e-mail: hoffmana10@alumni.hanover.edu) and 
SIERRA HOFFMAN Terre Haute, Indiana 47803, USA (e-mail: sshepard1@
sycamores.indstate.edu).

HYPOPACHUS VARIOLOSUS (Sheep Frog). MÉXICO: GUER-
RERO: MuniCiPaliTy oF PilCaya: El Transformador (18.665°N, 
99.4808°W; WGS 84), 1117 m elev. 7 November 2014. Oswaldo 
Hernández-Gallegos and Ana Esthela López-Moreno. Verified by 
Luis Canseco Marquez. Colección Fotográfica de Herpetología, 
Facultad de Ciencias, Universidad Autónoma del Estado de 
México (CFH 11–12, photo voucher). New municipality record 
that fills a distributional gap of about 190.5 airline km between 
Soyatepec, El Ocotito, Guerrero and San Andrés de la Cal, Tepoz-
tlán, Morelos (Greenbaum et al. 2011. Mol. Phylog. Evol. 61:265–
277). The frog was found under a rock in tropical deciduous for-
est interspersed with agricultural crops and grassland. 

OSWALDO HERNÁNDEZ-GALLEGOS (e-mail: ohg@uaemex.mx), 
ANA ESTHELA LÓPEZ-MORENO, AILED PÉREZ-PÉREZ, ORLANDO 
SUÁREZ-RODRÍGUEZ, and GABRIEL SUÁREZ-VARÓN, Facultad de 
Ciencias, Universidad Autónoma del Estado de México, Instituto Literario 
100, Toluca Centro, Estado de México, México, C.P. 50000.

LEPTOPELIS MACKAYI (Mackay’s Forest Treefrog). DEMO-
CRATIC REPUBLIC OF CONGO: ORIENTALE PROVINCE: Toyo-
kana (2.02734°N, 30.06653°E, WGS84, elev. 1294 m). 31 Decem-
ber 2014. Lodjo (2.20135°N, 30.06653°E; WGS84), elev. 1220 m. 
4 January 2015. Chifundera Kusamba, Mwenebatu M. Aristote, 
Wandege M. Moninga, and Franck M. Masudi. Verified by S. Löt-
ters. University of Texas at El Paso Biodiversity Collections (UTEP 
21170–71). Collected on vegetation in secondary, transitional 
forest during opportunistic visual searches in the evening. New 
country record (Köhler et al. 2006. Herpetol. J. 16:183–189), ex-
tending the distribution ca. 550 km WNW from the type locality 
at Kakamega Forest, western Kenya, the only known locality for 
the species. 

ELI GREENBAUM (e-mail: egreenbaum2@utep.edu) and DANIEL 
F. HUGHES, Department of Biological Sciences, University of Texas at El 
Paso, 500 W. University Ave., El Paso, Texas 79912, USA; CHIFUNDERA 
KUSAMBA, Laboratoire d’Herpétologie, Département de Biologie, Centre 
de Recherche en Sciences Naturelles, Lwiro, République Démocratique du 
Congo; FRANCK M. MASUDI, Université de Kisangani, Centre de Surveil-
lance de la Biodiversité (DEBRT), B.P. 2012 Kisangani, République Démocra-
tique du Congo.

LITHOBATES AREOLATUS (Crawfish Frog). USA: ALABAMA: 
suMTer Co.: in the vicinity of Gainesville (location information 
withheld and on file with the Alabama Department of Conser-
vation and Natural Resrouces). 10 March 2015. Brian D. Holt. 
Verified by David Laurencio. Auburn University Natural History 
Museum (AUM AHAP-C 52, audio recording). New state record 
(Mount 1975. Reptiles and Amphibians of Alabama. Agricultural 
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Experiment Station, Auburn University, Alabama. 347 pp.). Sev-
eral individuals heard calling for a stretch of approximately 3.21 
km along the south side of roadway. A second location was dis-
covered on 11 March 2015 (AUM AHAP-C 53, audio recording) 
approximately 18.62 air km S of the first location. Individuals 
were calling east and west of this site for a stretch of approxi-
mately 1.21 km. The nearest previously documented location oc-
curs in Winston Co., Mississippi. These records extend the pre-
viously accepted range of L. areolatus to the southeast into the 
Blackland Prairie section of the Southeastern Plains ecoregion in 
western Alabama.
 This species appears to be in decline throughout much of its 
range (Dodd 2013. Frogs of the United States and Canada. Johns 
Hopkins University Press, Baltimore, Maryland. 982 pp.) and is 
expected to receive Priority 1 status for the state (Mark Bailey, in 
litt.). Priority 1 status is defined as taxa critically imperiled and at 
risk of extinction/extirpation because of extreme rarity, restrict-
ed distribution, decreasing population trend/population viabili-
ty problems, and specialized habitat needs/habitat vulnerability 
due to natural/human-caused factors (Mirarchi 2004. Alabama 
Wildlife. Volume 1. A Checklist of Vertebrates and Selected Inver-
tebrates: Aquatic Mollusks, Fishes, Amphibians, Reptiles, Birds, 
and Mammals. University of Alabama Press, Tuscaloosa. 209 
pp.).
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio and Mark Bailey for verifying the identification. Ad-
ditional online museum records were examined for county oc-
currences via VertNet.

BRIAN D. HOLT, Alabama Department of Conservation and Natural 
Resources, State Lands Division, Natural Heritage Section, 64 N Union 
Street, Suite 464, Montgomery, Alabama 36130, USA; e-mail: brian.holt@
dcnr.alabama.gov.

LITHOBATES AREOLATUS (Crawfish Frog). USA: ILLINOIS: 
gallaTin Co.: pond in pasture, 25 m E of Shain Cemetery Road, 0.3 
km N of U.S. Route 45 (37.901839°N, 88.369745°W; WGS 84). 13 
March 2015. John G. Palis and Erin L. Palmer. Verified by Chris-
topher A. Phillips. Illinois Natural History Survey (INHS 43259, 
photo voucher). First record for county, filling gap between Sa-
line and White Counties (Phillips et al. 1999. Field Guide to Am-
phibians and Reptiles of Illinois. Illinois Natural History Survey. 
Manual 8, Champaign, Illinois. 282 pp.). Gravid adult female ob-
served with vocalizing males at 2145 h.

JOHN G. PALIS, P.O. Box 387, Jonesboro, Illinois 62952, USA, e-mail: 
jpalis@yahoo.com.

LITHOBATES CATESBEIANUS (American Bullfrog). USA: ALA-
BAMA: suMTer Co.: AL 116, approximately 4.84 road km E of AL 17 
(32.81076°N, 88.26282°W; WGS 84). 10 March 2015. Brian D. Holt. 
Verified by David Laurencio. Auburn University Natural Histo-
ry Museum (AUM AHAP-D 959, digital photographic voucher). 
New county record (Mount 1975. Reptiles and Amphibians of 
Alabama. Agricultural Experiment Station, Auburn University, 
Alabama. 347 pp.). One adult observed at the edge of a roadside 
ditch. The nearest previously documented locations in the state 
occur in Greene Co. to the east and Choctaw Co. to the south 
(Mount 1975, op. cit.). This record fills a gap in the Blackland 
Prairie of the Southeastern Plains ecoregion in western Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT, Alabama Department of Conservation and Natural 
Resources, State Lands Division, Natural Heritage Section, 64 N Union 
Street, Suite 464, Montgomery, Alabama 36130, USA, e-mail: brian.holt@
dcnr.alabama.gov.

LITHOBATES CATESBEIANUS (American Bullfrog). USA: INDI-
ANA: noble Co.: Crooked Lake (41.268903°N, 85.482217°W; WGS 
84). 23 June 2015. Andrew Hoffman and Sierra Hoffman. Veri-
fied by Kenneth Krysko. Florida Museum of Natural History (UF 
175750, photo voucher). New county record (Minton 2001. Am-
phibians and Reptiles of Indiana. Indiana Academy of Science, 
Indianapolis, Indiana. 404 pp.). Large, adult female found in shal-
lows of lake. Multiple adults heard calling from the lake that night.

ANDREW HOFFMAN (e-mail: hoffmana10@alumni.hanover.edu) and 
SIERRA HOFFMAN, Terre Haute, Indiana 47803, USA (e-mail: sshepard1@
sycamores.indstate.edu).

LITHOBATES CATESBEIANUS (American Bullfrog). USA: TEN-
NESSEE: Hardin Co.: Horse Creek Wildlife Sanctuary and Animal 
Refuge (35.12005°N, 88.178636°W; WGS 84). 30 April 2015. Brian 
P. Butterfield, Lee J. Barton, Eli Todd, and Kyle Robertson. Verified 
by A. Floyd Scott. Austin Peay State University Museum of Zool-
ogy (APSU 19550, color photo). First record for Hardin County 
(Redmond and Scott 1996. Atlas of Amphibians in Tennessee. 
Misc. Publ. No. 12, The Center for Field Biology, Austin Peay State 
University, Clarksville, Tennessee. 94 pp. Hard copy and Inter-
net versions [http://www.apsu.edu/amatlas/]. Accessed 2 May 
2015). Calling male was captured by hand. Voucher collected un-
der Tennessee Wildlife Resources Agency Permit 1494.

BRIAN P. BUTTERFIELD (e-mail: bbutterfield@fhu.edu), LEE J. 
BARTON, ELI TODD, and KYLE ROBERTSON, Freed-Hardeman University, 
151 E. Main Street, Henderson, Tennessee 38340, USA.

LITHOBATES FORRERI (Forrer’�s Leopard Frog). MÉXICO: 
SONORA: MuniCiPaliTy oF HerMosillo: 21 km NE of Hermosillo 
(29.20267°N, 110.78407°W; WGS 84), 258 m elev. 27 August 2014. 
J. H. Valdez-Villavicencio and A. Peralta-García. Verified by James 
C. Rorabaugh. San Diego Natural History Museum (SDSNH 
HerpPC 5284, 5285, photo vouchers). First municipality record 
and the northernmost record for the species in Sonora, extend-
ing the range ca. 126 airline km N from the closest known local-
ity, 16 km NE of Guaymas (UIMNH 32067, 32068). The frog was 
found active between 1930 h and 2100 h near a cattle pond along 
with five other individuals.

JORGE H. VALDEZ-VILLAVICENCIO (e-mail: jhvaldez@yahoo.com.
mx) and ANNY PERALTA-GARCÍA, Conservación de Fauna del Noroeste, 
A.C. Ampliación Centenario, La Paz, Baja California Sur, México. C.P. 23205; 
BRADFORD D. HOLLINGSWORTH, Department of Herpetology, San Di-
ego Natural History Museum, San Diego, California 92112-1390, USA (e-
mail: bhollingsworth@sdnhm.org).

LITHOBATES MAGNAOCULARIS (Northwest Mexico Leopard 
Frog). MÉXICO: JALISCO: MuniCiPaliTy oF HueJuQuilla el alTo: 6 
airline km W of Huejuquilla El Alto (22.609698°N, 103.954398°W; 
WGS 84), 1700 m elev. 18 July 2014. Rubén A. Carbajal-Márquez, 
Jorge A. Bañuelos-Alamillo, Eric A. Rivas-Mercado, and Marco A. 
Domínguez-De la Riva. Verified by Edmundo Pérez-Ramos. San 
Diego Natural History Museum (SDSNH HerpPC 5263, photo 
voucher). First municipality record, with the closest known lo-
cality being ca. 63 airline km SW from La Vuelta, Nayarit (McDi-
armid 1963. Los Angeles Co. Mus. Contr. Sci. 68:1–15). The frog 
was found at night in an artificial pond. 
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RUBÉN A. CARBAJAL-MÁRQUEZ, Centro de Investigaciones Biológi-
cas 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); JORGE A. BAÑUELOS-ALAMILLO, Unidad 
Académica de Ciencias Biológicas, Universidad Autónoma de Zacatecas, 
Edificio de Biología Campus II Ave. Preparatoria S/N Col. Agronómica, C.P. 
98066, Zacatecas, Zacatecas, México (e-mail: j.alberto.ba@gmail.com); 
ERIC A. RIVAS-MERCADO, GUSTAVO E. QUINTERO-DÍAZ, and MARCO 
A. DOMÍNGUEZ-DE LA RIVA, Universidad Autónoma de Aguascalientes, 
Centro de Ciencias Básicas, Departamento de Biología, Avenida Universi-
dad No. 940, Aguascalientes, Aguascalientes 20131, México. 

PELOPHRYNE LIGHTI (Mindanao Flat-headed Toad). PHILIP-
PINES: SAMAR ISLAND: easTern saMar ProVinCe: Municipality of 
Taft, Barangay San Rafael (11.953°N, 125.84893°E; WGS 84), 140 
m elev. 12 October 2007. Cameron D. Siler and Jason B. Fernan-
dez. Verified by Rafe M. Brown. University of Kansas Biodiversity 
Institute (KU 310635). WesTern saMar ProVinCe: Municipality of 
San Jose de Buan, Mt. Huraw (12.05262°N, 125.03429°E; WGS 84), 
209 m elev. 6 July 2014. Cameron D. Siler, Kerry A. Cobb, Dyanne 
Realubit, Joseph Brown, Nicholas A. Huron, Vicente Yngente, and 
Marvic Yngente. Verified by Cameron D. Siler. KU 338130. First 
vouchered specimens from Samar, former record (Frost 2014. 
Amphibian Species of the World: an Online Reference. Version 
6.0. http://research.amnh.org/vz/herpetology/amphibia/index.
html), lacking specimen vouchers, as indicated by a comprehen-
sive literature review (Taylor 1920. Philipp. J. Sci. 16:338; Inger 
1954. Fieldiana: Zool. 33:233–239; Inger 1960. Fieldiana: Zool. 
39:415–418). Subadult frogs collected in leaf litter near streams. 
First described from Bunawan, Agusan del Sur, Mindanao (Tay-
lor 1920. Philipp. J. Sci. 16:338), and endemic to Bohol, Mind-
anao, and Samar islands in southeastern Philippines. 
 Fieldwork supported by NSF DEB 0743491 and NSF EF-
0334952 to Rafe M. Brown, and NSF DEB 0804115 and NSF IOS 
1353683 to Cameron D. Siler. Fieldwork was conducted under 
the Memorandum of Agreement with the Protected Areas and 
Wildlife Bureau of the Philippines (2009–2014), Gratuitous Per-
mit to Collect No. 221, and KU and OU IACUC Approval Nos. 
158-01 and R13-011, respectively.

MARITES B. SANGUILA, Father Saturnino Urios University, Butuan 
City, Philippines (e-mail: tess.b.sanguila@gmail.com); NIKKI DYANNE C. 
REALUBIT, University of the Philippines Los Baños, Laguna, Philippines 
(e-mail: dyannerealubit@gmail.com); MAE L. DIESMOS (e-mail: maedies-
mos@gmail.com), ANTONIO LORENZO II (e-mail: tonylorenzo08@yahoo.
com); LOUISE ABIGAIL DE LAYOLA, University of Santo Tomas, Manila, 
Philippines (e-mail: abigail.delayola@gmail.com); JOSEPH BROWN, Her-
petology Department, San Diego Zoo, San Diego, California 92101, USA 
(e-mail: jbrown@sandiegozoo.org); KERRY A. COBB, Biodiversity Institute, 
University of Kansas, 1345 Jayhawk Blvd, Lawrence, Kansas 66045, USA (e-
mail: kerryc@ku.edu); PHILIP BERGMANN (e-mail: pbergmann@clarku.
edu); GEN MORINAGA, Department of Biology, Clark University, 950 Main 
Street, Worcester, Massachusetts 01610, USA (e-mail: gmorinaga@clarku.
edu); ELYSE FREITAS (e-mail: efreitas@ou.edu), NICHOLAS A. HURON 
(e-mail: nahuron@ou.edu), JESSA L. WATTERS, Sam Noble Oklahoma Mu-
seum of Natural History, University of Oklahoma, 2401 Chautauqua Ave., 
Norman, Oklahoma 73072, USA (e-mail: jwatters@ou.edu).

PSEUDACRIS BRACHYPHONA (Mountain Chorus Frog). USA: 
TENNESSEE: Morgan Co.: Hangover Ridge, 10.3 km N of Wart-
burg (36.1978°N, 84.5953°W; WGS 84). 28 May 2013. Ted M. 
Faust. Verified by A. Floyd Scott. Austin Peay State University 
Museum of Zoology (APSU 19478, color photo). New county 

record (Redmond and Scott. 1996. Atlas of Amphibians in Ten-
nessee. Misc. Publ. No. 12, The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. 94 pp. Hard copy 
and Internet versions, the latter [http://www.apsu.edu/amatlas/ 
accessed 9 March 2015] including links to data on amphibians 
in Tennessee that have appeared since 1996). A single individual 
was found on top of Hangover Ridge in a puddle along a dirt 
road. The individual was found at 1340 h on a clear cool day. We 
also heard a second individual calling nearby but were unable to 
locate it for visual identification. 

TED M. FAUST (e-mail: tmfaust21@gmail.com) and MARTIN K. 
WOOD, Clinch River Environmental Studies Organization (CRESO), Clinton, 
Tennessee 37716, USA (e-mail: woodvflwfs@gmail.com).

RHINELLA MARINA (Cane Toad). MÉXICO: JALISCO: MuniCi-
PaliTy oF MezQuiTiC: Mezquitic (22.387784°N, 103.728252°W; WGS 
84), 1355 m elev. 19 July 2014. Rubén A. Carbajal-Márquez, Jorge 
A. Bañuelos-Alamillo, Eric A. Rivas-Mercado, and Marco A. 
Domínguez-De la Riva. Verified by Bradford Hollingsworth. San 
Diego Natural History Museum (SDSNH HerpPC 5266, photo 
voucher). First municipality record, with the closest known lo-
cality being ca. 75 airline km E at La Vuelta, Nayarit (McDiarmid 
1963. Los Angeles Co. Mus. Contr. Sci. 68:1–15). The toad was 
found at night in downtown Mezquitic.

RUBÉN A. CARBAJAL-MÁRQUEZ, Centro de Investigaciones Biológi-
cas 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); JORGE A. BAÑUELOS-ALAMILLO, Unidad 
Académica de Ciencias Biológicas, Universidad Autónoma de Zacatecas, 
Edificio de Biología Campus II Ave. Preparatoria S/N Col. Agronómica, C.P. 
98066, Zacatecas, Zacatecas, México (e-mail: j.alberto.ba@gmail.com); 
ERIC A. RIVAS-MERCADO, GUSTAVO E. QUINTERO-DÍAZ and MARCO 
A. DOMÍNGUEZ-DE LA RIVA, Universidad Autónoma de Aguascalientes, 
Centro de Ciencias Básicas, Departamento de Biología, Avenida Universi-
dad No. 940, Aguascalientes, Aguascalientes 20131, México.

SCAPHIOPUS HOLBROOKI (Eastern Spadefoot Toad). USA: 
FLORIDA: HaMilTon Co.: Suwanee Ridge Mitigation Park Wildlife 
and Environmental Area (30.44366°N, 83.04613°W; WGS 84). 3 
June 2014. Cody D. Godwin. Verified by Kenneth L. Krysko. Flori-
da Museum of Natural History (UF 173690, digital photographic 
voucher). First verified record for Hamilton Co. (Krysko et al. 
2011. Atlas of Amphibians and Reptiles in Florida, Final report, 
Florida Fish and Wildlife Conservation Commission, Tallahas-
see, Florida. 524 pp.). Juvenile trapped in funnel trap along drift 
fence in sandhill habitat.

CODY D GODWIN (e-mail: codydg1dwin@gmail.com), JONATHN D. 
MAYS, and KEVIN M. ENGE, Florida Fish and Wildlife Conservation Com-
mission, 1105 S.W. Williston Road, Gainesville, Florida 32601, USA.

SCINAX NASICUS (Lesser-snouted Treefrog). BRAZIL: RIO DE 
JANEIRO: MuniCiPaliTy oF PorTo real: Porto Real (22.42°S, 44.28°W; 
SAD 69). 17 November 2013. J. Pederassi. Verified by U. Caramas-
chi. Museu Nacional, Rio de Janeiro, Brazil (MNRJ 87535–87537). 
This species is known to occur in Bolivia, Paraguay, Uruguay, Ar-
gentina, and in Brazil it occurs in the states of Mato Grosso, Mato 
Grosso do Sul, southern Goiás, western Minas Gerais, São Pau-
lo, Paraná, Santa Catarina, and Rio Grande do Sul. This species 
has never been recorded east of Serra da Mantiqueira or closer 
than 230 km from the Atlantic Ocean (Natale and Herrera 2006. 
Herpetol. Rev. 37:360; Carezzano and Cabrera 2010. Check List 
6:390–391; IUCN 2013. Red List of Threatened species. Version 
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2013.2. http://www.iucnredlist.org/details/55980/0; Frost 2014. 
Amphibian Species of the World: an Online Reference. Version 
6.0. http://research.amnh.org/vz/herpetology/amphibia/). First 
state record, extending its occurrence beyond the Mantiqueira 
Ridge by at least 160 km SE from the nearest locality in Minas 
Gerais (Municipality of Alfenas), representing the nearest occur-
rence to the Atlantic Ocean in an area formerly considered part of 
the Floresta Atlântica domain, but that is now climatically more 
similar to Cerrado domains because of deforestation. Specimens 
were collected under a permit (#45308-2) from Sistema de Autor-
ização e Informação em Biodiversidade - SISBIO.

JONAS PEDERASSI, Universidade Federal do Rio de Janeiro, De-
partamento de Vertebrados, Museu Nacional, Quinta da Boa Vista – CEP 
20949-040, Rio de Janeiro, RJ, Brazil (e-mail: jonaspederassi@yahoo.com.
br); MAURO SÉRGIO CRUZ SOUZA LIMA, Universidade Federal do Piauí, 
Campus Amilcar Ferreira Sobral, BR 343, Km 3.5 – CEP 64800-000, Floriano, 
PI, Brazil (e-mail: slmauro@ufpi.edu.br); CARLOS ALBERTO DOS SAN-
TOS SOUZA, Centro Universitário de Barra Mansa, Rua Vereador Pinho de 
Carvalho, 267 – CEP 27.330-550, Barra Mansa, RJ, Brazil (e-mail: seteorus@
yahoo.com.br).

TESTUDINES — TURTLES

CHELONIA MYDAS (Green Sea Turtle). USA: LOUSIANA: VerMil-
ion ParisH: salt marsh bayou approximately 8.5 km S of Louisiana 
State Hwy 82, near the eastern end of Rockefeller Wildlife Refuge 
(29.591119°N, 93.559816°W; WGS 84). 5 May 2015. Will Selman, 
William Strong, Jordan Donini, and Willis Sylvest. Verified by Jeff 
Boundy. Florida Museum of Natural History (UF 175627, photo 
voucher). New parish record (Dundee and Rossman 1989. The 
Amphibians and Reptiles of Louisiana. Louisiana State Univer-
sity Press, Baton Rouge, Louisiana. 300 pp.; Selman et al. 2014. 
Herpetol. Rev. 45:89). This is the second inland record for C. my-
das in southwestern Louisiana. The individual was located ap-
proximately 130 km E of the Cameron Parish record from 2013 
(UF 170048). Similar to the Cameron Parish record and others 
recently reported (St. Bernard Parish: UF 171444; Terrebonne 
Parish: UF171449; Selman et al. 2014, op. cit.), this juvenile in-
dividual (~30 cm midline carapace length [MCL]) was live-cap-
tured in a fyke net while sampling for Malaclemys terrapin (Dia-
mondback Terrapin) under similar environmental conditions 
(water depth = 1.82 m, bayou width = 22.6 m, salinity = 22.5 ppt, 
water temperature = 23.7°C). All recent inland records have been 
juveniles (≤ 30 cm MCL) and have been captured in brackish-salt 
marshes between late April and mid-May.

WILL SELMAN (e-mail: wselman@wlf.la.gov) and WILLIAM STRONG, 
Rockefeller Wildlife Refuge, Louisiana Department of Wildlife and Fisheries, 
5476 Grand Chenier Hwy, Grand Chenier, Louisiana 70643, USA; JORDAN 
DONINI, Department of Biological Sciences, Southeastern Louisiana Uni-
versity, 808 North Pine Street, Hammond, Louisiana 70402, USA; WILLIS 
SYLVEST, Harold and Pearl Dripps Department of Agricultural Sciences, 
McNeese State University, Lake Charles, Louisiana 70609, USA.

CHELYDRA SERPENTINA (Snapping Turtle). USA: MINNESO-
TA: sainT louis Co.: Hwy 44 (47.24513°N, 91.86366°W; NAD 83). 
29 May 2015. Madaline M. Cochrane, Lucas J. O’Neil, Katelin 
M. Goebel, Stephen D. Nelson. Verified by Chris Phillips. Illinois 
Natural History Survey (INHS 2015aq, photo voucher). New 
county record, replaces unvouchered sighting record (Moriarty 
and Hall 2014. Amphibians and Reptiles in Minnesota. Univer-
sity of Minnesota Press, Minneapolis, Minnesota. 370 pp.). Adult 
DOR (260 mm straight line carapace length, 97 mm body depth). 

No vehicle-induced shell damage; flesh consumed prior to col-
lection.

MADALINE M. COCHRANE (e-mail: cochr081@umn.edu) and RON 
A. MOEN, Natural Resources Research Institute, University of Minnesota-
Duluth, 5013 Miller Trunk Highway, Duluth, Minnesota 55811, USA; DON-
ALD J. BROWN, Department of Forest and Wildlife Ecology, University of 
Wisconsin-Madison, 1630 Linden Drive, Madison, Wisconsin 53706, USA.

CHELYDRA SERPENTINA (Snapping Turtle). USA: TEXAS: 
guadaluPe Co.: ca. 0.13 km E of Old Seguin Road (29.791199°N, 
97.935246°W; WGS 84). 10 June 2015. Ivana Mali, Andrea Villam-
izar-Gomez, and Shashwat Sirsi. Verified by Carl J. Franklin. Uni-
versity of Texas Arlington Amphibian and Reptile Diversity Re-
search Center (UTADC 8532–8535, photo voucher). New county 
record (Dixon 2013. Amphibians and Reptiles of Texas: with Keys, 
Taxonomic Synopses, Bibliography, and Distribution Maps. 
Texas A&M University Press, College Station, Texas. 447 pp.). 
This record fills in the distributional gap within the surrounding 
counties of Bexar, Comal, Hays, and Gonzales, with the excep-
tion of Wilson and Caldwell counties (Dixon 2013, op. cit.). One 
juvenile specimen (carapace length: 143 mm; 798 g) captured us-
ing a hoopnet trap in a private pond. Specimen (MF37533) was 
secured under a Scientific Permit for Research (SPR-0102-191) 
issued to Michael R. J. Forstner by the Texas Parks and Wildlife 
Department. 

ANDREA VILLAMIZAR-GOMEZ (e-mail: a_v118@txstate.edu), IVA-
NA MALI, SHASHWAT SIRSI, and MICHAEL R. J. FORSTNER, Depart-
ment of Biology, Texas State University, 601 University Drive, San Marcos, 
Texas 78666, USA.

MESOCLEMMYS HELIOSTEMMA (Amazon Toad-headed Tur-
tle). BRAZIL: AMAZONAS: MuniCiPaliTy oF JuTaí: right margin 
of Jutaí River, at the Jutaí River Extractive Reserve (3.270745°S, 
67.324521°W; WGS 84). 20 May 2014. T. Q. Morcatty. Verified by 
J. Valsecchi. Coleção Herpetológica do Instituto de Desenvolvi-
mento Sustentável Mamirauá (HERPETO 0717). Specimen col-
lected in tropical upland forest by hand. MuniCiPaliTy oF Maraã: 
Juá Grande stream, at the Amanã Sustainable Development 
Reserve (2.463195°S, 64.846692°W; WGS 84). 16 February 2014. 
I. V. Debien and T. Q. Morcatty. Verified by J. Valsecchi. HER-
PETO 0718. Specimen collected in tropical upland forest with 
a pitfall trap. Originally, the distribution of M. heliostemma was 
restricted to a small area between the north of Ecuador and 
Peru and the southern end of Venezuela (McCord et al. 2001. 
Rev. Biol. Trop. 49:715–764). In 2012, based on a revision of few 
museum specimens, the species occurrence was confirmed in 
some parts of Brazil, on the edge of the Amazon rainforest, in 
the states of Roraima, Amazonas, Pará, Mato Grosso, Rondônia, 
and Acre (Molina et al. 2012. Zootaxa 3575:63–77). For both new 
records, the previously known closest record is in Rio Baría, 
Venezuela (McCord et al. 2001, op. cit.), which is 391 kilometers 
NW from the specimen collected in Maraã and 475 kilometers 
NE from the specimen collected in Jutaí. Based on these two 
new records, the distribution of M. heliostemma is extended 
to the central Amazon region, filling a gap of around 1,800,000 
km2 with no previous records. Mesoclemmys heliostemma is an 
inhabitant of temporary pools of upland forest situated near 
the headwaters of Amazon streams, and the nocturnal habits 
of the species hampers its collection. These specimens were 
collected under licences (SISBIO 43620-1 and SISBIO 40358-
4) approved by the Instituto Chico Mendes de Conservação da 
Biodiversidade.
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THAÍS Q. MORCATTY (e-mail: tatamorcatty@yahoo.com.br) and 
IURY V. D. COBRA, Instituto de Desenvolvimento Sustentável Mamirauá, 
Caixa Postal 38, CEP 69553-225, Tefé, Amazonas, Brazil (e-mail: repteis1@
gmail.com).

MESOCLEMMYS RANICEPS (Black-lined Toad-headed Turtle). 
BRAZIL: AMAZONAS: MuniCiPaliTy oF JuTaí: left margin of Jutaí 
River (3.988056°S, 67.826666°W; WGS 84). 14 June 2014. T. Q. 
Morcatty. Verified by J. Valsecchi. Coleção Herpetológica do Insti-
tuto de Desenvolvimento Sustentável Mamirauá, Tefé, Amazonas, 
Brazil (HERPETO 0716). Specimen collected with a trammel net. 
Mesoclemmys raniceps is expected to occur in the Amazon basin 
(Bour and Zaher 2005. Pap. Avul. Zool. 45:295–311), including in 
Peru, Colombia, Venezuela, Bolivia, and Brazil. However, most of 
the records for the Brazilian Amazon are sparse and old, and some 
identification problems with the records make it difficult to deter-
mine the exact distribution of this species (Iverson 1992. A Revised 
Checklist with Distribution Maps of the Turtles of the World. Pri-
vately printed, Richmond, Indiana. 363 pp.). In Brazil, the species 
occurs in the states of Amazonas, Roraima, Acre, Pará, and Mato 
Grosso (Iverson 1992, op. cit.). This new record confirms the pres-
ence of this species in poorly known areas of central Amazon, cov-
ering a gap of 500 km between the two previously documented re-
cords. The previous records nearest to the new record are located 
253 km NE, in the region of the mouth of the Juruá River, and 257 
km SW, in the city of Tabatinga (Iverson 1992, op. cit.). Specimen 
collected under permits (SISBIO 43620-1) granted by Instituto 
Chico Mendes de Conservação da Biodiversidade.

THAÍS Q. MORCATTY, Instituto de Desenvolvimento Sustentável 
Mamirauá, Caixa Postal 38, CEP 69553-225, Tefé, Amazonas, Brazil; e-mail: 
tatamorcatty@yahoo.com.br

PSEUDEMYS CONCINNA (River Cooter). USA: TENNESSEE: 
Hardin Co.: Horse Creek Wildlife Sanctuary and Animal Refuge 
(35.124275°N, 88.170613°W; WGS 84). 1 May 2015. Brian P. Butter-
field, Lee J. Barton, and T. J. Bivins. Verified by A. Floyd Scott. Aus-
tin Peay State University Museum of Zoology (APSU 19551, color 
photo). First record for Hardin Co. (Scott and Redmond 2008 [latest 
update: 27 October 2014]. Atlas of Reptiles in Tennessee. Center for 
Field Biology, Austin Peay State University, Clarksville, Tennessee. 
Available at http://apsu.edu/reptatlas/, accessed 2 May 2015. Ju-
venile individual was captured by hand. Voucher collected under 
an approved Tennessee Wildlife Resources Agency Permit (#1494).

BRIAN P. BUTTERFIELD (e-mail: bbutterfield@fhu.edu), LEE J. BAR-
TON, and T. J. BIVINS, Freed-Hardeman University, 151 E. Main Street, 
Henderson, Tennessee 38340, USA. 

PSEUDEMYS CONCINNA FLORIDANA (Coastal Plain Cooter). 
USA: ALABAMA: bulloCk Co.: near intersection of Reeder Branch 
and Highway 51 west of Hurtsboro, AL (32.23175°N, 85.45277°W; 
WGS 84). 17 May 2015. Roger Birkhead, Chelsea Ward, Michael 
Birkhead, Sawyer Birkhead and Adelaide Birkhead. Verified by 
Craig Guyer and David Laurencio. Auburn University Natural 
History Museum (AUM-O 4875). New county record (Mount 
1996. The Reptiles and Amphibians of Alabama. University of 
Alabama Press. 347 pp.). In addition to Mount (1996), VertNet 
and AUM holdings were searched 3 June 2015. Adult female with 
a straight line carapace length of 28.0 cm collected DOR. Skeletal 
specimen and DNA sample taken.
 Pseudemys c. floridana is assumed to occur primarily in the 
southern tier of counties of the state encompassing the Southern 
Pine Hills and Dougherty Plain physiographic regions (Mount 

1996, op cit.). This specimen extends the range of P. c. floridana 
northward into the Black Prairie physiographic region across the 
Chunnenuggee Hills and Southern Red Hills ca. 105 km from the 
nearest verified specimen (AUM 8963) collected in Coffee Co., 
Alabama. Because nearby Cowikee Creek is part of the Chatta-
hoochee drainage it might serve as a natural corridor connecting 
populations to the south. 
 It should be noted that there were problematic specimens 
found in the AUM collection. Several specimens (AUM 9443, 
9450, 10102) are identified as P. c. floridana from Calhoun Co., 
Alabama, and were examined by RDB on 3 June 2015. They ap-
pear to be P. c. floridana (lacking distinctive “C” marking on 2nd 
costal); however, this county is far outside of the known range 
for the species. This would be approximately 260 km N of the 
known range and located in the Coosa Valley or Weisner Ridg-
es physiographic provinces. Additional specimens (AUM 9462, 
AUM 10103) collected by the same collector in the same year and 
county clearly align with P. c. concinna (clearly have the distinc-
tive “C” markings on the 2nd costal). Additionally, specific locality 
information and the exact collection date are not recorded, mak-
ing the validity of these specimens suspect. Specimen collected 
under and Alabama State Department of Conservation and Nat-
ural Resources permit (#2014063841468680) issued to RDB.
 Thanks to S. Graham for reviewing this note and D. Laurencio 
and M. Bailey for verifying known localities.

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

PSEUDEMYS SUWANNIENSIS (Suwannee Cooter). USA: FLOR-
IDA: PasCo Co.: Pithlachascotee River (28.23648°N, 82.69871°W; 
WGS 84). 4 June 2015. Timothy J. Walsh and George L. Heinrich. 
Verified by Kenneth L. Krysko. Florida Museum of Natural His-
tory (UF 175737, photographic voucher). New county record 
and new river record (Heinrich et al. 2015. J. N. Am. Herpetol. 
1:53–59). This record is within an ~79 km distributional gap be-
tween the Weeki Wachee and Alafia rivers. The juvenile turtle was 
basking on a tree branch protruding from the water. Two other P. 
suwanniensis (subadult and adult) were also observed basking 
on logs within the upper 2.4 km of the Pithlachascotee River, but 
we were unable to photograph them.

TIMOTHY J. WALSH, Bruce Museum, 1 Museum Drive, Greenwich, 
Connecticut 06830-7157, USA (e-mail: twalsh@brucemuseum.org); 
GEORGE L. HEINRICH, Heinrich Ecological Services, 1213 Alhambra Way 
S., St. Petersburg, Florida 33705-4620, USA (e-mail: george@heinricheco-
logicalservices.com).

STERNOTHERUS MINOR (Loggerhead Musk Turtle). USA: 
GEORGIA: PuTnaM Co: Little River/Lake Sinclair near Burtom 
Rd (33.224444°N, 83.408333°W; WGS 84). 24 June 2014. James F. 
Mead. Verified by John Jensen. Georgia Museum of Natural His-
tory (GMNH 50979, photo voucher). Within expected range, but 
first county record (Jensen et al. 2008. Amphibians and Reptiles 
of Georgia. University of Georgia Press, Athens, Georgia. 575 
pp.). Single adult collected within riprap at the base of seawall 
along shoreline (elevation 103 m) near the confluence of Little 
River with Lake Sinclair. 

JAMES F. MEAD, ALFRED J. MEAD, and DENNIS PARMLEY, Depart-
ment of Biological and Environmental Sciences, Georgia College & State 
University, Milledgeville, Georgia 31061, USA (e-mail: al.mead@gcsu.edu).
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TERRAPENE CAROLINA (Eastern Box Turtle). USA: GEORGIA: 
PiCkens Co.: Talking Rock, Highway 515 ca. 1.5 km N of junction 
with Carnes Mill Road. (34.541780°N, 84.517121°W; WGS 84). 29 
May 2015. James T. Greenway. Verified by James F. Koukl. De-
partment of Biology, University of Texas at Tyler photo voucher 
(15-GA-0001). New county record (Jensen et al. 2008. Amphib-
ians and Reptiles of Georgia, University of Georgia Press, Ath-
ens, Georgia. 575 pp.). Terrapene carolina is assumed to have a 
statewide distribution; however, there are no verified records for 
Pickens Co. Empty shell with evidence of traffic damage found 
on highway. 

JAMES T. GREENWAY, 405 Harrison Sluder Road, Ellijay, Georgia 
30540, USA; JOHN S. PLACYK, JR., Department of Biology, University of 
Texas at Tyler, 3900 University Blvd., Tyler, Texas 75799, USA (e-mail: jpla-
cyk@uttyler.edu). 

TRACHEMYS SCRIPTA ELEGANS (Red-eared Slider). USA: ARI-
ZONA: CoCHise Co.: pond next to San Pedro River (31.541872°N, 
110.133448°W; WGS 84), 1238 m elev. 26 February 2012. Brian 
Hubbs. Natural History Museum of Los Angeles County (LACM 
PC 1795, photo voucher). Turtles observed basking and float-
ing in pond at 1229 h. gila Co.: pond in Payson (34.232132°N, 
111.346465°W; WGS 84), 1475 m elev. 31 May 2014. 1306 h. Brian 
Hubbs. LACM PC 1796, photo voucher. All verified by Neftali 
Camacho. New county records (Brennan and Holycross 2006. A 
Field Guide to the Amphibians and Reptiles in Arizona. Arizona 
Game and Fish Department, Phoenix. 150 pp.). These records fill 
gaps in the range (Stebbins 2003. Western Reptiles and Amphib-
ians. Houghton Mifflin Co., Boston, Massachusetts. 560 pp.) 

BRIAN HUBBS, P.O. Box 26407, Tempe, Arizona 85285, USA; e-mail: 
tricolorbrian@hotmail.com. 

SQUAMATA — LIZARDS

COLEODACTYLUS MERIDIONALIS (Meridian Gecko). BRA-
ZIL: PIAUÍ: MuniCiPaliTy oF alTos: Ouro Verde farm (4.965287°S, 
42.413062°W; WGS 84). 30 December 2013. Franciéle P. Maragno. 
Verified by E. M. X. Freire. Coleção de Herpetologia do Museu de 
Fauna da Caatinga, Centro de Conservação e Manejo de Fauna 
da Caatinga – Universidade Federal do Vale do São Francisco 
(UNIVASF), Petrolina, Pernambuco, Brazil (MFCH 3551). Species 
previously known for seven northeastern Brazilian states: Bahia, 
Sergipe, Alagoas, Pernambuco, Paraíba, Rio Grande do Norte and 
Ceará (Ribeiro et al. 2013. Herpetol. Notes 6:23–27). First state 
record extending the distribution ca. 215 km SW from the near-
est population at Ubajara municipality (Ceará State), 410 km 
NW from Exu municipality (Pernambuco State), and 515 km N 
from Casa Nova municipality (Bahia State). Adult individual was 
found in leaf litter in a forest fragment of the Brazilian Savanna 
(Cerrado). Collecting permit was issued by Instituto Brasileiro 
do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA) 
(#366/2013, process nº 02001.002793/2013-40).

FRANCIÉLE PEREIRA MARAGNO, Programa de Pós-Graduação em 
Biodiversidade Animal, Universidade Federal de Santa Maria, Camobi, km 
9, CEP 97105-900, Santa Maria, Rio Grande do Sul, Brazil (e-mail: fmarag-
no@gmail.com); MATHEUS MEIRA RIBEIRO (e-mail: matheusbiologia@
gmail.com) and LEONARDO BARROS RIBEIRO, Centro de Conservação 
e Manejo de Fauna da Caatinga (CEMAFAUNA-CAATINGA), Universidade 
Federal do Vale do São Francisco - UNIVASF, Rodovia BR 407, km 12, Lote 
543, s/n, C1, CEP 56300-990, Petrolina, PE, Brazil (e-mail: leonardo.ribeiro@
univasf.edu.br).

HELODERMA HORRIDUM (Mexican Beaded Lizard). MÉXICO: 
JALISCO: MuniCiPaliTy oF HueJuQuilla el alTo: 8 airline km W of 
Huejuquilla El Alto (22.605762°N, 103.955995°W; WGS 84), 1740 
m elev. 10 October 2014. Jorge A. Bañuelos-Alamillo and Gabriela 
Moreno-Ochoa. Verified by Bradford Hollingsworth. San Diego 
Natural History Museum (SDSNH HerpPC 5258, photo voucher). 
First municipality record, with the closest known locality being 
ca. 23 airline km NW from the dirt road between San Juan Capist-
rano and San Rafael de las Tablas, Zacatecas (Ávila-Villegas 2007. 
Herpetol. Rev. 38:218). The lizard was found foraging during the 
day in tropical deciduous forest.

JORGE A. BAÑUELOS-ALAMILLO, Unidad Académica de Ciencias 
Biológicas, Universidad Autónoma de Zacatecas, Edificio de Biología Cam-
pus II Ave. Preparatoria S/N Col. Agronómica, C.P. 98066, Zacatecas, Zacate-
cas, México (e-mail: j.alberto.ba@gmail.com); RUBÉN A. 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 E. QUINTERO-DÍAZ, Universidad Autónoma de Aguascalien-
tes, Centro de Ciencias Básicas, Departamento de Biología, Avenida Uni-
versidad No. 940, Aguascalientes, Aguascalientes C.P. 20131, México; GA-
BRIELA MORENO-OCHOA, Unidad Académica de Medicina Veterinaria y 
Zootecnia “Francisco García Salinas”, Universidad Autónoma de Zacatecas, 
Carretera panamericana Zacatecas-Fresnillo, km 31.5, Calera de Victor Ro-
sales, C.P. 98500 Zacatecas, México.

HELODERMA SUSPECTUM (Gila Monster). ARIZONA: sanTa 
Cruz Co.: Atascosa Mountains, ~9.0 km SE Ruby town site 
(31.413547°N, 111.160586°W; NAD 83), 1373 m elev. Thomas 
R. Jones and Ross J. Timmons. 18 August 2007. Verified by 
G. Bradley. University of Arizona (UAZ 57567-PSV, voucher 
photograph). This is the first Gila Monster documented from the 
Atascosa and Pajarito mountains complex (Beck 2005. Biology 
of Gila Monsters and Beaded Lizards. University of California 
Press, Berkeley, California. 211 pp.). Crossing a road on the south 
slope of the Atascosas at 1842 h; photographed, collected blood 
sample, and released.
 The nearest vouchered records are in Pima Co. ~52 km NNE 
in the vicinity of Green Valley and adjacent slopes of the Santa 
Rita Mountains (many records) and ~51 km NW in the Altar Val-
ley (UAZ 46221). We are aware of no nearby records in Sonora, 
México (J. C. Rorabaugh, pers. comm.). Heloderma suspectum is 
a species ordinarily found in arid habitats of southeastern Arizo-
na, including semidesert grassland or Sonoran desertscrub, but 
this site is in more mesic Madrean evergreen woodland (Brown 
1994. Biotic Communities: Southwestern United States and 
Northwestern Mexico. University of Utah Press, Salt Lake City, 
Utah. 346 pp). That H. suspectum has never been found in this 
area is somewhat surprising given the popularity of these moun-
tains among both amateur and professional herpetologists. 
However, Gopherus morafkai (Sonoran Desert Tortoise) has also 
recently been documented from the Pajarito Mountains (Babb 
et al. 2013. Herpetol. Rev. 44:623) suggesting the possibility of 
relatively recent elevational shifts among some Sonoran Desert 
species.
 G. Bradley provided UAZ data for southeastern Arizona He-
loderma; additional locality data for Arizona and Sonora were 
accessed 31 December 2014 through HerpNET2 (http://www.
herpnet.org). 

THOMAS R. JONES (e-mail: tjones@azgfd.gov) and ROSS J. TIM-
MONS (e-mail: rtimmons@azgfd.gov), Arizona Game and Fish Depart-
ment, 5000 W. Carefree Hwy., Phoenix, Arizona 85086, USA.
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HELODERMA SUSPECTUM CINCTUM (Banded Gila Monster). 
USA: CALIFORNIA: san bernardino Co.: Mesquite Mountains 
(35.43060°N, 115.41260°W; WGS 84). 7 May 2015. Barrett Scur-
lock. Verified by D. Goodward. Natural History Museum of Los 
Angeles County (LACM PC1872, photographic voucher). New 
locality and first record from the Mesquite Mountains, ca. 21 km 
from nearest known localities in the Kingston Mountains and ca. 
24 km at Clark Mountain (Lovich and Beaman 2007. Bull. South. 
California Acad. Sci. 106:39–58). This record fills a gap in the dis-
tribution of H. s. cinctum in California. Specimen observed at 
1330 h.

KENT R. BEAMAN, Section of Herpetology, Natural History Museum 
of Los Angeles County, 900 Exposition Boulevard, Los Angeles, California 
90007, USA (e-mail:heloderma@roadrunner.com); BARRETT J. SCUR-
LOCK, Desert Biological Consulting (e-mail: barrettscurlock@gmail.com); 
JEFFREY E. LOVICH, U.S. Geological Survey, Southwest Biological Science 
Center, 2255 N. Gemini Dr., MS-9394, Flagstaff, Arizona 86001, USA (e-mail: 
jeffery_lovich@usgs.gov); LARA A. KOBELT, Bureau of Land Management, 
Needles Field Office, 1303 S. Hwy 95, Needles, California 92363, USA (e-
mail: lkobelt@blm.gov).

MARISORA ALLIACEA (Costa Rican Four-lined Skink). NICA-
RAGUA: RÍO SAN JUAN: Dos Bocas de Río Indio (11.0482°N, 
83.8800°W; WGS 84), 8 m elev. 6 April 2012. Theodore J. Papen-
fuss, Javier Sunyer, Todd W. Pierson, and Milton F. Ubeda-Olivas. 
Verified by Lenin A. Obando. Museum of Vertebrate Zoology 
(MVZ 269259). Northernmost record for the species and about 
a 60 km range extension east-northeast from Bartola, Dept. Río 
San Juan (as Mabuya unimarginata; Köhler 2001. Anfibios y Rep-
tiles de Nicaragua. Herpeton, Verlag Elke Köhler, Offenbach, Ger-
many. 208 pp.). The skink was found active at midday around an 
abandoned ranger guard station in a lowland wet forest (Hold-
ridge 1967. Life Zone Ecology. Tropical Science Center, San José, 
Costa Rica. 206 pp.). The skink was captured under permit No. 
002–012012, issued by Ministerio del Ambiente y los Recursos 
Naturales, Managua, Nicaragua. 

JAVIER SUNYER, Museo Herpetológico de la UNAN-León (MHUL), 
Departamento de Biología, Facultad de Ciencias y Tecnología, Universidad 
Nacional Autónoma de Nicaragua-León, León, Nicaragua (e-mail: jsunyer-
maclennan@gmail.com); TODD W. PIERSON, Environmental Health Sci-
ence, University of Georgia, Athens, Georgia 30602, USA; MILTON F. UBE-
DA-OLIVAS, Universidad Nacional Autónoma de Nicaragua-Managua, 
Managua, Nicaragua; THEODORE J. PAPENFUSS, Museum of Vertebrate 
Zoology and Department of Integrative Biology, 3101 VLSB, University of 
California, Berkeley, California 94720-3160, USA.

OPHISAURUS ATTENUATUS ATTENUATUS (Western Slender 
Glass Lizard). USA: TEXAS: JiM Hogg Co.: Balluarte Ranch Road 
(27.18972088°N, 98.58506918°W; WGS 84). 16 May 2015. Mayra 
Oyervides and (Trey) James D. Petty, III. Verified by Frederic 
Zaidan, III. University of Texas-Pan American Vertebrate Muse-
um (UTPA 051501, photo voucher). New county record (Dixon 
2013. Amphibians and Reptiles of Texas: with Keys, Taxonomic 
Synopses, Bibliography, and Distribution Maps. Texas A&M Uni-
versity Press, College Station, Texas. 447 pp.). Extends the cur-
rently known distribution 12.45 km E of the Brooks Co. line. On 
16 May 2015 at 2019 h one individual was found basking on the 
north side of Balluarte Ranch Road (a dirt road). This specimen 
was a subadult and had a partially regenerated tail. Heading east 
on the same road, we found a second adult specimen at 2033 h 
and 3.32 km from the first adult. The location is part of the south 
Texas sand sheet, a unique habitat consisting of mostly sandy 

soils, with grasslands containing low shrubs, including a number 
of endemic species of the families Fabaceae, Asteraceae, Hydro-
phyllaceae, and Malvaceae. This population of O. a. attenuatus 
is presumed to be abundant, but seldom encountered. It is cur-
rently listed on the Texas Parks and Wildlife Department’s spe-
cies of greatest conservation need.

MAYRA OYERVIDES, Department of Biology, University of Texas Pan-
American, 1201 W. University Drive, Edinburg, Texas 78539, USA (e-mail: 
mayraoyervides@hotmail.com); (TREY) JAMES D. PETTY III, United 
States Fish and Wildlife Service, Alamo, Texas 78516, USA (e-mail: james_
petty@fws.gov).

PLESTIODON CALLICEPHALUS (Mountain Skink). MÉXICO: 
JALISCO: MuniCiPaliTy oF HueJuQuilla el alTo : 6 airline km W of 
Huejuquilla El Alto (22.610586°N, 103.957425°W; WGS 84), 1718 
m elev. 19 July 2014. Jorge A. Bañuelos-Alamillo, Rubén A. Carba-
jal-Márquez, Eric A. Rivas-Mercado, and Marco A. Domínguez-
De la Riva. San Diego Natural History Museum (SDSNH HerpPC 
5264, photo voucher). First municipality record, with the closest 
known locality being ca. 159 airline km to the northwest from 
3 mi. W of Tepic, Nayarit (Taylor 1935. Univ. Kansas Sci. Bull. 
23:19–643). The female lizard and five eggs were found under 
a rock in a patch of pine-oak forest surrounded by tropical de-
ciduous forest. MuniCiPaliTy oF MezQuiTiC: 15 airline km NNW of 
Mezquitic (22.518749°N, 103.763393°W; WGS 84), 1919 m elev. 20 
July 2014. Rubén A. Carbajal-Márquez, Jorge A. Bañuelos-Alamil-
lo, Eric A. Rivas-Mercado, and Marco A. Domínguez-De la Riva. 
SDSNH HerpPC 05265, photo voucher. First municipality record, 
with the closest known locality being ca. 150 airline km NW from 
Mezquital del Oro, Zacatecas (Taylor 1935, op. cit.) The skink was 
found basking on oak forest ground litter. Both specimens veri-
fied by Bradford Hollingsworth.

JORGE A. BAÑUELOS-ALAMILLO, Unidad Académica de Ciencias 
Biológicas, Universidad Autónoma de Zacatecas, Edificio de Biología Cam-
pus II Ave. Preparatoria S/N Col. Agronómica, C.P. 98066, Zacatecas, Zacate-
cas, México (e-mail: j.alberto.ba@gmail.com); RUBÉN A. 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); 
ERIC A. RIVAS-MERCADO, GUSTAVO E. QUINTERO-DÍAZ, and MARCO 
A. DOMÍNGUEZ-DE LA RIVA, Universidad Autónoma de Aguascalientes, 
Centro de Ciencias Básicas, Departamento de Biología, Avenida Universi-
dad No. 940, Aguascalientes, Aguascalientes 20131, México.

SQUAMATA — SNAKES

CEMOPHORA COCCINEA (Scarletsnake). USA: ALABAMA: 
baldWin Co.: Bon Secour National Wildlife Refuge, AL 180 ap-
proximately 14.66 road km W of AL 59 (30.24612°N, 87.83372°W; 
WGS 84). 24 October 2013. Brian D. Holt. Verified by David 
Laurencio. Auburn Unviersity Natural History Museum (AUM 
AHAP-D 968, digital photographic voucher). New county record 
(Mount 1975. Reptiles and Amphibians of Alabama. Agricultural 
Experiment Station, Auburn University, Alabama. 347 pp.). A 
single individual observed under pile of scrap lumber in power 
line right-of-way. The nearest previously published locations in 
the state occur in Washington Co. to the northwest and Mobile 
Co. to the west (Mount 1975, op. cit.). A query of museum hold-
ings on VertNet (VertNet.org) produced two unpublished records 
(UF 113794, 113795). Both were collected by Paul E. Moler on 5 
June 1979 with no other collection information provided. This 
record fills a gap in the Gulf Barrier Islands and Coastal Marshes 



Herpetological Review 46(3), 2015

GEOGRAPHIC DISTRIBUTION    385

section of the Southern Coastal Plain ecoregion in southwestern 
Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT, Alabama Department of Conservation and Natural 
Resources, State Lands Division, Natural Heritage Section, 64 N Union 
Street, Suite 464, Montgomery, Alabama 36130, USA; e-mail: brian.holt@
dcnr.alabama.gov.

CEMOPHORA COCCINEA COPEI (Northern Scarletsnake). USA: 
FLORIDA: HaMilTon Co: Suwannee Ridge Mitigation Park Wildlife 
and Environmental Area (30.44366oN, 83.04613oW; WGS 84). 3 
June 2014. Jonathan D. Mays. Verified by Kenneth L. Krysko. Flor-
ida Museum of Natural History (UF 173271, digital photographic 
voucher). First county record (Krysko et al. 2011. Atlas of Amphib-
ians and Reptiles in Florida. Final report, Florida Fish and Wildlife 
Conservation Commission, Tallahassee, Florida. 524 pp.). Adult 
male trapped by a drift fence installed in sandhill habitat.

JONATHAN D. MAYS (e-mail: jonathan.mays@myfwc.com), KEVIN 
M. ENGE, and CODY D. GODWIN, Florida Fish and Wildlife Conservation 
Commission, 1105 S.W. Williston Road, Gainesville, Florida 32601, USA.

COLUBER CONSTRICTOR (North American Racer). USA: 
TENNESSEE: Morgan Co.: 8.1 km N of Wartburg (36.1777°N, 
84.5904°W; WGS 84). 9 August 2008. Ted M. Faust. Verified by 
Floyd A. Scott. David H. Snyder Museum of Zoology, Austin Peay 
State University (APSU 19481, color photo). New county record 
(Scott and Redmond 2008 (latest update: 12 January 2015).  Atlas 
of Reptiles in Tennessee.  The Center of Excellence for Field Biol-
ogy, Austin Peay State University, Clarksville, Tennessee.  Avail-
able at [http://apsu.edu/reptatlas/, accessed 9 March 2015]). A 
single individual was found crossing Greasy Creek Road at 1410 
h on a cloudy day. We have observed, but not photographed, at 
least two other individuals in this area of Morgan Co. on other 
occasions.

TED M. FAUST (e-mail: tmfaust21@gmail.com) and MARTIN K. 
WOOD, Clinch River Environmental Studies Organization (CRESO), Clinton, 
Tennessee 37716, USA (e-mail: woodvflwfs@gmail.com).

CROTALUS BASILISCUS (Mexican West Coast Rattlesnake). 
MÉXICO: ZACATECAS: MuniCiPaliTy oF ValParaiso: 11 airline km 
SW of Valparaiso (22.691875°N, 103.634363°W; WGS 84), 1870 m 
elev. 20 July 2014. Rubén A. Carbajal-Márquez, Jorge A. Bañuelos-
Alamillo, Eric A. Rivas-Mercado, and Marco A. Domínguez-De 
la Riva. Verified by Bradford Hollingsworth. San Diego Natural 
History Museum (SDSNH HerpPC 5260–5262, photo vouchers). 
First record for the municipality and only the second for Zacate-
cas, with the closest known locality being ca. 85 airline km SW 
from the border between Jalisco and Nayarit (McCranie 1981. 
Cat. Amer. Amphib. Rept. 283:1–2). The previously known single 
locality in Zacatecas is ca. 170 airline km SSE from 2.25 km N of 
Santa Rosa, Moyahua de Estrada, Zacatecas (Ahumada-Carrillo 
et al. 2011. Herpetol. Rev. 42:397–398). This record also confirms 
the presence of this species in the Municipality of Valparaiso. 
Previously, McCranie (1981, op. cit.) noted that a badly-damaged 
DOR specimen found nearby from 18 km NE of Huejuquilla el 
Alto, Jalisco, could not be assigned with confidence to this spe-
cies. Our specimen was found DOR in tropical deciduous forest.

RUBÉN A. CARBAJAL-MÁRQUEZ, Centro de Investigaciones Biológi-
cas 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); JORGE A. BAÑUELOS-ALAMILLO, Unidad 
Académica de Ciencias Biológicas, Universidad Autónoma de Zacatecas, 
Edificio de Biología Campus II Ave. Preparatoria S/N Col. Agronómica, C.P. 
98066, Zacatecas, Zacatecas, México (e-mail: j.alberto.ba@gmail.com); 
ERIC A. RIVAS-MERCADO, GUSTAVO E. QUINTERO-DÍAZ, and MARCO 
A. DOMÍNGUEZ-DE LA RIVA, Universidad Autónoma de Aguascalientes, 
Centro de Ciencias Básicas, Departamento de Biología, Avenida Universi-
dad No. 940, Aguascalientes, Aguascalientes 20131, México. 

DIPSAS TEMPORALIS (Temporal Snail-eater). REPUBLIC 
OF PANAMA: VERAGUAS: sanTa Fe disTriCT: Guayabito River 
(8.54719°N, 81.02581°W; WGS 84), 633 m elev. 25 July 2014. E. E. 
Flores. Verified by Andreas Hertz. Museo de Vertebrados, Uni-
versidad de Panamá, Panama City, Panama (MVUP 2144). This 
record is located 125 km W of Campana Hill (KU 110293) and 
11 km E of Mariposa Hill, located within Santa Fe National Park 
(Lotzkat et al. 2010. Herpetol. Rev. 41:520–523) that helps bridge 
a distributional gap in Panama’s Central Cordillera. The snake 
was captured at 1915 h near the ground on branches of a shrub 
(Heliconia sp.) in rainforest. This work was conducted under the 
scientific permit (SE/A-114-13) provided by the Panamanian Na-
tional Authority for the Environment (ANAM).

ERIC ENRIQUE FLORES, Friends of Santa Fe National Park & Panama 
Wildlife Conservation, Apartado 0923-00126, Veraguas, Panama (e-mail: 
sailax1@gmail.com); JOELBIN DE LA CRUZ, Herbios-Group Panama, 
Santiago de Veraguas, Panama (e-mail: Joelbin-18@hotmail.com); BER-
NARDO PEÑA (e-mail: bernadp1990@gmail.com), VAYRON DE GRACIA 
(e-mail: vayrondv_13grx@hotmail.com), ILIANA CISNEROS (e-mail: ilian-
acisnero08@yahoo.es), and JOSUE ORTEGA (e-mail: josueortega26@ya-
hoo.es), University of Panama, School of Biology, Canto Del Llano, Santiago 
de Veraguas, Panama.

FARANCIA ABACURA REINWARDTII (Western Mudsnake). 
USA: ARKANSAS: Prairie Co. Specimen was found 5.85 km N 
of Bayou Des Arc Wildlife Management Area off Highway 11 
(35.06188°N, 91.53749°W; WGS 84), 65 m elev. 12 May 2015. 
Thomas J. Belford. Verified by William E. Duellman. University 
of Kansas Digital Archives (KUDA 12339, 12340, photographic 
vouchers). First county record (Trauth et al. 2004. The Amphib-
ians and Reptiles of Arkansas. University of Arkansas Press, Fay-
etteville, Arkansas. 421 pp.). A single adult specimen was found 
sitting on the bottom of a recently dredged irrigation ditch. This 
specimen fills a distribution gap among White, Lonoke, Arkan-
sas, Monroe, and Woodruff counties. 

THOMAS J. BELFORD, 37 White Oak Cir, Searcy, Arkansas 72143, USA; 
e-mail: thomasbelfordiniraq@yahoo.com.

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). USA: 
TENNESSEE: grainger Co.: Sulpher Springs Hollow, Cherokee 
Lake (36.31198°N, 83.40425°W; WGS 84). 11 April 2015. Sydney 
N. McCubbins. Verified by A. Floyd Scott. David H. Snyder Muse-
um of Zoology, Austin Peay State University (APSU 19548, color 
photo). Adult observed swimming across lake. First record for 
the county (Redmond and Scott 2008 [latest update: 12 January 
2015]. Atlas of Reptiles in Tennessee. The Center for Field Biolo-
gy, Austin Peay State University, Clarksville, Tennessee. Available 
at http://apsu.edu/reptatlas/; accessed 30 April 2015.

JONATHAN D. MAYS, Florida Fish and Wildlife Conservation Commis-
sion, 1105 S.W. Williston Road, Gainesville, Florida 32601, USA; e-mail: jona-
than.mays@myfwc.com.
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IMANTODES LENTIFERUS (Blunt-headed Tree Snake). BRA-
ZIL: PARÁ: MuniCiPaliTy oF ParagoMinas: mining company Norsk 
Hydro (3.22944°S, 47.83577°W; WGS 84), 85 m elev. 28 February 
2015. Alexandre C. Ascenso and Anderson V. Furtado. Verified 
by João C. L. Costa. Museu Paraense “Emilio Goeldi,” Zoologia, 
Belém, Pará, Brazil (MPEG 26154). Adult male (SVL 540 mm; 
TL 217 mm) found in a disturbed lowland area, in a dense om-
brophilous forest formation in the area of influence of the min-
ing company Norsk Hydro, near to the ecotonal region between 
Amazon and Cerrado. This species occurs in the Amazon Basin 
and Guyana Region of Colombia, Ecuador, Peru, Surinam, French 
Guiana, Guyana, Bolivia, Venezuela, and Brazil (Myers 1982. Am. 
Mus. Nov. 2738:1–50; Pérez-Santos and Moreno 1988. Ofidios de 
Colombia. Museo Regionale di Scienze Naturali, Torino. 520 pp; 
Donnelly and Myers 1991. Am. Mus. Nov. 3017:1–54; Sampaio and 
Maciel 2012. Herpetol. Rev. 43:307; Cole et al. 2013. Proc. Biol. Soc. 
Washington 125:317–578), whereas in Brazilian Amazon, it occurs 
in the states of Amapá, Amazonas, Rondônia, Pará, and Mato 
Grosso. First county record, extends known range ca. 170 km SE 
from the nearest record in Acará municipality, Pará State (Cunha 
and Nascimento 1993. Mus. Par. Emílio Goeldi Publ. Avuls. 9:1–
191), on the right margin of the Amazon River, besides being the 
southeastern most record from Pará. Specimens were collected 
under permit number IBAMA 2607/2014 (Instituto Brasileiro do 
Meio Ambiente e dos Recursos Naturais Renováveis), and this is 
the publication BRC 0001 of Biodiversity Research Consortium 
Brazil-Norway (http://brc.museu-goeldi.br/).

ALEXANDRE C. ASCENSO (e-mail: emurinus@hotmail.com) and AL-
EXANDRE F. R. MISSASSI, Departamento de Zoologia, Museu Paraense 
Emílio Goeldi, Avenida Perimetral, 1901, 66077-830, Belém, Pará, Brazil (e-
mail: alexandre.missassi@gmail.com).

NERODIA ERYTHROGASTER (Plain-bellied Watersnake). USA: 
ARKANSAS: Cleburne Co.: 1.41 km W of Big Creek Natural Area off 
of Heritage Road (35.50611°N, 91.84705°W; WGS 84), 161 m elev. 
2 June 2015. Thomas J. Belford. Verified by William E. Duellman. 
University of Kansas Digital Archives (KUDA 12448, photograph-
ic voucher). First county record (Trauth et al. 2004. The Amphib-
ians and Reptiles of Arkansas. University of Arkansas Press, Fay-
etteville, Arkansas. 421 pp.). A single adult specimen was found 
foraging at noon in a small Ozark stream. This specimen fills a 
distribution gap among White, Independence, Stone, Van Buren, 
and Faulkner counties.

THOMAS J. BELFORD, 37 White Oak Cir, Searcy, Arkansas 72143, USA; 
e-mail: thomasbelfordiniraq@yahoo.com.

PANTHEROPHIS VULPINUS (Eastern Foxsnake). USA: INDI-
ANA: MonTgoMery Co.: Crawfordsville (40.067614°N, 86.979865°W; 
WGS 84). June 2013. Kayla Leach. Verified by Kenneth Krysko. 
Florida Museum of Natural History (UF 175717, photo voucher). 
New county record (Minton 2001. Amphibians and Reptiles of 
Indiana. Indiana Academy of Science, Indianapolis, Indiana. 404 
pp.). Adult snake found on two different occasions in open areas 
where grass is mown regularly. 

KAYLA LEACH (e-mail: kleach@dnr.in.gov) and ANDREW HOFFMAN, 
Turkey Run State Park, Marshall, Indiana 47859, USA (e-mail: hoffmana10@
alumni.hanover.edu).

RHINOCHEILUS LECONTEI (Long-nosed Snake). MÉXI-
CO: ZACATECAS: MuniCiPaliTy oF JalPa: Jalpa (21.645985°N, 
102.977801°W; WGS 84), 1401 m elev. 18 October 2014. Iván 
Sánchez, Rubén A. Carbajal-Márquez, and Eduardo Alfonso 

Ochoa-Medina. Verified by Bradford Hollingsworth. San Diego 
Natural History Museum (SDSNH HerpPC 5271, photographic 
voucher). New municipality record, extending the known range 
in Zacatecas ca. 19 km SW from the closest known locality 2.7 
km SW of the Aguascalientes state line on Mexican Highway 70, 
in the Municipality of Huanusco (Frost and Aird 1978. Herpetol. 
Rev. 9:62). The record also represents the southernmost known 
population for the species on southern limit of the Central Pla-
teau. The snake was found foraging at night at the periphery of 
Jalpa.

RUBÉN ALONSO CARBAJAL-MÁRQUEZ, Centro de Investigacio-
nes 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 (e-mail: gequintmxags@hotmail.com) and EDUARDO ALFONSO 
OCHOA-MEDINA, Universidad Autónoma de Aguascalientes, Centro 
de Ciencias Básicas, Departamento de Biología. Ciudad Universitaria, C.P. 
20131, Aguascalientes, Ags. México. 

STORERIA DEKAYI (Dekay’s Brownsnake). USA: ALABAMA: 
suMTer Co.: ca. 2.44 road km E of AL 17 on AL 116 (32.80996°N, 
88.28738°W; WGS 84). 10 March 2015. Brian D. Holt. Verified by 
David Laurencio. Auburn University Natural History Museum 
(AUM AHAP-D 960, digital photographic voucher). New county 
record (Mount 1975. Reptiles and Amphibians of Alabama. Ag-
ricultural Experiment Station, Auburn University, Alabama. 347 
pp.). One individual observed crossing road after recent rain. 
The nearest previously documented locations in the state oc-
cur in Tuscaloosa Co. to the northeast, Perry Co. to the east, and 
Washington Co. to the south (Mount 1975, op. cit.; VertNet). This 
record fills a gap in the Blackland Prairie of the Southeastern 
Plains ecoregion in western Alabama.
 Thanks to Eric Soehren for reviewing this note and David 
Laurencio for verifying the identification and confirming the 
county record. Additional online museum records were exam-
ined for county occurrences via VertNet.

BRIAN D. HOLT, Alabama Department of Conservation and Natural 
Resources, State Lands Division, Natural Heritage Section, 64 N Union 
Street, Suite 464, Montgomery, Alabama 36130, USA; e-mail: brian.holt@
dcnr.alabama.gov.

STORERIA DEKAYI (Dekay’s Brownsnake). USA: TENNES-
SEE: MCnairy Co.: Finger, 294 Sherry Lynn Drive (35.357800°N, 
88.635583°W; WGS 84). 31 March 2015. Brian P. Butterfield, Valer-
ie K. Butterfield, and Joseph B. Butterfield. Verified by A. F. Scott. 
David H. Snyder Museum of Zoology, Austin Peay State Univer-
sity (APSU 19545, color photo). New county record (Scott and 
Redmond 2008 [latest update: 19 May 2014]. Atlas of Reptiles in 
Tennessee. Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available at http://apsu.edu/reptatlas/, 
accessed 31 March 2015). Individual was found being attacked 
by domestic dogs. 

BRIAN P. BUTTERFIELD, Department of Biology, Freed-Hardeman 
University, Henderson, Tennessee 38340, USA (e-mail: bbutterfield@fhu.
edu); VALERIE K. BUTTERFIELD and JOSEPH B. BUTTERFIELD, 294 
Sherry Lynn Drive, Finger, Tennessee 38334, USA. 

TRILEPIDA KOPPESI (Amaral’s Blind Snake). BRAZIL: MINAS 
GERAIS: MuniCiPaliTy oF goVernador Valadares: São Manoel Island 
(19.01°S, 42.11°W; SAD 69), 181 m elev. 19–23 December 2008. 
R. Filogonio and M. A. S. Canelas. Verified by V. Germano. Mu-
seu de Ciências Naturais, Pontifícia Universidade Católica de 
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Minas Gerais, Belo Horizonte, Minas Gerais (MCNR 3294–3296). 
Trilepida koppesi is known from Mato Grosso do Sul (Parnaíba 
and Terenos), Goiás (Mineiros), São Paulo (Mogi-Guaçú, Bro-
tas, Itirapina, and Pirassununga) and Tocantins (Palmas) states 
(Passos et al. 2006. Amphibia-Reptilia 27:347–357; Pinto and Fer-
nandes 2012. Copeia 2012:37–48). First state record, increases 
the species known distribution ca. 624 km airline NE of Mogi-
Guaçú, and ca. 1100 km E of Mineiros, and is the closest record 
to the littoral zone. Permissions were conceded by Instituto 
Brasileiro do Meio Ambiente e Recursos Naturais Renováveis 
(IBAMA) under licenses nº141/2008 NUFAS/MG Process IBAMA 
nº02015.011675/2007-25, and nº516/2009 NUFAS/MG Process 
IBAMA nº02015.011675/2007-26.

RENATO FILOGONIO, Århus University, Zoophysiology, Institute of 
Bioscience, C. F. Møllers Alle 3, 8000 Århus C, Århus, Denmark (e-mail: re-
natofilogonio@gmail.com); MARCO ANTÔNIO SCHETTINO CANELAS, 
Herpeto Consultoria Ambiental LTDA, Rua Caraça 539, Serra, 30220-260, 
Belo Horizonte, MG, Brazil.

TRIMORPHODON PAUCIMACULATUS (Sinaloan Lyresnake). 
MÉXICO: ZACATECAS: MuniCiPaliTy oF ValParaiso: El Zapote 
(22.534313°N, 104.025634°W; WGS 84), 1100 m elev. 7 September 
2014. Jorge A. Bañuelos-Alamillo and Gabriela Moreno-Ochoa. 
Verified by Bradford Hollingsworth. San Diego Natural History 
Museum (SDSNH HerpPC 5259, photo voucher). First record for 
Zacatecas, with the closest known locality being ca. 162.8 airline 
km SW from 10.2 miles E of San Blas, Nayarit (Hensley and Lan-
nom 1966. Herpetologica 22:231–235). The specimen was found 
foraging at night in tropical deciduous forest. 

JORGE A. BAÑUELOS-ALAMILLO, Unidad Académica de 
Ciencias Biológicas, Universidad Autónoma de Zacatecas, Edificio de 
Biología Campus II Ave. Preparatoria S/N Col. Agronómica, C.P. 98066, 
Zacatecas, Zacatecas, México (e-mail: j.alberto.ba@gmail.com); RUBÉN 
A. 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 E. QUINTERO-DÍAZ, Universidad Autónoma de 
Aguascalientes, Centro de Ciencias Básicas, Departamento de Biología, 
Avenida Universidad No. 940, Aguascalientes, Aguascalientes 20131, 
México; GABRIELA MORENO-OCHOA, Unidad Académica de Medicina 
Veterinaria y Zootecnia “Francisco García Salinas,” Universidad Autónoma 
de Zacatecas, Carretera panamericana Zacatecas-Fresnillo, km 31.5, Calera 
de Victor Rosales, C.P. 98500 Zacatecas, México.

TROPIDOPHIS FUSCUS. CUBA: GUANTÁNAMO: MuniCiPaliTy oF 
el salVador: Limonar (20.3500°N, 75.3167°W; WGS 84). June 2013. 
Marco A. Olcha Cordero, Jans Morffe, and Nayla García. Verified 
by Michel Domínguez. Herpetological Collection of the Instituto 
de Ecología y Sistemática, Havana, Cuba (CZACC 4.5624). First 
municipality record and westernmost locality for this species on 
Cuba, located 28 km SW from the nearest record at Cupeyal del 
Norte, Moa, Holguín Province, Municipality of Moa (Rodríguez-
Schettino et al. 2013. Smithson. Herpetol. Info. Serv. 144:1–92). 
The snake was found under a rock next to a road in a coffee plan-
tation.

MANUEL ITURRIAGA (e-mail: manueliturriaga@ecologia.cu) and 
MARCO A. OLCHA, División de Colecciones Zoológicas, Instituto de 
Ecología y Sistemática, Carretera de Varona km 3 ½, Capdevila, Boyeros, AP 
8029, CP 10800, La Habana, Cuba.

TYPHLOPS LEPTOLEPIS. CUBA: GRANMA: MuniCiPaliTy oF 
niQuero: Cabo Cruz (19.8408°N, 77.7267°W; WGS 84). No date 

available. Collector unknown. Verified by Michel Domínguez. 
Herpetological Collection of the Instituto de Ecología y Sistemáti-
ca, Havana, Cuba (CZACC 4.5625). First record for Granma Prov-
ince and southwestern most record on Cuba, with the nearest 
known record being 254 km NE at La Vigía, Sierra del Crista, Hol-
guín Province (Rodríguez-Schettino et al. 2013. Smithson. Her-
petol. Info. Serv. 144:1–92). The blindsnake was found under a 
limestone rock in a dry semideciduous hardwood coastal forest, 
which is a new record for that habitat type on Cuba (Domínguez 
et al. 2013. Zootaxa 3681:136–146).

MANUEL ITURRIAGA, División de Colecciones Zoológicas, Instituto 
de Ecología y Sistemática, Carretera de Varona km 3½, Capdevila, Boyeros, 
AP 8029, CP 10800, La Habana, Cuba; e-mail: manueliturriaga@ecologia.cu.

VIRGINIA VALERIAE ELEGANS (Western Smooth Earthsnake). 
USA: TENNESSEE: MCnairy Co.: Finger, 294 Sherry Lynn Drive 
(35.357800°N, 88.635583°W; WGS 84). 5 April 2015. Brian P. But-
terfield and Joseph B. Butterfield. Verified by A. F. Scott. David H. 
Snyder Museum of Zoology, Austin Peay State University (APSU 
19546, color photo). New county record (Scott and Redmond 
2008 [latest update: 28 July 2014]. Atlas of Reptiles in Tennessee. 
Center for Field Biology, Austin Peay State University, Clarksville, 
Tennessee. Available at http://apsu.edu/reptatlas/, accessed 5 
April 2015). Individual was found under pine needles. 

BRIAN P. BUTTERFIELD, Department of Biology, Freed-Hardeman 
University, Henderson, Tennessee 38340, USA (e-mail: bbutterfield@fhu.
edu); JOSEPH B. BUTTERFIELD, 294 Sherry Lynn Drive, Finger, Tennessee 
38334, USA. 
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New Data on the Distribution of Snakes in Georgia (Caucasus)
The territory of Georgia remains one of the most interest-

ing in the Caucasus for studying the biology of many species 
of snakes. Despite the publication of a detailed monograph on 
snakes of the Caucasus (Tuniyev et al. 2009) and subsequent 
publications (Tarkhnishvili et al. 2002; Frotzler et al. 2011; Tuni-
yev et al. 2014), a number of aspects of snake biology in the re-
gion remain poorly studied. During work in Georgia during 1992, 
2009–2014, we obtained new data on the distribution of snake 
species. We recorded coordinates and elevation of localities us-
ing a Garmin GPS navigator; localities are shown in Fig. 1. We 
highlight several important records here. Specimens are identi-
fied by temporary field numbers pending permanent accession 
to the Institute of Zoology, Georgia collection.

1. We recorded a completely melanistic specimen of Coro-
nella a. austriaca Laurenti, 1768 (Figs. 2, 3) on 19 June 2012 in 
the vicinity of the Roshka village, Dusheti Municipality, Mtskhe-
ta-Mtianeti Region (42.5439°N, 44.9139°E; ~1880 m elev.). This 
is the first significant discovery of melanistic C. austriaca in the 
Caucasus (Doronin 2012), which is extremely rare for this species 
(Pernetta and Reading 2009).

2. Two melanistic individuals of Macrovipera lebetina obtusa 
(Dwigubsky, 1832) were found on 12 May 1992 at Samshvilde Hill 
fort, Tetritskaro Municipality, Kvemo Kartli Region (41.5081°N, 
44.5022°E; ~760 m elev.). In the Caucasus, a melanistic M. lebeti-
na was previously found only in the Eastern Caucasus in Dages-
tan, Russia (Doronin 2012).

3. We recorded the first population of Hierophis caspius 
(Gmelin, 1789) (Figs. 4, 5) in the east suburb of Rustavi, Kvemo 
Kartli Region (41.5167°N, 45.0667°E; ~330–410 m elev.) in the val-
ley of the Kura River. At this locality, specimens of different ages 
were observed in spring and summer during 2009–2014. This lo-
cality is significantly isolated from the main range of this species 
in the Caucasus; previously known localities along the Black Sea 
coast are approx. 370 km away, while those on the Caspian coast 
are approx. 290 km distant. We observed this newly recorded 
population of H. caspius to be sympatric with the closely related 
species H. schmidti (Nikolsky, 1909) though at a much lower den-
sity than H. schmidti; we recorded eight individuals of H. schi-
midti but only two H. caspius. This record of  H. caspius in south-
eastern Georgia significantly alters knowledge of its distribution 
in the region (Tuniyev et al. 2009).

4. We recorded several new localities for Pelias dinniki (Nikol-
sky, 1913) (Figs. 6, 7). This includes records from Mtskheta-
Mtianeti Region: one adult specimen found on 17 July 2010 at 
the Sno riverhead, Kazbegi Municipality (42.5983°N, 44.8081°E; 
~3000 m elev.) (Fig. 8); one adult specimen found on 07 June 2013 
in gorge of Kistinka (= Khde, Brolistskali) Kazbegi Municipality 
(42.7397°N, 44.6408°E; ~1810 m elev.) (Fig. 9); one adult speci-
men found on 07 August 2011 in the vicinity of Gudani village 

(= Gadani), Dusheti Municipality (42.5508°N, 44.9811°E; ~2390 
m elev.). These localities are in the territory of Kazbegi National 
Park and complement the fragmentary data on species range in 
Georgia. This species is rare in this region. All recorded speci-
mens exhibited bright coloration, with the pattern and color of 
the body being similar to the Pelias renardi complex.

5. Four adult specimens of Pelias lotievi (Nilson, Tuniyev, Or-
lov, Hoggren et Andren, 1995) (Figs. 10, 11) were found on 11 Au-
gust 2012 in the gorge of Tsovatitskali River in the vicinity of In-
durta village, Akhmeta municipality, Kakheti Region (42.4556°N, 
45.4381°E; ~2390 m elev.) (Fig. 12). We also found one dead 
specimen 2 km upriver from that locality (42.4597°N, 45.4281°E; 

DAVID BEKOSHVILI
Institute of Zoology, Ilia State University, Tbilisi 0162, Georgia
IGOR V. DORONIN* 
Zoological Institute of Russian Academy of Sciences,  
St. Petersburg 199034, Russia

*Corresponding author; e-mail: ivdoronin@mail.ru

Fig. 1. Location of snakes in the Georgia, Caucasus. 1) Completely 
melanistic individual Coronella a. austriaca (black square), vicinity 
of the Roshka village. 2) Completely melanistic individual of Mac-
rovipera lebetina obtusa (black square), Samshvilde Hill fort. 3) Hi-
erophis caspius (yellow square), east suburb of the city of Rustavi. 
4) Pelias dinniki (red squares), Sno riverhead. 5) P. dinniki, Gorge 
of Kistinka. 6) P. dinniki, vicinity of the Gudani village; 7) Pelias lo-
tievi (blue square), gorge of Tsovatitskali River, vicinity of the Indurta 
village.

Fig. 2. Completely melanistic individual of Coronella a. austriaca 
Laurenti, 1768 from the vicinity of Roshka village.
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Fig. 3. Head of melanistic Coronella a. austriaca Laurenti, 1768, vicin-
ity of the Roshka village.

Fig. 4. Hierophis caspius (Gmelin, 1789), east suburb of the Rustavi 
city (IZG v.53). Dorsal view.

Fig. 5. Hierophis caspius (Gmelin, 1789), east suburb of the Rustavi 
city (IZG v.53). Ventral view.

Fig. 6. Pelias dinniki (Nikolsky, 1913), gorge of Kistinka [= Xde] (IZG 
v.54). Dorsal view of head.

Fig. 7. Pelias dinniki (Nikolsky, 1913), gorge of Kistinka [= Xde] (IZG 
v.54). Left lateral view of the head.

Fig. 8. Sno riverheads, Kazbegi Municipality, Mtskheta-Mtianeti Region.
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~2230 m elev.). Both localities are in the territory of Tusheti Na-
tional Park. Previously, the species was known in Georgia based 
only on a photograph taken in the vicinity of the small town of 
Kazbegi (= Stepantsminda) (Frotzler et al. 2007; Tuniyev et al. 
2011). 

Acknowledgments.—We are grateful to A. Bukhnikashvili, N. L. 
Orlov, and B. S. Tuniyev for their helpful comments. The work was 
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Fig. 9. Gorge of Kistinka [= Khde, Brolistskali], Kazbegi Municipality, 
Mtskheta-Mtianeti Region.

Fig. 10. Pelias lotievi (Nilson, Tuniyev, Orlov, Hoggren et Andren, 
1995), the gorge of Tsovatitskali River in the vicinity of Indurta village 
(IZG v.55). Dorsal view of head.

Fig. 11. Pelias lotievi (Nilson, Tuniyev, Orlov, Hoggren et Andren, 
1995), the gorge of Tsovatitskali River in the vicinity of Indurta village 
(IZG v.55). Right lateral view of head.

Fig. 12. The gorge of Tsovatitskali River in the vicinity of Indurta village.
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Baseline Distribution Records for Amphibians and Reptiles in 
the Upper Peninsula of Michigan

Species distribution maps are useful for a variety of pur-
poses. With the widespread adoption of GIS-based analysis, bio-
geographic studies utilize distribution data at many scales, in-
cluding for conservation status assessments. These studies rely 
upon accurately published distribution data, and standards for 
publishing new county records are enforced by the Society for 
the Study of Amphibians and Reptiles (SSAR; Anonymous 2014). 
These standards require independent verification of voucher 
specimens. When distribution data are published or otherwise 
made available (e.g., on a website) without meeting these stan-
dards, problems can arise which confuse the record on what is 
actually known. Here we address distribution data confounded 
by just such problems for all species of amphibians and reptiles 
in the fifteen counties comprising the Upper Peninsula of Michi-
gan (U.P.), and reset the record of valid county level distribution 
status. This is a result of over a decade of field work and a com-
prehensive review of all distribution data for the U.P., which can-
not be added to the scientific record without first establishing a 
valid baseline.

Holman (2012) provides the most recent published maps 
for amphibian and reptile distribution in Michigan. For the past 
fifteen years we have performed herpetofaunal inventories and 
monitoring in the U.P. for a variety of initiatives, systematically 
collecting all known occurrence records, examining voucher 
material, and constructing an occurrence database with vetting 
ranks. Recently we noted many discrepancies between Holman’s 
published maps and our collected data. We suspected that many 
of these resulted from an aborted review of records, given that 
the author passed away before completing the manuscript. Here 
we present corrections and updates to the distributions of U.P. 
herpetofauna. Since many of the corrections suppress previ-
ously published county records, we hope that future confusion 
resulting from repeated citation of erroneous or undocumented 
records might be avoided by treating this review as a new base-
line to which future updates can be added. We hope this re-
assessment adds value to the substantial contributions of the 
many past and present Michigan herpetologists whose work we 
reviewed, and provides a newly vetted opportunity to build upon 
this valuable knowledge base.

Knowledge of Michigan herpetofaunal distribution has ad-
vanced through several stages from Ruthven et al. (1928) through 
Johnson (1965), Tinkle et al. (1979), Harding (1997), Harding 
and Holman (1990, 1999), Holman (2004), Holman and Hard-
ing (2006), and Holman (2012). Most of these publications have 

used “blob” maps—polygons drawn to approximate the suspect-
ed ranges of species. Blob maps represent a hypothesis on the 
extent of a species’ range, based on the author’s review of known 
records and assumptions about undocumented range limits. 
Blob maps usually do not provide fine precision on distribu-
tions, but are meant as coarse representations of the area within 
which a species might be found if suitable habitat is present, and 
authors may warn against using them as a basis for new county 
distribution records (see Harding 1997). 

Blob maps contrast with dot maps which plot a point at each 
known species occurrence, sometimes generalizing these dots to 
township or county centers. Traditionally, dot maps have been 
based on empirical data (e.g., specimen vouchers), and behind 
each dot on a published map would be a list of specimens exam-
ined, or at least a list of the institutions wherein these vouchers 
reside (see Pfingsten et al. 2013). In some instances, non-vouch-
ered records (i.e., observations) are used in dot maps, typically 
differentiated from voucher-based dots by using open circles, 
rather than solid dots (see Ruthven et al. 1928; Vogt 1981).

Converting blobs to dots for range maps is not recommend-
ed. Dots derived from blobs can easily be misconstrued as being 
confirmed records, or as having a finer precision than they actu-
ally do. This generates confusion and can result in compound-
ed errors when cited. To minimize such misinterpretation, dot 
symbols should differentiate between vouchered and unvouch-
ered records (as only vouchered records can be independently 
verified) and sources should be cited in text or appendices. We 
also recommend differentiating between verified and unveri-
fied voucher material, as errors do persist in museum specimen 
data, and these can only be discovered by examining material. 
In short, citing sources and specimens examined enables future 
workers to avoid having to repeat the work.

Distribution record standards are set by the SSAR (Anony-
mous 2014). To be accepted by the scientific community, records 
generally must meet two criteria—physical evidence (e.g., a 
voucher specimen or photograph), and independent verifica-
tion. Specimen vouchers should be deposited in a university or 
museum collection with complete locality and other data, and 
catalog numbers provided. This is necessary so that specimens 
are properly curated in an accredited permanent collection. 
Photo vouchers have substantially less longevity than specimen 
vouchers, even when properly curated (Rothenberg 1995), and 
provide substantially less scientific information as well (Graeter 
et al. 2013). Moreover, care must be taken to ensure that the pho-
tos are of sufficient quality and that they show enough diagnos-
tic characters to confirm a species’ identification (Graeter et al. 
2013). Hence, photos should only be used when voucher speci-
mens cannot be collected. Private collections and web-based 
photo services are not considered an acceptable permanent 
record (Anonymous 2014). Often these exist at the discretion 
of a single individual, and can easily be lost or discarded dur-
ing major life events, such as a relocation, upon death, or com-
puter failure (for digital collections). When such programs col-
lect significant records, these vouchers should be deposited at 
an accredited museum for acceptance into the scientific record, 
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UWM Field Station, 3095 Blue Goose Road, 
Saukville, Wisconsin 53080, USA
e-mail: gscasper@uwm.edu
RYNE D. RUTHERFORD
Biophilia, LLC, 6463 E. Stonington AA.5 Road, 
Rapid River, Michigan 49878, USA
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The Field Museum, Roosevelt Road at Lake Shore Drive, 
Chicago, Illinois 60605-2496, USA
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enabling them to be queried through search engines and direct 
correspondence with institutions. 

The second requirement for county record acceptance, inde-
pendent verification, is a basic tenant of science. The scientific 
method rejects non-evidence based claims, requiring evidence 
that can be independently corroborated. For species distribu-
tions to be so verified physical evidence must exist, typically 
properly preserved voucher specimens, photos, audio record-
ings, or tissue samples. Observational records cannot be cor-
roborated in this manner, but do have value in filling distribu-
tion gaps in the verified record, in natural history studies, and in 
biogeographical analyses. They should not be used as evidence 
for range extensions.

We were at first perplexed at how many county records for 
the U.P. in Harding (1997) and in Holman (2012) did not match 
with our review of historical occurrence data. Moreover, our ex-
tensive field surveys failed to discover many species in the indi-
cated counties. Holman’s (2012) maps indicate whether or not 
he had evidence for species occurrence in a county, with dots 
generalized to one per county (approximately the center), al-
though some major islands were treated separately. These dots 
are not ranked with differing symbols to indicate date of most 
recent occurrence, or for voucher status, as in Phillips et al. 
(1999). However, Holman does provide more detail on sources in 
some species accounts. In early 2014 James Harding discovered 
and shared with us a set of working maps that were the basis for 
Holman’s published maps, and were among Holman’s notes pre-
served in the Michigan State University Museum. These working 
maps included notes indicating the source used for each county 
record. We compared these working maps to our comprehensive 
database and unpublished field notes, and quickly discovered a 
major discrepancy. In sum, Holman had used blob maps as evi-
dence of occurrence, along with personal observations and those 
of colleagues, and observations from state agency programs, 
converting all of these sources to undifferentiated county dots. 
In particular, Casper (2002) was cited often. However, Michigan 
maps in Casper (2002) were county-level shading derived from 
digitized maps from the web site of the Herpetology Collection 
at the University of Michigan Museum of Zoology (represent-
ing UMMZ specimens) and Harding’s (1997) blob maps. Hard-
ing had a policy of making conservative blob maps, extending 
somewhat beyond confirmed records, given his experience that 
more records are usually acquired when these areas are surveyed 
(J. Harding, pers. comm.). While these caveats on Michigan data 
sources are discoverable through the appendices included with 
Casper (2002), and Harding’s (1997) introduction, they may not 
be otherwise apparent. Many of the discrepancies between Hol-
man’s 2012 maps and our data can be traced to an incorrect as-
sumption that Casper’s 2002 maps, derived in turn from Harding 
(1997), were voucher based. We correct these assumptions here.

The literature that has cited voucher material for Michigan 
amphibian and reptile distribution is limited (e.g., Ruthven et 
al. 1928). We examine this history and newly apply the afore-
mentioned standards for documentation to these and all other 
distribution data sources. We provide a new vetted baseline 
upon which new county records can be added, with assurance 
that scientific standards are applied. We discuss county records 
without proper documentation in the species accounts, and 
encourage the collection of voucher specimens for deposit at 
accredited institutions. Where collecting a voucher specimen 
is a conservation concern, photo vouchers can serve this pur-
pose if they clearly show enough diagnostic characters for a firm 

identification to be made (for Michigan species see Graeter et al. 
2013), and are properly deposited as detailed above.

We have undoubtedly missed some voucher material despite 
our best efforts to be comprehensive, and we welcome additions. 
We do note some instances where vouchers are known to exist 
(mostly photos) but have not been submitted to acceptable re-
positories. Properly documenting these findings is encouraged. 
The collection and deposit of voucher material into acceptable 
repositories should be standard practice for important records 
gained through research, or collected through public programs 
such as the Michigan Frog and Toad Survey (MFTS) and the 
Michigan Herp Atlas (MHA). We caution against citing works that 
are non-voucher based when publishing new county records. 
For example, Wogahn and Ray (2014) published a new county re-
cord for Wisconsin citing a non-voucher based blob map (Christ-
offel et al. 2002) as support for the record being new, rather than 
using available voucher-based references for Wisconsin (e.g., 
Vogt 1981, Casper 1996, and subsequent geographic distribu-
tion accounts in Herpetological Review). The practice of citing 
non-vouchered sources to support new records may result in 
errors. We therefore make an appeal to return to voucher-based 
standards in order to advance science in a reputable manner. 
Programs and websites that gather occurrence data can partner 
with an institution who will accept voucher material for docu-
menting noteworthy records.

MeTHods

Using our vetted database, Holman’s unpublished notes, the 
published literature, and all other available data sources, we re-
viewed the empirical evidence for the occurrence of each spe-
cies in each U.P. county for adherence to SSAR standards (Anon-
ymous 2014). We reviewed records from museum collections, 
the MFTS, MHA, Michigan Natural Features Inventory (MNFI), 
Herpetological Education and Research Project (H.E.R.P. 2014), 
and HerpMapper (2014). We used Holman (2012) and Ruthven 
et al. (1928) as a basis for assigning the newly vetted records to 
one of three ranks. Voucher material supporting observational 
records in Ruthven et al. (1928) was treated as re-confirming 
these records, rather than as new county records, as these have 
been generally accepted as valid records for many decades, and 
we did not view them as new. Instead, we now support these with 
empirical evidence meeting modern standards. 

We do not assume evidence is available to support published 
blob maps that are derived works and/or do not cite source data 
(e.g., Harding 1997; Harding and Holman 1990, 1999; Casper 
2002, Holman 2012, Tekiela 2014). As Harding (1997) notes, typi-
cally these are not intended to be used as a basis for new distri-
bution records. 

All non-vouchered records were considered observational. 
Photo “vouchers” posted only to a website are problematic (e.g., 
some MHA, H.E.R.P., and HerpMapper records). These do not 
meet SSAR standards for a county record as they are not de-
posited in a curated collection where all associated data can be 
examined. Moreover, since some of the photos are copyrighted 
(MHA), only the copyright holder can deposit them as required. 
All such records with photo documentation are therefore treated 
as observational here, pending deposition into museum collec-
tions meeting SSAR standards. Properly depositing photos with 
full data into museum collections is fairly easy, and HerpMapper 
will currently accommodate this data transfer on request.

The three ranks we applied to records are as follows:
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1) Accepted: County records for which we could find proper-
ly deposited specimen or photo vouchers corroborating a prior 
published record. We cited the earliest voucher we could find, 
along with the earliest voucher we verified, if any (Tables 1–4). 

2) Suppressed: These are published records for which we 
could find no supporting vouchers meeting the SSAR standard. 
These were mostly from published blob maps, but we correct-
ed some errors as well. These counties may have observational 
records for the suppressed species (e.g., author notes, MHA or 
MFTS records), which are discussed, as observational records 
suggest that the species does in fact occur and vouchers can be 
collected with relative ease to properly document occurrence.

3) New: These are vouchers we collected for counties that 
previously had no supporting voucher material meeting SSAR 
standards, and had not been previously published by Ruthven et 
al. (1928). Records from Holman’s 2012 maps that are supported 
only (to our current knowledge) by our collections were consid-
ered new, as neither his notes nor our correspondence with him 
prior to his passing indicated that he utilized any of our voucher 
material.

Below we review each species for specimen vouchers sup-
porting occurrence in each county (Tables 1–4). We discuss the 
empirical evidence for changing county statuses, and list ac-
cepted, suppressed, and new county records. Specimen vouch-
ers examined are cited, and photo vouchers are only mentioned 
if specimen vouchers were not found. Sources and acronyms 
for voucher material follow Sabaj Pérez (2014). For space con-
siderations, we have not supplied new maps, but rather present 
tabular data for easy reference. We include notes on Isle Royale 
because of its size and distance from the mainland, but do not 
address species occurrence on other islands. The number of 
decimal places in coordinates reflects precision estimates. Com-
mon and scientific names follow Crother et al. (2012). All GPS 
locations are WGS 84. 

CAUDATA — SALAMANDERS

AMBYSTOMA LATERALE AND POLYPLOIDS (Blue-spotted 
Salamander complex). diCkinson Co.: Benton Lake Road south 
of Benton Lake (45.8735°N, 87.9029°W). 1 October 2014. Ryne 
D. Rutherford. UMMZ 243460. Verified by Gregory Schneider. 
New county record. Under log along edge of ephemeral pond. 
MenoMinee Co.: along Vega Road 01 ca. 2.08 km S of Sand Road 
(45.8174°N, 87.61454°W). 1 October 2014. Ryne D. Rutherford. 
UMMZ 243459. Verified by Gregory Schneider. New county re-
cord. Under log along road.

The most common salamander in the U.P., verified from all 
counties (with Dickinson and Menominee first county records 
provided here) and Isle Royale (Casper 2008). A Dickinson Co. 
photo from 2011 is also posted on the MHA website without full 
data. Holman (2012) included an account for polyploid hybrids 
of A. laterale and A. jeffersonianum, but we do not attempt to 
segregate out polyploid records here, as a taxonomy for these 
combinations has yet to be settled (Bi and Bogart 2010). It is pos-
sible that there are instances of polyploid populations in some 
U.P. counties, and this should be investigated. 

Accepted: All counties. 
Suppressed: None.
 

AMBYSTOMA MACULATUM (Spotted Salamander). baraga Co.: 
Ottawa National Forest, along FR 2200 ca. 0.6 km N of Hwy 227 
(46.546412°N, 88.666084°W). 4 June 2013. Ryne D. and Jenny L. 

Rutherford. UMMZ 1250 (photo). Verified by Gregory Schnei-
der. New county record. Photo of egg mass in ephemeral pond. 
CHiPPeWa Co.: South end of beaver pond ca. 0.8 km S of Cranberry 
Lake (45.968800°N, 84.016529°W). 15 September 2014. Ryne D. 
Rutherford. UMMZ 243462. Verified by Gregory Schneider. New 
county record. Under old log in open grassy area along open lake 
shoreline. delTa Co.: Gravel pit off Limpert Road ca. 2.4 km NW 
of Hwy 35 (45.572621°N, 87.286464°W). 27 August 2014. Jenny 
L., Cypress, and Ryne D. Rutherford. UMMZ 243461. Verified by 
Gregory Schneider. New county record. Under wet board in san-
dy gravel pit. HougHTon Co. Ottawa National Forest, forest road 
ca. 0.68 km NE of Dunn Lake (46.422558°N, 88.835821°W). 21 July 
2010. Gary S. Casper, Thomas G. Anton, Dave Mauger. FMNH 
281085. Verified by Alan Resetar. New county record. Under log 
in old quarry next to spruce bog. keWeenaW Co.: Along Mandan 
Rd. ca. 1.6 km N of Maniton Lookout Rd. (47.4457°N, 87.7692°W; 
WGS 84). 20 May 2011. Ryne D. and Jenny L. Rutherford. Verified 
by Gregory Schneider. New county record. UMMZ 1232 (photo). 
Photo of ca. 87 egg masses. luCe Co.: Along Camp 9 Rd. near Lost 
Lake, wetland on E side of road (46.4583°N, 85.7986°W; WGS 84). 
10 May 2011. Ryne D. and Jenny L. Rutherford. Verified by Greg-
ory Schneider. New county record. UMMZ 1231 (photo). Photo 
of ca. 22 egg masses. MenoMinee Co.: Small gravel pit on N side 
of Hayward Lake Rd. (45.3473°N, 87.5132°W; WGS 84). 4 August 
2008. Ryne D. Rutherford. Verified by Gregory Schneider. New 
county record. UMMZ 1248 (photo). Photo of adult under log.

 A common but cryptic salamander throughout the U.P., 
now confirmed from all counties except Dickinson (we have an 
observational record but lack a voucher). Spotted Salamanders 
have been confirmed in Thunder Bay, Ontario (ROM 1011–13, 
1016, 11981), but are not known from Isle Royale (Casper 2008).

Accepted: All counties except Dickinson.
Suppressed: Dickinson (observation only).

AMBYSTOMA TIGRINUM (Eastern Tiger Salamander): Three 
larval specimens were collected in 1962 and 1963 from Merwin 
Lake in Alger Co. (Hensley 1964). These were reportedly depos-
ited at the Department of Zoology, Michigan State University, 
but only one specimen could be located (MSUM 10935). Hensley 
(1964) dissected one larval specimen and found well-developed 
eggs in both ovaries, indicating neoteny. MSUM 10935 is a re-
cently transformed adult, which presumably metamorphosed in 
Hensley’s lab. No other records are available and aquatic funnel 
trap surveys conducted at the site in 2008 (RDR, unpubl. data) 
yielded negative results. We suspect the population was intro-
duced with bait minnows and is now extirpated, as the species is 
otherwise unknown from the U.P. Holman (2012) suggested they 
may be a glacial relict population, but there is no other evidence 
of the species’ range ever having extended this far north post-
Pleistocene. We consider this occurrence an anomaly, which 
should be treated as accidental or introduced on range maps, 
typically symbolized by an X or question mark.

Accepted: None.
Suppressed: Alger (possibly introduced).
New: None.

HEMIDACTYLIUM SCUTATUM (Four-toed Salamander). bara-
ga Co.: Ottawa National Forest, McCormick Wilderness, Ever-
green Lake (46.7115°N, 88.0381°W). 20 April 2012. Ryne D. and 
Jenny L. Rutherford. UMMZ 243173. Verified by Gregory Schnei-
der. On nest with eggs in sphagnum moss. delTa Co.: Ca. 0.34 km 
SW of junction of CR511 and K10 Road (45.7871°N, 86.8674°W). 
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12 May 2014. Ryne D. Rutherford. UMMZ 243464. Verified by 
Gregory Schneider. New county record. Adult on nest with eggs, 
ephemeral pond in red oak/mixed hardwood forest with scat-
tered mossy logs. HougHTon Co. Ottawa National Forest, wetland 
along Forest Road 1360 (46.6384°N, 88.8091°W). 11 June 2003. 
Gary S. Casper. MPM 33290. Verified by Gregory Schneider. New 
county record. Roadside wetland of alder in mixed northern 
hardwood. MaCkinaC Co. ca. 1.2 km N of Big Knob Campground 
on Big Knob Road (46.0479°N, 85.5861°W). 21 September 2014. 
Jenny L., Cypress and Ryne D. Rutherford. UMMZ 243463. Veri-
fied by Gregory Schneider. New county record. Under birch log.
MenoMinee Co. Along River Road ca. 2.4 km N of jct. with Santosa 
Lane (45.4489°N, 87.8342°W). 10 May 2014. Ryne D. Rutherford. 
UMMZ 1241 (photo). Verified by Gregory Schneider. New county 
record. In mossy clump in ephemeral pond along road. onTona-
gon Co. Ottawa National Forest, west side of Choate Road just 
south of Steusser Lake (46.4432°N, 89.2507°W). 10 June 2003. 
Gary S. Casper. MPM 33291. Verified by Jeffrey A. Soltesz. New 
county record. On nest with Speckled Alder, sedges, and sphag-
num moss.

Currently verified from most U.P. counties, but surveys are 
incomplete and require special knowledge for success. Probably 
occurs in all counties, but vouchered records are still lacking for 
four, with Holman’s notes indicating these dots were inferred 
from Casper (2002). Holman’s Schoolcraft Co. dot is attributed to 
a note from J. Harding. They appear to be absent from Isle Royale 
(Casper 2008).

Accepted: Alger, Baraga, Chippewa, Delta, Gogebic, Houghton, 
Iron, Mackinac, Marquette, Menominee, Ontonagon counties.

Suppressed: Schoolcraft (observational record). Dickinson, 
Keweenaw, Luce (no records) counties. 

NECTURUS MACULOSUS MACULOSUS (Common Mudpuppy). 
Probably found throughout the U.P., but vouchers lacking for 
Iron, Marquette, and Ontonagon counties. Known to occupy 
harbors and shoals of lakes Superior and Michigan, and inland 
streams and lakes, especially where streams are (or were) con-
nected to the Great Lakes. Holman’s notes indicate Iron and On-
tonagon county dots were inferred from Casper (2002), and the 
source for Marquette Co. is unattributed. Ruthven et al. (1928) 
included an open circle for Iron Co., indicating a non-vouchered 
record, but we have been unable to discover any other records 
for this county. Mudpuppies are verified from Isle Royale (Casper 
2008), but may have declined or become extirpated there and 
elsewhere, especially where lampricide treatment is practiced 
(Matson 1990, 2005).

Accepted: All counties except Iron, Marquette and Ontona-
gon counties.

Suppressed: Iron, Marquette, Ontonagon (no records) coun-
ties.

New: None.

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). goge-
biC Co.: ca. 1.3 km E of South Boundary Road along dirt road 
(46.697872°N, 89.950110°W). 17 July 2014. Ryne D. Rutherford. 
UMMZ 243465. Verified by Gregory Schneider. New county re-
cord. Eft found under log.

Found throughout the U.P., but vouchers are currently lack-
ing for Dickinson Co. and there appear to be gaps in the range 
(unpubl. data). Holman’s notes indicate the Dickinson Co. dot 
was inferred from Casper (2002). This species is verified from Isle 
Royale (Casper 2008).

Accepted: All counties except Dickinson.
Suppressed: Dickinson (no records) Co.

PLETHODON CINEREUS (Eastern Red-backed Salamander). 
This common salamander is verified from every county in the 
U.P. They appear to be absent from Isle Royale (Casper 2008).

Voucher Specimens: All counties.
Suppressed: None.
New: None.

ANURA — FROGS

ANAXYRUS AMERICANUS AMERICANUS (Eastern American 
Toad). One of the most widespread and abundant species in 
the U.P., it is accepted from all counties and Isle Royale (Casper 
2008).

Accepted: All counties.
Suppressed: None.
New: None.

HYLA CHRYSOSCELIS (Cope’s Gray Treefrog). A rare frog in the 
U.P. often misreported based on calls being confused with Hyla 
versicolor. Reported from Baraga Co. by the Keweenaw Bay In-
dian Community Frog and Toad Survey, and from Mackinac Co. 
by the MFTS, these records are considered observational pend-
ing supporting voucher specimens with karyotype or sonogram 
evidence. Also reported from Schoolcraft Co. by the Seney Na-
tional Wildlife Refuge (Anderson 1982), but vouchers (MSUM 
8271–72, UMMZ 166599) lack supporting evidence to distin-
guish them from H. versicolor (although J. Harding states record-
ings are available). However, we (RDR) have confirmed presence 
at Seney NWR and have a video of a calling frog there, so we ac-
cept this county record. Holman’s notes indicate that dots for all 
counties except Houghton were inferred from Casper (2002). The 
Houghton Co. record is based on MFTS data (Sargent 2012), with 
a supporting note stating calls were confirmed by tape recording 
or local expert (Sargent 2000). We treat this as an observational 
record. At this time we consider this species occurrence in the 
U.P. limited to the Seney NWR, and encourage the deposition of 
additional voucher material with digital audio recordings of the 
specimen calling with temperature data. The habitat where this 
species is found at Seney NWR is unusual for the U.P. (large sedge 
meadows). 

Accepted: Schoolcraft Co.
Suppressed: Alger, Baraga, Chippewa, Delta, Dickinson, Go-

gebic, Houghton, Iron, Keweenaw, Luce, Mackinac, Marquette, 
Menominee, and Ontonagon counties.

New: None.

HYLA VERSICOLOR (Gray Treefrog) baraga Co.: T49N, R34W, 
Section 16 (section centroid 46.6441°N, 88.5646°W). 28 June 
1967. Richard E. Fitzner. MSUM 10096. Verified by James Hard-
ing. New county record. delTa Co.: near 6463 East Stonington 
AA.5 Road (45.7793°N, 86.8260°W). 30 June 2012. Ryne D. Ruther-
ford. UMMZ 243457. Verified by Gregory Schneider. New county 
record. Calling on Ironwood (Ostyra virginiana) branch in forest. 
HougHTon Co.: (reconfirmed), on FR-16 (46.5229°N, 88.8875°W). 
2 June 2014. Gary S. Casper, Julia L. Robson. UMMZ 243451. Veri-
fied by Gregory Schneider. New county record. iron Co. (recon-
firmed): Mint Pond, N side of W Brule Lake Rd., Ottawa National 
Forest (46.0712°N, 88.7984°W; WGS 84). 21 July 2014. Ryne D. 
Rutherford. Verified by Gregory Schneider. UMMZ 243473. New 
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county record. onTonagon Co.: Ottawa National Forest, Jack Pine 
Lake (46.5617°N, 89.0246°W). 19 July 2010. Ryne D. and Jenny L. 
Rutherford. FMNH 281081. Verified by Alan Resetar. New county 
record.

One of the most widespread and abundant species in the 
U.P., found in all counties. For this study, we assumed all Hyla 
voucher specimens were H. versicolor unless otherwise indi-
cated by collecting notes, karyotype, or sonogram evidence. The 
Schoolcraft Co. specimens collected at Seney National Wildlife 
Refuge (MSUM 8271–72, UMMZ 166599) however, could be H. 
chrysoscelis (see above). Luce Co. lacks voucher specimens. For 
Chippewa Co., tadpole specimens (UMMZ 228023) were too 
desiccated to confirm, and MSUM 8273 cataloged as Hyla sp. 
was determined to be Pseudacris crucifer. Both Chippewa and 
Luce counties have observational records (GSC, unpubl. Data; 
MFTS), and we are confident this species can be confirmed with 
proper vouchers (e.g., Luce Co. MHA photo record 3192 could be 
submitted as documentation). Holman’s notes do not attribute 
sources for Chippewa or Luce counties, and cite the MFTS for 
the Baraga Co. record. We provide the first published Baraga Co. 
voucher here (specimen re-determined from an original iden-
tification of Pseudacris nigrita). Houghton and Iron county ob-
servational records were provided by Ruthven et al. (1928), and 
we here reconfirm these counties with first published vouchers, 
along with new Delta and Ontonagon county records. Rare on 
Isle Royale, but a recent 2012 sighting (P. Brown, pers. comm.; 
MHA record 2613). 

Accepted: All counties except Chippewa and Luce. 
Suppressed: Chippewa (observations), Luce (observations 

and MHA photo) counties.

PSEUDACRIS CRUCIFER (Spring Peeper). Verified from every 
U.P. county except Luce. Luce Co. has observational records 
from the MFTS and our surveys, but vouchers are lacking. For 
Holman’s Luce Co. dot, MFTS data (Sargent 2012) is cited as the 
source. Johnson (1965) states this species is recorded from all 
U.P. counties, but there is no indication he examined any mate-
rial from Luce Co. Verified from Isle Royale (Casper 2008).

Accepted: All counties except Luce.
Suppressed: Luce Co. 
New: None.

PSEUDACRIS MACULATA AND P. TRISERIATA (Chorus Frogs). 
gogebiC Co.: Ottawa National Forest along FR 8100 (46.3716°N, 
89.7845°W). 4 May 2012. Gary S. Casper, David Mauger, Ryne 
D. and Jenny L. Rutherford. UMMZ 242996. Verified by Grego-
ry Schneider. New county record. In forested ephemeral pond, 
many observed and calling from pond over several days.

The recent reorganization of chorus frogs based on mtDNA 
analysis (Moriarty Lemmon et al. 2007) suggests that all U.P. oc-
currences are P. maculata. However, no samples from the U.P. 
were evaluated. There is no solid evidence (yet) for chorus frogs 
in the eastern and central U.P., but if eastern specimens are later 
obtained they are more likely to be P. triseriata. We suspect that 
P. maculata is colonizing from Wisconsin in the west. We treat 
these as a species complex here, pending further molecular stud-
ies to resolve this issue. The U.P. is at a range limit, where these 
species may cycle through range expansions and retractions 
over time, resulting in ephemeral populations and rarity.

Published chorus frog distribution is currently more con-
fused than any other U.P. amphibian. Ruthven et al. (1928) listed 
only unvouchered records from Iron and Dickinson counties. 

Since then, unverified records have been published for nearly all 
other counties (Holman 2012; Tekeila 2014), but only three coun-
ties have actual voucher material, and one of those (Gogebic) 
is newly published here. Interestingly, the Tekiela (2014) range 
map is almost the exact opposite of the actual U.P. distribution, 
whereas Harding’s (1997) blob map closely reflects actual data. 
In our experience, the trill calls of the Spring Peeper are often 
mistaken for Chorus Frog calls (as are A. americanus calls on oc-
casion), and this probably results in many erroneous reports to 
volunteer frog call survey programs. Calls should be confirmed 
by collecting voucher specimens or photos. 

Chorus frog records from frog call survey programs are avail-
able for Baraga, Houghton, Mackinac, and Marquette counties, 
but are suspect without supporting documentation. We have 
not heard chorus frogs in these counties in any of our surveys. In 
Holman’s notes, Alger, Chippewa, Delta, Dickinson, Houghton, 
mainland Keweenaw, Luce, Mackinaw, Marquette, Menominee, 
and Schoolcraft county records are attributed to MFTS data (Sar-
gent 2012), and are here suppressed. Holman’s notes do not at-
tribute the Baraga Co. dot to any specific source, but we redeter-
mined a 1967 specimen labeled as “Pseudacris nigrita” as Hyla 
versicolor (MSUM 10096). P. maculata is verified from Isle Royale 
(Casper 2008).

Accepted: Gogebic, Iron, Keweenaw (Isle Royale only) coun-
ties.

Suppressed: Alger, Baraga, Chippewa, Delta, Dickinson, 
Houghton, Luce, Mackinac, Marquette, Menominee, and 
Schoolcraft (observational only) counties.

LITHOBATES CATESBEIANUS (American Bullfrog). diCkinson 
Co.: Little Fumee Lake (45.8206°N, 87.9537°W). 20 May 2011. 
Ryne D. and Jenny L. Rutherford. UMMZ 1242 (photo). Verified 
by Gregory Schneider. New county record. In cattails along a lake 
edge.

American Bullfrogs have a patchy distribution in the U.P., 
possibly as a result of one or more anthropogenic introductions 
(e.g., tadpoles mixed with bait minnows). Johnson (1965) quotes 
David Johnson, a Michigan Conservation Officer, regarding in-
troductions in Marquette Co. by individuals attempting to raise 
them commercially. Populations could also be naturally invad-
ing from Wisconsin and some may be post-glacial relics (Holman 
2004). Holman’s notes indicate that dots for Alger, Chippewa, 
Delta, Houghton, Iron, Keweenaw, and Ontonagon counties 
were inferred from Casper (2002); while dots for Dickinson and 
Menominee counties are attributed to MFTS data (Sargent 2012). 
American Bullfrogs are absent from Isle Royale (Casper 2008).

Accepted: Baraga, Dickinson, Gogebic, Luce, Mackinac, Mar-
quette, and Schoolcraft counties.

Suppressed: Alger, Houghton (observations only). Chippewa, 
Delta, Iron, Keweenaw, Menominee, and Ontonagon counties 
(no records).

LITHOBATES CLAMITANS (Green Frog). A very widespread and 
abundant species in the U.P., verified from all counties and from 
Isle Royale (Casper 2008).

Accepted: All counties.
Suppressed: None.
New: None.

LITHOBATES PALUSTRIS (Pickerel Frog). Rare and local in the 
U.P., absent from Isle Royale (Casper 2008). Easily confused with 
L. pipiens, Baraga Co. observations from the Keweenaw Bay 
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Indian Community Frog and Toad Survey, and Luce County ob-
servations from the MFTS, are suppressed without supporting 
documentation, as are Houghton Co. observations provided in 
2010 by the MHA. Holman’s notes indicate that dots for Alger, 
Chippewa, Delta, Dickinson, Gogebic, Houghton, Keweenaw, 
Luce, Mackinac, and Schoolcraft counties were inferred from 
Casper (2002), and Iron Co. is attributed to MFTS data (Sargent 
2012), now suppressed without supporting documentation. 
Johnson (1965) states this species is recorded from Chippewa 
Co., but we are unable to find any evidence for this. We have nev-
er encountered this species in the U.P. despite extensive field-
work. It is very rare with the last confirmed record in 1947. Any 
additional encounters should be documented and published.

Accepted: Marquette, Menominee.
Suppressed: Baraga, Luce (observations only). Alger, Chip-

pewa, Delta, Dickinson, Gogebic, Houghton, Iron, Keweenaw, 
Mackinac, Ontonagon, Schoolcraft (no records) counties.

New: None.

LITHOBATES PIPIENS (Northern Leopard Frog): A common 
species verified in every county, but absent from Isle Royale 
(Casper 2008). Anecdotal evidence suggests that the species has 
declined dramatically in the U.P. and large range gaps exist (our 
unpublished data), although it is still extant in every county.

Accepted: All counties.
Suppressed: None. 
New: None.

LITHOBATES SEPTENTRIONALIS (Mink Frog): Found through-
out the U.P. with verified specimens from all counties except 
Luce. Four Luce Co. observations reported by the MHA are un-
documented. Holman’s notes for his Luce Co. dot are not attrib-
uted to any specific sources. Johnson (1965) states this species is 
recorded from all U.P. counties, but there is no indication he ex-
amined any material from Luce Co. This species is verified from 
Isle Royale (Casper 2008).

Voucher Specimens: All counties except Luce.
Suppressed: Luce Co.
New: None.

LITHOBATES SYLVATICUS (Wood Frog): An abundant frog veri-
fied in every U.P. county and from Isle Royale (Casper 2008).

Voucher Specimens: All counties.
Suppressed: None.
New: None.

TESTUDINES — TURTLES

CHELYDRA SERPENTINA (Snapping Turtle). alger Co.: (re-
confirmation) Pictured Rocks National Lakeshore, Sand Point 
(46.4494°N, 86.6034°W). 5 June 2004. Gary S. Casper, Thomas 
G. Anton, David Mauger. UMMZ 1236–7 (photo). Verified by 
Gregory Schneider. New county record. Two caught in turtle 
trap. HougHTon Co.: (reconfirmation) Ottawa National For-
est, stream crossing (unnamed tributary of Beaver Creek) 
at FR 1250 (46.5498°N, 88.9164°W). 6 June 2012. Ryne D. and 
Jenny L. Rutherford . UMMZ 1239 (photo). Verified by Gregory 
Schneider. New county record. Digging on roadside. iron Co.: 
(reconfirmation) Ottawa National Forest, Jumbo River at FR 
4080 (46.4147°N, 88.9708°W). 18 June 2013. Ryne D. and Jenny 
L. Rutherford. UMMZ 1255 (photo). Verified by Gregory Schnei-
der. New county record. Photo of depredated nest. keWeenaW 

Co.: Across from Bette Gris Preserve parking lot along Gay Lac 
La Belle Road (47.3586°N, 87.9611°W). 19 May 2011. Stefanie M. 
Nadeau, Gary S. Casper. UMMZ 1233 (photo). Verified by Greg-
ory Schneider. New county record. In swale wetland. luCe Co.: 
Along Camp 9 Road near Lost Lake (46.45831°N, 85.7986°W). 
10 May 2011. Ryne D. and Jenny L. Rutherford . UMMZ 1234 
(photo). Verified by Gregory Schneider. New county record. on-
Tonagon Co.: Ottawa National Forest, Steusser Lake (46.4512°N, 
89.2485°W). 7 June 2010. Gary S. Casper. FMNH 281365. Veri-
fied by Alan Resetar. New county record. Juvenile found along 
shoreline.

Found throughout the U.P. but vouchers lacking for Baraga 
Co. The only Alger Co. specimen voucher was lost in the CMU 
collections fire, but we here provide a new reconfirming photo 
voucher. Holman’s notes indicate that the Baraga Co. dot was 
inferred from Casper (2002), but Robinson and Werner (1975) 
also published an observational record and a 2014 photo on the 
MHA site could be submitted as a voucher. Snapping Turtles 
were noted as present in Houghton and Iron counties by Ruth-
ven et al. (1928) and Johnson (1965) but without vouchers, and 
we reconfirm these by providing new photo vouchers (Table 3). 
Iron and Keweenaw county photos from 2011 are also posted on 
HerpMapper (HM 9038, 9058) and duplicated on H.E.R.P. and 
MHA websites. Snapping Turtles are not known from Isle Royale 
(Casper 2008).

Accepted: Alger, Chippewa, Delta, Dickinson, Gogebic, 
Houghton, Iron, Keweenaw, Luce, Mackinac, Marquette, 
Menominee, Ontonagon, and Schoolcraft counties.

Suppressed: Baraga Co. (literature and MHA photo records)

CHRYSEMYS PICTA (Painted Turtle). alger Co: (reconfirmed). 
Pictured Rocks National Lakeshore, wetland along Hwy 58 
(46.4911°N, 86.3846°W,). 3 June 2004. Gary S. Casper. MPM 
33483. Verified by Alan Resetar. New county record. Juvenile in 
turtle trap. baraga Co: Little Lake (46.6471°N, 88.5599°W,). 16 May 
2014. Gary S. Casper, Ryne D. Rutherford. UMMZ 243471. Veri-
fied by Gregory Schneider. New county record. Small lake in Jack 
Pine managed forest, turtle found dead along shore, probably 
winter kill. iron Co.: (reconfirmed) Ottawa National Forest, jct W 
Brule Lake Rd and Hagerman Lake Rd (46.0714°N, 88.7941°W). 
10 June 2010. Gary S. Casper. FMNH 275484. Verified by Alan 
Resetar. New county record. Hand-captured juvenile crossing 
road. MaCkinaC Co.: Along unnamed road ca. 0.4 km S of Hwy 
134. (46.0110°N, 84.5185°W). 18 September 2014. Ryne D. Ruth-
erford. UMMZ 1245–6 (photos). Verified by Gregory Schneider. 
New county record. Swimming near edge of large quarry pond.

Found throughout the U.P. with vouchers confirmed for ev-
ery county, with Baraga and Mackinac vouchers newly presented 
here. Ruthven et al. (1928) included a solid dot representing a 
specimen for Alger Co., which we could not locate, but it may 
have been UMMZ 51953, a specimen without any data other 
than county. We reconfirm this record here with a new vouch-
er collected in 2004. Likewise, Ruthven et al. (1928) provided a 
hollow dot for Iron Co. which we reconfirm with a new voucher 
collected in 2010 (Table 3). Baraga and Mackinac county pho-
tos from 2010 are also posted on HerpMapper (HM 8736, 8785) 
and duplicated on H.E.R.P. Several Baraga and one Mackinac Co. 
photo are also posted on the MHA site but lack full data. This 
species is verified from Isle Royale (Casper 2008).

Accepted: All counties.
Suppressed: None.
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EMYDOIDEA BLANDINGII (Blanding’s Turtle). diCkinson Co.: On 
Swanson Rd, 1 mile in from M95 (45.9372°N, 88.0490°W). 18 July 
2011. Bill Baily. UMMZ 1240 (photo). Verified by Gregory Schnei-
der. New county record. MenoMinee Co.: On north side of Snakey 
Lake Rd (45.3567°N, 87.7989°W). 2 May 2007. Ryne D. and Jenny 
L. Rutherford. UMMZ 1247 (photo). Verified by Gregory Schnei-
der. New county record. Basking on log in ephemeral pond.

This species is rare and at its range limit in the U.P., with an 
isolated population in Marquette Co., and new Dickinson and 
Menominee county records provided here. Our Dickinson Co. 
photo voucher confirms a skeleton collected by Johnson (1965), 
which specimen we could not locate. Chippewa (MNFI 2002), 
Iron (MNFI 2003), Schoolcraft (MNFI 1989), and Mackinac (MHA 
in 2005) county observations lack documentation. A second Iron 
Co. record from 2011 with a photo of a road-killed specimen was 
submitted to the MHA (record 3183). We encourage submission 
of the photo to a museum collection. Holman’s notes indicate 
that his Alger, Dickinson, and Menominee county records were 
inferred from Casper (2002), and the Delta Co. record is obser-
vational. This species is absent from Isle Royale (Casper 2008).

Accepted: Dickinson, Marquette, Menominee counties.
Suppressed: Iron (MHA photo record requires museum depo-

sition), Delta, Schoolcraft (observations only), Alger (no records) 
counties.

GLYPTEMYS INSCULPTA (Wood Turtle). baraga Co.: Ottawa 
National Forest, Sturgeon River (46.5°N, 88.6°W,). 25 May 2012. 
Gary S. Casper, Kristina M. Kroening. UMMZ 243381. Verified 
by Gregory Schneider. New county record. Dried shell found on 
bluff. iron Co.: Ottawa National Forest, Tamarack River (46.2°N, 
88.9°W). 9 June 2010. Gary S. Casper. UMMZ 1235 (photo). Veri-
fied by Gregory Schneider. New county record.

A fairly common species in the western U.P., but sensitive 
to road mortality, collecting, and riparian habitat degradation. 
An Alger Co. specimen is available (MPM 33960), but the cir-
cumstances raise questions. The dried shell was found on high 
ground in Pictured Rocks National Lakeshore in 1990 by Jeffrey 
S. Davis. It is stained brown as is common in turtles from the 
tannin rich streams of the Lake Michigan drainage to the south 
(in Schoolcraft and a portion of Alger counties). No other Wood 
Turtles have been found despite extensive surveys in Alger Co. by 
us and Jeffrey S. Davis. Bald Eagles are known to prey on turtles 
and bring them to their nests, discarding the shells (Mabie et al. 
1995), and it is possible this individual was transported this way. 
Until additional records are obtained for Alger Co., we treat their 
presence there as hypothetical. 

A 1997 Chippewa Co. record lacks documentation (MNFI 
1997). We provide the first voucher specimens (salvaged shell 
and photo) here for Baraga and Iron counties, with the Iron Co. 
voucher supporting 1995 (MNFI 1995) and 1998 observations 
(MNFI 1998b). Two recent Marquette Co. photo records (MHA 
from 2008 and 2011) require action for meeting SSAR standards. 
Interestingly, earlier Marquette Co. observations from 1998 and 
2005 (MNFI 1998a, 2005) are recognized as a new county record 
but not thus documented by depositing photo vouchers. Accord-
ingly, we reluctantly treat Marquette Co. as having only obser-
vational data although photo vouchers are clearly available and 
need only be properly deposited and published. Holman’s notes 
indicate that his Luce and Mackinac county dots were inferred 
from Casper (2002), and Chippewa and Marquette counties are 
observational. This species is absent from Isle Royale (Casper 
2008).

Accepted: Baraga, Delta, Dickinson, Gogebic, Houghton, 
Iron, Menominee, Ontonagon, and Schoolcraft counties.

Suppressed: Alger (questionable). Chippewa, Marquette 
(MHA photos require deposition). Luce, and Mackinac (no re-
cords) counties.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). Holman’s 
notes attribute his Dickinson Co. dot to J. H. Harding. Harding 
(pers. comm.) recalled an observation from Dickinson Co. by a 
credible naturalist in the late 1980s or early 1990s. There are no 
records for this species from adjacent Florence and Marinette 
counties in Wisconsin (Vogt 1981; Casper 1996). Harding (op. 
cit.) also personally saw one in the Manistique River in School-
craft Co. “years ago,” but does not consider them native there. 
However, a small male was taken in a fyke net in Swan Lake, 
Schoolcraft Co., in 1975 (UMMZ 142771). This is an isolated lake 
near the Indian River, which drains into the Manistique River. 
We accept Schoolcraft Co. based on this voucher but recognize 
that questions remain over whether or not a population is na-
tive and/or established. This species is absent from Isle Royale 
(Casper 2008).

Accepted: Schoolcraft.
Suppressed: Dickinson (observational only).
New: None.

TRACHEMYS SCRIPTA ELEGANS (Red-eared Slider). iron Co.: 
(introduced) Ottawa National Forest, in outflow creek north end 
of Lake Ottawa (46.0949°N, 88.7524°N). 22 June 2010. Ryne D. 
and Jenny L. Rutherford. FMNH 281240. Verified by Alan Resetar. 
New county record. Old adult male.

We provide a new Iron Co. voucher collected in 2010, inter-
preted as a translocation, as it is far outside the normal range 
and this species is not considered native to the U.P. (Holman 
1994). It is absent from Isle Royale (Casper 2008). 

SQUAMATA — LIZARDS

PLESTIODON FASCIATUS (Common Five-lined Skink). This liz-
ard is common in and around granite bedrock glades northwest 
of Marquette to the Huron Mountains and in a variety of open 
and edge habitats in Menominee and southwestern Delta coun-
ties, including sandy beach ridges, forest edges, and gravel pits 
(RDR, pers. obs.). We also have a report for Mackinac Co. (Tinkle 
et al. 1979) but without verification. Holman’s notes indicate that 
dots for Alger and Dickinson counties were inferred from Casper 
(2002). This species is absent from Isle Royale (Casper 2008).

Accepted: Delta, Marquette, and Menominee counties.
Suppressed: Alger and Dickinson (no records) counties.
New: None.

SQUAMATA — SNAKES

COLUBER CONSTRICTOR (North American Racer). Holman 
(2004) indicates a “relict” population in Menominee Co., but we 
are uncertain about the information this is based upon, and the 
narrative in Holman (2012) simply states it occurs in the county. J. 
Harding has no data for Menominee Co. (pers. comm.), and there 
are no records for adjacent Wisconsin counties (Casper 1996). Ab-
sent documentation, we treat this record as hypothetical.

Accepted: None.
Suppressed: Menominee (no records).
New: None.
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DIADOPHIS PUNCTATUS EDWARDSII (Northern Ring-necked 
Snake). baraga Co.: Ottawa National Forest, Evergreen Lake 
 (46.7111°N, 88.0619°W). 10 July 2010. Ryne D. and Jenny L. 
Rutherford. FMNH 281235. Verified by Alan Resetar.. New 
county record. CHiPPeWa Co.: Northeast side of Caribou Lake 
(46.0038°N, 83.9872°W,). 15 September 2014. Jenny L., Cy-
press, and Ryne D. Rutherford. UMMZ 243467. Verified by 
Gregory Schneider. New county record. Under cobble along 
forest edge.  diCkinson Co.: Sturgeon hydrodam (45.7424°N, 
87.8635°W). 9 September 2014. Jenny L., Cypress, and Ryne 
D. Rutherford. UMMZ 243466. Verified by Gregory Schnei-
der. New county record. Under rubber refuse along forest 
edge on a steep slope. HougHTon Co.: Ottawa National Forest, 
near FR1334 and railroad crossing (46.5660°N, 88.8230°W). 
4 June 2013. Kristina M. Kroening, Gary S. Casper. UMMZ 
243258. Verified by Gregory Schneider. New county record. 
In downed woody debris. keWeenaW Co.: Along Hwy 26 near 
Lower Silver River Road (47.4665°N 88.0669°W). 19 May 2011. 
Ryne D. and Jenny L. Rutherford. UMMZ 243259. Verified by 

Gregory Schneider. New county record. Found dead alongside 
rock. MenoMinee Co.: Along Hwy 366 ca. 0.31 km E of Hwy 360 
(45.5228°N, 87.4313°W). 12 August 2014. Ryne D. Rutherford. 
UMMZ 243468. Verified by Gregory Schneider. New county re-
cord. Found crawling over rocks in a gravel pit.

A locally abundant snake, especially in areas with exfoliating 
rock (granitic, volcanic, and sedimentary bedrock outcrops, ex-
posures of coarse glacial till). Probably distributed throughout 
the U.P. where suitable habitat is available, but vouchers are 
lacking for two counties. Holman’s notes indicate dots for Alger 
and Luce counties were inferred from Casper (2002). Jeffrey S. 
Davis reported Alger Co. observations from Grand Island and the 
Kingston Plains area (pers. comm.; Casper 2005). A 2011 photo 
of a road-killed specimen from Dickinson Co., posted anony-
mously on the MHA website, lacks sufficient data. This species is 
absent from Isle Royale (Casper 2008).

Accepted: Baraga, Chippewa, Delta, Dickinson, Gogebic, 
Houghton, Iron, Keweenaw, Mackinac, Marquette, Menominee, 
Ontonagon, and Schoolcraft counties.

Table 4. Snake matrix. DIPU = Diadophis punctatus edwardsii, LATR = Lampropeltis t. triangulum, NESI = Nerodia s. sipedon, OPVE = Opheodrys vernalis.
      
County DIPU LATR NESI OPVE

Alger
 earliest year   1937 - UMMZ 89575 1949 - UMMZ 100207
 earliest verified   1937 - UMMZ 89575 1949 - UMMZ 100207
Baraga
 earliest year 2010 - FMNH 281235   1951 - UMMZ 103704
 earliest verified 2010 - FMNH 281235   1951 - UMMZ 103704
Chippewa
 earliest year 2014 - UMMZ 243467  1912 - UMMZ 42741 1912 - UMMZ 42730-36, 42742-50
 earliest verified 2014 - UMMZ 243467  1912 - UMMZ 42741 1912 - UMMZ 42730-36, 42742-50
Delta
 earliest year 1978 - CMU 1073  1933 - UMMZ 74514 1938 - UMMZ 83761
 earliest verified 1978 - CMU 1073  1970 - MSUM 11026 1938 - UMMZ 83761
Dickinson
 earliest year 2014 - UMMZ 243466   1908 - UMMZ 40329
 earliest verified 2014 - UMMZ 243466   1962 - MSUM 14175
Gogebic
 earliest year 1974 - UMMZ 133327   1932 - UMMZ 75859
 earliest verified 1974 - UMMZ 133327   1932 - UMMZ 75859
Houghton
 earliest year 2013 - UMMZ 243258   2010 - FMNH 281096
 earliest verified 2013 - UMMZ 243258   2010 - FMNH 281096
Iron
 earliest year 1953 - UMMZ 117068   1957 - UMMZ 117270, 118738
 earliest verified 1953 - UMMZ 117068   1957 - UMMZ 117270, 118738
Keweenaw
 earliest year 2011 - UMMZ 243259
 earliest verified 2011 - UMMZ 243259
Luce
 earliest year    1927 - UMMZ 68420
 earliest verified    1927 - UMMZ 68420
Mackinac
 earliest year 1927 - UMMZ 64388 1950 - UMMZ 101449 1927 - UMMZ 64386, 89163-4 1918 - UMMZ 52271
 earliest verified 1927 - UMMZ 64388 1950 - UMMZ 101449 1927 - UMMZ 64386 1918 - UMMZ 52271
Marquette
 earliest year 1905 - UMMZ 83873 1941 - UMMZ 90496-8  1927 - UMMZ 83848
 earliest verified 1905 - UMMZ 83873 1941 - UMMZ 90496-8  1927 - UMMZ 83848
Menominee
 earliest year 2014 - UMMZ 243468   1939 - UMMZ 100887
 earliest verified 2014 - UMMZ 243468   1940 - UMMZ 88459
Ontonagon
 earliest year 1966 - MSUM 12529   2010 - FMNH 281098
 earliest verified 1966 - MSUM 12529   2010 - FMNH 281098
Schoolcraft
 earliest year 1922 - UMMZ 56749  1957 - UMMZ 117186 1915 - UMMZ 47341-7
 earliest verified 1922 - UMMZ 56749  1957 - UMMZ 117186 1915 - UMMZ 47341-7
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Suppressed: Alger (observational only) and Luce (no records) 
counties.

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). 
Known only from extreme southern Menominee Co. in the U.P., 
where it is at its range limit. The last verified museum records 
are from 1940, but we (RDR) reconfirmed presence in 2014 with 
a road-killed specimen (UMMZ 243469). This species is absent 
from Isle Royale (Casper 2008).

Accepted: Menominee.
Suppressed: None.
New: None.

LAMPROPELTIS TRIANGULUM TRIANGULUM (Eastern Milk-
snake). Verified in only two U.P. counties. MHA reports an obser-
vation from Dickinson Co. This species is absent from Isle Royale 
(Casper 2008).

Accepted: Mackinac, Marquette.
Suppressed: None.
New: None.

NERODIA SIPEDON SIPEDON (Northern Watersnake). Con-
firmed in five counties. A specimen originally listed as from Go-
gebic Co. (UMMZ 75850) was determined to have actually been 
collected in Preston Co., West Virginia, in 1932. Holman’s notes 
indicate dots for Gogebic and Luce counties were inferred from 
Casper (2002), while attribution for Menominee and Ontonagon 

Table 4. Continued. PAVU = Pantherophis vulpinus, STDE = Storeria dekayi, STOC = Storeria o. occipitomaculata, THSI = Thamnophis sirtalis. (P) = photo.
      
County PAVU STDE STOC THSI

Alger 
 earliest year 1957 - UMMZ 117184  1927 - UMMZ 65066 1916 - UMMZ 48595-601
 earliest verified 1957 - UMMZ 117184  1927 - UMMZ 65066 1916 - UMMZ 48595-601
Baraga 
 earliest year   1896 - ANSP 19858 1903 - UMMZ 30784
 earliest verified   1896 - ANSP 19858 1903 - UMMZ 30784
Chippewa: 
 earliest year   1912 - UMMZ 42737 1912 - UMMZ 42751-6, 42805
 earliest verified   1912 - UMMZ 42737 1912 - UMMZ 42751-6
Delta
 earliest year 1964 - MSUM 8788 2014 - UMMZ 243470 1929 - UMMZ 83847 1957 - UMMZ 121672
 earliest verified 1964 - MSUM 8788 2014 - UMMZ 243470 1929 - UMMZ 83847 1957 - UMMZ 121672
Dickinson
 earliest year 1909 - UMMZ 40340  1908 - UMMZ 40330 1908 - UMMZ 40328
 earliest verified 1961 - MSUM 5080  1908 - UMMZ 40330 1908 - UMMZ 40328
Gogebic
 earliest year   1909 - CAS 39691 1905 - UMMZ 32821
 earliest verified   1926 - UMMZ 63427 1905 - UMMZ 32821
Houghton
 earliest year   1891 - USNM 55787 1905 - UMMZ 32916, 34121
 earliest verified   1909 - UMMZ 40484 1905 - UMMZ 32916, 34121
Iron 
 earliest year 1934 - UMMZ 77707  1905 - UMMZ 32814-5, 32845 1935 - UMMZ 77822
 earliest verified 1934 - UMMZ 77707  1905 - UMMZ 32814-5, 32845 1935 - UMMZ 77822
Keweenaw
 earliest year   1904 - UMMZ 33408-17, 172049 1904 - UMMZ 33418-21
 earliest verified   1904 - UMMZ 33408-17, 172049 1904 - UMMZ 33418-21
Luce
 earliest year   1925 - UMMZ 61771 1925 - UMMZ 61711, 61719, 61778-9
 earliest verified   1925 - UMMZ 61771 1925 - UMMZ 61711, 61719, 61778-9
Mackinac
 earliest year   1921 - UMMZ 56324-5, 56333 1917 - UMMZ 54065
 earliest verified   1921 - UMMZ 56324-5, 56333 1917 - UMMZ 54065
Marquette
 earliest year 1926 - UMMZ 63418  1919 - UMMZ 54061 1895 - USNM 44366
 earliest verified 1926 - UMMZ 63418  1919 - UMMZ 54061 1904 - UMMZ 46482
Menominee
 earliest year 1924 - UMMZ 63423 2009 - UMMZP 1243-4 (P) 1939 - UMMZ 85536 1926 - UMMZ 63434
 earliest verified 1963 - MSUM 8793 2009 - UMMZP 1243-4 (P) 1939 - UMMZ 85536 1926 - UMMZ 63434
Ontonagon
 earliest year   1903 - UMMZ 31379 1903 - UMMZ 30780-3
 earliest verified   1903 - UMMZ 31379 1903 - UMMZ 30780-3
Schoolcraft
 earliest year 1943 - UMMZ 92364 1979 - UMMZ 166598 1915 - UMMZ 47335-40 1915 - UMMZ 47323-34
 earliest verified 1943 - UMMZ 92364 1979 - UMMZ 166598 1915 - UMMZ 47335-40 1915 - UMMZ 47323-34

Notes: 
Blank cells have no supporting vouchers.
Coluber constrictor is suppressed from Menominee Co. 
Heterodon platirhinos - Menominee Co. earliest year (1924 - FMNH 5998), earliest verified (1940 - UMMZ 89502-3). 
Regina septemvittata - Mackinac Co. earliest year (1942 - UMMZ 91994, 92232), earliest verified (1942 - UMMZ 91994, 92232). 
Sistrurus catenatus - Mackinac Co. earliest year (1926 - UMMZ 67714), earliest verified (1926 - UMMZ 67714). 
Thamnophis sauritus septentrionalis - Mackinac Co. earliest year (1956 - UMMZ 114175), earliest verified (1956 - UMMZ 114175).
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county dots is unspecified. This species is absent from Isle Royale 
(Casper 2008).

Accepted: Alger, Chippewa, Delta, Mackinac, Schoolcraft.
Suppressed: Gogebic, Luce, Menominee, Ontonagon (no re-

cords).
New: None.

OPHEODRYS VERNALIS (Smooth Greensnake). HougHTon Co.: 
Ottawa National Forest, along FR 2276 (46.6808°N, 88.7335°W). 
30 June 2010. Gary S Casper, Jason M. Dare. FMNH 281096. Veri-
fied by Alan Resetar. New county record. Under plywood board. 
onTonagon Co. Ottawa National Forest, Bond Falls Flowage at 
Little Falls (46.3794°N, 89.1006°W). 18 July 2010. Gary S. Casper, 
Thomas G. Anton, David Mauger. FMNH 281098. Verified by 
Alan Resetar. New county record. In fractured basalt and woody 
debris in large grassed meadow of drained flowage bed.

Verified in all U.P. counties except for Keweenaw. The distri-
bution appears to have some gaps in the western U.P. (unpubl. 
data), which are not readily apparent from county level maps. We 
provide two new county records here. Holman’s notes indicate 
his Keweenaw Co. dot was inferred from Casper (2002). This spe-
cies is absent from Isle Royale (Casper 2008).

Accepted: All counties except Keweenaw.
Suppressed: Keweenaw Co. (no records).

PANTHEROPHIS VULPINUS (Western Foxsnake). alger Co.: 
(reconfirmed) T46N R17W Sec. 30, Cusino Station (46.445°N, 
86.35861°W). 20 July 1957. O. Hammerberg. UMMZ 117184. Veri-
fied by Gregory Schneider. New county record.

This species is verified in several central U.P. counties, but 
purported records from the western counties have not been 
confirmed. Extensive sampling throughout the Ottawa National 
Forest has yielded negative results, with the Iron River area be-
ing the furthest west occurrence known (GSC and RDR, unpubl. 
data, 2010–2014). Ruthven et al. (1928) included solid dots for 
Ontonagon and Alger counties, but we have been unable to 
locate the specimens, suggesting that they were later re-deter-
mined, or are lost. We leave Ontonagon as suppressed, but the 
earliest (1957) specimen we could find for Alger Co. reconfirms 
that record (first published here). Holman’s notes indicate dots 
for Baraga, Gogebic, Houghton, Keweenaw, and Ontonagon 
counties were inferred from Casper (2002). This species is absent 
from Isle Royale (Casper 2008).

Accepted: Alger, Delta, Dickinson, Iron, Marquette, Menomi-
nee, and Schoolcraft counties.

Suppressed: Baraga, Gogebic, Houghton, Keweenaw, and 
Ontonagon (no records) counties.

REGINA SEPTEMVITTATA (Queen Snake). This species is known 
only from a 1948 record on Bois Blanc Island in Lake Huron, 
which, while politically in Mackinac Co., has more biological af-
finity with the Lower Peninsula than the U.P. Surveys are needed 
to determine if this species is still extant there.

Accepted: Mackinac.
Suppressed: None.
New: None.

SISTRURUS CATENATUS (Eastern Massasauga). This species 
is known only from Bois Blanc Island in Lake Huron, which, al-
though in Mackinac Co., has more biological affinity with the 
Lower Peninsula than the U.P.

Accepted: Mackinac. 

Suppressed: None.
New: None.

STORERIA DEKAYI (Dekay’s Brownsnake). delTa Co.: West side 
of Point Detour (45.6045°N, 86.6161°W). 31 August 2014. Jenny 
L., Cypress and Ryne D. Rutherford. UMMZ 243470. Verified by 
Gregory Schneider. New county record. Under limestone slab in 
shoreline alvar adjacent to upland cedar forest. MenoMinee Co. 
The Oxbow, Menominee River (45.3692°N, 87.8754°W). 26 June 
2009. Ryne D. and Jenny L. Rutherford. UMMZ 1243–4 (photo).
Verified by Gregory Schneider. New county record. On moist soil 
along river.

This species is verified only from Delta, Menominee, and 
Schoolcraft counties, two of which are newly presented here. 
Holman’s notes indicate his Keweenaw County dot was inferred 
from Casper (2002), and Marquette Co. is without any specific 
source. This species is absent from Isle Royale (Casper 2008).

Accepted: Delta, Menominee, and and Schoolcraft counties.
Suppressed: Keweenaw and Marquette counties (no records).

STORERIA OCCIPITOMACULATA OCCIPITOMACULATA 
(Northern Red-bellied Snake). MenoMinee Co.: (reconfirmed) ca. 
1.6 km S of Harris (45.69°N, 87.35°W). 20 August 1939. Collector 
unknown. UMMZ 85536. Verified by Gregory Schneider.

This is the most common snake in the U.P., verified from ev-
ery county and Isle Royale (Casper 2008). Holman (2012) omitted 
a dot from Menominee Co., but the dot is plotted in his notes, 
and mentioned by Johnson (1965), so we suspect this omission 
was a transcription error, given the ready availability of speci-
mens from this county (MSUM, UMMZ). We provide voucher 
confirmation here.

Accepted: All counties.
Suppressed: None.

THAMNOPHIS SAURITUS SEPTENTRIONALIS (Northern Rib-
bonsnake). Verified only from Bois Blanc Island in Lake Huron, 
which, while politically in Mackinac Co., has more biological 
affinity with the Lower Peninsula than with the U.P. Holman 
(2012) also reports them from Drummond Island, Chippewa 
Co., without providing a source (a dot was placed only on the is-
land). The Keweenaw Co. record from Isle Royale is based upon 
a specimen collected by Dr. A. E. Foote in the early 1900s and 
has been lost, and is considered an error (Johnson 1965; Casper 
2008). A MHA observational record from Marquette Co. lacks 
documentation.

Accepted: Mackinac.
Suppressed: Chippewa and Keweenaw counties (see above).
New: None.

THAMNOPHIS SIRTALIS (Common Gartersnake). MenoMinee 
Co.: (reconfirmed) 16.1 km NE of Menominee (45.3°N, 87.5°W). 
1939. H. Vander Schalie. UMMZ 85583. Verified by Gregory 
Schneider. New county record. 

The second most common snake in the U.P. (after S. occipito-
maculata), confirmed in every county. Holman (2012) omitted a 
dot from Menominee Co., but the dot is plotted in his notes, and 
mentioned by Johnson (1965), so we suspect this omission was 
a transcription error, given the ready availability of specimens 
from this county (MSUM, UMMZ). We provide voucher confir-
mation here. This species is verified from Isle Royale (Casper 
2008, Mooi et al. 2011).
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Accepted: All counties.
Suppressed: None.
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CAUDATA — SALAMANDERS

AMBYSTOMA VELASCI (Plateau Tiger Salamander). MORTAL-
ITY. Ambystoma velasci is a salamander endemic to Mexico, and 
has been reported to feed on any vertebrates and invertebrates 
that can possibly be swallowed (Lemos-Espinal and Dixon 2013. 
Amphibians and Reptiles of San Luis Potosí. Eagle Mountain 
Publishing, LC, Eagle Mountain, Utah. 300 pp.), including con-
specifics (Vite-Silva et al. 2009. Bull. Maryland Herpetol. Soc. 
45:1). However, herein we report a case of a fatality of A. velasci 
due to the failed consumption of a dragonfly naiad.

At 1455 h on 20 September 2012, a male A. velasci (SVL = 66 
mm) was found freshly dead on the edge of a pond (Fig. 1A) lo-
cated in the vicinity of El Ocotoreo, municipality of Xichú, Gua-
najuato, Mexico (21.3143°N, 100.1088°W, WGS84, 2252 m elev.). 
After a closer examination, we found a live dragonfly naiad (Odo-
nata) lodged deeply within its mouth (Fig. 1B). We speculate that 
the salamander died by the failure to subdue, kill, and pass the 

lodged dragonfly naiad deeper into the digestive tract. Although 
dragonfly naiads are very common in ponds and similar areas 
where A. velasci is present, it still remains to be studied what pro-
portions of them occur in the diet of A. velasci.

Special thanks are due to Efrén Hernández-Navarro and José 
Antonio Corona for their assistance in the field, and to Larry Da-
vid Wilson for the improvement of this note.

ADRIAN LEYTE-MANRIQUE, Laboratorio de Biología, Departamento 
de Innovación Agrícola Sustentable, Instituto Tecnológico Superior de 
Salvatierra. Manuel Gómez Morín # 300, C.P. 39800, Col. Janicho, Salvati-
erra, Guanajuato, México (e-mail: aleyteman@gmail.com); JUAN PABLO 
MORALES-CASTORENA, Licenciatura en Biología, Instituto Tecnológico 
Superior de Irapuato. Carretera Irapuato-Silao, km 12.5 s/n, C.P. 36821, 
Irapuato, Guanajuato, México (e-mail: juanpa_mora10@hotmail.com); VI-
CENTE MATA-SILVA, Department of Biological Sciences, The University of 
Texas at El Paso, El Paso, Texas 79968, USA (e-mail: vmata@utep.edu).

BOLITOGLOSSA CELAQUE (Celaque Climbing Salamander). 
DIET. The plethodontid salamander Bolitoglossa celaque inhab-
its the highlands of southwestern Honduras in the departments 
of Íntibuca, La Paz, and Lempira (McCranie and Castañeda 2007. 
Guia de Campo de los Anfibios de Honduras. Bibliomania!, Salt 
Lake City, Utah. 304 pp.), and is considered Endangered by the 
IUCN (Townsend and Wilson 2010. In Wilson et al. [eds.], Con-
servation of Mesoamerican Amphibians and Reptiles, pp. 461–
486. Eagle Mountain Publishing, Eagle Mountain, Utah). No 
information has previously been reported regarding the diet of 
this species (McCranie and Wilson 1993. Herpetologica 49:1–15; 
McCranie and Wilson 2002. Amphibians of Honduras. Society for 
the Study of Amphibians and Reptiles, New York. 625 pp.; McCra-
nie and Castañeda 2007, op. cit.). 

 We examined dietary items from ten preserved specimens of 
B. celaque: eight individuals (five juveniles [UF 156457, 156459, 
156461, 156467–156468] and two females [UF 156463, 156465]) 
from Parque Nacional Celaque, Dept. Lempira (14.558°N, 
88.674°W, WGS84, 2575 m elev.); one juvenile (UF 156484) from 
El Rodeo, Dept. Íntibuca (14.461°N, 88.156°W, WGS84, 2170 
m elev.); and one juvenile (UF 156473) from Reserva Biologíca 
Guajiquiro, Dept. La Paz (14.145°N, 87.837°W, WGS84, 2160 m 
elev.). Dietary items were flushed from the mouth, throat, and 
stomachs of preserved specimens without dissection, stored in 
70% EtOH, and examined using light stereomicroscopy. Identi-
fication was done to the lowest taxonomic order possible based 
on sample condition using the descriptors and keys provided by 
Borror and White (1970. A Field Guide to Insects: America North 
of Mexico. Houghton Mifflin Co., Boston, Massachusetts. 404 
pp.). 

Twenty-two individual diet items were identified, repre-
senting the insect orders Coleoptera (36.4%) and Hymenoptera 
(13.6%), arachnid orders Acari (18.2%) and Araneae (9.1%), and 
other arthropods represented by the class Diplopoda (9.1%), and 
order Isopoda (4.5%). Eight coleopteran specimens represented 
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Fig. 1. A freshly dead Ambystoma velasci with a live dragonfly naiad 
lodged in its mouth.
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the majority of identified dietary samples; two specimens were 
larvae. Two adult coleopteran were identified to family repre-
senting Circulionidae and Staphylinidae. Hymenoptera were 
primarily identified based on wing and head morphology. Arach-
nida was represented by six specimens (27.3%), primarily from 
the subclass Acari. Within the order Araneae, one specimen 
could be identified to family Salticidae based on morphology. 
Diplopoda were identified based on the presence of two leg at-
tachment points per segment and Isopoda (4.5%) based on mor-
phology, color and patterning.

Five individuals contained multiple prey items. The high-
est prey diversity was observed in a juvenile (UF 156457, SVL = 
23.2 mm) containing five unique prey items representing Cole-
optera (Circulionidae), Diplopoda, Acari, Hymenoptera, and an 
unidentified larva. A single juvenile from Intibuca (UF 156484, 
SVL = 27.8 mm) contained four unique prey items, including 
Acari, Araneae, Hymenoptera, and Diplopoda. Another juvenile 
from Lempira (UF 156459, SVL = 31.9 mm) had three unique 
prey items from the Order Coleoptera including a larva and two 
adults (one Family Staphylinidae). One juvenile (UF 156473, SVL 
= 33.6 mm) from La Paz, one coleopteran and one hymenopter-
an (Family Sphecidae). A juvenile (UF 156468, SVL = 21.2 mm) 
from Lempira contained two Acari. 

We thank T. J. Firneno, Timothy Hummel, D. J. McNeil, and 
Melissa Medina for providing assistance in the lab during the ex-
amination of diet items.

MICHAEL W. ITGEN (e-mail: m.w.itgen@iup.edu), ALEXANDER 
J. HESS (e-mail: ajhess44@gmail.com), ELLEN L. TEYGART (e-mail: 
e.teygart@iup.edu), and JOSIAH H. TOWNSEND, Department of Biology, 
Indiana University of Pennsylvania, Indiana, Pennsylvania 15705-1081, USA 
(e-mail: josiah.townsend@iup.edu). 

BOLITOGLOSSA DIAPHORA (El Cusuco Salamander). DIET. 
The plethodontid salamander Bolitoglossa diaphora is endemic 
to Parque Nacional Cusuco in the Sierra de Omoa in northwest-
ern Honduras, and is considered Critically Endangered due to its 
limited distribution and the infrequency with which it is encoun-
tered (Townsend and Wilson 2008. Guide to the Amphibians and 
Reptiles of Cusuco National Park, Honduras. Bibliomania!, Salt 
Lake City, Utah. 322 pp.). Nothing has previously been reported 
regarding the diet of this species (McCranie and Wilson 1995. J. 
Herpetol. 29: 447–452; McCranie and Wilson. 2002. The Amphib-
ians of Honduras. Society for the Study of Amphibians and Rep-
tiles, New York. 625 pp.; Townsend and Wilson 2008, op. cit.). 

We examined dietary items of nine preserved specimens of B. 
diaphora from Parque Nacional Cusuco, Dept. Cortés (15.495°N, 
88.211°W, WGS84, 1520–1990 m elev.): three males (UF 144082, 
UF 156491, USNM 335046), five females (UF 144085, UF 156492–
93, USNM 335047–8), and a single juvenile (UF 142739). Dietary 
samples were flushed from the mouth, throat, and stomachs of 
preserved specimens without dissection, stored in 70% EtOH, 
and examined using light stereomicroscopy. The identification 
of prey items was done to the lowest taxonomic level based on 
body parts and using descriptors and keys (Borror and White 
1970. A Field Guide to Insects: America North of Mexico. Hough-
ton Mifflin Co., Boston, Massachusetts. 404 pp.).

We found 14 individual prey items comprised of insect or-
ders Hymenoptera (64.3%) and Coleoptera (7.13%), and two 
classes of arthropods: Arachnida (14.3%) and Diplopoda 
(14.3%). Seven of the Hymenoptera diet specimens were identi-
fied to the Family Formicidae and a single sample into the Fam-
ily Sphecidae. The two arachnid samples represented the orders 

Pseudoscorpionidae and Salticidae. Among B. diaphora, we 
found the maximum number of prey items within a single indi-
vidual to be five. The female (UF 156492, SVL = 30.2 mm) with the 
largest sample had a single pseudoscorpionid and four Hyme-
noptera (Formicidae). One female (UF 144085, SVL = 41.9 mm) 
contained a single Hymenoptera (Formicidae) and a Coleopter-
an; another female (UF 335047, SVL = 35.7 mm) had consumed a 
Hymenoptera (Formicidae) and a Diplopoda. 

We thank T. J. Firneno, Timothy Hummel, D. J. McNeil, and 
Melissa Medina for providing assistance in the lab during the 
examination of diet items, and Roy W. McDiarmid and Steve W. 
Gotte (USNM) for loaning the diet items recovered specimens in 
that collection. 

ALEXANDER J. HESS (e-mail: ajhess44@gmail.com), MICHAEL W. IT-
GEN (e-mail: m.w.itgen@iup.edu), ELLEN L. TEYGART (e-mail: e.teygart@
iup.edu), and JOSIAH H. TOWNSEND (e-mail: josiah.townsend@iup.edu), 
Department of Biology, Indiana University of Pennsylvania, Indiana, Penn-
sylvania 15705-1081, USA. 

DESMOGNATHUS ABDITUS (Cumberland Dusky Salamander). 
PREDATION. On 12 July 2015, we moved a small streamside rock 
along a tributary of Tennessee’s Obed River, Morgan Co., Ten-
nessee, USA (36.0820°N, 84.7610°W, WGS84) to discover a small 
adult Desmognathus abditus being consumed by an adult Di-
adophis punctatus (Ring-necked Snake). After being disturbed, 
the snake regurgitated the still-living salamander. Diadophis 
punctatus is a frequent predator of plethodontid salamanders, 
including Desmognathus (Ernst and Ernst 2003. Snakes of the 
United States and Canada. Smithsonian Books, Washington, 
DC. 668 pp.), but this is the first documented occurrence of 
predation of Desmognathus abditus, or any other species in the 
Desmognathus ochrophaeus complex, by Diadophis punctatus. 
Forester (1978. J. Herpetol. 12:537–541) conducted experimental 
encounters between Diadophis punctatus and Desmognathus 
ochrophaeus (now Desmognathus ocoee, Ocoee Dusky Salaman-
der) and demonstrated attempted predation by the former and 
a strong flight response in the latter. Cupp (1994. Anim. Behav. 
48:232–235) showed that Desmognathus ochrophaeus avoid sub-
strates marked with the scent of Diadophis punctatus. However, 
we are not aware of any prior field observations of predation of 
members of the Desmognathus ochrophaeus complex by Diado-
phis punctatus.

Fig. 1. Small adult Desmognathus abditus being consumed by an 
adult Diadophis punctatus.
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DESMOGNATHUS QUADRAMACULATUS (Black-bellied Sala-
mander). MAXIMUM CLUTCH SIZE. Desmognathus quadramac-
ulatus is a semi-aquatic plethodontid of the southern Appala-
chians in the southeastern USA. The reproductive ecology of this 
species has been studied in sites throughout its range (Petranka 
1998. Salamanders of the United States and Canada. Smithson-
ian Institution Press, Washington, DC. 587 pp.; Camp et al. 2000. 
Can. J. Zool. 78:1712–1722; Camp et al. 2002. Herpetologica 
58:471–484). Average clutch size is typically 31–54, depending on 
locality (Petranka 1998, op. cit.). A previous note reported a maxi-
mum clutch size of 82 from northeastern Georgia, USA (Camp 
et al. 2010. Herpetol. Rev. 41:330). In the late morning of 01 June 
2013 we discovered two D. quadramaculatus clutches attended 
by females (both escaped and were not captured) under small 
rocks (~15 × 8 × 5 cm) in a tributary of the Toccoa River in Union 
Co., Georgia, USA (34.7589°N, 84.0310°W; WGS84). We counted 
71 eggs in the smaller clutch and 105 eggs in the larger clutch, 
which now represents the maximum clutch size for this species. 
We returned the rocks carefully to their position in the stream and 
returned to check the rocks five hours later to determine if the 
females returned to their clutch. The female attending the larger 
clutch had returned, but the other had not. 

KYLE BARRETT, Department of Forestry and Environmental Conser-
vation, 261 Lehotsky Hall, Clemson University, Clemson, South Carolina, 
29631, USA (e-mail: rbarre2@clemson.edu); DAVID A. STEEN, Department 
of Biological Sciences, Auburn University, Auburn, Alabama, 36849, USA; 
SEAN C. STERRETT, Warnell School of Forestry and Natural Resources, Uni-
versity of Georgia, Athens, Georgia 30602, USA (e-mail: seansterrett@gmail.
com); WILLIAM B. SUTTON, Department of Agricultural and Environmen-
tal Sciences, Tennessee State University, Nashville, Tennessee, 37206, USA 
(e-mail: wsutton@tnstate.edu); SEAN P. GRAHAM, Department of Biology, 
Geology, and Physical Sciences, Sul Ross State University, Alpine, Texas, 
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EURYCEA NAUFRAGIA (Georgetown Salamander). BEHAV-
IOR. Eurycea naufragia is a neotenic spring and cave dwelling 
plethodontid salamander. This species is known from approxi-
mately 15 sites from the San Gabriel River watershed in Texas, an 
area that is undergoing rapid urbanization. The limited range of 
the species and its restricted habitats led to its recent listing as a 
threatened species. From 22 March to 03 May 2012, salamanders 
were trapped at a permanent spring in Williamson Co., Texas, 
USA (precise locality withheld due to conservation concerns). 
Each trap consisted of a fine mesh net 76.2 cm long with a 16.5 
cm opening supported by wire at one end and the other end at-
tached to a capped 5.08 × 29.2 cm PVC pipe, with a mesh covered 
opening on the side to allow water flow. Each week we conducted 
one diurnal and one nocturnal sampling event separated by 24 
to 48 h. We randomized whether diurnal or nocturnal trapping 
was conducted first within each week. Three traps were placed at 
the same locations within the spring run (at the spring outflow, 
1 m and 7 m downstream) for each sample. Diurnal sampling 
was conducted from 0700 h to 1900 h and nocturnal sampling 
from 1900 h to 0700 h. Based on a visual estimate of total length 

(following Bowles et al. 2006. Hydrobiologia 553:111–120; Pierce 
et al. 2010. Southwest. Nat. 55:296–301; Bendik et al. 2014. Her-
petol. Conserv. Biol. 9:206–222), each salamander was assigned 
to one of two size classes: juvenile (<5.1 cm total length) or adult 
(>5.1 cm total length). After processing, all salamanders were re-
leased back into the spring run at point of capture. For compari-
son of nocturnal and diurnal samples, we combined all salaman-
ders captured in the three traps during a sampling event. 

We captured more salamanders during the nocturnal sam-
pling events (5.71 ± 2.56 salamanders, mean ± SD) than during 
diurnal sampling events (1.14 ± 1.07). These differences, howev-
er, were not consistent across the two size classes. We captured 
more juvenile salamanders in nocturnal sampling events (4.57 ± 
2.30) than in diurnal sampling events (0.14 ± 0.38). There was no 
significant difference in number of adult salamanders captured 
during nocturnal (1.14 ± 1.46) and diurnal sampling events (1.00 
± 1.15). The total number of salamanders that we captured in this 
study (N = 48) was relatively low, but the results were nevertheless 
straightforward and suggest that juvenile E. naufragia salaman-
ders are more active at night. 

A number of other studies have concluded that terrestrial 
salamanders are more active at night (e.g., Hairston 1949. Ecol. 
Monogr. 19:47–73; Connette et al. 2011. Southeast. Nat. 10:109–
120). However, only a few studies have examined daily activity in 
aquatic life stages and none have examined permanently aquatic 
species. A study on activity patterns of aquatic stream salaman-
der larvae (Desmognathus fuscus [Northern Dusky Salamander], 
Eurycea cirrigera [Southern Two-lined Salamander], E. guttolin-
eata [Three-lined Salamander], Pseudotriton montanus [Mud 
Salamander], and P. ruber [Red Salamander]) found higher night-
time activity (Connette et al. 2011, op. cit.). In a study of E. bis-
lineata, aquatic larvae were more active at night (Petranka 1984. 
J. Herpetol. 18:48–55). Contrary to the current study, densities of 
D. fuscus aquatic larvae were similar during day and night (Orser 
and Shure 1975. Am. Midl. Nat. 93: 403–410). 

Our observations suggest that juvenile E. naufragia are more 
active at night and that nocturnal surveys will result in higher 
abundance observations for this life stage. These conclusions are 
limited by only sampling during a single season and using a sin-
gle survey method (traps). Nevertheless our observations suggest 
that investigators surveying larval or aquatic salamanders should 
be aware of potential differences in diurnal and nocturnal activity 
patterns that may affect survey results.  

We thank the property owners for permission to survey sala-
manders on their land. The Texas Parks and Wildlife provided a 
scientific research permit for study of the salamanders. This study 
complied with all applicable institutional animal care guidelines.

KIRA D. McENTIRE (e-mail: mcentire.kd@gmail.com) and BENJAMIN 
A. PIERCE, Department of Biology, Southwestern University, Georgetown, 
Texas, 78626, USA. Current address of KDM: Warnell School of Forestry and 
Natural Resources, University of Georgia, Athens, Georgia 30602, USA.

PLETHODON CINEREUS (Eastern Red-backed Salamander). 
MORPHOLOGY. Two color morphs are common in Plethodon 
cinereus, striped and unstriped (Petranka 1998. Salamanders of 
the United States and Canada. Smithsonian Institution Press, 
Washington, D.C. 587 pp.). Both morphs are present in Ohio, with 
the northwestern portion of the state containing a high frequency 
of the unstriped morph, which is typically far less common than 
the striped morph. South Bass Island, part of the Lake Erie archi-
pelago, contains a well-documented monomorphic unstriped 
population (Pfingsten and Walker 1978. J. Herpetol. 12:163–167; 
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Hantak, pers. obs.). To date, a single striped individual has been 
discovered on South Bass Island (Reichenbach 1981. Herpetol. 
Rev. 12:53) among hundreds of unstriped P. cinereus collected 
over decades (Pfingsten and Walker 1978, op. cit.; Reichenbach 
1981, op. cit.; Hantak, pers. obs.). Thirty-six years after the sight-
ing of the first striped individual on South Bass Island (Reichen-
bach 1979, pers. obs.), a second individual has been found (Fig. 
1). It was discovered on 29 April 2015 on the Heineman property, 
South Bass Island, Ottawa Co., Ohio, USA (41.6465°N, 82.8234°W, 
WGS84). The individual was a juvenile (SVL = 22.75 mm; 0.26 g), 
and was found with three unstriped juveniles under a decaying 
log. This specimen was collected and preserved at Ohio University 
(MMH459), unlike the previous individual, which was only pho-
tographed. The genetics underlying the striped/unstriped color 
polymorphism of P. cinereus are currently not well understood; 
however, discordant results by Highton (1959. Copeia 1959:33–37; 
Highton 1975. Genetics 80:363–374) suggest that the genetics of 
the polymorphism may be geographically variable. Whether the 
striped morphs occur on South Bass Island as a consequence of 
a recent, novel mutation, or whether these individuals reflect the 
retention of an ancestral polymorphism, is not known. 

We thank the Heineman family for allowing us to work on 
their property. 

MAGGIE M. HANTAK (e-mail: mh433113@ohio.edu), SHAWN R. 
KUCHTA, Department of Biological Sciences, Ohio University, Athens, Ohio 
45701, USA (e-mail: kuchta@ohio.edu); CARI-ANN M. HICKERSON (e-mail: 
chickerson@jcu.edu), CARL D. ANTHONY, Department of Biology, John 
Carroll University, University Heights, Ohio 44118, USA (e-mail: canthony@
jcu.edu).

ANURA — FROGS

HYLA CHRYSOSCELIS (Cope’s Gray Treefrog) × HYLA CINE-
REA (Green Treefrog). PUTATIVE NATURAL HYBRID. Natu-
rally occurring hybrid treefrogs have been occasionally found 
in the eastern United States. However, these hybrids are almost 
always between members of the same species group (e.g., Ger-
hardt 1974. Behaviour 49:130–151; Gerhardt et al. 1980. Copeia 
1980:577–584; but see Anderson and Moler 1986. Copeia 1986:70–
76). When Hyla cinerea group individuals were artificially crossed 
with H. versicolor group individuals, little reproductive success 

was achieved, and those tadpoles that survived to metamorpho-
sis showed severe phenotypic abnormalities, and abnormal or 
incomplete sexual development (Mecham 1965. Am. Midl. Nat. 
74:269–308).

At 2145 h on 10 June 2014 we heard an unusual anuran ad-
vertisement call along Bayou Manual Road in Sherburne Wildlife 
Management Area in the Atchafalaya Basin of south-central Lou-
isiana, USA (30.4026°N, 91.6748°W, WGS84). The call resembled 
that from a Hyla, but did not sound like any of the Hyla species 
known from the area (H. cinerea, H. chrysoscelis, and H. squire-
lla [Squirrel Treefrog]). The dominant calls at that time in the 
immediate vicinity were from H. chrysoscelis, with H. cinerea, H. 
squirella, Incilius nebulifer (Gulf Coast Toad), and Gastrophryne 
carolinensis (Eastern Narrow-mouthed Toad) each vocalizing to 
lesser degrees.

We collected the individual and brought it to the laboratory 
for further study. The treefrog measured 45 mm (SVL), with an 
elongated body shape, appearing more like H. cinerea than H. 
chrysoscelis in that regard. The subocular spot typical of H. chrys-
oscelis and the lateral stripe typical of H. cinerea were both ab-
sent. The overall pattern was mottled, and his coloring changed 
dramatically from predominantly green to predominantly brown. 
Even while green, however, his lower legs remained gray. The in-
ner thighs did not exhibit bright flash colors typical of H. chrys-
oscelis (Fig. 1). Mecham (1965, op. cit.) described similar physi-
cal characteristics to our hybrid in his laboratory–crossed female 
H. cinerea and male H. chrysoscelis hybrid treefrogs. Reciprocal 
crosses between male H. cinerea and female H. chrysoscelis pro-
duced different patterns and resulted in a lack of one or both eyes 
(Mecham 1965, op. cit.).

The frog did not respond to calls of recordings of H. cinerea 
but did vocalize in response to the recorded call of H. chrysosce-
lis. We made a recording of the call of the putative hybrid in the 
laboratory at an air temperature of 24.6°C. We analyzed only four 
calls for measurements of the pulse duration, pulse interval, and 
pulse period by using the measurement tool in Sound Ruler ver. 
0.9.6 (Gridi-Papp [ed.]. 2007. SoundRuler: Acoustic Analysis for 
Research and Teaching. http://soundruler.sourceforge.net). The 
dominant frequency was found using the dfreq function in the 
R package seewave (Sueur et al. 2008. Bioacoustics 18:213–226). 
The analyses produced the following means: pulse duration 
0.0703 s, pulse period 0.1171 s, pulse interval 0.0473 s, and pulse 
rate 8.782 pulses/s. The mean dominant frequency of the calls 
was 2169 Hz (Fig. 2) which is higher than the 1906 Hz mean domi-
nant frequency (at 25.0°C air temperature) of a laboratory-reared 
38.2 mm hybrid resulting from a cross between a female H. cine-
rea and a male H. chrysoscelis (Fortman and Altig 1974. Herpeto-
logica 30:221–234). The call had a frequency spectrum within the 
range of frequencies by the putative parent species (Fig. 2). The 
pulse rate, however, lay intermediate between the putative parent 
species (much faster than H. cinerea, and much slower than H. 
chrysoscelis). The full audio recording has been accessioned into 
the Macaulay Library with catalog number ML 148096 (http://
macaulaylibrary.org/audio/148096).

Flow cytometry was used (Jenkins et al. 2011. Reproduction 
141:55–65) to determine whether this individual had produced 
viable spermatozoa. The putative hybrid showed 3.4% (SE = 
0.009) viable testicular cells in a suspension of the macerated tes-
tis compared to a normal male H. chrysoscelis, which had 44.3% 
(SE = 0.014) viable testicular cells. The testes of the putative hy-
brid were smaller (3.67 mm length, 1.44 mm width) compared to 
the normal H. chrysoscelis (4.5 mm length, 2.37 mm width). No 

Fig. 1. Striped Plethodon cinereus found within a monomorphic un-
striped population on South Bass Island, Ohio. This individual repre-
sents the only striped individual collected from the island.  
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morphologically normal spermatozoa from the putative hybrid 
could be found by light microscopy, as cells appeared round and 
not like the cylindrical cells observed from the normal male H. 
chrysoscelis. Of the six adults Mecham (1965, op. cit.) sacrificed, all 
had either very small, rudimentary testes or lacked oviducts, and 
no sperm could be located in suspension. Mecham (1965,op. cit.) 
also stated that none of his grossly normal hybrids from female H. 
cinerea and male H. chrysoscelis that matured to adult size ever de-
veloped male throat pigment or definite vocal sacs, whereas this 
putative hybrid displayed both throat pigment and a vocal sac.

Flow cytometry was also used for high resolution nuclear 
DNA analysis to estimate the total genome size from nuclei of 
whole blood cells of the putative hybrid and the putative paren-
tal species, as species delineation can be discovered through the 
genetic complement. According to laboratory-generated genome 

size data from H. chrysoscelis and H. cinerea collected in the same 
area (J. Jenkins, unpubl. data), and data from the Animal Genome 
Size database (www.genomesize.com), the hybrid’s diploid ge-
nomic complement was 9.8 pg, which was intermediate between 
the putative parental species. 

Based on the phenotype, unusual call, small testes, lack of vi-
able sperm, and intermediate genome size of this frog, we con-
clude that this treefrog is a hybrid of H. chrysoscelis and H. cine-
rea. Because the treefrog’s characteristics are largely consistent 
with those described from laboratory crosses of male H. chrysos-
celis and female H. cinerea (Meacham 1965, op. cit.), and because 
the reciprocal crosses typically resulted in high rates of abnormal 
early embryonic cleavage, very few tadpoles, and only one short-
lived transformed individual (Pyburn and Kennedy 1960, op. cit.; 
Littlejohn 1961, op. cit.), we conclude that this individual is likely 
the result of a mating event between a male H. chrysoscelis and 
female H. cinerea. To our knowledge, natural hybrids between 
H. chrysoscelis and H. cinerea have not been previously reported 
(Dodd 2013. Frogs of the United States and Canada. Johns Hop-
kins University Press, Baltimore, Maryland. 982 pp.).

We thank Jeromi Hefner for collecting the reference frogs for 
the genetic component of this manuscript. We thank Jacqueline 
Perticone for laboratory assistance. Collection was authorized by 
LDWF permit # LNHP–14–071 and Sherburne WMA Special Use 
permit WL–Research–2008–02. The specimen was deposited in 
the LSU Museum of Natural Science (LSUMZ 99024). All handling 
of animals was conducted in accordance with approved IACUC 
protocols. Any use of trade, product, or firm names is for descrip-
tive purposes only and does not imply endorsement by the U.S. 
Government. This is contribution number 483 of the U.S. Geo-
logical Survey Amphibian Research and Monitoring Initiative 
(ARMI).
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HYPSIBOAS PULCHELLUS (Montevideo Tree Frog, Ranita de 
Zarzal). PREDATION. Predation is one of the main causes of 
mortality in natural amphibian populations and may occur in 
any stage of the life cycle (Zug et al. 2001. Herpetology. An Intro-
ductory Biology of Amphibians and Reptiles. 2nd ed. Academic 
Press, San Diego. 630 pp.). Many authors have pointed out that 
arachnids (mainly Aranae) are one of the most important preda-
tors of tadpoles in the Neotropics. Most of these records belong 
to Pisauridae, Ctenidae, Lycosidae, Sparassidae, and Theraphosi-
dae families (Menin et al. 2005. Phyllomedusa 4:39–47). However, 
predation on adult and juvenile amphibians has been poorly 
documented, mainly due to the difficulty of obtaining direct re-
cords in the field (Pombal 2007. Rev. Bras. Zool. 24:841–843).

At 2125 h on 9 November 2013, we recorded two predation 
events of Hypsiboas pulchellus juveniles by wolf spiders (Lyco-
sidae). Both observations were made in flooded grasslands of 
Punta Lara Nature Reserve (34.8043°S, 58.0319°W; WGS84), Bue-
nos Aires, Argentina. In the first case, the predator was an adult 
male Lycosa erythrognatha. It was collected and deposited in the 
collection of Invertebrate Zoology, La Plata Museum (MLP-Ar 
19385). The second predator corresponded to a species belonging 
to an undescribed genus of the Lycosidae (Fig. 1). This specimen 
was not collected. During the period we observed both predation 
events the larval cycle of H. pulchellus was concluding (having 
started in spring) and we noted high densities of juveniles. 

Fig. 1. Photos of the putative hybrid treefrog (Hyla chrysoscelis × H. 
cinerea) captured in the Atchafalaya Basin.

Fig. 2. Spectrogram of a call from the putative hybrid treefrog (Hyla 
chrysoscelis × H. cinerea) recorded at a distance of ca. 0.5 m from the 
calling frog at 24.6°C air temperature.
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Spiders are potential predators of both juvenile and adult an-
urans. Significant linear correlations between the body lengths 
of prey and predator have been demonstrated, with the size of 
the spider being similar or slightly smaller than the anuran prey 
(Menin et al. 2005. Phyllomedusa 4:39–47). The body lengths of 
H. pulchellus span 1.95–5 cm (Maneyro and Carreira 2012. Guía 
de Anfibios del Uruguay. Ediciones de la Fuga, Montevideo, Uru-
guay. 207 pp.), whereas the largest wolf spiders can reach more 
than 30 mm body length (Jocqué and Dippenaar-Schoeman 
2015. Spider Families of the World. Royal Museum for Central 
Africa, Tervuren, Belgium. 336 pp.); therefore, we can infer that 
these spiders can prey on both juvenile and adult stages of H. 
pulchellus.

Here we present the first records of two species of lycosid spi-
ders preying on H. pulchellus. Given that spiders of the Lycosidae 
are abundant in the Argentine Pampas grasslands (Platnick 2014. 
www.wsc.nmbe.ch; 15 Jun 2015), they could have an important 
role in regulating H. pulchellus populations. 

We thank Jorge Berneche and Jorge Williams for identifying the 
specimens, and Kini Roesler for editorial suggestions. This study 
was funded by CREOI, Neotropical Grassland Conservancy and 
Amphibian Conservation in Agroecosystems Initiative (CoAnA).
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ISCHNOCNEMA GUENTHERI (Steindachner´s Robber Frog). 
PREDATION. Ischnocnema guentheri is a litter frog of medium 
size with crepuscular/nocturnal activity and occasional diurnal 
activity (Pombal 1997. Rev. Brasil. Biol. 57:583–594; Dixo and 
Verdade 2006. Biota Neotrop. 6:1–20), especially in rain showers 
(Giaretta and Facure 2008. Contemp. Herpetol. 3:1–4). It is wide-
spread in the Atlantic forest from southern Brazil to northeast-
ern Argentina (Van Sluys et al. 2010. www.iucnredlist.org; 17 Mar 
2015). We report predation upon I. guentheri by Baryphthengus 
ruficapillus (Rufous-capped Motmot). Our observation occurred 
during regular mist-netting (permits: CEMAVE/ICMBio no. 1237, 
INEA no. 051/2011, SISBIO 14210-7) at Parque Estadual da Ilha 
Grande (23.1638°S, 44.1888°W, WGS84; 690 m elev.), an oceanic 

island at Angra dos Reis municipality, Rio de Janeiro State, Brazil. 
At 0820 h on 16 December 2014 we captured an adult B. ruficapil-
lus with a I. guentheri (SVL = 31.5 mm; 2.4 g) in its bill. We depos-
ited the frog in Museu Nacional do Rio de Janeiro, Amphibians 
Collection (MNRJ 88864). During focal observations in October 
and November 1997 of an active nest of B. ruficapillus in the same 
study area, frogs (unidentified) and reptiles, along with fruits, ar-
thropods, and mollusks, were noted as part of the diet delivered 
to nestlings (Alves et al. 1999. Ararajuba 7:31–34). Prior published 
records of predation on frogs by B. ruficapillus (Alves et al.  1999, 
op. cit.) and B. martii (Rufous Motmot; Master 1999. Wilson Bull. 
111:439–440; Alvarado et al. 2013. Herpetol. Rev. 44:298) were all 
observed during the breeding period. Motmots may prey on frogs 
over the whole year; however, these events may be easier to detect 
during the bird’s breeding period as adults can be observed carry-
ing prey items to be delivered to the chicks. As I. guentheri follows 
a cryptic strategy (Gomiero et al. 2006. Biota Neotrop. 6:1–5) and 
is present at low density at Ilha Grande (Rocha et al. 2001. Austral 
Ecol. 26:14–21) it is possible that B. ruficapillus is able to detect 
this frog moving in the litter during the day. Before our unique 
predation record of I. guentheri by a bird this frog was recorded 
as an unusual prey of the fish Brycon opalinus (Pirapitinga-do-
sul), a characid species that regularly consumes fruits and insects 
(Gomiero et al. 2006, op. cit.). 

We are grateful to Conselho Nacional de Desenvolvim-
ento Científico e Tecnológico (CNPq) for M.A.S.A (process 
308792/2009-2) and UERJ for logistics. We also thank Lulu Stader 
for the English review, Fundação Carlos Chagas Filho de Amparo 
à Pesquisa do Estado do Rio de Janeiro (FAPERJ) for the schol-
arship to C.C.C.M. (process E-26/101.439/2014) and grant to 
M.A.S.A. (E-26/102837/2012). 
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KALOULA PULCHRA (Banded Bullfrog). DEFENSIVE BEHAV-
IOR. At ~1100 h on 12 August 2014 I observed a novel defensive 
behavior of Kaloula pulchra in Bawngkawn, Aizwal, Mizoram, 
India (23.7554°N, 92.7287°E, WGS84; 1022 m elev.). While I was 
holding each of the frogs (1 female and 3 males), they puffed up 
their bodies and released sticky secretions, which are among 
the recorded defensive behaviors of this species (Sazima 1974. 
J. Herpetol. 8:376–377). As I continued holding each frog I felt a 
tingling sensation in my palm and noticed the fourth and largest 
toe was vibrated by the frog in a very similar way a mouth organ 
player vibrates his playing hand. This vibration of the toe was 
followed by a forward body jerk. This continued for as long as I 
held the frog. Different defensive strategies are used in different 
phases of predation, and I assume that holding the frog tightly 
in my hand simulated ingestion. The behavior exhibited by K. 
pulchra is most similar to the “phalanx aggression” reported by 
Toledo et al. (2011. Ethol. Ecol. Evol. 23:1–25), which is exhibited 
by some frogs during ingestion. However, as defined by Toledo et 
al. (2011, op cit.), this behavior includes morphological special-
izations in which the distal phalanges pierce the skin and abrade 

Fig. 1. Undescribed spider of the family Lycosidae (wolf spider) prey-
ing on a juvenile Hypsiboas pulchellus from Punta Lara Nature Re-
serve, Argentina.



Herpetological Review 46(3), 2015

NATURAL HISTORY NOTES     413

the potential predator. Perhaps the vibration of the toe of K. pul-
chra simply produces a tingling sensation in the oral cavity of the 
predator, and may cause it to loosen the grip on the frog and the 
subsequent body jerk may set the frog free. 

JAYADITYA PURKAYASTHA, Help Earth, Guwahati 781016, Assam, In-
dia; e-mail: mail.jayaditya@gmail.com.

KALOULA WALTERI (Walter’s Narrow-mouthed Frog). PREDA-
TION. Kaloula walteri is a small (SVL = 24.5–35.5 mm) endemic 
microhylid occurring at sea level to mid-montane rainforest (0–
900 m elev.) on Luzon and Polillo Island, Philippines (Diesmos et 
al. 2002. Copeia 2002[4]:1037−1051). Among invertebrates, crabs 
are considered important frog predators and several predation 
incidents of frogs at various life stages by marine and freshwater 
crabs have been previously documented (Toledo 2005. Herpetol. 
Rev. 36:395–400; Wells 2007. The Ecology and Behavior of Am-
phibians. University of Chicago Press, Chicago, Illinois. 1148 pp.; 
Andrade et al. 2012. Herpetol. Notes 5:173–175; Pyke et al. 2013. 
Herpetol. Notes 6:195–199; Motta-Tavares et al. 2015. Herpetol. 
Rev. 46:73–74). Herein, we report an endemic Sundathelphusa 
longipes (Philippine Long-legged Freshwater Crab) eating an 
adult K. walteri.

At 0020 h on 26 March 2015, while conducting fieldwork at 
Mount Banahao in Barangay Bukal, Municipality of Majayjay, La-
guna Province, Luzon Island, Philippines (14.0978°N, 121.482°E, 
WGS84; 851 m elev.), a freshwater crab (carapace = 23.6 × 19.8 
mm) in a small pool with a rocky bottom (ca. 50 × 100 cm; water 
depth = 8 cm), beside a temporary stream, was observed grasp-
ing a deceased and mutilated K. walteri (SVL = 34.25 mm) in its 
claws. The crab immediately released the frog carcass when we 
approached closer. Upon further inspection, the frog’s skin on the 
body, digits, and internal organs were completely consumed. The 
frog was identified based on head characteristics, size, and mi-
crohabitat. Another adult K. walteri, several tadpoles, and three 
adult crabs were also in the same pool. Although this may be the 
first reported Philippine frog predation by an invertebrate, it is 
also possible that the crab only scavenged an already dead frog. 
The frog (field number EYS 440) and crab (EYS 441) were pre-
served in 70% ethanol and deposited in the Herpetology Section 
of the National Museum of the Philippines.

EMERSON Y. SY, Philippine Center for Terrestrial and Aquatic Research, 
1198 Benavidez St., Unit 1202, Tondo, Manila, Philippines (e-mail: emerson-
sy@gmail.com); LOUISE ABIGAEL DE LAYOLA; LEVY V. NECISITO, The 
Graduate School, University of Santo Tomas, España Boulevard, 1015 Ma-
nila, Philippines; NIKKI DYANNE C. REALUBIT and ARVIN C. DIESMOS, 
Herpetology Section, Zoology Division, National Museum of the Philip-

pines, Padre Burgos Avenue, Ermita 1000, Manila, Philippines (e-mail: arvin.
diesmos@gmail.com).

LEPTODACTYLUS FUSCUS (Whistling Frog). MYIASIS. Several 
fly species, from the families Sarcophagidae, Calliphoridae, and 
Chloropidae, are agents of myiasis and their larvae can develop 
in living amphibians, often killing their hosts (Crump and Pounds 
1985. J. Parasitol. 71:588–591). Myiases have been recorded in 
anurans including the families Bufonidae, Centrolenidae, Crau-
gastoridae, Dendrobatidae, Hylidae, Leptodactylidae, Odon-
tophrynidae, and Ranidae (Bokermann 1965. Acad. Bras. Cienc. 
37:525–537; Gómez-Hoyos et al. 2012. Herpetol. Notes 5:27–29). 
For leptodactylids, which are conspicuous elements of Neotropi-
cal assemblages, there are few available records that report only 
egg predation by fly larvae on Leptodactylus bufonius (Vizcachera 
White Lipped Frog), L. fuscus, and L. pentadactylus (South Ameri-
can Bullfrog) (Downie et al. 1995. J. Nat. Hist. 29:993–1003). In this 
study, we report observations of myiases by two fly species in adult 
L. fuscus, representing the first evidence of myiasis on this species. 

Anurans were surveyed at the Pantanal wetlands, in the Nhe-
colândia region, Brazil (19.6558°S, 57.0417°W, WGS84; 90 m elev.) 
from 11–19 February 2006. Individuals were caught in pitfall-
traps with drift fences. All frogs were inspected for the presence of 
maggots; infected individuals were placed in plastic jars contain-
ing vermiculite, and maggots were allowed to pupate to identify 
them to species level. The following species of frogs were collect-
ed: Rhinella schneideri (Cururu Toad; N = 29), Elachistocleis bi-
color (Two-colored Oval Frog; N = 13), Pseudis paradoxa (Paradox 
Frog; N = 15), Physalaemus albonotatus (Menwig Frog; N = 43), 
L. chaquensis (Creole Frog; N = 57), L. podicipinus (Pointed-belly 
Frog; N = 68), and L. fuscus (N = 122). Leptodactylus fuscus was the 
only species infected, with five individuals (4.1%) infected (mean 
intensity = 2.8 maggots per frog). Two fly species, belonging to 
two families were recovered from L. fuscus: Megaselia scalaris 
(Phoridae) and Oxysarcodexia carvalhoi (Sarcophagidae). Three 
(prevalence of 2.5%) of the frogs were infected with Oxysarcodex-
ia carvalhoi with 3, 4, 2 maggots/frog, whereas two (prevalence 
of 1.6%) frogs were infected with Megaselia scalaris with 2 and 3 
maggots per frog. 

Megaselia scalaris is cosmopolitan and synanthropic and lar-
vae are considered extremely opportunistic, with several cases of 
facultative myiasis reported on a wide variety of hosts, like arthro-
pods (Arredondo-Bernal and Trujillo-Arriaga 1994. Vedalia 1:27), 
snakes (Silva et al. 1999. J. Med. Entomol. 36:630), and humans 
(Singh and Rana 1989. J. Med. Entomol. 26:228–229). Considered 
generalists, Oxysarcodexia are known for preferring uninhabited 
areas (Dias et al. 1984. Mem. Inst. Oswaldo Cruz. 79:83–91) with 
some cases of facultative myiasis reported in fish, mammals, and 
carcasses of humans (Mello-Patiu et al. 2014. Rev. Bras. Entomol. 
58:142–146). Ecological interaction between flesh eating flies and 
frogs is an important area of research as previous studies have 
shown that these relationships are generally lethal (Crump and 
Pounds 1985, op. cit.).

We are grateful to Fundação Cearense de Apoio ao Desen-
volvimento Científico e Tecnológico – FUNCAP for a research fel-
lowship to RWA (process BPI-0067-000060100/12) and for a mas-
ter’s fellowship to EPA, and to EarthWatch Institute and Embrapa 
Pantanal for financial and logistical support.

EDNA PAULINO DE ALCANTARA (e-mail: ednnapaulino@gmail.
com), CRISTIANA FERREIRA DA SILVA (e-mail: cristianasilva006@gmail.
com), MARCIANA CLAUDIO DA SILVA (e-mail: marcianaclaudio@gmail.
com), ROBSON WALDEMAR ÁVILA, Programa de Pós-Graduação em 

Fig. 1. Sundathelphusa longipes with predated Kaloula walteri. 
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LITHOBATES SPHENOCEPHALUS (Southern Leopard Frog). 
FALL BREEDING. For two of the past three years, Lithobates 
sphenocephalus has bred during the fall in Greene Co., Indiana, 
USA (39.1107°N, 87.2222°W; WGS84). On 16 March 2013, we be-
gan capturing overwintered (Gosner stage 25) L. sphenocephalus 
tadpoles in funnel traps set for breeding L. areolatus (Crawfish 
Frog) at three seasonal/semipermanent wetlands. On 13 March 
2015, we began capturing overwintered tadpoles at these three 
wetlands plus three additional wetlands. At four of these wet-
lands, L. sphenocephalus were the only ranid tadpoles present, 
at the fifth they co-occurred with overwintered L. catesbeianus 
(American Bullfrog) tadpoles, at the sixth they co-occurred with 
overwintered L. clamitans (Green Frog) tadpoles.

McCallum et al. (2004. Southeast. Nat. 3:401–408) offer a 
detailed account of fall breeding in L. sphenocephalus from Ar-
kansas. Minton (2001. Amphibians and Reptiles of Indiana. Indi-
ana Academy of Science, Indianapolis, Indiana. 404 pp.) reports 
spring breeding and occasional fall calling from Indiana. Our 
data are the first report confirming fall breeding from Indiana—
at a latitude approaching the northern end of this species’ range 
(Lannoo 2005. Amphibian Declines: The Conservation Status of 
United States Species. University of California Press, Berkeley, 
California. 1094 pp.)—and based on Minton’s experience may 
represent a new phenomenon at this latitude. Given the docu-
mented effects of climate change on accelerating amphibian 
breeding phenology (Beebee 2002. Conserv. Biol. 16:1454; Blaus-
tein et al. 2002. Conserv. Biol. 16:1454–1455), our observations 
suggest that in temperate climates, spring breeding phenology 
may be accelerated through the winter, into the previous fall, un-
der suitable weather conditions (such as heavy rains; McCallum 
et al. 2004, op. cit.).

ROCHELLE M. STILES, Indiana State University, Rm. 135 Holmstedt 
Hall–ISU, Terre Haute, Indiana, 47809, USA (e-mail: rstiles2@sycamores.ind-
state.edu); MICHAEL J. LANNOO, Indiana University School of Medicine–
TH, Rm. 135 Holmstedt Hall–ISU, Terre Haute, Indiana, 47809, USA (e-mail: 
mlannoo@iupui.edu).

LITHOBATES SYLVATICUS (Wood Frog). CANNIBALISM. It is 
known that larval Lithobates sylvaticus will cannibalize recently 
oviposited egg masses, newly hatched larvae, and smaller con-
specifics (Petranka and Thomas 1995. Anim. Behav. 50:731–739). 
Although instances of cannibalism of older and more developed 
conspecifics by younger larvae is known to occur in other an-
urans (Scaphiopus hurterii [Hurter’s Spadefoot], S. bombifrons 
[Plains Spadefoot; Bragg 1957. Wassman J. Biol. 15:61–68; Bragg 
1964. Herpetologica 20:17–24], S. multiplicata [Mexican Spade-
foot], S. couchii [Couch’s Spadefoot; Pomerory 1981. Unpubl. 
PhD. Dissert. Univ. of California] and Osteopilus septentrionalis 
[Cuban Treefrog; Crump 1986. Copeia 1986:1007–1009]), we were 
unable to find prior accounts of this phenomenon occurring in 
L. sylvaticus. Here we describe an instance of active cannibalism 
in L. sylvaticus where less developed and presumably younger 
larvae attacked and devoured an injured and nearly transformed 
conspecific. 

At 2315 h on 16 June 2014 we observed a larval Ambystoma 
maculatum (Spotted Salamander) attacking a larval Wood Frog 
in an ephemeral wetland (ca. 3.5 m × 2 m and 45 cm deep) at the 
Smithsonian Environmental Research Center, Anne Arundel Co., 
Maryland, USA (38.9015°N, 76.5515°W, WGS84; 24 m elev.). The 
A. maculatum larva seized the L. sylvaticus larva by its hindquar-
ters and limb and shook it with sideways sweeps of the head. The 
L. sylvaticus larva had fully formed fore and hind limbs, but its 
tail was not yet resorbed (ca. Gosner stage 42). Shortly after we 
approached the wetland the A. maculatum larva released the 
L. sylvaticus larva, presumably because it was disturbed by our 
flashlights. Once released, the L. sylvaticus larva appeared to be 
severely injured, and lethargically attempted to swim with irregu-
lar and weak lateral undulations. Within ca. 30 sec of its release 
by the A. maculatum larva, the injured L. sylvaticus larva was 
swarmed and consumed by ca. 10 conspecific larvae, only one of 
which had limbs (hind only; ca. stage 39, the rest appeared to < 
stage 30). What triggered the swarming behavior and sequence 
of predatory behaviors of the L. sylvaticus cannibals is unclear. It 
may have been initiated by biochemical cues released by the in-
jured L. sylvaticus larvae during the A. maculatum attack (Crump 
1986. Copeia 1986:1007–1009) and/or by its irregular swimming. 
Regardless of the specific trigger, it appears as if cannibalism by 
less developed larvae occurs in L. sylvaticus and may be an im-
portant component of its reproductive strategy. 

TODD A. TUPPER, Biology Department, Northern Virginia Community 
College, Alexandria, Virginia, 22311, USA (e-mail: ttupper@nvcc.edu); ROB-
ERT AGUILAR, Smithsonian Environmental Research Center, Edgewater, 
Maryland, 21037, USA (e-mail: aguilarr@si.edu).

LITORIA HAVINA. PREDATION. Litora havina is a poorly known 
treefrog recorded from the upper Fly and Kikori Rivers in the 
southern high rainfall zone of Papua New Guinea, and the Won-
diwoi and Fakfak regions of Papua Province, Indonesia (Menzies 
2006. The Frogs of New Guinea and the Solomon Islands. Pen-
soft Publishers, Sofia, Bulgaria. 345 pp.). It occurs in swamps 
from 300–1300 m above sea level in tropical rainforest, and lays 
clutches of 10–20 large (ca. 4 mm diam) eggs on vegetation over 
water (Richards and Günther 2004. The IUCN Red List of Threat-
ened Species. www.iucnredlist.org; accessed 1 Feb 2015). This 
note presents the first published observation of predation on L. 
havina in the field.

Between 29 June and 27 July 1993 we observed L. havina in 
several swamps around the township of Tabubil, Western Prov-
ince, Papua New Guinea (5.26°S, 141.22°E, WGS84; 558 m elev.). 
While looking for frogs at night, we also observed one or more 
Tropidonophis sp. (Keelback Snake) in vegetation around most 
swamps we visited. On 9 July 1993 we observed a Tropidono-
phis moving among low vegetation in a swamp 13 km S of Tabu-
bil along the Tabubil-Kiunga Road. On that night this swamp 
hosted a frog chorus containing adult L. havina and many tens 
of their egg masses were found at heights between 0.4 and 2.5 m 
above water level on the vegetation around the swamp. We saw 
the snake moving around the swamp over 2–3 h, and collected 
it just before we left the swamp late in the evening. Upon dissec-
tion of the snake we found an adult female L. havina and several 
eggs masses in its stomach (Fig. 1). Although we did not directly 
observe predation, this confirmed not only our suspicions that 
Tropidonophis were predating adult L. havina, but also demon-
strated that the snakes were eating the frogs’ arboreal egg masses. 
We are unsure of the specific identity of the snake; four species 
of Tropidonophis (T. doriae, T. mairii, T. multiscutellatus, and T. 
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statisticus) occur in the general area where our observations were 
made (O’Shea 1996. A Guide to the Snakes of Papua New Guinea. 
Independent Publishing, Port Moresby, Papua New Guinea. 239 
pp.).

Our field work in Papua New Guinea was done with support 
from the Ok Tedi Mining Company, and under permits from the 
Institute of Papua New Guinea Studies and the Papua New Guin-
ea Department of Environment and Conservation.

GREGORY R. JOHNSTON (e-mail: pelecanus85@gmail.com) and STE-
PHEN J. RICHARDS, South Australian Museum, North Terrace, Adelaide, 
5000, Australia (e-mail: steve.richards@samuseum.sa.gov.au).

PHYSALAEMUS PUSTULOSUS (Túngara Frog). SEXUAL COM-
MUNICATION. At ca 1930 h on 14 June 2015 we made an interest-
ing observation of sexual communication of a Physalaemus pus-
tulosus in the Darien National Park in Darien (7.747°N, 77.536°W; 
WGS84), Panama. 

Túngara Frogs produce mating calls (ca. 350 ms duration) 
that consist of a downward frequency sweep which can be pro-
duced alone or can be followed by 1–7 short, ca. 45 ms, bursts of 
sound called “chucks.” The call is accompanied by inflation and 
deflation of a relatively large vocal sac (Ryan 1985. The Túngara 
Frog, A Study in Sexual Selection and Communication. University 
of Chicago Press, Chicago, Illinois. 236 pp.). On this night we ob-
served a small group of male Túngara Frogs, ca. 3–6, calling from 
a puddle on a trail. As chucks are typically always produced im-
mediately after a whine, we were struck by what we thought was 

a chuck produced in isolation. We then located the male produc-
ing the call in question. During ca. 5–10 min of observation, the 
male did indeed produce calls with only chucks. These chucks 
sounded similar to chucks typical of this species; although the 
amplitude seemed a bit lower than typical it was clearly audible. 
The male also produced whines in isolation and whines followed 
by chucks as is typical for this species, as well as what is best 
described as a “half-whine,” but he then returned to producing 
chucks in isolation. During this time we also observed the male 
inflating and deflating his vocal sac as if he were calling but with-
out any audible call; this occurred several times. In all instances, 
whether or not accompanied by sound, the inflation-deflation of 
the vocal sac produced vibrations on the water’s surface, which is 
merely an epiphenomenon of vibrating a structure on the water’s 
surface. During all of these behaviors, chuck-only and half-whine 
calls, typical whine and whine-chuck calls, and muted vocal sac 
inflation-deflation, the male was alternating his display with 
neighboring calling males, as is typical for this species. Thus he 
was participating in the chorus in a typical manner even when 
producing an atypical signal.

One of us, MJR, has been studying this species for several 
decades (Ryan 1980.  Science 209:523–525; Ryan 2011. In Losos 
[ed.], In Light of Evolution, Essays from the Laboratory and Field, 
pp. 185–203. Roberts and Company, Greenwood Village, Colora-
do) and only once previously did he observe a male producing a 
chuck-only. Examination of that male’s larynx showed it was nor-
mal (MJR, unpubl. data; our current permits in the Darien did not 
allow collecting). Never, to our knowledge, has anyone observed 
a Túngara Frog inflating and deflating its vocal sac independent 
of sound production. The diurnal African frog Phrynobatrachus 
krefftii (Krefft’s Puddle Frog) also shows this behavior which 
clearly is a communication signal (Hirschmann and Hödl 2006. 
Herpetologica 62:18–27). There are similar reports of muted vocal 
sac inflations for Bornean frogs in the genus Staurois, but their 
role in communication has not been investigated (Boeckle et al. 
2009. Herpetologica 65:154–165). This observation is germane to 
the study of sexual communication in this species for several rea-
sons. Female Túngara Frogs strongly prefer whines with chucks 
to whines-only (Gridi-Papp et al. 2006. Nature 441:38). Normally, 
males do not produce chucks without the preceding whine and 
females do not show phonotaxis to chucks-only. In addition, fe-
males do not accurately group whines and chucks to the same 
source (Ryan 1985, op. cit.). A chuck spatially displaced by 135° 
from a whine is perceptually bound to that whine by the female, 
(i.e., she perceives the two sounds as a single whine-chuck call), 
and she then approaches the chuck rather than the whine (Farris 
et al. 2002. Brain Behav. Evol. 60:181–188). Thus a male produc-
ing a chuck-only in a chorus could attract a female if his chuck 
follows the whine of another male calling within a 135° arc. We 
knew that; now we know that at least one male in the Darien can 
produce a chuck without a whine.

Vocal sacs recycle air between the lungs and the vocal sac, sav-
ing the male the effort of buccal pumping to fill the lungs between 
each call (Pauley et al. 2006. Comp. Physiol. Biochem. 79:708–
719). In a number of frogs the inflation-deflation cycle of the vocal 
sac also serves as a visual cue (Starnberger et al. 2014. Anim. Be-
hav. 97:281–288), and as mentioned above in P. krefftii, this is true 
even in the absence of accompanying sound. Our observations 
show that muted vocal sac inflation-deflation occurs in at least 
one Túngara Frog in the Darien. In Túngara Frogs the vocal sac 
inflation synchronous with a call enhances the attraction of the 
call (Taylor et al. 2008. Anim. Behav. 76:1089–1097), and typically 

Fig. 1. An adult female Litoria havina (SVL ca. 37 mm) and L. havina 
eggs in the stomach of a Tropidonophis sp. (Keelback Snake) from 
near Tabubil in the Western Province of Papua New Guinea.
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the vocal sac must be synchronous with the call to produce a sa-
lient bimodal display (Taylor et al. 2011. J. Exp. Biol. 214:815–820). 

Finally, the movement of the vocal sac also produces water-
surface ripples that enhance the saliency of a typical call (Half-
werk et al. 2014. Science 343:413–416). When the deviant male 
we observed inflated and deflated his vocal sac, not only was he 
producing a visual cue but vibrational cues as well. Although we 
have shown that the water-surface vibrations by themselves are 
not salient as a mating display, they do enhance the acoustic-
only component of the male Túngara Frog’s display (Halfwerk et 
al. 2014, op. cit.). 

The female Túngara Frog is permissive in responding to and 
sometimes preferring sexual signals that typically do not exist 
in nature (Ryan et al. 2010. Curr. Zool. 56:343–357), thus acting 
on signal variation as it arises. Our observations of this one male 
Túngara Frog in the Darien rainforest show that there is more 
standing phenotypic, and perhaps genetic, variation for sexual 
signaling in this frog than previously appreciated. Thus, we now 
have evidence of variation arising in both signal production and 
perception, providing the raw materials necessary for complex 
anuran signals to evolve. 

We thank ANAM for permission to conduct research in the 
Darien, Sofia Rodriguez for arranging logistics, and Isaac for be-
ing an expert guide. We also acknowledge NSF grant IOS 1120031 
to MJR, R. Taylor, and R. Page, and the Clark Hubbs Regents Pro-
fessorship in Zoology to MJR for financial support.
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PLECTROHYLA POKOMCHI (Rio Sananja Spikethumb Frog). 
ALTITUDINAL DISTRIBUTION. Plectrohyla pokomchi is a criti-
cally endangered species of stream-breeding frog endemic to 
Guatemala. An adult female specimen (SVL = ca. 4 cm) was found 
climbing on the leaves of a tree fern Cyathea sp. (Fig. 1) about 2 m 
above the ground at 2032 h on 15 March 2014 at Apaj River source 
within Biotopo Protegido Mario Dary Rivera para la Conservación 
del Quetzal, Purulha, Guatemala (15.2070°N, 90.2326°W, WGS84; 
2120 m elev.). This record extends the upper known vertical dis-
tribution from the highest elevation reported of 1900 m by 220 

m (Duellman and Campbell 1992. Misc. Publ. Mus. Zool. Univ. 
Michigan 181:1–32). This species is considered to be declining se-
verely, especially in the location where we found it (Mendelson et 
al. 2004. Rev. Biol. Trop. 52:991–1000). This record also indicates 
that, as of 2014, the species is still extant within the confines of 
the protected area mentioned above. A photographic voucher of 
the specimen was deposited at Colecciones Biológicas de la Uni-
versidad del Valle de Guatemala, Guatemala (UVG-F-0004). 

We thank Jonathan Campbell for providing comments and 
exchange of information that improved this note. CECON-USAC 
and CONAP provided permit # 049-2014 to conduct the research. 
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PRISTIMANTIS CERASINUS (Clay-colored Rain Frog). MORTAL-
ITY. Pristimantis cerasinus is a craugastorid frog found in humid 
lowland and premontane forests from Nicaragua to Panama (Sav-
age 2002. The Amphibians and Reptiles of Costa Rica. University 
of Chicago Press, Chicago, Illinois. 934 pp.; Padial et al. 2014. Zoo-
taxa 3825:1–132). At ca. 1100 h on 13 April 2013, an adult P. cera-
sinus was found in the web of a Golden Silk Orbweaver (Nephila 
clavipes, Araneidae) on the Lindero Sur trail at La Selva Biological 
Station, Costa Rica (10.4300°N, 84.0200°W; WGS 84). We identi-
fied the frog as P. cerasinus by the presence of heel tubercles, the 
absence of enlarged supraocular tubercles, the relative width 
and shape of finger toe pads, the dark brown coloration of the 
posterior thigh, paired suprascapular ridges shaped as inverted 
parentheses, and failure of the tip of toe V to reach the ultimate 
subarticular tubercle on toe IV (Savage 2002, op. cit.; Guyer and 
Donnelly 2005. Amphibians and Reptiles of La Selva, Costa Rica, 
and the Caribbean Slope: A Comprehensive Guide. University of 
California Press, Berkeley, California. 299 pp.). Although we did 
not verify that the frog was depredated by the spider, the frog was 
dead, its body was desiccated, and strands of spider web were 
wrapped tightly around the frog’s left hind leg at three places. 

To our knowledge, this is the first published record of death 
of a craugastorid frog due to N. clavipes. Pristimantis cerasinus 
is known to occupy arboreal perch sites in vegetation at night, 
and the individual may have jumped from a perch site to be en-
snared in the web. Nephila clavipes webs are known to entrap 
hummingbirds (Graham 1997. J. Field Ornithol. 68:98–101), small 
songbirds (Cox and NeSmith 2007. Florida Field Nat. 35:46–48), 
and bats (Nyfeller and Knörnschild 2013. PLOS ONE 8:e58120). 
We are unaware of any records of N. clavipes consuming trapped 
vertebrates, although there are two records of Nephila plumipes 
feeding on unidentified anurans (McCormick and Polis 1982. 
Biol. Rev. 57:29–58). 

We thank Kelsey Reider for verifying the identification of the 
frog and an anonymous reviewer for suggestions that improved 
this note. A digital photograph of the frog was vouchered at the 
Georgia Museum of Natural History (GMNH 50832).

CARISSA GANONG, Odum School of Ecology, 140 East Green Street, 
University of Georgia, Athens, Georgia 30602, USA (e-mail: carissa.ganong@
gmail.com); BRIAN FOLT, Department of Biological Sciences and Auburn 
University Museum of Natural History, 331 Funchess Hall, Auburn Univer-
sity, Alabama 36849, USA (e-mail: brian.folt@gmail.com).

PSEUDACRIS MACULATA (Boreal Chorus Frog). CALLING 
PHENOLOGY. Pseudacris maculata is a widespread hylid found 

Fig. 1. Plectrohyla pokomchi found at 2120 m elev. in Purulha, Gua-
temala.
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throughout central North America (Dodd 2013. Frogs of the 
United States and Canada. Johns Hopkins University Press, Bal-
timore, Maryland. 982 pp.). Chorus frogs are known to be among 
the earliest calling species of the season throughout their range. 
For example, a study analyzing Pseudacris breeding call charac-
teristics spanning from Oklahoma to South Dakota began as early 
as March (Platz 1989. Copeia 1989:704–712). However, occasional 
calls have been heard in northern Alberta, Canada, extending into 
late August and mid-September after breeding cessation (Dodd 
2013, op. cit.), and P. maculata call in South Dakota on occasional 
cool and wet days through the summer (Smith, unpubl. data). 

On the early afternoon of 11 October 2014, we heard breed-
ing calls of P. maculata in an area about 4.25 km E of Provo, Fall 
River Co., South Dakota, USA (43.1882°N, 103.7820°W, WGS84; 
1100 m elev.). The habitat was a roadside ditch overflow from a 
semi-permanent wetland. It was 18°C, clear with winds at 5.4 m/
sec, and 37% humidity. We classified calling intensity as level II 
on the Amphibian Calling Index (ACI; Heyer et al. 1994. Measur-
ing and Monitoring Biological Diversity: Standard Methods for 
Amphibians. Smithsonian Institution Press, Washington D.C. 
384 pp.). Later that night, we heard a full chorus (ACI level III) 
calling from pre-sunset and into the evening on the periphery 
of a permanent wetland in the ghost town of Ardmore, Fall River 
Co., South Dakota (43.0214°N, 103.6531°W; 1080 m elev.). The 
temperature was 16°C, wind at 8.2 m/sec, 54% humidity. Shortly 
before sunset on 18 October 2014, we located a third site, a cattle 
pond, where individual P. maculata were heard calling (ACI level 
I). This spot is located approximately 1.3 km E of Smithwick, Fall 
River Co., South Dakota (43.3038°N, 103.2022°W; 1005 m elev.). 
It was a clear day at 19°C with 4.9 m/sec winds and 42% humid-
ity. Peak calling season for P. maculata within South Dakota is 
May–July (Dodd 2013, op. cit.) and they have been known to call 
as late as August (Ballinger et al. 2000. Trans. Nebraska Acad. Sci. 
26:29–46). Pseudacris maculata has not been previously record-
ed calling later than September (Dodd 2013, op. cit.) anywhere 
in its range.

BRIAN BLAIS (e-mail: brian.blais@yellowjackets.bhsu.edu), CHRIS-
TINE BUBAC (e-mail: bubac@ualberta.ca), and BRIAN SMITH, Department 
of Biology, Black Hills State University, 1200 University St., Spearfish, South 
Dakota 57799, USA (e-mail: brian.smith@bhsu.edu). 

PSEUDOPALUDICOLA POCOTO. PREDATION. Pseudopaludi-
cola pocoto is a newly described small frog species that can be 
found in open areas within the Caatinga in the states of Paraíba, 
Rio Grande do Norte, Ceará and Pernambuco in northeast Bra-
zil (Magalhães et al. 2014. Herpetologica 70:77–88). We record a 
predation event on P. pocoto (SVL = 13.83 mm; 3 g) by the spider 
Ancylometes rufus (Fishing Spider; Fig. 1). Our observation took 
place at the Ecological Station Aiuaba (6.36065°S, 40.07285°W, 
WGS84; 425 m elev.), municipality of Aiuaba, state of Ceará, Bra-
zil, during the course of an active search of the vicinity of a lake 
for frogs at 2030 h on 22 January 2015. The individuals were col-
lected, euthanized, fixed in 10% formalin, and preserved in 70% 
alcohol. Voucher specimens are housed in the Laboratório Es-
pecial de Coleções Zoológicas do Instituto Butantan, São Paulo 
(A. rufus, IBSP 166751) and in the Coleção Herpetológica da Uni-
versidade Regional do Cariri (P. pocoto, URCA-H 10403). Only a 
few anuran species have been observed being preyed upon by A. 
rufus: Ischnocnema ramagii (Paraiba Robber Frog; De-Carvalho 
et al. 2010. Herpetol. Rev. 41:336–337), Dendrophryniscus minu-
tus (Amazonian Tiny Tree Toad), Dendropsophus minutus (Lesser 
Tree Frog), Hypsiboas geographicus (Map Tree Frog), Adenomera 

andreae (Lowland Tropical Bullfrog; Menin et al. 2005. Phyllo-
medusa 4:39–47), Dendropsophus melanargyreus (Interior Tree 
Frog; Azevedo 2011. Biota Neotrop. 11:349–351), Dendropsophus 
sarayacuensis (Shreve’s Sarayacu Tree Frog; Rodrigues and Arruda 
2007. Herpetol. Rev. 38:437), and Scinax alter (Crubixa Snouted 
Tree Frog; Prado and Borgo 2003. Herpetol. Rev. 34:238–239). The 
record presented here increases our knowledge of the relation-
ship between spiders and anurans, highlighting the existence of 
important trophic connections between these groups. This is the 
first predation event registered for P. pocoto.

We thank Fundação Cearense de Apoio ao Desenvolvimento 
Científico e Tecnológico (FUNCAP) for a research fellowship to 
RWA (process BPI-0067-000060100/12) and for a Masters fel-
lowship to EPA, Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (CAPES) for a Masters fellowship to CFS and TFQ, 
and PhD fellowship to LAFS, and the researchers at the Butantan 
Institute, Antônio Domingos Brescovit and Paulo André Margo-
nari Goldoni for their contributions.

CRISTIANA FERREIRA DA SILVA (e-mail: cristianasilva006@gmail.
com), EDNA PAULINO DE ALCANTARA, TATIANA FEITOSA QUIRINO, 
ROBSON WALDEMAR ÁVILA, Programa de Pós-Graduação em Bio-
prospecção Molecular, Laboratório de Herpetologia, Departamento de 
Ciências Biológicas, Universidade Regional do Cariri - URCA, Campus do 
Pimenta, Rua Cel. Antônio Luiz, 1161, Bairro do Pimenta, CEP 63105-100, 
Crato, CE, Brazil; LIDIANE APARECIDA FIRMINO DA SILVA, Laboratório 
de Parasitologia de Animais Silvestres, Departamento de Parasitologia, In-
stituto de Biociências, UNESP - Universidade Estadual Paulista Distrito de 
Rubião Jr., s/n°, CEP 18618-000, Botucatu, SP, Brazil.

RANA TEMPORARIA (Common Frog). MAXIMUM SIZE. Maxi-
mum body size reported for Rana temporaria in the literature is 
100 mm (Bannikov et al. 1977. A Guide to Amphibians and Rep-
tiles of the USSR. Moscow, Prosveshchenie. 415 pp.; Gollmann et 
al. 2014. In Böhme [ed.], Handbuch der Reptilien und Amphibien 
Europas. Bd 5/III A: Froschlurche (Anura) III A (Ranidae I), pp. 
305–437. AULA-Verlag, Wiebelsheim). On 28 September 2012, 
we found an adult female R. temporaria on the forest road near 
Sekowiec, Bieszczadzki National Park, Poland, in the San River 
valley (49.2360°N, 22.5637°E; WGS84). The frog was 110.1 mm 
SVL, representing a new maximum size for the species. This ex-
ceeds the maximum recorded SVL for the species by 10.1%. Ac-
cording to Gollman et al. (2014, op. cit.), R. temporaria reaches 
maximum body size in northern Europe along the transect of 

Fig. 1. Predation of Pseudopaludicola pocoto by Ancylometes rufus.
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65°N. Our observation demonstrates that maximum sized frogs 
can be found not only in the north. 

KONSTANTIN D. MILTO (e-mail: coluber@zin.ru) and OLGA S. BEZ-
MAN-MOSEYKO, Zoological Institute, Department of Herpetology, St. Pe-
tersburg, Universitetskaya emb., 1, 199034, Russia.

RHACOPHORUS PARDALIS (Harlequin Tree Frog). DEFENSIVE 
BEHAVIOR. Defensive behavior of anuran amphibians was thor-
oughly reviewed in Toledo et al. (2011. Ethol. Ecol. Evol. 23:1–25), 
who recognized about 30 types of such behavior. Eye-protection 
has been described in a number of species (Toledo et al. 2011, op. 
cit.) and here we report this defensive behavior for Rhacophorus 
pardalis. Observations were made in the lowland mixed-diptero-
carp rainforest near the Kuala Belalong Field Studies Centre in Ulu 
Temburong National Park (Brunei Darussalam; 4.546°N, 115.157°E, 
WGS84; 119 m elev.) at 2230 h on 5 February 2015. An adult male 
individual (SVL = 52.4 mm) was captured on understory vegeta-
tion (ca. 1.8 m above the forest floor) during a night survey. When 
attempting to capture the individual, the frog pressed its body to 
the ground, slightly arched its back and raised its forelimbs to its 
head. In this position the webbed front limbs completely covered 
its eyes and it displayed its red and yellow coloration almost com-
pletely (Fig. 1). The eyes were open and the individual remained 
in this position for at least 2 min. During subsequent handling the 
back remained arched and it stayed motionless. No defensive call 
or smell was emitted. This behavior was observed in one of the 
five individuals handled during this field survey. This type of de-
fensive behavior has also been reported from two other treefrogs 

in the genus, Rhacophorus feae (Thao Whipping Frog; Duong and 
Rowley 2010. Herpetol. Rev. 41:342; Vinh et al. 2013. Herpetol. Rev. 
44:129) and Rhacophorus margaritifer (Java Flying Frog; Streicher 
et al. 2011. Herpetol. Rev. 42:590).

We are grateful for financial support received (OPVK-
CZ.1.07/2.2.00/28.0149).

ZDENĚK MAČÁT, Department of Ecology and Environmental Scienc-
es, Palacký University in Olomouc, Šlechtitelů 11, 78371, Olomouc, Czech 
Republic (e-mail: zdenek.macat@gmail.com); HANYROL H. AHMAD SAH 
(e-mail: spanish_novia@yahoo.co.uk) and T. ULMAR GRAFE, Faculty of Sci-
ence, Universiti Brunei Darussalam, Tungku Link, Gadong BE 1410, Brunei 
Darussalam (e-mail: grafe@biozentrum.uni-wuerzburg.de).

RHINELLA GR. MARGARITIFERA (Mitred Toad). PREDATION. 
Rhinella gr. margaritifera are a species complex of medium-sized 
toads that inhabit forest litter, occurring throughout Amazonian 
South America to eastern Panama (Frost 2015. http://research.
amnh.org/vz/herpetology/amphibia; 9 Apr 2015). Rhinella 
marina is native from south Texas in the United States to southern 
Brazil (Lever 2001. The Cane Toad. The History and Ecology of a 
Successful Colonist. Westbury Publishing, Otley, West Yorkshire. 
230 pp.). During a field expedition to the Serra Azul in western 
Pará state, city Monte Alegre, Brazil (1.1787°S, 54.1868°W; WGS84) 

Fig. 1. Maximum size Rana temporaria from Sekowiec, Bieszczadzki 
National Park, Poland. Coin size = 18.5 mm.

Fig. 1. Rhacophorus pardalis displaying defensive behavior.

Fig. 1. Adult male Rhinella marina preying upon Rhinella gr. mar-
garitifera.

Fig. 2. Rhinella gr. margaritifera released from the mouth of the adult 
male of Rhinella marina.
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we observed an adult male R. marina swallowing a live adult R. 
gr. margaritifera near a weir at 2000 h on 13 January 2015 (Fig. 
1). The R. marina started ingesting the toad headfirst leaving 
only the legs of R. gr. margaritifera out of the mouth (Fig. 1). 
We captured the R. marina and removed R. gr. margaritifera for 
the purpose of photographing it and identifying it (Fig. 2). We 
then released both individuals. Rhinella marina is considered 
a generalist and opportunistic predator that includes both 
invertebrates and vertebrates in its diet (Lever 2001, op. cit.).

RAUL DE PAULA DA SILVA FRÓIS (e-mail: raul.p.s.frois@gmail.com), 
JOYCE CELERINO DE CARVALHO (e-mail: joyce.celerino@gmail.com), 
EMIL JOSÉ HERNÁNDEZ-RUZ, Laboratório de Zoologia, Faculdade de 
Ciências Biológicas, Universidade Federal do Pará, Campus de Altamira, 
Rua Coronel José Porfírio, 2515 - CEP 68.372-040 - Altamira – PA, Brazil (e-
mail: emilhjh@yahoo.com). 

RHINELLA MARINA (Cane Toad). REPRODUCTIVE ACTIVITY. 
Amplexus in most anuran species lasts for a relatively short dura-
tion of a few hours to days (Wells 1977. Anim. Behav. 25:666–693, 
but see Dole and Durant 1974. Copeia 1974:230–235). The po-
tential costs of amplexus include metabolic costs (McLister 2003. 
Can. J. Zool. 81:388–395), increased predation risk (Howard 1981. 
Ecology 62:303–310), decreased locomotor (sprint and swim) 
performance, and a reduction or loss of feeding opportunities 
(Bowcock et al. 2009. Copeia 2009:29–36). In laboratory experi-
ments, feeding rates of amplexed female Rhinella marina were 
reduced and males did not feed at all (Bowcock et al. 2009, op. 
cit.). These laboratory results suggest that there may be signifi-
cant costs involved in prolonged amplexus for both males and 
females. Toads may remain in amplexus overnight since egg de-
position often doesn’t begin until the following morning (Floyd 
1983. Unpubl. PhD thesis. Griffith University, Australia. 315 pp.). 
However, amplexus over a period of days has not been reported 
under natural conditions (Bowcock et al. 2009, op. cit.). 

Here we report prolonged amplexus of at least 14 days in a 
pair of R. marina in Paramaribo, Republic of Suriname (5.8288°N, 
55.1436°W; WGS84). The amplexed pair (Fig. 1) was first ob-
served at approximately 0830 h on 11 June 2014 and observed 
in amplexus on 10 different days between 0730–0900 h through 
24 June 2014. They were still amplexed when observers left Suri-
name on 24 June 2014. All observations took place from an out-
door dining area approximately 2.5 m from a bird feeder stocked 
with bread and fruit which spilled to the ground where the am-
plexed pair and one other toad were periodically observed (Fig. 
1). Although R. marina are considered to be primarily nocturnal, 
a lone female was photographed eating bread at 0845 h on 6 June 
2014. Diurnal feeding and consumption of stationary anthropo-
genic food items (e.g., carrot peelings, corn kernels, black-eyed 
peas, and canned dog food) has been previously observed in R. 
marina (Alexander 1964. Herpetologica 20:255–259). Identifica-
tion of the pair was achieved by comparing images taken of the 
pair over the duration and matching unique markings on the fe-
male between days (e.g., small white spot on the first tubercle 
posterior to male foreleg on the right lateral side; Fig. 1). In addi-
tion to the pair, no more than one other toad was observed at the 
same time. These observations demonstrate that prolonged am-
plexus in R. marina occurs under natural conditions. Although 
no measurements of male mass were taken, the male’s concave 
sides, visible in the image taken on 17 June 2014 (Fig. 1), sug-
gest that the male was not feeding. While not definitive, these 
observations lend credence to the laboratory results of Bowcock 
et al. (2009, op. cit.), that males do not feed while amplexed with 

females and males may be more negatively energetically impact-
ed by prolonged amplexus than females, when the female has 
access to food.

We thank Paul Ouboter and Rawien Jairam, University of Su-
riname, for their hospitality and support during our visit. Tom 
Mathies and an anonymous reviewer provided comments on a 
draft of this manuscript. Funding was provided by a National 
Science Foundation HBCU-UP (USA) grant to C. d’Orgeix. 
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SCAPHIOPUS HURTERII (Hurter’s Spadefoot). ENDOPARA-
SITES. We report, for the first time, on endoparasites from 
Scaphiopus hurterii from Louisiana. On 3 April 2012, we collect-
ed six adult S. hurterii (5 males, mean SVL = 66.8 mm, range 62.0–
70.0 mm and 1 female, SVL = 68.0 mm) by hand from northern 
Louisiana (3.75 km NE Spearsville, Union Parish, Louisiana, USA; 
32.9562°N, 92.5718°W, WGS84) and examined them for helminth 
parasites. Scaphiopus hurterii were euthanized with a concen-
trated chloretone solution and their gastrointestinal tract, from 
the esophagus to rectum, was removed and split entirely, placed 
in a Petri dish containing amphibian saline (0.6% NaCl) and ex-
amined under a dissection microscope; we removed their lungs, 
gonads, and other visceral organs as well. Cestodes were stained 
with acetocarmine and mounted in Canada Balsam, and nema-
todes and acanthocephalans were studied as temporary mounts 
in glycerol. Voucher specimens of S. hurterii are deposited in the 
Arkansas State University Museum of Zoology (ASUMZ) Herpe-
tological Collection, State University, Arkansas, and helminths 
are deposited in the Harold W. Manter Laboratory of Parasitology 
(HWML), University of Nebraska-Lincoln.

Five of six S. hurterii were infected with at least one hel-
minth. Two of six had the cestode Mesocestoides sp. encapsulat-
ed within gastrointestinal tissues. Five of six were infected with 
the nematode Oswaldocruzia pipiens. One of six was infected 
with numerous nematodes, Cosmocercoides variabilis, in the 
rectum. One of six was infected with an unidentified oligacan-
thorhynchid acanthocephalan cystacanth; in this case, S. hurt-
erii is likely a paratenic (transport) host. Amphibians are known 
as paratenic hosts of species of the acanthocephalan family 

Fig. 1. Amplexed pair of Rhinella marina surrounded by pieces of 
bread in Paramaribo, Suriname.
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Oligacanthorhyncidae (Schmidt 1985. In Crompton and Nickol 
[eds.], Biology of the Acanthocephala, pp. 273–305. Cambridge 
University Press, Cambridge, UK). Development to the adult 
worm occurs when the amphibian is eaten by a suitable defini-
tive host.

One female was infected with both Mesocestoides sp. and 
O. pipiens and one male (SVL = 70.0 mm) was infected with all 
four parasite species. Both Mesocestoides and O. pipiens have 
been reported in Anolis carolinensis (Green Anole) from Louisi-
ana (Conn and Etges 1984. Proc. Helminthol. Soc. Washington 
51:367–369) and in S. hurterii from Oklahoma previously (McAl-
lister et al. 2005. Texas J. Sci. 57:383–389). Cosmocercoides varia-
bilis has been reported from Gastrophyrne carolinensis (Eastern 
Narrowmouth Toad) from Louisiana (McAllister and Bursey 
2005. Comp. Parasitol. 72:124–128) and from S. hurterii in Okla-
homa (McAllister et al. 2005, op. cit.).

In summary, the acanthocephalan cystacanth represents 
a new paratenic host record for S. hurterii (HWML 64768), al-
though not a new geographic record for the parasite in Louisiana 
(Elkins and Nickol 1983. J. Parasitol. 69:951–956). We suggest that 
additional S. hurterii from other parts of Louisiana be exam-
ined as new host and distributional records may be added to the 
growing list of helminths of this amphibian.

We thank S. E. Trauth (ASUMZ) and S. Gardner (HWML) for 
expert curatorial assistance. The Louisiana Department of Wild-
life and Fisheries issued a scientific collecting permit to MBC. 
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SCAPHIOPUS HURTERII (Hurter’s Spadefoot). REPRODUC-
TION. Scaphiopus hurterii is considered an explosive breeder as-
sociated with torrential rainfall. Because of these requirements, 
they are seldom observed breeding. Between 11 March and 3 
April 2012, we observed this species breeding three times during 
torrential rainfall events at a site in extreme northern Louisiana 
(3.8 km NE Spearsville, Union Parish, Louisiana, USA; 32.9562°N; 
92.5718°W, WGS 84). On 11 March (ambient temperature 16.1°C), 
we discovered a breeding site (Fig. 1A), consisting of a temporary 
pool in a cattle pasture and were able to capture a total of eight 
toads (five males, three females). On 21 March (ambient temper-
ature 12.2°C), we were able to document another breeding event 
at the same site and were able to capture 11 individuals (nine 
males, two females). Finally, on 03 April (ambient temperature 
15.5°C), we observed another breeding event and were able to 
capture six individuals (five males, one female). The mean snout-
vent length (SVL) for a small sample of adult individuals was 63.2 
mm (range 57–68 mm) for six females and 67.4 mm (range 62–71 
mm) for nine males.  Our male-biased captures are likely the re-
sult of our sampling time (ca. 2200–2400 h), since males migrate 
to breeding site first and start calling to attract females. Both call-
ing males and amplectant pairs were observed during all three 
of these events. Previously, the lowest air temperature for calling 
males in Louisiana was 16°C (Dundee and Rossman 1989. The 
Amphibians and Reptiles of Louisiana. Louisiana State Universi-
ty Press, Baton Rouge, Louisiana. 300 pp.); however, rainfall more 
so than ambient temperature is likely a predictor of breeding. We 
also collected six egg clusters that were laid on vegetation (Fig. 

1B) and mean egg counts were 100.8 (range 49–131). This is com-
parable to mean egg cluster counts of 111.8 in Arkansas (Trauth 
and Holt 1993. Bull. Chicago Herpetol. Soc. 28:236–239). Voucher 
specimens were deposited within the Arkansas State University 
Museum of Zoology (ASUMZ) Herpetology Collection, State Uni-
versity, Arkansas as ASUMZ 32017–32025.

This research was conducted under a Louisiana Department 
of Wildlife and Fisheries scientific collecting permit.  
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TELMATOBIUS ATACAMENSIS (Atacama Water Frog). CANNI-
BALISM. Among anurans, cannibalism has been documented 
both in tadpoles preying on conspecific eggs or tadpoles and in 
adults preying on those stages and/or on other postmetamor-
phic individuals (Polis and Myers 1985. J. Herpetol. 19:99–107). 
Telmatobius atacamensis is a medium-sized aquatic frog living 
in high altitude streams of a restricted area of the Puna Plateau 
of Salta Province, in northern Argentina (Lavilla and Barrionuevo 
2005. Monogr. Herpetol. 7:115–165). As in most of the 62 species 
of Telmatobius, the diet of T. atacamensis is unknown, although 
some data exist for nine species (e.g., Lavilla 1984. Acta Zool. Lil-
loana 38:51–57; Wiens 1993. Occ. Pap. Mus. Nat. Hist. Univ. Kan-
sas 162:1–76; Formas et al. 2005. Monogr.  Herpetol. 7:103–114).

Fig. 1. A) Scaphiopus hurterii breeding site in Union Parish, Louisi-
ana. B) S. hurterii egg clusters attached to vegetation in the tempo-
rary breeding pool in top photo.
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On 24 February 2005 a female T. atacamensis (SVL = 60.4 
mm) was found in a small lateral pool (ca. 200 × 300 cm, 50 cm 
deep) that had lost contact temporarily with the stream Los Pa-
tos (24.3108°S, 66.2162°W, WGS84; 3945 m elev.), close to San 
Antonio de Los Cobres. The female was fixed 12 h after collec-
tion (FML SB0157). Upon examination of the female’s stomach 
contents, a juvenile of the same species (SVL ca. 28 mm) was 
found. It was only partially digested at the anterior part of the 
head and therefore was perfectly recognizable. In the same pool, 
four adult T. atacamensis were found and many tadpoles and ju-
veniles were observed. 

This is the first case of cannibalism in T. atacamensis. Can-
nibalism has been recorded among species of Telmatobius so far 
only in T. culeus (Pérez Bejar 1998. Unpubl. dissertation Univer-
sidad de San Andres, Bolivia). Among the species of Ceratophry-
idae, a phylogenetically related group, cannibalism is common 
both in adults and larvae (Schalk et al. 2014. South. Am. J. Her-
petol. 9:90–105). Cannibalism in aquatic environments has been 
associated with high concentrations of several cohorts in small 
bodies of water, a condition observed in our study site.

J. SEBASTIÁN BARRIONUEVO, Museo Argentino de Ciencias Natura-
les “Bernardino Rivadavia” Buenos Aires, Argentina; e-mail: sbarrionuevo@
macn.gov.ar.

THELODERMA ASPERUM (Hill Garden Bug-eyed Frog). DE-
FENSIVE BEHAVIOR. Amphibians exhibit a wide range of de-
fensive behaviors that differ between taxonomic groups (Toledo 
et al. 2011. Ethol. Ecol. Evol. 23:1–25). Herein, we report the anti-
predator behavior of a southeast Asian rhacophorid frog, The-
loderma asperum. This genus currently includes 23 recognized 
species (Frost 2014. http://research.amnh.org/vz/herpetology/
amphibia/; 31 Mar 2015). Theloderma asperum inhabits lowland 
to mountain forests from northeast India through Myanmar and 
adjacent China, upland Thailand, Laos, central and northern 
Vietnam to southwest Guangxi and south Indonesia (Sumatra). 

At 2308 h on 27 June 2012, we captured an adult female T. 
asperum (SVL = 30 mm) on vegetation (ca. 2 m above the for-
est floor) near Sa Pa town in mountainous subtropical forest of 
Hoang Lien Mountains, northern Vietnam (22.328°N, 103.826°E, 
WGS84; 1266 m elev.). After its capture, the individual was put on 
the ground where it immediately curled up into an arched and 
rigid posture. The head was ventrally flexed, all limbs were bent 
and kept close to the body (Fig. 1). Eyes were closed the whole 
time and the individual remained in this position for at least 15 
min (Fig. 1A) and remained arched and motionless during subse-
quent handling (Fig. 1B). No defensive call or smell was emitted. 

We consider the defensive behavior shown in this case as 
“shrinking or contracting behavior” (sensu Toledo et al. 2010. 
J. Nat. Hist. 44:1979–1988; Toledo et al. 2011, op. cit.), a type of 
death feigning (or thanatosis) behavior. There is a published 
technical report that gives a similar description of this behavior 
in T. asperum (see Pawar and Birand 2001. A Survey of Amphib-
ians, Reptiles, and Birds in Northeast India. Centre for Ecological 
Research and Conservation, Mysore, India. 120 pp.). The genus 
Theloderma is well known for cryptic coloration and body shape 
(e.g., Vitt and Caldwell 2014. Herpetology: An Introductory Bi-
ology of Amphibians and Reptiles. 4th ed., Elsevier, San Diego, 
California; Rauhaus et al. 2012. Asian J. Conserv. Biol. 1:51–66), 
which are types of passive defense employed by anurans (Toledo 
et al. 2011, op. cit.). For example, T. asperum is a tree bark and 
potentially a bird-dropping mimic and T. corticale (Mossy Frog) 
is mottled green and brown and resembles moss growing on rock 

(Vitt and Caldwell 2014, op. cit.). Therefore, they may use con-
tracting behavior in addition to cryptic coloration to evade pre-
dation. A similar case of defensive behavior has been reported 
for another member of the family Rhacophoridae, Rhacophorus 
feae (Fea’s Treefrog; Vinh et al. 2013. Herpetol. Rev. 44:129).

DANIEL JABLONSKI, Department of Zoology, Comenius University 
in Bratislava, Mlynská dolina B-1, 842 15, Bratislava, Slovakia (e-mail: dan-
iel.jablonski@balcanica.cz); DAVID HEGNER, Mšenská 3938/26, 466 04 
Jablonec nad Nisou, Czech Republic.

ZACHAENUS CARVALHOI (Carvalho’s Bug-eyed Frog). DIET. 
Frogs in the genus Zachaenus (Cycloramphidae) are associated 
with leaf litter in forested areas and are endemic to the Atlantic 
Forest of Brazil (Izecksohn 1982. Arq. Univ. Fed. Rural. R. de Ja-
neiro 5:7–11). The information on diet for this genus is exclusive 
to Z. parvulus (Van Sluys et al. 2001. J. Herpetol. 35:322–325). 
Herein we present data on the diet of specimens of Z. carvalhoi 
present in the collections of the Universidade Federal de Juiz de 
Fora (UFJF 663, 674–678, 692, 708, 753, 760, 773, 781, 792–800, 
819–830, 863–865) collected at three forest fragments in the 
municipality of Juiz de Fora, state of Minas Gerais, Brazil: Fa-
zenda Floresta (21.7425°S, 43.2922°W; WGS84), Reserva Biológi-
ca Municipal Poço D’Anta (21.7541°S, 43.3108°W), and Parque 
Municipal da Lajinha (21.7922°S, 23.3808°W). We found identi-
fiable items in 17 out of the 36 guts examined. The items were 
identified to the lowest possible taxonomic level. The primary 
items found were Coleoptera (76%) and Hymenoptera (ants; 
58%), and occasional items were Myriapoda (11%), Arachnida 

Fig. 1. Defensive behavior displayed by Theloderma asperum in 
northern Vietnam. A) Dorsal view, B) ventral view. 
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(Pseudoscorpionida; 11%), Hemiptera (Cercopidae 5%), Isoptera 
(5%), and Mollusca (Gastropoda, 5%). We also found plant mat-
ter in two individuals (11%). 

The variety of prey items found in Z. carvalhoi indicates a 
generalist diet. These suggestions are consistent with data on 
the diet of other members in the family, with Hymenoptera and 
Coleoptera being the most common food items (e.g., Van Sluys 
et al. 2001, op. cit; Siqueira et al. 2006. J. Herpetol. 40:520–525; 
Maia-Carneiro et al. 2012. Zoologia 29:277–279). The presence 
of Hymenoptera and Myriapoda in the diet of Z. carvalhoi is 
noteworthy, as individuals in these groups produce toxins that 
potentially could be biosequestrated or transformed into skin 
chemicals (Hantak et al. 2013. J. Chem. Ecol. 39:1400–1406). The 
species in Cycloramphidae are not known to possess skin toxins, 
but do have macroglands (lateral glands in Thoropa, inguinal 
macroglands in Cycloramphus, and inguinal gland conglomer-
ates in Zachaenus; Verdade 2005. Unpublished thesis, Universi-
dade de São Paulo, Brazil), whose function and secretions have 
not been studied.

We thank FAPESP (processes 2003/10335-8, 2006/01266-0), 
FAPEMIG (process 2008/08853-4), and CNPq for financial sup-
port; Ibama/ICMBio for collection permits (SISBIO 14555-2, 
SISBIO 15363-1, and SISBIO 26157-3). We thank Celso Henrique 
Varela Rios for help in the field and Carolina Yamaguchi for help 
in identifying stomach contents.

ANTONIO MOLLO NETO, VANESSA KRUTH VERDADE, Centro de 
Ciências Naturais e Humanas, Universidade Federal do ABC, Av. dos Esta-
dos, 5001, CEP 09210-580, Santo André, São Paulo, Brazil (e-mail: vanessa.
verdade@ufabc.edu.br); ROSE MARIE HOFFMANN DE CARVALHO, In-
stituto de Ciências Biológicas, Universidade Federal de Juiz de Fora, Rua 
José Lourenço Kelmer, s/n, Campus Universitário, CEP 36036-900, Juiz de 
Fora, Minas Gerais, Brazil; MIGUEL TREFAUT RODRIGUES, Instituto de 
Biociências, Universidade de São Paulo, Rua do Matão, 14, CEP 05508-090, 
São Paulo, São Paulo, Brazil. 

TESTUDINES — TURTLES

CHELYDRA SERPENTINA (Snapping Turtle). DIET AND FOR-
AGING BEHAVIOR. Chelydra serpentina are omnivorous, con-
suming an extensive variety of foods including worms, mollusks, 
arthropods, and other invertebrates, fish, birds, amphibians, 
small mammals, small turtles, snakes, and other vertebrates, 
algae, aquatic macrophytes, and the fruits, stems, and leaves of 
higher plants (Ernst and Lovich 2009. Turtles of the United States 
and Canada, 2nd ed. Johns Hopkins University Press, Baltimore, 
Maryland. 827 pp.). On 14 May 2015 at 1310 h, I observed a large 
(carapace length ca. 40.0 cm) C. serpentina browsing on Skunk 
Cabbage (Symplocarpus foetidus) on land at a distance of ~2 m 
from the shoreline of a large pond in Espy, Columbia Co., Penn-
sylvania, USA (41.010206°N, 76.416294°W, WGS84; elev. ~150 m). 
The C. serpentina was observed for approximately 5 minutes at a 
distance of ~8 m. During observation, the C. serpentina removed 
Skunk Cabbage leaves by shearing the stalk near the base of each 
plant and subsequently consumed each leaf. When approached 
for closer observation, the C. serpentina became aware of my 
presence, ceased feeding, and assumed a defensive posture be-
fore retreating into the water. Closer inspection of the area in 
which this observation occurred revealed that approximately 
40–50% of stems among ~20 clusters of Skunk Cabbage plants 
were sheared in a similar manner to those consumed by the ob-
served C. serpentina (Fig. 1). Several partial fragments of Skunk 
Cabbage leaves were also noted on the surrounding substrate. 

Multiple markings in the substrate surrounding Skunk Cabbage 
clusters consistent with C. serpentina claw marks and a “slide” 
depression on the shoreline on which the individual C. sperpen-
tina traveled upon during retreat may suggest that either the 
same or multiple individuals frequent this area to feed upon 
Skunk Cabbage. I noted an additional area that displayed similar 
characteristics (browsed Skunk Cabbage and multiple C. serpen-
tina claw markings) along the pond shoreline approximately 20 
m from the first.

Chelydra serpentina occasionally browse vegetation on land. 
Ernst and Lovich (2009, op. cit.) report an observation of two 
large individuals on land browsing upon sedge grass. However, 
Skunk Cabbage appears to be an uncommon component of C. 
serpentina diet. Upon examination of the stomach contents of 
470 C. serpentina, Alexander (1943. J. Wildl. Manage. 7:278–282) 
reported Skunk Cabbage in less than 1% of individuals studied. 
Observations reported herein suggest that terrestrial browsing 
of Skunk Cabbage by C. serpentina may be more typical in this 
species than previously documented. The pond shore and sur-
rounding area in which these observations occurred is a portion 
of a once larger wetlands area that has been reduced and frag-
mented by development. Alternatively, C. serpentina may more 
commonly utilize Skunk Cabbage as a food source when other 
resources are limited.

I thank Amber L. Pitt for advice during the preparation of 
this note. Observations reported herein were conducted during 
turtle transect survey research approved by Bloomsburg Univer-
sity of Pennsylvania IACUC (Protocol #131, Summer 2015). Addi-
tional photographs of Skunk Cabbage browsed by C. serpentina 
and other aspects of the area described in this note are available 
from the author. 

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

GOPHERUS AGASSIZII (Agassiz’s Desert Tortoise). ATTEMPT-
ED PREDATION. Desert Tortoises have many predators (Rostal 
et al. 2014. Biology and Conservation of North American Tor-
toises. Johns Hopkins University Press, Baltimore, Maryland. 
190 pp.). Several ophidian species have been identified as po-
tential predators (Ernst and Lovich 2009. Turtles of the United 
States and Canada. Johns Hopkins University Press, Baltimore, 

Fig. 1. Skunk Cabbage (Symplocarpus foetidus) stalks browsed by 
Chelydra serpentina. 
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Maryland. 827 pp.), but no published reports have mentioned 
Arizona elegans (Glossy Snake). 

At 0827 h on 3 October 2013, we observed an Arizona elegans 
ca. 80 cm total length attempting to prey on an 8.6-yr old juvenile 
Gopherus agassizii (midline carapace length = 90.5 mm, width = 
72.4 mm, height = 42.1 mm, weight = 137.3 g) that had been fit-
ted with a radio-transmitter and released the previous day from 
a head-start facility at Edwards Air Force Base in the Mojave Des-
ert, Kern Co., California, USA. When first observed, the tortoise 
was 2 cm outside the entrance of a rodent burrow, the snake was 
between the tortoise and burrow entrance, and the snake had the 
head of the tortoise firmly in its jaws. The tortoise initially was 
immobile and probably cold (air temperature at 1 cm 18.0°C, soil 
temperature 16.2°C). The snake coiled around the tortoise shell 
three times and pulled the tortoise head first, closer to, and par-
tially within the burrow entrance. The snake appeared to use the 
radio transmitter attached to the 5th vertebral scute of the tortoise 
as purchase for its coils. The tortoise with the snake coiled around 
it was too large to be pulled further into the burrow, and the head 
and anterior half of the tortoise were not visible (Fig. 1). The right 
hind foot of the tortoise was pinned backwards by the snake’s coils 
and was immobile. The snake appeared to squeeze the tortoise 
shell with its coils; at the same time, the snake’s head was still out 
of view within the burrow and possibly still gripping the tortoise’s 
head. At 0912 h, the tortoise and snake moved slightly, and the 
snake’s head, with partially opened mouthed and disarticulated 
jaws, came into view, exiting the burrow along the bridge of the 
tortoise shell. One of the coils loosened. Both animals remained 
still for another 10 min. Observations ceased and were re-initiat-
ed at 1110 h, but neither the tortoise nor the snake was evident at 
the burrow. The tortoise had moved 20 m away and was basking 
at the entrance of a small mammal burrow. No injuries were ap-
parent on head or limbs. After a few minutes, the tortoise walked 
into the burrow and turned sideways, almost entirely within the 
burrow. By 1345 h, the tortoise was 15 cm into the burrow tun-
nel and no longer visible. The tortoise dug the burrow deeper and 
did not emerge again until 10–11 October, when it moved to and 
enlarged another rodent burrow for fall-winter brumation. The 
juvenile tortoise had apparently been too large for the snake to 
eat and was still alive the following spring. Our observation is 
the first record of an A. elegans attempting to prey on a juvenile 
G. agassizii. The diet of A. elegans, based on evaluation of 205 

museum specimens, is composed of lizards, birds, mammals, 
and insects (Rodríguez-Robles et al. 1999. J. Herpetol. 33:87–92). 
The diet differed significantly by snout–vent length, with larger 
snakes consuming birds, followed in descending order by mam-
mals, and lizards. If A. elegans had attempted to prey on a recently 
hatched, soft-shelled juvenile tortoise, the predation likely would 
have been successful. 

ASHLEY SPENCELEY, JEREMY MACK (e-mail: jmack@usgs.gov), and 
KRISTIN H. BERRY, U.S. Geological Survey, Western Ecological Research 
Center, Riverside, California 92518, USA (e-mail: kristin_berry@usgs.gov).

GOPHERUS AGASSIZII (Agassiz’s Desert Tortoise). MECHANI-
CAL INJURY. On 3 June 2015 at 1024 h, a team of U.S. Geological 
Survey scientists located an immature Gopherus agassizii at Josh-
ua Tree National Park, near the southern Cottonwood Canyon 
entrance, that had been injured by a large Ferocactus cylindraceus 
(California Barrel Cactus) spine. The G. agassizii was estimated to 
be four years old by counting growth rings on the plastron, and 
was 89.4 mm in carapace length and weighed 160 g. It was found 
basking on a flat spot on a north-facing, steep, rocky slope with 
the F. cylindraceus spine impaling it under the right leg. The area 
is typical of the Sonoran Desert in California, with several species 
of cacti, some of which are locally abundant.

The tip of the spine had entered the body at the right anterior 
axillary area and penetrated the lower body to the posterior por-
tion of the neck, at a right angle to the long axis of the G. agassi-
zii, along a plane parallel with the ground, and close to the inside 
of the plastron. The spine was removed; significant tissue debris 
had formed around the diameter of the spine for approximately 
a centimeter from the insertion spot. It is unknown how long the 
spine had been in the G. agassizii but the dark color of the spine 

Fig. 1. Arizona elegans attempting to prey on Gopherus agassizii at 
Edwards Air Force Base, Kern Co., California, USA. 

Fig. 1. Immature Gopherus agassizii with Ferocactus cylindraceus 
spine that was removed from its body. Built-up tissue can be seen 
on the removed spine from the left end to where it overlaps the seam 
between the second and third vertebral scutes of the G. agassizii.
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suggests that either it had been present for a relatively long time 
or that the spine was from an already dead cactus. The length 
of the inserted portion of the spine was about 27 mm, and the 
total length was about 63 mm (Fig. 1). The average diameter of 
the spine was about 1.5 mm. The protruding portion of the spine 
had likely inhibited movement of the immature tortoise. 

Lanius excubitor (Northern Shrike) has been known to im-
pale hatchling Testudo gracea gracea (Moorish Tortoise) on 
spiny plants in Morocco (Barje et al. 2005. Amphibia-Reptilia 
26[1]:113–115). We do not believe local shrikes (Lanius ludovi-
cianus) are the cause of this event. The mean carapace length of 
T. gracea gracea reported in the study above was 28 mm, which is 
smaller than the mean carapace length of a G. agassizii hatchling 
at 40–50 mm (Ernst and Lovich 2009. Turtles of the United States 
and Canada, 2nd ed. Johns Hopkins University Press, Baltimore, 
Maryland. 827 pp.). Lanius ludovicianus in the southwestern 
United States weigh an average of 40 g and select prey weigh-
ing an average of 8 g (Bartholomew et al. 1953. Physiol Zool. 
162–166; Slack 1975. Auk 812–814). Even if the event occurred in 
the G. agassizii’s first year, G. agassizii hatchlings are much big-
ger than T. gracea gracea, rendering L. ludovicianus an unlikely 
predator due to their small size (Barje et al 2005, op. cit.).

We do not know how this injury occurred but present three 
possibilities. First, it is possible the G. agassizii was feeding near 
a cactus or on a cactus flower and became impaled. However, F. 
cylindraceus is not listed specifically in G. agassizii diets (Grover 
and DeFalco 1995. Desert Tortoise (Gopherus agassizii): Status-
of-Knowledge Outline with References. USDA For. Serv. Gen. 
Tech. Rep. Int-GTR-316). Given the rocky and steep terrain, a 
second possibility is that the G. agassizii may have fallen into 
a living or dead cactus. Third, it is also possible that an avian 
predator like a Corvus corax (Common Raven) may have picked 
up the tortoise and dropped it by chance on a F. cylindraceus 
(Boarman 2003. Environ Manage. 32:205–217). Mechanical in-
juries from other plant parts have been reported in G. agassizii 
(Medica 2007. Herpetol Rev. 38: 446–448). As cacti are prominent 
in the Sonoran Desert, this may happen to G. agassizii with some 
regularity. However, we are unaware of any previous reports of G. 
agassizii being impaled by large cactus spines.

Research was supported by a Local Assistance Grant to 
JEL from the California Department of Fish and Wildlife to the 
Coachella Valley Conservation Commission. Research was con-
ducted under permits from the U.S. Fish and Wildlife Service, the 
National Park Service, and the California Department of Fish and 
Wildlife. We thank Michele Phillips for her help on this project. 
Geoff McGinnis of the University of California, Riverside Center 
for Conservation Biology and the Friends of the Desert Moun-
tains provided us with assistance in the field. Allan Muth of the 
Boyd Deep Canyon Desert Research Center of the University of 
California, Riverside provided accommodations and stimulating 
discussions during our research. Any use of trade, product, or 
firm names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government.

AMANDA L. SMITH (e-mail: amandasmith@usgs.gov), LAURA A. TEN-
NANT, JEFFREY E. LOVICH (e-mail: jeffrey_lovich@usgs.gov), and TER-
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KINOSTERNON HIRTIPES (Rough-footed Mud Turtle). AERIAL 
BASKING, WINTER ACTIVITY, HABITAT, AND NEW LOCALITY. 
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 ed. Johns Hopkins Univer-
sity Press, Baltimore, Maryland. 827 pp.). In Texas, K. hirtipes is 
restricted to the Alamito Creek drainage in Presidio Co. (Scud-
day and Miller 1986. The Status of the Chihuahuan Mud Turtle, 
Kinosternon hirtipes murrayi. Report to United States Fish and 
Wildlife Service, Washington, D.C. 40 pp.), and classified as a 
threatened species owing to its limited distribution and continu-
ing habitat degradation (Texas Parks and Wildlife Department. 
2013. Species of Conservation Concern. Available from: www.
tpwd.state.tx.us). Kinosternon hirtipes is one of the least-studied 
turtles in North America 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 present observations 
of aerial basking by K. hirtipes made during late winter at a local-
ity in Presidio Co., Texas, USA, describe the habitat at this site, 
and comment on the significance of our findings. 

On 14 February 2009 (1400–1555 h), one of us (LM) observed 
two adult (straight-line carapace length ca. 140–160 mm) K. 
hirtipes basking in direct sunlight on exposed rocks in springfed 
pools about 50 m apart on the floor of Robbers Roost Canyon 
(30.0451°N, 103.9425°W; 1294–1304 m elev.). Both turtles were 
basking within 30 cm of the water; one on a horizontal surface 
and the other on a steep incline (ca. 40°). The carapace of one 
turtle was covered with a thick growth of algae. The carapace of 
the second turtle lacked algae and appeared dry, suggesting this 
individual had been basking > 30 minutes. We estimated the air 
and water temperature in Robbers Roost Canyon at the time the 
turtles were basking to be 18°C and 15°C, respectively. The mini-
mum and maximum air temperature recorded at the nearest 
weather station (Marfa, Texas) on 14 February 2009 was -3.3°C 
and 18.8°C, respectively. Air temperature on the preceding day 
had likewise been relatively mild (range = 3.8–20°C) (Available 
from: www.wunderground.com). Small cyprinids (possibly Red 
Shiner [Cyprinella lutrensis]), sunfish (Lepomis spp.), and large-
mouth bass (Micropterus spp.) were also present in the pools, the 
latter being potential predators of neonate K. hirtipes (Smith et 
al. 2015. Herpetol. Rev. 46:82–83). 

The pools in Robbers Roost Canyon are up to 8 m wide in 
places, 3–4 m deep, relatively clear, and contain dense mats of 
muskgrass (Chara sp.) and filamentous algae. Narrow channels 
link the pools, which extend along the canyon floor for about 
2 km before debouching into an arroyo leading southwest to 
Alamito Creek, a distance of approximately 6.0 km. Neither the 
arroyo nor Alamito Creek contain water except after heavy rain-
fall (Wilde and Platt 2011. J. Big Bend Studies 23:85–106). Rob-
bers Roost Canyon appeared relatively undisturbed at the time 
of this observation; evidence of cattle grazing was minimal and 
woody riparian vegetation remained largely intact. There are no 
obvious habitat linkages between Robbers Roost Canyon and 
other wetlands in the Alamito Creek watershed known to har-
bor K. hirtipes, the nearest of which is 20 km SW (straight-line 
distance) at Plata (Scudday and Miller, op. cit.). The intervening 
xeric landscape may function to isolate the K. hirtipes popula-
tion at Robbers Roost Canyon. 

Our observation of basking K. hirtipes in Robbers Roost Can-
yon is noteworthy for several reasons. First, to our knowledge 
this is the first report of aerial basking by K. hirtipes. A juvenile 
K. hirtipes that appears to be basking on a horizontal tree branch 
is pictured in Ernst and Lovich (op. cit.), although no details 
are provided in the accompanying figure caption or text. Aerial 
basking by K. hirtipes is not unexpected as this behavior is re-
portedly commonplace among North American Kinosternidae 
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(Kinosternon arizonense, K. flavescens, K. sonoriense, K. subru-
brum, Sternotherus carinatus, S. depressus, S. minor, S. odoratus; 
reviewed by Ernst and Lovich, op. cit.). Our observation seems 
clearly related to thermoregulation given the turtles were bask-
ing in direct sunlight in early to mid- afternoon on a warm late 
winter day. Second, our observation constitutes the first report of 
winter activity in a natural population of K. hirtipes. Beltz (1954. 
Herpetologica 10:124) described an adult female that escaped 
from captivity and overwintered beneath a pile of leafy debris in 
southern California, but otherwise winter activity of K. hirtipes 
has gone unreported. Our observation lends support to an ear-
lier suggestion by Iverson et al. (1991. J. Herpetol. 25:64–72) that 
K. hirtipes is probably sporadically active throughout the winter 
on warm days. 

Robbers Roost Canyon also represents a new locality record 
for K. hirtipes in Texas where it was previously known from only 
six small wetlands in the Alamito Creek drainage (Scudday and 
Miller, op. cit.). At one time connectivity between these popula-
tions was probably maintained by Alamito Creek, a permanent 
free-flowing stream corridor linked by tributary creeks to ripar-
ian wetlands and springs throughout its drainage (Wilde and 
Platt, op. cit.). These wetlands later became isolated after Alamito 
Creek ceased flowing (except following heavy rainfall) due to hy-
drological changes wrought by over-grazing and water diversion 
in the late 1800s (Wilde and Platt, op. cit.). Without stream corri-
dors to provide connectivity between occupied sites, the contin-
ued exchange of individuals among the remaining populations 
can seemingly be accomplished only by lengthy (> 5 km) over-
land movements across an arid landscape. Successful overland 
dispersal seems doubtful given the high rate of evaporative water 
loss reported for K. hirtipes and its inability to tolerate prolonged 
dehydration (Seidel and Reynolds 1980. Comp. Biochem. Physi-
ol. 67A:593–598; Ligon and Peterson 2002. Physiol. Biochem. 
Zool. 75:283–293); however, further study is required to resolve 
this question of obvious conservation significance. 

Finally, our observation compliments the few previously pub-
lished descriptions of K. hirtipes habitat. Iverson et al. (op. cit.) 
reported 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 estab-
lished along the bank in backwater areas where the current was 
reduced. In another area of Chihuahua, Van Devender and Lowe 
(1977. J. Herpetol. 11:41–50) stated K. hirtipes is “very common 
in streams.” Ernst and Lovich (op. cit.) described a population of 
K. hirtipes inhabiting a livestock pond in Texas (480 m2 and 4.0 
m deep) “choked” with muskgrass (Chara sp.). Smith et al. (op. 
cit.) captured a record-sized K. hirtipes in a springfed wetland 
that had been dammed to form a livestock watering pond. The 
pond was clear, averaged 5.0 m deep with a relatively stable water 
level even during drought conditions, and supported abundant 
emergent aquatic vegetation (Scirpus, Typha, and Poaceae), mats 
of Chara sp., and filamentous algae. Taken together, our obser-
vation and reports of others suggest that permanent streams 
and springfed wetlands with an abundance of submerged and 
emergent aquatic vegetation provide habitat for K. hirtipes. Such 
habitats are probably crucial for the survival of K. hirtipes in west 
Texas (Ernst and Lovich, op. cit.; Smith et al., op. cit.). 

Fieldwork was conducted under a Scientific Research per-
mit (SPR-0307-844) issued by the Texas Parks and Wildlife 

Department to SGP with the approval of the Sul Ross State Uni-
versity (SRSU) Institutional Animal Care and Use Committee. 
The Hardrock Mining Company and Jake and Martha McCandles 
are thanked for allowing us to conduct research on their proper-
ties. Support for this project was provided by Research Enhance-
ment Grants from SRSU to SGP. 

STEVEN G. PLATT, Department of Biology, Box C-64, Sul Ross State 
University, Alpine, Texas 79832, USA (current address: Wildlife Conserva-
tion Society - Myanmar Program, Office Block C-1, Aye Yeik Mon 1st Street, 
Hlaing Township, Yangon, Myanmar; e-mail: sgplatt@gmail.com); LEWIS 
MEDLOCK, 407 South Third Street, Alpine, Texas 79831, USA (e-mail: med-
lock.lewis@yahoo.com).

MACROCHELYS APALACHICOLAE (Apalachicola Alligator 
Snapping Turtle). AERIAL BASKING. The Alligator Snapping 
Turtle was recently split into three species (Thomas et al. 2014. 
Zootaxa 3786:141–165). Observations of basking Macrochelys 
are rare. Carr et al. (2011. IRCF Reptiles & Amphibians 18:2–5) 
reviewed nine previously documented basking events and Elsey 
and Bourgeois (2014. Herpetol. Rev. 45:688–689) recently report-
ed two additional observations. With the exception of Thomas 
(2009. Herpetol. Rev. 40:336), who reported on M. suwanniensis 
in the Suwannee River, Florida (M. temminckii at time of obser-
vation), all previously reported aerial basking observations were 
of M. temminckii. Here we report the first two aerial basking ob-
servations for the newly recognized M. apalachicolae.

 On 13 May 2014 at 1603 h, EPH and JDM observed an imma-
ture M. apalachicolae (estimated mass less than 4.5 kg) basking 
on the Choctawhatchee River, Holmes Co., Florida, USA. The tur-
tle was perched on a willow trunk (Salix sp.) that was horizontal 
to the river surface (Fig. 1). The turtle was located 2 m out from 
the bank and approximately 0.5 m above the water. The turtle 
escaped into the water after a photo was taken. Air temperature 
was approximately 32°C under partly sunny skies.

A second immature M. apalachicolae (similar in size to the 
above) was observed basking by JDM at 1547 h on 21 May 2014 
on the Apalachicola River, Liberty Co., Florida, USA. This turtle 
was perched more than 1  m above the water’s surface at the top 
of a nearly vertical snag located 5m out from the bank. The turtle 
was clinging to the snag with the head up, but upon detection it 
dropped into the river. Air temperature was approximately 32°C 
under mostly sunny skies.

JONATHAN D. MAYS (e-mail: jonathan.mays@myfwc.com), and E. 
PIERSON HILL, Florida Fish and Wildlife Conservation Commission, 1105 
S.W. Williston Road, Gainesville, Florida 32601, USA (e-mail: pierson.hill@
myfwc.com).

Fig. 1. An immature Macrochelys apalachicolae basking along the 
Choctawhatchee River, Holmes Co., Florida, USA.
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MALACLEMYS TERRAPIN RHIZOPHORARUM (Mangrove 
Diamond-backed Terrapin). DIET. Malaclemys terrapin rhi-
zophorarum, one of seven subspecies of M. terrapin, inhabits 
subtropical mangrove habitats in South Florida, USA. In temper-
ate climates M. terrapin is largely carnivorous, feeding primarily 
on gastropods, bivalves, and decapod crustaceans (Tucker et. al. 
1995. Herpetologica 51:167–181; Butler et. al. 2012. Chelon. Con-
serv. Biol. 11:124–128). In addition to its preferred prey, M. t. rhi-
zophorarum has also been reported to consume barnacles, fish, 
and vegetation (Tucker et. al. 1995, op. cit.; Butler et. al. 2012, op. 
cit.; Tulipani 2013. Ph.D. Dissertation. The College of William and 
Mary, Williamsburg, Virginia. 224 pp.). Herein, we report obser-
vations regarding the diet of M. t. rhizophorarum from the south-
ernmost extent of their range in the Florida Keys, USA.

On 9 April 2013, we collected opportunistic fecal samples from 
29 adult female M. t. rhizophorarum with straight plastron lengths 
(SPL) ranging from 145–175 mm (mean 158 mm ± 7) and one 
yearling M.t. rhizophorarum (SPL 30 mm), from Barracouta Key 
(24.54799°N, 81.92127°W; WGS84) 12 miles W of Key West, Florida, 
USA. We identified 14 different categories of fecal remains, ten of 
which were classified as food (Table 1), with an additional four 
classified as non-food (e.g., Ostracoda [ostracods], parasites, sand/
sediment, and other). The “other” category consisted of small bits 
of glass and an unidentifiable substance. Cerithidea scalariformis 
(Ladder Horn Snail) was the primary food item occurring in 100% 
of samples and accounted for approximately 97% of total dry 
mass for each mature terrapin as well as across all samples. Veg-
etation, unidentifiable gastropod and bivalve remains, Melampus 
coffeus (Coffee Bean Snail), crabs, and small fish constituted the 
remaining 3% of samples by weight. Gastropod opercula were 
documented in 93% of the samples, and although not identified to 
species, were frequently associated with the shell fragments of C. 
scalariformis. Crab remains were too fragmented for species iden-
tification but likely were Uca sp. (Fiddler Crab) based their small 
size and their common occurrence along the edge of the island. 
Insects were identified in 77% of the samples, but this food item 
may be over-represented because of difficulty distinguishing be-
tween prey and incidental drowning after terrapins were placed 
in collection buckets. Parasites were found in 48% of the samples 
examined, including the one yearling terrapin.

The one yearling terrapin’s fecal sample contained the re-
mains of four food (insect, crab, C. scalariformis, vegetation) 

and three non-food items (parasites, sand, Ostracoda). Diets 
were similar between the two age groups with all items (food 
and non-food) documented in the yearling’s fecal sample also 
documented in mature terrapins, but in different proportions. 
Unlike the mature adults, insects dominated the yearling’s sam-
ple in both abundance and mass, with few crab or Ladder Horn 
Snail remains. Intriguingly, unlike adult female diet samples, the 
one yearling sample was dominated by beetle and other insect 
remains that were clearly ingested as prey and may be an impor-
tant food item for smaller size classes. This could be due to their 
using habitats around dead wood, or their smaller head size may 
preclude them from producing the crushing jaw forces neces-
sary to process harder-shelled prey. 

All sampled mature M. t. rhizophorarum were females, cap-
tured on the interior of the island during the end of the dry sea-
son. During the time of this study, C. scalariformis dominated 
the habitat while crabs and bivalves were found less frequently 
and concentrated along the edge of the island. This pattern of 
prey availability could explain the appearance of selective feed-
ing on C. scalariformis, since these were more abundant and less 
mobile than crabs. Further investigation into the diet of M. t. 
rhizophorarum is desirable, including samples from males and 
females in different seasons, to provide valuable information on 
the foraging ecology of terrapins living in the southernmost ex-
treme of their range.

This study was supported by the United States Geologi-
cal Survey, the United States Fish and Wildlife Service (Permit 
# 2013-007), and funded through the USGS Priority Ecosystem 
Science Program. We thank B. Smith, A. Daniels, and S. Sisk for 
assistance in collecting terrapins and fecal samples, and the Ford 
family for providing a location to process the terrapins. We also 
thank S. Kudman for help processing samples in the lab, and M. 
Cherkiss and J. McClain Counts for suggestions and comments 
that improved the manuscript. Any use of trade, product, or firm 
names are for descriptive purposes only and do not imply en-
dorsement by the U.S. Government.

MATHEW J. DENTON (e-mail: mdenton@usgs.gov) and KRISTEN M. 
HART, U.S. Geological Survey, Southeast Ecological Science Center, 3205 
College Avenue, Davie, Florida 33314, USA (e-mail: Kristen_hart@usgs.
gov); ANTON OELINIK, Florida Atlantic University, 777 Glades Road, Boca 
Raton, Florida 33431, USA; ROGER WOOD, Richard Stockton College of 
New Jersey, 101 Vera King Farris Drive, Galloway, New Jersey 08205, USA; 

Table 1. Frequency of occurrence (FO) and total dry weight (DW) of food items identified from Malaclemys terrapin rhizophorarum fecal 
samples from Barracouta Key, Florida, USA in April 2013.

 Mature (N = 29)  Immature (N = 1)

Food item DW (g) FO (%) DW (g)

Ladder Horn Snail (Cerithidea scalariformis) 116.589 100 0.0001

Vegetation fragments 1.176 97 0.0002

Gastropod operculum 0.215 97 –

Unidentifiable (combination of gastropods and bivalves) 1.007 93 –

Insects 0.064 76 0.0208

Coffee Bean Snail (Melampus coffeus) 0.085 21 –

Fiddler crab (Uca sp.) 0.101 10 0.0003

Fish bones (unknown sp.) 0.057 7 –

Pointed Venus Clam (Anomalocardia auberiana) 0.764 3 –

Atlantic Pearl Oyster (Pinctata imbricata) 0.001 3 –



Herpetological Review 46(3), 2015

NATURAL HISTORY NOTES     427

JOHN BALDWIN, Florida Atlantic University, 3200 College Avenue, Davie, 
Florida 33314, USA (e-mail: jbaldwin@fau.edu).

PELOMEDUSA GALEATA (South African Helmeted Turtle). 
MUTUALISTIC BEHAVIOR. There are few published instances 
of turtles showing mutualistic behavior by removing ectopara-
sites from other organisms. In Ontario, Canada, Chrysemys picta 
(Painted Turtle) were observed removing leeches from Chelydra 
serpentina (Snapping Turtle), and this was judged to be the first 
documentation of active participation in any mutualism by any 
species of turtle (Krawchuk et al. 1997. Can. Field Nat. 111:315–
317). This type of interaction was recorded between C. picta and 

C. serpentina ten times, and the C. serpentina remained passive 
during these interactions. In South Africa, Pelomedusa subrufa 
were observed to remove ticks from Diceros bicornis (Black Rhi-
noceros) on several occasions, and the D. bicornis did not inter-
fere with the turtles’ activities (Deane 1969. Lammergeyer 2:69, 
Rochat 1969. Lammergeyer 2:69). These observations did not re-
port a specific locality in South Africa, and may refer to either P. 
subrufa sensu stricto or P. galeata, following a recent taxonomic 
revision (Petzold et al. 2014. Zootaxa 3795:523–548).

We observed a lone adult male Warthog (Phacochoerus af-
ricanus) southeast of Hilltop Camp in the Hluhluwe section of 
the Hluhluwe-iMfolozi Park, KwaZulu-Natal, South Africa on 4 
February 2015 at 1255 h. The P. africanus approached and then 
walked into a small roadside wallow; we observed it from 10 m 
away, while remaining inside our vehicle. As soon as the P. afri-
canus entered the water, it was approached by two adult Pelo-
medusa galeata, and as it lowered itself into the water, the tur-
tles began swimming around the warthog’s body. The warthog 
stopped moving once the water level had reached its neck, with 
only the shoulders and the top of the back and rump above wa-
ter. The turtles inspected the skin of the warthog and occasion-
ally lunged forward at unseen items. The turtles’ claws were fre-
quently seen touching the warthog’s skin as they swam around it, 
and they closely inspected the face and snout of the warthog with 
no adverse response (Fig. 1). The warthog’s back had a Hippo Fly 
(Tabanidae: Tabanus biguttatus) attached to it, and after 5 min 
of observation, the warthog lowered itself further into the water. 
As soon as the fly was in reach of one of the turtles, it reached up 
onto the warthog’s back and ate the fly (Fig. 2). The turtle then 
climbed onto the back and bit something on the warthog (Fig. 
3). Upon review of our photographs, we were able to see at least 
ten ticks embedded in the left side of the warthog’s body, and one 
tick was clearly the object that the turtle is biting in Fig. 3. Other 
than adjusting its body depth in the water, the warthog remained 
motionless throughout the observation time (approximately 10 
min). 

This is the first documentation of a mutualism between 
Phacochoerus africanus and Pelomedusa galeata. Taken together 
with published information on P. subrufa/galeata and D. bicornis 
in mud wallows, we expect that additional field observation will 
show that ectoparasite removal is an opportunistic mutualism by 
Pelomedusa spp. This behavior should be looked for in mud wal-
lows during the dry season throughout the range of this genus, 
and the mammalian partners in this mutualism could include 
other common species that use these wallows (e.g., Syncerus caf-
fer [African Buffalo], Connochaetes taurinus [Blue Wildebeest], 
and Loxodonta africana [African Elephant]).

ANDREW W. JONES (e-mail: ajones@cmnh.org), and MICHELLE 
LEIGHTY JONES, Cleveland Museum of Natural History, 1 Wade Oval Drive 
– University Circle, Cleveland, Ohio 44106, USA.

STERNOTHERUS ODORATUS (Eastern Musk Turtle). DEFEN-
SIVE BEHAVIOR. Sternotherus odoratus is a small, freshwater 
turtle in which aerial basking is generally uncommon; however, 
this species will occasionally bask on logs, within tree limbs, and 
along shorelines (Nickerson 2000. Herpetol. Rev. 31:238–239; 
Ernst and Lovich 2009. Turtles of the United States and Canada, 
2nd ed. Johns Hopkins Univ. Press, Baltimore, Maryland. 827 pp.). 
When disturbed, basking adult S. odoratus commonly escape by 
retreat into the water, while juveniles latch onto logs or tree limbs, 
presumably to impede removal (Ernst and Lovich 2009, op. cit.). 
On 21 June 2015 at 1220 h, I observed an adult S. odoratus basking 

Fig. 1. Pelomedusa galeata inspecting the head of an adult male 
Phacochoerus africanus (Warthog).

Fig. 2. Pelomedusa galeata removing and eating a Tabanus biguttatus 
from the warthog.

Fig. 3. Pelomedusa galeata climbing onto the back of the Phacochoe-
rus africanus to remove a tick. The P. africanus remained motionless 
throughout this encounter.
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along the shoreline of a small, unnamed pond within the Mon-
tour Preserve, Montour Co., Pennsylvania, USA (41.096794°N, 
76.663693°W; WGS84). Instead of retreating into the water, when 
approached the S. odoratus retracted its head, tucked its limbs 
slightly underneath its plastron and tightly grasped the grassy 
substrate along the shoreline (Fig. 1). The behavior observed by 
the adult S. odoratus appears to be analogous to the grasping be-
havior described in juveniles by Ernst and Lovich (2009, op. cit.). 
This observation suggests that the defensive behavior employed 
by S. odoratus juveniles may be retained by adults in some popu-
lations. Furthermore, this note may represent the first account of 
this behavior occurring upon non-woody (i.e., logs, tree limbs) 
substrate. 

Many thanks to Amber L. Pitt for identifying the S. odoratus, 
and to Michael B. Hartzell and Sarah C. Hartzell for transporta-
tion to the Montour Preserve. 

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. 

CROCODYLIA — CROCODILIANS

ALLIGATOR MISSISSIPPIENSIS (American Alligator). TELEME-
TRY UNIT RETENTION. Numerous radio-telemetry studies have 
been conducted on American Alligators in Louisiana (Joanen and 
McNease 1970. Proc. SE Assoc. Game Fish Comm. 24:175–193; 
Joanen and McNease 1972. Proc. SE Assoc. Game Fish Comm. 
26:252–275) and Florida (Rosenblatt et al. 2013. Estuarine, Coast-
al, and Gulf Sci. 135:182–190). Many telemetry studies are only 
able to collect data from animals for less than one year (see re-
view in Rosenblatt, op. cit.). We herein report on the recovery of a 
surgically implanted telemetry unit in an American Alligator after 
over 13 years.

As part of a study on thermoregulation in alligators (See-
bacher et al. 2003. Physiol. Biochem. Zool. 76:348–359) con-
ducted in June–July 2001 (summer) and February 2002 (winter), 
20 free-ranging alligators were implanted with temperature 
loggers, and seven of the alligators were also implanted with a 

temperature-sensitive radio transmitter in each season (See-
bacher et al., op. cit.). The study was conducted on Rockefeller 
Wildlife Refuge in Grand Chenier, Louisiana, USA (29.7167°N, 
92.8167°W), a coastal marsh habitat. The transmitters and data 
loggers were surgically implanted into the peritoneal cavity via 
a small incision in the right flank of each alligator, as previously 
described (Seebacher et al., op. cit.). After the alligators were re-
leased to the wild, we recovered seven alligators in both the sum-
mer phase and the winter phase; obtaining continuous body 
temperature data for up to 17 days in summer and up to 13 days 
in winter for the short-term study (Seebacher et al., op. cit.). 

On 3 September 2014, during the annual nuisance alligator 
harvest conducted on Rockefeller Refuge, one of the study ani-
mals from the summer 2001 phase was recaptured. During the 
lengthy time period since the initial capture and study, the iden-
tifying foot/web tag was lost. However, when the alligator was 
butchered at a processing shed, the radio transmitter sponta-
neously fell out of the peritoneal cavity and was recovered. Em-
ployees of the facility brought this to the attention of SFD, who 
inquired with RME and PLT as to the origin of the unit. The iden-
tifying number on the transmitter was from an alligator that was 
captured on 22 June 2001 and was released on 24 June 2001 after 
surgical implantation of the data logger and radio transmitter. 
The female alligator was initially 1.78 m total length and had a 
mass of 16.8 kg at capture in 2001. The exact length at recapture 
in 2014 was unknown, as the skin (with identifying CITES tag) 
had been separated from the carcass from which meat was being 
deboned when the transmitter was noted. However, six female 
alligators caught that day on Rockefeller Refuge with the same 
identifying tail notch as the marked study alligators ranged in 
length from 2.03–2.39 m total length. The number of days elapsed 
between release and recapture was 4821 days (13 years, 2 months, 
and 12 days). 

It is noteworthy that this recovery was made after such a long 
time interval after implantation. The transmitter fell out of the 
abdominal cavity during processing; there was apparently no evi-
dence of adhesions or complications from the earlier procedure; 
the alligator appeared healthy and robust. The transmitter ap-
peared nearly pristine and the identifying numbers were clearly 
visible and no wear or erosions were seen on the protective coat-
ing on the unit. Of the seven alligators recovered with data loggers 
in the initial summer phase in July 2001, four also had telemetry 
transmitters; thus the unit recovered in 2014 was one of only 
three possibly remaining from the summer experimental phase 
conducted over 13 years earlier. It is also significant that the al-
ligator had such long term survival, particularly after the region 
was adversely impacted by two major hurricanes (Hurricane Rita 
in 2005 [Lance et al. 2010. J. Exp. Zool. 313A:106–113], and Hurri-
cane Ike in 2008). In some cases flooding from hurricanes pushed 
alligators north off the refuge, and alligators can disperse long 
distances (Lance et al. 2011. SENA 10:389–398), although we doc-
umented several cases of nest-site fidelity by nesting females on 
Rockefeller Refuge, even after Hurricane Rita and a subsequent 
catastrophic drought (Elsey et al. 2008. SENA 7:737–743). 

We thank the staff at D & D in Gueydan, Louisiana for assis-
tance in recovery of the telemetry transmitter.

RUTH M. ELSEY (e-mail: relsey@wlf.la.gov) and PHILLIP L. TRO-
SCLAIR, III, Louisiana Department of Wildlife and Fisheries, Rockefeller 
Wildlife Refuge, 5476 Grand Chenier Highway, Grand Chenier, Louisiana 
70643, USA; SCHUYLER F. DARTEZ, Louisiana Department of Wildlife and 
Fisheries, White Lake Wetlands Conservation Area, P.O. Box 480, 15926 Hwy 
91, Gueydan, Louisiana 70542, USA; FRANK SEEBACHER, University of 

Fig. 1. Defensive posture of an adult Sternotherus odoratus. 



Herpetological Review 46(3), 2015

NATURAL HISTORY NOTES     429

Sydney, School of Biological Sciences, Heydon Laurence Building, Sydney, 
New South Wales 2006, Australia.

CROCODYLUS ACUTUS (American Crocodile). ECTOPARASIT-
ISM. Crocodilians host a diversity of parasites (Tellez 2013. A 
Checklist of Host-Parasite Interactions of the Order Crocodylia. 
University of California Press, Berkeley, California. 388 pp.). Al-
though parasitism of crocodilians by endoparasites and aquat-
ic ectoparasites is fairly well-documented (Cott 1961. Trans. 
Zool. Soc. Lond. 29:211–359; Webb and Manolis, 1983. Aust. 
Wildl. Res. 10:407–420; Riley and Huchzermeyer 2000. Copeia 
2000:582–586), comparatively little is known regarding parasit-
ism of crocodilians by terrestrial ectoparasites. Scattered reports 
exist describing crocodilian parasitism by ticks (Terenius et al. 
2000. J. Med. Entomol. 37:973–976; Rainwater et al. 2001. J. Wildl. 
Dis. 37:836–839; Sejas, 2007. Interciencia 32:56–60), and even 
fewer reports exist regarding parasitism of crocodilians by he-
matophagous (blood-feeding) flies, although due to their affinity 
for aquatic habitats crocodilians are generally more vulnerable 
to the latter. 

Hematophagous fly parasitism has been reported for Cro-
codylus niloticus (Nile Crocodile) (Hoare 1931. Parasitology 
23:449–484; Cott, op. cit.) as well as multiple caiman species in-
cluding Caiman crocodilus (Spectacled Caiman), Melanosuchus 
niger (Black Caiman), Paleosuchus trigonatus (Smooth-fronted 
Caiman), and P. palpebrosus (Dwarf Caiman) (Medem 1981. 

Cespedesia 10:123–191; Henriques et al. 2000. Rev. Brasil. Zool. 
17:609–613; Ferreira et al. 2002. Mem. Inst. Oswaldo Cruz, Rio de 
Janeiro. 97:133–136). However, to our knowledge no published 
accounts exist regarding hematophagous fly parasitism in New 
World crocodiles. Here, we report an observation of parasitism 
by a hematophagous fly on C. acutus in Costa Rica.

On 12 September 2007 at approximately 1530 h, we cap-
tured an adult (total length = 376 cm) male Crocodylus acutus in 
the lower Tarcoles River, Costa Rica (9.785892°N, 84.617481°W; 
WGS84) during a study of ocular disease in this crocodile popu-
lation (Rainwater et al. 2011 J. Wildl. Dis. 47:415–426). The croco-
dile was captured by actively attracting it to bait on the river bank 
and then placing a breakaway snare around its upper jaw. Prior 
to capture, as the crocodile slowly crawled onto the bank toward 
the bait, we observed a Fidena bicolor (horse fly; Diptera: Tabani-
dae) hovering around the crocodile and eventually landing on its 
back (Fig. 1A). Following capture and during our examination of 
the animal, we observed a F. bicolor (possibly the same one) on 
the crocodile’s right leg. The fly appeared to be feeding, as the tip 
of its proboscis was inserted between two scales on the leg (Fig. 
2B) (Medem, op. cit.). The fly remained in the same position for 
approximately 10 sec and then flew away, possibly disturbed by 
our constant movement around the crocodile.

Although the horse fly Fidena flavipennis is known to feed on 
caiman in Costa Rica (John Burger, pers. comm.), to our knowl-
edge this is the first report of ectoparasitism by a hematophagus 
fly on a New World crocodile and by F. bicolor on any crocodilian.

Voucher photographs of Fidena bicolor were deposited in the 
Campbell Museum, Clemson University (CUSC 2912). We thank 
John Burger for identifying the horse flies and Stanlee Miller for 
archiving the voucher photographs. 

THOMAS R. RAINWATER, Baruch Institute of Coastal Ecology and For-
est Science, Clemson University, P.O. Box 596, Georgetown, South Carolina 
29442, USA (e-mail: trrainwater@gmail.com); JUAN RAFAEL BOLAÑOS 
MONTERO, Asociación de Especialistas en Crocodílidos, 200m Oeste y 
150m Sur del Templo Católico, Heredia, Costa Rica; BRADY R. BARR, Na-
tional Geographic Channel, 1145 17th Street NW, Washington, D.C. 20036, 
USA; STEVEN G. PLATT, Wildlife Conservation Society, Myanmar Program, 
Office Block C-1, Aye Yeik Mon 1st Street, Hlaing Township, Yangon, Myanmar.

CROCODYLUS ACUTUS (American Crocodile). ECTOPARA-
SITE. Crocodilians are host to a diverse assemblage of parasite 
species, particularly endoparasites (Tellez 2013. A Checklist of 
Host-Parasite Interactions of the Order Crocodylia. University of 
Press, Berkeley, California. 388 pp.; Tellez and Nifong 2014. Intl. 
J. Parasitol: Parasitol. Wild. 3:227–235). Ectoparasitism, however, 
is not a common phenomenon. The thick epidermal layer, in ad-
dition to osteoderms, likely decreases the success rate of pen-
etration or attachment of ectoparasites onto the crocodile. Thus, 
unlike the majority of other vertebrates, the crocodilian epider-
mis is perhaps the primary defense mechanism against ectopar-
asitism. Previous records of ectoparasitism, or micropredation, 
have documented penetration or attachment of ectoparasites 
between scale sutures and softer locations of the skin, such as 
on the legs, and around the border of the eyes and nose (Tellez 
2013, op. cit.). Parasitic arthropods represent the largest group of 
ectoparasites to infect crocodiles, which include members from 
the order Diptera, Hemiptera, Ixodida, Porocephalida, and Ses-
silia (Tellez 2013, op. cit.). Here, we report the collection of an iso-
pod (Phylum Arthropoda: Order Isopoda) from a wild crocodile 
in Belize, in concomitance to recording the first documentation 
of isopod parasitism among crocodilians.

Fig. 1. A) Fidena bicolor (rear view) on the back of Crocodylus acutus 
in the Tarcoles River, Costa Rica. B) Fidena bicolor (front view) on the 
rear leg of Crocodylus acutus in the Tarcoles River, Costa Rica. Note 
the tip of the fly’s proboscis inserted into the skin between scales. 
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On 26 August 2013, during a routine evening tagging survey, 
a female, sub-adult (total length = 115.40 cm) Crocodylus acu-
tus was captured by hand for the first time and microchipped 
(#0A02153718) at 2015 h. The crocodile was located via spotlight 
under a home on stilts in the cove at the lagoon-side entrance 
to San Mateo, Ambergris Caye (17.933283°N, 87.9566694°W) in 
which the salinity of the water was measured at 31 ppt via a por-
table refractometer. The crocodile was only in fair condition in 
conjunction with a slightly sunken supertemporal fossae and 
relatively underweight. Approximately five isopods were ran-
domly attached to the crocodile’s nictating membrane of the left 
eye, as well as attached to the ear flaps. While the isopods were 
being removed from the eye, the importance of documenting the 
infection became apparent, as this was the second observation 
of isopods infecting C. acutus since July 2013. As such, photos 
were taken of the remaining isopod (Fig. 1). Upon returning 
from the crocodile survey, the isopod was placed in a small vial 
and preserved in alcohol until further taxonomic identification. 
Since this event, several additional C. acutus have been recorded 
with isopod infections of the eyes and ear flaps.

The isopod was identified as Rocinela signata from the family 
Aegidae, a common micro-predator and/or parasite of marine 
fish (Cavalcanti et al. 2012. Mar. Biol. Rec. 5:66–70). To our knowl-
edge, this is the first record of R. signata infecting a marine-in-
habiting reptile. It is likely that our findings are an example of 
accidental parasitism, or an anomaly of micro-predation on 
crocodiles. However, the decline of fish hosts around Ambergris 
Caye due to overfishing, pollution, and habitat destruction of 
fish nurseries for the construction of resorts (Young 2008. Trop. 
Conserv. Sci 1:18–33; Chenot-Rose, pers. obs.) is perhaps forcing 
isopods to exploit a new dietary niche or host, i.e., the crocodiles. 
Interestingly, the current rise of isopod eye infections parallels 
the recent emergence of ocular abnormalities among crocodiles 
inhabiting Ambergris Caye (Chenot-Rose, pers. obs.). Further 
exploration into the isopod-crocodile interaction should be pur-
sued to determine if human transformation of the islands’ man-
grove ecosystem is indeed forming a new host-parasite dynamic.

We thank Vince Rose and Chris Summers from the American 
Crocodile Education Sanctuary (ACES) for their assistance in the 
capture of crocodiles and collection of isopods, and Rick Brusca 
for the positive identification of R. signata. We also acknowledge 

Alvaro Font for providing the picture of the isopod infection of 
C. acutus.

MARISA TELLEZ, Department of Ecology, Evolution and Marine Biol-
ogy, University of California, Santa Barbara, Santa Barbara, California 93101, 
USA (e-mail: marisatellez13@gmail.com); CHERIE CHENOT-ROSE, ACES, 
San Pedro, Ambergris Caye, Belize (e-mail: giveacroc@comcast.net).

MELANOSUCHUS NIGER (Black Caiman). DIET. Many crocodil-
ian species are known to consume fruits and seeds but diet infor-
mation for some species is still lacking (Platt et al. 2013. J. Zool. 
291:87–99). We captured an adult female Melanosuchus niger 
(SVL = 139 cm; total length = 255 cm; 57 kg) on 7 February 2014 
near Yupukari, Guyana (3.6967°N, 59.3275°W; WGS84) and col-
lected its stomach contents using the hose-Heimlich technique 
(Fitzgerald 1989. J. Herpetol. 23:170–172). While examining its 
stomach contents we found a partially digested seed measuring 
2.7 × 2.9 cm and weighing 1.6 g. We identified the seed as coming 
from a tree in the Mimosoideae, a subfamily of Fabaceae. This ob-
servation constitutes the first record of seed consumption by M. 
niger, but we do not know if the seed was consumed intentionally 
or incidentally during other feeding activities.

ADAM E. ROSENBLATT, Yale University, School of Forestry and Envi-
ronmental Sciences, 370 Prospect Street, New Haven, Connecticut 06511, 
USA (e-mail: adam.rosenblatt@yale.edu); FERNANDO LI, ASHLEY HOL-
LAND, PETER TAYLOR, Rupununi Learners Inc., Caiman House, Yupukari, 
Region 9, Guyana; LEANNA KALICHARAN, University of Guyana, P.O. Box 
10-1110, Georgetown, Guyana

SQUAMATA — LIZARDS

AMEIVULA ABAETENSIS. SAUROCHORY. Two essential stages 
in the life cycle of plants, pollination and seed dispersal, could 
be directly affected by animals (Godínez-Álvarez 2004. Rev. Chil. 
Hist. Nat. 77:569–577). Some species of lizards feed on seeds, 
nectar, pollen, and fruit, being considered important disperser 
agents (e.g., Olesen and Valido 2003. Trends Ecol. Evol. 18:177–
181; Casado and Soriano 2010. Ecotrópicos 23:18–36; Gomes et 
al. 2014. Plant Biol. 16:315–322). Some lizards are seed dispers-
ers of Cactaceae in Brazil. Tropidurus cocorobensis is considered 
a disperser of Melocactus paucispinus (Fonseca et al. 2012. Acta 
Bot. Bras. 26:481–492); T. torquatus a disperser of M. violaceus 
(Figueira et al. 1994. Biotropica 26:295–301); T. semitaeniatus a 
disperser of M. ernestii (Gomes et al. 2014, op. cit.); and Ameivula 
ocellifera a disperser of M. glaucescens (Fonseca et al. 2012, op. 
cit.). Ameivula abaetensis is a lizard endemic to the sand dune 
habitat (“restinga”) of northern Bahia State from Salvador Mu-
nicipality to Pirambu Municipality, with a disjunct population in 
Areia Branca Municipality, all located in Sergipe State, Brazil. The 
diet of this lizard species consists of small arthropods and mu-
rici fruits (Byrsonima microphylla) (Dias and Rocha 2007. Braz. J. 
Biol. 67:41–46). 

On 13 and 14 April 2014 we collected two adult females of 
Ameivula abaetensis (SVL = 67.87 mm, 61.79 mm) in a fragment 
of “restinga” habitat (36.84364°W, 10.69363°S, WGS84; 89 m elev.), 
Pirambu Municipality, Sergipe State, Brazil. The lizards were cap-
tured (collection permit: 42941-1 SISBIO/ICMBio), euthanized 
(protocol license: 16/2014 CEUA), and deposited in the collec-
tion of the Laboratório de Biologia e Ecologia de Vertebrados / 
Universidade Federal de Sergipe (LABEVL578; LABEVL579). The 
specimens were dissected, and food items identified and counted. 
Among them we recorded presence of fruits of Melocactus viola-
ceus Pfeiff. subsp. margaritaceus N. P. Taylor. Each lizard had one 

Fig. 1. Crocodylus acutus (American Crocodile) with parasitic isopod 
Rocinela signata on the eye.
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fruit and a variable number of intact seeds. This is the first record 
of cactus fruits consumed by Ameivula abaetensis. Fleshy fruits of 
cactus are an energy source and have high water content (Figueira 
et al. 1994, op. cit.). Fruits of Byrsonima microphylla were recorded 
in the diet of A. abaetensis, but seeds were not found in the gut 
(Dias and Rocha 2007, op. cit.; Santa-Rosa et al. 2012. Bol. Mus. 
Biol. Mello Leitão 29:53–63). The presence of seeds of Melocactus 
violaceus in the gut of A. abaetensis is an important indicator of the 
role of this lizard as a disperser. Passing through the digestive tract 
of reptiles may increase the germination rate of seeds (Figueira et 
al. 1994, op. cit.) or may not influence seed germination (Valido 
and Nogales 1994. Oikos 70:403–411; Fonseca et al. 2012, op. cit.). 

We thank Marcos Vinícius Meiado for identifying the species 
of Cactaceae. The Fundação Grupo Boticário de Proteção à Na-
tureza for research grant and Conselho Nacional de Desenvolvi-
mento Científico e Tecnológico (CNPq) provided a Graduate fel-
lowship to the first author (Process no 134877/2013-6). 

MARIA ALDENISE XAVIER, Programa de Pós-Graduação em Diversi-
dade Animal, Instituto de Biologia, Universidade Federal da Bahia, Salvador, 
Bahia, Brazil (e-mail: aldenisexavier@hotmail.com); EDUARDO JOSÉ DOS 
REIS DIAS, Laboratório de Biologia e Ecologia de Vertebrados, Departa-
mento de Biociências, Campus Prof. Alberto Carvalho, Universidade Federal 
de Sergipe, Itabaiana, Sergipe, Brazil (e-mail: ejrdias@hotmail.com).

ANOLIS AURATUS (Grass Anole). AVIAN PREDATION. On 15 No-
vember 2013, at 0902 h, KMOA observed and photographed an 
adult Spotted Puffbird (Bucco tamatia) grasping an adult Anolis 
auratus in its beak (Fig. 1). The bird was observed in municipal-
ity of Ferreira Gomes (0.903°N, 51.259861°W; WGS84), state of 
Amapá, North Brazil. The entire consumption of the lizard was 
completed in ca. three minutes, during which time the bird ap-
peared to have no trouble swallowing. Neither the bird nor the 
lizard were collected. The Spotted Puffbird is an insectivorous and 
frugivorous bird (Sigrist 2013. Avifauna Brasileira. Avis brasilis. 
594 pp.). This is the first record of predator-prey relationship in B. 
tamatia and A. auratus, as well as the first prey items (vertebrates; 
lizards) reported for the diet of B. tamatia.

KURAZO M. OKADA AGUIAR, Bio-Ornithos Consultoria Ambiental, 
Macapá, AP, Brazil (e-mail: kurazookada@hotmail.com); CARLOS E. COS-

TA-CAMPOS, Universidade Federal do Amapá, Departamento de Ciências 
Biológicas e da Saúde, Laboratório de Herpetologia, Campus Marco Zero, 
68903-419, Macapá, AP, Brazil (e-mail: eduardocampos@unifap.br).

ANOLIS CRISTATELLUS (Crested Anole). DIET. At approx. 1300 
h on 23 October 2012 we observed an Anolis cristatellus with a 
lizard tail protruding from its mouth. The anole was in leaf litter 
next to a trail at the Guana Island Resort on Guana Island, British 
Virgin Islands (18.47786°N, 64.57806°W; WGS84). We captured the 
anole and it regurgitated its prey, an adult Sphaerodactylus mac-
rolepis (Caribbean Dwarf Gecko; Fig. 1). 

Anolis cristatellus are known to feed on small lizards, though 
species-level identification of the prey is rarely reported. Lizard 
species predated upon include conspecifics (Henderson and 
Powell 2009. Natural History of West Indian Reptiles and Am-
phibians. University Press of Florida, Gainesville, Florida. 496 
pp.), Anolis krugi (Henderson and Powell 2009, op. cit.), Hemidac-
tylus mabouia (Owen and Perry 2005. Herpetol. Rev. 36:444), and 
Sphaerodactylus nicholsi (Thomas and Gaa Kesler 1996. In Rea-
gan and Waide [eds.], The Food Web of a Tropical Rain Forest, pp. 
354–355. University of Chicago Press, Chicago, Illinois; López-Or-
tiz and Lewis 2004. Herpetologica 60:438–444). To our knowledge, 
this is the first report of A. cristatellus preying on S. macrolepis. 
Other known predators of S. macrolepis on Guana Island include 
Borikenophis portoricenis (Puerto Rican Racer; Henderson and 
Powell 2009, op. cit.), Geotrygon mystacea (Bridled Quail-Dove; 
Boal 2008. J. Carib. Ornithol. 21:50), and Coccyzus minor (Man-
grove Cuckoo; Henderson and Powell 2009, op. cit.). Other known 
lizard predators of S. macrolepis include Ameiva exsul and Anolis 
pulchellus (Henderson and Powell 2009, op. cit.). 

We thank Tracy Langkilde and the staff of the Guana Island 
Hotel. This research was funded by the National Science Foun-
dation, the Invasive Animals CRC, and the Guana Island Science 
Program.

CRYSTAL KELEHEAR, School of Biological Sciences, The University of 
Sydney, NSW 2006, Australia (e-mail: crystal.kelehear@hotmail.com); SEAN 
P. GRAHAM, Department of Biology, Geology, and Physical Sciences, Sul 
Ross State University, Alpine, Texas 79832, USA (e-mail: sean.graham@
sulross.edu).

BRONCHOCELA CRISTATELLA (Green Crested Lizard). ENDO-
PARASITES. Bronchocela cristatella (previously Calotes cristatel-
lus) ranges from the Nicobar Islands of India, eastward through 
Myanmar and Thailand and south through Peninsula Malaysia 

Fig. 1. A Spotted Puffbird (Bucco tamatia) with an adult Grass Anole 
(Anolis auratus) in municipality of Ferreira Gomes, Amapa, North 
Brazil.
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Fig. 1. Anolis cristatellus (Crested Anole) with the Sphaerodactylus 
macrolepis (Caribbean Dwarf Gecko) that it regurgitated. 
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and Singapore, eastward through the Philippines, Indonesia 
and Papua New Guinea (Diong and Lim 1998. Raffles Bull. Zool. 
46:345–359; Hallermann 2005. Russ. J. Herpetol. 12:168–183). To 
our knowledge, there are four reports of endoparasites in B. cris-
tatella: Blasingam (1964. Bull. Singapore Nat. Mus. 32:103–127) 
reported the digenean Paradistomum orientalis and the nema-
tode Strongyluris calotis; Fischthal and Kuntz (1965. Proc. Hel-
minthol. Soc. Washington 32:124–136) reported the digenean Me-
socoelium sociale and nematodes Parapharyngodon maplestoni 
and Strongyluris calotis; McQuistion et al. (2001. Acta Protozool. 
40:71–74) described a coccidian, Isospora bronchocelae; and Kuz-
min et al. (2012. J. Parasitol. 98:608–611 described a nematode 
Rhabdias odilebaini. The purpose of this note is to add to the 
parasite list of B. cristatella.

 A sample of eight B. cristatella (mean SVL = 103.3 mm ± 
5.3 SD, range = 97–113 mm) collected in West Malaysia during 
2003–2006 by LLG and deposited in the herpetology collection 
of La Sierra University (LSUHC), Riverside, California, USA were 
examined for helminths. Lizards examined were from the follow-
ing states Johor (N = 7: LSUHC 5526, 5568, 5777, 6394, 7678, 8022, 
8121), and Penang (N = 1: LSUHC 6742).

The digestive tract was removed and the esophagus, stomach, 
small and large intestine were opened and their contents were 
examined for parasites utilizing a dissecting microscope. Nema-
todes were the only helminths found. Each was placed in a drop 
of lactophenol on a glass microscope slide, cover slipped and 
studied under a compound microscope. Four species of Nema-
toda were identified as: Abbreviata deschiensi, Meteterakis singa-
porensis, Orneoascaris sandoshami and Strongyuris calotis. 

Voucher helminths were deposited in the United States Na-
tional Parasite Collection (USNPC), Beltsville, Maryland, USA as 
Abbreviata deschiensi (USNPC 108143), Meteterakis singaporen-
sis (USNPC 108144), Orneoascaris sandoshami (USNPC 108145), 
Strongyuris calotis (USNPC 108146).

Three Abbreviata deschiensi were found in the stomach; prev-
alence = number infected lizards/number lizards examined × 100 
= 25%, mean intensity = mean number helminths per infected 
lizard = 1.5 ± 0.70 SD, range = 1, 2. One Meteterakis singaporensis 
was found in the large intestine; prevalence = 13%; two Orneo-
ascaris sandoshami were found, one each in the small and large 
intestine (note: these appeared to be spent females); prevalence 
= 13%; 43 Strongyuris calotis were found in the small and large 
intestine (prevalence = 100%; mean intensity = 5.4 ± 3.7 SD, range 
= 1–11). 

Abbreviata deschiensi was described from Calotes versicolor 
from Vietnam by Van-Hoa et al. (1966. Bull. Soc. Pathol. Exot. 
Filal. 59:991–996). To our knowledge, Bronchocela cristatella is 
the second species to harbor it. Meteterakis singaporensis was de-
scribed from Duttaphrynus melanostictus (as Bufo melanostictus) 
from Malaysia by Sandosham (1954. Stud. Inst. Med. Res. Malaya 
26:210–226), and is also known from Eutropis multifasciata also 
of Malaysia (Singh 1967. Bull. Nat. Mus. Singapore 33:95–100). 
Orneoascaris sandoshami was described from Megophrys aceras 
from Kuala Lumpur, Malaysia (Yuen 1963. Parasitology 53:89–94) 
and is known from Gonocephalus abbotti (Goldberg et al. 2005. 
Herpetol. Rev. 36:450). Strongyluris calotis is a widespread nem-
atode in lizards from Southeast Asia (Baker 1987. Mem. Univ. 
Newfoundland, Occas. Pap. Biol. 11:1–325). See Yildirimhan et 
al. 2006. (Comp. Parasitol. 73:257–262) for an updated host list. 
Bronchocela cristatella represents a new host record for Abbre-
viata deschiensi, Meteterakis singaporensis and Orneoascaris san-
doshami. 

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

COLEODACTYLUS MERIDIONALIS. PREDATION. Spiders have 
been reported preying upon a wide variety of vertebrate taxa, 
particularly small lizards (Ervin et al. 2007. Herpetol. Rev. 38:468; 
Carbajal-Márquez et al. 2013. Herpetol. Rev. 44:505). Such preda-
tory behavior can occur via active foraging, ambush, or by use of 
webs (Hamilton 2012. Herpetol. Rev. 42:603; Lanschi and Barbosa 
2012. Herpetol. Rev. 43:l34: Lazcano et al. 2012. Herpetol. Rev. 
43:l38). 

Coleodactylus meridionalis is a litter-dwelling gekkonid lizard 
distributed in the tropical dry forest Caatinga and Atlantic Rain-
forest of northeastern Brazil (Vanzolini et al. 1980. Répteis das 
Caatingas. Acad. Bras Cienc., São Paulo. 161 pp.), and its small 
size facilitates their predation by other larger litter dwelling ani-
mals (Vargens et al. 2005. Herpetol. Rev. 36:l73–174). 

On 20 December 2011 during the sampling of leaf-litter her-
petofauna at 2253 h in Reserva Caju (11.19038°S, 37.31750°W; 13 
m elev.), Itaporanga D’Ajuda municipality, Sergipe State, Brazil 
one of us (RPSA) observed a specimen of the spider Parabatinga 
brevipes preying on Coleodactylus meridionalis (Fig. 1). Parabat-
inga brevipes is a generalists Ctenidae species and has been re-
corded preying on small amphibians in the Amazon Rainforest 
(Caldwell and Myers 1990. Am. Mus. Novit. 2988:1–23). This is the 
first record of predation of C. meridionalis by spiders in Atlantic 
Rainforest and contributes to the knowledge of food webs involv-
ing small litter vertebrates.

We thank Marcelo Cesar Lima Peres for identification of the 
spider described in this report and Elves de Lima Alves, Tassiana 
Alves Maciel, and Rúbia Kelly Côrtes Rocha for assistance in col-
lecting the specimen.

RONY PETERSON SANTOS ALMEIDA (e-mail: rony_peterson@ho-
tmail.com), IGOR RIOS DO ROSÁRIO, and EDUARDO JOSÉ DOS REIS 
DIAS (e-mail: ejrdias@hotmail.com), Laboratório de Biologia e Ecologia 
de Vertebrados (LABEV), Departamento de Biociências, Campus Professor 

Fig. 1. Predation of the lizard Coleodactylus meridionalis by the spi-
der Parabatinga brevipes, in Itaporanga D’Ajuda, Sergipe, Brazil.
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Alberto Carvalho, Universidade Federal de Sergipe, CEP 49500-000, Ita-
baiana, Sergipe, Brazil.

CTENOPHORUS RETICULATUS (Western Netted Dragon), 
CTENOPHORUS CAUDICINCTUS (Ring-tailed Dragon), and 
EGERNIA EOS (Central Pygmy Spiny-tailed Skink). PREDA-
TION. Clarifying the suite of predators can contribute to un-
derstanding how populations are regulated, and how predators 
influence the behavior of prey. Yet, the suite of predators is often 
poorly known for a given small vertebrate, especially in the trop-
ics. Herein we report nine observations of predation on lizards 
(Ctenophorus, Egernia) by at least five individual Australian Kes-
trels (Falco cenchroides) in northern and western Australia. 

On 15 August 2012, two of us (SC and JT) located an Austra-
lian Kestrel nest site on a rock ledge approximately 4 m high in 
breakaway country in the eastern Gascoyne region of Western 
Australia (26.135443°S, 121.341007°E). The nest was inactive but 
contained signs of prior use (eggshell, scats, pellets, and a few 
prey remains), and an adult kestrel was flushed from a roost site 
adjacent to the nest at the time of discovery (1040 h). Included in 
the prey remains were the tails of two lizards, which were identi-
fied as Egernia eos (Doughty et al. 2011. Rec. West. Austral. Mus. 
26:115–137). The tails, which were undoubtedly not consumed 
due to their spines, measured approximately 50 mm, indicative 
of adult lizards. 

At 1140 h on 11 October 2011, one of us (SC) discovered a 
freshly caught, dead Ctenophorus caudicinctus in an active 
Australian Kestrel nest on an ironstone ridge in the Murchison 
Region of Western Australia (25.814023°S, 117.337149°E). The 
nest was on a horizontal ledge 5 m high and 1 m deep, and con-
tained five nestling kestrels. Lizard scales, which appeared to 
belong to other agamids, were observed in pellets both in and 
below the nest cavity. Similarly and also in the Murchison Re-
gion (27.055624°S, 118.143344°E), on 10 August 2010 one of us 
(JT) discovered the remains of three Ctenophorus reticulatus in 
a recently active Kestrel nest, after flushing an adult from the 
nest. Also in the Murchison (26.905426°S, 117.688449°E), on 28 
March 2009 one of us (JT) found a live but mortally wounded C. 
reticulatus on the slopes of a breakaway at Weld Range. Just a few 
meters above the lizard was a second C. reticulatus (dead) on a 
ledge next to an active Australian Kestrel nest. 

On 18 October 2013, one of us (SC) located an Austra-
lian Kestrel nest site in a hollow cavity 2 m above the ground 

in a Eucalyptus tree in the Gascoyne Region (26.135443°S, 
121.341007°E). An adult kestrel was observed delivering a fresh 
prey item to the three chicks inside the nest at approximately 
0715 h. Closer inspection revealed the prey animal to be a liz-
ard, Ctenophorus sp. (Fig. 1). The kestrel, along with its mate, was 
later observed foraging over nearby chenopod habitat where 
Ctenophorus salinarum is a common species. However, we could 
not be certain of species identification; also present in the gen-
eral area are C. isolepis, C. nuchalis, C. reticulatus, and C. scutu-
latus. 

Although we did not observe prey capture during these ob-
servations, kestrels are generally hunters rather than scavengers, 
suggesting that the raptors had recently caught and killed the 
lizards (indeed one lizard was still alive). Lizards can comprise 
the bulk of the biomass in the diet of Australian Kestrels in some 
arid populations (Dickman et al. 1991. Emu 91:69–72; Aumann 
2001. Wildl. Res. 28:379–393), but may be less important in other 
populations (e.g., Olsen et al. 1978. Emu 79:133–138). Conge-
ners have been reported in kestrel pellets from arid Australia 
(Ctenophorus nuchalis, C. caudicinctus, Egernia spp., Doody 
and Schembri 2014. Herpetol. Rev. 45:494–495; Dickman et al., 
op. cit.; Aumann 2001, op. cit.). Because these small- to medium-
sized lizards are an important prey group to kestrels, kestrels are 
likely a chief predator of the lizards. We might expect that these 
lizards have thus evolved antipredator behaviors to reduce pre-
dation by Australian Kestrels; observations of vigilance behavior 
of these lizards are needed to address this hypothesis. 

J. SEAN DOODY, Department of Ecology & Evolutionary Biology, Uni-
versity of Tennessee, 569 Dabney Hall, Knoxville, Tennessee 37996-1610, 
USA (e-mail: jseandoody@gmail.com); SIMON CHERRIMAN, 43 Elmore 
St., Mt. Helena, Western Australia, 66082, Australia (e-mail: aquila84@iinet.
net.au); JEFF TURPIN, 79B Mars Street, Carlisle, Western Australia, 6101, 
Australia (e-mail: jeff.m.turpin@gmail.com).

INTELLAGAMA LESUERII LESUERII (Eastern Water Dragon). 
TRIFID TAIL. On 15 November 2014, a wild adult male Intell-
agama lesuerii lesuerii was captured and removed from a South-
ern Hairy-nosed Wombat (Lasiorhinus latifrons) enclosure at the 
Taronga Zoo, Sydney, Australia (33.85°S, 151.25°E). This individ-
ual had a trifurcated tail (Fig. 1).

Tail bi-, tri-, and poly-furcation often occurs during the re-
generation process that follows autotomy (Sluys et al. 2002. Stud. 
Neotrop. Fauna E. 37:227–231; Galdino et al. 2006. Phyllomedusa 
5:25–30), and autotomy is typically used as an anti-predator de-
fense during a predation event (Bateman and Fleming 2009 J. 
Zool. 277:1–14). Within the zoo grounds, roaming wild Intel-
lagama lesuerii lesuerii regularly enter enclosures and come in 
contact with a variety of novel domestic and exotic predators, re-
sulting in frequent successful and unsuccessful predation events 
taking place. For this reason we believe that the trifid tail of this 
individual may have been caused by regeneration of the tail af-
ter a single, or multiple predation attempt(s). However, there 
is also a high degree of urbanization around the zoo grounds; 
as such, pollution may have caused the trifurcation of this tail 
through developmental deformity, similar to pollution-triggered 
developmental deformities seen in snakes (Gray et al. 2001. Bull. 
Chicago Herpetol. Soc. 36:144–148; Gray et al. 2003. Bull. Chicago 
Herpetol. Soc. 38:4–6; Wallach 2007. Bull. Maryland Herpetol. Soc. 
43:57–95). Bifurcated tails have been reported for many lizard 
groups, such as Agamidae (Brindley 1898. J. Bombay Nat. Hist. 
Soc. 11:680–689; Ananjeva and Danov 1991. Amphibia-Reptilia. 
12:343–356), Scincidae, Lacertidae, Iguanidae (Brindley 1898, 

Fig. 1. A dead lizard (Ctenophorus sp.) lays (belly-up) next to three 
nestling Australian Kestrels (Falco cenchroides). The lizard was pro-
vided by one of the parent birds.
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op. cit.), and Gekkonidae (Woodland 1920. Q. J. Microscop. Sci. 
65:63–100). However, to the best of our knowledge, this is the first 
recorded case of tail trifurcation in Intellagama lesuerii lesuerii.

JAMES BAXTER-GILBERT, Taronga Zoo, Sydney, New South Wales, 
2088, Australia (e-mail: jx_baxtergilbert@laurentian.ca); JULIA L. RILEY, 
Macquarie University, Sydney, New South Wales, 2109, Australia (e-mail: 
julia.riley@students.mq.edu.au)

PLESTIODON FASCIATUS (Five-lined Skink). DIET. Five-lined 
Skinks (Plestiodon fasciatus) are reported to primarily ingest a 
variety of insects and other arthropods (Trauth et al. 2004. The 
Amphibians and Reptiles of Arkansas. University of Arkansas 
Press, Fayetteville. 421 pp.), but earthworms, crustaceans, snails, 
baby mice, and small lizards have also been reported as prey 
(Sievert and Sievert 2011. A Field Guide to Oklahoma’s Amphib-
ians and Reptiles. Oklahoma Department of Wildlife Conserva-
tion, Oklahoma City. 211 pp.). I am not aware of previous reports 
of P. fasciatus eating any other skink species. Here I report an in-
stance of P. fasciatus ingesting a Ground Skink, Scincella lateralis.

A sub-adult Plestiodon fasciatus (SVL = 50 mm) was col-
lected by hand on 21 September 2014 from Hochatown, McCur-
tain Co., Oklahoma, USA (34.123155°N, 91.690684°W; WGS84). 
It was euthanized with an intraperitoneal injection of sodium 
pentobarbital (Nembutal®) and a mid-ventral incision was 
made to expose the viscera. On examination of stomach con-
tents, a hatchling (SVL = 23 mm) S. lateralis was found (Fig. 1). 

In addition, a portion of a cricket was in the stomach contents. 
Voucher specimens of skinks are deposited in the Arkansas State 
University Museum of Zoology (ASUMZ) Herpetology Collection 
as ASUMZ 33322, 33323.

Fourteen additional P. fasciatus were examined from Mc-
Curtain Co. and no S. lateralis were found in stomach contents. 
Bowie (1973. J. Herpetol. 7:318) reported an instance of a Florida 
Scrub Lizard (Sceloporus woodi) feeding on S. lateralis. Plesti-
odon fasciatus should be listed as a potential predator of Scin-
cella lateralis.

I thank the Oklahoma Department of Wildlife Conservation 
for a Scientific Collecting Permit and S. E. Trauth (ASUMZ) for 
expert curatorial assistance.

CHRIS T. McALLISTER, Science and Mathematics Division, Eastern 
Oklahoma State College, Idabel, Oklahoma 74745, USA; e-mail: cmcallis-
ter@se.edu. 

PLESTIODON FASCIATUS (Five-lined Skink). PREDATION BY 
FISH. Plestiodon fasciatus is a common lizard found throughout 
much of the eastern half of the United States and inhabits wood-
land and mesic habitats including near-stream environments 
(Gibbons et al. 2009. Lizards and Crocodiles of the Southeast. 
University of Georgia Press, Athens. 235 pp.). Plestiodon fascia-
tus has historically been rumored to possess a chemical defense 
(Fitch 1954. Univ. Kansas Publ., Mus. Nat. Hist. 8:1–156) associ-
ated with the bright blue tail (considered to be a warning color). 
But this potential defense has never been definitively demon-
strated. Despite this putative defense, the documented list of 
potential predators of P. fasciatus includes snakes, hawks, crows, 
moles, shrews, and opossums (Fitch 1954, op. cit.). We present 
here the first documented occurrence of a fish consuming a P. 
fasciatus. 

An individual Alabama Bass, Micropterus henshalli, measur-
ing 33 cm standard length (SL) was caught by hook and line in 
the Cahaba River on 20 June 2014 approximately 5 km downriv-
er (33.3755°N, 86.6761°W) from the intersection of Grants Mill 
Road and the Cahaba River, Birmingham, Alabama. The bass was 
hooked along the bank of the river in an area characterized by 
the presence of tree branches extending low over the water and 
downed trees and tree roots partially submerged in the river. The 
fish was consuming an adult female P. fasciatus that measured 

Fig. 1 An adult male Eastern Water Dragon (Intellagama lesuerii lesu-
erii) captured at the Taronga Zoo, Sydney, Australia, after climbing 
into a wombat enclosure (A). The individual was found to have grown 
a trifurcated tail (B) likely due to repeated predation attempts from 
wildlife living either on zoo grounds or in the surrounding suburbs.

Fig. 1. Hatchling Scincella lateralis from stomach contents of Plesti-
odon fasciatus. Scale bar = 5 mm.



Herpetological Review 46(3), 2015

NATURAL HISTORY NOTES     435

approximately 14 cm from snout to tail tip (Fig. 1). The skink, 
while completely intact, was dead, most likely from drowning. 
The head of the skink protruded from the mouth of the bass (Fig. 
1), but the mid and lower body and tail of the skink were in the 
fish’s gullet (JBM, pers. obs.). 

Freshwater bass in the genus Micropterus are considered op-
portunistic predators that feed primarily on fish, crayfish, and 
a wide variety of aquatic insects. Observations of the consump-
tion of lizards by bass have never been published in the scientific 
literature to our knowledge. A number of studies have examined 
the natural dietary habits of the Spotted Bass, Micropterus punct-
ulatus (Applegate et al. 1967. Proc. Ann. Conf. SE Assoc. Game 
Fish Comm. 20:469–482; Smith and Page 1969. Trans. Amer. Fish. 
Soc. 98:647–651; Scott and Angermeiere 1998. N. Amer. J. Fish. 
Manag.18:221–235), the species most closely related to M. hen-
shalli. These studies indicate that the primary prey types of adult 
fish include various species of fish, crayfish, and aquatic insects. 
Juvenile Spotted Bass (<7.5 cm total length) consume smaller 
prey comprised primarily of aquatic insects and zooplankton 
(Smith and Page 1969, op. cit.). Adult Smallmouth Bass, M. do-
lomieu, consume fish and aquatic insects and to a lesser de-
gree crayfish (Robertson and Winemiller 2001. Southwest. Nat. 
46:216–221). Adult Largemouth Bass primarily consume fish and 
crayfish with aquatic insects less common in the diet (Wheeler 
and Allen 2003. Trans. Amer. Fish. Soc. 132:438–449; Rayborn 
et al. 2004. Ecol. Freshwater Fish 13:276–284). Long and Fisher 
(2000. J. Freshwater Ecol. 15:465–474) examined diets of all three 
of these bass species in an Oklahoma Reservoir and found that 
adult Largemouth Bass fed primarily on fish, while adult Small-
mouth and Spotted Bass consumed mostly crayfish and insects. 
None of the dietary studies cited above report the inclusion of 
any lizards among prey items. 

There are some interesting natural history considerations 
pertinent to our observation. One question is: how was the skink 
captured by the bass? One possibility is that the skink fell off a 
branch or log into the river and was consumed by the bass. The 
other possibility is that the bass observed the movements of the 
skink on a branch or log near the air-water interface and leapt 
out of the water to capture the skink. This latter possibility is sup-
ported by the pattern of habitat utilization of this species of bass. 
Micropterus henshalli is similar to M. punctulatus in that it oc-
curs in primarily riverine habitats and prefers river banks where 

it exploits woody debris and bank vegetation as cover (Scott and 
Angermeier 1998, op. cit.). This would place it in close proximity 
to invertebrates and vertebrates that perch on branches, sticks, 
roots, and tree trunks. 

The present study adds further evidence that the putative 
chemical defense of P. fasciatus failed to protect the skink from 
predation from another group of vertebrates. Clearly the tail did 
not inhibit consumption by Micropterus henshalli, nor did the 
capacity of the skink to autotomize its tail as a predator diversion 
tactic. In all likelihood, the skink was ambushed by the bass and 
loss of the tail would have come too late to serve as an effective 
diversion as it might have against more visual predators such as 
birds and small mammals. 

JAMES B. McCLINTOCK (e-mail: mcclinto@uab.edu), ROBERT A. AN-
GUS (e-mail: raangus@uab.edu), and KEN R. MARION (e-mail: kmarion@
uab.edu), Department of Biology, University of Alabama at Birmingham, 
Birmingham, Alabama 35294, USA. 

PODARCIS MURALIS (Common Wall Lizard). COMMUNAL 
NESTING. Ovoposition strategies vary among species and even 
within the same species. One of these strategies is communal 
nesting. The “constraint” (nests with optimal conditions for lay-
ing eggs are scarce) and the “adaptation” (a fitness benefit due to 
egg aggregation) are two reasons why female lizards lay their eggs 
in communal nests (Rader and Shine 2007. J. Anim. Ecol. 76:881–
887). In the Iberian Peninsula, communal nesting has occasion-
ally been reported in the species Psammodrommus algirus, Po-
darcis bocagei, Iberolacerta aranica, and Zootoca vivipara (Braña 
1996. Oikos. 75:511–523; Galán 2009. Bol. Asoc. Herpetol. Españ. 
20:2–34; Pleguezuelos et al. 2004. Amphibia-Reptilia 25:333–336).

In July 2013 we observed a communal nesting of Podarcis 
muralis with five clutches in a pathway close to Torla, Huesca, 
Aragón, Spain (42.64207°N, 0.074998° W; WGS84). The total num-
ber of eggs were 10. Nine of the eggs were intact and one was 
empty, suggesting that this had already hatched. They were un-
der a stone of approximately 30 cm length, 25 cm width, and 25 
cm depth. The stone was surrounded by grass and piled pieces 
of limestone, but nearby we could see plant species like Pinus 
uncinata and Echinospartum horridum. Eggs laid under large 
stones may benefit from stable environmental conditions for in-
cubation. Climatic conditions in 2013 were particularly cold in 
the north of Spain. Normally, mating and egg-laying in P. muralis 
occurs from April to July, but in 2013 some high altitude regions 
remained with snow until late July. In addition, people frequent-
ly traverse the area where the communal nesting was observed. 
The unfavorable environmental conditions and the settlement 
of a nest site beside such a well traversed path may suggest that 
the choice of location was due to the lack of optimal oviposition 
sites, rather than the benefits of aggregation. Thus, the nest place 
was probably chosen because it offered protection against in-
clement weather and predators due to the stone size.

Mountain species are more vulnerable to processes associat-
ed to climate change (Sinervo et al. 2010. Science 328: 894–899). 
Monasterio et al. 2013 (Zoology 291:136–145) hypothesized that 
climate change may affect oviposition in some lizard species, 
as it may be in this case, inducing communal nesting. However, 
sorting out among constraint hypotheses requires experimental 
approaches. On the other hand, Gosá and Bergerandi 1994 (Mu-
nibe 46:109–189) mentioned communal nesting of P. muralis in 
Navarra, Spain. To our knowledge, this is the first description of 
the number of eggs and location of a communal nest in P. mu-
ralis. Communal nesting seems to be a common behavior in 

Fig. 1. Plestiodon fasciatus in mouth and gullet of an Alabama Bass 
(Micropterus henshalli).
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lacertids, observational data on communal egg-laying are scarce 
in general and, in particular, for this species. 

We are grateful to A. Lozano for her comments in the manu-
script.

ROBERTO GARCÍA-ROA, Department of Evolutionary Ecology, Na-
tional Museum of Natural Science – Spanish Resarch Council (MNCN-CSIC), 
José Gutiérrez Abascal, 2, 28006, Madrid, Spain (e-mail: r.garcia-roa@mncn.
csic.es); MAIDER IGLESIAS, Department of Evolutionary Ecology, National 
Museum of Natural Science – Spanish Research Council (MNCN-CSIC), José 
Gutiérrez Abascal, 2, 28006, Madrid, Spain; Departament of Herpetology, 
Aranzadi Society of Sciencies, Alto de Zorroaga 11, Donostia-San Sebastián, 
Spain (e-mail: miglesias@aranzadi-zientziak.org); ALBERTO GOSÁ (e-mail: 
agosa@aranzadi-zientziak.org) and CARLOS CABIDO (e-mail: ccabido@
aranzadi-zientziak.org), Departament of Herpetology, Aranzadi Society of 
Sciencies, Alto de Zorroaga 11, Donostia-San Sebastián, Spain. 

PTENOPUS KOCHI (Koch’s Barking Gecko). DIURNAL ACTIV-
ITY. Geckos in the genus Ptenopus are considered to be crepus-
cular and nocturnal lizards that normally ambush prey from their 
burrow entrances, although in some regions of southern Africa 
Ptenopus garrulus (Common Barking Gecko) has been reported 
to become diurnally active on rainy or overcast summer after-
noons when their termite prey are swarming (Huey and Pianka 
1981. Ecology 62:991–999). Little information is available on the 
Namib Desert endemic P. kochi. Here we document the first re-
ported cases of diurnal activity in this species. On 26 June 2014 
between 1030–1312 h we encountered five juvenile P. kochi active 
on gravelly-sand substrates in an interdune region south of the 
Kuiseb River at Gobabeb Research and Training Centre, Namibia 
(23.57903°S, 15.03838°E; WGS84), 411 m elev. In the same area we 
documented an additional juvenile P. kochi active on the surface 
at 1144 h on 5 July 2014. This individual was 24 mm SVL, weighed 
0.50 g, and had an 18 mm-long original tail. Although we did not 
weigh or measure the first five geckos, they all appeared similar 
in size to the measured gecko. Both mornings had started out 
cloudy and cool, but five out of the six geckos noted here were 
active in the full sun. The clouds had cleared by 1112 h on 26 June 
and by 0806 h on 5 July. Mean cloacal temperature within seconds 
of capture was 28.7 ± 1.1°C (range 25.4–30.0°C; N = 4), the air tem-
perature 10 mm above the surface where geckos were observed 
active averaged 25.6 ± 0.8°C (range 24.0–28.0°C; N = 5), and the 
surface temperature where geckos were located averaged 30.7 ± 
1.0°C (range 27.0–32.9°C; N = 5). In three of the cases, no burrows 
were visible near the active geckos. In one case the gecko was ac-
tive ca. 20 cm away from the closest burrow. Two of the observed 
geckos were located ca.1 m from the closest burrow, and when 
startled one of these individuals immediately fled straight to this 
burrow. It is possible that these geckos were actively foraging dur-
ing daylight, outside of their burrows, but we did not observe any 
swarming termites active near any of the geckos, and we did not 
observe any larger juvenile or adult P. kochi diurnally active. In-
stead, we hypothesize that these were all post-hatchling geckos 
that may have been dispersing away from the burrows that they 
hatched in. Hatchlings of the closely related and slightly smaller 
P. garrulus are ca. 22 mm SVL (Hibbitts et al. 2005. J. Herpetol. 
39:509–515), which is a close approximation to the sizes we ob-
served, supporting the notion that the P. kochi seen here had re-
cently hatched. These observations contribute to the dearth of 
information available on the ecology of P. kochi, and prompt fur-
ther questions about the dispersal of juvenile geckos away from 
their natal burrows, and whether or not they construct their own 
burrows or use pre-existing burrows. 

We thank Gillian Maggs-Kölling and Theo Wassenaaar of 
Namibia’s Gobabeb Research and Training Centre as well as the 
Brain Function Research Group at the University of the Witwa-
tersrand for support and the Namibian Ministry of Environment 
and Tourism for permission to work in the Namib-Naukluft Na-
tional Park.

IAN W. MURRAY (e-mail: Ian.Murray@wits.ac.za), HILARY M. LEASE, 
Brain Function Research Group, School of Physiology, Faculty of Health 
Sciences, University of the Witwatersrand, Parktown, 2193, Johannesburg, 
South Africa.

SALVATOR MERIANAE (Tegu). DIET. Salvator merianae is a teiid 
lizard widely distributed in Argentina, Uruguay, Bolivia, and Bra-
zil. The diet of this lizard is mainly composed of fruits, flowers, 
invertebrates (such as spiders, crustaceans, and insects), small 
vertebrates, eggs, and decomposing animals (Kiefer and Sazima 
2002. Amphibia Reptilia 23:105–108). Records of predation on 
vertebrates consist of other lizards, such as Tropidurus hispidus 
(Silva et al. 2013. Herpetol. Notes 6:51–53), T. torquatus (Arruda 
et al. 2007. VIII Congr. Ecol. Brasil. 1–2), and the bird Turdus leu-
comelas (Santos and Vaz-Silva 2012. Herpetol. Brasil. 1[1]:35–36).

We observed two cases of predation by S. merianae in differ-
ent domains. The first observation was made during the collec-
tion of lizards in an area of Caatinga, in Sítios Novos (9.80500°S, 
37.68444°W), Municipality of Poço Redondo, Sergipe State, Brazil. 
On 10 January 2012, an individual was seen preying on an anuran, 
Rhinella granulosa (SVL = 58.83 mm). The second record is from 
the Atlantic Forest, in the Refúgio de Vida Silvestre Mata do Junco 
(10.53972°S, 37.06194°W), Municipality of Capela, Sergipe, State. 
On 25 January 2013, a young individual (SVL = 22.27 cm; 320 g) 
was collected and regurgitated a frog, Leptodactylus natalensis 
(SVL = 15.32 mm), and two orthopterans with volumes of 0.0014 
and 0.0004 mm³, respectively (ellipsoid formula). The voucher 
specimens of R. granulosa and L. natalensis and the second indi-
vidual of S. merianae were preserved in alcohol and deposited in 
the collection of Laboratório de Biologia e Ecologia de Vertebra-
dos of the Universidade Federal de Sergipe (LABEVA 862; LABEVA 
1129 and LABEVL 408, respectively). This is the first record of Rhi-
nella granulosa and Leptodactylus natalensis being included in 
the diet of Salvator merianae, and it can help in understanding 
the trophic food webs of these groups.

RONY PETERSON SANTOS ALMEIDA (e-mail: rony_peterson@hot-
mail.com), JEFFERSON OLIVEIRA LIMA (e-mail: jeffersonbio17@hotmail.
com), and EDUARDO JOSÉ DOS REIS DIAS (e-mail: ejrdias@hotmail.com), 
Laboratório de Biologia e Ecologia de Vertebrados (LABEV), Departamento 
de Biociências, Campus Professor Alberto Carvalho, Universidade Federal 
de Sergipe, CEP 49500-000, Itabaiana, Sergipe, Brazil.

SCELOPORUS CYANOSTICTUS (Yarrow’s Blue-spotted Spiny 
Lizard). FIELD AND PREFERRED BODY TEMPERATURE. Moni-
toring thermal requirements and thermoregulatory behavior of 
reptiles is crucial for understanding effects of global warming on 
species (Sinervo et al. 2010. Science 328:894–899). Sceloporus cya-
nostictus is an endangered species endemic to Mexico (www.iuc-
nredlist.org; 9 Oct 2014), with a geographically restricted distribu-
tion and little variation in habitats occupied (Gadsden et al. 2006. 
Bull. Chicago Herpetol. Soc. 41:2–9; Lemos-Espinal and Smith 
2007. Amphibians and Reptiles of the State of Coahuila, Mexico. 
UNAM-CONABIO. 550 pp.). There have been reports detailing 
the field body temperature of Sceloporus lizards (e.g., Andrews 
et al. 1997. Copeia 1997:108–115), although data on T

p
 (preferred 

temperature) within this genus are not usually reported (Mathies 
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and Andrews 1997. Funct. Ecol. 11:498–507; Lara-Reséndiz et al. 
2014. Rev. Mex. Biol. 85:875–884). Field body temperature and 
preferred body temperature has not been documented in S. cya-
nostictus. Here, we describe field body temperature and thermal 
preference under laboratory conditions for this species.

During September 2009, we conducted fieldwork in Sierra San 
Lorenzo (25.651103°N, 103.172353°W, WGS84; 1146 m elev.), 15 
km NE Matamoros, Coahuila, Mexico. Vegetation was dominated 
by Yuca filifera, Agave lechuguilla, Fouqueria splendens, Opun-
tia rufida, and O. rastrera. Throughout the study site, rock faces 
with crevices were numerous. The data presented are based on 
33 adults (> 60.0 mm SVL; 18 females and 15 males) of Sceloporus 
cyanostictus captured by noose. The field body temperature (T

b
)

 

of each lizard captured was measured using a digital thermom-
eter (Fluke™ model 51-II) with a thermocouple inserted into the 
cloaca. 

In the laboratory, the lizards were separated by gender and 
maintained at 25°C in plastic containers with 2 cm of rocky 
ground and hydrated with sprinkler. Laboratory experiments 
were conducted two days after capture using a thermal gradient. 
The thermal gradient consisted of a wooden shuttle box of 150 
× 100 × 80 cm (length, width and height) divided into ten tracks 
with insulation barriers to prevent behavioral influence of adja-
cent lizards, and filled with 2–3 cm of rocky ground. The shuttle 
box was housed in a room with air conditioning at a constant 
temperature of 20°C. At one end, and at the center of the box, 
lamps were placed at different heights to generate a thermal gra-
dient from 20 to 50°C. The T

p
 of lizards was measured every hour 

from 0900 until 1800 h (foraging activity period) using a digital 
thermometer. The 25% and 75% quartiles of T

b 
in field (T

b25
 and 

T
b75

) and T
p
 in laboratory (T

p25
 and T

p75
) ranges were calculated to 

obtain the lower and upper limit (Van Damme et al. 1990. Oikos 
57:61–67; Herts et al. 1993. Am. Nat. 142:796–818). After labora-
tory experiments, all lizards were released at their capture sites. 
We applied a nonparametric Kruskal-Wallis one-way test (denot-
ed H) to analyze differences between all measurements of T

b 
and 

the same test to analyze differences between all measurements of 
T

p
,
 
also we used a Mann-Whitney Rank test to analyze the differ-

ences between gender.
There were no statistically significant difference between 

measurements of T
b
 (the observed value H

1
 = 0.52, P = 0.46 was 

less than the critical value) or T
p
 (the observed value H

16 
= 20.47, 

P = 0.20 was less than the critical value). Also there were no sta-
tistically significant difference between gender in T

b
 (U = 286.0, 

P = 0.48). Mean T
b
 for males was 32.58°C (SE = 0.67, range = 29–

38.1°C; N = 15); interquartile of 25% and 75% was 29.8 and 34.6, 
respectively. Mean T

b
 for females was 31.52°C (SE = 0.66, range = 

22–35.2°C; N = 18); interquartile of 25% and 75% was 30.5°C and 
33.4°C, respectively. However there were statistically significant 
difference between gender in laboratory (U = 9524.5, P = 0.03). 
Mean T

p
 for males was 32.37°C (SE = 0.27, range = 24.4–36.8°C; 

N = 110); interquartile of 25% and 75% was 30.2 and 34.6, re-
spectively. Mean T

p
 for females was 33.2°C (SE = 0.31, range = 

26–38.4°C; N = 76); interquartile of 25% and 75% was 32.0°C and 
35.2°C, respectively. The field body temperature and preferred 
body temperature of Sceloporus cyanostictus were very similar to 
those previously recorded for other closely related species of Sce-
loporus torquatus species-group (Andrews 1998. J. Therm. Biol. 
23:329-334; Martínez-Méndez and Méndez de la Cruz 2007. Zoo-
taxa 1609:53–68).

These results suggest that Sceloporus cyanostictus can be 
considered a eurythermic species due to its wide range of T

b
 and 

T
p
. Therefore, we propose to evaluate the thermal efficiency by 

monitoring mean thermal requirements and microhabitat tem-
peratures across its distribution for understanding effects of 
global warming on this geographically restricted lizard. 

HECTOR GADSDEN, Instituto de Ecología, A. C., Miguel de Cervantes 
No. 120, Complejo Industrial Chihuahua, C.P. 31109, Chihuahua, Chihua-
hua, México (e-mail: hector.gadsden@inecol.mx); GAMALIEL CASTAÑE-
DA and RODOLFO A. HUITRÓN-RAMÍREZ, Facultad en Ciencias Biológi-
cas, Universidad Juárez del Estado de Durango. Avenida Universidad s/n. 
Fraccionamiento Filadelfia, C.P. 35070, Gómez Palacio, Durango, México. 

SCELOPORUS GRAMMICUS (Mesquite Lizard). PURSUIT-DE-
TERRENT SIGNALING. Tail waves and tail barring patterns in 
Cophosaurus and Callisaurus lizards are hypothesized forms of 
pursuit-deterrent signals (Dial 1986. Am. Nat. 127:103–111; Has-
son et al. 1989. Can. J. Zool. 67:1203–1209). Anolis lizards perform 
push-ups and dewlap extensions as pursuit-deterrent signals 
directed toward snakes and snake models (Leal and Rodríguez-
Robles 1997a. Anim. Behav. 54:1147–1154; 1997b. Biotropica 
29:372–375), and the displays may serve as honest signals of a liz-
ard’s ability to escape predation (Leal 1999. Anim. Behav. 58:521–
526). Here, we report two observations of male Sceloporus gram-
micus displaying to snakes that prey on lizards (Ramírez-Bautista 
et al. 2009. Herpetofauna del Valle de México: Diversidad y Con-
servación. Universidad Autónoma del Estado de Hidalgo UAEH 
– Comisión Nacional para el Conocimiento y Uso de la Biodiver-
sidad CONABIO, México. 213 pp.). Both observations were made 
under natural conditions in the breeding season of a S. grammic-
us population located ca. 1.5 km NW of Nopala, Hidalgo, México 
(20.26152°N, 99.63414°W, WGS84; 2482 m elev.). 

On 9 October 2014, two of us (JAP and JJZV) were observ-
ing a male S. grammicus basking on a rock wall. We were ca. 8 
m away from the lizard and had observed it for approximately 
3 min before the lizard moved ca. 1.5 m in a direct line toward a 
large (ca. 1 m SVL) Pituophis deppei that was crawling along the 
base of the rock wall. The lizard approached the snake to within 
ca. 3 m and performed several displays. The displays included 
full-shows (dewlap extension, arched back, and dorsolateral flat-
tening that exposes colorful abdominal patches) with four-leg 
push-ups (repeated elevation of the body on all four limbs) and 
two-leg push-ups (repeated elevation of the body on the front 
two limbs) without full-shows. The snake was disturbed by the 
observers and retreated into the rock wall. The lizard moved to 
the top of the rock wall and remained exposed but ceased per-
forming displays.

On 18 October 2014, four of us (JAP, AOK, CVG, and DKH) 
observed a Crotalus triseriatus crawling down the limb of a large 
Yucca filifera. The snake was about 2 m above the ground and 
was followed by an adult male Sceloporus grammicus. The lizard 
was ca. 1.5 m from the snake when initially seen by us and moved 
to within 1 m from the snake during the observation. The lizard 
approached the snake in a series of short lunging-like move-
ments separated with short bouts of displays (full-shows with 
four-leg push-ups and two-leg push-ups without full-shows). 
The snake continued moving away from the lizard and entered a 
hollow crevice within the tree while the lizard remained exposed 
on the limb of the Y. filifera. The snake was subsequently cap-
tured and confirmed to be large enough (>30 cm total length) 
to consume an adult S. grammicus. Given our estimates of the 
lizard’s approach distance and the length of the snake, the lizard 
decreased the distance between itself and the snake by approxi-
mately 33% but never entered the snake’s strike range. 
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The display behaviors we observed are commonly used in so-
cial interactions in Sceloporus lizards (e.g., Carpenter 1978. Con-
trib. Biol. Geol. Milwaukee Public Mus. 18:1–71), but no other 
lizards were observed in the immediate areas of either interac-
tion reported here. The focal lizard in the first observation was 
oriented laterally toward the snake while displaying, and both 
lizards approached the snakes prior to or while displaying. Thus, 
the lizards decreased the distance between themselves and the 
snakes while increasing conspicuousness through orientation 
and displays. The behaviors we observed are similar to those ex-
hibited by Anolis lizards during predator-prey interactions with 
snakes, and the displays described above may serve as pursuit-
deterrent signals in S. grammicus. 

JAKE ALLEN PRUETT, Department of Biology, Indiana State Univer-
sity, Terre Haute, Indiana 47809, USA (e-mail: jpruett1@sycamores.indstate.
edu); ALISON G. OSSIP-KLEIN, Department of Biology and the Center 
for the Integrative Study of Animal Behavior, Indiana University 47401, 
USA; CUAUHCIHUATL VITAL-GARCIA, Departamento de Ciencias Veter-
inárias, Instituto de Ciencias Biomédicas, Universidad Autónoma de Ciudad 
Juárez, México; J. JAIME ZÚÑIGA-VEGA, Departamento de Ecología y 
Recursos Naturales, Facultad de Ciencias, Universidad Nacional Autónoma 
de México, Ciudad Universitaria, Distrito Federal, 04510, México; DIANA K. 
HEWS, Department of Biology, Indiana State University, Terre Haute, Indi-
ana 47809, USA 

SCELEPORUS OBERON (Royal Lesser Minor Lizard). DIET. This 
lizard is distributed in the Sierra Madre Oriental in the southeast-
ern mountains of Coahuila and the central southern mountains 
in Nuevo Leon, Mexico (Köhler and Heimes 2002. Stachelleguane, 
Offenbach Herpeton. 174 pp.; Lemos-Espinal and Smith 2007. 
Amphibians and Reptiles of the State of Coahuila, Mexico. CONA-
BIO-UNAM. 550 pp.). To the best of our knowledge there is very 
little known on the diet of this species. Herein, we report on an 
individual Sceloporus oberon feeding on a centipede, Orphnaeus 
brevilabiatus (Oryidae), an introduced species in Mexico. 

On 22 June 2014, at 1125 h, we observed a male Sceloporus 
oberon (SVL = 101 mm; total length = 238 mm; mass = 25.5 g; 
body temperature = 28.5°C, substrate temperature = 24.5°C; 
UANL 7406) capturing, subduing, and consuming a centipede, 
O. brevilabiatus (total length = 144.6 mm, mass = 0.4 g). The ob-
servation took place in San Isidro Canyon, located in Santiago, 
Nuevo Leon, Mexico (25.375307°N, 100.311236°W, WGS84; 1600 
m elev.). Among lizards of the genus Sceloporus, centipedes have 
been reported to be common prey in the diet of S. consobrinus 
(Lahti and Leachα 2009. In Jones and Lovich [eds.], Lizards of 
the American Southwest, pp. 210–212. Rio Nuevo Publishing, 
Tucson, Arizona), S. poinsetti (Webb 2009. In Jones and Lovich, 
op. cit., pp. 246–249); less frequent in S. torquatus (Ferria-Ortiz 
et al. 2011. J. Herpetol. 35:104–112), S. magister and S. undula-
tus (Johnson 1966. Am. Midl. Nat. 76:504–509), and S. siniferus 
(Sánchez de la Vega et al. 2014. Herpetol. Rev.45[1]:133–134.). It 
is important to mention that other species of centipedes occur 
in this area: Labrobius major, Mexicobius vistanus, Nuevobius 
cavicolens, Chomatophilus leonensis, and Polycricus nuevus are 
potential prey items for lizards. Orphnaeus brevilabiatus has re-
cently been collected in the urban area of Puerto Vallarta, Jalisco, 
Mexico (Capul-Magaña 2009. BIOCYT 2[6]:48–54; Capul-Magaña 
2011. Interciencia 36[11]:853–859). Also, our record represents 
the second occurrence of this centipede in Mexico. Mexico is not 
included in the known distribution of O. brevilabiatus (Minelli 
[ed.] 2013. Chilobase: A Web Resource for Chilopoda Taxonomy; 
http://chilobase.bio.unipd.it, accessed 27 June 2014).

We thank Vicente Mata-Silva for reviewing an earlier version 
of this note.
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SCINCELLA SILVICOLA (Taylor’s Ground Skink). ARBOREAL-
ITY. The nine described species of New World Scincella (García-
Vázquez et al. 2010. Copeia 2010[3]:373–381; Linkem et al. 2011. 
Zool. J. Linn. Soc. 163:1217–1243) are typically characterized as 
terrestrial with an affinity for leaf litter (e.g., Jensen et al. 2008. 
Amphibians and Reptiles of Georgia. University of Georgia Press, 
Athens, Georgia. 575 pp.; Canseco-Márquez and Gutiérrez-May-
en 2010. Anfibios y Reptiles del Valle de Tehuacán-Cuicatlán. 
CONABIO/Fundación para la Reserva de la Biosfera Cuicatlán 
A. C./Benemérita Unversidad Autónoma de Puebla, México. 302 
pp.). The common name for the genus (ground skinks) exem-
plifies this. However, some published evidence shows that one 
species, S. lateralis, can be scansorial. This species has been re-
ported as “frequently” occupying the overlapping dead fronds of 
Sabal palmetto in Florida at heights of ≤ 45 cm (Lee 1969. Her-
petologica 25[1]:70–71), and was observed at night climbing up 
to 122 cm above ground on a Nyssa sylvatica trunk in Virginia 
(Townsend et al. 2005. Herpetol. Rev. 36[2]:184). Here, we report 
scansorial behavior and canopy occupancy in another species, 
S. silvicola from México. This observational evidence suggests a 
much broader ecological niche for this genus.

While conducting a rope-aided herpetofaunal survey of an 
emergent tree (species unknown) on 12 April 2014 at 1115 h 
among intact, old-growth rainforest in the Ejido Adolfo Ruiz Cor-
tínez, Municipality of San Andrés Tuxtla, Veracruz (18.53273°N, 
95.14403°W, WGS84; 1100 m elev.), we encountered an adult 
male S. silvicola (MZFC 28760). The lizard was discovered inside 
a 10-cm thick mat of moss and orchids on a horizontal, 20-cm 
diameter branch ~25 m above ground, in the middle canopy. It 
was quite active, and initially escaped capture within the com-
plex epiphytic growth. 

Additionally, in July 2004 we observed two individuals of S. 
silvicola in the Cuicatlan Valley, Municipality of Santa Maria Tex-
catitlan, Oaxaca, México, exhibiting scansorial behavior. These 
animals were observed active at night in a mesquite tree (Proso-
pis sp.) at a height of approximately 2 m above ground. 

Our work was approved under SEMARNAT permit #FAUT–
0093 issued to A. Nieto-Montes de Oca, and University of Geor-
gia IACUC AUP #A2012 10-004-Y1-A0. We thank Sr. José Charmin 
for property access. Financial support provided by a University 
of Georgia Presidential Fellowship.
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SPHENOMORPHUS MULTISQUAMATUS. REPRODUCTION. 
Sphenomorphus multisquamatus is endemic to Borneo where 
it inhabits lowland rain forests and peat swamps (Das 2010. A 
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Field Guide to the Reptiles of South-East Asia, New Holland Pub-
lishers, UK. 376 pp.). There is, to my knowledge, no information 
on reproduction of S. multisquamatus. In this note, I provide in-
formation on reproduction of S. multisquamatus as part of an 
ongoing series of studies on reproduction of South-East Asian 
reptiles. 

A sample of 28 S. multisquamatus consisting of 9 adult males 
(mean SVL = 60.4 mm ± 7.3 SD, range = 49–73 mm), 11 adult fe-
males (mean SVL = 59.5 mm ± 5.9 SD, range = 8–68 mm) and 8 
unsexed subadults (mean SVL = 34.6 mm ± 5.3 SD, range = 25–43 
mm) from Sabah and Sarawak were borrowed from the herpetol-
ogy collection of the Field Museum of Natural History (FMNH), 
Chicago, Illinois, USA: Sabah (N = 11): Kota Marudu District, 
FMNH 239896; Ranau District, FMNH 248993, 248995; Sipitang 
District, FMNH 235168, 235172, 235173, 239899, 239900; Tawu 
District, FMNH 248994; Tenom District, FMNH 239897, 239898; 
Sarawak (N = 17): Bintulu District, FMNH 148573, 148577, 148578, 
148581, 148585, 148587, 161496, 161499, 161502; Kapit District, 
FMNH 138536, 145660, 188585; Kota Marudu District, FMNH 
239896; Miri District, FMNH 120240, 120242, 120243, 129548. 
Sphenomorphus multisquamatus were collected during the years 
1959–1991.

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

The only stage noted in the testicular cycle was spermiogene-
sis in which seminiferous tubules are lined by sperm or clusters of 
metamorphosing spermatids. Males undergoing spermiogenesis 
were collected in February (N = 2), June (N = 2), July (N = 2), Sep-
tember (N = 1), November (N = 2). The smallest reproductively 
active male measured 49 mm SVL (FMNH 239846) and was col-
lected in November.

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. There was no evidence that S. multisquamatus 
produces multiple clutches (oviductal eggs and concurrent yolk 
deposition), although this may reflect my small female sample 
size. Clutch size (N = 6) was an invariant 3.0. The smallest repro-
ductively active female (FMNH 161499) measured 56 mm, con-
tained three oviductal eggs and was collected in July.

Sphenomorphus multisquamatus sub-adults were collected 
through much of the year: January (N = 1), July (N = 1), August (N 
= 2), September (N = 1), December (N = 2).

While it is clear S. multisquamatus exhibits an extended re-
productive cycle, examination of additional monthly samples 
will be needed to ascertain if reproduction occurs throughout the 
year as has been reported for other lizards from a Bornean rain 
forest (Inger and Greenberg 1966. Ecology 47:1007–1021).

I thank Alan Resetar (FMNH) for permission to examine S. 
multisquamatus and L. Lee Grismer for assistance with taxonomy.
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VARANUS PILBARENSIS (Pilbara Rock Monitor) and VARANUS 
GLAUERTI (Kimberley Rock Monitor). TAIL DISPLAY BEHAV-
IOR. Among reptiles, lizards are best known for signaling to con-
specifics and to would-be predators (Cooper 2003 In Fox et al. 
[eds.], Lizard Social Behavior, pp. 107–141. Johns Hopkins Univer-
sity Press, Baltimore, Maryland. 438 pp.). Stereotypical displays 
include head bobbing, pushups, arm waving, foot shaking and 
tail wagging (Font et al. 2012. J. Comp. Psychol. 126:87–96 and 
references therein). Some families of lizards are well known for 
displays (e.g., Agamidae, Dactyloidae), while others are not. Mon-
itor lizards (Varanidae) apparently exhibit limited overt displays 
(Pianka and King 2004. Varanoid Lizards of the World. Indiana 
University Press, Bloomington, Indiana. 602 pp.; Sweet 2007. In 
Horn et al. [eds.], Advances in Monitor Research III: Mertensiella 
16, pp. 378–402, Reinbach). Herein, we report on observations of 
apparent tail signaling in Varanus pilbarensis and V. glauerti. 

At 1630 h on 23 February 2014, two of us (SD, BS) noticed a 
V. pilbarensis on a rock ledge on a mesa in the Pilbara region of 
Western Australia (22.035584°S, 119.413951°E). The adult lizard 
was about 5 m above us, moving slowly along, tongue flicking, 
and often stopping to observe us. On four separate occasions, the 
lizard draped its tail over the rock ledge in a vertically hanging po-
sition, and began to wag the tail. The tail wagged in a sinusoidal 
fashion several cm to each side and slowly at first. After about 3–5 
seconds the tail movements would accelerate for a few seconds, 
culminating in the last few cm of the tail vibrating rapidly. Each 
tail wag lasted about 10 seconds. During these bouts the lizard 
was otherwise mainly motionless, although the bouts at times 
started or ended with “nervous” (but not overly so) movements 
of the body. After about five minutes the lizard disappeared over 
the ledge, and despite our climbing and searching we could not 
relocate it. We were not able to determine the sex of the lizard, but 
its relatively large size suggested that it was a male. The weather 
was hot (~35°C) and mostly clear and calm. 

One of us (SSS) occasionally observed similar tail wagging dis-
plays in Varanus glauerti while conducting radio-tracking work 
with that species (Sweet 1999. Mertensiella 11:317–366; Sweet 
2007, op. cit.). The behavior occurred mostly in situations where 
the animal under observation was intent on another subject, but 
also aware of the observer’s presence nearby. During mating sea-
son two or even three male V. glauerti attended a single female, 
and the additional male(s) waited 1–3 m away from a mating pair 
(always in a hollow branch with tails protruding). Twice when 
these males were closely approached (within about 4 m) they did 
not leave their sites, but instead engaged in intense tail wagging 
as described for V. pilbarensis. Similar behavior was noted on 4–5 
occasions when a V. glauerti pursued one or more skinks (Cryp-
toblepharus sp.) through Dryandra ferns on narrow rock ledges 
and came within 2–3 m of an observer. The monitor stopped and 

Table 1. Monthly stages in the ovarian cycle of 11 adult female 
Sphenomorphus multisquamatus from Sabah and Sarawak; 
*enlarged follicles (> 4 mm) in one August and one December female 
were broken and could not be counted.

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

January 2 0 1 0 1

March 1 0 0 1 0

April 1 1 0 0 0

June 1 1 0 0 0

July 2 0 0 0 2

August 2 0 0 2* 0

November 1 0 0 0 1

December 1 0 0 1* 0
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performed 1–3 bouts of strong tail undulations before turning 
away. 

The tail wagging and vibrating we observed appeared to be 
deliberate signaling. Although lizards often wag their tails when 
nervous (for example, upon capture varanids will undulate their 
tail slowly), the V. pilbarensis we observed invariably draped its 
tail over the rock ledge just prior to wagging, but did not drape 
the tail over the ledge when it was not wagging. During the entire 
observation we scanned the remaining cliffs for any conspecif-
ics, prey or predators that might have been targets of the signal-
ing, but could find no receiver. In each case of tail wagging in 
V. glauerti, it seemed clear that the observer was the cause and 
target of the behavior because the behavior occurred upon the 
observer’s approach. The deliberate nature of the displays, and 
the fact that the lizards could clearly see us, brings us to the ten-
tative conclusion that the tail wagging behaviors we observed 
were pursuit-deterrent signals (PDS) aimed at us. PDS are used 
by animals to make predators aware that they have been iden-
tified, in order to reduce the probability that the predator will 
pursue the signaler (Woodland et al. 1980. Am. Nat. 115:748–753; 
Hasson 1991. Trends Ecol. Evol. 6:325–329).

Sweet (2007, op. cit.) reported a different context for tail 
undulation in V. tristis, in which foraging monitors sought out 
shallow depressions in the forest floor caused by uprooted trees, 
which were now filled with 10–30 cm of dry leaves. The moni-
tors entered the leaf pack rapidly 2–5 cm below the surface and 
surged forward 0.5–1 m before emerging and standing high 
on their forelimbs. Any movement in the leaves elsewhere was 
pounced on, and skinks (several genera) were actively pursued 
under the leaves. The standing high posture was usually fol-
lowed by a bout of rapid tail undulation under the leaves. This 
was sufficiently energetic to flip some leaves into the air, and of-
ten caused concealed skinks to change their positions. There was 
no indication that this was directed at an observer; rather, it was 
done to flush prey. Further observations of tail wagging behavior 
in nature, and perhaps experiments, are needed to determine 
the frequency of the behavior and its function(s) in V. pilbarensis, 
V. glauerti, and in other monitor lizards. Interestingly, the moni-
tor perhaps best equipped to use tail signaling behavior, V. glebo-
palma (distal third of tail bright yellow), never did so in over 1400 
field encounters (Sweet 1999, op. cit.).
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XANTUSIA EXTORRIS (Durango Night Lizard). FIELD AND 
PREFERRED BODY TEMPERATURE. In lizards, body tempera-
ture affects virtually all behavioral and physiological traits (Belli-
ure et al. 1996. Ecology 77:1163–1173; Herczeg et al. 2006. Behav. 
Ecol. Sociobiol. 60:405–414). However, data on preferred body 
temperature (T

p
) is actually quite rare (Sinervo et al. 2010. Sci-

ence 328:894–899) because measurement in a laboratory ther-
mal gradient under standard conditions is required (Huey 1982. 
In Gans and Pough [eds.], Biology of the Reptilia, Vol. 12, Physiol-
ogy C, pp. 25–91. Academic Press, New York). The T

p
 that a lizard 

voluntarily selects in a laboratory thermal gradient provides a 
reasonable estimate of what a lizard would attain in the wild with 
a minimum of associated costs in absence of constraints (biotic 

and abiotic factors) for thermoregulation (Huey and Slatkin 
1976. Q. Rev. Biol. 51:363–384; Pough and Gans 1982. In Gans and 
Pough [eds.], Biology of Reptiles, Vol. 12, Physiology C, pp. 17–23. 
Academic Press, New York). Xantusia extorris is an endemic spe-
cies of Mexico and has a restricted distribution in northeastern 
and southwestern Durango and Coahuila, respectively, within 
the Sierra Madre Oriental physiographic province in the cen-
tral Chihuahuan Desert (Webb 1965. Am. Mus. Novit. 223:1–16; 
Bezy et al. 2008. J. Herpetol. 42:680–688; Castañeda-Gaytán et 
al. 2013. Acta Zool. Mex. [n.s.] 29:240–244). This crepuscular and 
nocturnal species inhabits desert and arid lands with a ground 
cover of rocks, fallen yucca plants, fallen branches of Ahuehuete 
Trees (Taxodium mucronatum), and agaves (Webb 1965, op. cit.; 
Gadsden et al. 2006. Bull. Chicago Herpetol. Soc. 41:2–9). There 
have been several reports detailing thermal ecology in X. river-
siana and X. vigilis (Mautz et al. 1992. Herpetologica 48:271–279; 
Rabosky et al. 2012. PLoS ONE 7(7):e40866. doi:10.1371/journal.
pone.0040866); nevertheless, data on T

p
 of xantusiids are incom-

plete (Kaufmann and Bennett 1989. Physiol. Zool. 62:1047–1058; 
Mautz et al. 1992, op. cit.). Both the preferred body temperature 
in laboratory and body temperature in natural populations have 
not yet been documented in X. extorris. Here, we describe field 
body temperature and thermal preference under laboratory 
conditions for this species.

During September and October 2013, we conducted field-
work in Municipal Ecological Reserve Sierra and Canyon of Ji-
mulco (25.1279°N, 103.2869°W, WGS84; 1640 m elev.), 50 km 
SE of Torreón, Coahuila, Mexico. Vegetation was dominated by 
Yucca sp. and Agave lechuguilla. The data presented are based 
on 20 adults (> 34 mm SVL) of X. extorris captured by hand. Ac-
tive body temperature (T

b
)

 
of each lizard captured was measured 

using a digital thermometer (Fluke™ model 51-II) with a ther-
mocouple inserted into the cloaca. All lizards were transferred 
to a laboratory thermal gradient to obtain T

p
 range. The thermal 

gradient consisted of a wooden shuttle box of 150 × 100 × 80 cm 
(length, width, and height) divided into ten tracks with insula-
tion barriers to prevent behavioral influence of adjacent lizards, 
and filled with 2 cm of sandy soil. The shuttle box was housed 
in a room with air conditioning at a constant temperature of 
20°C. One end of the thermal gradient was heated from below by 
Nu-Klear (Nu-Klear©, Auckland, New Zealand) thermostatically 
controlled electric heat pads while the opposite end was cooled 
using a chamber cooling (by the external side of the shuttle box) 
apparatus to generate a thermal gradient from 16 to 42°C (Hertz 
et al. 1993. Am. Nat. 142:796–818). The T

p
 of lizards were mea-

sured every hour from 1740 h and until 1130 h (activity period) 
using the same digital thermometer used in field. The 25% and 
75% quartiles of T

b
 (T

b25
 and T

b75
) and T

p
 (T

p25
 and T

p75
) ranges 

were calculated to obtain the lower and upper limit (Van Damme 
et al. 1990. Oikos 57:61–67; Hertz et al. 1993, op. cit.). After labora-
tory experiments, all lizards were released at their capture sites. 
We applied a nonparametric Mann-Whitney Rank Sum Test to 
analyze the differences between T

b 
and T

p
. 

There were statistically significant difference between T
b
 and 

T
p
 (U = 959.5, P = 0.01). Mean T

b 
was 30.2°C (SE = 0.49, range = 

24.3–33.2°C; N = 20). Interquartile of 25% and 75% was 29.4°C 
and 32.0°C, respectively. On the other hand mean of T

p 
was 

28.3°C (SE = 0.27, range = 18.6–35.4°C; N = 149). Interquartile of 
25% and 75% was 26.3°C and 30.7°C, respectively. 

These results are within the previously reported range of field 
body temperature for Xantusiidae (Sinervo et al. 2010, op. cit.), 
and suggest that X. extorris can be considered a eurythermic 
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species due to its wide range of T
b
 andT

p
. Future research should 

evaluate the thermal efficiency by monitoring mean thermal 
requirements and microhabitat temperatures across its distri-
bution for understanding effects of global warming on this geo-
graphically restricted lizard. 
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SQUAMATA — SNAKES

ACROCHORDUS ARAFURAE (Arafura File Snake). FORAGING 
/ PREY CORALLING BEHAVIOR. Aquatic feeding, including pi-
scivory, occurs in several snake families, and these snakes have 
predictably evolved adaptations to facilitate feeding on fish. 
Perhaps the most interesting of these is the “feint” behavior in 
Tentacled Snakes (Erpeton tentaculatus), whereby the snake 
lies in a “J-shape” and uses its body to startle a fish towards 
the snake’s rapidly approaching mouth (Catania 2009. Proc. 
Nat. Acad. Sci. USA 106:11183–11187). Below we describe how 
Acrochordus arafurae attempted to prey upon fish in northern 
Australia. 

At ~2230 h on 12 April 2014 two of us (GV and PM) discovered 
two individual A. arafurae in Coomallie Creek, a small perennial 
system ~70 km south of Darwin, Northern Territory, Australia 
(13.009798°S, 131.114325°E; WGS 84). The two snakes, which 
were both approximately 1 m long, were swimming slowly in the 
creek, which was about 0.3 m deep and clear. One of the snakes 
became stationary on the bottom (also at 0.3 m depth) and, its 
head held motionless, began to loop its body counterclockwise 
around two small (~8 cm) Rainbowfish (Melanotaenia sp.) that 
were also near the bottom. The snake closed the loop by bring-
ing its tail to the left side of its head, and then slowly “tightened” 
the loop, moving the fish closer to its head. The movement of 
the body towards the fish was sufficient to move them; they were 
not touched by the snake. When the fish were within ~5 cm of 
the snake’s head, the snake flicked its tongue, turned its head to-
wards the fish and struck at them. However, the fish eluded cap-
ture by swimming rapidly over the snake’s body and out of sight. 
The observation lasted no more than 20 sec.

Because this species feeds almost exclusively on fish (Hous-
ton and Shine 1993. J. Anim. Ecol. 62:737–749), our observation 
likely reflects a novel behavior specifically evolved for capturing 
fish. It is possible that the snake we observed, like the Tentacled 
Snake, also used feint behavior in its attempt to capture the fish 
(the feinting motion is subtle and can only be detected with 
high-speed film in the laboratory; Catania, op. cit.). Although 
specific behaviors for capturing fish have been observed in other 
snakes (e.g., Gillingham and Rush 1974. J. Herpetol. 8:384–385; 
Drummond 1983. Behaviour 86:1–30; Balent and Andreadis 
1998. J. Herpetol. 32:575–579; Bilcke et al 2006. Biol. J. Linn. 
Soc. 88:73–83), we can find no description of corralling behav-
ior in other aquatic snake species. Corralling behavior may have 
evolved within the acrochordids or within A. arafurae; however, 
it may occur in other aquatic snakes, considering the basal evo-
lutionary position of acrochordids to most other aquatic snakes 
(Colubroidea) (Lawson et al. 2005. Mol. Phylog. Evol. 37:581–601; 
Pyron et al. 2013. BMC Evol. Biol. 13:93). 

J. SEAN DOODY, Department of Ecology & Evolutionary Biology, Uni-
versity of Tennessee, 569 Dabney Hall, Knoxville, Tennessee 37996-1610, 
USA (e-mail: jseandoody@gmail.com); GARY VAS, 12/148 Smith Street, 
Darwin, Australia 0800, Northern Territory 0810, Australia (e-mail: gary.
vaz@hotmail.com); PHILL MANGION, 52 Kurrajong Crescent, Nightcliff, 
Northern Territory, Australia 0810 (e-mail: phillmangion@gmail.com).

AGKISTRODON PISCIVORUS (Cottonmouth). COLD TOLER-
ANCE. At 1250 h on 18 December 2014, I saw an Agkistrodon pi-
scivorus (total length ca. 50 cm) stretched out lengthwise on a 
levee, a suspected hibernaculum, at the Beech Ridge Unit of the 
Obion River Wildlife Management Area, Weakley Co., Tennessee, 
USA. Air temperature was 3.9°C with heavy cloud cover and an 
approximately 5–10 mph breeze. There had been sleet and rain 
earlier in the day. Since I did not handle the snake, I could not 
determine sex or make body measurements. I did not notice any 
abnormalities or injuries; the snake did not appear emaciated. 
According to Ernst and Ernst (2003. Snakes of the United States 
and Canada. Smithsonian Books, Washington D.C. 668 pp.), A. 
piscivorus displays cold tolerance and is active late in the year. I 
am not aware of any reports of A. piscivorus active on the surface 
at this temperature or colder.

STEVEN L. PITTS, Eastern New Mexico University, Portales, New Mex-
ico 88130, USA; e-mail: steven.pitts@enmu.edu.

ALSOPHIS PORTORICENSIS ANEGADAE (Puerto Rican Racer). 
DIET / CANNIBALISM. Snake cannibalism is a rare but well-
documented occurrence (e.g., Engeman et al. 1996. The Snake 
27:149–152; Göçmen et al. 2008. Curr. Herpetol. 27:1–7; Mociño-
Deloya et al. 2009. Anim. Behav. 77:145–150), and for some spe-
cies, the opportunistic capture and consumption of conspecif-
ics may represent an important and understudied component 
of the diet (Polis and Meyers 1985. J. Herpetol. 19:99–107). Al-
sophis portoricensis is thought to be a dietary generalist (Hen-
derson and Crother. 1989. In C. A. Woods (ed.), Biogeography of 

Fig. 1. Adult female Alsophis portoricensis juxtaposed against the re-
gurgitated juvenile to show size differentiation. 
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the West Indies: Past, Present, and Future, pp. 479–517. Sandhill 
Crane Press, Gainesville, Florida), but the breadth of its diet has 
received limited attention in the literature. A case of intraspecific 
predation was described by Perry and Powell (2008. Herpetol. 
Rev. 39:465) on Guana Island, British Virgin Islands, but as both 
A. portoricensis involved in that report were dead when discov-
ered, it is a possible case of carrion consumption. Here, we re-
port on a second case of cannibalism, also from Guana Island, in 
which the prey was definitely alive.

On 23 October 2014, at 1230 h, we captured an adult female A. 
portoricensis (SVL = 612 mm; Tail length = 256 mm; 61 g) within 
the Guana Island hotel complex (18.4793°N, 64.5781°W; WGS84). 
The snake had a small portion of still-moving tail sticking out of 
its mouth. Upon capture, the A. portoricensis regurgitated a juve-
nile of the same species (SVL = 181 mm; Tail length = 89 mm; 2 
g), appearing by size to be a just-hatched individual (Fig. 1). The 
ingested juvenile had some perforations from the adult’s teeth 
and initially did not move, but it was not bleeding and slowly 
recovered. Both snakes were released at the site of capture on 
the following day, with the juvenile still doing well. Observa-
tions of scavenging and cannibalism in A. portoricensis (Perry et 
al. 2007. Herpetol. Rev. 38:203; Perry and Powell 2008. Herpetol. 
Rev. 39:465) emphasize that these snakes have more diverse diets 
than sometimes assumed.

Support for this project was provided by the Falconwood Cor-
poration via The Conservation Agency and by Texas Tech Univer-
sity. Photograph provided by Krista Mougey. This is manuscript 
T-9-1271 of the College of Agricultural Sciences and Natural Re-
source Management, Texas Tech University.

KRISTA MOUGEY (e-mail: krista.mougey@gmail.com), and GAD PER-
RY (e-mail: gad.perry@ttu.edu), Department of Natural Resource Manage-
ment, Texas Tech University, Lubbock, Texas, USA.

AMPHIESMA STOLATA (Buff Striped Keelback). DIET / SCAV-
ENGING. Amphiesma stolata is known to feed on a variety of prey 
including frogs, insects, scorpions, fish and lizards (Das 2002. A 
Photographic Guide to Snakes and Other Reptiles of India. New 
Holland Publishers Ltd., UK. 144 pp.). Here we report a case of 
Amphiesma stolata preying upon a dead fish (Cyprinidae), at 
Amlamethi Ghaat, Sundarbans, (22.104056°N, 88.7071°E; datum: 
Indian Regional Navigation Satellite System [IRNSS]), West Ben-
gal, India. On 5 December 2014, at ca. 1100 h, we observed an 
A. stolata approaching a dead fish and thereafter starting to feed 
on it. The snake took approximately 10 min to completely swal-
low the fish headfirst. After this, the snake retreated into adjacent 
mangrove forest. 

AVRAJJAL GHOSH, Saltlake, Kolkata, West Bengal, India (e-mail: pitvi-
per18@gmail.com); ANIRBAN CHAUDHURI, Help Earth, Guwahati 781007, 
Assam, India (e-mail: abchaudhuri@gmail.com).

ANILIOS KIMBERLEYENSIS (Kimberly Blindsnake). DEFEN-
SIVE BEHAVIOR. Defenses used by snakes against potential 
predators include foul-tasting secretions, venoms, hardened 
scales or shells, large teeth, claws, and tails which may be used 
as a whip, in addition to camouflage and retreat or “run and 
hide” behaviors (Greene 1988. In Gans and Huey [eds.], Biology 
of the Reptilia, Vol. 16, Ecology B, pp. 1–152. Alan R. Liss Inc. New 
York). Although defense strategies are more prominent or vis-
ible in some species, other species appear to have little in the 
way of defense when at risk of capture or predation. The termi-
nal tail spine in some snakes has previously been identified as a 
morphological feature that may have an antipredator function, 
although the use and effectiveness of this defense strategy is un-
known (Davis 1948. Copeia 1948:208–211; Greene, op. cit.). For 
example, Davis (op. cit.) in reference to the use of the tail spine 
as a defense mechanism by Farancia abacura (Red-bellied Mud-
snake) stated “when handled would … stab ineffectively with the 
diminutive spine.” Greene (op. cit.) noted that this behavior was 
only known in a few species and suggested it was more wide-
spread in scolecophidians. Greene (op. cit.) noted “Typhlops 
thrash, discharge the cloaca, and press a captor with the tail 
spine.” Other than odiferous cloacal excretions no other defen-
sive strategies have been identified in Australian blindsnakes of 
the genus Anilios (Greer 1997. The Biology and Evolution of Aus-
tralian Snakes. Surrey Beatty & Sons, Chipping Norton, NSW. 358 
pp.). This note presents an observation of the use of the terminal 
tail spine as an apparent defense mechanism by the blindsnake 
Anilios kimberleyensis. Anilios kimberleyensis is a small, slender, 
species found in the Kimberley region of Western Australia and 
northwest Northern Territory. Similar to most other Anilios spe-
cies, A. kimberleyensis possesses a small (1–1.5 mm) conical ter-
minal tail spine.

In April 2012 an adult A. kimberleyensis was collected from 
underneath a sheet of tin at El Questro Wilderness Park in 
the Kimberley, Western Australia (16.008587°S, 127.977409°E; 
WGS84). During handling the snake struggled and both its an-
terior and posterior thirds moved erratically. The tail was slightly 
coiled and moved continuously back and forth with the terminal 
tip of the tail and regularly coming into contact with the upper 
surface of the collector’s hand. When the tail spine came into 
contact with the collector’s hand it could be distinguished from 
contact with the rest of the individual’s body; however, it did not 
pierce the skin or cause any pain. These movements continued 
for approximately 30 sec. The individual released a small quan-
tity of cloacal fluid with a faint foul-smelling odor when first 
handled; however, it did not appear as pungent as that produced 
by other species handled previously. The tail-pricking behavior 
was briefly observed again when the snake was subsequently ex-
amined. 

The use of the tail spine as a defense mechanism has not pre-
viously been identified for any Anilios species and it is unknown 
at what point it is used and how effective it is against preda-
tors. This behavior is likely to be more effective defense against 
smaller species where the tail spine is more likely to cause dis-
comfort or come into contact with a predator’s eye or other 
sensitive areas, particularly in combination with the odiferous 
cloacal excretions acting as a deterrent. The terminal tail spine 
is present on all Anilios species other than A. aspina, a species 

Fig. 1 Amphiesma stolata scavenging on a dead fish belonging to the 
family Cyprinidae. 
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that may have adapted alternative defense strategies. While our 
observation sheds further light on the behaviour and ecology of 
Australian blindsnakes, it also identifies knowledge gaps requir-
ing further study. 

RYAN ELLIS, Department of Terrestrial Zoology, Western Australian 
Museum, 49 Kew Street, Welshpool, Western Australia, Australia 6106 (e-
mail: ryan.ellis@museum.wa.gov.au); J. SEAN DOODY, Department of 
Ecology & Evolutionary Biology, University of Tennessee, 569 Dabney Hall, 
Knoxville, Tennessee 37996-1610, USA (e-mail: jseandoody@gmail.com); 
MIKE SWAN, Reptile Department, Healesville Sanctuary, Badger Creek 
Road, Healesville, Victoria, Australia 3777 (e-mail: mswan@zoo.org.au).

APOSTOLEPIS DIMIDIATA. REPRODUCTION. Apostolepis 
dimidiata is a small snake (to 630 mm SVL) found in Cerrado 
and Chaco areas from southeastern Brazil, eastern Paraguay, 
and northern Argentina (Lema 2001. Cuad. Herpetol. 15:29–43). 
It belongs to the tribe Elapomorphini, a monophyletic group 
containing nearly 48 species of poorly-known fossorial snakes 
widely distributed in South America (Uetz and Hošek [eds.], The 
Reptile Database, http://www.reptile-database.org; accessed 17 
March 2015). Herein, we present the first reproductive informa-
tion (reproductive mode, clutch size, egg size, and reproductive 
timing) for A. dimidiata.

At 1100 h on 13 December 2009, an adult female A. dimidiata 
(SVL = 319 mm; tail length = 31 mm; and mass = 4.1 g) was found 
emerging from the soil, after the passage of a bulldozer associ-
ated with construction of the Anhanguera Hydroelectric Dam 
(20.5011°S, 47.8647°W, WGS84; 547 m elev.), situated in the mu-
nicipality of São Joaquim da Barra, São Paulo state, southeastern 
Brazil. The animal died later that day, and during the necropsy 
we found it to contain two extremely elongated eggs (31.0 × 4.8 
mm and 31.8 × 5.3 mm), one in each oviduct (Fig. 1). Eggs were 
surrounded by an opaque, thick, and coriaceous eggshell, in-
dicating oviparity. Dissection of one egg revealed a developing 
embryo at stage 21 (Zehr 1962. Copeia 1962:322–329), within the 
range of stage at oviposition in most snakes (Blackburn 1995. J. 
Theor. Biol. 174:199–216), indicating that egg-laying was near to 
occur. Reproductive traits reported here (low clutch size, elon-
gated eggs, and timing of gravidity) are similar to other Elapo-
morphini (Braz et al. 2014. Herpetol. J. 24:49–57).

HENRIQUE B. BRAZ, Laboratory of Ecology and Evolution, Instituto 
Butantan, CEP 05503-900, São Paulo, Brazil (e-mail: h.braz@hotmail.com); 
CLAUDIA M. HEREDIAS-RIBAS, Wildlife Management Consultoria Veter-

inária Ltda, CEP: 06730-000, Vargem Grande Paulista, Brazil; RODRIGO DEL 
RIO DO VALLE, Wildlife Management Consultoria Veterinária Ltda, CEP: 
06730-000, Vargem Grande Paulista, Brazil; Institute of Health Sciences, 
Universidade Paulista, CEP: 04026-002, São Paulo, Brazil.

BOTHROPS DIPORUS (Southern Pitviper). DIET / OPHIOPHA-
GY. Ophiophagy has been reported for at least 10 species in the 
genus Bothrops (sensu lato) (Martins et al. 2002. In Schuett et al. 
[eds.], Biology of the Vipers, pp. 307–328. Eagle Mountain Publ., 
Eagle Mountain, Utah; Marques et al. 2004. Herpetol. Rev. 35:58; 
Duarte 2008. Herpetol. Rev. 31:45–46). Here we report for the first 
time a predation event by Bothrops diporus upon an adult Chi-
ronius maculoventris.

At 0235 h, on 24 February 2012, during fieldwork near the 
Paraguay River in “Estancia La Emilia” (25.94096°S, 57.89160°W; 
WGS84), northeast of Formosa Province, Argentina, we ob-
served a female B. diporus in the process of swallowing an adult 
C. maculoventris (Fig. 1A). The event took place on a dirt road 
that runs through mixed palm-tree savannah in the Wet Chaco 
eco-region. The racer had been taken head first and was approxi-
mately half swallowed at the time it was found. The head and 
anterior portion of the C. maculoventris were mutilated and ex-
hibited evident external damage and hemorrhaging, particularly 
in the heart region (Fig. 1 B). Both snakes were collected immedi-
ately but only the viper was properly measured (SVL = 73.9 cm), 
fixed, and deposited at the Universidad Nacional del Nordeste as 
a voucher specimen (UNNE JRG-197); the size of the racer was 
estimated (SVL ca. 91 cm) and the specimen later discarded due 
to the poor quality of the specimen. 

Chironius maculoventris is a terrestrial-arboreal, slender, 
relatively long snake, with largest specimens measuring about 

Fig. 1. Female Apostolepis dimidiata collected on 13 December 2009 
in São Joaquim da Barra (São Paulo, Brazil) containing two elongated 
oviductal eggs. The arrow indicates the orientation of the head.

Fig. 1. A) Bothrops diporus swallowing an adult Chironius maculo-
ventris. B) Predator and prey size comparison.
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1.8 m in total length. It is a forest dweller species but can also be 
found in adjacent open areas (Dixon et al. 1993, Revision of the 
Neotropical Snake Genus Chironius Fitzinger (Serpentes, Col-
ubridae), Monografie XIII, Museo Regionale di Scienze Naturali, 
Torino, Italy. 279 pp.). As with other vipers of the Bothrops new-
iedii complex, B. diporus are mainly forest dwellers and usually 
considered mammal specialists (Martins et al., op. cit.). We were 
not able to confirm whether this was a predatory event or a case 
of scavenging upon a road-killed specimen, but Bothops diporus 
is very common at this location and the road has almost no traffic 
at all. Thus, it seems plausible that this arboreal racer had been 
predated when crossing the road to move between forest patches.

We wish to acknowledge the personnel of Estancia La Emilia 
(MSU Río Porá SA) and to José Augusto Ruíz García from the Uni-
versidad Nacional del Nordeste for properly identifying and mea-
suring the snakes.

MARIANO M. BARROS (e-mail: barros.mariano@gmail.com), and TO-
MAS WALLER (e-mail: twaller@fibertel.com.ar), Fundación Biodiversidad-
Argentina, Suipacha 1311, 3th Floor, C1011AAC, Buenos Aires, Argentina.

BOTHROPS ERYTHROMELAS (Jararaca Dry). ENDOPARASITE. 
Snakes are parasitized by a wide variety of invertebrates (Silva et 
al. 2001. Rev. Bras. Par. Vet. 10:91–93). The endoparasite Cephalo-
baena tetrapoda (Heymones, 1922) is a species of Pentastomida 
that infects the respiratory tract of snakes (Almeida et al. 2007. 
Braz. J. Biol. 67:759–763; Almeida et al. 2008. Braz. J. Biol. 68:193–
197). Only four species of snakes have been recorded as hosts 
for these species of Pentastomida: Bothrops (Lachesis) alterna-
tus (Viperidae), Lygophis lineatus (Colubridae), Oxybelis aeneus 
(Colubridae), and Phylodrias nattereri (Colubridae) (Almeida et 
al. 2006. Braz. J. Biol. 66:559–564; Almeida et al. 2008, op. cit.). All 
of these species of snakes feed on small vertebrates, mainly liz-
ards and frogs (Mesquita et al. 2013. Pap. Avul. Zool. [São Paulo] 
53:99–113), which therefore should represent the intermediate 
hosts for C. tetrapoda (Almeida et al. 2006, op. cit.; Almeida et 
al. 2008, op. cit.). The genus Bothrops, belonging to the subfam-
ily Crotalinae, has a wide distribution in South America, occur-
ring from Mexico to Argentina (Valdujo et al. 2002. J. Herpetol. 
36:169–176). In November 2012 a male B. erythromelas (SVL = 362 
mm; Tail Length = 58 mm; 17 g) was captured on Sítio Pedra Preta 
– municipality of Farias Brito (39.533194°W, 06.783278°S, WGS84; 
309 m elev.), Ceará, northeastern Brazil. The specimen was eu-
thanized and deposited in Herpetological collection of Univer-
sidade Regional do Cariri (URCA H 4996). The respiratory tract 
of the snake was removed for analysis of parasites under a ste-
reoscopic microscope. A specimen of C. tetrapoda was identified. 
This represents the first record of B. erythromelas as definitive 
host for C. tetrapoda (collection among the Regional University 
of Cariri-URCA P 389). Cephalobaena tetrapoda causes lesions in 
the lung tissue (Almeida et al. 2008, op. cit.), obstruction in the 
trachea (Paré 2008. J. Exo Pisto Med. 17:285–294), reduced fertil-
ity, and increased mortality, and may act to control populations 
of infected snakes (Riley 1986. Adv. Parasitol. 25:45–128; Pence 
and Selcer 1988. Copeia 1988[3]:565–572). 

Scholarships were provided by CAPES (D. A. Teles and A. A. 
M. Teixeira), FUNCAP (J. A. Araujo-Filho), and CNPq (W. O. Al-
meida).

MONIQUE CELIÃO DE OLIVEIRA, Universidade Regional do Cariri-
URCA (e-mail: diegoateles@gmail.com); ADONIAS APHOENA MARTINS 
TEIXEIRA, DIÊGO ALVES TELES, and JOÃO ANTONIO DE ARAUJO FIL-
HO, Programa de Pós-Graduação em Bioprospecção Molecular, Universi-
dade Regional do Cariri-URCA; SAMUEL VIEIRA BRITO and WALTÉCIO DE 

OLIVEIRA ALMEIDA, Departamento de Química Biológica, Universidade 
Regional do Cariri-URCA, Rua Cel. Antonio Luiz, s/n, Bairro-Pimenta, CEP 
63105-000, Crato-CE, Brazil.

CROTALUS HORRIDUS (Timber Rattlesnake). COLORATION, 
PATTERN, EXOPHTHALMIA, AND ENOPHTHALMIA. On 24 July 
1885, an adult Crotalus horridus variously described as having 
skin “white as milk” and “white as paper” was discovered by John 
Sheridan near the rural hamlet of Ladow’s Mills, in the vicinity of 
Corydon, McKean Co., Pennsylvania, USA (Anonymous 1885. The 
New York Times, July 31). This represents the earliest known writ-
ten description of an abnormally colored C. horridus. The interest 
of the general public in such an animal is attested to by the fact 
that, within a week, an account of the discovery was published in 
one of the country’s largest metropolitan newspapers.

Since that time, 10–12 (two are likely the same specimen) 
C. horridus characterized as exhibiting some lack of pigmenta-
tion (albino, amelanistic, or xanthic) have been reported in the 
literature (Hensley 1959. Publ. Mus., Michigan State Univ. Biol. 
Ser. 1:133–159; Dyrkacz 1981. SSAR Herpetol. Circ. No. 11. 31 pp.; 
Hudson and Carl 1985. Herpetol. Rev. 16:28–29) and more recent-
ly on internet websites. Most of these specimens exhibited faint, 
but discernable, normal dorsal banding patterns and tended to 
have a yellow or tan skin coloration. Two of these snakes were also 
collected from Pennsylvania. E. Cheuvront and S. Harwig found a 
“xanthic” C. horridus with “brassy iris” in 1954 (Hensley, op. cit.; S. 
Harwig, pers. comm.). Although preserved for over 60 years, this 
specimen (CMNH, CM 34696) still shows the vestiges of a normal 
pattern (H. K. Reinert, pers. obs.). The second specimen, collect-
ed in 1962, exhibited a reduction in pigmentation, but retained 
a clearly discernable pattern, black tail, and normal colored iris 
(Grube 1963. Turtox News 41:70). 

On 28 May 2001, a male C. horridus with aberrant coloration 
was collected in western Pennsylvania. This snake was 34 cm (to-
tal length) with a single rattle segment (terminal button) indicat-
ing that it had been born the previous fall. The skin of the snake 
was slightly translucent and appeared light pink or white in col-
oration. The snake was patternless with the exception of two very 
small black spots on the dorsum (Fig. 1A). On 25 August 2002, in 
the same general vicinity, a litter of newborn C. horridus was ob-
served that included another anomalous individual along with 
6–7 normal patterned siblings. This snake, a 32 cm female, was 
also white or light pink with slightly translucent skin. It too was 
patternless with the exception of a small (<1 cm diameter) dark 
patch on the dorsum (Fig. 1B). 

At the time of capture, both snakes displayed bilateral exoph-
thalmia, white irises, abnormally large, round pupils that were 
non-responsive to light, and pink tongues (Fig. 2A, B). H. Bernard 
Bechtel examined photographs of the male snake and concluded 
that it displayed a form of leucism (H. B. Bechtel, pers. comm.) 
similar to that exhibited by Pantherophis obsoletus [Elaphe ob-
soleta lindheimeri] (Bechtel and Bechtel 1985. J. Hered. 76:7–11). 
Reportedly, several leucistic specimens of P. obsoletus also dis-
played exophthalmia (Bechtel and Bechtel, op. cit.).

Both rattlesnakes have been maintained in captivity. The 
male has grown to 106 cm and the female to 92 cm in total length. 
Over time, the skin of both snakes has become less translucent 
and whiter in appearance, likely due to thickening of the epider-
mis. The amount of skin pigmentation has also increased greatly 
in both snakes. However, no semblance of normal pattern has 
emerged. Instead, both snakes have become increasingly spotted 
with black, brown, orange, and pale yellow in a seemingly random 
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manner (Fig. 1C). It is unlikely that leucism correctly describes 
the anomaly displayed by these snakes because chromatophores 
typically do not develop in the epidermis of leucistic organisms 
(Bechtel 1995. Reptile and Amphibian Variants: Colors, Patterns, 
and Scales. Krieger Publishing, Malabar, Florida. 206 pp.). 

The eyes of the male did not continue to grow in proportion 
to the head and body. They remained small and have become en-
ophthalmic (Fig. 2C). The eyes of the female, however, have con-
tinued to grow and remain exophthalmic (Fig. 2D). Both snakes 

have severely impaired vision and do not appear to visually track 
movements. However, both are responsive to warm prey, strike 
accurately, and eat regularly. The male has become progressively 
less flexible and mobile. He moves laboriously, typically using rec-
tilinear locomotion and cannot balance on a snake stick. He also 
does not coil, but always lays out-stretched suggesting spinal an-
kylosis. He has not suffered any known spinal injury. The female, 
however, shows normal movement ability and regularly coils in 
resting and foraging postures typical for this species (Reinert et 
al. 2011. Copeia 2011:430–442).

The two snakes described in this report appear to be the first 
wild-caught C. horridus to exhibit such unique combinations of 
color, pattern, and ocular anomalies. Both were captured as neo-
nates, and considering that their births were separated by two 
years, it is possible that they have shared parentage (Martin 1993. 
J. Herpetol. 27:133–143). Although the male snake apparently 
overwintered successfully, their lack of both cryptic coloration 
and eyesight makes it unlikely that either snake would have sur-
vived long under natural conditions.

Both specimens are currently maintained at Clyde Peeling’s 
Reptiland, Allenwood, Pennsylvania. Gian Rocco, James Chest-
ney, Stephen Rogers (CMNH), and Steve Harwig provided field 
assistance and information. Robert T. Zappalorti photographed 
adult snakes. We thank Christopher Urban (Pennsylvania Fish 
and Boat Commission) for required collecting and holding per-
mits.

ALAN HOLLINGSWORTH and HOWARD K. REINERT, Department of 
Biology, The College of New Jersey, P.O. Box 7718, Ewing, New Jersey 08628-
0718, USA (e-mail: hreinert@tcnj.edu). 

CROTALUS OREGANUS (Northern Pacific Rattlesnake). SCAV-
ENGING. Scavenging of carrion has been documented in numer-
ous species of snakes (DeVault and Krochmal 2002. Herpetologica 
58:429–436) including pitvipers of the genus Crotalus (Dornburg 
and Weaver 2009. Northwest. Nat. 90:55–57). Dornburg and 
Weaver (op. cit.) observed a juvenile C. oreganus attempt to re-
move a road-killed Peromyscus maniculatus (Deer Mouse) from 
a road surface in Washington State, USA. Herein, we provide an 

Fig. 1. General appearance of the male Crotalus horridus when cap-
tured in 2001 (A), the female when captured in 2002 (B), and the fe-
male as an adult in 2014 (C).

Fig. 2. Exophthalmia in the male Crotalus horridus in 2001 (A) and 
the female in 2002 (B) when captured. Enophthalmia in the adult 
male (C) and exophthalmia in the adult female (D) in 2014. Rounded 
pupils, white irises, and pink tongue are also evident.
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additional observation of C. oreganus scavenging and consum-
ing road-killed prey.

At 1743 h on 21 August 2013, while driving along Panther 
Creek Road (38.507294°N, 120.358098°W; NAD 83) in Ama-
dor Co., California, USA, an adult C. oreganus (ca. 85 cm total 
length) was observed scavenging a dead Tamias quadrimacula-
tus (Long-eared Chipmunk) (Fig. 1). Following our initial obser-
vation, the rattlesnake retreated off the road into the vegetated 
shoulder, with the chipmunk in its mouth and always faced us 
during this movement. Once in the vegetated shoulder, the rat-
tlesnake began swallowing the chipmunk head-first and we de-
parted after it was approximately 75% consumed. The chipmunk 
appeared flattened and crushed and was covered with approxi-
mately 15–20 yellowjacket wasps (Vespula sp.), suggesting that 
it died from being crushed by a car, rather than from envenom-
ation by a rattlesnake. 

We thank Harry W. Greene who encouraged us to publish this 
observation and reviewed this note.

KEVIN D. WISEMAN, Garcia and Associates, 2601 Mission Street, Suite 
600, San Francisco, California 94110, USA (e-mail: kwiseman@garciaandas-
sociates.com); Department of Herpetology, California Academy of Sciences, 
55 Music Concourse Drive, Golden Gate Park, San Francisco, California 94118, 
USA; BEN J. KRYZER, 715 Chapel Lane, Tahoe City, California 96145, USA.

CROTALUS WILLARDI (Ridge-nosed Rattlesnake). PREGNAN-
CY / MATERNAL CARE / MALE ACTIVITY. The phenomenon of 
post-partum maternal care has been described in North Ameri-
can pitvipers, which includes rattlesnakes (Greene et al. 2002. 
In Schuett et al. [eds.], Biology of the Vipers, pp. 179–206, Eagle 
Mountain Publishing, Eagle Mountain, Utah; Hoss and Clark 
2014. Ethology 120:933–941). Here, we describe several cases of 
pregnancy and maternal care in Crotalus willardi from Arizona 
at a single location on a single day. Additionally, we report on 
male activity associated with pregnant and post-partum females.

On 10 August 2008, at 0950 h, two of us (BPO, BTL) arrived at 
a small hillside (1646 m elev.) in the Patagonia Mountains (Arizo-
na, Santa Cruz Co., USA; 31.416°N, 110.733°W, Conus 27). Weath-
er conditions were mild (26°C) and the sky was partly cloudy. 
The ground was damp and there appeared to have been recent 
rainfall. At 1010 h, a large, pregnant C. willardi (female-1) was 
observed basking along the edge of dense bunch grass. At 1025 
h, about 30 m from the first female, a second pregnant C. willardi 
(female-2) was observed retreating into loose rock which formed 
a gradual slope. At 1040 h, about 15 m downhill from first two 
females, a single exposed (coiled) adult male C. willardi (male-1) 
was observed. At 1105 h, a third female C. willardi (female-3) was 

located on the hillside that was post-partum and was with six 
neonates. Since no other female was with her, we assumed that 
the neonates associated with female-3 were her genetic progeny 
(see Parker et al. 2013. Herpetol. Rev. 43:658–659). The offspring 
were in close contact with female-3; when we approached, she 
retreated deeper into the rock shelter and all the neonates fol-
lowed her (Fig. 1A). Most of the neonates had “blue” eyes, indi-
cating they had not yet undergone their first shed (Greene et al., 
op. cit.). A fourth female (female-4) C. willardi was located about 
8 m from female-3 and also appeared to be pregnant. She quickly 
retreated into rocks when approached. 

Fig. 1. An adult Crotalus oreganus consuming a Tamias quadrimacu-
latus (Long-eared Chipmunk) as carrion in Amador Co., California, 
USA.

Fig. 1. Maternal care and male behavior of Crotalus willardi. (A) 
Neonates of female-3. Female-3 was present beneath neonates. (B) 
Male-2 (yellow arrow) that was found in close association with fe-
male-2. Note distended body of female, which is indicative of preg-
nancy. (C) Neonates positioned on top of female-3.
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At 1200 h, we returned to check on females 1 and 2, and both 
were found at their original locations. However, a young, adult 
male C. willardi (male-2) was located coiled next to female-2 
(Fig. 1B). The male performed some light courtship acts (head-
jerking, tongue-flicking) on female-2. At 1323 h, female-3 and 
her neonates had shifted toward the surface beneath a palm-
sized rock; most of the neonates were coiled on top of female 
(Fig. 1C).

On several occasions, Greene et al. (op. cit., p. 190) found 
femae C. willardi with their litters in the Huachuca Mountains. 
Tanner (1985. Great Basin Nat. 45:615–676) reported a female C. 
w. silus with a litter from western Chihuahua, Mexico. Our obser-
vations of male C. willardi occurring with or nearby pregnant or 
post-partum females are intriguing. This type of male behavior 
has been witnessed by us (BPO, BTL) on several other occasions 
in this species and under similar conditions. Male “visitation 
behavior” (of pregnant and postpartum female) has been docu-
mented in other rattlesnake species (see Holycross and Fawcett 
2002. Amer. Midl. Nat. 148:181–184). Genotyping studies are 
planned for C. willardi to better interpret the social behavior of 
males visiting both pregnant and post-partum females with neo-
nates. 

Ryan Sawby kindly prepared the figure. 
BRENDAN P. O’CONNOR, Chiricahua Desert Museum, P.O. Box 376, Ro-

deo, New Mexico 88056, USA (e-mail: droconnor82@gmail.com); GORDON 
W. SCHUETT, Chiricahua Desert Museum, P.O. Box 376, Rodeo, New Mexico 
88056, USA; The Copperhead Institute, P.O. Box 6755, Spartanburg, South 
Carolina 29304, USA; Department of Biology and Neuroscience Institute, 
Georgia State University, Atlanta, Georgia 30303, USA (e-mail: gwschuett@
yahoo.com); BRANDON T. LAFOREST, 3708 East Winchcomb Drive, Phoe-
nix Arizona 85032, USA.

DRYMARCHON COUPERI (Eastern Indigo Snake). HISTORI-
CAL RELATIVE ABUNDANCE. Drymarchon couperi is one of 
North America’s largest native snake species and has the largest 
reported home range size of any native snake on the continent 
(Breininger et al. 2011. J. Herpetol. 45:484–490). Drymarchon cou-
peri uses a diverse array of natural and human-altered upland 
and wetland habitats that varies seasonally, by sex, and by body 
size (Breininger et al., op. cit.). Drymarchon couperi is diurnal and 
is known to consume at least 47 species, individually dominated 
in descending order by snakes, anurans, rodents, and turtles or 
their eggs (Stevenson et al. 2010. Southeast. Nat. 9:1–18). As large, 
wide-ranging, terrestrial apex predators that must feed often to 
meet energy requirements (Stevenson et al. 2010, op. cit.), D. cou-
peri may substantially affect the composition and abundance of 
its prey base, particularly other snake species (Steen et al. 2014. 
Herpetologica 70:69–76). Here I report that in the mid-1970s D. 
couperi was the most commonly encountered snake species at 
two coastal sites in Lower Tampa Bay, Florida, USA.

As an environmental consultant, I and others surveyed am-
phibians and reptiles (diurnal visual encounter surveys, turn-
ing surface objects, etc.) and small mammals (live traps) at least 
monthly (April 1974 through March 1975) at two proposed elec-
tric power plant sites owned by Tampa Electric Company. The 
two sites (Big Bend: 27.7938°N, 82.3990°W, WGS 84; Beacon Key: 
27.6654°N, 82.5171°W) were each about 607 ha and located 18.4 
km apart. Habitats were similar, consisting of coastal strand and 
mangroves along Lower Tampa Bay, and transitioning inland 
into salt pans and black rush marshes, hardwood hammocks, 
flatwoods, oldfields, and active vegetable fields intermixed with 
drainage ditches, freshwater marshes, and small ponds. U.S. Hwy 

41 bordered both sites on the east and neither contained any 
internal paved roads. Gopher Tortoises (Gopherus polyphemus) 
were present, but uncommon, at both locations. 

During the study a total of 18 snakes of 10 species were col-
lected: 6 D. couperi, 3 Coluber constrictor, 2 Crotalus adamanteus, 
2 Nerodia fasciata, and 1 specimen each of Lampropeltis elapsoi-
des, Pantherophis alleghaniensis, P. guttatus, Thamnophis sau-
ritus, and Diadophis punctatus. The six D. couperi were 1.03 m, 
1.40 m, 1.94 m, 1.98 m, 2.00 m, and 2.11 m in total length, and 
included three of each sex. Months of capture were November 
(1), December (2), January (1), and June (2). One snake contained 
a Sigmodon hispidus (Cotton Rat), the most commonly trapped 
small mammal. Drymarchon couperi were observed in coastal 
strand, hardwood hammock, flatwoods, oldfield, and on a dirt 
road between cucumber fields, suggesting wide use of available 
habitats. 

Although the sample sizes are small, to my knowledge this is 
the first reported example of the seemingly numerical dominance 
of D. couperi in a snake faunal assemblage. In 50+ years of snake 
hunting in Florida, I have no comparable data. However, during 
this same historic time period, Paul Moler (pers. comm.) received 
several reports that D. couperi were exceedingly common along 
canal banks in citrus groves near Ft. Pierce, St. Lucie Co., Flori-
da, and Terry Whitaker (pers. comm.) captured more D. couperi 
than any other snake species along canal banks in sugar cane 
fields near Pahokee, Palm Beach Co., Florida. It is possible that 
D. couperi only reached such high abundance in human-altered 
habitats, or that their large body size and active diurnal hunting 
behavior makes them the most detectable snake in such habitats. 
Given the potentially significant predatory effects of D. couperi, 
these findings have implications for evaluating prey populations 
in the current, fragmented range of indigo snakes and for the re-
introduction of this species into Alabama and North Florida. 

J. STEVE GODLEY, Cardno, 3905 Crescent Park Drive, Riverview, Flori-
da 33578, USA; e-mail: steve.godley@cardno.com. 

DRYMOBIUS MARGARITIFERUS (Speckled Racer). DIET. The 
diet of Drymobius margaritiferus is known to consist of anurans 
and their eggs, lizards, reptile eggs, and small mammals (Pérez-
Higareda 2007. Serpientes de la Región de los Tuxtlas, Veracruz, 
México. Guía de Identificación Ilustrada. UNAM, México. 189 
pp.; García 1994. Guía de Campo de los Reptiles y Anfibios de la 
Costa de Jalisco, México. Fun. Ecol. de Cui. AC, IBUNAM, México. 
184 pp.), but few anurans have been identified to species. Here 
we report the first account of a D. margaritiferus consuming 

Fig. 1. Two Craugastor occidentalis recently preyed upon by a Drymo-
bius margaritiferus; all of them road-killed shortly thereafter.
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Craugastor occidentalis (Taylor’s Barking Frog) from the munici-
pality of Cuauhtemoc, Colima, Mexico.

On 16 June 2014, a D. margaritiferus was found dead on the 
Cuauhtemoc–Buenavista freeway in the municipality of Cu-
auhtemoc, Colima, Mexico (19.291019°N, 103.594888°W, WGS84; 
elev. 794 m). The snake was still moving and most likely had been 
hit by a car. Two dead C. occidentalis were found right next to the 
exposed stomach of the snake (Fig. 1). The frogs had different 
degrees of digestion but they were still complete enough to be 
identified. The freeway where the snake was found is surrounded 
by patches of tropical deciduous forest and sugar cane and rice 
fields. 

JESÚS MAURICIO RODRÍGUEZ-CANSECO (e-mail: jmrc2603@ho-
tmail.com), KRYSTAL LUCÍA GONZÁLEZ-ESTUPIÑÁN, ERIKA SUGEY 
GARCÍA-MATA, JOSÉ VILLARREAL-MÉNDEZ, Centro Universitario de 
Ciencias Biológicas y Agropecuarias, Universidad de Guadalajara, Zapopan, 
Jalisco, 45110, México; ANDREA BOMBELA CRUZ, Universidad Veracru-
zana, Xalapa, Veracruz, 91090, México. 

ERYX JACULUS (Javelin Sand Boa). REPRODUCTION. Eryx 
jaculus is widely distributed and is known from eastern Europe, 
Greece, Turkey, Transcaucasia, the Middle East and Africa north 
of the Sahara (McDiarmid et al. 1999. Snake Species of the World, 
A Taxonomic and Geographic Reference. Vol. 1, The Herpetolo-
gists’ League, Washington, D.C. 511 pp.). It is ovoviviparous (Disi 
et al. 2001. Amphibians and Reptiles of the Hashemite Kingdom 
of Jordan, An Atlas and Field Guide. Edition Chimaira, Frankfurt 
am Main, Germany. 408 pp.). There is variation in reports of num-
ber of young produced, however, several authors have published 
a range of 6–20 (Disi et al., op. cit.; Sorenson 1988. Bull. Chicago 
Herpetol. Soc. 23:21–25; Szczerbak 2003. Guide to the Reptiles of 
the Eastern Palearctic. Krieger Publishing Co., Malabar, Florida. 
260 pp.). Bar and Haimovitch (2011. A Field Guide to Reptiles and 
Amphibians of Israel. Herzilya, Israel. 245 pp.) reported E. jaculus 
parturition occurred in October and November in Israel. In this 
note I report on a histological examination of E. jaculus gonads 
from Israel in order to ascertain the timing of events of the repro-
ductive cycle. 

 A sample of 29 Eryx jaculus collected in Israel consisting of 
7 adult males (mean SVL = 427.1 mm ± 82.7 SD, range = 350-603 
mm); 13 adult females (mean SVL = 550.5 mm ± 47.6 SD, range = 
493-639 mm); 9 sub-adult females (mean SVL = 436.4 mm ± 35.9 
SD, range = 370-473 mm) and deposited in the Natural History 
Collections of Tel Aviv University (TAUM), Tel Aviv, Israel, was ex-
amined. Specimens examined by region were: HaSharon (TAUM 
6, 1179, 1675, 2272, 2886, 4069, 8274, 8660, 16761), Jordan Valley 
(TAUM 4515), Karmel Ridge (TAUM 8), Northern Coastal Plain 
(TAUM 8661), Northern Negev (TAUM 1414, 1714, 3092, 4532, 
9390), Southern Coastal Plain (TAUM 4, 3887, 4573, 4967, 5194, 
5937, 16761), Upper Galil (TAUM 14306), Yizreel Valley (TAUM 3, 
5, 7, 9). The left testis or ovary was removed, embedded in par-
affin and cut into sections of 5 µm. Enlarged ovarian follicles (> 
5 mm) were counted. Histology slides were stained with Harris 
hematoxylin followed by eosin counterstain and were deposited 
in TAUM.

Three stages were present in the monthly testicular cycle (Ta-
ble 1): 1) regression, the germinal epithelium in the seminiferous 
tubules is reduced to a few layers, consisting of spermatogonia 
and Sertoli cells; 2) recrudescence, there is a proliferation of germ 
cells for the next period of spermiogenesis. Primary spermato-
cytes predominate, occasional secondary spermatocytes were 
noted; 3) spermiogenesis, the lumina of the seminiferous tubules 

are lined by sperm or metamorphosing spermatids. The period 
of sperm production occurred in spring-summer (Table 1). This 
supports the time of mating in the literature for E. jaculus: May 
(Arakelyan et al. 2007. Herpetofauna of Armenia and Nagorno-
Karabakh. SSAR, Ithaca, New York. 149 pp.; Valakos et al. 2008. 
The Amphibians and Reptiles of Greece. Edition Chimaira, Frank-
furt am Main, Germany. 463 pp.) or summer (Schleich et al. 1996. 
Amphibians and Reptiles of North Africa, Biology, Systematics, 
Field Guide. Koeltz Scientific Publishers, Koenigstein, Germany. 
630 pp.). The smallest mature male (spermiogenesis) measured 
350 mm SVL (TAUM 2272) and was collected in June. 

Two stages were present in the monthly ovarian cycle (Table 
2): 1) quiescent, no yolk deposition; 2) enlarged ovarian follicles 
(> 5 mm). Litters (N = 3) were 6, 9, 10 which to my knowledge, are 
the first E. jaculus litter sizes reported from Israel. The smallest re-
productively active female (TAUM 3887) measured 511 mm and 
was collected in January. One slightly smaller female, SVL = 493 
mm (TAUM 1414) was arbitrarily considered to be an adult. Fe-
male E. jaculus from May and September with enlarged ovarian 
follicles (Table 2) supports reports in the literature that young are 
born in summer (Sorenson, op. cit.; Lafti 1992. The Snakes of Iran. 
SSAR, Oxford, Ohio. 159 pp; Stojanov et al. 2011. Die Amphibien 
und Reptilien Bulgariens, Edition Chimaira, Frankfurt am Main, 
Germany. 588 pp.; Schleich, op. cit.) or autumn (Bar and Haimov-
itch, op. cit.). The presence of four reproductively inactive females 
of adult size (Table 2), suggests that not every E. jaculus female 
produces young each year. One January female with enlarged fol-
licles (Table 2) suggests it may take as long as six months for an E. 
jaculus female to produce young.

 I thank Shai Meiri (TAUM) for permission to examine E. 
jaculus, Erza Maza for facilitating the loan, and the National Col-
lections of Natural History at Tel Aviv University for providing E. 
jaculus for this study.

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

Table 1. Stages in the monthly testicular cycle of 7 adult male Eryx 
jaculus from Israel.

Month N Regressed Recrudescent Spermiogenesis

February 1 0 1 0

April 1 0 1 0

June 2 0 0 2

July 2 0 0 2

September 1 1 0 0

Table 2. Stages in the monthly ovarian cycle of 13 adult female Eryx 
jaculus from Israel. *Follicles were squashed and could not be reli-
ably counted.

Month N Quiescent Enlarged follicles 
   > 5 mm

January 3 2 1

March 2 2 0

May 2 0 2

July 2 2 0

September 1 0 1*

November 1 1 0

December 2 2 0
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EUTRACHELOPHIS BASSLERI. COLORATION AND PHOTO-
GRAPHS IN LIFE. Eutrachelophis basssleri is a recently described 
species of a new genus belonging to the family Dipsadidae. Cur-
rently, Eutrachelophis contains three species—E. bassleri, E. stein-
bachi, and an undescribed species—known from the lowland 
rainforest in western Amazonia (Myers and McDowell 2014. Bull. 
Am. Mus. Nat. Hist. 385:1–112). Color in life of E. bassleri is only 
known from field notes (Dixon and Soini 1977. The Reptiles of the 
Upper Amazon Basin, Iquitos Region, Peru II. Crocodilians, Tur-
tles and Snakes. Milwaukee Public Museum, Wisconsin. 154 pp.) 
that were used in Myers and McDowell (op. cit). Here, we publish 
the first color photograph of a living specimen, an adult male de-
posited in the herpetological collection of Centro de Ornitología 
y Biodiversidad (CORBIDI 09224) from the Chambirillo check 
point at Cordillera Azul National Park (7.069139°S, 76.015333°W, 
WGS 84; elev. 1122 m), Picota Province, San Martín Department, 
Peru, collected on 6 May 2011 by P. J. Venegas. 

As can be observed in the photographs (Fig. 1), the specimen 
has a head that is brown dorsally, rostral scale pale brown, loreal 
region brown, and labial scales white. A triangular postocular 
white marking forming a ventrolateral stripe connected with 
the lateral side of neck collar and nape bearing two conspicuous 
white ocellar markings. Dorsal surface of neck dark brown, from 
posterior edge of parietals to a thin incomplete white neck collar; 

first quarter of the body dark green changing to brown up to the 
tail; dorsolateral lines of dark spots, conspicuous on first quar-
ter of the body becoming vague and disappearing at the tail; and 
pale dorsolateral flecks from midbody to the tail. Ventral surfaces 
white becoming yellow from first third of the body to the tail. Iris 
dark brown with coppery brown coloration on upper region.

This snake was found and photographed thanks to the Servi-
cio Nacional de Áreas Naturales Protegidas por el Estado (SER-
NANP). We are especially grateful to the rangers P. Saldaña and C. 
Savedra of SERNANP for their logistic support and company in 
the field. Fieldwork was supported by a grant from the Mohamed 
bin Zayed Species Conservation Fund (project number 0925417).

LOURDES Y. ECHEVARRÍA (e-mail: lourdese.20@gmail.com), and PAB-
LO J. VENEGAS (e-mail: sancarranca@yahoo.es), División de Herpetología-
Centro de Ornitología y Biodiversidad (CORBIDI), Santa Rita No. 105 Of. 202, 
Urb. Huertos de San Antonio, Surco, Lima, Perú; and Museo de Zoología, 
Escuela de Ciencias Biológicas, Pontificia Universidad Católica del Ecuador, 
Avenida 12 de Octubre 1076 y Roca, Apartado 17-01-2184, Quito, Ecuador.

FARANCIA ABACURA (Red-bellied Mudsnake). FEEDING BE-
HAVIOR. Farancia abacura are semi-aquatic colubrid snakes 
found in the southeastern United States (Ernst and Ernst 2003. 
Snakes of the United States and Canada. Smithsonian Books, 
Washington D.C. 668 pp.). Although their diet can consist of frogs 
and salamanders, F. abacura are typically thought to specialize 
on elongate aquatic salamanders, Amphiuma and Siren (Guidry 
1953. Herpetologica 9:49–56; Gibbons and Semlitsch 1991. Guide 
to the Reptiles and Amphibians of the Savannah River Site. Uni-
versity of Georgia Press, Athens, Georgia. 131 pp.). Consequently, 
a feeding event may involve subduing and swallowing prey items 
that can equal or exceed the snake’s body length. Because a prey 
item equal to the total length of the snake will be approximately 
50% longer than the distance from the snake’s snout to the end of 
its stomach (Jackson et al. 2004. Zoology 107:191–200), relatively 
long prey pose challenges to ingestion and prey storage during 
digestion. Here we report two observations of feeding behavior 
that shed light on mechanisms by which F. abacura may over-
come these challenges.

On the 15 March 2008 at approximately 1330 h, two F. abacura 
were found struggling with an Amphiuma tridactylum (Three-
toed Amphiuma) at the surface of a large ephemeral pool (ca. 0.5 
m deep) at Lake Martin, St. Martin Parish, Louisiana, USA. One 
snake was biting the amphiuma by the snout while the other 
snake was biting the tail. While attempting to move the snakes 
and amphiuma to higher ground for observation, the snake at 
the tail end of the amphiuma released its hold and escaped. The 
other snake continued to feed and the event was observed for ap-
proximately 2 h in the field before the snake was collected and 
returned to the lab. The primary mode of prey ingestion appeared 
to be pterygoid walks with conspicuous lateral movements of the 
snake’s head. Some concertina-like compression and extension 
of the snake’s vertebral column was also observed. When inges-
tion of the prey item was nearly complete, the Mud Snake regur-
gitated a significant portion of the meal and immediately began 
consuming it again. We presume this was to “adjust” the prey, 
rather than a response to disturbance.

Following the feeding event, the snake (SVL = 675 mm; head 
width = 14.5 mm) was measured and size of the A. tridactylum 
(total length = 494 mm; diameter = 26.2 mm) was estimated from 
photographs, yielding an estimated body length ratio of 73% and 
an ingestion ratio of 180.4% (Greene 1983. Am. Zool. 23:431–441; 
Jackson et al., op. cit.). The following day the snake was x-rayed 

Fig. 1. Dorsolateral and ventral views of Eutrachelophis bassleri 
(CORBIDI 09924), collected at Cordillera Azul National Park, Peru.
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to examine the orientation of the prey item by Dr. Duane Griggs, 
DVM, at the Bertrand Drive Animal Hospital in Lafayette, Loui-
siana. The vertebral column of the amphiuma was compressed 
into both lateral and horizontal waves with a small hairpin curve 
in the cervical region (Fig. 1). 

On 10 July 2014 at approximately 1000 h, an F. abacura (fe-
male; SVL = 775 mm; mass = 160.13 g) was captured in a plastic 
minnow trap set in a floodplain wetland on the U.S. Department 
of Energy’s Savannah River Site, Barnwell Co., South Carolina, 
USA. At the time of capture, the snake was in the process of 
swallowing an Amphiuma means (Two-toed Amphiuma; SVL = 
270 mm; mass = 37.27 g) tail-first. As the F. abacura continued 
swallowing the A. means past mid-body, the salamander at-
tempted to bite in defense, but within minutes was completely 
consumed. Following consumption, the snake was removed 
from the trap and returned to the laboratory. Approximately 2 h 
later the snake was processed, which included forcing regurgi-
tation of the prey item. However, regurgitation revealed two sur-
prising results: 1) the A. means was still alive, active, and in good 
body condition; 2) the position of the salamander was now ori-
ented head-first within the snake (i.e., the tail was regurgitated 
first). Evidently, the position of the A. means had completely re-
versed within the snake’s stomach following consumption. It is 
unclear whether the A. means independently changed positions 
within the snake’s stomach or if it was actively manipulated by 
the F. abacura in order to conserve space or facilitate digestion. 
Nonetheless, folding and compressions of the vertebral column 
may alleviate some constraints on consuming such long slender 
prey.

NICHOLAS E. HAERTLE, Department of Biology, University of Loui-
siana at Lafayette, Lafayette, Louisiana 70503, USA (e-mail: nicholas.haer-
tle@gbcnv.edu); PAUL M. HAMPTON, Department of Biology, Colorado 
Mesa University, Grand Junction, Colorado, USA; PHILLIP N. VOGRINC 
(e-mail: pnvogrin@email.uark.edu), and JOHN D. WILLSON, Department 
of Biological Sciences, University of Arkansas, Fayetteville, Arkansas, USA.

FARANCIA ABACURA ABACURA (Red-bellied Mudsnake). RE-
PRODUCTION / COURTSHIP. Due to the secretive nature of 
snakes in the genus Farancia, reproductive behavior is rarely ob-
served in the wild and courtship behavior has not been reported 
(Ernst and Ernst 2003. Snakes of the Unites States and Canada. 

Smithsonian Press, Washington, D.C. 668 pp.). On 15 June 2013, 
at 1420 h, I discovered a pair of Farancia a. abacura ~2 m off of 
the New Holland Trail at Mattamuskeet National Wildlife Refuge, 
Hyde Co., North Carolina, USA. The pair was found in a dry sec-
tion of Bald Cypress forest approximately 80 m from the marsh 
edge which still contained water. The pair included a large, thick-
bodied individual that I assumed to be female and a smaller in-
dividual I assumed to be male based on their behavior (Fig. 1A). 
The male was biting the female mid-body and twisting himself 
upside down in what appeared to be an attempt to reposition 
her. He slowly repeated this behavior for ~30 min (with brief 
pauses and repositioning of himself), biting the posterior por-
tion of the female’s body. He used his biting strategy very gen-
tly and she made no to attempt to leave the area. They slowly 
moved around cypress knees and eventually retreated into a pile 
of leaves and dried Bald Cypress foliage out of sight. Full cop-
ulation was not observed; the female did not appear receptive 
during my observation of the courtship. The male had ~10 small 
bulging growths on his tail and just anterior to the vent, which 
could have impeded his ability to copulate (Fig. 1B). 

LANCE PADEN, 8203 Jessup Court, Greensboro, North Carolina 27455, 
USA; e-mail: lance.paden89@gmail.com.

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). PRE-
DATION. On 21 September 2014, in Carvers Creek State Park (ca. 
1.6 km NE Manchester, Cumberland Co., North Carolina, USA; 
35.204170°N, 78.975688°W, WGS84), a partially-eaten juvenile 
Heterodon platirhinos was found pinned on a barbed wire fence, 
presumably by a Loggerhead Shrike (Lanius ludovicianus). The 
actual predation was not observed, but shrikes are well known 
for pinning prey in such fashion, and the site was known to be 
within a shrike’s territory; one was observed frequenting the 

Fig. 1. X-ray of consumed Amphiuma tridactylum within the gut of 
the captured Farancia abacura. Note the vertebral waves of the prey 
item and the hairpin curve near the cervical region.

Fig. 1. Courtship of Farancia abacura in North Carolina, USA. A) 
Male biting the female mid-body and twisting to the point that he 
was upside-down. B) Unidentified bulges that were present on the 
male, just anterior to the vent.
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immediate area before and after the snake was found. Logger-
head Shrikes are known to prey on small snakes of several spe-
cies (Clark 2011. Son. Herpetol. 24:20–22). Previously document-
ed avian predators of H. platirhinos include various hawks, owls, 
and crows (Ernst and Ernst 2003. Snakes of the United States and 
Canada. Smithsonian Books, Washington, DC. 668 pp.). To our 
knowledge, this represents the first published report of preda-
tion on H. platirhinos by a shrike.

JANE W. CONOLLY, Carvers Creek State Park, 2505 Long Valley Road, 
Spring Lake, North Carolina 28390, USA (e-mail: jane.conolly@ncparks.
gov); JEFFREY C. BEANE, North Carolina State Museum of Natural Sci-
ences, Research Laboratory, MSC #1626, Raleigh, North Carolina 27699-
1626, USA (e-mail: jeff.beane@naturalsciences.org); J. EDWARD COREY 
III, North Carolina Division of Parks and Recreation, Yorkshire Center, Office 
305, 12700 Bayleaf Church Road, Raleigh, North Carolina 27614-9633, USA 
(e-mail: ed.corey@ncparks.gov).

LAMPROPELTIS EXTENUATA (Short-tailed Kingsnake). DE-
FENSIVE BEHAVIOR. Lampropeltis extenuata is a state-threat-
ened species endemic to Florida, USA, that inhabits xeric up-
land habitats from Columbia Co. south to Highlands Co. When 
first encountered in the wild, a L. extenuata will often cock its 
head sharply upwards with its dark chin facing the observer and 
then twitch it rapidly from side to side (Fig. 1). Sporadic head 
twitching can last for several minutes, and it can be elicited again 
when the snake detects movement by the observer. Woolfenden 
(1962. Copeia 1962:648–649) mentioned that an excited captive 
L. extenuata would occasionally hold its head vertically and jerk 
it repeatedly to the side. He speculated that this behavior was 
related to its fossorial habits, because L. extenuata burrows into 
sand by pressing its nose to the substrate and moving its head up 
and down. However, burrowing and head-jerking motions dif-
fer in their speed and orientation. We believe these rapid lateral 
head movements mimic those of the Sistrurus miliarius barbouri 
(Dusky Pygmy Rattlesnake), which L. extenuata resembles in col-
oration and pattern, although it is much more slender and has 
a small head approximately the same diameter as its body. We 
have frequently observed disturbed S. miliarius twitching their 
upward-angled heads, although we could find no mention of 
this behavior in the literature. We have also observed this head-
twitching defensive behavior in wild-caught L. calligaster oc-
cipitolineata (South Florida Mole Kingsnakes), another Florida 
endemic taxon that resembles a robust L. extenuata.

In 2013–2014, we found 10 juvenile and adult L. extenu-
ata on sand roads during the daytime in April, May, October, 

November, and December in Hernando (N = 9) and Marion (N 
= 1) counties. Eight of these snakes remained motionless and 
exhibited head twitching when approached. An adult male 
(SVL = 450 mm, total length = 495 mm, 8.2 g) that GC observed 
being attacked by a Corvus ossifragus (Fish Crow) on 30 April 
2014 at 0945 h in Hernando Co. (28.6247°N, 82.5060°W; WGS 
84) crawled rapidly away after the vehicle flushed the bird. Al-
though this snake did not twitch its head initially, it did so once 
it stopped fleeing.

Lampropeltis extenuata exhibits other defensive behaviors. 
The lateral head-twitching behavior is sometimes accompa-
nied by spasmodic tail waggling and curling that resembles the 
caudal luring performed primarily by juvenile S. miliarius (Ra-
batsky and Waterman 2005. Herpetologica 61:87–91). Sistrurus 
miliarius seldom rattles defensively; its diminutive rattle is rela-
tively ineffective as a warning signal because it is readily shed 
and produces barely audible rattling sounds when intact (Rowe 
et al. 2002. In Schuett et al. [eds.], Biology of the Pit Vipers, pp. 
385–404. Eagle Mountain Publishing, Eagle Mountain, Utah). 
The defensive tail movements of L. extenuata do not resemble 
the rapid, continuous tail vibrations of many nonvenomous 
snake species that are thought to deflect attention of a predator 
away from the more vulnerable head (Greene 1988. In Gans and 
Huey [eds.], Biology of the Reptilia, Vol. 16, Ecology B, pp. 1–151. 
Alan R. Liss, New York). An excited L. extenuata often strikes re-
peatedly, typically with a closed mouth and a short hiss. These 
rapid strikes are delivered while the anterior portion of the body 
is S-shaped, and the posterior portion is partially coiled like a 
spring or stretched out in a series of tight S-curves. The anterior 
half of the body often leaves the ground during these lunging 
strikes. Preparatory to striking, a L. extenuata may rapidly bob 
its head vertically instead of laterally. After a period of time in 
captivity, these defensive behaviors were seldom observed in L. 
extenuata, except for occasional head twitching when startled or 
being posed for photographs.

The Florida Fish and Wildlife Conservation Commission 
granted permission to collect information on wild and captive 
L. extenuata. 

KEVIN M. ENGE, Florida Fish and Wildlife Conservation Commis-
sion, 1105 SW Williston Road, Gainesville, Florida 32601, USA (e-mail: 
kevin.enge@myfwc.com); GARRETT CRAFT, 15402 Plantation Oaks Drive, 
Apartment 8, Tampa, Florida 33647, USA; JORDAN T. SCHMITT, 5165 S.W. 
13th Street, Apartment #331A, Gainesville, Florida 32607, USA; GLENN L. 
BARTOLOTTI, 14001 Middleton Way, Tampa, Florida 33624, USA.

Fig. 1. Juvenile Heterodon platirhinos pinned on barbed wire by Log-
gerhead Shrike (Lanius ludovicianus), Cumberland Co., North Caro-
lina, USA.

Fig. 1. Adult male Lampropeltis extenuata from Hernando Co., Flori-
da, exhibiting defensive behavior characterized by a sharply cocked 
head that is rapidly twitched laterally.
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LAMPROPELTIS POLYZONA (Milksnake). PREDATION. It is 
well known that numerous birds prey on snakes. Buteo jamai-
censis (Red-tailed Hawks) are known to be generalists, preying 
on a variety of small and medium mammals, some birds and 
reptiles; Accipiter cooperi (Cooper’s Hawks) however, prey pri-
marily on birds; Buteo plagiatus (Gray Hawks) prey on lizards, 
insects and small rodents (Dunn and Alderfer [eds.] 2011. Field 
Guide to the Birds of North America, 6th ed. National Geographic 
Society, Washington, DC. 576 pp.). Here, we report an account of 
predation on Lampropeltis polyzona involving these three raptor 
species in the municipality of Xalisco, Nayarit, Mexico.

On 27 February 2014, a juvenile L. polyzona was observed 
being taken from the ground by an A. cooperi in the locality 
of El Pantanal in the municipality of Xalisco, Nayarit, Mexico 
(21.417950°N, 104.826449°W, WGS84; elev. 922 m). As the Coo-
per’s Hawk flew with its prey, a B. plagiatus knocked the snake 
back down to the ground. A few seconds later, a B. jamaicensis 
swooped down to the ground, picked up the dead snake, and 
flew off with the prey. The area surrounding the road was tropi-
cal secondary vegetation and sugar cane fields.

JESÚS MAURICIO RODRÍGUEZ-CANSECO (e-mail: jmrc2603@ho-
tmail.com), KRYSTAL LUCÍA GONZÁLEZ-ESTUPIÑÁN, JOSÉ VILLAR-
REAL-MÉNDEZ, LETICIA ONTIVEROS ESQUEDA, Centro Universitario 
de Ciencias Biológicas y Agropecuarias, Universidad de Guadalajara, Za-
popan, Jalisco, 45110, México; ANDREA BOMBELA CRUZ, Universidad 
Veracruzana, Xalapa, Veracruz, 91090, México. 

LEPTODEIRA ANNULATA (Banded Cat-eyed Snake). DIET. 
Leptodeira annulata is a medium-sized (total length to 600 
mm), arboreal, and nocturnal species (Vitt 1996. Herpetol. Nat. 
Hist. 4:69–76; Ávila and Morais 2007. Herpetol. Rev. 38:278–280), 
with a wide distribution from Mexico to eastern South America 
(Duellman 1958. Bull. Am. Mus. Nat. Hist. 5:114–152; Rodrigues 
2003. In Leal et al. [eds.], Ecologia e Conservacao da Caatinge, 
pp. 181–236. Ecologia e Conservação da Caatinga, Editora 
Universitária, Universidade Federal de Pernambuco, Recife, 
Brazil). The diet is composed mainly of anurans especially 
those in the families Bufonidae, Hylidae, Leptodactylidae, and 
Microhylidae (Vitt, op. cit.; Cantor and Pizzatto 2008. Herpetol. 
Rev. 39:462–463). On 29 October 2010, at 2100 h, in Fortuna II farm 
(9.820056°S, 58.460722°W, WGS 69; elev. 225 m), municipality of 
Cotriguaçu, state of Mato Grosso, Brazil, we observed an adult 
L. annulata amidst leaf litter ingesting an adult Leptodactylus 
mystaceus (Fig. 1). The frog was caught headfirst, and ingestion 

took 10 min. Anurans are important prey for a wide variety of 
vertebrate and invertebrate predators (Toledo et al. 2007. J. Zool. 
271:170–177; Oliveira et al. 2013. Herpetol. Notes 6:299–300). 
Several species of amphibians have been reported as prey of 
L. annulata (Mesquita et al. 2013. Pap. Avul. Zool. 53:99–113; 
Nascimento et al. 2013. Herpetol. Bras. 2:20–22; Santos-Silva et al. 
2014. Herpetol. Notes 7:123–126). Due to their wide distribution 
and abundance, Leptodactylus spp. may represent a significant 
prey resource for snakes. 

We are grateful to Conselho Nacional de Desenvolvimento 
Cientifico e Tecnológico (CNPq) ) for providing a fellowship 
to AFSN, to Fundação Cearense de Apoio to Desenvolvimento 
Científico e Tecnológico – FUNCAP for are search fellowship to 
RWA (process BPI-0067-000060100/12) and Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior – CAPES for mas-
ter fellowship to MCS.

ALDENIR FERREIRA DA SILVA NETA (e-mail: aldenirferreira_@hot-
mail.com), MARCIANA CLAUDIO DA SILVA, and ROBSON WALDEMAR 
ÁVILA, Universidade Regional do Cariri - URCA, Centro de Ciências Bi-
ológicas e da Saúde, Departamento de Ciências Biológicas, Coleção Her-
petologica, Campus do Pimenta, Rua Cel. Antonio Luiz, 1161, Bairro do 
Pimenta, CEP 63105-100, Crato, Ceará, Brazil; Programa de Pós-Graduação 
em Bioprospecção Molecular, Departamento de Ciências Físicas e Biológi-
cas, Laboratório de Herpetologia, Universidade Regional do Cariri (URCA).

NINIA HUDSONI (Hudson’s Coffee Snake). MAXIMUM SIZE. 
Ninia hudsoni is a small, leaf litter-inhabiting snake found in 
the Amazon basin of Ecuador, Peru, and Guyana (Valencia et al. 
2009. Herpetozoa 21:190–192). The largest specimen of N. hudso-
ni previously known was 419 mm total length and was collected 
in Ecuador (Valencia et al., op. cit.). On 7 July 2013, I collected a 
female N. hudsoni (Fig. 1) that measured 427 mm total length 
(SVL = 338 mm; tail length = 89 mm; 21 g). The specimen was 
found in a pile of wooden boards at approximately 1030 h CST in 
lower montane secondary forest at Wildsumaco Wildlife Sanctu-
ary in eastern Napo Province, Ecuador (0.68745°S, 77.60076°W, 
WGS84; elev. 1427 m). The specimen (QCAZ 11991) was de-
posited in the Museo de Zoologia of the Pontificia Universidad 
Catolica del Ecuador in Quito. 

I am especially grateful to my Ecuadorian collaborators San-
tiago Ron and Omar Torres for aid during all aspects of the work. 
James Olson, Bonnie Olson, and Jonas Nilsson generously al-
lowed access to the Wildsumaco property. 

Fig 1. An adult Leptodeira annulata preying upon Leptodactylus mys-
taceus, state of Mato Grosso, Brazil.

Fig. 1. Dorsal view of an extremely large Ninia hudsoni (QCAZ 11991) 
from Napo Province, Ecuador. 
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JEFFREY D. CAMPER, Department of Biology, Francis Marion Univer-
sity, Florence, South Carolina 29506, USA; e-mail: jcamper@fmarion.edu.

OPHEODRYS VERNALIS (Smooth Greensnake). NEST SITE 
SELECTION. Opheodrys vernalis is a poorly known colubrid 
with a patchy, largely boreal distribution in the United States 
(Ernst and Ernst 2003. Snakes of the United States and Cana-
da. Smithsonian Press, Washington, D.C. 668 pp.). This snake 
is considered primarily terrestrial, showing little inclination to 
climb (Conant and Collins 1998. A Field Guide to Reptiles and 
Amphibians of Eastern and Central North America. 3rd ed., ex-
panded. Houghton Mifflin Co., Boston, Massachusetts. 616 pp.). 
Reported nest sites have been limited to terrestrial habitats, 
such as rotting logs (Cook 1964. Herpetologica 20:206), sandy 
soils (Fowler 1966. Herpetologica 22:231), grassy fields (Sexton 
and Claypool 1978. J. Nat. Hist. 12:365–370), and garbage bags 
(Lawson 1983. Herpetol. Rev. 14:20). Here we report an arboreal 
oviposition site for O. vernalis.

At 920 h on 27 May 2013, in the northwestern part of the 
Powdermill Nature Reserve, Westmoreland Co., Rector, Pennsyl-
vania, USA (40.163707°N, 79.267080°W, WGS84; elev. 460 m), we 
captured a gravid female O. vernalis (SVL = 35 cm; tail length = 
14.5 cm; 6 oviductal eggs) on a tree, emerging from a crevice of 
decaying bark, 1.5 m above the ground (Fig. 1). At 1020 h on 4 
June 2013 the female was recaptured at the same location. Upon 
recapture, the female was no longer gravid and a clutch of eggs 
was observed inside the opening in the tree. During release of 
this individual, a second gravid female O. vernalis (SVL = 35.5 
cm; tail length = 14 cm; 8 oviductal eggs) was detected in the 
same crevice of the tree. Neither female was recaptured during 
subsequent surveys at the site. Yet, a larger assemblage of eggs 
(> 6) was observed in the tree crevice after the second female 
was released, likely indicating communal nesting. To avoid dis-
ruption of natural embryonic development, the eggs in the tree 
were not counted or moved.

Communal nesting is common in Opheodrys spp. (Graves 
and Duvall 1995. Herpetol. Monogr. 9:102–119). However, ovipo-
sition sites differ between species and likely reflect the arboreal 
or terrestrial lifestyles of O. aestivus (Rough Green Snake) and O. 
vernalis, respectively. Nest sites of O. aestivus have been char-
acterized as narrow vertical slits in tree interiors as a result of 
rotting (Plummer 1990. Herpetologica 46:190–195). The arboreal 

nesting behavior and nest sites of O. aestivus described by Plum-
mer (op. cit.) are analogous to our observations of O. vernalis. To 
the best of our knowledge this report represents the first record 
of an arboreal nest site for O. vernalis.

We thank the staff of the Powdermill Nature Reserve (PNR) 
and the Carnegie Museum of Natural History, especially the Di-
rector of PNR, John W. Wenzel.

DANIEL F. HUGHES, Ecology and Evolutionary Biology, University of 
Texas at El Paso, 500 West University Avenue, El Paso, Texas 79968, USA (e-
mail: dfhughes@miners.utep.edu); JACLYN M. ADAMS, 350 North Festival 
Drive, El Paso, Texas 79912, USA.

PTYAS NIGROMARGINATA (Green Ratsnake). DIET. Despite the 
wide geographic range of Ptyas nigromarginata and its attention 
in systematics research (Vogel and Hauser 2013. Asian Herpetol. 
Res. 4:166–181), very little was known about its natural history. 
The known diet of P. nigromarginata includes only rodents and 
anurans (Zhao et al. 1998. Fauna Sinica Reptilia Squamata Ser-
pentes. Science Press, Beijing. 522 pp.). 

At 1339 h on 3 July 2013, an adult P. nigromarginata was ob-
served and photographed swallowing an adult female Japalura 
yunnanensis (Yunnan Mountain Lizard) along a country road 
near Zhiziluo Village of Fugong County, Nujiang Lisu Autono-
mous Prefecture, western Yunnan Province, PR China (Fig. 1). 
The snake fled with the prey in its mouth shortly after the im-
age was taken. This record adds lizards to the natural diet of P. 
nigromarginata. 

LINZHUANG BAI, Hunan Pinhushan National Nature Reserve, 
Changde, Hunan, PR China (e-mail: 766321406@qq.com); KAI WANG, 
School of Biological Sciences, Washington State University, Pullman, Wash-
ington, USA. 

SISTRURUS CATENATUS (Massasauga). DIET. On 20 June 2014 
we found a road-killed sub-adult (mass = 22.7 g) female Sistrurus 
catenatus on a sandy access road in Kalkaska Co, Grayling, Mich-
igan, USA. During necropsy, a damselfly (suborder Zygoptera) 
nymph was discovered in the snake’s stomach (T. Cooley, pers. 
comm.). Given the range of taxa reported as S. catenatus prey 
items, it is apparent that this species is a fairly indiscriminate 
predator (Ernst and Ernst 2003. Snakes of the United States and 
Canada. Smithsonian Books, Washington, DC. 668 pp.). To our 
knowledge, this is the first instance any damselfly species has 
been recorded as part of the diet for S. catenatus. The damselfly 
was the only item in the snake’s gut, so it is not likely the result 
of secondary ingestion. As damselfly nymphs are fully aquatic, 

Fig. 1. Gravid female Opheodrys vernalis, exhibiting arboreal behav-
ior leading to a previously undocumented nest site for the species, 
Westmoreland Co., Rector, Pennsylvania, USA.

Fig 1. Adult Ptyas nigromarginata swallowing an adult female Japal-
ura yunnanensis in Fugong County, western Yunnan, PR China.
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it is especially interesting that a S. catenatus, a terrestrial snake, 
consumed one. However, this species is known to swim and con-
sume other aquatic prey (Ernst and Ernst, op. cit.). 

We thank the Michigan Department of Military and Veter-
ans Affairs, the Michigan Society of Herpetologists, and the Fort 
Wayne Children’s Zoo for project funding, and Thomas Cooley 
and collaborators at the Michigan DNR Wildlife Disease Labora-
tory for necropsy assistance. All research was conducted under 
a Scientific Collector’s permit from the Michigan Department of 
Natural Resources and an approved Purdue Animal Care and Use 
Committee protocol.

MICHAEL J. RAVESI (e-mail: ravemj01@ipfw.edu), MICHAEL J. FOR-
ZLEY, SASHA J. TETZLAFF, and BRUCE A. KINGSBURY, Department of 
Biology, Indiana University-Purdue University Fort Wayne, 2101 East Coli-
seum Boulevard, Fort Wayne, Indiana 46805, USA; JENNA M. PARKER, De-
partment of Fish, Wildlife, and Conservation Biology, Colorado State Uni-
versity, 1474 Campus Delivery, Fort Collins, Colorado 80523, USA. 

SISTRURUS CATENATUS (Massasauga). OVERWINTERING 
SITE. On 12 April 2014 in Kalkaska Co., Grayling, Michigan, USA, 
we observed an adult Sistrurus catenatus overwintering inside a 
PVC pipe (pipe length = 152.0 cm, diameter = 5.0 cm). The pipe 
extended vertically over a meter into the ground, was open on 
top and the lip protruded 3.0 cm from the ground surface. It had 
been placed near a known hibernaculum several years ago to 
allow monitoring of water table depth (Smith 2009. MS Thesis, 
Purdue Univ., Fort Wayne. 61 pp.). The S. catenatus was mostly 
submerged in groundwater, which was 19.0 cm below the open-
ing of the pipe (Fig. 1). When approached, the snake retreated 
under the water. While this individual appeared to be alone, it 
was ca. 3 m from a natural burrow where we observed at least 
three S. catenatus and two Thamnophis sirtalis sirtalis (Eastern 
Gartersnakes) communally overwintering. No telemetered S. 
catenatus had yet emerged from overwintering, and thus it was 
unlikely that the snake in the tube had moved there recently. 
When we returned to the location on 26 April 2014, the S. cat-
enatus was no longer in the pipe, suggesting it had successfully 
emerged. 

Although several snake species have been previously record-
ed overwintering in anthropogenic structures (Shoemaker et al. 
2009. In Mullin and Seigel [eds.], Snakes: Ecology and Conser-
vation, pp. 221–243. Cornell University Press, New York), this is 
the first time a S. catenatus has been recorded overwintering in 
a PVC pipe. Considering that artificial overwintering site con-
struction may have utility as a conservation strategy, further 

research employing PVC pipes in a more systematic manner is 
warranted. 

We thank Kristin Tetzlaff for field assistance and photographs. 
Funding was provided by the Michigan Department of Military 
and Veterans Affairs, the Michigan Society of Herpetologists, and 
the Fort Wayne Children’s Zoo. All research was conducted under 
a Scientific Collector’s permit from the Michigan Department of 
Natural Resources and an approved Purdue Animal Care and Use 
Committee protocol. 

MICHAEL J. RAVESI (e-mail: ravemj01@ipfw.edu), SASHA J. TET-
ZLAFF, and BRUCE A. KINGSBURY, Department of Biology, Indiana 
University-Purdue University Fort Wayne, 2101 E. Coliseum Boulevard, Fort 
Wayne, Indiana 46805, USA. 

SISTRURUS MILIARIUS BARBOURI (Dusky Pygmy Rattle-
snake). ALBINISM. On 30 June 2014, two amelanistic and three 
normal phenotype Sistrurus miliarius barbouri neonates were 
observed in a screened-in enclosure behind a building in Lee Co., 
Florida, USA (Fig. 1). The mother had been observed in the area 
for a couple of months and was present with her offspring, which 
had apparently already undergone postnatal ecdysis. On 1 July, a 
third amelanistic neonate was observed (Fig. 1). The background 
color of the amelanistic neonates was pale pink, and the dorsal 
blotches were a pale yellowish orange separated by reddish or-
ange pigment. The snakes were photographed in situ and not 
disturbed. The equal sex ratio of amelanistic and normal-colored 
neonates in the litter suggests that the father was amelanistic. 
Albinism has not been reported in Sistrurus, but an amelanistic 
adult was captured south of Tampa, Pinellas Co., Florida, in 2013 
and died in captivity (Paul Moody, pers. comm.).

KEVIN M. ENGE, Florida Fish and Wildlife Conservation Commission, 
1105 SW Williston Road, Gainesville, Florida 32601, USA (e-mail: kevin.
enge@myfwc.com); KATHLEEN SMITH, Florida Fish and Wildlife Conser-
vation Commission, 23998 Corkscrew Road, Estero, Florida 33928, USA (e-
mail: kathleen.smith@myfwc.com).

TANTILLA SUPRACINCTA (Banded Centipede Snake). RE-
PRODUCTION. Tantilla supracincta is known from Nicaragua 
to central Panama, south to western Ecuador (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.). Other than being oviparous, the re-
productive cycle of T. supracincta is unknown (Solórzano 2004. 
Snakes of Costa Rica, Distribution, Taxonomy and Natural His-
tory. Instituto Nacional de Biodiversidad, Santo Domingo de He-
redia, Costa Rica. 791 pp.). The purpose of this note is to present 
the first reproductive data for T. supracincta. 

Fig. 1. A Sistrurus catenatus overwintering inside a PVC pipe in 
Kalkaska Co., Michigan, USA. 

Fig. 1. Three amelanistic Sistrurus miliarius barbouri neonates ob-
served in Lee Co., Florida, USA.
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Two female T. supracincta from Costa Rica were examined 
from the herpetology collection of the Natural History Mu-
seum of Los Angeles County (LACM), Los Angeles, California, 
USA. One oviductal egg was found in LACM 154396 (SVL = 282 
mm) collected November 1974 at the vicinity of Palmar Norte 
(8.96666°N, 83.46666° W, WGS 84), Puntarenas Province. The 
right ovary of LACM 154398 (SVL = 252 mm) collected June 1964 
at Silencio (10.16500°N, 84.47194°W, WGS 84), Guanacaste Prov-
ince was removed for histological examination. Histological sec-
tions were cut at 5 µm and stained with hematoxylin followed 
by eosin counterstain. Microscopic examination revealed it had 
commenced yolk deposition as evidenced by basophilic gran-
ules in the ooplasm. The histology slide was deposited in LACM. 
One is the first reported clutch size for T. supracincta. 

I thank G. Pauly (LACM) for permission to examine T. supra-
cincta.

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

THAMNOPHIS PROXIMUS (Western Ribbonsnake). REPRO-
DUCTION. Thamnophis proximus ranges from Wisconsin, In-
diana, and the Mississippi Valley to Colorado and New Mexico, 
southward through eastern Mexico to central Costa Rica (Ross-
man 1970. Cat. Amer. Amphib. Rept. 98.1–98.3). The repro-
duction of T. proximus has been well-studied in North Amer-
ica (Tinkle 1957. Ecology 38:69–77; Clark 1974. Herpetologica 
30:372–379) however information on reproduction of this spe-
cies in Central America is limited. Neill 1962. (Quart. J. Florida 
Acad. Sci. 25:234–253) reported a litter of six for T. proximus (as 
T. sauritis rutiloris) born in July in Belize. In this note I report two 
litter sizes for T. proximus from Nicaragua. 

Five female T. proximus from Nicaragua were examined from 
the herpetology collection of the Natural History Museum of 
Los Angeles County, Los Angeles, California, USA: LACM 21036 
(Región Autónoma del Atlántico Norte); 38082 (Managua De-
partment); 38084, 38085 (Jinotega Department); 38089 (Rivas 
Department). Two females were reproductively active: LACM 
21036, collected February 1962 (SVL = 382 mm) contained six 
enlarging follicles (> 7 mm); LACM 38089, collected November 
1966 (SVL = 407 mm) contained eight developing embryos. Ernst 
and Ernst (2003. Snakes of the United States and Canada. Smith-
sonian Books, Washington, D.C. 668 pp.) reported parturition in 
T. proximus occurred from late June to early October, with most 
neonates born from July to early September. The presence of T. 
proximus female reproductive activity in February and Novem-
ber suggests an extended reproductive cycle in Nicaragua in 
comparison to North America (Tinkle, op. cit.; Clark, op. cit.). 

I thank G. Pauly (LACM) for permission to examine T. proxi-
mus.

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

THAMNOPHIS SAURITUS SACKENII (Peninsula Ribbonsnake). 
DEFENSIVE BEHAVIOR / DEATH FEIGNING. Death-feigning 
behavior (thanatosis) is best known in Hog-nosed Snakes (Het-
erodon spp.) but has been reported in other snake genera (Gehl-
bach 1970. Herpetologica 26:24–34). On 3 February 2015, an 
adult female Thamnophis sauritus sackenii (SVL = 438 mm) was 
found on a sidewalk in Gainesville, Alachua Co., Florida, USA. 
When picked up, the snake thrashed vigorously with its mouth 
open. Approximately 30 sec after being restrained, the snake 
ceased moving, becoming stiff and unresponsive in a contorted 

position (Fig. 1). Snakes feigning death typically gape and may 
extrude their tongues; their limp bodies may be partially or to-
tally supine (inverted) (Gehlbach, op. cit.). Death feigning by the 
T. sauritus was unusual in that its mouth remained closed and its 
body exhibited total rigor when experimentally placed in various 
positions for ca. 5 min before being placed in a cloth bag. The 
T. sauritus behaved normally when examined 1 h later. During 
two weeks in captivity, it would thrash with its mouth open when 
grasped firmly but failed to feign death when I tried replicating 
the initial capture events. I could find only one report of tonic 
immobility in Thamnophis. When released after handling, some 
T. elegans (Terrestrial Gartersnakes), particularly gravid females, 
remained immobile, sometimes on their backs, for up to 10 min 
(Gregory and Gregory 2006. J. Comp. Psychol. 120:262–268). 
Natrix natrix (Grass Snake) is also in the subfamily Natricinae, 
and 66% of wild-caught specimens feigned death, with the most 
dramatic cases involving voluntary supination and/or lack of 
muscle tone (Gregory et al. 2007. J. Comp. Psychol. 121:123–129).

KEVIN M. ENGE, Florida Fish and Wildlife Conservation Commission, 
1105 SW Williston Road, Gainesville, Florida 32601, USA; e-mail: kevin.
enge@myfwc.com.

Fig. 1. Death feigning by an adult female Thamnophis sauritus sack-
enii that kept its mouth closed and its body rigid for at least 5 min.

ADDENDUM—In a recent natural history note concerning the 

interaction of Hydrophis platura (Yellow-bellied Seasnake) with 

Bottlenose Dolphins (Durso et al. 2015. Herpetol. Rev. 46:104), 

we overlooked an earlier report of similar behavior involving the 

same two species (Ineich and Loyer 1998. Bulletin de la Société 

des Études Océaniennes 276:86). We thank Ivan Ineich for bring-

ing this earlier publication to our attention.

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.
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During the last two decades the known Thai herpetofauna 
has much increased due to new species descriptions and to ad-
ditions of species recorded from neighboring countries, and spe-
cies are still regularly added today (Kunya et al. 2015; Pauwels et 
al. 2015; Sumontha et al. 2015). The Thai reptile list is also still 
going through important taxonomic changes (see the most re-
cent change by David et al. 2015). Under these circumstances, 
one might wonder if this was the best time to produce a field 
guide. On the other hand, existing guides on the Thai herpeto-
fauna are really outdated or incomplete (David et al. 2004; Pau-
wels and David 2005, 2011), and an easily accessible update on 
the current status of knowledge on the reptiles of Thailand would 
certainly be good support for further research and conservation 
management. 

This courageous task of compilation has been jointly at-
tempted by three authors. Tanya Chan-ard has dedicated his 
whole career to the study of the reptiles and amphibians of Thai-
land, and his field knowledge on these faunas is unrivalled. John 
Parr is a conservationist with experience in Southeast Asia but is 
not a herpetologist, hence his participation in such a challenging 
enterprise is a surprise. Jarujin Nabhitabhata was one of the lead-
ers in herpetological research in Thailand, but he tragically died 
during minor surgery in 2008 (Chan-ard et al. 2009), i.e., seven 
years before the guide under discussion here was published. 

The guide’s size makes it easy to bring in the field, with good 
quality binding and paper. It is divided into six main parts: an 
unnamed section (pp. i–xxix) including a glossary and a key to 
the major groups of Thai reptiles; an introduction (pp. 1–17) con-
taining a history of herpetology in Thailand; a half-page section 

on physiography; very general sections on habitats (without 
figures), zoogeography, and conservation; species accounts 
(pp. 18–298); a selected bibliography (pp. 299–306); an index of 
scientific names and an index of common names. The authors 
included keys to genera for most families, and keys to species 
within each multiple-species genus.

The glossary does not include a number of terms that are 
used in the identification keys (alveolar rim, amphicoelian, cor-
nified, entoplastron, pentadactyl, pores, precentral scute, ptery-
goideum, etc.). Some of the glossary’s definitions are erroneous 
or misleading (for example “anal plate” is defined as the “termi-
nal ventral scale or scute” while the drawing on page xxix men-
tions that the last ventral precedes the anal; “scansorial” is de-
fined as “both arboreal and terrestrial;” “superciliary” is defined 
as “small scale bordering orbit”). No methodology is provided to 
explain how to count supralabials, infralabials, lizard midbody 
scales, etc. There is no distinction made between snake preven-
trals and ventrals (see drawing p. xxviii). The way shown to mea-
sure the plastron length (p. xxv) is erroneous.

The section on the history of herpetology in Thailand is a ma-
jor disappointment. The guide being co-authored by two Thai 
herpetologists, one would have hoped to find much information 
on the contributions by their compatriots. However, after long 
paragraphs dedicated to the biography of foreign herpetologists, 
including only information already available in the literature, the 
single thing said about Thai herpetologists is “currently, there are 
about 20 Thai nationals with a keen interest in herpetology sup-
ported by a network of more than 100 experts in particular field 
of hepetological [sic] taxonomy”! Not a single word about pio-
neers such as the late Wirot Nutphand who wrote the first Thai 
reptile guides and described several taxa including the iconic 
Chitra chitra, Kumthorn Thirakhupt who trained a large part of 
the current generation of Thai herpetologists, Lawan Chanhome 
who made significant progress in the study of Thai snake ven-
oms and husbandry, Piboon Jintakune who initiated an impor-
tant snake reference collection at the Thai Red Cross, Yodchaiy 
Chuaynkern or Montri Sumontha, to mention a few. There is not 
even a mention of the fact that Jarujin died in 2008!

The habitats and zoogeography sections of the introduction 
are very general and make a single reference to reptiles (“turtle”) 
but refer five times to mammals; its seems like these sections 
have been just copied and pasted from a general guide on Thai 
mammals. The map showing the Thai provinces is outdated, and 
Bueng Kan Province, cited in the guide, won’t be found on the 
map.

Within the families, the order of genera seems more or less 
random, as does the order of species within genera, making it 
very impractical to find a given taxon. The text for the family 
Typhlopidae has been placed by mistake in the Sauria section. 
The introduction to Agamidae tells us that this family includes 
the genus Takydromus!

BOOK REVIEWSBOOK REVIEWS
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The key to the major groups of Thai reptiles states that in liz-
ards “the tail is equal to or longer than snout-vent length (unless 
regenerated);” this obviously does not always apply, for example, 
to Dibamus and some Isopachys. The keys to trionychid and 
skink genera are largely based on osteological characters, inap-
propriate for a field guide. The key to genera of the Geoemydidae 
lacks an entry to couplet 4, and the key is partly based on osteo-
logical characters. The key to the genus Malayemys erroneously 
states that the front of the upper jaw of M. subtrijuga has three 
vertical lines, while it actually has three pairs of vertical lines. 
The key to the lizard families erroneously states that all legless 
skinks have an ear-opening and implies that Anguidae do not. 
The keys to trionychid genera, agamid genera (Acanthosaura, 
Calotes, Draco, Pseudocalotes), gekkonid genera (Cnemaspis, 
Cyrtodactylus, Dixonius, Ptychozoon), skink genera (Eutropis, 
Isopachys, Scincella, Sphenomorphus), Dibamus, Boiga, Oligo-
don, Crotalidae, Disteira, homalopsid genera, Asthenodipsas, 
etc., contain numerous mistakes regarding character variation, 
with considerable discrepancies between variation given in the 
species accounts, variation given in the keys, and characters vis-
ible on the drawings. One of many examples is that the character 
“no gular fold or pouch” leads to Aphaniotis in the key to aga-
mid genera, but the species account for A. fuscus mentions “the 
gular pouch is black.” The first choice in the agamid genera key 
is between “body depressed” and “body compressed”—the first 
leads, after some additional steps, to Leiolepis, while the account 
for that genus states “members of this genus have a compressed 
body,” in complete contradiction with the key. The last point of 
the key for Bronchocela leads to B. cristellata, the last point of 
the key to Xenochrophis leads to X. flavolineatus, while these two 
species don’t exist. There is no key to snake families nor to colu-
brid genera. There is no drawing nor definition to explain the 
peculiar head scales of the scolecophidians, rendering the use 
of their key very difficult. The key to Hydrophiidae lacks an entry 
to couplet 11, and does not include the genus Praescutata, which 
is, however, recognized by the authors. The key to Dendrelaphis 
does not include D. subocularis, which is, however, included in 
the guide. These very numerous mistakes and missing keys will 
make the identification of sea turtles, terrapins, softshell turtles, 
skinks, and of all snakes particularly challenging. It should be 
noted that the body lengths of Laticauda colubrina and Tri-
meresurus sumatranus are erroneously indicated at 360 cm and 
256 cm, respectively.

Relative species’ sizes within genera are often inconsistent. 
For example Lycodon fasciatus is said to have a body length of 
89.5 cm and be a medium-sized snake, while L. cardamomensis 
is said to have a body length of 89.6 cm and be a small snake. 
Oligodon catenatus is said to have a body length of up to 60.7 cm 
and to be “one of the larger Kukri snakes,” while O. fasciolatus 
is said to have a body length of up to 80.7 cm and to be a “small 
Kukri snake.” 

A number of important references cited in the text are not 
included in the literature section. The literature section includes 
156 references (one is listed twice), i.e., only a small part of the 
existing literature on Thai reptiles. The arrangement of referenc-
es is not consistent: it is sometimes purely by alphabetical order, 
sometimes by chronological order within a series of references 
with the same first author, thus not following strict alphabetical 
order. The selection of references is mysterious, as many major 
revisions and herpetofaunal inventories are missing, while many 
obsolete and insignificant contributions were included, even sev-
eral publications that deal exclusively with Thai amphibians. The 

introduction of the guide explains that it “includes species ac-
counts for all of the 352 reptile species currently with confirmed 
records in Thailand as of December 31, 2010.” However, there is 
only one reference for 2010—the revision of the Thai Cnemaspis 
by Grismer et al., in which seven new species were described, of 
which only one, C. narathiwatensis, was included in the guide! 
For 2009 there is also only a single reference listed, the descrip-
tion by Bauer et al. of Cyrtodactylus erythrops, a species that was, 
however, not included in the guide! For 2008, the authors listed 
only five references (not repeated in the literature cited below), 
including Bauer et al. (2008) who described Gekko nutaphandi 
from Kanchanaburi Province, David et al. (2008) who described 
Oligodon pseudotaeniatus from central Thailand, and Grismer 
et al. (2008) who described Cnemaspis biocellata—but none of 
these species was included in the guide! The authors also listed 
Murphy et al. (2008) who rediscovered and redescribed Parata-
pinophis praemaxillaris giving a maximal known snout–vent 
length of 770 mm, while in the guide it is stated “a very small 
snake …body length: up to 22.7 cm”! With only two references for 
2009 and 2010 combined, and five references for 2008 that have 
not been integrated in the text, it would thus have been more 
honest to write that the literature was included until the end of 
2007, even if many important references are also missing for that 
year. The authors gave the number of Thai protected areas “as of 
December 2008.” Thus, there is a gap of about seven years be-
tween the finalization of the guide contents and its publication. 

The guide is totally outdated regarding snake and lizard clas-
sification, having not benefitted from the numerous phylogenies 
and revisions published in the 2010s. For example, snake genera 
like Aplopeltura, Pseudoxenodon, Sinonatrix and even Xenoder-
mus are still included in the Colubridae in the guide and the an-
guid Dopasia gracilis is still under Ophisaurus. The classification 
used in the guide thus gives an outdated picture of the currently 
recognized taxonomic diversity of Thai reptiles. 

Among the 352 species presented, 22 (ca. 6%) were not illus-
trated (Draco haematopogon, Sphenomorphus grandisonae, S. 
helenae, S. lineopunctulatus and S. mimicus, Argyrophis roxane-
ae, Indotyphlops ozakiae, Lycodon butleri, Oligodon jintakunei, 
Acalyptophis peronii, Chitulia bituberculata, C. inornata and C. 
lamberti, Disteira nigrocincta, Hydrophis obscurus, Microcepha-
lophis cantoris, Polyodontognathus caerulescens, Thalassophis 
anomalus, Enhydris chanardi, Opisthotropis spenceri, Xenochro-
phis punctulatus, and Plagiopholis blakewayi). Drawings vary 
greatly in quality from one species to another, probably because 
they were executed by three different artists (there is no indica-
tion as to which artist made what drawings). Sometimes several 
specimens are illustrated for a single species, differing from each 
other, but as there are no figure captions, one does not know if 
the differences correspond to age, sexual dimorphism, breeding 
condition, subspecific or individual variation. The drawings of 
pitvipers, Boiga spp. and cobras are superb and deserve special 
mention. The drawing for Cyrtodactylus sumonthai definitely 
does not illustrate that species. Gonyosoma floweri, a brown 
morph of G. oxycephalum (David et al. 2004), is however rec-
ognized as a distinct species in the guide, but illustrated with a 
drawing of Orthriophis taeniurus ridleyi. The drawings of Gon-
gylosoma longicauda and Liopeltis tricolor have been mixed up, 
as well as the drawings of Oligodon joynsoni and O. taeniatus. 
These are obvious, but there may be others, as there are very nu-
merous discrepancies between the color descriptions in the spe-
cies accounts and the drawings. In the era of digital photography, 
drawings should be used only if they offer something more than 
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photographs, such as accurate scalation outlines or color varia-
tions that are not available on photographs.

Species missing in the guide include at least the agamids 
Acanthosaura cardamomensis, Pseudocalotes kakhienensis, and 
P. khaonanensis, the gekkonids Cnemaspis biocellata, C. cha-
nardi, C. huaseesom, C. kamolnorranathi, C. niyomwanae, C. 
omari, C. punctatonuchalis, and C. vandeventeri, Cyrtodacty-
lus astrum, C. auribalteatus, C. doisuthep, C. dumnuii, C. ery-
throps, C. inthanon, C. khelangensis, C. kunyai, C. lekaguli, C. 
macrotuberculatus, C. phuketensis, C. ranongensis, C. saiyok, C. 
samroiyot, C. sanook, C. surin, and C. wangkulangkulae, Gekko 
lauhachindai and G. nutaphandi, Hemiphyllodactylus chiang-
maiensis, and Ptychozoon kaengkrachanense (see, for example, 
Grismer et al. 2010, 2012, 2014), the skinks Jarujinia bipedalis, 
Larutia nubisilvicola, Lygosoma angeli, and L. frontoparietale 
(this last species is in the identification key for the genus, but 
its species account has been omitted), the colubrids Dendrela-
phis nigroserratus, Lycodon ophiophagus, Oligodon pseudotae-
niatus, and Ptyas nigromarginata, the homalopsids Cerberus 
schneiderii and Homalopsis mereljcoxi, the natricids Amphiesma 
boulengeri, A. leucomystax, and Sinonatrix yunnanensis, and the 
viperids Trimeresurus cardamomensis and T. phuketensis. There 
is no mention of the emydid Trachemys scripta elegans and the 
trionychid Pelodiscus sinensis, although both have been abun-
dantly released in the wild in Thailand, and are possibly locally 
reproducing (Vidthayanon 2005).

Leiolepis ocellata, regarded as a subspecies of L. belliana 
in the guide, was raised to species level by Pauwels and Chim-
sunchart (2007). Without any justification, a number of subspe-
cies are not recognized in the guide, such as those of Oreocryp-
tophis porphyraceus. Dryocalamus davisonii tungsongensis 
is recognized in the guide as a subspecies of D. subannulatus, 
while these taxa had been synonymized in a work coauthored 
by Tanya Chan-ard (Pauwels et al. 2006). There are many more 
taxonomic comments that could be made, but this would go far 
beyond the scope and the space allowed for a book review.

The section “Identification of Reptiles” states that the “inter-
national conservation status is provided at the end of each spe-
cies account,” while this section appears in only 44 (12.5%) of 
the species accounts. For these species this section only men-
tions the IUCN and/or the CITES category, without any com-
ment, thus not explaining what threats the species face. In some 
cases the IUCN conservation status attributed has been made 
up (“Insufficiently Known” p. 23 [presumably “Data Defficient”]). 
The guide, thus, does not provide any new information on the 
conservation status of Thai reptiles and does not even present 
the data already available on the subject, with the exception of 
the CITES and IUCN listings as they were in 2007. 

Based on the available published literature, it is obvious from 
the first look that more than a fourth of the maps presented in 
the guide are grossly incomplete or erroneous. There are numer-
ous contradictions between the text and the maps; one among 
many examples is found in Batagur borneoensis, where the text 
says it inhabits in Peninsular Thailand as far north as Bangkok 
while the map shows a distribution in Thailand limited to Yala 
Province.

There are serious mistakes in the behavior and habitat sec-
tions within some species accounts. For example Cyrtodactylus 
tigroides is indicated as a cave-dweller (this mistake is also in the 
identification key for the genus); its common name is even given 
as “Tiger Cave Gecko.” Regarding Draco blanfordii, the authors 
stated “prefers hilly habitats, although young are found at lower 

elevations.” Leiolepis are presented as insect-eaters, there is no 
mention of the fact that their diet also includes plants. 

The index to common names is extremely impractical. For 
example, the Selangor Striped Skink can be found only under 
“Skink, Striped, Selangor”; there is no entry under Striped or 
Selangor. In the conservation section of the introduction, the 
common names for seven species differ from the ones used in 
their respective species accounts; only the latter names are in 
the index. In the index to common names, a number of common 
names differ from the names appearing in the species account, 
among others the Slender Blind Snake name found in the species 
account is replaced by the Doi Pui Blind Snake in the index. The 
common name Malayan Snail-eating Turtle is applied to Malaye-
mys subtrijuga in the introduction, and to M. macrocephala in its 
species account; in the latter case it is definitely an inappropri-
ate common name given the species’ distribution. Other inap-
propriate common names include “Tailed Skinks” for Plestiodon, 
“Western Legless Skink” for Isopachys borealis, or “Clouded Pit 
Viper” for Trimeresurus nebularis, the two latter being based on 
misunderstandings of the species’ scientific epithets. The com-
mon name “Common Softshell Turtle” is given for the genus 
Amyda which contains a single species, but that species receives 
the name “Asiatic Softshell Turtle,” none of these names appear 
in the index. Throughout the guide there is a disturbing lack of 
consistency regarding the common names when they are used 
without the corresponding scientific name, making it often im-
possible to deduce what species the authors were writing about. 
The index to scientific names is badly designed, with entries to 
genera then species within genera, not entries to species, which 
makes it more difficult for readers who do not know to which 
genus a species they are looking for currently belongs.

Oxford University Press is to be held responsible as much as 
the authors for the numerous shortcomings of the guide. Even 
a very superficial review of the manuscript by a non-special-
ist would have revealed that the data are seven years old and 
thus mostly outdated, that mistypings, not limited to scientific 
names, are numerous (more than 280), that all figure captions 
are missing, that many of the references cited in the text are not 
in the bibliography, that 79% of the references in the bibliogra-
phy are not mentioned in the main text, that some numberings 
within identification keys are wrong, etc. A slightly more careful 
review would have shown that even the 2008 status of knowledge 
on Thai reptiles is not properly reflected in the guide. Because 
about 50 species from at least seven families are missing, many 
identification keys are erroneous or obsolete, the taxonomy and 
the conservation data are outdated and many maps are incom-
plete or erroneous, and in spite of the obvious efforts the authors 
have put into the making of this good-looking book, we definite-
ly cannot recommend the use of this guide. We hope that a new, 
completely revised version will soon be produced.

Acknowledgments.—We thank Tanya Chan-ard, Michael Cota, M. 
Jack Cox, Patrick David, and Mike Dloogatch for useful discussions.
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One can’t help but marvel at a scholar 
who can stick with a challenging project 
for close to half a century. In 1970, Ronald 
Altig published “A key to the tadpoles of 
the continental United States and Canada” 
in the journal Herpetologica. The key was 
neither perfect nor complete. Altig was de-
termined to make it better. Now, after 45 years of commitment, 
his original 27-page paper has expanded into a 368-page book. 
This volume culminates a productive career and is a profoundly 
comprehensive work.

Altig’s co-author on the book, Roy McDiarmid, has not spent 
his career so singly focused on amphibian larvae, but has spent 
much of the last 20 years studying tadpoles. The collective devo-
tion of Altig and McDiarmid was first demonstrated by their im-
portant reference book, Tadpoles: The Biology of Anuran Larvae, 
published 16 years ago (McDiarmid and Altig 1999).

Many more species are included in this new book than in Al-
tig’s 1970 key. Most of those result from legitimate revisions or 
discovery of cryptic species. Other species are exotics that now 
make their home not only in the continental United States, but 
also in Hawaii.

The title of this book does not do justice to its depth and 
breadth. For example, it doesn’t mention the 40 pages dedicated 
to a key to the eggs and embryos of amphibians. The book also 
includes a detailed glossary and a huge literature cited section. 
Species accounts for all amphibian taxa currently recognized in 
North America are included, organized by family. Each species 
account includes information under the headings: Identification, 
Natural History, Range, and Citations. Within the Citations for 
each species the references are clustered under the subheadings: 
General, Development/Morphology, Reproductive Biology, and 
Ecobehavior. For well-studied species, the accounts fill a page or 
so largely because of the extensive list of references. For lesser-
known species, the accounts run a third to half a page in length. 

Illustrations are included for every species that can be visu-
ally distinguished from other species. Not only are there photos 
of the larvae in lateral view, but also photos (and some line draw-
ings) of key body parts, most notably the oral disc of tadpoles. 
Some accounts include images of the eggs and labial teeth. Habi-
tat shots are included for a few species. All those illustrations are 
black-and-white, but the book also contains 12 colored plates, 
each showing 12 species.

Two working principles were used in developing the key to 
the larvae in this Handbook: 1) the keys are not necessarily di-
chotomous; and 2) to identify the taxa one has to know where 
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the larvae were collected. Both principles are practical realities 
of what one must accept to identify amphibian larvae in much 
of the USA, for there are simply too many taxa that have tadpoles 
that look alike. 

The problem of keying out tadpoles has not become easier 
since Altig’s first effort to construct a key back in 1970. If any-
thing, identifying tadpoles has become even more challenging 
because many more taxa that are morphologically similar have 
been identified by molecular methods. Another challenging fact 
that has been increasingly appreciated over the last decade or 
two is that amphibian larvae, in particular tadpoles, have con-
siderably more phenotypically plastic morphology than was ap-
preciated in the past (Relyea 2001). Not a lot of attention is given 
to these problems in the Handbook, nor will I linger on them 
here. Rather, much like the authors, I accept them as unavoid-
able noise in the system.

Without a doubt my biggest criticism of this book relates 
to the illustrations. In trying to obtain images of the larva of 
every taxon, the authors searched widely, and some 70 people 
are acknowledged for contributing photographs to the project. 
But sadly most of the black and white photographs are frankly 
terrible. Presumably some cost constraint and/or production 
principle required a standardized dull gray background for all 
the black and white photos. The result is a multitude of dreary, 
blurry photographs. Collectively, the photographs take the life 
out of the larvae and the vigor from the volume. I fear that such 
washed-out images will do little to inspire folks raised in the 
world of endless amounts of animated color images to want to 
study tadpoles. It’s sad that so much diligence went into this en-
cyclopedic work yet so few of the photographs draw one’s atten-
tion in a positive way. 

It is odd that the authors accepted such poor quality pho-
tographs for their book considering that they provide in their 
Tadpole volume a treatise on how to take good photographs of 
tadpoles. Perhaps the authors were trapped by cost constraints 
from the publisher to accepting poor quality images. Perhaps 
they trapped themselves by trying to produce at a relatively low 
cost a single handbook that covered the larvae of all amphibians 
in the United States and Canada. 

From the practical view of field biology, it is unlikely that 
many naturalists will ever need to identify tadpoles from across 
the continent. As such, this single volume could have been split 
into four or five smaller volumes that covered more restricted 
geographic regions, such as those identified on the landform 
map of the United States and Canada provided in this book. That 
map identifies the broad geographic regions used in the keys. 
The keys distinguish, for example, whether one is east or west 
of the Rockies, in the Mississippi Embayment, on the Southeast 
Coastal Plain, etc. If I were a herpetologist working in any of 
those regions, I think I would have been happier to buy a guide 
for the amphibian larvae restricted to my region. I would have 
been willing to pay $30 or more for the smaller handbook for my 
region with the understanding that the high price was used to 
provide high quality photographs and illustrations in the region-
al guide. The whole set would, of course, be priced much above 
the $75 that is the list price for this single massive volume. But it 
could then have included higher quality illustrations and pho-
tographs.

Altig and McDiarmid use throughout their Handbook the 
contemporary names for North American taxa following Frost 
et al. (2006). Thus we have Lithobates, Anaxyrus, and Rhinella 
rather than Rana and Bufo. I have no problem with the newer 

names. But I think that a Handbook as exhaustive as this would 
have benefited from a table giving both the old and new names. 
Without that in immediate reach, those new to herpetology and 
working with older field guides for the adult amphibians, might 
be slowed down a bit as they assure themselves that what older 
volumes call Rana catesbeiana is indeed Lithobates catesbeianus. 

Given the many decades it took to compile the massive 
amount of information in this volume, one cannot realistically 
expect the co-authors to produce a second edition expanded to 
include, say, the table just mentioned and, more importantly, 
better photographs. So this raises the question of how one could 
build upon this volume to produce a resource that is both more 
inspirational and more effective as a field guide. In that regard, 
I hope that the authors, or others following in their footsteps, 
make an effort to link the book’s contents to a website where ad-
ditional information, particularly better images, could be posted. 

The authors, in fact, have a website “Tadpoles of the United 
States and Canada: A Tutorial and Key” (www.pwrc.usgs.gov/tad-
pole/) that has many lovely color photographs and a very good 
primer to help neophyte herpetologists get started in keying out 
tadpoles. But that website is limited to anuran larvae and the tax-
onomy is not up to date. 

One could envision, though, information in both the Hand-
book and on that website linked to a database like AmphibiaWeb 
(www.amphibiaweb.org). AmphibiaWeb already includes videos 
of live animals in the field.  Having video of the larvae in the wild 
would be an aid not just in identifying the larvae, but for gaining 
a sense of the organisms’ behavior and ecology. It is in that field 
setting, for instance, that one can tell whether a larva’s color pat-
tern is cryptic or aposematic. Such information may be accessi-
ble from the papers cited in this Handbook, but being able to just 
click on a link that immediately brings up a good video would 
help bring the information in the Handbook into the 21st century.

In truth, when many of us approach a body of water in search 
for amphibian larvae, we are beginning to identify those organ-
isms before we even see them. We are attentive, for example, to 
the landscape that we are in, the type of vegetation in the area, 
how fully canopied the water bodies are; how deep, wide, still or 
flowing the water is. We are on the lookout for tadpole predators. 
We are listening for frog calls that may give us a clue as to what 
species are breeding now or might have bred recently at that site. 
We use all of that information in a gestalt fashion to predict what 
tadpoles we might see once we get to look in the water. In a simi-
lar way, it would be great if the factual information in this book 
could be embellished with all that additional information. And 
it certainly can be done with audio and video tracks accessible 
via the Internet.

To go one step further, because so much of the ability to dis-
tinguish morphologically similar taxa depends on one’s loca-
tion, one can imagine a smartphone app that turns the Altig and 
McDiarmid encyclopedic volume into a convenient field guide. 
Right now the book is too big and too reliant on library-based in-
formation to fill that role. But one could build that field resource 
for one’s smartphone from information in this book. I can imag-
ine an app that takes into consideration my GPS coordinates, the 
time of year, the type of aquatic body before me, and perhaps the 
acoustical environment around me, and then gives me a list of 
the amphibian larvae that most likely to be in the water before 
me at that time.

Bird guide apps with this sort of information have been avail-
able for some time. The Handbook has the core information that 
one would need to start to build such a useful application. 
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Writing this review gave me a chance to reconsider where I 
think tadpole taxonomy is likely to go in the next decade or two. 
When I consider how difficult it was to identify amphibian lar-
vae in the field back in 1970 and realize that the problem has not 
gotten any easier with the proliferation of species, I have little 
faith that greater attention to morphological detail will resolve 
the problem. I’m optimistic, however, that we will be moving 
toward the ability to do genetic screening in the field and that 
will certainly be a help for biologists, who have to know for sure 
what species they have at hand. As noted in an essay I wrote built 
around the first book on tadpoles that Drs. McDiarmid and Altig 
co-produced, tadpoles are typically more numerous than adult 
anurans and often easier to find and catch (Wassersug 2000). As 
such, when we get to the point that we can do genetic identifica-
tion of amphibians in the field, it is as likely that biologists will 
be getting tissue for testing from larvae as well as adults. In that 
regard, the app that I have envisioned above may be particularly 
useful in narrowing down the number of taxa to be considered at 
any particular site at any particular time.

In sum, this book has an historic feel to it, and, given its pro-
digious bibliography, can lead one back to pretty much all that is 
known about the natural history of North American amphibian 
larvae acquired over the last two-hundred years. It also can be 
used to build a much more powerful tool for identifying amphib-
ian larvae in the future.
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The last couple of decades have seen an 
increasing number of high quality guides to 
the amphibians and reptiles of many parts 
of this world. Even tadpoles, which have 
long lingered in comparative obscurity, 
have recently been the subject of compre-
hensive, lavishly produced guides (e.g., Channing et al. 2012; 
Anstis 2013; Ambrogio and Mezzadri 2014). Continuing this 
trend, Burkhard Thiesmeier has produced a pictorial atlas to the 
larval amphibians of Germany. Now, compared to other parts of 
the world, the German amphibian fauna can be considered well 
known with plenty of guides available. Even for tadpoles a dedi-
cated guide exists that is currently in its eleventh edition (Ber-
ninghausen 2012), which leaves the question whether this new 
book really offers anything new. The answer to that is simple: it 
absolutely does!

Compared to conventional guidebooks, the pictorial atlas 
follows a somewhat different concept. It is not so much a stand-
alone guide but is rather meant to supplement other guides to 
help identify live larvae in the field, although it should be suf-
ficient in most cases. As such, it does not contain much tradi-
tional information, for instance labial keratodont formulae of 
tadpoles are not provided, and the verbal description is limited 
to just a couple of short paragraphs highlighting the most sig-
nificant characters observed in living larvae and some pertinent 
information on size, distribution, or general ecology. The focus is 
instead on providing detailed photographs and it is here that the 
book excels. Altogether, more than 500 photographs of consis-
tently very high quality depict larvae at various stages through-
out their development, usually covering about ten to twelve 
different stages per species from hatching to the end of meta-
morphosis. Often multiple photographs of different specimens 
of the same stage and/or different views of the same individual 
are provided. For most species, additional pictures are provided 
of specimens from different localities or different habitats, which 
give some idea about the range of natural variation in pigment 
patterns etc.

The atlas covers all German amphibians, except the vi-
viparous Alpine Salamander (Salamandra atra). All species are 
treated in separate accounts, except Lissotriton helvetica and 
L. vulgaris, which are very similar and easily confused. Larvae 
of these two species are depicted side by side and seeing them 
this way really highlights the subtle, but distinct, differences 
between them. One of my favorite illustrations is found here, a 
plate of sixteen rather charming portraits of larvae of different 
ages of both species. Some other remarkable pictures include an 
image of a squirming mass of freshly hatched Rana temporaria 
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tadpoles with exceptionally long external gills, making them al-
most look like newt larvae, or of R. arvalis tadpoles with rather 
beautiful gold flecking.

Although the book is written in German, there is little text 
and for these parts it is easy to understand (or to translate), and 
anyone with a modest command of the language should have no 
trouble. All covered species are more or less widespread through-
out Europe, so this book should be of use not only to herpetolo-
gists working in Germany, but well beyond her borders. Further-
more, anyone with an interest in amphibians and their larvae 
will appreciate this book and enjoy the beautiful photographs.
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When I first received a copy of Amphib-
ians of Ohio, the first thing that hit me was 
the size of this volume. At 916 pages and 
a mass of over 3.5 kg, this beast certainly 
won’t be accompanying any but the most 
masochistic of herpetologists in their field 

pack. With this massive volume, Ohio joins the ranks of states 
that have been producing quality publications on their native 
herpetofauna over the last decade that target herpetologists 
but can also serve the novice herp enthusiast. It has been over a 
quarter-century since Pfingsten and Downs published the Sala-
manders of Ohio (1989) and nearly 80 years since C. F. Walker’s 
Amphibians of Ohio. Part I. The Frogs and Toads (1946). Such a 
complete and comprehensive guide to Ohio’s amphibians has 
been long overdue. 

This book begins with a brief Abstract, Preface, Dedications, 
Acknowledgements, Editors and Contributors, and a very brief 
description of the maps. This page also provides a very useful 
map of Ohio’s Lake Erie Islands. As mentioned on this page, 
included with the volume is a pull-out map of Ohio’s town-
ships and counties. This map is also reproduced on the final 
four pages. The book is then broken down into 12 sections: In-
troduction, History of Herpetology in Ohio, the Ohio Environ-
ment, Amphibian Systematics, Salamanders, Frogs and Toads, 

Potential Occurrences and Exclusions, Developing Priorities 
for Conservation of Ohio’s Amphibian Diversity, Amphibian 
Conservation, Ohio Amphibian Distributions, Environmental 
Applications, and Summary and Outlook. Following these sec-
tions are two Appendices, a Glossary, Literature Cited, and fi-
nally the Index. 

The Introduction is short and comprehensive. Of greatest in-
terest to me were the tables breaking down the exhaustive work 
conducted by each of the editors over the years that ultimately 
contributed to this volume. To produce a volume such as Am-
phibians of Ohio takes a massive amount of work and I can’t re-
call seeing a book such as this providing detailed information on 
the effort put into gathering the data to produce it. I think a great 
many take for granted the sheer amount of work and dedication 
it takes to pull off something like this. 

Section II reviews the history of herpetology in Ohio, which 
is quite storied. This includes a short synopsis of how our own 
international Society for the Study of Amphibians and Reptiles 
began as The Ohio Herpetological Society. Included as well are 
contacts for all of Ohio’s extant herpetological societies. Given 
the general decline in herpetological societies over the years, it is 
nice to see that Ohio still has several up and running. 

Section III and its six subsections describe all aspects of the 
environments in Ohio. These are straightforward, yet detailed 
enough to provide the reader with more than just the brief over-
view found in some guides. Section IV covers amphibian system-
atics. There is also an introduction to the species chapters, which 
make up the majority of the book. 

The next two sections cover salamanders and frogs (Sections 
V and VI, respectively). Each section begins with a detailed dis-
cussion of each order’s biology. This portion also includes a key 
for all species of Ohio salamanders and frogs. Section VI also 
includes a very detailed discussion on anuran calls. There are 
written descriptions of each species calls, including the various 
kinds of call that may be produced (advertisement, aggressive, 
etc.). There are even sonograms of each species’ advertisement 
call, which is a nice detail missing from many state guides. Then 
the sections move into the real meat of this tome, the species 
chapters, of which there are 37. The authors have made every ef-
fort to make each chapter as detailed as possible. For example, 
the chapter on the relatively poorly known Four-toed Salaman-
der (Hemidactylium scutatum) by Timothy A. Herman is over 
19 pages long. Each chapter also includes a number of quality 
color photographs, although there are a handful that appear a bit 
grainy or somewhat pixelated (e.g, Fig. 33-1 C and D, Fig. 33-2, 
and F33-7). Thankfully, it is a small number of images and de-
tracts little from the overall book. 

Section VII includes potential occurrences and exclusions. 
The one potentially occurring species, the Southern Leopard 
Frog (Lithobates sphenocephalus), is discussed with the same 
care and within the same format as the regular species chapters. 
In most state guides, potentially occurring species are covered 
with little more than a short paragraph. The exclusions were in-
teresting to me as I have not seen a guide that goes out of the way 
to point out species that do not occur in the state. However, the 
section makes perfect sense as all of these species live nearby in 
surrounding states and had been previously claimed as possibly 
entering Ohio. 

Section VIII, titled Developing Priorities for Conservation 
of Ohio’s Amphibian Diversity, is valuable for those wanting to 
know how species are ranked for research and conservation 
needs within a state. The methods and materials are laid out 
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clearly. This is followed by Section IX which discusses conserva-
tion of Ohio’s amphibians and the threats faced. Section X dis-
cusses the distribution of amphibians in Ohio in a contextual 
way, pointing out the fact that many of the state’s amphibians 
are at periphery of their ranges. Section XI has three subsections 
discussing amphibians as indicators of wetland quality and us-
ing salamanders to classify headwater streams. 

Section XII rounds out the book with a summary of what lead 
to the creation of this book as well as comments on the future 
of amphibian work in Ohio. The two appendices are very useful, 
covering field techniques, proper documentation, and prepara-
tion of voucher specimens. Included is a photo-documentation 
form that can be copied and used by those in the field to turn into 
the Ohio Department of Natural Resources Division of Wildlife. 
Directions on where to send it, something that many amateur 
herpers are often unsure of when they make a potentially new 
observation, are also provided. There are also recommendations 
for the photo-documentation of each species. Following this are 
the Glossary and the Literature Cited, which is a whopping 72 
pages! In my estimation, this massive reference section is almost 
worth the price of the book on its own. 

If you work with, or have more than a passing interest in, 
any of the species covered in Amphibians of Ohio you would do 
well to purchase this masterpiece no matter what part of that 
species’ range you are in. Even if you are extralimital, this is a 
fantastic addition to any herp library. And of course, if you are 
a herp enthusiast at any level residing in Ohio, this book should 
definitely be on your bookshelf. You are unlikely to find a better 
referenced or more thorough treatise on any state’s amphibians. 
What makes Amphibians of Ohio even more of a triumph is that 
while massive and incredibly detailed, it is as accessible to the 
amateur field herper or naturalist as it is to the most seasoned of 
herpetologists. Amphibians of Ohio is well worth the cost and I 
eagerly await the upcoming sister volume on the reptiles of Ohio. 
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Studies on Lizards and Tuataras in Zoos and Aquariums. 
Part I—Introduction, History, Families Iguanidae, Agamidae, 
Chamaeleonidae, and Infraorder Gekkota 

PeoPle oFTen ask, “WHaT good are lizards?” To WHiCH We re-
sPond WiTH “WHaT good are PeoPle?” suCH anTHroPoCenTrisM is 
abHorrenT. lizards HaVe as MuCH oF a PlaCe on THe PlaneT as any 
liVing CreaTure, inCluding HuMans. indeed, THey HaVe suCCessFully 
inHabiTed earTH For MuCH longer THan HuMans HaVe – lizards Will 
undoubTedly PersisT long aFTer HuMans and MosT oTHer MaMMals 
HaVe gone exTinCT. lizards are sPeCTaCular ProduCTs oF naTural se-
leCTion and HaVe diVersiFied To Fill an aMazing VarieTy oF eCologi-
Cal niCHes. THey are exTreMely good “Model” organisMs For sTudy, 
and undersTanding THeir eCology and diVersiTy Can be exCeedingly 
inForMaTiVe. WHaT We HaVe learned abouT lizards is aPPliCable To 
nearly eVery ConCePTual area in Modern biology; indeed, in Many 
Cases deVeloPMenT oF enTire Fields oF biology Had THeir origins 
in THe sTudy oF lizards. beCause Many lizards are QuiTe beauTiFul, 
THey are Very PoPular as PeTs aMong HerPeToCulTurisTs around THe 
World, and soMe PeoPle Make THeir liVing by breeding Many sPeCies 
oF lizards in CaPTiViTy For resale.

eriC r. Pianka & laurie J. ViTT,  
Lizards: WindoWs to the evoLution of diversity, 2003

Curator of herpetology at the New York Zoological Park, Ray-
mond L. Ditmars in his book, Reptiles of the World (1933), mar-
veled at the diversity of lizards, “Looking down upon the vast Or-
der now engaging the student’s attention, even the most passive 
of observers cannot refrain from expressing amazement at the 
array of varied forms. In a subdivision, the Sauria, we shall con-
sider creatures twelve feet long, with claws as long as those of a 
leopard—animals strong and active enough to leap at the throat 
of a young gazelle, tear, dismember and devour the prey; and 
passing such we stop to realize that tiny, limbness and worm-
like, slow-moving things, burrowing their life away deep in the 
ground where they need no eyes—in fact, have none—are also 
true lizards.” (Figs. 1, 2)

In this two-part paper, I follow the organizational framework 
of McDiarmid et al. (2012) as a taxonomic review of extant lizard 
groups. Part II will appear in the next issue. Original standard 
and scientific names are used. To update these names, use The 
Reptile Database (Uetz and Hošek 2013) and Standard English 
and Scientific Names: Checklist of the Standard English Common 
Names of Amphibians & Reptiles (Crother 2012) if occurring in 
North America. A complete reference called Grzimek’s Animal 
Life Encyclopedia was published on all reptiles in 2003, with 

chapters written by experts in herpetology (Hutchins et al. 2003). 
Some lizard families have been only superficially investigated in 
zoos: Anguidae, Agamidae, Dibamidae, Amphisbaenidae, Biped-
idae, Rhineuridae, Trogonophidae, Lacertidae, Gymnophthalmi-
dae, Teiidae, Cordylidae, and Xantusiidae. 

HisTory

In May 1849, the London Zoo, founded in 1828, opened the 
first zoo reptile building in the world, a modified carnivorous 
mammal facility which used the dens as enclosures for lizards 
and other reptiles (Keeling 1992). The second zoo reptile build-
ing at London, designed and constructed specifically for reptiles, 
was opened in August 1883 (Guillery 1993) and is currently a 

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. Chromolithograph from Kunstformen der Natur [Art Forms in 
Nature], by Ernst Haeckel (1904).
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tropical bird building today. The newest London Reptile House 
was designed by curator Joan Beauchamp Procter in 1926–1927 
and is still in use. The building included a center island to house 
venomous snakes and other potentially dangerous reptiles and a 
“Reptiliary” housing iguanas. New zoo design features were in-
corporated: differential heating, “Aquarium principle lighting” 
(illuminating enclosures from above), elaborate naturalistic dis-
plays, and better visitor traffic. 

Philip Lutley Sclater, Secretary for the Society (1859‒1902), 
compiled nine editions of an inventory (“List of the vertebrat-
ed animals now or lately living in the gardens of the Zoologi-
cal Society of London”) beginning in 1862. In 1872, his revised 
list included tuataras and many lizard taxa such as the Moloch, 
Bearded Dragon, mastigure (Uromastyx), Shingleback Skink 
and other skinks, several chameleons, as well as lacertids and 
iguanids to round out the collection. Books on the husbandry of 
lizards began to appear during the Victorian era in greater num-
bers (Murphy and McCloud 2010). For instance, A. D. Bartlett 
(1899) had written Wild Animals in Captivity Being an Account 
of the Habits, Food, Management and Treatment of the Beasts 
and Birds at the ‘Zoo,’ which treated the habits of lizards such as 
the Stump-tailed Skink, Thorny Devil, iguana, and chameleon. 
These books had a practical application in that private fanciers 
used the zoo protocols, particularly those from the London Zoo, 
though it must be stressed that these Victorian fanciers, mostly 
women, went on to develop many innovative techniques. Later, 

London Zoo curator E. G. Boulenger published an excellent 
book with many photographs called Reptiles and Batrachians 
(1914). He included many observations on lizards living in the 
collection.

Jon Coote (2001) speculated that many reptiles, especially 
lizards, arrived at the London Zoo in good condition in the nine-
teenth century because those responsible for transporting them 
were given specific instructions for their care: “Correspondents 
should engage some individual of the ship’s company to take 
charge of the animals on board and guarantee him a handsome 
recompense on bringing them safely to their destination...” Food 
was also important for reptiles on the long sea journeys and 
correspondents were advised: “ants eggs, which are abundant 
in tropical climates, may be preserved in a jar, well tied down 
and with the addition of the Blattae or cock-roaches so gener-
ally obtainable on board in all their stages of growth, and of meal 
worms, which are equally abundant in the bread room …” 

During that time, there was closer cooperation between zoo 
workers and private herpetoculturists than there is now. Until 
1903, keepers at the London Zoo were able to trade or sell sur-
plus animals to the general public and they supplied herps to 
amateur British herpetoculturists. Reverend Gregory Bateman 
(1897) purchased a pair of tuatara from the Zoo for £2.00 ($3.00) 
and other species were offered for sale in London. Prices were 
reasonable: small monitor lizards—5 shillings (38 cents US), 
Common Tegus—about £2.00 ($3.00), Red Tegus—£3.00 to £8.00 
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Fig. 2. Illustration in Gotthilf Heinrich von Schubert’s Naturgeschichte des Thierreichs. . ., published in 1869. 
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($4.50 to $12.00) depending upon size, Bearded Dragons—10 
shillings to £1.00 (75 cents to $1.50), Green Anoles—as low as 
half-a-crown (16 cents), European Chameleons—3 shillings and 
6 pence to 7 shillings and 6 pence (30 to 65 cents), British Com-
mon Lizards—4 to 6 pence each (6 to 9 cents). 

Beginning in 1882, Johann von Fischer from Vienna began 
to publish a large number of papers on captive lizards: Ringed 
Agama (Oplurus torquatus), European Chameleon (Chamaeleo 
vulgaris), Cape Spiny Lizard (Uromastix capensis auct.), Stum-
melschwanz Lizard (Trachydosaurus asper), iguana (Iguana tu-
berculata), Cylindrical Lizard (Gongylus ocellatus), Pygmy Lat-
eral Fold Lizard (Ablepharus pannonicus), Schleuderschwanz 
(Uromastix acanthinurus), Common Skink (Scincus officinalis), 
Spotted Lizard, Eremias pardalis), Worm Lizard (Trogonophis 
wiegmanni), and various lacertids. His seminal book on captive 
management was called Das Terrarium, seine Bepflanzung und 
Bevölkerung (1884) and includes recommendation for many 
mixed lizard combinations.

Stanley Smyth Flower published monographs and papers 
on amphibian and reptile longevities. In his 1937 publication, 
he mentioned that varanids and large iguanids are often kept in 
captivity but it is surprising that only two lizard taxa had reached 
twenty years in captivity—Slow-Worm (Anguis fragilis) for 32 
years and Cunningham’s Skink (Egernia cunninghami) for 20 
years. In North American collections, Snider and Bowler (1992) 
listed one anguid, one cordylid, three gekkonids, four iguanids, 
three skincids, one varanid, and a number of helodermatids 
passing twenty years in captivity. Carey (1973) provided some 
notable longevity records for captive iguanas. 

In the early twentieth century, papers on lizard husbandry 
and captive management began to regularly appear, written by 
London Zoo curators such as E. G. Boulenger (1913, 1920) and 
Joan Proctor (1928) and many European and New World herpe-
tologists (see Card and Murphy 2000, Murphy 2007, 2009‒2010 
for descriptions). In 1955, an extraordinary four-volume set by 
Wilhelm Klingelhöffer named Terrarienkunde appeared and was 
THE husbandry reference book for decades in Europe. Toward 
the end of the century, zoo herpetologists became better at rec-
ognizing signs of reproductive and other behaviors and recording 
these observations in scientific journals. Many books focused on 
captive lizards: Lizards in the Terrarium (Jes 1987), a two-volume 
work called Lizards (Rogner 1997), Encyclopedia of Terrarium (Bru-
ins 1999), Biology, Husbandry, and Medicine of the Green Iguana 
(Jacobson 2003), Vivarium Life (Leutscher 1952), Firefly Encyclo-
pedia of the Vivarium (Alderton 2007), Reptiles, Amphibians, and 
Invertebrates (Bartlett et al. 2001), Handbuch der Terrarienkunder 
(Stettler 1978), Das Terrarium (Kahl et al. 1980), two-volume Die 
Terrarientiere (Nietzke 1969, 1972), Guide to Lizards, All about Liz-
ards, and Giant Lizards (Sprackland 1977, 1992, 2010), Breeding 
Terrarium Animals (Zimmermann 1983), The Completely Illus-
trated Atlas of Reptiles and Amphibians for the Terrarium (Obst 
et al. 1988), Reptiles and Amphibians: Their Care and Behavior 
(Vogel 1964), and The Lives of Captive Reptiles (Petzold 2008). Ex-
citing new possibilities appeared in the literature such as inves-
tigating the evolution of social cooperation in lizards (Dickinson 
and Koenig 2003; Sinervo and Clobert 2003) and manipulating 
clutch and offspring size (Sinervo 1994). Ethologists and other re-
searchers from the academic community began working jointly 
with zoo colleagues on projects in zoos and aquariums, resulting 
in improved studies (see Sajdak 1983; Chiszar et al. 1993; Chiszar 
and Smith 2005; Garrett 2005 for reviews). Reviews focusing on 
the nutrition of carnivorous and herbivorous lizards were pub-
lished (Allen and Oftedal 1994; Baer 1994). David Crews and Les-
lie Garrick (1980) provided many examples for inducing lizards 
to reproduce in captivity. In the United States, researchers such 
as Gordon Burghardt, Charles Carpenter, David Chiszar, William 
Cooper Jr., Gary Ferguson, William Gehrmann, James Gillingham, 
Harry Greene, Thomas Jenssen, Hobart Smith, and Paul Weldon, 
were pioneers who used zoo and aquarium collections to broad-
en their studies. William Cooper Jr. has used zoo collections as a 
resource for his studies on lizard feeding behavior for many years. 
Examples include varanoid lizards (Heloderma suspectum and 
Varanus exanthematicus), geckos (Rhacodactylus), and skinks 
(Tiliqua scincoides and Trachydosaurus rugosus). Susan Barnard 
from Zoo Atlanta and her associates have published a number of 
papers on parasitism and husbandry in zoo lizards (see Murphy 
2007). Backues and Ramsey (1994) performed an ovariectomy for 
treatment of follicular stasis in lizards. Two important overviews 
by Stamps (1997) and Fox et al. (2003) examined social behavior 
and spacing patterns in lizards.
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Fig. 3. Two of the rarest lizards in the world are shown here. Top: The 
Jamaican Land Iguana (Cyclura collei) was described by John Edward 
Gray as Colley’s Cyclura in 1845. Illustration from Catalogue of the 
specimens of lizards in the collection of the British Museum. This spe-
cies was thought to be extinct until rediscovered in 1970. It now faces 
another threat due to plans to alter the habitat. 
boTToM: This male Grand Cayman Island Iguana (Cyclura nubila 
lewisi) allows itself to be groomed with a toothbrush by standing im-
mobile as its entire body is brushed.
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The late Thomas Huff from Reptile Breeding Foundation in 
Canada identified a condition that he called “captive stagnancy.” 
He believed that changing environmental factors was key to im-
proving reproductive behavior and his solution was to change 
exhibit furniture, potential breeders, temperature, and so on to 
induce courtship and copulation (see Huff 1980). Warwick et al. 
(1995) addressed the issue of stress. Methods for egg incuba-
tion and raising neonates became more refined (see Packard 
and Phillips 1994). Earlier, reptile eggs were discarded in many 
instances because it was believed that hatching them was im-
possible. The importance and provision of ultraviolet light for 
reptiles held in indoor enclosures were highlighted in key papers 
by Gary Ferguson and associates (1996; Jones et al. 1996), Wil-
liam Gehrmann (1971, 1987, 1994), Carol Townsend (1979) and 
Townsend and Charles Cole (1985), and Jozsef Laszlo (Murphy 
2007). Philip Regal (1980) examined temperature and light re-
quirements. From Toledo Zoo, R. Andrew Odum (1984) stressed 
the importance of water quality.

Lawson et al. (2008) stressed the importance of science in 
zoos and aquariums. Dave Chiszar, Hobart Smith, and I argued 
that assessing the competence of captive-produced herps is as 
important as breeding the animals (Chiszar et al. 1993). We were 
surprised to discover that captive and wild Komodo Dragons 
have significantly different body temperatures (Wikramanay-
ake et al. 1999; Walsh et al. 1999). If released into the wild, would 
captives with lower temperatures adjust thermoregulatory pat-
terns upward? If deficits brought on by captivity are identified, 
can these be remediated? How can this be done? What necessary 
studies will be in place to assess survivability in the wild? These 
challenging issues have only been minimally addressed but there 
are some impressive exceptions: West Indian iguanas (Cyclura) 
serve as examples of successful field studies and reintroductions.

Family Iguanidae.—West Indian Land Iguanas (Cyclura) face 
a perilous future. Jeffrey Lemm and Allison Alberts from San Di-
ego Zoo Global in California have worked for many years with 
these iguanid lizards. Their recent comprehensive book (Lemm 
and Alberts 2012) covers evolution and biogeography, species 
accounts, natural history, husbandry, nutrition, health and 
medical management, and conservation. The San Diego Zoo has 
been an integral player in iguana research and conservation over 
many years through publication of books and papers by Alberts 
and colleagues. 

The Jamaican Land Iguana (Cyclura collei) was described by 
John Edward Gray as Colley’s Cyclura in 1845 (Fig. 3). Four years 
later, one was donated to London Zoo and lived in the Zoo for 3 
years, 4 months, and 29 days (Coote 2001). Concern about the 
iguana’s future accelerated following the introduction of the In-
dian Mongoose on Jamaica in 1872 and things were critical by 
1916 when this iguana was only found on a few small islets off the 
coast of Jamaica where the predaceous mongoose had not been 
introduced. In 1940, a total of 22 specimens were brought into 
captivity to try to save the species from extinction but none ever 
reproduced. The lizard was later thought to be extinct. A hunt-
er’s dog discovered a carcass in 1970 and a later survey located 
about 100 lizards left in the wild in the Hellshire Hills. There is 
now a headstarting program at the Hope Zoo in Kingston, which 
involves other zoos as well (Gibson 1993; Vogel et al. 1996). How-
ever, today there exists a sizeable threat to irrevocably develop 
the Hellshire Hills, the only place where the lizard is found.

The Grand Cayman Blue Iguana (Cyclura nubila lewisi) is one 
of the most critically endangered rock iguanas and Fred Burton 
(2000) mentioned that perhaps only a few hundred individuals 

remained in 2000. Two years later, the population crashed pre-
cipitously and only 15‒25 lizards were left. In 2003, five iguanas 
were hatched at the Indianapolis Zoo and two more lizards two 
years later. Described in 1940, the lizard was widely distributed 
in dry habitats over most of the island but is now restricted to a 
few remnant populations, due to human development, feral ani-
mals, and habitat destruction. Be sure to read Burton’s Little Blue 
Book (2010) about the challenges of conserving this species. He 
highlights the contribution by retired National Zoo curator Dale 
Marcellini in developing the conservation strategy. Marcellini 
suggested to me on many occasions that fieldwork should always 
be planned in a place where one could sit on the veranda of a 
four-star hotel with a refreshing drink in hand and watch lizards 
with binoculars—Dale called this plan “Resort Research”! An-
other amazing field account was written by Quentin Bloxam, who 
nearly died while working on conserving this taxon on Grand 
Cayman Island (see Murphy 2007:63). Sarah Kuppert (2013) de-
scribed interactive male and female head bob displays at Smith-
sonian National Zoological Park (SNZP). This adult male allowed 
itself to be groomed with a toothbrush by standing immobile to 
allow its entire body to be brushed. The keeper pulled off dried 
skin by spraying these areas beforehand with water (Fig. 3).

Noegel (1989) reproduced five species of West Indian rock 
iguanas (Cyclura) at the Life Fellowship Bird Sanctuary, Seffner, 
Florida. Duval and Christie (1990) outlined care for the Cuban 
Ground Iguana (Cyclura n. nubila), based on their experiences 
at the Indianapolis Zoo. The reproductive biology of Cuban Rock 
Iguanas (C. nubila) has been covered in detail at San Diego Zoo 
(Shaw 1954; Alberts 1995, 2002; Alberts et al. 1997) and Prague 
Zoo (Rehák and Král 1993; Rehák 1994, 1995 [1997]; Rehák and 
Velenský 1997, 2001). Haast (1969) hatched Rhinoceros Igua-
nas (C. cornuta) at the Miami Serpentarium and Rehák (1996) 

Fig. 4. Curator Perkins from San Diego Zoo moved 60 Galápagos Land 
Iguanas (Conolophus subcristatus) from Baltra Island, (known also 
as South Seymour Island) to North Seymour Island, which contained 
no iguanas in the 1940s. Had this not been done, this species would 
now be extinct, thanks to human activities. See text.
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documented the first captive breeding of the Rhinoceros Iguana 
in the Czech Republic. In two papers, Boylan (1984, 1985) de-
scribed captive management of a population at the Taronga Zoo, 
Sydney, Australia and Petzold (1967) at Tierpark Berlin. Otten-
walder (1980) mentioned that Zoodom released rhino iguanas 
into the wild and described reproduction in captivity (Sanlley 
Castro and Duval 1979). Charles Knapp from the Department 
of Conservation at the John G. Shedd Aquarium in Chicago has 
published field studies on several West Indian iguanas (Knapp 
et al. 1999; Knapp 2000, 2001; Knapp and Malone 2003;). Duval 
(1982) offered suggestions for the captive management of West 
Indian rock iguanas. Bosch (1991) discussed ground iguanas (Cy-
clura cychlura figginsi) in the Löbbecke Museum (Dusseldorf). 
See also Bosch and Boscheinen (2001). Murphy (1969) described 
conspecific grooming behavior in this species.

C. B. “Si” Perkins, Curator of Reptiles at San Diego Zoo, and 
G. Allan Hancock mounted trips in 1932 and 1933 to the Galápa-
gos Islands to study and collect animals for the Zoo (see Banning 
1933 for additional information). Hancock’s ship was the state-
of-the-art Valero III, nearly 200 feet in length. He was a bit of a 
prig, insisting that his fellow passengers—a group of scientists 
including Perkins—dress for dinner and moreover, cease smok-
ing and drinking. For those of us who are not focused on the lat-
est in apparel and enjoy a bit of whisky and strong cigarettes in 
the evening, this trip would have been unendurable. The nota-
tion “No cocktails tonight” appeared daily in the Perkins diaries 
(Campbell 1978). 

During the first trip, Hancock and Perkins decided to move 40 
Galápagos Land Iguanas (Conolophus subcristatus; Fig. 4.) from 
Baltra Island (known also as South Seymour Island) to North Sey-
mour Island which contained no iguanas. As Perkins wrote in his 
diaries, their reason: “. . . in a few years come down and see if 
anything has happened. A good idea, I believe.” (Campbell 1978). 
Twenty more iguanas were translocated on the second trip.

Baltra was an American airbase during World War II in the 
1940s and several thousand military and support personnel were 
stationed there, in part to guard the Panama Canal. Several fac-
tors contributed to the disappearance of these lizards—habitat 
destruction, introduction of feral animals, and using the lizards 
for target practice.

There appeared to be virtually no successful reproduction 
or recruitment on North Seymour for the subsequent 47 years 
so a pair of adults was brought to the Charles Darwin Research 
Center on Santa Cruz Island to begin a captive colony; addition-
al iguanas were included in this potential breeding group later 
(Cayot et al. 1994). These iguanas reproduced and survived, par-
ticularly because feral cats and dogs had been reduced on Baltra. 
In June 1991, 35 five-year old iguanas were repatriated to Baltra 
and 24 were released the next year. This head-starting program 
was truly an accomplishment deserving praise, thanks to Perkins 
and Hancock.

Ray Pawley from Chicago Zoological Park (Brookfield Zoo) 
maintained a colony of Marine Iguanas (Amblyrhynchos crista-
tus) in a large exhibit in the reptile building (1965, 1966, 1969, 
1971). I visited the Zoo on a number of occasions and was im-
pressed by the overall health and activity of these lizards. This 
species is challenging to maintain successfully in captivity but 
one of his saurians lived for over six years.

Dennis Desmond told me that his adult female Green Iguana 
(Iguana iguana) would sleep with a furry toy virtually every night 
and the lizard often wrapped its forelimbs around this unusual 
object (see photo in Murphy 2007). Dedekind (1977) recorded 

his observations made during hatching and raising of a Green 
Iguana in the Berlin Tierpark (Fig. 5.). Mendelssohn (1980) pro-
vided recommendations on care, based on reproduction in a 
colony at Tel Aviv University in Israel. Howard (1980) bred them 
at the Twycross Zoo and Banks (1984) at Melbourne Zoo. Wallach 
(1966) described hypervitaminosis D in Green Iguanas. Bosch 
and Werning (1996) discussed the captive management of Green 
Iguanas and other iguanids. Wallach and Hoessle (1968) docu-
mented fibrous osteodystrophy in Green Iguanas. Zwart and Van 
de Watering (1969) described pathology and etiology of abnor-
mal bone formation in this species. The reproductive biology of 
Green (Iguana) and Desert (Dipsosaurus) iguanas has received 
attention (Judd et al. 1976). Day et al. (2000) provided a species 
account of the Lesser Antillean Iguana (Iguana delicatissima). 
Bosch and Werning (1996) wrote a manual on iguana care.

Arnett (1979) reproduced the Fiji Banded Iguana (Brachylo-
phus fasciatus) at Knoxville Zoo and over 100 young have been 
produced at San Diego Zoo (Fig. 6.). In 2008, a new species was 
described (B. bulabula) and a breeding program has been ini-
tiated by San Diego Zoo. Boylan (1989) bred the Fijian Crested 
Iguana (B. vitiensis) at Taronga Zoo in Sydney, Australia. Carpen-
ter and Murphy (1978) noticed aggressive behavior and color 
change between males in the Fiji Island Iguana at Dallas Zoo. 

Marcellini and Jenssen (1991) documented avoidance learn-
ing by the Curly-tailed Lizard (Leiocephalus schreibersi). Petzold 
(1962) successfully bred the Northern Curly-tailed Lizard (Leio-
cephalus carinatus) at Berlin Tierpark. Gibson and Buley (1996) 
described captive management and breeding of Madagascar 
Spiny Iguanas (Oplurus c. cuvieri) at Durrell Wildlife Conserva-
tion Trust. Vogel (1992) outlined care and breeding of the Ser-
rated Casque-headed Iguana (Laemanctus serratus) over several 
generations in the Exotarium of Frankfurt Zoo. At Dallas Zoo, we 
received a group of lizards confiscated by U.S. Fish & Wildlife 
Service, which included Casque-headed Iguanas (Laemanctus 
longipes), Smooth-helmeted Iguanas (Corytophanes cristatus), 
Hernandez Smooth-helmeted Iguanas (Corytophanes hernande-
sii), Common Monkey Lizards (Polychrus marmoratus) (Fig. 7), 
and Tree Runners (Plica plica). All but the last taxon was kept at 
ca. 72°F (22°C) ambient temperature with a basking spot. A col-
league told me that he found a Smooth-helmeted Iguana resting 
on a tree trunk in the field and did not move for over a week until 
a large beetle passed by. At Dallas Zoo, a group of Baja California 
Rock Lizards (Petrosaurus thalassinus) and Banded Rock Lizards 
(P. mearnsi) were displayed in a large enclosure (Fig. 8). These 
lizards were hardy and constantly active. Bayard Brattstrom vis-
ited and suggested that we arrange two hotspots above two plat-
forms where these lizards would learn to shuttle back and forth 
between them. A timer would be used for tripping a relay switch 
to turn one or the other off; both would not be on simultane-
ously. An intriguing display showing shuttling thermoregulation 
(see Regal 1980:83 for another view) but we never got around to 
doing it. 

Reproduction and behavior of the Green Crested Basi-
lisk (Basiliscus plumifrons) were described by Pawley (1972) 
at Brookfield Zoo, Blake and Stewart (1980) at Edinburgh Zoo, 
Olexa (1976) at Prague Zoo, and Banks (1983) at Melbourne Zoo. 
Kuppert (2013) recorded head bob displays at National Zoo. 
Stunkard and Gandal (1966) identified a digenetic trematode, 
Parahaplometroides basiliscae from the mouth of a basilisk at 
New York Zoological Park. At Dallas Zoo, a mixed exhibit of Com-
mon Basilisks (Basiliscus basiliscus), Western Basilisks (B. galeri-
tus), and Brown Basilisks (B. vittatus) were visible to the visitor 
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Fig. 6. The Fiji Island Iguana (Brachylophus fasciatus) here pictured 
in “Proceedings of Scientific Meetings of the London Zoological So-
ciety” is certainly impressive but it is at risk due to human factors. 
The San Diego Zoo is playing a significant role in developing captive 
assurance colonies.

Fig. 5. Illustration of Common or Green Iguana (Iguana iguana) in 
Baron Georges Cuvier’s Le règne animal…, published in 1836‒9. An 
adult female slept with a furry toy virtually every night and the lizard 
often wrapped its forelimbs around this unusual object.
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Fig. 8. Illustration of Baja California Rock Lizard (Petrosaurus thalas-
sinus) and Banded Rock Lizard (P. mearnsi) [above] from Nouvelles 
archives du Muséum d’histoire naturelle de Paris, 1865‒1908. An 
interesting exhibit using these lizards could be developed to show 
shuttling thermoregulation. See text. 

Fig. 7. Illustration of Common Monkey Lizard (top right) (Polychrus 
marmoratus) by H. R. Schinz (1833), Naturgeschichte und Abbildun-
gen der Reptilien. I saw one in the wild in Guyana and it was virtually 
invisible in a bush. It remained immobile when I reached for it and 
only moved when I grasped it.
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Fig. 10. Illustration of Bearded Dragon (Pogona barbata) in Baron 
Georges Cuvier’s Le règne animal…, published in 1836‒1839. This liz-
ard is hardy in captivity and is highly variable in color.

Fig. 9. There are beautiful images in “Proceedings of Scientific Meet-
ings of the London Zoological Society” between 1861‒1929. An adult 
male Frilled Lizard (Chlamydosaurus kingi) from Australia flared its 
frill with open mouth, stood bipedally, made a series of grunts and 
rushed toward the keeper at Dallas Zoo. New employees found this 
display to be unsettling when witnessed the first time and, of course, 
were never forewarned by their perverse co-workers. 
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Fig. 11. Illustration of Egyptian Spiny-tailed Lizard (Uromastyx ae-
gyptius) in Baron Georges Cuvier’s Le règne animal…, published in 
1836‒9. The Oklahoma City Zoo was successful at keeping members 
of this genus in large enclosures with a sandy substrate and high 
temperatures.

Fig. 12. A small group of Common Flying Lizards (Draco volans) was 
kept at Dallas Zoo where males regularly displayed to each other by 
extending dewlaps and partially extending wings, and bobbing the 
body. This illustration represents a different species (D. lineatus) but 
is included to show the head and body of this unique lizard. Publica-
tions of London Zoological Society between 1860–1921 had beautiful 
lizard illustrations such as Flying Lizards (Draco). To see a complete 
list of all amphibians and reptiles, consult Transactions of the Zoo-
logical Society of London: an index to the artists, 1835–1936, compiled 
by Nina J. Root and Bryan R. Johnson, and Proceedings of the Zoologi-
cal Society of London: an index to the artists, 1848–1900, compiled by 
Nina J. Root and Bryan R. Johnson (1986).
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when entering the reptile building. The enclosure was large and 
high; the lizards were active, climbing branches and the rock fa-
çade.

At Dallas Zoo, a number of beautiful Sceloporus were kept 
over the years: Adler’s Spiny Lizard (S. adleri), Yarrow’s Spiny 
Lizard (S. jarrovii), Mexican Emerald Spiny Lizard (S. formosus), 
Blue Spiny Lizard (S. serrifer cyanogenys), Crevice Swift (S. tor-
quatus), Crevice Spiny Lizard (S. poinsettii), and Eastern Fence 
Lizard (S. undulatus). Brasfield et al. (2008) examined reproduc-
tive and thyroid hormone profiles after a period of brumation 
and Rich and Talent (2008) recorded the effects of prey species 
on food conversion efficiency and growth in the Western Fence 
Lizard (S. occidentalis). The Coachella Valley Fringe-toed Lizard 
(Uma inornata) and Colorado Desert Fringe-toed Lizard (U. no-
tata) were maintained in a large outdoor exhibit with an exten-
sive sandy area. The lizards were removed to an indoor holding 
area in the winter. Foster et al. (2015) maintained and reproduced 
the Yuman Fringe-toed Lizard (U. rufopunctatus) at Phoenix 
Zoo. In central Texas, semi-arid places with limestone ledges and 
slabs called Texas holey rock (popular in cichlid aquaria) have 
the most beautiful male Eastern Collared Lizards (Crotaphytus 
collaris) which were kept on display at Dallas Zoo. The Reticu-
lated Collared Lizard (C. reticulatus) from the Rio Grande Valley 
in south Texas was also exhibited. Both species fed well on small 
lizards (Uta, Urosaurus, Sceloporus) and insects. I was surprised 
when a cage mate (Sceloporus serrifer cyanogenys) larger than 
the Eastern Collared Lizard had been killed and swallowed, later 
to be regurgitated after being partially digested. This predaceous 
saurian reminded me of a miniature Tyrannosaurus rex. 

In 1890 and 1897, three specimens of Ditmars’ Horned Liz-
ard (Phrynosoma ditmarsi) were collected somewhere near the 
United States–Mexican border but the site was not recorded. 
The first lizard was deposited in the collection of the American 
Museum of Natural History in New York. The second and third 
specimens were donated to Raymond L. Ditmars who was able 
to observe one for about a year until it died (Ditmars 1951). Both 
were preserved and sent to Leonhard Stejneger at United States 
National Museum in Washington, DC. Stejneger described the 
lizard in honor of Ditmars (Stejneger 1906). No additional speci-
mens were found alive until 1970. In a brilliant plan to discover 
the lizards’ location, two of the preserved lizards’ stomachs were 
examined, and insect remnants, plant fragments, and small peb-
bles were saved and sent to specialists for identification and a 
possible locale was pinpointed, based on known distributions 
of these animal, vegetable, and mineral clues. With this addi-
tional information, Ditmars’ Horned Lizard was rediscovered. To 
pursue this amazing story, consult Ditmars (1951), Roth (1971, 
1997), Lowe et al. (1971), Montanucci (1989), and Sherbrooke et 
al. (1998). Montanucci (1984, 1989) outlined breeding, captive 
care, and longevity of the Short-horned Lizard (P. douglassi) and 
Ditmars’ Horned Lizard. In 2005, the Texas Horned Lizard (P. cor-
nutum) reproduced at Fort Worth Zoo.

Lawler et al. (1994) outlined the ecological and nutritional 
management and Densmore et al. (1994) described a molecular 
approach for determining genetic variation in captive and natu-
ral populations of the Piebald Chuckwalla (Sauromalus varius) 
at Arizona-Sonora Desert Museum. Lawler and Jarchow (1986) 
presented a captive management plan, At Metro Toronto Zoo, 
Barker and Cranfield (1988/1989) identified Schellackia (Lainso-
nia) sp. in chuckwallas. Aucone et al. (2003) compared two artifi-
cial ultraviolet light sources used for Chuckwalla (S. obesus, now 
S. ater) husbandry.

Gamble et al. (1996) investigated plasma Itraconazole phar-
macokinetics in spiny lizards (Sceloporus spp.) at Dallas Zoo. A 
number of spiny lizards, chuckwallas, and other southwestern 
U.S. desert lizards were kept in a large outdoor exhibit with a 
sizeable hibernaculum and rocky crevices. The herbivorous 
chuckwallas were fed fruits and vegetables in large metal trays, 
attracting a number of hymenopterans. Granite Spiny Lizards (S. 
orcutti) would congregate around the trays, carefully snatch the 
insects at mid-body and immediately and violently bang them 
against the rocks. I watched hundreds of feeding episodes and 
as far as I could tell, no lizard was ever stung. Keeper Mark Doles 
studied maternal care in this colony (Doles 1998). He asked two 
questions: how long would a female continue to rebury her nest 
if excavated and could she discriminate between her nest and 
another dummy hole nearby? Read his paper to answer both 
questions. A hint—females excavated multiple exploratory holes 
but abandoned all but one for oviposition.

Knight Anoles (Anolis equestris) at Dallas Zoo displayed to 
smaller anoles (A. sagrei, A. carolinensis) that were used as food. 
Instead of trying to flee from the larger lizards, the food anoles 
sometimes displayed head bobs, lateral compression, and dew-
lap extension. On rare occasions, they continued the display 
even while being swallowed. Rosenberg (1941) covered behavior 
and husbandry in A. equestris and A. ricordii. One of the most 
interesting anole exhibits showing their lifestyle was at Lincoln 
Park Zoo in Chicago during the 1950s where a large planted ex-
hibit housed Brown and Green Anoles from Florida. This stately 
enclosure was remindful of a Victorian terrarium or Wardian fern 
case, viewable from all sides, with intricate and ornate ironwork 
and was the first display visible as one entered the reptile house. 
These lizards were very active: fighting, courting, ovipositing, 
hatching, and feeding. One day at Dallas Zoo, I felt a tremendous 
pain on my left earlobe as I was speaking on the telephone. One 
of my beloved employees had attached a large male A. carolinen-
sis to the lobe and it insisted on hanging on for some minutes. My 
gentle nature toward my co-workers was seriously challenged. 

In my view, the most productive zoo scientist studying igua-
nid lizards is Allison Alberts, Chief Conservation and Research 
Officer for San Diego Zoo Global. She is the co-founder and past 
co-chair of IUCN Iguana Specialist Group and president of Inter-
national Iguana Foundation. She has studied endangered igua-
nas in Cuba, Costa Rica, Turks and Caicos Islands, Fiji, and also 
Komodo Dragons. To prove my point, consult the bibliography at 
the end of this paper. 

Family Agamidae.—Murphy et al. (1978) observed defensive 
behavior in the Angle-headed Dragon (Goniocephalus dilophus, 
now Hysilurus dilophus) at Dallas Zoo. This spectacular adult liz-
ard emitted a series of grunts and hissing sounds as it leaped bi-
pedally toward an intruder. Specialized motor patterns included 
lateral presentation with open mouth, tongue rolled forward, gu-
lar sac expanded, sidehopping, tail lashing, and color change. An 
adult male Frilled Lizard (Chlamydosaurus kingi) from Australia 
flared its frill, stood bipedally, made a series of grunts and rushed 
toward the keeper at this Zoo (Fig. 9). In 2004, nine Javan Hump-
headed Lizards (= Chameleon Forest Dragon, Gonocephalus 
chamaeleontinus) hatched at Denver Zoo.

Almandarz (1969) placed Bearded Dragon (Amphibolurus 
barbatus) eggs in a portable baby incubator and seven hatched 
at Lincoln Park Zoo (Fig. 10). Van Aperen (1969) bred them at 
the Melbourne Zoo. Sherriff (1989) outlined the maintenance 
and breeding of the Inland Bearded Dragon (Pogona vitticeps) 
at Edinburgh Zoo. Morley (1992) bred the Nobbi (Amphibolurus 
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nobbi) at Adelaide Zoo. Montali et al. (1975) diagnosed derma-
tophilosis in Australian bearded lizards at National Zoo. Weigel 
(1989) maintained and bred the Superb Dragon (Diporiphora su-
perba) at Australian Reptile Park, Gosford. He has also published 
a helpful book on the care of Australian lizards (1988). 

Demeter (1981) reported on husbandry and breeding of the 
Chinese Water Dragon (Physignathus cocincinus) at National 
Zoo, Dedekind and Petzold (1982) bred the species in the Ber-
lin Tierpark, and Frolov and Sanoyan (1986) in Moscow Zoo. The 
National Aquarium in Baltimore has a large exhibit devoted to 
Lesueur’s Water Dragon (Physignathus lesueurii). Both Hydro-
saurus and Physignathus should be kept in large, semi-aquatic 
exhibits or the lizards will likely abrade their rostrals by banging 
into the exhibit glass. Lederer (1931) published an early paper on 
ethology of the Sailfin Lizard (Hydrosaurus amboinensis). Viss-
er (1984) described husbandry and reproduction of the Sailfin 
Lizard at Rotterdam Zoo. Mitchell (1986) reproduced the Philip-
pine Water Dragon (Hydrosaurus pustulatus) at Dallas Zoo. At 

Dallas Zoo in the 1970s, two Sri Lankan lizards were displayed: 
Mountain Horned Iguana (Ceratophora stoddartii) and Sri Lanka 
Horned Agama (C. aspera). At the same time at Fort Worth Zoo, a 
spectacular adult pair of Lyre-headed Lizards (Lyriocephalus scu-
tatus) was exhibited in a large planted enclosure.

In 2004, 20 Mali Spiny-tailed Lizards (Uromastyx maliensis) 
hatched at Detroit Zoological Institute. Watson (1969) outlined 
the care of Mastigure Lizards (Uromastyx) at Jersey Wildlife Pres-
ervation Trust. Wheeler (1990, 1991) described husbandry of 
Mastigures at Oklahoma City Zoo. Morales and Dunker (2001) 
found tuberculosis, Mycobacterium marinum, in a group of 
Egyptian Mastigures (Uromastyx aegyptius) at Steinhart Aquar-
ium (Fig. 11). Raphael et al. (1999) evaluated vitamin D concen-
trations in Uromastyx spp. with and without radiographic evi-
dence of dystrophic mineralization at New York Zoological Park.

Coburn (1975) described post-mortem removal and artificial 
hatching of Rainbow Lizard eggs (Agama agama) at the Cots-
wold Wildlife Park, Oxfordshire UK. A small group of Common 
Flying Lizards (Draco volans) was kept in a large planted exhibit 
at Dallas Zoo where they lived for several years (Fig. 12). Males 
regularly displayed to each other by extending dewlaps and par-
tially extending wings, and bobbing the body but I never saw 
them lock jaws or bite each other. Some ant colonies lived in the 
enclosure and were intermittently picked off by the lizards.

Family Chamaeleonidae.—Most chameleons have been dif-
ficult to keep for extended periods in captivity (Fig. 13). In 1818, 
the Menagerie of the Imperial Cabinet (Vienna) had chameleons 
from North Africa and eggs were laid in 1845 but did not hatch. 
The menagerie received many chameleons as gifts from various 
sources between 1818‒1851. Duméril (1854–1855) found that 
captive chameleons fared poorly between 1851 and 1855 at the 
Menagerie Jardin des Plantes, Paris for although more than 160 
were kept, none lived more than 13 months. Females often died 
from reproductive complications—no eggs were ever hatched. 
See Andreone et al. (2005), Andrews (2005, 2008), Andrews and 
Donoghue (2004), Andrews et al. (2004), Andrews et al. (2008), 
Ferguson et al. (2003, 2007), Karsten et al. (2008, 2009) for recent 
success stories.

Johann von Fischer was the first to document copulatory 
behavior and reproduction in Common Chameleons (Chamae-
leo vulgaris, now C. chamaeleon) in 1882 and 1884 (see Murphy 
2005 for English translation; Fig. 14). He attempted to incubate 
nearly 800 eggs but most never hatched. The first Veiled Chame-
leon (Chamaeleo calyptratus) obtained by the London Zoo was 
caught in Aden, South Yemen, on 15 March 1885 and donated on 
3 June 1885 by Lt.-Col. J. W. Yerbury (Coote 2001). Sarah Kuppert 
(2013) described color changes during courtship in this species 
at Smithsonian National Zoological Park (SNZP) (Fig. 15). Gary 
Ferguson and colleagues published a book on care of Parson’s, 
Panther, Veiled, and Jackson’s Chameleons in 2007. 

At the now-defunct Belle Vue Zoo in England (see Bennett 
and Barnaby 1989 for this sad story), average longevity for 24 
chameleons between the years 1898–1901 was slightly over three 
months and none survived for one year (Flower 1925). Raymond 
L. Ditmars had problems with chameleons which rarely survived 
longer than five or six months (Ditmars 1933). Flower (1925) 
found that chameleons rarely lived one year in captivity. An ex-
ception was the South African Dwarf Chameleon (Bradypodion 
pumilum) which have live young. In 55 years, only 15 chame-
leons of many species out of nearly 770 survived over one year, 
a rather depressing situation. By 1928, sixteen different species 
of chameleons had been exhibited alive in London but mortality 

Fig. 13. Illustration of Common Chameleon (Chamaeleo vulgaris, 
now C. chamaeleon) in Albert E. Brehm’s Illustrirtes Thierleben für 
Volk und Schule. Brehm’s Illustrirtes Thierleben für Volk und Schule; 
bearb. von Friedrich Schödler. Mit, Abbildungen nach der Natur, aus-
geführt unter leitung von R. Kretschmer. Neue Stereotypausg. Bibliog-
raphisches institut, Leipzig, 1875–1883 (Illustrated Animal Life for the 
People and the Schools; edited by Friedrich Schödler. With Illustra-
tions from Nature, Made under the Direction of R. Kretschmer. New 
Stereotypical Edition, Bibliographic Institute, Leipzig.).
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rates were high. At the Giza Zoological Gardens in Egypt where 
Flower was director, 200 chameleons were maintained at the zoo 
between 1898‒1924 but none lived for as long as four years. 

See Ferguson et al. (2004) for color variation, natural history, 
conservation, and captive management of the Malagasy Panther 
Chameleon (Furcifer pardalis). This work included reproductive 
and nutritional data on five captive generations at Texas Chris-
tian University; an overall history of chameleons in captivity was 
included. Gary Ferguson has worked in a zoo setting for many 
years to investigate the captive biology of chameleons (Ferguson 
1994; Ferguson et al. 1993, 1996, 2004). Early on when he brought 
his herpetology class to Dallas Zoo for the annual visit I asked 
him if he had ever seen a living chameleon. He replied no, which 
he said was saddening for an avid lizard ecologist. Luckily, we 
had a female Jackson’s Chameleon (Trioceros jacksonii) that had 
recently given birth and the neonates were being maintained 
outside in a large screened cage. When he viewed these tiny liz-
ards—going into I would characterize as a catatonic state, staring 
motionless on his haunches with no perceptible movement—I 
knew he was doomed. I offered some to keep in his lab in Fort 
Worth and he jumped at the opportunity—the rest is history! 

These young Jackson’s Chameleons were inaccurate at first 
as they tried to catch live crickets, often missing wide right or 
left. Occasionally, the tongue tip stuck firmly to the cage so the 
chameleon had to walk to the tip to reel in the tongue. The adults 
were kept in a large planted enclosure that covered the entire 
lobby of the reptile building at Dallas Zoo. Some of the trees 
were over 20 feet (6 m) high. When new males were first put into 
the enclosure, they spotted each other immediately and quickly 
moved toward each other to engage in male-male combat (Kom-
mentkampf). After the struggle, the dominant chased the sub-
dominant around the entire enclosure and eventually drove it 
to the very top of the highest tree. As the dominant lizard came 
closer, the loser released its grip, fell to the substrate, and quickly 
dashed away. We tested this multiple times with a series of males 
and the outcome was always the same; no loser suffered inju-
ries. Females did not flee but rejected male advances by opening 
mouths, lateral body compression, color change, and rocking 
back-and-forth.

On the floor of this exhibit, a number of large Ficus trees were 
placed—each with a single chameleon—and encircled with a 
sheet metal barrier at the base to keep the lizards separated as 
these highly territorial lizards were incompatible. Daily feeding 
demonstrations were held and were exceedingly popular with 
visitors. Occasionally, sarcophagid fly larvae would be missed by 
the chameleons and would escape into the flower pots where-
upon these insects hatched in the exhibit and were later plucked 
off by the lizards. One day, a fly landed on the inside of the glass 
at an adult human’s eye level and a visitor witnessed the chame-
leon tongue up front and personal. She emitted a scream rivaling 
the decibel level of a jet plane and fell backwards into the crowd, 
taking a few small children to the floor with her. 

Gary Ferguson, Rick Hudson from Fort Worth Zoo, and I trav-
eled to Kenya to collect specimens for Texas zoos and preserve a 
series of Jackson’s Chameleons for a description of what became 
a new taxon, now Triceros jacksonii xantholopus Eason, Fergu-
son, Hebrard 1988 (see Ferguson et al. 1991). We were hosted by 
Nairobi Natural History Museum, which includes a snake park. 
Chameleons were regularly collected as food for mambas and 
boomslangs living in a large pit. Jim Hebrard, then in the zoology 
department at University of Nairobi, kindly allowed us to stay at 
his apartment in the city but the space was so packed with other 
herpetologists—Butch Brodie, Ron Nussbaum, Tom Madsen, Ken 
Dodd, and a couple of other persons—that the living quarters 
were mindful of a homeless shelter. Gary, Rick, and I spent much 
time collecting on Mt. Kenya. Gary brought along some tree-
climbing equipment to scale trees but the first trial was less than 
impressive—he ascended about six feet, lost his balance, and fell 
to the ground. The equipment remained unused for the rest of 
the trip. We hired local villagers to help collect for us but virtually 
all were terrified of chameleons, believing that the lizard’s sharp 
claws were deadly poisonous. They were clearly conflicted, a few 
Kenyan shillings per lizard versus instantaneous death. Only one 
person actually held a chameleon—all of the others carried these 
saurians on the end of very long branches, both holding on for 
dear life. The villagers were stunned when we allowed these crea-
tures to crawl on us—women screaming and children running 
away at full speed. One surprising and unexpected fact was the 

Fig. 14. Illustration of Common Chameleon (Chamaeleo chamae-
leon) from John Anderson’s Zoology of Egypt Volume First. Reptilia 
and Batrachia (1898). Early records show that this species was very 
difficult to keep in captivity.

Fig. 15. Illustration of Veiled Chameleon (Chamaeleo calyptratus) 
from John Anderson’s Zoology of Egypt Volume First. Reptilia and Ba-
trachia (1898). This species is very hardy in captivity.
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High-casqued Chameleons (Trioceros hoehnelii) were spaced 
about 3 m (10 ft) apart within juniper bushes and hedge-rows at 
the vet station a few miles out of town and the bongo acclimation 
center at the base of Mt. Kenya. Jackson’s Chameleons were usu-
ally found higher in trees, especially at night, and several males 
might be found in the same tree. An exciting followup to our re-
search in the 1980s was recently published by Jan Stipala. He has 
completed a really interesting book called Mountain Dragons: In 
Search of Chameleons in the Highlands of Kenya (2014). He has 
found two additional clades on the west side of Mount Kenya 
and at higher elevations than where we looked.

Studying chameleons in Africa is unique. One night we 
were using flashlights and headlamps to spot chameleons since 

when sleeping they become much lighter in color and stand out 
against the vegetation. As we walked on the trail, we could hear 
large mammals crashing through the bush. A Tree Hyrax sudden-
ly emitted a call that was blood-curdling and nearly caused car-
diac arrest for all of us. At that moment, we realized that this was 
our first field experience where we potentially could be killed 
and eaten by animals and so we decided to retire from collect-
ing at night in dangerous settings. When we reached the lodge 
for a few drinks, elephants, cape buffalos, rhinos, wart hogs, and 
other mega-mammals were gathered around a pool illuminated 
at night for the tourists, and a leopard ran in front of our car as 
we left. Returning to our small hut for another well-needed drink 
on the patio after a starry night of chameleon stalking, a group of 
hyenas encircled us and they were much too close; we decided 
to retire earlier than planned. What was interesting was these 
predators were absolutely silent in their approach and we only 
knew of their presence when we turned on a flashlight and spot-
ted eye-shine.

Brodie and Nussbaum were studying caecilians (Afrocaecilia 
= Boulengerula taitana) in the Taita Hills near Nairobi and sug-
gested that we enlist the villagers to help with collecting because 
they were not afraid of chameleons but rather viewed these liz-
ards as a source of income. When we arrived at the village, adults 
and children rushed the car and gave us a verbal price list using 
scientific names, reproductive condition, health, and sizes; for 
example, a gravid female Böhme’s Two-horned Chameleon (Kin-
yago boehmei) was a steal at two Kenyan shillings. Soon, we were 
inundated with hundreds of herps, made our choices and pur-
chased them, and were frantic to leave since the locals insisted 
that we buy all of the remaining ones. As we left the village, peo-
ple ran after the car and threw more animals through the open 
windows on us, free of charge! Once we were out of sight, these 
animals were released.

The introduced Hawaiian stock of Jackson’s Chameleon was 
definitely Chamaeleo j. xantholophus, the taxon described by 
Ferguson and colleagues. At Dallas Zoo, chameleons from this 
place seemed to adapt more easily to captivity when compared 
to the Kenyan lizards. Perhaps one reason is the daily tempera-
ture fluctuation is much less dramatic in Hawaii. It was so cold at 
night on Mt. Kenya, we slept in our jackets inside of heavy sleep-
ing bags.

At San Diego Zoo, Charles Shaw recorded his observations on 
the reproductive biology of Chamaeleo basiliscus (now C. africa-
nus) (Shaw 1959). Castle (1990, 1991) described husbandry and 
breeding of several chameleons at the Oklahoma City Zoo. Bar-
rie et al. (1993) documented diseases of chameleons at this Zoo. 
Scott Stahl (1996) covered medical management.

Why do some chameleons do poorly in captivity? Here is a 
hint from a section in one of my earlier papers (Murphy 2009): 
“A new challenge is the recent study by Karsten and associates 
which explains why some imported animals could probably 
never have been successfully kept in captivity for extended pe-
riods. They found that Labord’s Chameleon (Furcifer labordi), 
from arid southwestern Madagascar, is an “annual” lizard living 
mostly as an egg for about nine months and then only four or 
five months outside the egg. These lizards reach sexual maturity 
in two months. This may mean that the brief life span of chame-
leons in captivity might, for some species, actually represent the 
natural adult life span. So questions are asked and suggestions 
given by the authors in their abstract: ‘Consequently, a new ap-
praisal may be warranted concerning the viability of chameleon 
breeding programs, which could have special significance for 

Fig. 16. Illustration of Flying Gecko (Ptychozoon kuhli) from A con-
tribution to the zoögeography of the East Indian islands, by Thomas 
Barbour (1912). At Dallas Zoo, we tested the gliding behavior but we 
were rather unimpressed with the outcome. The lizards did not crash 
to the ground when released from the top of a high ladder but the 
trajectory was not dramatic. 
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species of conservation concern. Additionally, because F. labor-
di is closely related to other perennial species, this chameleon 
group may prove also to be especially well suited for compara-
tive studies that focus on life history evolution and the ecologi-
cal, genetic, and/or hormonal determinants of aging, longevity, 
and senescence.’ Flower’s statement about chameleons being 
short-lived reptiles written over 80 years ago was prophetic.”

Final thought: When Gary Ferguson and I traveled to Mada-
gascar to do research for our books (2004, 2007), we spent one 
evening looking at a list of all chameleons in the country in order 
to predict the likely future for all of them. This was not a detailed 
scientific study but rather based on our observations in the field, 
discussions with colleagues, and literature. We concluded, much 
to our horror, that probably two-thirds were at serious risk of ex-
tinction and these were mostly taxa that lived in primary forest 
or fragile areas modified by humans. Weedy species such as the 
Panther Chameleons were common even in places with high hu-
man densities so they may well provide a starting point for a new 
chameleon radiation. 

Infraorder Gekkota.—Dale Marcellini from National Zoo 
published several papers on acoustics, vocal and visual displays 
of geckos (1977, 1978). Demeter and Marcellini (1981) recorded 
courtship and aggressive behavior of the Streak Lizard (Go-
natodes vittatus) at National Zoo. Heinrich Dathe (1942) record-
ed the birth of a Panther or Tokay Gecko (Gecko gecko) at Leipzig 
Zoo, Brodský (1969) at Prague Zoo, and Petzold (1963) bred 
this species at Berlin Tierpark. I witnessed a Tokay Gecko’s bit-
ing power in person as I watched the San Antonio Zoo’s curator 
pick one up whereupon it turned and bit him on the finger. The 
pressure was so great, the lizard’s eyes sank into their orbits. It 
held on for one hour and nothing was successful at dislodging it, 
including holding it under water, until it released my colleague, 
probably from boredom. Frolow (1981, 1987) outlined reproduc-
tion of the Skink Gecko (Teratoscincus scincus) in Moscow Zoo. 
As part of initial keeper training at Dallas Zoo, new employees 
were told to clean this gecko’s enclosure and the impressive de-
fensive display was startling to all—we were accused of being sa-
dists. Benefield et al. (1981) propagated Western Banded Geckos 
(Coleonyx variegatus) at Tulsa Zoo. From the Houston Zoo, Neit-
man (1983) described captive husbandry of the tuberculate 
geckos of the genus Coleonyx. Risley (1989) observed breeding 
of the Namib Gecko (Chondrodactylus angulifer) at London Zoo. 
Astreiko and Popovskaya (1999) from Tula Exotarium in Russia 
investigated the potential of breeding and raising the African 
Fat-tailed Gecko (Hemitheconyx caudicinctus) under labora-
tory conditions. At Dallas Zoo, we kept the Namib Sand Gecko 
(Pachydactylus rangei) and a group of Flying Geckos (Ptychozoon 
kuhli; Fig. 16). Both taxa did well in captivity. We also maintained 
several Cayman Island geckos with the strange standard name of 
Woodslave (Aristelliger praesignis) in the family Sphaerodactyli-
dae. We displayed the lovely Marbled Bow-fingered Gecko (Cyr-
todactylus marmoratus) from Peinsular Malaysia, Marbled Velvet 
Gecko (Oedura marmorata) from Australia, and Walberg’s Gecko 
(Homopholis walbergii) from Africa. 

Several papers on the long-term Madagascar Giant Day 
Gecko (Phelsuma madagascariensis) colony at National Zoo have 
been published by Béla Demeter and colleagues (1976, 1994). 
Bloxam and Townson (1980), Bloxam and Vokins (1978), Lange-
baek (1979), Wheler and Fa (1995) and Cooper et al. (1998) de-
scribed breeding, research, and medical management at Jersey 
Wildlife Preservation Trust with the endangered Round Island 
Gecko (P. guentheri), the largest species in the genus. Howard 

(1980) bred the Flat-tailed Day Gecko (P. laticauda) at Twycross 
Zoo. Rundquist (1980) reproduced Koch’s Day Gecko (P. mada-
gascariensis kochi) at Oklahoma City Zoo. Malagasy Flat-tailed 
Geckos (P. serraticauda) reproduced at Central Park Zoo in New 
York in 2003. In 2005, the endangered Yellow-throated Day Gecko 
(P. flavigularis) hatched at Wildlife Conservation Society. Linnetz 
et al. (1996) found gout in Giant Day Geckos. The late Sean McKe-
own from Fresno Zoo published many studies on Malagasy and 
Indian Ocean geckos (1982, 1984, 1985, 1989, 1992, 1994; McKe-
own and Miller 1984). Tytle (1994) presented an overview of the 
genus Phelsuma. Scott Pfaff and Sean Foley have developed an 
impressive program at Riverbanks Zoo, Columbia, South Caroli-
na, breeding many species of the endangered group of flat-tailed 
geckos (Uroplatus) from Madagascar (Fig. 17). One realized goal 
of this initiative is the distribution of many lizards to various zoos.

Leopard Geckos (Eublepharis macularius) are so prolific 
in captivity, one could consider them a laboratory animal (see 
Thorogood and Whimster 1979; de Vosjoli et al. 2005). Author 
Philippe de Vosjoli considers this species to be the first domes-
ticated lizard, like goldfish and parakeets. An array of color and 

Fig. 17. Illustration of Common Flat-tailed Gecko (Uroplatus 
fimbriatus) [above] and Mountain Horned Lizard (Phyrnosoma 
orbiculare) from Histoire naturelle de Lacépède. Nouvelle Édition par 
Cuvier in 1841. Many of the gekkonid species in Madagascar are at 
serious risk of extinction due to human causes.
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pattern morphs are now available on dealers’ pricelists—a pair 
of amelanotic lizards was being offered for US $1000 each. Ernie 
Wagner from Seattle Zoo wrote an interesting and important pa-
per in 1980 showing skewed sex ratios based on egg incubation 
temperatures. See also his other papers (1974, 1979). 

Kaverkin et al. (1994) described husbandry and reproduc-
tion of a eublepharid gecko, Goniurosaurus kuroiwae splendens, 
at Moscow Zoo. We kept the African Fat-tailed Gecko in the late 
1960s at Dallas Zoo, which has now become a staple with herpe-
toculturists. One of the most spectacular eublepharids at Dallas 
Zoo was the Cat Gecko (Aeluroscalabotes felinus). A small group 
was kept in a cool room ca. 72°F (22°C) ambient temperature 
with a damp paper towel substrate. These lizards were very se-
cretive and could not be placed on exhibit. As they grew, they 
all regularly pulled off skin with their mouths and swallowed it. 

Some of the rarest geckos in zoo collections are any of the 
eight species of the genus Naultinus from New Zealand. There 
was a colony of eleven male and ten female Green Tree Geckos 
(N. elegans) at the National Zoo maintained by Béla Demeter and 
colleagues. These geckos were wild-caught and sent by Auckland 
Zoo in 1985. All of these smallish lizards in the genus are spectac-
ularly colored and relatively easy to maintain in captivity, much 
like day geckos. All of the Naultinus survived over a minimum of 
several years. The National Zoo specimens were kept as groups 
of four in cages measuring ca. 3 ft × 3 × 2 h (1 m × 1 m × 0.6 m) 
with an ambient temperature of 72°F (22°C) and a small lamp 
provided as a thermal gradient. No courtship was observed so 
the lizards were watched throughout the night for two consecu-
tive days to see if things improved—they did not and no repro-
duction occurred. Many examples are pictured in Sharell (1966).

One of my most exciting experiences was seeing the New 
Caledonian Giant Gecko (Rhacodactylus leachianus) at the 
Zürich Zoo for the first time in 1969. Curator Renéα Honegger 
pulled a huge tame one from its enclosure and it rested quietly 
on his arm. I was truly thunderstruck. I vowed that we must have 
this species in Dallas so when a pair became available from a 
dealer for a princely sum, we jumped at the chance. I called gecko 
expert and Villanova University professor Aaron Bauer and asked 
for recommendations as to how to maintain this taxon success-
fully. He provided relevant environmental data and suggested 

cage furniture such as vertical tree limbs for a large display. Soon 
the geckos began to lay eggs, which we incubated at ca. 80°F 
(26°C). At least 60 hatched but all were males, suggesting Tem-
perature Dependent Sex Determination. The adults vocalized 
when threatened, a deep guttural croaking noise. I long to see a 
living example of the world’s largest gecko, named Kawekaweau 
(Hoplodactylus delcourti) of Mαaori legend, the presumably ex-
tinct giant from New Zealand (Bauer and Russell 1986). The type 
specimen was found in the basement of the Marseille Museum 
of Natural History, unlabeled and likely there for over a century. 
What was intriguing was this lizard was 54% larger than R. lea-
chianus—about two feet long and thick as a man’s wrist. What an 
awesome display that creature would make! I tried to convince 
my bosses to fund a collecting trip to try and find this gecko but 
I was summarily dismissed as a lunatic, who had taken complete 
leave of his senses. 

At Dallas Zoo, we kept two pygopodids: Burton’s Legless Liz-
ard (Lialis burtonis) and Common Scaly-foot (Pygopus lepidopo-
dus) (Fig. 18). We fed anoles, geckos, and skinks to the Lialis and 
I was constantly amazed by the cranial kinesis that allowed the 
jaws to wrap around the prey in the thoracic region to prevent 
breathing—this flexibility was very efficient in causing death. 
Banks et al. (1999) managed and bred the Striped Legless Lizard 
(Delma impar) at Melbourne Zoo. 
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Mating Gila Monsters 
by Randall D. Babb — Color pencil on illustration board 15” x 10”

An air of mystique has always surrounded the Gila Monster. 
Its very name, Heloderma suspectum, is a reflection of this. The 
specific epithet is an artifact of the uncertainty of its venomous 
nature when first described: it was “suspected” to be venomous. 
Remarkably this debate still lives among a surprising portion of 
southwestern U.S. residents who believe it is bad oral hygiene 
that gives the Gila Monster’s bite its punch. Venom is produced in 
a four-lobed gland located in the lower jaw and transmitted into 
the mouth via ducts that open into a groove between the gums 
and lip. Venom is “stabbed” into wounds by the teeth, which are 
grooved to facilitate its transmission. Bites are notoriously pain-
ful but seldom, if ever, fatal. Gila Monsters are quite common 
through much of their range in northwestern Mexico and the 
adjacent southwestern U.S., though secretive and seldom seen. 
They were the first venomous reptile in the United States to gain 
protection due to fears of over exploitation and are protected ev-
erywhere they occur. This illustration by Randall D. Babb, which 
appeared in Biology of Gila Monsters and Beaded Lizards by Dan-
iel Beck (2005. University of California Press, Berkeley, California. 
211 pp.), depicts Gila Monsters copulating in an underground re-
treat.

Randy Babb is a native of Arizona and works for the Arizo-
na Game and Fish Department. His interests are broad. Along 
with herpetological topics his research has included opossums, 

porcupines, elf owls, masked bobwhite, and most recently the 
ecology of antelope jackrabbits. Since 2006 he, along with a team 
of U.S. and Vietnamese biologists, has been participating in sur-
veying herpetofauna and bats at various localities in Vietnam. 
Several new distributional records and a few new species have 
resulted from their efforts. In addition to his work in the south-
western United States, Babb has also worked on various studies 
and projects in the southeastern U.S., Mexico, Central America, 
Namibia, Zimbabwe, and South Africa, often assisting other bi-
ologists with their research. 

Babb does not consider himself to be an artist but does enjoy 
photography and working in color pencil, ink, and watercolors. 
He often takes time to illustrate specimens captured during field 
work while overseas, but finds that time constraints make this 
nearly impossible at home. His work can be found in pamphlets, 
on t-shirts, and in numerous books including Venomous Reptiles 
of Arizona, Biology of Gila Monsters and Beaded Lizards, Amphib-
ians and Reptiles in Arizona, Deer of the Southwest, Lizards of the 
American Southwest, Vampiro: Vampire Bat In Fact & Fantasy, 
Inland Fishes of the Greater Southwest: Chronicle of a Vanishing 
Biota, What’s that Snake; a Starter’s Guide to the Snakes of South 
Africa, Traveler’s Wildlife Guide series; Southern Africa, Natural 
History of the Sonoran Desert, and even on an old cover of Herpe-
tological Review. 
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SSAR Roger Conant Grants-in-Herpetology 
Award Winners for 2015

An award in the amount of US $500 was made to each of the fol-
lowing individuals:

Conservation.— Pamela Clarkson, Southeastern Louisiana Uni-
versity, “Rehabilitation stress dynamics of incidentally caught 
Kemp’s Ridley Sea Turtles (Lepidochelys kempii).” Advisor: 
Roldan Valverde. Madeline Cooper, Humboldt State University, 
“Examining invasive Bullfrog (Rana [Lithobates] catesbeiana) 
movement patterns on the Trinity River.” Advisor: Sharyn Marks.

Education.— Valentine Kheng, Surya University (Indonesia), 
“HEAR: Hello Amphibians and Reptiles!!!”

The Andrew H. Price Field Research Grant In Herpetology.— Sa-
mantha Rumschlag, Miami University, “Toads in Peril? Assess-
ing the risk of American Toad populations to an emerging in-
fectious disease, Chytridiomycosis.” Advisor: Michelle Boone. 
Hannes Schraft, San Diego State University, “Infrared prey sens-
ing in rattlesnakes (Crotalus spp.).” Advisor: Rulon Clark.

Laboratory Research.— Sean Harrington, San Diego State Uni-
versity, “Constructing the pitviper tree of life.” Advisor: Tod 
Reeder. Alexander Novarro, University of Maryland, “Will 

intraspecific variation buffer the effects of climate change in 
lungless salamanders? Measuring the effects of adult body size 
on the thermal physiology of Plethodon cinereus across an eleva-
tion gradient.” Advisor: Karen Lips.

Travel.— Kyle Hovey, John Carroll University, “Alkaloid-based 
chemical defenses of the Strawberry Poison Frog Oophaga pum-
ilio: do variable defenses provide equal protection from microbi-
al pathogens? Advisor: Ralph Saporito. John Phillips, University 
of Tulsa, “Comparative genomics of eyes in Spelerpine Salaman-
ders.” Advisor: Ronald Bonnett.

International.— Ivan Camilo Beltran Arevalo, University of Los 
Andes (Colombia). “Autoresistance to batrachotoxin (BTX) in 
Phyllobates bicolor: a molecular and physiological approach.” 
Advisor: Adolfo Amezquita. Saeed Hosseinian, Ferdowsi Univer-
sity of Mashhad (Iran), “Biogeography and phylogenetics of the 
Paraklaudakia caucasia species complex.” Advisor: Eskandar 
Rastegar-Pouyani and Mansour Aliabadian.

Undergraduate Research.— Mark Herr, Penn State University, 
“Thermoregulation and predation trade-offs by gravid Timber 
Rattlesnakes, Crotalus horridus, at gestation sites.” Advisor: Tra-
cy Langkilde.

 SSAR thanks Committee Chair, Joshua M. Kapfer (University 
of Wisconsin-Whitewater), and the following reviewers for their 
service: Christine Bishop (Environment Canada, Science and 

ABOUT OUR COVER: Spinomantis aglevei
Madagascar, often referred to as the 

“eighth continent,” harbors a remarkable 
fauna notable for extraordinary levels of 
endemism. For example, 100% of the na-
tive species of frogs occur nowhere else 
(Brown et al. 2014. Nat. Commun. 5:5046; 
doi: 10.1038/ncomms6046), and the rate of 
discovery of new species shows no signs of 
decline. The island’s large size, complex to-
pography, and long period of isolation have 
promoted extensive diversification of am-
phibian and reptile lineages.

Among the anurans, Spinomantis aglevei (Mantellidae) in-
habits primary mid and low-elevation rainforest along the east-
ern slopes of Madagascar (Glaw and Vences 2007. A Fieldguide 
to the Amphibians and Reptiles of Madagascar. Third edition. 
Vences & Glaw Verlag, Cologne. 496 pp.). Although individual 
frogs are easily heard calling among the nocturnal cacophony, 
they are extremely difficult to see on their overhead perches 
along forest streams and swamps (Nussbaum and Vallan 2008. 
The IUCN Red List of Threatened Species. Version 2015.2. <www.
iucnredlist.org>, accessed 26 Oct 2014). 

Like many of the amphibians and reptiles inhabiting Mad-
agascar, Spinomantis aglavei has evolved a highly advanced 
form of crypsis that allows it to blend in perfectly with its 

surroundings. Its granular skin and dermal fringes break up the 
outline of this arboreal frog, allowing it to disappear on the li-
chen-covered tree trunks and branches during the day. 

Clutches of 30–38 eggs are deposited on vegetation over-
hanging streams. Larvae hatch and drop into the water where 
they complete their development (Glaw and Vences, op. cit.).

Like many of the denizens that rely on intact rainforest in 
Madagascar, this and many other species are threatened by de-
forestation, agricultural conversion, and increased habitat frag-
mentation. Fortunately, many of these remaining forests are now 
protected as national parks and community forests.

Our cover image was recorded by Rob Schell in the Mitsinjo 
Preserve near Andasibe in 2014, using a Canon EOS 5D Mark III 
and an EF 100mm f/2.8L Macro IS USM 
lens, at settings of f/11.0, 1/125 sec, and 
ISO 100. Illumination was provided by a 
Canon 580EX II master and two 320EX 
II slaves mounted on a RRS macro ring. 
Schell is a wildlife biologist based in the 
San Francisco Bay area of California. 
Through his photography, he has been 
able to share field experiences with col-
leagues and the general public.
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Technology Branch), Rebecca Christoffel (Snake Conservation 
Society), Peter Lindeman (Edinboro University of Pennsylvania), 
Cynthia Paszkowski (University of Alberta), Marion Preest (Cla-
remont Colleges), Steven Price (University of Kentucky), Hendrik 
Mueller (Institut für Spezielle Zoologie, Universität Jena), Sara 
Ruane (American Museum of Natural History), and Jeff Tamplin 
(University of Northern Iowa).
 Details concerning the Roger Conant Grants-in-Herpetology 
program for 2016 can be found below.

Roger Conant Grants-in-Herpetology Program:  
Guidelines for Proposal Submission

 Proposals will be accepted for the 2016 SSAR Roger Conant 
Grants-in-Herpetology Program starting on 15 September 2015. 
This program is intended to provide financial support for de-
serving individuals (with a primary emphasis on student re-
searchers) or organizations involved in herpetological research, 
education, or conservation. 

Who Can Apply?
 
 All applicants must be students AND members of SSAR with 
the following exceptions: 

•  Those applying for the International category must be stu-
dents but DO NOT have to be SSAR members. 

•  Those applying for the Herpetological Education category 
DO NOT have to be a student or SSAR member. 

•  Those applying for support of regional herpetological society 
projects DO NOT have to be SSAR members. 

 In keeping with the Society’s goal of encouraging participa-
tion by the broadest possible community of applicants, prefer-
ence may be given to individuals who might not have access to 
other funding sources. Applications must be submitted by indi-
viduals only (but see special considerations for education cat-
egories below).

Grant Amounts and Deadlines

 Successful applicants in each of the categories listed below 
will receive an award in the amount of US $500. A total of 12 pro-
posals will be selected each year through peer review, to receive 
funding. The deadline for submission is 15 December 2015 (see 
special note on membership dues below). The awards will be an-
nounced by May or early June 2016.

Grant Proposal Categories

•  Conservation of Amphibians and Reptiles.—Proposals 
should outline a conservation-oriented research project. 
This project may focus on species endangered or threatened 
at the state, national, or international level, or address re-
search on potentially threatened habitats or species, or on 
introduced injurious species.

•  Field Research in Herpetology.—Proposals may address 
needs for field station fees or equipment and materials in 

field oriented projects, or the field work portions of broader 
studies. This might include in-situ behavioral studies, eco-
logical, life history, or sexual selection studies. Survey work 
by individuals or regional societies may be submitted here or 
in TRAVEL below depending on how the funds are to be used. 

•  Laboratory Research.—Proposals may address needs for 
equipment or materials in laboratory projects or laboratory 
portions of broader projects. This might include studies in 
behavior, biochemistry, molecular biology, biomechanics, or 
physiology. 

•  Travel.—Proposals may address support for travel to field 
study sites near or far, or to utilize distant collections or fa-
cilities. If funding is sought to get from one place to another, 
proposals should be submitted in the TRAVEL category. Pro-
posals normally submitted in the CONSERVATION or FIELD 
RESEARCH categories should be submitted here if travel 
funding is being sought. 

•  International.—Proposals may address needs in any of the 
above five categories. The applicant must be a student, but 
not necessarily a SSAR member. Preference will be given to 
students with limited access to research funds and in coun-
tries where herpetological research has historically been 
under-funded. Note Regarding Eligibility in the International 
Category: In 2011, the SSAR Board of Directors decided that 
proposals in this category would only be accepted if they were 
submitted from institutions OUTSIDE of the United States. 
Proposals from students who are primarily affiliated with 
United States institutions are not eligible for this category. 

•  Herpetological Education.—Proposals may address an 
educational project or start up support for an educational 
program in a zoo, museum, park, nature center, regional 
herpetological society, etc. The project must focus on a her-
petological topic. Note: Although proposals for institutional 
projects are accepted, education proposals must be submit-
ted by an individual (either sole applicant or principal con-
tact person for the project). Applicants need not be students 
or SSAR member. 

•  Undergraduate Research in Herpetology.—Proposals in this 
category can outline any research project focused on ques-
tions related to amphibian or reptile taxonomy, biology, 
ecology or conservation. Funding can be used to purchase 
equipment, materials, or as re-imbursement for travel to con-
duct research (i.e., offset the cost of gas for trips to field sites, 
museums to investigate specimens, etc.). Applicants must 
be currently seeking a Bachelor’s Degree at an institution of 
higher learning. Applicants need not be affiliated with US 
institutions, and international applicants need not be SSAR 
members. Students that apply for this award must be working 
directly with a research advisor at an academic or profession-
al institution (i.e., University, Regulatory Agency, Zoological 
Garden, Museum, etc.). This advisor must submit the letter 
of support for the student’s work. This letter of support must 
explicitly confirm that the applicant is currently a student and 
has the time, ability and guidance to successfully complete 
the proposed project. Strong preference will be given for ap-
plicants that have limited funding from other sources. 
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 Additional information and requirements are posted on the 
SSAR website at: ssarherps.org/pages/GIH.php. All proposals 
must be submitted electronically to kapferj@uww.edu as a single 
pdf file named “lastname-category.pdf” not later than 15 De-
cember 2015 to be considered (letter of support may be included 
with the proposal or sent separately). Exceptions to electronic 
submission and file format may be allowed for special cases with 
prior approval by SSAR-GIH Chair. Failure to meet these guide-
lines may result in elimination of a proposal from consideration. 
 Successful applicants are encouraged to submit the results 
of their research for publication in the Journal of Herpetology or 
Herpetological Review, and/or to present their findings at the an-
nual meeting of SSAR. Submit proposals or questions regarding 
application procedures to: Joshua M. Kapfer, Chair, SSAR Grants 
in Herpetology, Department of Biological Sciences, University of 
Wisconsin-Whitewater, Whitewater, Wisconsin 53190, USA (e-
mail: kapferj@uww.edu).
 

Grants-in-Herpetology Donor Information

 Financial contributions by SSAR members, institutions, and 
other benefactors support this program significantly, and can 
increase the number and/or size of awards. Your tax-deductible 
(for US taxpayers) contribution to this program will directly ben-
efit meritorious research and education in herpetology. Contact 
the SSAR Treasurer for additional information about contribut-
ing to the Grants-in-Herpetology Program. If you are employed 
by an organization that will match donations made to nonprofit 
organizations, please notify your employer that you have made a 
donation to the Grants-in-Herpetology Program.
 SSAR would like to thank the many grant reviewers and do-
nors that have been instrumental in the success of this commit-
tee for the last several decades. In particular, we wish to thank 
Tom Beauvais for his generous financial support of this pro-
gram. We also thank Dr. Rebecca Christoffel, whose comments 
and suggestions greatly improved the guidelines for grant sub-
missions in the Education Category.

David J. Morafka Memorial  
Research Awards 2016

 In honor and memory of Prof. David J. Morafka, distinguished 
herpetologist and authority on North American gopher tortoises, 
the Desert Tortoise Council, with the aid of several donors, has 
established a monetary award to help support research that con-
tributes to the understanding, management and conservation 
of tortoises of the genus Gopherus in the southwestern United 
States and Mexico: G. agassizii, G. morafkai, G. berlandieri, and 
G. flavomarginatus.

Award Amount: US $2,000 to be awarded at the Desert Tortoise 
Council’s Annual Symposium, depending on the availability of 
funding and an appropriate recipient.

Eligibility: Applicants must be associated with a recognized in-
stitution (e.g., university, museum, government agency, non-gov-
ernmental organization) and may be graduate students, post-doc-
toral students, or other researchers. They must agree to present a 
report on the results of the research in which award funds were 
used at a future symposium of the Desert Tortoise Council.

Evaluation Criteria: Applications will be evaluated on the basis 
of the potential of the research to contribute to the biological 
knowledge of one or more of the above gopher tortoise species, 
and to their management and conservation. Important consid-
erations are the significance and originality of the research prob-
lem, design of sampling and analysis, preliminary data support-
ing the feasibility of the research, and the likelihood of successful 
completion and publication.

Application Procedure: 

1. Download and open an application form from the Desert Tor-
toise Council’s website www.deserttortoise.org. The form is elec-
tronically interactive.

2. Provide all information requested on the application, includ-
ing a description of the research project in no more than 1200 
words.

3. Submit the completed application to grstewart@csupomona.
edu as a pdf document.

4. Applications must be supported by the applicant’s CV and 
three letters of recommendation, one of which must be from 
the applicant’s research advisor, supervisor, or a knowledgeable 
colleague. Instruct the recommenders to submit their letters to 
grstewart@csupomona.edu as pdf documents.

5. All application materials and letters of recommendation must 
be received by 1 December 2015. They will be evaluated by a 
committee of gopher tortoise biologists appointed by the Desert 
Tortoise Council Board of Directors. 

6. The research award recipient will be notified of his/her selec-
tion by 19 January 2016 and the award will be presented at the 
2016 Desert Tortoise Council Symposium, 19–21 February 2016.

Reptile Database Update

 As of 12 August 2015, the Reptile Database (http://www.rep-
tile-database.org) now contains 10,269 species, an increase of 91 
species from the previous update in March 2015, including 72 
new species described in 2015 and another 19 revalidated or el-
evated from subspecies status. There are now 37,093 references, 
including 761 published this year and an increase of 815 since 
March.

Selected Taxonomic News and Changes

2014 was hottest year in history.—As with climate change, the 
last 10 years were the hottest in history, but especially in reptile 
taxonomy. Every year in the past decade had at least a 100 new 
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species described, a number that was reached only five times be-
fore 2005 (namely in 1758 with Linnaeus himself, then in 1854, 
1863, 1864, and 1887). It turns out that a record 180 species were 
described in 2014. 

New checklists.—We have updated several species lists based 
on recently published checklists, e.g., those for chameleons 
and Phelsuma geckos (after Glaw and Rösler 2015. Vertebrate 
Zoology 65[2]:247–283), lizards of the Amazon (Ribeiro-Júnior 
2015a,b), lizards of Togo (Segniagbeto et al. 2015. Zoosystema 
37[2]:381–402), lizards of the Mexican states of Jalisco (multiple 
sources), Morelos, Hidalgo (Lemos-Espinal and Smith 2015. 
Check List 11[3]:doi: 10.15560/11.3.1642), and Oaxaca (Mata-
Silva et al. 2015. Mesoamerican Herpetology 2[1]:6–62, and py-
thons (Barker et al. 2015. Zoological Journal of the Linnean Soci-
ety 175[1]:1–19; doi: 10.1111/zoj.12267).

Herpetological bibliography of Europe.—The Field Herpetol-
ogy special interest group of the German Herpetological Society 
(DGHT) has released an illustrated Herpetological bibliography 
of Europe that features almost 900 illustrations of European 
herps (in German). Access the bibliography here: http://www.
feldherpetologie.de/herpetologische-bibliographie-europas/.

—Contributed by Peter Uetz

Wildsumaco Biological Station

 Wildsumaco Biological Station is now open for use. The sta-
tion is located in the Napo Province of Ecuador on the south 
flank of the Sumaco Volcano at about 1450 m asl on the eastern 
slope of the Andes. This equatorial field station can sleep 18 peo-
ple and has 2.5 bathrooms, a common area for lecturing, and a 
kitchen. The station is a joint initiative of Francis Marion Univer-
sity and the University of North Carolina at Wilmington and is 
operated by the Wildsumaco Lodge. The lodge is a popular bird-
ing destination and is located about 0.5 km from the field station. 
A diverse herpetofauna is being documented at this premontane 
forest site. Numerous trails are available for both teaching and 
research that traverse elevations of 1300–1500 m in both primary 
and secondary forest. The property lies within the Gran Sumaco 
Biosphere Reserve, near Sumaco National Park. Reservation in-
formation can be found on the web site at wildsumacobio.org 
and there is also a Facebook page.

Slowinski Award Winner Announced

 The Center for North American Herpetology has announced 
that the winner of the Joseph B. Slowinski Award for Excellence 
in Snake Systematics for 2015 is Paola A. Carrasco. Paola is affili-
ated with the Universidad Nacional de Córdoba, Argentina, and 
is recognized based on publication of the following paper: Mor-
phology, phylogeny and taxonomy of South American bothro-
poid pitvipers (Serpentes, Viperidae). 2012. Zoologica Scripta 
41:109–124. The paper was co-authored with Camilo I. Mattoni, 
Gerrardo C. Leynaud, and Gustavo J. Scrocchi.

Amphibian Disease: Bsal
North America Call to Action

Issue.—A new amphibian fungal pathogen “Bsal” was identified 
in 2013 from a wild salamander die-off in Europe. Studies show 
that Bsal kills North American salamanders. Bsal is not known 
to occur in North America currently, but pathways for its entry 
do exist. Interagency and international collaboration and action 
will be essential to prevent or reduce risk of Bsal introduction to 
the United States, Canada, and Mexico.

Background.—Batrachochytrium salamandrivorans, or Bsal, is 
native to Asia, and Asian salamanders carry the fungus without 
showing signs of disease. Asian salamanders are held in interna-
tional captive collections, and are common pets; of the nearly 
3 million salamanders imported to the U.S. over the past de-
cade, >85% were Asian salamanders. First detected and identi-
fied in the Netherlands, in the last year Bsal has been detected 
in captive salamanders in the United Kingdom. This pathogen 
has proved to be lethal to multiple species in both captive and 
wild situations. It is an emerging infectious disease that is at an 
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early stage of global transmission. Wildlife scientists and manag-
ers aim to contain or treat infected animals in captive situations, 
and preempt the pathogen’s introduction to wild populations 
outside its Asian range.

Why we care.—North America is a global hotspot for salamander 
diversity, home to nearly 50% of all species. Salamanders play 
key ecosystem roles, as they are centrally nested in food webs 
and occur both in water and on land. We use salamanders as 
metrics of environmental change, and they are critical to bio-
medical research that seeks human health benefits. Numerous 
threats affect amphibians, and despite the potentially dramatic 
impacts of the Bsal threat, it is controllable at this time. 
PARC’s Disease Task Team will develop a Strategic Action Plan 
that will outline approaches to protect our North American 
natural heritage, our native species, and ecological functions, 
as well as ecosystem services for human goods and services that 
these species provide.

Bsal Strategic Action Plan components
1. Identify Bsal entry routes into the United States, Canada, and 
Mexico.

2. Develop strategies to prevent the risk of Bsal entry to North 
America, and specifically its introduction into wild populations.

3. Develop continental surveillance strategies for wild and cap-
tive populations.

4. Develop and improve response and intervention strategies 
(containment, treatment) if Bsal is detected.

5. Identify education and outreach strategies to enhance public 
awareness and biosecurity compliance. 

For more information, consult the PARC Disease Task Team In-
formation Portal:
http://www.parcplace.org/parcplace/resources/disease-task-
team.html

Charles W. Painter Grants in Herpetology

 The Chiricahua Desert Museum (CDM) has announced the 
establishment of the Charles W. Painter Grants in Herpetology, 
to support research and education on the herpetofauna of New 
Mexico. Charlie Painter (1949–2015) was a well-known, respect-
ed, and beloved expert on the reptiles and amphibians of the 
southwestern United States. Professionally, he is perhaps best 
remembered for serving as the first State Herpetologist for New 
Mexico, where he worked for over 25 years. He was a co-author 
of the 1996 book Amphibians and Reptiles of New Mexico, the de-
finitive resource for the herpetofauna of that state. He served for 
many years as a section editor for Herpetological Review, and in 
2013 was the recipient of the Alison Haskell Award from Partners 
in Amphibian and Reptile Conservation. 
 The deadline for applications is 1 November 2015. For details 
of this new grant program and to download an application, please 
visit: http://www.chiricahuadesertmuseum.com/#!charles-w-
painter-grant/cbfy

 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. 

3–6 November 2015—IV Congreso Nacional Sobre la Investig-
ación y Conservación de los Anfibios y Reptiles, Villhermosa, 
Tabasco, Mexico. Information: aicar2015@yahoo.com and www. 
Facebook.com/aircar.mexico.

6–8 November 2015—42nd Annual Meeting of the Kansas Herpe-
tological Society, Hays, Kansas, USA. Information: http://www.
cnah.org/khs/meetings.aspx

19–21 February 2016—Desert Tortoise Council Symposium, Las 
Vegas, Nevada, USA. Information: www.deserttortoise.org.

14–17 April 2016—63rd Annual Meeting of the Southwestern 
Association of Naturalists, Mexico City, Mexico. Information: 
http://www.biosurvey.ou.edu/swan/annualm.html

23–27 May 2016—1st National Congress of Mexican Pitvipers and 
Ophidism, Monterrey, Nuevo León, Mexico. Information: david-
lazcano@uanl.mx or congresoviperidos@gmail.com

6–10 July 2016—Joint Meeting of Ichthyologists and Herpetolo-
gists, New Orleans, Louisiana, USA. 

15–21 August 2016—8th World Congress of Herpetology, Hang-
zhou, China. Information: http://www.wch2016hangzhou.com/

MEETINGS
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Samuel Booker McDowell, Jr. (13 Sept 1928–31 Dec 2014)
The Most Important Herpetologist You Never Knew 

 One of the greatest joys of life is helping 
others and watching from the sidelines as 
those you help become successful, influ-
ential, and accomplished. The irony of this 
satisfying joy is that it happens at a stage in 
life when those who set you on your own 
path die. The feeling of this loss is magni-
fied by the sense that you never really man-
aged to adequately express your gratitude 
for their many kindnesses and generous 
mentoring. As prelude, this explains the 
next few lines meant as appreciation, as 
well as a scientific and personal biographic 
chronicle, of my friend and advisor, Sam 
McDowell (Fig. 1). For these and other 
reasons, this account might seem an odd 
mix of description of a scientific career, a 
fascinating and complex person, and the 
strangeness of life in general.
 Samuel Booker McDowell, Jr. was the 
only child of his father and Elizabeth Valen-
tine Dickinson McDowell. Everyone knew 
him as “Sam.” His father was born in Ken-
tucky and his mother was born in Birming-
ham, Alabama. Sam’s father was a Presby-
terian minister who left the church after an 
argument and became a book salesman for John C. Winston Com-
pany. Sam never spoke of his father in my presence. His mother 
waited to marry until after she finished her PhD at Columbia 
Teacher’s College (CTC), where she taught. When I first met Sam, 
his mother was still alive, and retired in Trenton, New Jersey. He 
often mentioned plans to take the train south for a visit, although 
he never indicated if these visits were dreaded or anticipated.
 Sam’s early years were in Morningside Heights, a neighbor-
hood of the northern part of Manhattan that included Columbia 
and Barnard College. While his mother was teaching at CTC, Sam 
attended the Horace Mann School. The motto of the school—
Magna est veritas et praevale (“Great is truth and it prevails”)—is 
a motto that Sam embraced. The family eventually moved to a 
farm in Bucks County, Pennsylvania, near the town of Lahaska. 
Sam’s “country” education included attending the Buckingham 
Friends School for his primary education and the Solebury 
School for his secondary schooling. All these schools were and 
remain elite prep schools.
 Sam must have been a fast learner, for he entered Columbia 
University a few days shy of his 16th birthday and graduated at 
19 in 1947. He stayed at Columbia for his graduate work and re-
ceived his PhD in 1957. The ten years between B.A. and PhD were 
very full, both personally and professionally. 

Sam met Rosa, his future wife, when he 
was the fourth for a bridge game. She was 
the oldest of three siblings and worked as 
a bookkeeper for a skirt maker in the Gar-
ment District. Her father came from Lithu-
ania and may have been part of the Jewish 
Eastern European Diaspora of the late 19th 
and early 20th centuries. Rosa was born in 
Brooklyn and when she met Sam her fam-
ily lived in Baldwin on Long Island. I met 
Rosa in the mid-1970s on my first visit to the 
American Museum of Natural History. Rosa 
suffered from arthritis, which rendered her 
posture bent, her knees swollen and stiff, 
and her hands twisted. This always gave me 
the impression that she was often in pain. 
But her beauty still radiated unabated, and I 
believe one of the great gifts granted to Sam 
was his life with her. She seemed to have 
Sam’s number and was one of the few who 
could defuse one of his rants with a simple 
“Oh, Sam.”

They were married 27 June 1952, and 
first lived in the Highbridge section of the 
Bronx, where their two children were born—
Edward Drinker Cope McDowell in 1955 and 

Janet Anne McDowell in 1957. Ed is a now a professor of math-
ematics at Rhode Island College, and Janet is a graphic artist in 
New York City. I have never met Ed, although I feel I know some-
thing about him, because during my first trip to the AMNH, Sam 
and Rosa let me stay in his vacated room. They lived in a high-rise 
apartment building perched above the throughway leading to 
the George Washington Bridge in the Washington Heights neigh-
borhood of Upper Manhattan—convenient for access to public 
transportation, but from my perspective at the time (a southern 
California beach/desert stoner) distinctly post-apocalyptic. My 
views of New York neighborhoods dramatically changed after I 
looked into average rents. I was always impressed by how much 
more Janet knew about art, music, culture, and baseball than I 
did. She seemed to have Sam’s brilliance and Rosa’s joie de vive.
 Sam’s eventful personal life was matched by a very productive 
scientific period. In 1948, his first paper was published, on the pa-
laeognathous palate of birds (McDowell 1948). This paper was to 
be a part of an ambitious series devoted to the anatomy of birds. 
He was 20 years old, but his youthful ambition for a series of pa-
pers was never realized. Three decades later, one of Sam’s distinc-
tive letters, written on legal yellow lined paper, impressed Storrs 
Olson (Curator of Birds at the National Museum of Natural His-
tory) so much that Olson arranged for its publication (McDowell 
1978). This letter suggests a radically different and very plausible 
hypothesis that might explain bird palatal homologies and lack of 
teeth. Alas, citations to this paper are as “rare as hen’s teeth.”
 He next co-wrote a paper on the plastron of soft-shelled tur-
tles with Ernest E. Williams, late Curator of Reptiles at Harvard’s 

OBITUARIES

Fig. 1. Samuel Booker McDowell in the 
1964 Rutgers Yearbook. 
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Museum of Comparative Zoology (Williams and McDowell 
1952). He also drafted the illustrations for Williams’s PhD disser-
tation (1950). In later years, several other papers on turtles ap-
peared (McDowell 1961, 1963, 1964, 1983; Hotaling et al. 1985); 
his papers from the 1960s are the most important and influential 
published on turtle systematics. Who can forget the “batagurine 
process”? The phylogenetic works of Gene Gaffney, Peter Mey-
lan, Walter Joyce, myself, and many others benefited immeasur-
ably from Sam’s insights. Many of his careful anatomical obser-
vations were eventually simplified by others for the purposes of 
computer-based cladistic analysis.
 Sam was able to use detailed descriptions of the seemingly 
narrow and prosaic to generate broad and influential ideas. An-
other of his early papers is an example of this almost preternatu-
ral skill. Along with the physiologist Charles Bogert he published 
on Lanthanotus (Bogert and McDowell 1954). At the time, this 
was a very rare animal, and only a handful of specimens were 
available among all the collections of the world. The Lanthano-
tus monograph is important. It is a detailed and in-depth review 
of the comparative anatomy of a lineage of squamates—the An-
guinomorpha—that includes snakes. It is an example of charac-
ter description and analysis that presaged and contributed data 
to cladistic analyses conducted decades later. And, it is explicitly 
comparative and phylogenetic in both execution and goals. It 
is a worthy successor and the equal of Camp’s famous work of 
30 years earlier (Camp 1923) and Underwood’s influential work 
on snakes (Underwood 1967). The Lanthanotus monograph, 

written four years before Sam received his PhD, is a work for the 
ages because it is a peerless example of scholarly comparative 
anatomy; it should rank as one of the top ten most important pa-
pers on squamate relationships published in the 20th century. Of 
course, Camp’s and Underwood’s seminal works belong on that 
list and so does Estes and Pregill (1988). Filling out the top ten is a 
matter of opinion and likely fruitless (Beatles vs. Rolling Stones), 
but the Lanthanotus paper will be on everyone’s list. All the ana-
tomical descriptions and most of the drawings are Sam’s work. 
His densely detailed anatomical description, characteristic of all 
his scientific output, is on display (Fig. 2). 
 In the preface to his dissertation on Antillean insectivores 
(McDowell 1958), Sam explained that the British paleomammal-
ogist Percy Butler also reported some of his results independent-
ly. Sam also thanked his major PhD advisor—none other than 
George Gaylord Simpson. Others thanked were a “Who’s Who” 
of 20th century luminaries in vertebrate paleontology, including 
Bobb Schaeffer (also on his PhD advisory committee), Glenn Je-
psen, Joseph T. Gregory, Malcolm McKenna, Karl Koopman, Er-
nest Williams, and Bryan Patterson.
 Both of these two monographs illustrate several reasons 
why Sam’s work was relatively unsung. His writing is spare and 
almost painfully efficient. It is easy to spend a day on a single 
page of Sam’s anatomical description, trying to make sure you 
completely understand his observations and inferences. It is 
also easy to become impatient because specimens need to be at 
hand, and often other relevant published work must be reviewed 

Fig. 2. This is figure 2 from Bogert and McDowell (1954) and illus-
trates the skull of Lanthanotus borneensis. At the time rare in collec-
tions, this is an example of Sam’s ability to make the most of limited 
material. Only one example of the skull and lower jaw was examined 
for this monograph and it was dissected and cleaned from an MCZ 
preserved specimen by Sam.

Fig. 3. This is figure 17 from McDowell’s (1972) influential paper on 
the tongue of snakes published in a volume honoring his PhD advi-
sor, George Gaylord Simpson. Pictured are the throat muscles of the 
tiny snake Leptotyphlops humilis. (now Rena humilis). Superficial 
muscles are illustrated on the right side and deeper muscles on the 
left.
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simultaneously in order to fully grasp his intentions. The result 
can be in equal parts frustrating and rewarding. It took me two 
days, simultaneously reading DeBeer’s big book on vertebrate 
head development, to understand his letter sent to Olson (Mc-
Dowell 1978)—although maybe this says more about me than I 
would like to admit.
 In 1957, with the birth of Janet and the completion of his PhD, 
Sam started at Rutgers, the State University of New Jersey. Rut-
gers has three campuses: the main campus in New Brunswick, 
and smaller campuses in Newark and Camden. Sam worked at 
the Newark campus, a convenient walking distance from Penn 
Station-Newark. Downtown Newark during most of the latter 
half of the 20th century could be a rough place. Imagining Sam’s 
trip from home to campus may reveal something important 
about whom he was. Sam never owned a car, had a driver’s li-
cense, or learned to drive—so he saved a lot of money and did 
his part to spare the environment. Public transportation, his 
life-long preferred means of travel, from Washington Heights via 
the A train to Penn Station, transferring to the New Jersey Transit 
train to Newark, followed by a 15-minute walk to campus was, 
and still is, a sampling of human diversity as seen through the 
unique lens of New York, the world’s most exciting city. I took al-
most the same trip every time I went to Newark during my years 
as Sam’s graduate student. It was an education for me; Sam took 
that trip for 38 years before retiring in 1995 as Professor Emeri-
tus.
 During most of the 1960s, Sam’s scholarly output was mod-
est. He had a new family and a relatively new job; both may have 
required much of his time. Also, his research focus changed—he 
became interested in snakes. His first snake paper was a review 
of Malnate’s book on Natrix (McDowell 1961). His commentary 
on the persistent problems of lumping and splitting anticipated 
a give-and-take that persists to this day: “Theorists in taxonomy 
… have drawn much attention to the villainy inherent in split-
ting, but have said little about the dereliction of the taxonomist’s 
duty implicit in a very large genus. As a result, almost any paper 
proposing to lump genera is accepted and cheered, but any pro-
posed splitting of a genus meets with hostile suspicion and the 
assumption that the author must wear spats and a celluloid col-
lar.” With the advent of abundant molecular evidence support-
ing the identification of myriad independent lineages, would 
Sam be surprised that spats and celluloid collars are in fashion 
once more?
 The humor of this quote reveals a part of Sam’s life not widely 
known: from April 1962 to November 1963, Sam wrote for The 
New Yorker. His uncredited columns appeared in the Talk of the 
Town section at the front of each issue. They are funny, pithy, 
teasing of pretention, self-deprecating, and loaded with an 
ironic sense of humor that only a few of us were lucky enough 
to appreciate. His initial contribution was on the first Latimeria 
received by the AMNH. He noted that the transit from the airport 
to the museum took three hours: “… an indication that living 
fossils fare no better than anyone else in getting from the airport 
to midtown Manhattan.” In his account of this arrival, Sam men-
tions Donn Rosen, Bobb Schaeffer, Ned Colbert, James Oliver, 
Richard Zweifel, Marjorie Courtney-Latimer, J. L. B. Smith, and 
a few others on slightly more than one magazine page. This was 
a lot of name-dropping, especially for Sam. His next column, in 
May, began with noting the unfortunate case of Enos, the first 
chimpanzee in space. Apparently, through some sort of NASA 
mistake, a mild shock, meant to keep Enos pulling a lever to con-
firm the continuation of his life, was issued whether the correct 

or incorrect lever was pulled. Sam used the torturing of poor 
Enos to complain of other evil forms of technology: “… a de-
mented or simply spiteful coffee-vending machine … rejecting 
a first rate dime for a cup of third rate coffee.” What would Sam 
have thought of a mocha decaf double-shot non-fat latte with a 
shot of hazelnut—all for only $5.00? Included in Sam’s anti-auto-
mation rant were complaints of inadequately grounded phone 
booths (what’s a phone booth?), self-service elevators (are there 
any other kind?), and automated long distance calling (alas, still 
with us). In February 1963, he continued his dislike of technol-
ogy. Automated postage cancellation machines unable to handle 
the return of bottle caps (who remembers why these needed to 
be returned?) were singled out: “The machine has taken on the 
role of infallible arbiter of right and wrong that was formerly 
filled by the dog.” Electric typewriters needed scolding for fail-
ing to impart the Anger intended by the typist in the depression 
of the letter “A.” An automated pitching machine throwing only 
fastballs deserved rebuke—“Is it because they lack the guts to go 
to the curve with a three ball count?”
 During his time as a New Yorker humorist, Sam became 
friends with A. J. Liebling, a journalist and frequent contributor 
to the magazine. In a brilliant Liebling piece (The New Yorker, 
Oct. 27th, 1962) about bouillabaisse, Sam is a hero: “It is a mistake 
to mention anything unclear to McDowell, because he will go to 
entirely extravagant lengths to clarify it.” Liebling quotes heavily 
and revealingly from Sam’s letters. For example, in a letter thank-
ing Liebling for a fine lunch Sam needed to explain:

“I want to … apologize for the peculiar way I squirmed in my 
chair and bulged my eyes whenever a busboy cleared a near-
by table. Because of years of exposure to tobacco smoke and 
formaldehyde preservative, my taste buds are in no condi-
tion to make me a judge of the delicacies of fine cookery, but 
I am a connoisseur of fine fishbones. The sight of that menu, 
with its marvelous variety of fishes, immediately suggested 
to me what delights in fishbones there must be in the kitchen 
garbage cans. I could visualize a huge can of codfish skulls, 
with striking enlarged intercalary bones; Spanish-mackerel 
vertebral columns, with articulating processes designed with 
fine precision and economy; and the skull of my own red 
snapper, with magnificent supraoccipital crest. Through the 
years, I have learned not to follow the busboy out into the 
kitchen and rummage through the garbage, but desire still 
comes over me, and I am not quite myself when the seduc-
tive hints of fishbone-connoisseur’s paradise pass before my 
eyes …”

There may be a link between Sam’s complaints of the pitfalls 
and idiocy of technology and the letters he wrote. They were al-
ways hand-written, never on a typewriter. As far as I know, Sam 
didn’t use a typewriter, electric or manual. And I don’t think he 
ever owned a computer or had an email address. At home, he 
wrote his papers and letters on lined yellow legal pads, sitting in 
a recliner with his feet on an ottoman. He always wrote using a 
rapidograph India ink pen and almost never edited or scratched 
out what was written. None of the letters he wrote to me ever 
included insertions, strikeouts, or deletions.
 From the late 1960s until his last paper published in 2008, 
most of Sam’s scholarly output was devoted to snakes. His work 
had an effect on almost anyone with serious interests in snake 
anatomy and evolution. Any snake expert who has not read 
about the architecture of the corner of the mouth of colubrids 
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should be ashamed. He was especially proud of his last paper, 
which was devoted to the skull of snakes (McDowell 2008, but 
probably written years earlier)—over 150 pages of dense ana-
tomical description.
 In 1973, Sam took a break from snakes and published a se-
ries of four papers devoted to the Heteromi. These papers ap-
peared in volume 6 of the monumental Fishes of the North Atlan-
tic (Memoir, Sears Foundation for Marine Research, Number 1, 
Fishes of the Western North Atlantic, part 6). Sam’s 228 folio-size 
pages appeared just before Donn Rosen’s cypriniform chapter.
 As a comparative anatomist, Sam is certainly best known for 
his work on snakes. This work has always been difficult because 
all of the typical anatomy of squamates is crammed into a some-
times pencil thin (or even pencil-lead thin) snake body. Sam’s 
large hands would not have seemed able to tease apart such di-
minutive detail. And yet his observations and the illustrations he 
drafted are detailed and beautiful (e.g., see Fig. 3, his illustration 
of the throat muscles of a tiny Leptotyphlops). Many of the skulls 
illustrated in his work were meticulously—almost miraculous-
ly—dissected from preserved specimens. He was often in unex-
plored territory and his observations were the foundation for the 
research of others such as David Cundall, Fran Irish, and Alan 
Savitzky, to mention just a few. The titles of many of Sam’s papers 
were obscure and gave scant clues of the importance of the con-
tent. For example, the Bishop Museum series (McDowell 1974, 
1975, 1979) dealt with most of the basal lineages of snakes and 
represents an extraordinary source of anatomical insight. Sam’s 
work is widely regarded as perceptive; even some of his more un-
likely systematic conclusions and outrageous ideas of homology 
have been confirmed by his astonished successors. For example, 
in 1968, Sam revealed that two “Elaps” (the type genus of Elapi-
dae), were not even elapids, and today these two species are Ho-
moroselaps. Thus, in a modestly titled paper on two misclassified 
snakes, Sam redefined the Elapidae and suggested relationships 
among African burrowing colubrids and atractaspids which have 
since been corroborated by molecular data (McDowell 1968).
 Sam never made it easy on his readers. He had a visceral ab-
horrence of over-simplification and felt that anatomy for its own 
sake was worthwhile. He rejected the “least publishable unit” 
and often buried important observations and hypotheses in 
larger works. For example, Sam suggested that Ramphotyphlops 

bramina might be the only all-female snake species. This gem 
glitters in his first of Bishop Museum series of papers (1974). 
Binary characters—required for cladistic analysis—were, in his 
view, intellectually dishonest. Boy, did we fight about this. He 
never generated a character matrix leaving it for others to mine 
his work for veins of anatomy gold. For any serious student of 
squamate anatomy, the best advice possible would be: “read and 
understand the work of Sam McDowell.”
 I met Sam during my first visit to the AMNH in the summer of 
1977. Sam and Rosa let me stay with them during my time in New 
York. Sam did not attend meetings very often and spent most of 
his life in New York City. Thus, many people never got an impres-
sion of Sam’s physical stature. When we met he would have been 
about 50 years old—tall, at least my height (6’3”), robust, already 
grey-bearded and grey-headed. I never saw him without a beard. 
He had large hands and long, slightly re-curved fingers, stained 
with tobacco and preservatives from pickled snakes (he never 
wore latex gloves during his dissecting). His fingers seemed to 
arch backwards even more when holding an often-present cigar 
away from his body. Although not tanned, his complexion was 
dark and his gaze was direct and intense; he could seem very 
intimidating. His expression often reflected concentration, but 
might have been perceived as irritation or even anger. When re-
ally listening, he would slightly close his eyes while twisting his 
beard. His smile was gentle, but coffee and tobacco took an inev-
itable toll. Sam’s laugh was reserved, and punctuated with small 
deep chuckles that seemed to come from his chest. He almost 
always wore a jacket, and short-sleeved button-down shirts, of-
ten with small holes from old fallen cigar embers. His wardrobe 
seemed an afterthought, a classic academic anti-fashion state-
ment. His tie might bear a water mark from dipping into some 
jar or vat of specimens. On the surface, Sam was the picture of 
an absent-minded professor with a bit of stubborn honesty that 
disguised a deeply compassionate and passionate humanist. 
 For someone whose mind was so well organized, his office 
and research spaces were almost catastrophically disordered. 
Piles of papers, bottles of specimens, dissecting equipment—all 
mixed with a light dusting of cigar ash—gave the mistaken im-
pression of neglect. His rotary telephone at the AMNH was a vic-
tim, covered in ash except for the dial, which was polished clean 
by the need to dial numbers. 
 Sam was not an extravagant person. He lived modestly, en-
joyed watching those damn Yankees win, and liked to thrash me 
in a friendly game of chess. In fact, in days when communica-
tion involved writing letters, his notes to me often began with a 
chess move—P to Q4. His wardrobe changed little over the years. 
Even his cigars were cheap. In spite of the importance of his sci-
entific contributions, he was never one for self-promotion. Af-
ter retirement in 1995, Sam lived quietly in his Manhattan, New 
York neighborhood. He shared four more years with Rosa before 
she died; they were married for 47 years. Sam lived another 15 
years and he was healthy and fit until the last few days of his life. 
He lost some weight without Rosa and age bent him a bit. He 
was napping while Janet sat nearby, knitting neglected, when he 
peacefully and gently died.
 Sam only had two graduate students: me and Edward Saiff 
(Ramapo College of New Jersey). He had mixed feelings about 
Rutgers-Newark as a grad school and only encouraged me to 
come because he was able to arrange for me to be a student re-
searcher at the AMNH.
 There are very few pictures of Sam. His daughter Janet tells 
me he disliked having his picture taken. In May 2014, seven 

Fig. 4. Samuel Booker McDowell, Jr.—a photo from the Humans of 
New York project taken 8 May 2014. http://www.humansofnewyork.
com/post/85118270706/ive-taken-over-five-thousand-portraits-of-
people
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months before he died, a photographer took his picture as a part 
of the Humans of New York project (Fig. 4). The photographer ex-
plained to Sam that he had taken thousands of pictures of New 
Yorkers and he had learned a little something about each person 
he photographed. Sam responded: “Well, you’re not finding out 
a thing about me!”—as Rosa would say with a little smile and up-
ward glance “Oh, Sam”—true to himself—always.
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James Albert Organ (1931–2015)

 James (Jim) Albert Organ was consid-
ered a great educator by his students and 
peers. He made significant contributions 
to the field of plethodontid salaman-
der courtship and ecology, and will be 
long remembered as an ambassador for 
plethodontid salamander conservation 
in the Mount Rogers National Recreation 
Area in southwestern Virginia. Unbe-
known to most, Jim played a pivotal role 
in the establishment of the Society for the 
Study of Amphibians and Reptiles. 
 Jim Organ was born on 29 March 1931 
in Newark, New Jersey. He developed his 
passion for science while participating in 
the junior museum program at the New-
ark Museum; he became a life member at 
the age of nine. Initially, Jim was more in-
terested in building airplane models, but 
a field trip to a local swamp stimulated his passion for natural 
history. At ten years of age, Jim was introduced to salamanders 
by Frankie Culpepper Georges from Cornell University. From 
her, Jim gained an understanding of how little was known about 
this animal group. Many years later Jim thanked Dr. Georges for 
inspiring him to study salamanders.
 In the eighth grade, while attending St. Michael’s Catholic 
School, he wanted to read Charles Darwin’s Origin of Species 
for a book report, but the school’s nuns deemed the book inap-
propriate. The Newark Museum staff then recommended to Jim 
that he attend the engineering program at Central Commercial 
Technical High School. He graduated in June 1948. Immediately 
after high school Jim enlisted in the U.S. Air Force. He wanted to 
be a pilot, but his young age prevented him from entering the 
program and he was later assigned to supply and logistics. Jim 
completed training at Mitchel Air Force Base on Long Island, and 
spent the last years of his military service at Air Force bases in 
Florida where he was able to continue to pursue herpetology in 
his down time (Fig. 1). He was honorably discharged in 1952 at 
the rank of staff sergeant.
 After serving in the Air Force, Jim attended the Newark Col-
lege of Arts and Sciences at Rutgers University where he focused 
on natural history. He earned an A.B. degree, graduating with 
high honors in the natural history curriculum and special hon-
ors in biology. At Rutgers, Jim meet Della Sprague, a fellow biol-
ogy major, in an embryology course. Jim and Della were mar-
ried in 1956, and the couple enjoyed 57 years of marriage until 
Della’s death in 2013 (Fig. 2). Della was almost always with Jim 
during his field trips and for most of his laboratory courtship 

trials. Jim credited his accomplishments 
to a lifetime of help from Della. In 1956, 
the couple moved to Ann Arbor, Michi-
gan, so Jim could begin graduate school 
and Della could complete a B.S. in Zool-
ogy. They had two daughters Linda Joyce, 
born in 1960, and Sylvia Fawn, in 1961.
         Jim obtained his M.S. (1958) and Ph.D. 
(1960) degrees from the University of 
Michigan under the direction of Charles 
M. Walker. Jim’s graduate research was 
conducted on Whitetop Mount and 
Mount Rogers in the Jefferson National 
Forest in southwestern Virginia. Walker 
initially suggested that Jim work on sys-
tematics in Mexico or Guatemala, but 
Jim had fallen in love with salamanders 
and southwest Virginia. In 1956, Jim took 
a field trip to the southern Appalachian 

Mountains to follow the trail, literally and figuratively, estab-
lished by Emmitt Reid Dunn. After he and Della were married, 
they revisited the Southern Appalachians to scout for research lo-
cations. They decided that Whitetop Mountain would be his pri-
mary research location. He sensed that herpetologists often felt 
they had to explore other countries because everything had been 
accomplished in the United States. However, he was the first to 
acknowledge that there was an immense amount of knowledge 
lacking for southern Appalachian plethodontid salamanders. He 
was always delighted when young scientists became dedicated 
to research Appalachian salamanders. Jim encouraged natural 
history students of all ages to pursue their passion even in an age 
where natural history and field work were often considered infe-
rior to molecular work. In an interview with Rick Van Noy for his 
book A Nature Sense of Wonder, Jim said “The best scientists are 
the ones that never quite grow up. They retain a kind of wonder 
about them” (Van Noy 2008). This quote is very fitting because 
Jim always wanted to learn more about herpetology in general 
and Appalachian salamanders in particular. He read each new 
issue of the Journal of Herpetology, Herpetological Review, and 
Copeia until the end of his life.
 Jim’s master’s thesis was on the courtship and reproduction 
of Plethodon jordani (now montanus) and P. glutinosus (now cyl-
indraceous), as well as the life history of P. welleri (Organ 1958, 
1960a, 1960b). Jim and Della observed courtship of P. monta-
nus during their first field trip to Whitetop Mountain in 1956. 
He wrote a manuscript detailing courtship including drawings 
of spermatophores. However, Walker would not allow Organ to 
publish the manuscript because he thought the spermatophore 
resembled a phallus. During the next season, Jim observed 
courtship again, but this time he took photographs. Once Walker 
observed the photographs, he then agreed to allow Jim to pub-
lish the manuscript which became Jim’s first scientific paper (Or-
gan 1958).
 For his dissertation, Jim wanted to expand upon the work of 
Nelson Hairston (1949) in North Carolina where he had docu-
mented elevational gradients of plethodontid salamanders. He 
established elevational transects at 100 ft intervals on northern 

Fig. 1. Jim Organ at MacDill Air Force Base, 
Florida, processing snakes he had collected 
(1950).
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and southern slopes of Whitetop and Bluff Mountains, as well 
as on Mount Rogers. Jim’s dissertation work created the founda-
tion for a long term study to examine elevational distributions in 
what is now called the Mount Rogers National Recreation Area 
(MRNRA) established by congress in 1966. Additionally, his dis-
sertation research included life histories, population ecology, 
and reproduction of five species of desmognathine salamanders 
(Organ 1961a). During his research, he collected over 12,000 
specimens, 7,000 of which were Desmognathus. All specimens 
are in the University of Michigan Museum of Zoology where Jim 
worked during his graduate degree. Jim published his elevation-
al distribution research with Desmognathus salamanders in his 
1961 Ecological Monographs paper (Organ 1961a). It was later 
included in the 1964 edition of Readings in Population and Com-
munity Ecology (Hazen 1964).
 Jim and Della Organ’s lifetime of research on plethodontid 
salamander courtship and reproduction created a foundation 
that researchers continue to build upon. In addition to Jim’s pub-
lication on the courtship of Plethodon montanus, he also docu-
mented the reproduction and life history of Gyrinophilus por-
phyriticus and Desmognathus wright (now organi) (Organ 1961b, 
1961c). From his work at the University of Virginia’s Mountain 
Lake Biological Station (MLBS) and City College of New York, 
Jim published three additional papers on salamander behavior 
and reproduction of Eurycea lucifuga, Plethodon glutinosus, and 
Pseudotriton ruber (Organ 1968a, 1968b; Organ and Organ 1968).
 Jim continued to work within the MRNRA and focused on his 
long term studies of salamander distributions. He published an 
abstract from the 1967 SSAR symposium in which he pointed out 
the absence of long term salamander population studies (Organ 
1968c). In 1990 and 1991, the U.S. Forest Service (USFS) con-
tracted with Jim and Della to repeat his dissertation surveys and 
to survey additional areas within the MRNRA, including Beech 
Mountain (Fig. 3; Organ 1990, 1991). Based on his research and 
recommendations, the Forest Service created and then almost 
doubled the size of its salamander management zone that pro-
tects most areas above 4,000 ft within the MRNRA and additional 
sensitive areas at lower elevations. Jim recommended that com-
mercial collection of salamanders for fishing bait be prohibited 
long before others had considered the conservation practice. 
Jim also suggested the MRNRA staff examine collection requests 
carefully to ensure they had scientific merit. Desmognathus or-
gani (formerly D. wright; Northern Pygmy Salamander) was 
named after Jim Organ for lifetime of salamander conservation 
(Crespi et al. 2010).
 For 31 years (1961–1992) Jim was a faculty member at The 
City College of the City University of New York, his only academic 
position in his career. During his tenure, Jim served as the de-
partment chair for six years, as well as head of the executive of-
fice of the Ph.D. program from 1981–1984. Jim had a reputation 
for being a rigorous professor and was awarded college teacher 
of the year in 1989. Jim taught a variety of courses, including gen-
eral biology, zoology, and anatomy. He developed a lab manual 
for his vertebrate biology course (Organ 1972). Students who 
completed his course were thankful for his rigor and thorough-
ness. Later in life, Jim developed health concerns and visited a 
new doctor in Marion, Virginia. After the visit, the doctor left the 
examination room and returned a few minutes later with a smile 
on his face. “I thought you might be that Jim Organ,” the doctor 
stated. One of the doctor’s friends in medical school was a grad-
uate of the City College and had successfully completed Jim’s 
anatomy course. After leaving the room, the doctor had quickly 

called his friend to confirm Jim’s identify and said his friend had 
noted the rigor in Jim’s classes. 
 Kraig Adler and Jim shared lab space at MLBS in 1966 and 
1967. Adler had mentioned to Jim that he and others were hav-
ing trouble naming a new national herpetology society that had 
been formed in 1958 as the Ohio Herpetological Society. Jim sug-
gested the “Society for the Study of Reptiles and Amphibians.” 
After a brief discussion, Jim and Kraig thought it would be better 
to follow taxonomic order and the name was modified to the So-
ciety for the Study of Amphibians and Reptiles. Kraig presented 
the potential name for the society at the 1966 meeting in Pitts-
burgh where it was adopted. Jim co-chaired the SSAR meeting at 
Mountain Lake Biological Station in 1968.
 Later in retirement, Jim and Della continued to share their 
love and knowledge of southern Appalachian salamanders. 
They often led interpretive hikes and presented programs on 
salamanders. Jim was the keynote speaker for the Mount Rogers 
Naturalist Rally in 1996 and the Tennessee Herpetological Soci-
ety in 2007. Jim guided many researchers working in the MRNRA 
and provided advice and insight for modern resurveys of his 

Fig. 2. Jim and Della Organ at the Mount Rogers Naturalist Rally, 
Konnarock, Virginia (2003).

Fig. 3. Jim Organ working in his Konnarock, Virginia, cabin during 
his 1990–1991 resurveys of the MRNRA (note the map of the MRNRA 
and sampling areas on the wall above the desk).
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historical datasets conducted by Hamed. Jim and Della would 
open their home to visiting researchers, as well as college and 
university field trip groups. Everyone who spent time with the 
Organs relished their knowledge of plethodontid salamanders, 
as well as their stories of a lifetime of field work. Jim and Della 
were also great salamander ambassadors to the local community 
surrounding the MRNRA. Fears of endangered species and land 
seizures were often calmed with Jim’s knowledgeable discus-
sions and personal conversations. Based on his research, Jim felt 
a few areas within the MRNRA lacked woody cover objects. While 
eating at a local restaurant, Jim was approached by a Konnarock, 
Virginia, resident who stated “you want to cut down trees for sal-
amanders?” Jim promptly began a discussion about his recom-
mendation and the need for cover objects. Local residents knew 
Jim and Della and they were well respected. Some local residents 
coined the nickname the “salamaster”, which was fitting. 
 Jim Organ died on 16 January 2015 in Konnarock, Virginia, in 
the cabin he and Della built and where they spent summers until 
his retirement when it then became their permanent residence. 
Jim was surrounded by family and friends during his last few 
months. His impact on his students and the field of plethodontid 
salamander behavior and ecology, especially in the MRNRA, will 
be long remembered and serve as a testament to a lifetime of 
hard work dedicated to a salamander-rich area.
 Portions of this obituary were derived from Walls et al. (2014).
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 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. 

Freezing as a Method for Euthanasia

 Over the last few decades, methods for euthanizing small 
reptiles and amphibians have been under scrutiny. One method 
widely used historically, though currently out of favor, is a combi-
nation of cooling and freezing. Concerns about ice crystals form-
ing while the animals are still conscious and therefore exposed 
to severe pain have led to a perception that this method is not 
sufficiently humane. The authors of this study investigated the 

effects of freezing on Cane Toads (Rhinella marina) in Austra-
lia, where an efficient method for disposing of large quantities of 
toads is needed and where the freezing method is frequently em-
ployed. The authors initially implanted electroencephalogram 
electrodes to anesthetized toads. Ten days after recovery from 
surgery, the toads were implanted with a thermocouple wire to 
monitor body temperature, and then subjected to cooling and 
freezing. Toads were initially cooled to 5°C in a refrigerator, after 
which they were placed in a freezer. These experiments revealed 
a linear decline in braid activity with declining temperature, 
and no evidence of brain activity spikes consistent with pain as-
sociated with freezing. The authors also investigated pertinent 
literature, demonstrating that research contradicts anti-freezing 
arguments. Specifically, the brain temperature reflects air tem-
perature, body tissues freeze at temperatures below 0°C, cold is a 
general anesthetic, and, at least in Cane Toads, brain function ef-
fectively ceases at 3.2°C. The authors argue that experiments and 
literature support freezing (when combined with cooling) to be 
a humane method of euthanasia comparable with other widely 
used methods. However, they caution that these findings may 
not reflect the effects of freezing euthanasia in larger or cold-
adapted species.

CURRENT RESEARCH
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Middle Triassic Stem Turtle Provides  
Insights into Turtle Evolution

 In 2008, the discovery of a Late Triassic stem turtle, Odonto-
chelys, provided important insights into the evolution of turtles. 
At 220 million years old, Odontochelys represented a transition-
al stage in turtle evolution. In lieu of a carapace, Odontochelys 
had wide, flat ribs lacking intervening bone, though small neu-
ral plates were present adjacent to the vertebrae. Additionally, 
Odontochelys had teeth on the maxilla, premaxilla, dentary, and 
palatal bones. Like modern turtles, Odontochelys possessed a 
fully developed plastron and its skull lacked temporal fenestrae. 
The authors of the paper described here announce the discovery 
of an even older stem turtle. Named Pappochelys, it was retrieved 
from 240 million year old sediments in Germany. Like Odonto-
chelys, Pappochelys bears teeth on the maxilla, premaxilla, and 
dentary (dental condition of palatal bones is uncertain). It also 
possesses expanded ribs but lacks the small neural plates of 
Odontochelys. In place of a plastron, Pappochelys possesses a se-
ries of enlarged, paired gastralia, forming a jagged lateral margin 
akin to the margin seen in the plastron of later turtles. Perhaps 
most exciting is the presence of temporal fenestrae, the diag-
nostic feature of Diapsida; this is in line with recent molecular 
analyses recovering turtles as a clade nested within Diapsida. 
In light of this finding, turtle stem lineages had paired tempo-
ral fenestrae which were lost in the lineage leading to Odonto-
chelys and extant turtles. The sediments and associated fossils 
(fish, temnospondyl amphibians, terrestrial diapsids) indicate 
Pappochelys occurred at a lacustrine-terrestrial interface, sug-
gesting either an aquatic or amphibious lifestyle. This discovery 
lends further support to existing hypotheses regarding the phy-
logenetic placement of turtles, as well as turtle skull and plastron 
evolution.
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nature14472.

Correspondence to: RAINER SCHOCH, Staatliches Museum fur 
Naturkunde Stuttgart, Rosenstein 1, D-70191 Stuttgart, Germany; e-mail: 
rainer.schoch@smns-bw.de.

Arboreal Snakes have  
Disproportionately Long Tails

 Previous work has demonstrated a correlation between 
certain anatomical characteristics and arboreality in snakes, 
with the theory that they reduce the gravitational effects on the 

cardiovascular system experienced during vertical climbing. 
Such potential adaptations include small body width to length 
ratios, anteriorly positioned hearts, and tissues within the tail 
resistant to edema. The latter has cascading effects on climbing 
snakes, as edema reduces blood pressure, thus robbing the brain 
of vital blood flow. In an effort to determine whether long tails 
relative to body length can be added to this list, the authors of 
this paper collected data on 226 species spanning the snake phy-
logeny. Data was taken from female snakes to standardize the 
comparisons and to avoid issues associated with the presence 
of hemipenes. Total, tail, and body length measurements were 
made, and from these, a relative tail length (RTL) was calculated. 
Species were assigned to one of three “gravitational habitat” cat-
egories: obligatorily arboreal, facultatively arboreal and terrestri-
al, and non-arboreal (terrestrial and/or aquatic) (saxicolous spe-
cies were not represented). ANCOVA and ANOVA methods were 
employed to identify if RTL and total body length varied signifi-
cantly among the treatments, respectively. As phylogenetic re-
latedness could itself lead to a correlation between ecology and 
morphology, a phylogenetic independent contrast (PIC) analysis 
was conducted. For this, the authors constructed a “supertree” 
for the included taxa by pulling together phylogenetic infor-
mation from several previous studies; as the information was 
derived from different analyses, the branch lengths were set to 
equal. In this analysis, the discrete gravitational habitat catego-
ries were treated as continuous data, with obligatorily arboreal, 
facultatively arboreal and terrestrial, and non-arboreal forming 
a continuum from high to low gravitational stress, respectively. 
These analyses revealed the three categories did indeed differ 
in RTL; post-hoc analysis found RTL declined with declining 
arboreality. Meanwhile, non-arboreal snakes were shorter than 
obligatorily and facultatively arboreal snakes (the latter two 
categories did not differ in total length). The PIC analysis dem-
onstrated that when phylogenetic relatedness is accounted for, 
RTL is still positively correlated with increasing arboreality. The 
authors argue that by increasing RTL, arboreal snakes increase 
the proportion of the body possessing edema-resistant tissues, 
thereby counteracting the effects of gravity-induced cardiovas-
cular stress. Further, they point out that total length appears to 
be constrained in obligatorily arboreal snakes (given selection 
for longer tails), and that in addition to gravitational stress, se-
lection for maximal gap- spanning ability may be contributing 
to this, as gap-spanning ability relative to body length decreases 
with increasing body length.
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New Insights into the Evolution of  
Temperature-Dependent Sex Determination

 The potential consequences of climate change for species 
with temperature-dependent sex determination (TSD) are of 
pronounced concern to conservation biologists. These concerns 
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extend to species with otherwise genotypic sex determination 
(GSD) that exhibit a “temperature override,” where certain tem-
peratures cause embryos to undergo sex reversal relative to their 
genotypic sex. Through analysis of wild populations and experi-
ments in the lab, the authors of this paper aimed to determine 
the potential effects of climate change for a known temperature 
override species: Australia’s Central Bearded Dragon (Pogona vit-
ticeps). In this ZZ/ZW species (where females are the heteroga-
metic sex), high temperatures cause genetic males to develop as 
females. Blood samples were collected from wild dragons across 
a swath of their distribution from the northern corner of Victo-
ria to the southwest corner of Queensland. Phenotypic sex was 
determined through visual inspection and physical manipula-
tion, and genotypic sex was determined via PCR. The PCR pro-
cedure involved amplifying a gene on the W chromosome and 
an autosomal gene (control); in the ensuing gel electrophore-
sis, PCR product from genetic females would have two bands 
while those from sex-reversed females would have one. These 
studies revealed a region with a high proportion of sex-reversed 
females straddling the border between New South Wales and 
Queensland. Despite numerous laboratory-based demonstra-
tions of sex reversal in amniote species, this study represents the 
first documentation of this phenomenon in a wild population. 
Back in the lab, the authors of this paper subjected clutches of 
eggs from genetic and sex-reversed females to a suite of tem-
peratures, and raised the resulting offspring to determine geno-
typic and phenotypic sex. Analysis of the offspring data from the 
genotypic females indicated the temperature above which sex 
reversal begins to skew the sex ratio is about 33°C, corroborating 
previous studies. The sex ratios of the offspring of sex-reversed 
females followed a common pattern seen in species with TSD: 
males only at low temperatures and females only at high tem-
peratures. The sex-reversal mechanism in sex-reversed female 
offspring was more sensitive, with the pivotal temperature be-
ing a full degree below that of genetic female offspring. Most 
surprisingly, eggs from sex-reversed females exhibited a higher 
frequency of successful hatching. While previous attempts to ex-
plain the existence of TSD have focused on adaptive processes, 
these experiments suggest a novel pathway to TSD, where rising 
temperatures alone can eliminate genetic females from a tem-
perature-override population in a single generation. Further, if 
sex-reversed females possess greater fitness than their geneti-
cally female counterparts, this may also serve to eliminate GSD 
from a population.

Holleley, C. e., d. o’Meally, s. d. sarre, J. a. MarsHall graVes, T. ezaz, 
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Correspondence to: CLARE HOLLELEY, Institute for Applied Ecology, 
University of Canberra, Canberra, Australian Capital Territory 2601, Austra-
lia; e-mail: clare@holleley.net.

Environmental Conditions of  
Yellow-Spotted Monitor Nests

 Female Yellow-Spotted Monitors (Varanus panoptes) are 
known to excavate nests in close proximity to one another, 
forming communal “warrens.” These nests serve no additional 

purpose (e.g., adult estivation) as they are filled with loose soil 
subsequent to ovipositing. A study researching the nesting be-
havior of this species was published in 2014 that revealed the 
nesting burrows of V. panoptes to be corkscrew-shaped and up to 
3.6 m in depth—the deepest cavities dug strictly for nesting ever 
recorded for a living vertebrate. The paper described here (from 
the same research group as the aforementioned 2014 paper) aims 
to shed light on the function of these deep, spiraled burrows. 
Noting that they bear a striking resemblance to fossil burrows of 
a Permian therapsid (Diictodon) and a Miocene beaver (Palaeo-
castor), they propose that studying deep helical burrows in an ex-
tant species may provide insights into these fossil “Daimonelix” 
(or “devil’s corkscrews”). The team found and excavated 52 nests, 
fifteen of which had viable eggs and the remainder of which were 
presumably from previous years. In an effort to test the hypoth-
esis that deep, helical burrows served to optimize thermal and/
or moisture conditions experienced by eggs, the authors placed 
data loggers along the length of the rebuilt egg-containing bur-
rows to collect temperature data, and took soil samples for mois-
ture quantification. These temperature data were analyzed using 
linear mixed-effects models with depth and season as fixed ef-
fects and specific burrow as a random effect. Non-linear regres-
sion was employed to identify a correlation between moisture 
and depth. These experiments revealed variation in temperature 
decreased with increased depth. Relative to deeper depths, shal-
lower depths were not only warmer in the warm season, but also 
colder in the cold season. Interestingly, despite being of variable 
depth, there was no significant correlation between nest depth 
and temperature, suggesting nests are constructed to achieve 
optimal temperatures. A significant positive correlation between 
moisture and depth was found. The moisture-content increase 
from one to three meters was small in an absolute sense but rela-
tively large (37%) as these desert soils are exceptionally dry. The 
authors discuss in depth other hypotheses attempting to explain 
helical burrows in V. panoptes and other taxa; however, their ex-
periments do support the hypotheses that these burrows serve 
to optimize temperature and maximize moisture experienced by 
developing eggs.
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the Linnean Society (in press) doi:10.1111/bij.12589.
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Underpinnings of Reduced Fertilization  
Success in Explosive Breeding Males

 Although female reproductive output limitation due to gam-
ete depletion is well documented in explosive-breeding anuran 
species, the degree to which males of these species exhibit this 
is less understood. The authors of this paper set out to study 
this phenomenon in Wood Frogs (Ranidae: Lithobates sylvati-
cus). Wood Frogs are among the earliest breeders throughout 
their range (northern, eastern North America), and while at the 
breeding sites males do not eat and instead subsist solely on en-
ergy stores remaining from the previous fall. With such limited 
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energy available, it would seem these males would have a limited 
supply of sperm during a given season. Previous studies of ex-
plosively breeding anurans have demonstrated both decreased 
sperm count and decreased fertilization success with succes-
sive matings; however, whether a reduction in sperm count or 
energy is to blame for this reduced success is unknown. To test 
this, the authors allowed male frogs to successively mate with 
three to four gravid females over the course of a few days during 
two breeding seasons. Prior and subsequent to mating, females 
were weighed to determine the mass of the eggs, and males were 
weighed and measured to determine a body condition index. 
Subsequent to mating, egg masses were brought into the labo-
ratory and allowed to develop to the initiation of hatching, at 
which point the number of fertilized eggs was determined. These 
data were analyzed using linear mixed models, with number of 
fertilized eggs as the dependent variable and mating order, year, 
mass of eggs, and male body condition as fixed effects. A logistic 
regression was also run to determine if male condition was cor-
related with fertilization failure. The authors hypothesized that 
reduced reproductive success due to diminishing sperm count 
would result in a gradual decline of fertilization success (as 
sperm count tapers off gradually), while that due to energy-store 
depletion would result in complete failure to fertilize following 
reproductive bouts of normal success. The only significant effect 
detected was the order of the mating; however, this disappeared 
when complete fertilization failures were removed, indicating a 
pattern expected if energy-store depletion is affecting fertiliza-
tion. Additionally, males that failed to fertilize did not differ in 
size or body condition from those that successfully fertilized 
consistently. Taken together, these findings illustrate that despite 
reduction in sperm count with successive matings, other factors 
may still underlie the reduced fertilization success seen in explo-
sive breeders.
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Correspondence to: LINDSEY SWIERK, Department of Biology, In-
tercollege Graduate Degree Program in Ecology and Center for Brain, Be-
havior and Cognition, The Pennsylvania State University, University Park, 
Pennsylvania, USA; e-mail: lindseyns@gmail.com.

Testing Predatory-Bite Protection  
Hypothesis for Lizard Armor

 Though body armor is commonly assumed to serve to pro-
tect soft bodies from crushing predatory bites, this hypothesis is 
infrequently evaluated in a rigorous fashion. As degree of arma-
ment is generally conserved within clades, few ‘natural experi-
ments’ exist allowing for the testing of these hypotheses. The au-
thors of this paper chose to test hypotheses of armor function in 
one clade that does show considerable armor diversity: lizards 
of the family Cordylidae. Lizards in this family possess both der-
mal bone and keratinized epidermal armor which have been 
hypothesized as a defense against predatory bites. They chose 
to investigate five species, including single populations of Karu-
sasaurus polyzonus, Namazonurus peersi, Cordylus macropholis, 
and C. cordylus, and three populations of the Armadillo Lizard 
(Ouroborus cataphractus), which are known to vary in degree 

of armament. Frozen/thawed but otherwise unpreserved skins 
were subjected to simulated bites from skulls of four sympatric 
species of herpestid mongooses that are likely predators of these 
lizards. This involved attaching a mammal cranium to a force 
transducer, and determining the force required for each skull 
to pierce each skin. The authors also used light microscopy to 
quantify the degree of dermal bone and keratinized epidermis 
in each skin, indicated by thickness of osteoderm and α-keratin 
thickness, respectively. Using an established protocol, estimates 
of potential bite force were generated for the skulls based on 
morphometrics. Two ANOVAs were performed; one using the 
bite force/skin strength data to identify significant differences 
in skin strength and bite force, and any interactions between 
the two, and another to determine if there is variation in armor 
among the lizard species/populations. Finally, a Spearman rank 
correlation analysis was performed to determine whether skin 
toughness and degree of armor are significantly correlated. 
These analyses demonstrated significant variation among bite 
forces and skin strengths. Post-hoc tests revealed the skins to 
be of similar toughness with the exception of the O. cataphrac-
tus populations, which had significantly tougher skin. Further, 
significant differences in skin toughness were detected among 
the O. cataphractus populations. Similarly, bite force varied 
among herpestid species. Taken together, all mongoose species 
have sufficient bite force to puncture the skin of K. polyzonus, 
N. peersi, C. macropholis, and C. cordylus; as for O. cataphrac-
tus, one or two populations have skin of sufficient strength to 
withstand the bite of the three weakest mongooses, though the 
strongest (Herpestes ichneumon, the Egyptian Mongoose) is ca-
pable of puncturing the skin of all cordylid species examined. 
Little difference was detected in the degree of keratinized epi-
dermis, while degree of dermal bone showed more variation and 
mirrored the observed variation in skin toughness. These experi-
ments demonstrate that dermal bone is the primary contributor 
to skin strength, though even the toughest skin is susceptible to 
at least one local predator, implying there may be other factors 
driving the evolution of armament, including (the authors sug-
gest) aiding in thermoregulation, prohibiting extraction from 
rocky retreats, and serving as mineral reservoirs.
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Researchers Reveal Insights into  
Social Dynamics of Cottonmouths

 Recent studies have greatly expanded our understanding of 
viperid social behavior, for instance revealing that Timber Rattle-
snake (Crotalus horridus) individuals can recognize kin and pref-
erentially associate with them. The authors of this paper chose 
to explore how postnatal maternal attendance affects these be-
haviors in the Cottonmouth (Agkistrodon piscivorous). Gravid 
females were collected from the wild and allowed to give birth 
in captivity. Upon birth, clutches were assigned to one of two 
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treatments: they were either allowed to remain with their moth-
er and their siblings until their first shed (maternal attendance, 
or MA, treatment) or were removed and placed into solitary 
confinement (separated, or SE, treatment). In the former treat-
ment, subsequent to shedding, the offspring were also placed in 
solitary confinement. After six months, snakes were assigned to 
same-sex pairs so that half were paired with a littermate and half 
were paired with an unrelated snake. To ensure all paired snakes 
were either full sibs or unrelated, snakes were paired from dif-
ferent localities, and multiple-paternity clutches were identified 
via genetic testing. Pairs were recorded interacting and average 
distance and time entwined was calculated; these data were ana-
lyzed using general linear modeling and post-hoc tests. This ex-
periment revealed female kin in the MA treatment showed a high 
affinity to one another while those in the SE treatment avoided 
each other. Male kin showed the exact opposite pattern, while 
the non-kin treatments showed no pattern. These same patterns 
were also reflected in the time spent entwined. Subsequent to 
these experiments, the same juveniles were subjected to similar 
trials with either their mother or an unrelated mother. Analyzed 
using linear mixed models, these experiments revealed regard-
less of sex, related juveniles and mothers in the MA treatment 
showed a higher affinity than their unrelated counterparts. In 
contrast, pairs in the SE treatment showed highly variable de-
grees of affinity. Further, the only group that showed a greatly 
reduced propensity to entwine included mothers and unrelated 
females, regardless of treatment; thus, contrary to what was seen 
for siblings, maternal attendance appears much less important 
for mother-offspring relationships. The authors stress that this 
and similar studies show that “cryptic sociality” is more wide-
spread than generally recognized, and more investigation into 
the dynamic of facultative parental care is warranted.

Hoss, s. k., d. H. deuTsCHMan, W. booTH, and r. W. Clark. 2015. Post-
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Brazilian Frogs Found to be Venomous

 Venom, toxin aligned with a delivery system, is common 
among snakes but has evolved infrequently across the verte-
brate tree. And though the presence of poison glands is a syn-
apomorphy of Amphibia, few amphibians exhibit an associated 
delivery mechanism. Two closely-related hylid frogs in Brazil, 
Aparasphenodon brunoi from the Atlantic Forest ecoregion and 
Corythomantis greeningi from the Caatinga ecoregion, do fall 
in the venomous category, as they have potent secretions and 
affiliated cranial spines which pierce through glands to deliver 
venom to potential predators. The authors of this study set out 
to further characterize the venom systems of these frogs. Their 
experiments revealed secretions from A. brunoi had LD50 val-
ues of ~4 µg while those from C. greeningi were ~50 µg. Com-
pare those scores to those of sympatric pitvipers (Bolthrops), 
who average ~100 µg. Further, experiments wherein mice were 
injected in the paw with one of several toxin dosages and moni-
tored for changes in volume via a plethysmometer showed that 

maximum edema from A. brunoi and C. greeningi occurred in 30 
and 60 minutes, respectively, and edema persisted for at least 
70 hours. SDS-PAGE experiments demonstrated that venom 
glands of both species possess diverse protein profiles. Experi-
ments aimed at identifying specific enzyme categories found 
little evidence for proteases in either species’ head glands, but 
hyaluronidase activity was seen in both; these enzymes are well 
known in squamate venom for their toxin-dispersing properties, 
but hitherto unknown in amphibians. Scrutiny of photographs 
and SEM images established both species possess extensive 
spines on their skulls serving to deliver toxins, with those of C. 
greeningi being the more dramatic of the two. These spines are 
particularly conspicuous in the rostral region. Histological sec-
tions showed that the head glands of C. greeningi are exception-
ally large; despite having weaker venom than A. brunoi, larger 
glands and more substantial spines make C. greeningi similarly 
formidable. The authors discuss how when captured, these frogs 
aggressively flex their head, jabbing their venom-fortified spines 
into the collector’s hand. They argue that other frogs with cranial 
ornamentation (including several rhacophorid species) should 
be investigated for similar venom apparatus.

Jared, C., P. l. MailHo-FonTana, M. M. anToniazzi, V. a. Mendes, k. C. 
barbaro, M. T. rodrigues, and e. d. brodie, Jr. 2015. Venomous frogs 
use heads as weapons. Current Biology (in press) doi:10.1016/j.
cub.2015.06.061.
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