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Differential Range Expansion and Habitat Use
Among the Naturalized Anolis Lizards of Bermuda

Until the 20" Century, the Bermuda archipelago hosted
a single endemic species of lizard: the Bermuda Rock Skink,
Plestiodon longirostris (formerly Eumeces longirostris; Brandley
et al. 2005; Wingate 1965). Beginning in the early 1900s, however,
both purposeful and apparently accidental introductions of Anolis
lizards have resulted in three species becoming permanently
established (“naturalized”) on Bermuda. These three species—
Anolis grahami, Anolis leachii, and Anolis extremus (Fig. 1)—are
native to different Caribbean islands and belong to distantly
related Anolis clades (Poe 2004, Nicholson et al. 2012; Gamble et
al. 2014; Helmus et al. 2014).

Anolis grahami was introduced in 1905 (26 males and 45
females) from Kingston, Jamaica to the Botanical Gardens in Paget
Parish, and achieved a virtually archipelago-wide distribution at
some point between 1935 and 1945 (Wingate 1965). In contrast, A.
leachiifrom Antigua and Barbuda, and A. extremus from Barbados
(all islands in the Lesser Antilles) appear to have been small,
unintentional introductions occurring in the 1940s (Wingate
1965; Losos 1996; Macedonia and Clark 2003). Anolis leachii
first was discovered around 1940 on the north (harbor) shore of
Warwick Parish. Anolis extremus is thought to have arrived in the
Royal Naval Dockyard at the tip of Ireland Island (Sandys Parish)
sometime before 1945, although it was not formally documented
until 1953 (Wingate 1965). By 1956, A. extremus was abundant on
Ireland and Boaz Islands, and exhibited a “patchwork distribution”
on Somerset Island (Wingate 1965; Losos 1996).

Although A. grahami and A. extremus are similar in size (SVL:
adult males ~65-70 mm, adult females ~50 mm; Macedonia and
Clark, 2003 and unpubl. data) and have been reported to exhibit
similar structural habitat use, they differ in insolation preference:
whereas A. grahami is heliophilic, A. extremus prefers shade
(Wingate 1965; Schoener 1970; Losos 1996). Losos (1996) found
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that although males of the substantially larger A. leachii (SVL:
adult males ~ 95-100 mm, adult females ~ 70 mm; Macedonia and
Clark, 2003 and unpubl. data) preferred larger perch diameters
than did male A. grahami, the two species did not differ in use of
sun versus shade. In addition, Wingate (1965) noted that despite
the introduction of A. leachii into habitat already occupied by A.
grahami, the former’s preference for broader perches and thicker
vegetation, as well as spending very little time foraging on the
ground, probably reduced competition between these two species.

Unlike the rapid range expansion documented for A. grahami,
the distributions of A. leachii and A. extremus were still (virtually)
limited to a single parish each in 1963—roughly two decades
after they first appeared on Bermuda (Wingate 1965). By the early
1990s, however, A. leachiihad enlarged its range to encompass the
western three-quarters of the archipelago (Losos 1996). In contrast,
A. extremus extended its range very little (< 2 km) between the early
1960s and early 1990s (Losos 1996). Wingate (1965) suggested that
competition arising from similar body size and structural habitat
could have resulted in the inability of A. grahami to colonize Boaz
and Ireland Islands, and the inability of A. extremus to expand its
range eastward beyond Somerset Island. It was this apparent case
of competitive exclusion (e.g., Hardin 1960) that motivated Losos
(1996) to conduct his follow-up study of the Bermudian anoles
nearly three decades after Wingate’s (1965) original research.

In the present study we replicate and extend the work of
these earlier authors on the distribution and ecology of Anolis
lizards naturalized on Bermuda. First, we update the distributions
of each species using data from GPS-tagging cameras. These
cameras allowed us to link the geographic position of each lizard
with a photographic record for later verification of species identity
and age/sex class. Second, we compare perch heights and perch
diameters among our study species and between sexes with
data accurately gathered using measuring tapes. Last, we follow
previous authors in comparing insolation preferences among
study species and between sexes, but in addition we compare
body surface temperatures using data obtained with laser-sighted
thermometer “guns.”

MATERIALS AND METHODS

Sites and Sampling—We conducted our study during the first
two weeks of May 2012. The 40 km-long Bermuda archipelago
is arrayed in the shape of a “fishhook” lying in a northeast—
southwest orientation, and is divided into nine parishes (Fig. 2).

Herpetological Review 47(4), 2016
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Fic. 1. Representative adult males and females of the three study species on Bermuda. Images not to scale.
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Fic. 2. Map of Bermuda parishes. The three-sided squares in Pem-
broke and St. George’s parishes delineate the City of Hamilton and
Town of St. George’s, respectively.

We traveled to different parishes by bus and ferry, and walked pre-
determined routes while scanning surfaces on which lizards might
perch. When a lizard was sighted, it was approached slowly and
photographed using a Casio Exilim-H20G camera, which attached
a GPS tag to each photo. The GPS longitude/latitude coordinates
later were exported as Microsoft Excel files, which were uploaded
to Earth Point (Earth Point Corporation, Kuna, Idaho) to create the
KML files that plotted each subject’s location in Google Earth.

As we did not capture lizards for this study, we distinguished
two adult age/sex classes of subjects from our photos: adult
males and adult female-sized lizards. The adult female-sized age/
sex class explicitly acknowledges that some small (non-adult)
males cannot be distinguished at a distance from adult females
(Schoener 1970); we refer to such individuals herein simply as
females. Hatchlings and juvenile-sized females were not included
in our survey. Subjects’ perch heights and perch diameters were

quantified precisely using commercial fabric tape measures. Upon
discovering a subject, we noted whether the lizard was located
in (1) full sun, i.e., direct, unfiltered sunlight, (2) full shade, or
(3) partial shade. We assigned the category of partial shade to a
subject if its trunk (i.e., midsection from neck to hind limbs) was
(a) entirely in light shade, (b) was in dappled sunlight, or (c) if
part of the trunk was in sun and another part in shade. Subjects’
body surface temperatures were obtained at a distance (typically
1.5-3 m) by aiming the infrared laser spot of a thermometer
“gun” (Etekcity Lasergrip 774 ETC 8380 Temperature Gun Non-
contact Digital Laser Infrared IR Thermometer, Etekcity.com)
at the subject’s trunk. If the trunk was divided unequally by sun
and shade, we took our thermal reading within the larger of the
two areas (i.e., sun or shade). In cases where a subject’s trunk was
divided equally by sun and shade, we focused the laser spot at the
sun/shade interface. Body surface temperatures were not gathered
for all subjects, as some individuals fled before these data could be
acquired. Last, we supplemented our small 2012 sample size for
A. extremus females (N = 4) with data from 28 females gathered by
James Stroud in 2014 and 2015, as well as with our own additional
data from 22 females gathered on 4-5 July 2016.

Statistical analysis.—Statistical tests were conducted in SPSS
(v21.0, IBM Inc., Armonk, New York) and VassarStats (Lowry
2014). Prior to analysis, measurement variables were tested for
normality with the Shapiro-Wilk test (http://scistatcalc.blogspot.
com/2013/10/shapiro-wilk-test-calculator.html). Body surface
temperature distributions were examined separately for each
sex of each species and were found to be normal in all cases. Raw
values for perch height and perch diameter were not normally
distributed, but conformed to a normal distribution after log
transformation. All analyses of perch height and perch diameter
used these transformed values. Subjects on the ground were
not included in our perch height analyses and were analyzed
separately.

For comparisons of measures (e.g., above-ground perch
height, perch diameter, and body surface temperature) we
used two-way ANOVAs with species and sex as fixed factors.
Bonferroni correction was used for post hoc pairwise tests. We
conducted between-sex comparisons of proportions of subjects

Herpetological Review 47(4), 2016




ARTICLES 531

Anolis
grahami

F

=

Anolis
extremus

Anolis
ICEl

G. 3. Distribution maps indicating GPS coordinates for individual adult lizards of both sexes. (a) blue markers: A. grahami, (b) yellow mark-
ers: A. leachii, (c) green markers: A. extemus. Inset illustrations of males of the study species are from Schwartz and Henderson (1985).

observed on the ground versus above the ground using the z-ratio
test for the difference between two independent proportions.
For each sex within each species we then compared numbers
of subjects occupying different insolation categories using the
chi-square goodness-of-fit test. Last, we used the z-ratio test
to determine if the proportion of male or female subjects in a
given insolation category differed between pairs of species. As
Bonferroni correction was not available in SPSS or VassarStats
for multiple tests of frequencies or proportions, we used a
sequential Bonferroni correction calculator to adjust P-values in
such tests (Gaetano 2013). Although significant results of many
comparisons in this study exhibited exceedingly small P-values
(e.g., P=1.0 x 109, for simplicity we report such values in the
text only to P < 0.0001, and use the standard convention of
asterisks in our figures of * P < 0.05, ** P<0.01, and *** P< 001.

REesurrs

Species Distributions—As anticipated from Losos’ (1996)
findings, we observed A. grahami in all areas that we sampled
across Bermuda (Fig. 3a). We also discovered that since Losos’
(1996) study, A. leachiihad extended its range 4.5 km northward
from Mangrove Bay to the tip of Ireland Island at the western end
of Sandys Parish, and had extended the eastern edge of its range
an additional 9 km to the easternmost points of St. George’s
Parish (Fig. 3b). Thus, A. leachii is now the second naturalized
anole on Bermuda to achieve an archipelago-wide distribution.
Surprisingly, we found no change in the distribution of A.
extremus (Fig. 3¢) from that documented by Losos (1996).

Perch Height—Results of a two-way ANOVA on perch height
revealed a significant main effect of species (F, , = 64.82, P <
0.0001) and sex (F, ., = 138.87, P<0.0001), as well as a significant
species * sexinteraction (F, ., = 34.96, P<0.0001) that arose from
differences between the sexes in the among-species relationships
of perch heights (see Fig. 4). Between-sex post hoc comparisons
showed that males perched significantly higher than females in
all three species: A. grahami (N, = 784, N_ = 451; P < 0.0001), A.
leachi (N, = 346, N, = 293; P < 0.01), and A. extremus (N, = 51,
N, = 43; P < 0.0001; Fig. 4). Interspecific comparisons showed
that male A. leachii perched significantly higher than male A.
grahami (P < 0.0001); no other comparisons among males were
significant. Among females, A. leachii perched significantly
higher than A. grahami (P < 0.0001) and A. extremus (P < 0.0001),
with female A. grahami also perching higher than female A.
extremus (P < 0.0001; Fig. 4).

Between sexes, proportionately more females than males
were found on the ground in all three species: A. grahami (z =
7.82, P < 0.001), A. leachii (z = 3.88, P < 0.001), and A. extremus

140 kx|
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Fic. 4. Comparison of perch heights by sex and study species. Bars
represent means + 1 SEM. Horizontal bars with asterisks indicate sig-
nificant between-sex, intraspecific comparisons: ** = P < 0.01, *** =
P < 0.001. Same letters with different numerical subscripts indicate
significant (P < 0.0001) same-sex, interspecific comparisons.

(z = 2.27, P < 0.05; Fig. 5). Between species, proportionately
more male A. grahami than male A. leachii were located on the
ground (z = 3.03, P< 0.01), as were proportionately more female
A. grahami than female A. leachii (z = 5.20, P < 0.001); no other
same-sex interspecific comparisons were significant (Fig. 5).
Perch Diameter—Results from a two-way ANOVA on perch
diameters showed a significant main effect of species (F,
21.67, P<0.0001) and sex (F,

1352 =

1152 = 94.29, P<0.0001), as well as a
significant species * sex interaction (F, ..,=3.31, P<0.05). This
interaction stemmed from a nearly threefold difference in perch
diameters between the sexes in A. extremus, as compared to less
than a twofold difference between the sexes in A. grahami and
A. leachii (Fig. 6). Between-sex post hoc comparisons showed
that male perches were significantly greater in diameter than
were those of females in all three species: A. grahami (N, = 525,
N, =286; P<0.0001), A. leachii (N, = 259, N, = 214, P < 0.0001),
and A. extremus (N, = 36, N, = 38; P < 0.0001; Fig. 6). Male A.
grahami perch diameters did not differ significantly from those
of the much larger male A. leachii (P > 0.05), but were greater
than those of the similar-sized male A. extremus (P < 0.05; Fig.
6). Perch diameters of male A. leachii also were greater than
those of male A. extremus (P < 0.05; Fig. 6). Although perch
diameters did not differ between female A. grahami and A.
leachi (P > 0.05), these species exhibited significantly larger

Herpetological Review 47(4), 2016
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Fic. 5. Comparison of proportions of subjects located on the ground
by sex and study species. Horizontal bars with asterisks indicate sig-
nificant between-sex, intraspecific comparisons: * = P < 0.05, *** =
P < 0.001. Same letters with different numerical subscripts indicate
significant same-sex, interspecific comparisons (P < 0.01 for males
and P < 0.001 for females).

Fic. 6. Comparison of perch diameters by sex and study species. Bars
represent means + 1 SEM. Horizontal bars with asterisks indicate
significant between-sex, intraspecific comparisons: *** = P < 0.001.
Same letters with different numerical subscripts indicate signifi-
cant same-sex, interspecific comparisons (P < 0.05 for males and P
<0.0001 for females).

perch diameters than did female A. extremus (P < 0.0001 in both
comparisons; Fig. 6).

Body Surface Temperature—Results of a two-way ANOVA on
body surface temperatures revealed a significant main effect of
species (F, ,,,=9.45, P<0.0001) butnotsex (F, ,..=0.03, P>0.05).
The species * sex interaction was non-significant (FZY1 1= 0.72, P>
0.05). Posthoc interspecific comparisons showed that A. grahami
(N = 947) body surface temperatures were significantly higher
than those of A. leachii (N = 453, P < 0.001) and A. extremus (N
=43, P < 0.0001), and that A. leachii body surface temperatures
also were significantly higher than those of A. extremus (P < 0.01;
Fig. 7).

Insolation  Preference:  Intraspecific ~ Comparisons.—
Intraspecific within-sex comparisons of the number of subjects
observed in each insolation category differed significantly from
expected frequencies in all cases (y* goodness-of-fit value range:
20.81-42.78, df = 2, P< 0.0001 in all tests). Pairwise comparisons
(df = 1) showed that more A. grahami males (N = 1014) were
observed in full sun than in full shade (x? = 14.88, P< 0.001), and
that more were located in partial shade than in full shade (y? =
20.02, P<0.001), but the number of A. grahamimales seen in full
sun did not differ from the number in partial shade (x* = 0.34, P
> 0.05; Fig. 8a). Unlike male A. grahami, more male A. leachii (N
=430) were observed in partial shade than in full sun (%? = 28.36,
P <0.001) and in full shade than in full sun (y? = 5.76, P < 0.05).
In addition, more male A. leachii were observed in partial shade
than in full shade (y? = 8.52, P < 0.01; Fig. 8a). In contrast to A.
grahami and A. leachii, far more male A. extremus (N = 56) were
located in full shade than in partial shade (y*=14.58, P<0.001) or
full sun (y? = 22.76, P< 0.001; Fig. 8a). The number of A. extremus
males observed in partial shade did not differ from those in full
sun (x*>=0.94, P> 0.05).

Female A. grahami and A. leachii were more similar in their
insolation preferences than were males. Female A. grahami (N =
691) were found more often in partial shade than in full sun (y?
=12.26, P<0.001) and in full shade than in full sun (x* = 19.1, P
< 0.0001), but the number of females observed in partial shade
did not differ from those in full shade: x?> = 0.7, P> 0.05; Fig. 8b).

Similarly, female A. leachii (N = 397) were detected more often
in partial shade than in full sun (x* = 33.52, P < 0.001) and in full
shade than in full sun (y? = 37.28, P < 0.001), but the number of
females observed in partial shade and in full shade did not differ:
x>=0.08, P> 0.05; Fig. 8b). Like males, female A. extremus (N = 26)
exhibited a strong preference for full shade: more females were
detected in full shade than in partial shade (y? = 8.66, P < 0.01)
or in full sun (x? = 19.04, P < 0.001); in fact, we failed to observe
a single female in full sun (Fig. 8b). A test between female A.
extremus found in partial shade versus full sun could not be
conducted due to expected values < 5 in both cells.

Insolation Preference: Interspecific Comparisons.—Results
revealed that proportionally more male A. grahami were located
in full sun than were male A. leachii (z = 3.0, P< 0.001) or male A.
extremus (z = 3.87, P< 0.001), and that proportionally more male
A. leachii were observed in full sun than were male A. extremus
(z = 2.14, P < 0.05; Fig. 8a). Next, proportionately more male A.
leachiiwere observed in partial shade than were male A. grahami
(z =2.48, P < 0.05) or male A. extremus (z = 3.57, P < 0.001), and
proportionally more male A. grahami were observed in partial
shade than were male A. extremus (z=2.75, P<0.01; Fig. 8a). Last,
proportionally more male A. extremus were located in full shade
than were male A. grahami (z = 6.98, P< 0.001) or male A. leachii
(z=5.49, P<0.001), and proportionally more male A. leachiiwere
found in full shade than were male A. grahami (z = 2.23, P< 0.05;
Fig. 8a).

Results of interspecific pairwise comparisons for females
showed that proportionately more female A. grahami were
observed in full sun than were female A. leachii (z = 2.83, P<0.01;
Fig. 8b). The proportion of A. extremus females in full sun could
not be tested against A. grahami due to the requirement that each
cell contain at least 5 observations. Although the proportions of
female A. grahami and A. leachii located in partial shade both
were greater than the proportion of female A. extremus in partial
shade, neither test was significant following sequential Bonferroni
correction (Fig. 8b). Finally, the proportion of female A. extremus
found in full shade was greater than that for female A. grahami
(z = 4.64, P <0.001) as well as A. leachi (z = 3.88, P < 0.001), and

Herpetological Review 47(4), 2016
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parisons.

the difference between A. grahami and A. leachii females closely
approached significance (z = 1.94, P=0.0527; Fig. 8b).

Discussion

Our aim in this study was to replicate and extend Losos’
(1996) report on the range expansion, structural habitat use, and
thermal ecology of the naturalized anoles of Bermuda. Below we
discuss each of these topics in turn, and then focus on the matter
of why, in contrast to its congeners, A. extremus has increased its
range so little over the past half century.

Species Distributions.—Wingate (1965) reported in his 1963
survey that between 30 and 40 years following its introduction
in 1905, A. grahami could be found everywhere on Bermuda
(including several offshore islands) except for the 2.5 km distance
between “The Lagoon” on South Ireland Island and the far end
of North Ireland Island. By the time Losos (1996) conducted his
study in 1991, A. grahamihad achieved complete coverage of the
Bermuda archipelago. We found no differences in the distribution
of A. grahami from that documented by Losos (1996). Excluding a
single observation that Losos (1996) considered to be an outlier,
he determined that A. leachii had extended its range ~8 km
westward and ~13 km eastward from the range limits reported by
Wingate (1965). Our results show that A. leachiihas continued to
expand its range both eastward and westward and has achieved
an archipelago-wide distribution.

In contrast to dramatic range expansions of A. grahami and
A. leachii, Losos (1996) reported that A. extremus had increased
its range only ~1.25 km in Sandys Parish since Wingate’s (1965)
study. In fact, we found no difference in the range limits of A.
extremus from that reported by Losos (1996). We can rule out the
possibilities that abrupt environmental change or unsuitable
intervening habitat (e.g., Glor and Warren 2011) are barriers to A.
extremus dispersal, as the easternmost location in which we found
this species (Woodlawn Road in Hog Bay, Sandys Parish) was no
different than much of Bermuda: highly developed (e.g., suburbs).

Perch Height—We found that males perched higher than
females, and were found less frequently on the ground than were
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females (Figs. 4, 5). These results are consistent with those of
Schoener (1970), in which he found that male A. grahami and A.
extremus perched higher than females of their respective species
(he did not report on A. leachii). We also found for males as well
as females that A. leachii perched higher than A. grahami. In
contrast, Losos (1996) did not find interspecific differences in
male perch heights (he did not report results for females).

Perch Diameter—Schoener (1970) reported that, within
species, male A. grahami and A. extremus used significantly
larger-diameter perches than did females (he did not report
results for A. leachii). We found the same outcome for A. grahami,
A. extremus, and A. leachii. Previous interspecific comparisons
have shown that A. extremus (Schoener 1970) and A. leachii
(Losos 1996) used larger-diameter perches than A. grahami. In
contrast, we found that diameters of male A. grahami perches
were larger (though not significantly so) than those of male A.
leachii, and perches used by male A. extremus were significantly
smaller than those of A. grahami and A. leachii (Fig. 6). Our
results could reflect, at least in part, a relatively greater use of
broad tree trunks as perches by male A. grahami than by male A.
leachiior A. extremus.

Body Surface Temperature and Insolation.—Although we
found no significant differences in body surface temperature
between the sexes, these temperatures differed significantly
among species: A. grahami exhibited the highest body surface
temperatures, A. extremus the lowest, and A. leachii was
intermediate (Fig. 7). Unsurprisingly, insolation preferences
among our study species mirrored results for body surface
temperatures: A. grahami males preferred full sun more than
males of the other two species, A. extremus males strongly
preferred full shade, and A. leachii males were found most often
in partial shade (Fig. 8). Consistent with our findings, both
Schoener (1970) and Losos (1996) found male A. grahami in the
sun more often than the other study species, and found male A.
extremus most commonly in the shade.

Differential Range Expansion Among Bermudian Anoles.—
From the point of their release at the Bermuda Botanical
Gardens in Paget Parish in 1905, A. grahami achieved a virtually
archipelago-wide distribution in 30 to 40 years (Wingate 1965).
With no native arboreal lizards to exert competition, apparently
little stood in the way of A. grahami range expansion. By
comparison, roughly 20-25 years post-introduction, A. leachii
remained restricted almost solely to Warwick Parish (Wingate
1965). Although a dramatic difference must have existed between
the known large number of A. grahami introduced to Bermuda
and the likely small number of A. leachii colonists, it also is worth
considering that A. grahami was well established in Warwick
Parish in the 1940s when A. leachii first arrived (Wingate 1965).
Differences in arthropod prey size preferences and structural
habitat probably reduce within-sex interspecific competition
between A. leachii and A. grahami (e.g., Wingate 1965; Schoener
1967), but similar body sizes (SVLs) of female A. leachii and male
A. grahami may increase inter-sexual competition for food,
which in turn may have contributed to the initially slow range
expansion of A. leachii.

Other factors, including reduction in tree cover and low
tolerance for cold temperatures, also may have played a role in
the marginal range expansion of A. leachii during its first few
decades on Bermuda (Wingate 1965; Losos 1996). For example,
Wingate (1965) reported that numerous A. leachii would be
found dead following severe winter storms (which never was the
case for A. grahami). Nevertheless, in the 28 years between the
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data gathered in 1963 by Wingate (1965) and in 1991 by Losos
(1996), A. leachii had expanded its range to include all parishes
except St. George’s and St. David’s in northeastern Bermuda.
By the time we conducted our study in 2012, A. leachii was
present throughout the archipelago. Losos (1996) pointed out
that increased vehicle traffic, the ornamental plant industry
(i.e., transportation of lizards and their eggs), and purposeful
(undocumented) translocations of A. leachii by humans beyond
Warwick Parish might explain the escalated range expansion
in this species over the past several decades. Although these
variables may have contributed to the slow-then-rapid range
expansion of A. leachii, it remains perplexing why A. extremushas
not experienced a similar sudden accelerated rate of dispersal.
One factor that may have contributed to the arrested dispersal
of A. extremus on Bermuda is ecological niche incumbency
(Algar et al. 2013). Niche incumbency is a form of competitive
exclusion (e.g., Hardin 1960) in which a species is prevented from
expanding its range into an area already occupied by a species
to which it is ecologically very similar (e.g., Algar et al. 2013;
Williams 1965). Several authors (Wingate 1965; Schoener 1970;
Losos 1996) have argued that, aside from thermal preference, A.
grahami and A. extremus differ very little in prey size choice or
structural habitat use. For example, both Schoener (1970) and

Losos (1996) reported that A. grahami and A. extremus tend to
occupy the same perches at different times of the day: sunny
when occupied by A. grahami and shady when occupied by A.
extremus.

It therefore seems relevant that a recent phylogenetically-
focused study of ecological interactions among members of
three Cuban Anolis clades showed, within clades, that similarly
sized species (i.e., same structural niche) with differing thermal
preferences were more likely to coexist in local assemblages,
as were species with the same thermal niche but different
structural niches (Cadiz et al. 2013). Likewise, using phylogenetic
comparative methods Hertz et al. (2013) showed that recently
diverged Anolis species differed more often in climatic niche
(i.e., thermal and insolation preferences) than in structural
niche, and that divergence in thermal niche has often followed
diversification in structural niche. Results of these studies
suggest not only that thermal preferences may be more plastic
in anole evolution than morphological divergence, but also that
differences in thermal niche facilitate coexistence via reduced
competition.

It therefore is curious that, despite A. grahamihaving achieved
nearly complete coverage of Bermuda over three to four decades
in the absence of congeners, this species still was unable to
invade much of the A. extremus stronghold of the Ireland Islands
as late as 1963 (Wingate 1965; Losos 1996). The incumbency of A.
extremus in this location is consistent with the prospect that its
presence prevented invasion of the Ireland Islands by A. grahami
for at least 20 years after the two species came into contact. Yet,
given that A. grahami eventually colonized the Ireland Islands,
and that A. leachiieventually expanded its range beyond Warwick
Parish, niche incumbency seems unlikely to be responsible for A.
extremus extending its distribution less than two kilometers over
the past half century.

Currently we do not know if subtle attributes of vegetation
structure or microclimate that might be unique to Sandys
Parish have made it difficult for A. extremus to expand its range
eastward. Alternatively or in addition, genetic constraints may
be limiting the dispersal of A. extremus. Gorman et al. (1976)
estimated heterozygosity for 24 allozymes of A. extremus on
Bermuda to be only 16% of that present in this species on its
native island of Barbados—a quantity considerably lower than
the 56% heterozygosity in A. leachii and 82% in A. grahami on
Bermuda, as compared to their source populations. We therefore
cannot discount the possibility that the genetic bottleneck
experienced during colonization of Bermuda has compromised
this species’ ability to disperse in the presence of competition
from congeners. Moreover, new mutations that are correlated
with phenotypic or life history variation can have an impact on
range expansion (e.g., Burton et al. 2010). Hypothetically, such
mutations could have contributed to the ability of A. leachii to
expand its range after the early 1960s, or could have facilitated
invasion of the Ireland Islands by A. grahami following an
apparent standoff with A. extremus there for at least two decades.

Future Directions—Insight into the limited dispersal of
A. extremus might be gained through a quantitative study of
habitat structure and microclimate properties and/or detailed
investigations into species-specific biotic interactions (e.g.
agonistic relationships) that may have influenced dispersal
patterns. Moreover, an experimental removal/introduction study
(e.g., Schoener and Schoener 1983; Kalmath et al. 2013; Stuart et
al. 2014) is imaginable, in which species introduction order and
timing is controlled. Bermuda harbors a number of very small
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islands (e.g., in Harrington Sound and the Great Sound) where
such an experiment might be carried out.

Finally, it has been over a half century since dietary studies
of Bermudian anoles were conducted (Simmons 1958; Wingate
1965), at which time there was no area on Bermuda where all three
species were sympatric, and where sympatry between species
pairs was limited to Warwick and Sandys Parishes. Such data
might provide further clarification of the mechanisms permitting
species coexistence, and could be instructive with regard to the
recent discovery of the highly invasive Anolis sagrei on Bermuda.
The presence of A. sagrei was first noted by Macedonia (Losos
2012), and since has been studied in the context of ecological and
geographical overlap with the critically endangered Plestiodon
longirostris (Stroud et al., in press). In conclusion, we hope that
future studies will utilize a range of observational, experimental,
and genetic techniques to better understand the dynamics of
colonization and range expansion in the naturalized (and newly
invasive) Anolislizards of Bermuda.
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Morphological Variation and Natural History in the
Enigmatic Lizard Clade Scopaeabronia (Squamata:

Anguidae: Abronia)

Numerous species of Mexican squamates are known to
science from meager comparative material (Campbell and
Frost 1993; Bezy and Camarillo R. 2002; Wilson and Townsend
2007; Bryson and Graham 2010; Wilson and Mata-Silva 2015).
Such species typically have a restricted geographic range, a
secretive life history, and occupy inaccessible habitat. These
attributes combine to produce few encounters by scientists.
This, in turn, often leads to uncertainty regarding a species’
taxonomic validity, accurate diagnosis, and conservation risk.
For such species, when additional specimens do come to light,
an opportunity arises to elaborate on infraspecific variation,
revise identification traits, update conservation assessments,
and report on natural history (Lemos-Espinal and Smith 2005;
Luria-Manzano et al. 2014; Pavon-Vazquez et al. 2014; Scarpetta
et al. 2015). Such an opportunity recently presented itself to us
involving two enigmatic species in the poorly-studied genus
Abronia (Squamata: Anguidae).

The arboreal alligator lizards in the genus Abronia comprise
a largely allopatric radiation of 29 described species of montane
forest specialists, scattered across the highlands of Mexico
and nuclear Central America from eastern Mexico to western
Honduras (Campbell and Frost 1993; Campbell 1994; Campbell
and Brodie 1999; Campbell et al. 1998; Campbell et al. 2016;
Flores-Villela and Sanchez-H 2003). Members of this genus
are considered among the most poorly known squamates in
Central America—due primarily to their limited geographic
range, elusive arboreal behavior, and remote habitats. Within the
genus, six clades (originally designated as subgenera) have been
identified that are morphologically and genetically diagnosable
(Campbell and Frost 1993; Chippindale et al. 1998).

One of these clades is Scopaeabronia, also known in some
older literature as the Abronia bogerti group. Species in this
clade are easily recognized on the basis of over a half-dozen
morphological synapomorphies (Campbell and Frost 1993).
Species of Scopaeabronia are also ecologically unusual among
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the genus, because they inhabit forest at comparatively low
elevations from 1540 m down to at least 660 m. The clade
includes three species: Abronia bogerti Tihen, 1954; Abronia
chiszari Smith and Smith, 1981; and Abronia ramirezi Campbell,
1994. Each species was described solely from the holotype, and
cumulatively only four additional Scopaeabronia individuals
have since become available for scientific study (Flores-Villela
and Vogt 1992; Bille 2001; Pérez-Higareda et al. 2002). DNA
sequence data is available only for A. chiszari.

The first described member of this clade, Abronia bogerti, is
known from two specimens found in the Chimalapas highlands.
The holotype (AMNH 68887) was collected on an unspecified date
in 1948 from “north of Niltepec, between Cerro Atravesado and
Sierra Madre, Oaxaca, Mexico, probably between 2,500 and 4,500
feet” (Tihen 1954). The second specimen was photographed and
released on 7 July 2000, from Cerro Baul on land that is politically
contested by the Mexican states of Oaxaca and Chiapas (Bille
2001). Abronia chiszari is found only in the isolated Sierra de Los
Tuxtlas, and is known from three specimens plus three others
that were observed but not described. The holotype (UTA R-3195)
was collected on 18 August 1962, and a second individual (CNAR
19750, formerly UNAM-LT 3151) was collected on 4 June or 4
July 1986 (Smith and Smith 1981; Flores-Villela and Vogt 1992).
Both were found in the western foothills of Volcdn Santa Marta.
A third specimen of A. chiszari (CNAR 19749, formerly UNAM-
LT 4057) was taken from Cerro Amayaga on 23 September
1994 (Pérez-Higareda et al. 2002). The most recently described
Scopaeabronia is A. ramirezi, of which only the holotype (IHN
1294, formerly THN 1177) is available, collected on 20 July 1990
from Cerro la Vela, Municipio de Jiquipilas, Chiapas (Campbell
1994). We provide a map illustrating these localities, along with
new localities reported herein (Fig. 1).

During surveys in 2014 and 2015, we observed five additional
specimens of A. bogerti on the slopes of Cerro Baul. We also had
an opportunity to closely study three A. chiszari from the Sierra de
Los Tuxtlas. Here, we describe the morphology and color pattern
of these new specimens, and present supplemental natural history
data when available. We then compare our specimens against
existing Scopaeabronia material, and find it necessary to revise
the diagnostic features of this group. We conclude by discussing
potential taxonomic and conservation implications of our
findings, and provide an updated diagnosis and key to the clade.

Materials and methods—We surveyed for reptiles and
amphibians on foot, targeting Abronia, from 23-25 September
2014 and 29-30 August 2015 on the southwest slopes of Cerro
Batl, a peak in the southeastern part of the Chimalapas highlands.
This mountainous region has also been referred to in the literature
as the Sierra Atravesada (Bille 2001) and as the southeastern
Oaxacan highlands (Campbell 1984). Recent publications place
Cerro Badl in the Municipio de San Miguel Chimalapa, Oaxaca
(Bille 2001; Johnson et al. 2015), although these and other sources
(e.g., Lamoreux et al. 2015) note that the territory is also claimed
by Chiapas. The authorities and residents of the nearest inhabited
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Fic. 1. Map of known localities for the three described species of Scopaeabronia.

town of Colonia Rodulfo Figueroa, for instance, are vehement that
the entire mountain lies in the Municipio de Belisario Dominguez,
Chiapas. Vegetation on Cerro Baul is a complex matrix of mesic
forest variously dominated by Quercus spp., Pinus spp., and
Liquidambar styraciflua on the lower slopes, transitioning to
mixed tropical cloud forest on the upper slopes and Cupressus sp.
forest with palms along the summit ridgeline (Fig. 2). Many areas
are still regenerating after extensive forest fires in 1998 (Lamoreux
et al. 2015), and pastures and maize fields form a patchwork on
the mountain’s lower slopes.

We supplemented our field work with searches of public
museum collections and private live and digital collections,
which revealed additional Scopaeabronia material.

We fixed one A. bogerti specimen in 10% buffered formalin,
preserved it in 70% ethanol, and deposited it in the Museo de
Zoologia “Alfonso L. Herrera,” Facultad de Ciencias, Universidad
Nacional Auténoma de México (MZFC-HE, formerly MZFC).
We are maintaining two additional A. bogerti specimens (as
yet assigned only field collector numbers) alive in naturalistic
enclosures in México, Distrito Federal, for continued behavioral
observation until their natural death, whereupon they also will
be fixed, preserved, and deposited in the MZFC-HE collection.
For animals available only from digital images, we deposited
photo vouchers at the Natural History Museum of Los Angeles
County (LACM PC; the PC indicates Photo Collection).

We recorded measurements using dial calipers (to the nearest
mm). Scale terminology follows Bogert and Porter (1967), and
scale count protocols follow Campbell (1982). For bilateral head
scales, we recorded counts on both sides, expressed herein as
“right/left.” Our protocol for counting dorsal body bands is
modified from Stebbins (1958): we consider isolated partial
bands as 0.5 bands, partly divided “Y-shaped” bands as 1.5
bands, and count all bands that lie fully or = halfway anterior to
the posterior border of the thighs. For animals with divergent
counts of complete transverse dorsal scale rows on either side
of the dorsal midline (due to aberrant fission/fusion), we express
this count as a range. We determined sex by manual eversion of
hemipenes in life.

Results—On 24 and 25 September 2014, we observed
two live A. bogerti and a shed skin of a third individual at two

Fic. 2. View of Cerro Badil, Mexico, looking east-northeast.

localities separated by 0.8 km (by air) on the southwestern slopes
of Cerro Badl, just to the northwest of the animal captured by
Bille (2001). These localities are at 1490 and 1540 m elevation,
respectively, with approximate coordinates 16.55°N, 94.17°W
(WGS 84). We failed to capture or photograph either live lizard,
yet identification was unquestionable. Then on 29 August 2015,
at the upper-elevation site within 50 m of where we observed one
lizard the previous year, we collected three male A. bogerti from
separate trees in the span of 40 min.

Following these discoveries, we had occasion to examine a
subadult male specimen of A. chiszari (CNAR 19749, formerly
UNAM-LT 4057). The color pattern of this specimen is described
elsewhere, but its lepidosis has never been studied (Pérez-
Higareda et al. 2002). Furthermore, we took the opportunity to
examine photographs of two new adult A. chiszari previously
held in captivity and collected from vague localities within the
Sierra de Los Tuxtlas. One lizard (LACM PC 2016-17) originated
from an unknown site in that mountain range, while the other
(LACM PC 2013-15) was collected in the year 2000 on the
southern or southeastern slopes of Volcdn San Martin, at an
estimated elevation of 1000 m. The latter animal had been
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Fic. 4. Forest microhabitat occupied by Abronia (Scopaeabronia) bogerti on Cerro Baul, Mexico, illustrating diversity and abundance of

epiphytic growth.

scales of the head, particularly the lower temporals. The chin,
throat, infralabials, and supralabials are white (sometimes
lightly marked with darker flecks), forming a distinct pale lip
stripe (sometimes faint) posterior to the orbit. The snout tip
is yellow or yellow-green. The body and tail are dull to bright
yellow-green, becoming dusky along the dorsal midline and
fading to whitish along the posterior flanks. Both body and
tail show distinct dark transverse bands, which vary from
jet black to medium gray. These bands may be irregular in
outline or even divided, are typically expanded dorsally, and
rarely extend to the lateral fold. The limbs are colored like the
body, but with indistinct dark blotching forming a somewhat
reticulated pattern, and never with transverse dark bands. The
dorsal finger and toe scales are dark with pale margins, creating
a finely banded appearance.

We encountered the five live A. bogerti between 1300 and
1645 h, under sunny or partly cloudy skies. All were perched
exposed at a height of 3.5-8.0 m on the trunks of oaks, Quercus
spp., in full shade, partial shade, or full sun. Species-level
identification of the two Quercus taxa was precluded by the
unavailability of fruits. Occupied oaks were ca. 8-17 m tall, with
diameter-at-breast-height of 0.10-0.75 m. All lizards were on or
near ridgelines, in patches of pure Quercus spp. forest nested in
amatrix of forest dominated by Pinusspp. Epiphytic growth was

limited, on both occupied and unoccupied trees. Bromeliads
(Bromeliaceae) dominated the epiphytic assemblage, with
Tillandsia junceaand T selerianamost abundant but with some
T. tricolor and T. usneoides also observed (Fig. 4). Epiphytic tank
bromeliads were absent. We also noted unidentified species of
epiphytic ferns and orchids, but in far lower abundance than
any of the Tillandsia spp.

We collected the recently shed skin of an A. bogerti ca. 10
m high in the canopy of a large Quercus sp. tree, among outer
leaves and twigs. Earlier that afternoon, we had observed an
adult conspecific on the same tree.

The A. bogerti were generally wary in disposition. Three
crawled slowly or rapidly up the oak trunk when sighted.
Although reported here for the first time in Abronia, their
movement was reminiscent of many arboreal lizards such
as Corucia zebrata, Laemanctus spp., and chameleons, with
the body and head rocking rhythmically at an oblique angle
with each step. The remaining two lizards moved little or sat
motionless until captured, although they watched us intently.
We secured all three captured lizards with a noose. In the hand,
the lizards regularly bit, death rolled, and defecated defensively.
Observations from two captive individuals, assembled over a
period of several months, confirmed the lizards to be strongly
arboreal—as expected based on all other Abronia species for
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which data exists (Campbell and Frost 1993). They regularly
used their prehensile tail when climbing. Locomotion, both
when climbing and on flat surfaces, was highly sinuous. A
rapid slithering motion with the limbs appressed to the body
was also employed. As reported for A. ramirezi (Campbell
1994), the lizards often leapt short distances, particularly
when climbing. Both lizards seemed remarkably aware of their
surroundings, with a nervous demeanor. When approached,
they usually attempted to hide or escape—in contrast to the
“relative tameness” in captivity that has been reported for other
congeners (Campbell and Frost 1993). When placed together
less than a week post-capture, two males became agonistic
within minutes, simultaneously biting and holding each
other’s bodies and tails until we manually separated them. This
aggressive behavior is consistent with the findings of controlled
male-male encounter trials in the congener Abronia (Abronia)
vasconcelosii (Formanowicz et al. 1990).

Discussion.—All of the new material we report here is clearly
attributable to Scopaeabronia. We base this determination on
the presence of seven diagnostic features: 1) expansion of the
lower primary temporal scale, such that it is the only primary
temporal in contact with the postocular scale series (a second
primary temporal is narrowly in contact with the postoculars
on specimen WSB 1099 from Cerro Baul); 2) posterolateral
head scales not knoblike; 3) supra-auriculars not protuberant
or spinelike; 4) presence of eight longitudinal nuchal scale
rows (seven in one row on specimen AGC 926 from Cerro Batl,
the result of a single instance of paravertebral scale fusion); 5)
presence of 38 or more transverse dorsal scale rows; 6) presence
of distinct transverse dorsal body bands in adults of both sexes;
and 7) attenuate body morphology. However, based on this
same material, we demonstrate that three traits of lepidosis
that were suspected or considered diagnostic by past workers
(Tihen 1954; Smith and Smith 1981; Good 1988; Flores-Villela
and Vogt 1992; Campbell and Frost 1993; Campbell 1994; Bille
2001) are sufficiently variable to warrant their abandonment as
diagnostic aids for the Scopaeabronia clade. These diagnostically
uninformative traits are: 1) prefrontal-anterior superciliary
contact; 2) cantholoreal-frontonasal contact; and 3) number of
tertiary temporal scales.

Our series of three Scopaeabronia specimens from Cerro
Baul, plus the fourth syntopic individual documented by Bille
(2001) show remarkable variability in lepidosis traits considered
diagnostic for species-level identification within the clade (Fig.
1, Table 2). Similar variability is expressed in the three A. chiszari
specimens whose lepidosis we report here for the first time
(Table 2). Although sample sizes are small, there is no obvious
signal of sex or ontogeny in explaining the variability of either
series. Importantly, none of the four Cerro Baul specimens
possesses all traits of the A. bogerti holotype previously deemed
diagnostic. The same is true for two of the three Sierra de Los
Tuxtlas specimens relative to the A. chiszari holotype. However,
the preponderance of traits displayed by the specimens, both
when examined separately and as series, best match A. bogerti
and A. chiszari, respectively (Table 2).

We show that only five morphological traits (a subset of those
originally listed by Campbell and Frost [1993]) are now reliable
for distinguishing among A. bogerti, A. chiszari, and A. ramirezi.
These useful traits are: 1) number of transverse dorsal scale
rows; 2) number of longitudinal dorsal scale rows; 3) number
of longitudinal ventral scale rows; 4) degree of dorsal scale
keeling; and 5) number of subdigital lamellae on the fourth toe.
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In addition, geography can be used as a supplemental identifier
because the three species are allopatric. However, we further
demonstrate that four lepidosis traits, which past workers have
suspected or considered diagnostic, are sufficiently variable to
warrant their abandonment as species-level identifiers within
the Scopaeabronia clade. These diagnostically uninformative
traits are: 1) number of anterior internasal scales; 2) frontonasal-
frontal scale contact; 3) number of lateral supraocular scales;
and 4) number of anterior temporal scales.

We suspect that once additional comparative Scopaeabronia
material is secured, some or all of the five remaining
morphological traits separating these three species may also
prove diagnostically uninformative. Moreover, we note that a
continuous arc of forested or historically forested highlands
above 800 m elevation (presumably suitable for Scopaeabronia)
connects Cerro Badl to Cerro la Vela. It is therefore plausible that
A. bogertiand A. ramirezimight, in fact, represent clinal extremes
of a single variable species. Barring improved geographic
sampling, and pending the availability of a genetic sample
of A. ramirezi, however, we refrain from recommending any
taxonomic changes at this time.

The adult male A. bogerti specimen (AGC 926) is the largest
and heaviest wild Scopaeabronia on record at 94 mm SVL and
12.7 g. One of the A. chiszari (LACM PC 2016-17) is even larger
and heavier at 105 mm SVL and 20 g—but its mass was likely
artificially influenced by captive conditions. Previously, the
largest known Scopaeabronia was the adult female holotype of
A. ramirezi (IHN 1177) at 93 mm SVL. This finding suggests that
Scopaeabronia likely are not as miniaturized relative to other
Abronia as previously thought. However, their body form is
still consistently more elongate and slender relative to all other
Abronia species.

Our documentation of A. bogerti from 1540 m elevation
is marginally the highest ever recorded for Scopaeabronia,
exceeding the previous record of ca. 1500 m (Bille 2001). The
congener Abronia (Abaculabronia) ornelasi is known from
1500-1600 m elevation on Cerro Baul (Campbell 1984). This
finding indicates that A. bogerti is effectively sympatric with A.
ornelasi, as suggested by Bille (2001). However, ecological niche
divergence within the complex forest matrix on Cerro Baul may
preclude syntopic occurrence of these two species, as indicated
by Campbell and Frost (1993). Only two prior cases of sympatryin
Abronia have been documented, both of them from Guatemala
(Campbell and Frost 1993; Peterson and Nieto-Montes de Oca
1996; Torres et al. 2013).

The isolated Sierra de Los Tuxtlas consists of two major
peaks: Volcdn San Martin to the west and Volcdn Santa Marta
to the east. A series of much smaller volcanic cones stretches
between them, and just to the east lies a third, mid-sized peak
(Volcan San Martin Pajapan). Smith and Smith (1981) indicated
that A. chiszari might occur only on the slopes of Volcdn Santa
Marta, and Flores-Villela and Vogt (1992) confidently predicted
the species’ absence elsewhere in the Sierra de Los Tuxtlas.
The later discovery of A. chiszari from Cerro Amayaga, midway
between the two major peaks, cast that assertion into question
(Pérez-Higareda et al. 2002). The additional A. chiszariindividual
we report here (LACM PC 2013-15), from an imprecise locality
somewhere on the lower slopes of Volcdn San Martin, strongly
suggests that the species is distributed throughout the Sierra de
Los Tuxtlas.

The conservation status of the A. bogerti population on
Cerro Batul is worrisome. Although extensive tracts of largely
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undisturbed forest remain on this and nearby peaks, clear cuts
for pastures and agriculture approach within 100 m of both
sites where we documented A. bogerti. Charcoal production,
focusing on the very oaks that appear to be preferred habitat for
A. bogerti, is also an active and growing industry in the nearby
town of Colonia Rodulfo Figueroa. No government-protected
area exists anywhere in the Chimalapas highlands. We strongly
recommend the establishment of a formal forest reserve on
Cerro Batl, in close consultation with local residents. Creation
of such a protected area would help safeguard the only known
extant populations of Abronia ornelasi, A. bogerti, and the
plethodontid salamander genus Ixalotriton, along with the
northernmost populations of the birds Pharomachrus mocinno
and Oreophasus derbianus, and a globally important population
of Tapirus bairdii (Lamoreux et al. 2015). We recognize, however,
that the volatile political situation in the region must be resolved
before creation of a reserve will be tenable.

Due to their rarity and attractive appearance, Abronia have
been commercialized by hobbyists in Mexico and abroad. We
encourage those who maintain captive Abronia, and especially
Scopaeabronia, to make their animals available for scientific
study—in keeping with standards proposed for zoological parks
(Reid 2013; Spindler and Wisziewski 2013). In this report, we
illustrate the significant value of even a few additional specimens
for improving knowledge of basic biology and morphology in this
enigmatic genus. An accurate understanding of truly diagnostic
features is particularly relevant for conservation, given the
protected legal status of most Abronia in Mexico and officials’
need to accurately identify animals in the pet trade.

We conclude by presenting an updated dichotomous key to
the three species of Scopaeabronia. This revised key is intended
to replace couplets 19 and 20 in the key to the genus Abronia
available in Campbell and Frost (1993). We preface our key with a
diagnosis of the clade, again modified from Campbell and Frost
(1993).

Diagnosis: Scopaeabronia is distinguished from all other
members of the genus Abronia by four synapomorphies: 1)
presence of eight longitudinal nuchal scale rows of similar size
(a few paravertebral nuchal scales may be aberrantly fused to
produce seven rows); 2) presence of 38 or more transverse dorsal
scale rows; 3) presence of distinct transverse dorsal body bands
on adults of both sexes; and 4) attenuate body morphology. The
clade is further diagnosed by the possession of three additional
features, which individually may be shared with certain other
congeners: 1) posterolateral head scales not strongly convex or
knoblike; 2) supra-auricular scales not protuberant or spinelike;
3) lower primary temporal greatly enlarged relative to upper
primary temporal scales, and only the lower primary temporal in
contact with the postocular scales.

1(a). Longitudinal dorsal scale rows 12, longitudinal ventral scale
rows 10, dorsal scales smooth, subdigital lamellae on fourth
toe 17 Or feWer ..o, Abronia ramirezi

1(b). Not with above combination of characters. Generally with
higher longitudinal scale row counts and more subdigital
lamellae. Dorsal scales may be weakly or moderately keeled

2(a). Dorsal scales mostly smooth (vertebral and paravertebral
scales sometimes weakly keeled), dorsal transverse scale rows
40-47. Known only from the Sierra de Los Tuxtlas, Veracruz,
MEXICO .t Abronia chiszari

2(b). Dorsal scales mostly keeled (vertebral and paravertebral

scales moderately so), dorsal transverse scale rows 38-43.
Known only from the Chimalapas highlands of Oaxaca and
Chiapas, MeXiCO......cccecervererereeinenieeneeeereneenens Abronia bogerti
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Vocal Repertoire and Calling Activity of a Dwarf
Clawed Frog (Hymenochirus boettgeri)

Most anurans (frogs and toads) are highly vocal, and rely
on acoustic communication to mediate social interactions
and mate choice (Ryan 2001; Gerhardt and Huber 2002; Wells
2007). Many species have vocal repertoires consisting of
several different types of calls produced in different behavioral
contexts (reviewed in Wells 2007). The most commonly uttered
vocalization is the advertisement call, whose primary function is
to attract conspecific females from a distance. In some species,
males and females produce close-range courtship calls that
can further influence mating decisions. Many species also have
release calls; these are vocalizations given by either other males
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or unreceptive females when clasped by a male, and function
to facilitate release from unwanted amplexus (Tobias et al.
2014). Vocalizations are also involved in mediating male-male
interactions. The advertisement call, and frequently also special
aggressive or encounter calls, may function in determining inter-
male distances within the chorus or settle disputes over calling
sites and territories (reviewed in Wells 2007). Thus, vocalizations
play important roles in sexual selection by both female choice
and male-male competition. Despite the obvious importance
of vocalizations for the behavioral ecology of frogs and toads,
detailed descriptions of the vocal repertoire and patterns of
calling activity are available for only a relatively small subset of
species (Bee et al. 2013). Yet, such descriptions can give a better
idea about the richness of social interaction found in anurans,
and guide further research on topics ranging from mate choice to
call evolution and systematics to community ecology.

Thereis considerablediversity of callsandlarynxmorphologies
among frogs, but the vast majority of species produce airborne
vocalizations; here, a call is produced by moving air from the
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lungs through the glottis and call production is associated with
the conspicuous inflation of the male’s vocal sac (Duellman and
Trueb 1994). A notable exception from this general pattern occurs
in frogs of the family Pipidae, which includes the South American
Surinam toads (genus Pipa) and the African clawed frogs (genera
Hymenochirus, Silurana, Xenopus, and Pseudhymenochirus).
Pipids are fully aquatic frogs, with unique biology, morphology,
and call production mechanism (Cannatella and Trueb 1988;
Yager 1992). As a consequence of their unique call production
mechanism, which relies on bony rods in the larynx to produce
clicking sounds (Yager 1992), vocalization occurs largely without
externally visible movements of the flanks or throat (Rabb 1960;
Osterdahl and Olsson 1963; Rabb and Rabb 1963; Weygoldt
1976; but see Irisarri et al. 2011). This motionless calling is
performed underwater making it next to impossible to ascertain
which individual is producing the vocalization, thus hindering
observations of behavioral interactions. Despite these difficulties,
advertisement calls have been described for 22 species of Silurana
and Xenopus frogs (Tobias et al. 2011), and the data suggests a
rich and varied vocal repertoire. The temporal structure of their

&
Fic. 1. Male Hymenochirus boettgeri.

calls varies from simple single clicks to complex calls with two
temporal patterns, and some species have vocal repertoires
consisting of multiple call types (Tobias et al. 1998; Tobias et al.
2011; Tobias et al. 2014). For example, in Xenopus laevis, the most
well-studied species of the clade, females produce two types of
calls (ticking and rapping calls), and males produce six types of
calls (advertisement call, amplectant call, answer call, chirps,
tick,s and growls). Chirps are given during male-male interactions,
and growling accompanies male-male clasping and may function
as a release call (Tobias et al. 2004; Tobias et al. 2014).

The objective of this study was to provide a quantitative
description of the vocal repertoire of the Dwarf Clawed Frog
Hymenochirus boettgeri, and to ascertain the social contexts in
which each vocalization is produced. Previous studies on the
reproductive behavior of this species have focused on their use of
chemical communication (Pearl et al. 2000), yet males do call and
the function of these calls is largely unknown (but see Osterdahl
and Olsson 1963; Rabb and Rabb 1963). We staged different social
contexts (solitary, single sex groups, mixed sex groups), and
collected automated recordings using a hydrophone to sample
patterns of calling activity and types of vocalizations to decipher
the communicative significance of acoustic signals in the social
behavior of this species.

METHODS

Study animals and recording setup.—We conducted the
study between 14 February and 6 April 2011 with H. boettgeri
frogs (Fig. 1; N = 5 females and 15 males) obtained from a local
pet store (Hoffer's Tropical Life Pets, Milwaukee, Wisconsin,
USA). All 20 frogs were obtained at the same time, making it
likely that they came from the same supplier and were related.
We housed animals in same sex groups in four 57-L aquariums
with gravel, live plants, and PVC pipes as hiding places. Each of
these maintenance tanks contained a small filter and a heater
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Fic. 2. Calls of Hymenochirus boettgeri. A) Waveforms of a call sequence of Type 1 calls (left, top trace: three calls of one male; bottom trace:
zoomed in view of one call) and of Type 2 calls (right, top trace: 11 calls of one male; bottom trace: zoomed in view of three calls). B) Spectro-
grams of a Type 1 call (left) and three Type 2 calls (right). C). Powerspectra of the two elements of a Type 1 call (left), and of a Type 2 call (right).
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that maintained the water temperature at 25°C. Tanks were
illuminated by strip lights with a 12 h/12 h light/dark cycle, set to
switch on at 0800 and off at 2000 hrs.

We recorded frog calls with a Song Meter MS2 hydrophone
connected to a Song Meter SM2+ automated recorder (Wildlife
Acoustics, Inc., Massachusetts, USA). The recorder was
programmed to record for 10 minutes every hour at the hour. The
recording tank was housed in the same room as the maintenance
tanks. The maintenance tanks and the recording tank were
similar in setup, except that the filter was switched off during
recording sessions to improve recording quality.

Experimental design—We examined the importance of sex
and social context on calling activity and call type production
by comparing recordings that were obtained when the recording
tank contained (i) only one female (N = 3; each recorded for 24
h); (ii) only one male (N = 3; each recorded for 24 h); (iii) a group
of two males (N = 3 groups, comprised of different combinations
of individuals; each group recorded for 24 h); or (iv) a mixed
sex group of two males and one female (N = 4 groups; different
combinations of individuals; recorded for 1 d, 2 d, 5 d, and
11 d, respectively). In general, we did not re-use frogs across
treatments, except for two females that participated in both
the female only and the mixed sex groups, and two males that
participated in the two-male treatment and then, after adding a
female, were also recorded in the mixed sex treatment. In total
we obtained 660 10-min recordings, 43% of which contained at
least one vocalization.

We first conducted a qualitative analysis of the vocal
repertoire by grouping vocalizations into categories based on
auditory and visual (spectrograms) comparison (Fig. 2). To obtain
a quantitative description of the calls in the vocal repertoire, we
subsequently selected 10 calls of each call type from 10 different
males for detailed analysis (i.e., we analyzed a total of 100 Type
1 and 100 Type 2 calls). We selected calls for detailed analysis
based on optimal signal-to-noise ratio. Although we did not
mark frogs for individual identification, the sequential nature of
the recording sessions, and the fact that we did not re-use males
in subsequent trials, allowed us to assign recordings to different
males. For recordings from treatments that had more than one
male calling at the same time in the recording tank, we used
relative amplitude to assign calls to different males. Although this
did not allow us to assign calls to individual males, it still meant
we analyzed calls from different individuals (which is adequate
for our purpose of describing a species’ call repertoire). We
analyzed calls with Raven Pro v.1.3 (Cornell Lab of Ornithology),
and measured the following call properties: (i) number of calls
per bout (calls were generally given in bouts of several calls), (ii)
call duration (time from onset of call to offset of call), (iii) call
period (time from onset of call to onset of following call), (iv) pulse
period (time from onset of pulse to onset of following pulse; Nota
Bene: this call trait is referred to as “pulse” in the general frog call
literature, but often called a “click” in descriptions of pipid frog
calls), and (v) dominant frequency (measured separately for each
call element in the Type 1 calls; see below). General descriptions
of the call types and their variability are based on the raw data
(N =100 calls / type). We then calculated averages for the calls
of each male (N = 10), and used those average values to compare
traits between call types. Because we would not have been able
to attribute a call on our automated recordings to a specific
caller’s identity (except in the three single male trials), we did not
measure male size, and can therefore not test whether certain
call properties are correlated with body size.
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We further analyzed the pattern of calling activity. For this we
scored each of the 660 recordings for the presence or absence
of calls (scored as 1 or 0, respectively); if vocalizations were
detected, we further scored them for the call type that was given.
We only scored presence/absence of call type, not number of
calls per recording.

Statistical analysis—We compared the different elements of
the Type 1 call, as well as the two call types overall. Type 1 calls
are complex calls. To test whether the two elements comprising
a Type 1 call are different, we used a mixed model (Standard
Least Squares; EMS), with an o of 0.05. We entered different call
parameters as response variables, and call element and male
ID as fixed factors (we entered male ID to account for the fact
that each male contributed data for both the first and second
call element). Although some comparisons showed unequal
variances, we did not correct for that because mixed models are
robust to violations of statistical assumptions.

When comparing different call types, we visually inspected
histograms to verify normal distribution, and used Levene’s test to
check for equal variances. We then compared data showing equal
variances using ANOVA, and those showing unequal variances
using Welch ANOVA. We compared overall call duration, pulse
period and dominant frequency between Type 1 and Type 2 calls,
using an a of 0.05. Because Type 1 calls are complex calls whose
two call elements differ in pulse period, we ran this comparison
with the Type 2 call twice, once comparing the first, and once the
second element of the call. For this comparison we adjusted the
o to 0.025. All statistical analyses were computed in JMP Version
8.0 (SAS Institute, Inc., Cary, North Carolina, USA).

REesurrs

Call repertoire—Solitary males, and males in groups (e.g.,
two-male and mixed sex treatments) called spontaneously,
and we identified two call types (Table 1, Fig. 2) with putatively
discrete communicative significance. Recordings from solitary
females never registered any vocalizations. Recordings of mixed
sex groups did not contain additional vocalizations that had
not also occurred in recordings from the two-male treatment,
suggesting that females also did not vocalize in social settings.

A representative Type 1 call is shown in Fig. 2 (left) (see also
Table 1). Type 1 calls can occur singly, but are generally given
in a few calls per bout. These calls are characterized by having
a complex call structure (two elements). The first element has a
longer call duration and pulse period than the second element
(Fig. 3A, B). The dominant frequency of the two call elements
is not significantly different (Fig. 3C), but the second element
can have a slight upward frequency sweep, and generally shows
visible harmonics (see Fig. 2C). Acoustically this call resembles
the sound made by repeatedly twisting the cork of a wine bottle.

A representative Type 2 call is shown in Fig. 2 (right). Type 2
calls are given in more calls per bout, and are characterized by
having a simple call structure (one element). Acoustically these
callsresemble arepeated “kreek” sound. Type 2 calls have a higher
number of calls per bout, shorter call duration, and shorter call
period (Table 1, Fig. 4A, B, C). The dominant frequency does
not differ between call types (Fig. 4D), but note the frequency
composition (i.e., density of harmonics) is quite different
between the calls (see Fig. 2C). The pulse period of Type 2 calls is
similar to that in the first call element of Type 1 calls, but longer
than the pulse period in the second element of Type 1 calls (Fig.
4E). Overall, Type 1 calls are given more frequently than Type 2
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TasLE 1. Parameters of the two call types recorded from Hymenochirus
boettgeri males; presented are mean + SD and the range (in

parenthesis).
Call Parameter Call Type I Call Type II
# Calls /Bout 5.6+3.3 29+21
(1-14) (14-84)
Call Duration 908 + 371 ms 73 +27 ms
(168-2542 ms) (22-277 ms)
Call Period 1024 £399ms 413 £ 167 ms
(223-2576 ms) (110-1186 ms)
# Call Components 2 1
Duration

605 £ 357 ms
(168-2100 ms)

1t Component

305 + 78 ms
(168-578 ms)

2 Component

Rel. Duration 1*t Component (%) 57+14%
(35-89)
Pulse Period
1* Component 8.5+1.4ms 8.0+1.1 ms
(5.3-12.8 ms) (6.2-13.6 ms)
2n Component 3.6+1.4ms
(1.9-6.7 ms)
Dom Frequency
1* Component 5169+ 813 Hz 5081 + 603 Hz

(3989-6288 Hz) (3101-6424 Hz)

5091 + 745 Hz
(4048-6289 Hz)

2 Component

3.1+6.1dB
(-15.2-13.2 dB)

Relative Amplitude
(Ampl. 2" — 18t Component)

calls (Fig. 5). While either call type can be heard in isolation, Type
2 calls are generally associated with Type 1 calls: 91.4 % of times
we observed Type 2 calls, they occurred on the same recordings
that also contained Type 1 calls (r = 0.67, P=0.0004). No call type
was specific to the mixed-sex group social context, i.e., whenever
two males were together both call types could be heard, and
the presence of a female did not result in additional call types.
Sometimes males produce intermediate calls that started as Type
1 calls, but ended as Type 2 calls; the reverse (starting as Type 2
and ending as Type 1) was never observed.

Calling activity—In both solitary males (Fig. 5A) and groups
of males (Fig. 5B, C), calling activity peaked during the early
nighttime hours. For solitary males, only Type 1 calls were
registered (Fig. 5A), while both call types were registered for
groups of two males, and mixed-sex groups (Fig. 5B, C). Calling
activity of Type 1 calls increased and peaked earlier than Type 2
calls (Fig. 5), and this pattern was particularly prevalent in mixed-
sex groups (Fig. 5C). In trials where no female was present, calling
activity of Type 1 calls (Fig. 5A,B) showed a narrower peak (3-5h/
night), while high calling activity persisted over a longer period
of time when females were present (about 9 h/night, Fig. 5C).

DiscussioN

In anurans, vocal repertoires can be complex and comprise
several distinct call types (Hobel 2000; Narins et al. 2000;
Christensen-Dalsgaard et al. 2002; Feng et al. 2002; Tobias et
al. 2004). Nevertheless, most species seem to have only two or
three call types in their repertoire (Rand and Ryan 1981; Wells
and Greer 1981; Kanamadi et al. 2001; Bee et al. 2013). We found
that the vocal repertoire of male H. boettgeri contains at least two
call types, with probably different communicative significance.
However, because we never observed mating / amplexus during
our trials, it is possible that we did not capture the entire vocal
repertoire of this species. Although we currently do not know the
different functions (if any) of the two described call types of H.
boettgeriwith certainty, comparison with other frogs allows us to
speculate about their putative functions.

Advertisement calls serve the dual function of attracting
females and advertising male position to other males (Gerhardt
and Huber 2002; Wells 2007), and, in Xenopus, they also serve
to suppress calling in conspecific males (Tobias et al. 2010).
Four observations suggest that the Type 1 call of H. boettgeri is
the species’ advertisement call. First, Type 1 calls are the most
frequently given call type. Second, this call type was registered in
all social contexts suggesting that it is geared towards both males
and females. Third, in the absence of competition (i.e., solitary
males), only Type 1 calls occurred; this rules out an encounter
or aggressive function of this call type. Fourth, in trials where a
female was present, high calling activity of Type 1 calls persisted
over a longer period of time than in trials that did not include a
female, suggesting that the presence of females motivated males
to call.

Generally, the dual-purpose function of advertisement
calls (mate attraction / male position advert) is achieved with
a “simple call,” i.e., a call consisting of one uniform acoustical
element (Gerhardt and Huber 2002; Wells 2007). In some species,
however, such as the Puerto Rican Coqui (Eleutherodactylus
coqui) or the Tungara Frog (Physalaemus pulstulosus), males
produce “complex calls” comprised of two acoustically distinct
elements. Here, one element is geared more towards males, and
the other more towards females (Narins and Capranica 1976,
1978; Rand and Ryan 1981). The Type 1 calls of H. boettgericonsist
of two acoustically different call elements, i.e., they are complex
calls, and the different call elements may have different intended
receivers and serve different communicative purposes. Because
the first call element of the Type 1 call is more similar to the Type
2 call, spectrally and in its fine pulse structure, we speculate that
the first element is directed towards males, and the second is
directed towards females. Playback experiments are needed to
verify this hypothesis.

Type 2 calls were not observed in recordings of solitary
males, suggesting that it is not another type of advertisement or
courtship call. Rather, because Type 2 calls were only observed in
situations where two males could interact with each other both
vocally and physically, this vocalization could be a release call or
an aggressive call. Since we did not conduct visual observations
concurrent with the acoustic sampling, we do not know whether
the Type 2 call was given only in response to clasping attempts
between males, i.e., whether this call type is a release call.
Additional experiments, either via visual surveys or by having
males in the same tank, but physically separated by chemically
and acoustically transparent dividers, would be needed to
confidently exclude the possibility that this call type is a release

Herpetological Review 47(4), 2016



ARTICLES 547

= Cw
B, T 6
= * =
=]
=] o4
f= [l
& 4 & 2
2 £
= S
Ist 2nd A Ist 2nd /a Ist 2nd
Call Element Call Element Call Element

Fic. 3. Differences between the first and second element of Type
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two elements of the Type 1 call, but (C) dominant frequency was not
(F, ,4=10.09, P=0.77). Shown are least square mean + SE. Significant
differences indicated by asterisk. Male ID was never significant (data
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Fic. 4. Differences between the two call types. A) The number of calls
per bout (Welch ANOVA: F1,9.44 =11.82, P =0.007), (B) call duration
(Welch ANOVA: Fm 4, =136.5, P<0.0001), and (C) call period (Welch
ANOVA: F, ., = 62.6, P< 0.0001) were significantly different between
call types. D) Pulse period of the Type 2 call was not different from
the first element of the Type 1 call (ANOVA: F1,19 =0.12, P=0.74),
but significantly different from the second element of the Type 1 call
(Welch ANOVA: F, .4 = 111.3, P < 0.0001). E) Dominant frequency
also did not differ between call types (ANOVA: F1,19 =0.13, P=0.73),
but note the difference in frequency composition between the calls
(see Fig. 2C). Shown are mean + SE. Significant differences indicated
by asterisk.
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Fic. 5. Calling activity of single males (A), groups of two males (B)
and mixed-sex groups (C). Calling activity of Type 1 calls is shown as
solid black line, that of Type 2 calls in dashed line. The shaded area
indicates periods of darkness (i.e., lights out).

call. However, since only the clasped male should produce a
release call, yet we have several recordings where both males
were giving this call simultaneously, we think it is more likely that
the Type 2 call is the species’ aggressive call.

Aggressive calls can be distinct or graded. In graded aggressive
calls, an increase in aggressive intent is reflected by the addition
of more calls or call notes (Wagner 1989; Wells 1989). For example,
male Blanchard’s Cricket Frogs, Acris creptians blanchardi,
respond to increased sound pressure level of rival male calls (i.e.,
to increased rival proximity) by producing progressively longer

call bouts, longer calls with more pulses, and more pulse bouts
per call (Wagner 1989). The call bouts of H. boettgeri Type 2 calls
can range in size from 14-84 calls/bout, suggesting the presence
of a similarly graded aggressive call display.

Although we suggest that Type 2 calls are involved in antago-
nistic interactions between males, the particular behavioral con-
text is less clear. Since Type 2 calls increase in prevalence only
after the activity of Type 1 calls is already increased or peaked,
these calls probably do not function in regulating inter-male dis-
tances during nightly chorus establishment, as is the case with
aggressive calls during chorus formation in many species of frogs
(Wells 2007). There, aggressive calls occur more frequently dur-
ing the initial portion of nightly chorus formation, and diminish
in prevalence once calling sites are established and males switch
to giving predominantly advertisement calls (Dyson and Pass-
more 1992). The concurrent nature of both call types in H. boett-
geri also suggest that Type 2 calls are not involved in call sup-
pression behavior similar to the one described for another pipid
frog, Xenopus laevis, where after initial chorus formation males
induce rivals to fall silent until only the dominant male remains
calling (Tobias et al. 2010).

Multimodal communication in anuran amphibians.—
In contrast to the large number of studies on chemical
communication in caudate amphibians (reviewed in Houck
2009), there are few documented examples of the use of chemical
communication in adult anurans (review: Belanger and Corkum
2009). Nevertheless, some adult anurans use chemical cues for sex
recognition and mate attraction (Wabnitz et al. 2000; Waldman
and Bishop 2004; Asay et al. 2005; Byrne and Keogh 2007),
and Hymenochirus frogs are among the few species for which
chemical mate attraction has been experimentally documented
(Pearl et al. 2000). Hymenochirus mate attraction chemicals are
produced by the postaxillary breeding glands of adult males
(Pearl et al. 2000), which develop during sexual maturation and
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enlarge during the breeding season (Rabb and Rabb 1963). In a
y-maze, female Hymenochirus showed positive chemotaxis to
water housing males with intact breeding glands, but females
showed no reaction to water housing breeding gland-ablated
males. Further, males showed no response to water housing
either females or other males, indicating that the chemical cues
are a female attractant, and not a signal geared towards males
(i.e., neither a male repellent nor a species aggregation signal
that attracts other male to a breeding site) (Pearl et al. 2000).

The presence of a mate-attraction chemical (Pearl et al.
2000), along with acoustic advertisement calls (Osterdahl and
Olsson 1963; Rabb and Rabb 1963; this study) suggests that
Hymenochirus frogs use multiple sensory modalities in their
reproductive behavior. To date the relative importance of
chemical and acoustic signals is unclear, and we do not know
whether either signal by itself, or a combination of both, is
necessary for successful mate attraction and pair formation. It
is possible that the chemical signal attracts the female to the
breeding site, but that acoustic signals are subsequently used to
localize males at the breeding site, or to choose among several
males in the chorus. Conversely, calls could attract females to the
chorus, and once there, females could use the chemical signal to
choose among males.

The mate attraction efficacy of chemical and acoustic signals
depends on water movement, microhabitat structure, and
environmental background noise, as well as on the proximity
of mate searching females. Variation in these environmental
conditions may have played a role in the evolution of this
multimodal communication system, and may still be important
in determining the relative role each modality plays for mate
choice. Although studies on multimodal communication in
anurans have focused mainly on visual signals (Taylor et al.
2008; Starnberger et al. 2014), there are some examples of the
use of vibrational (Lewis et al. 2001; Caldwell et al. 2010) and
water-surface waves (Walkowiak and Miinz 1985; Seidel et al.
2001; Hobel and Kolodziej 2013) to signal conspecifics. The
uncommon (for anurans) use of chemical signals, combined with
the small, yet complex vocal repertoire (complex call structure of
the putative advertisement call, and probably graded aggressive
call) suggest Hymenochirus frogs may be fruitful study subjects
for examining the evolution of multimodal communication in
anurans.
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Diet Composition of Southeast Asian Fanged Frogs
of the Limnonectes kuhlii Species Complex

Post-metamorphic anurans are generally considered
carnivorous, though some cases of frugivory and herbivory have
been documented (Pertel et al. 2010). Various feeding strategies
exist among anurans including sit-and-wait predation, active
foraging, and opportunistic feeding (Duellman and Trueb
1986). Fanged frogs (Anura, Dicroglossidae) allied to the
Limnonectes kuhlii (Tschudi 1838) complex are distributed
throughout Southeast Asia and little is known about their
feeding behavior and diet. Recent systematic work on this
species complex has revealed that what was considered a
single, widely distributed species for the past two centuries is
actually a non-monophyletic group comprising more than 24
distinct evolutionary lineages (McLeod 2010). Several lineages
occur in syntopy, and questions regarding niche partitioning
are of particular interest in these cases.

Generally, frogs of the L. kuhlii complex are known to occur
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primarily in riparian habitats and seem to be tied closely to
these aquatic environments. Based on field studies of multiple
species in Thailand, Malaysia, and Brunei, specimens are
most frequently collected and observed sitting on the banks
of streams, in shallow water at the edge of streams, in the
shelter of boulders in high-flow stream conditions, or in lotic
pond-like habitats associated with nearby streams. Rarely are
individuals encountered in the forest habitat surrounding these
aquatic environments. Unpublished data (DSM) suggests that
these frogs are never more than 30 m away from water. Limited
available information (McLeod 2009) and opportunistic
observations (DSM) suggest that species of this complex may be
sit-and-wait predators. One species, Limnonectes megastomias
(McLeod 2008), was found to prey upon invertebrates, mollusks
and even larger prey such as birds (McLeod 2009). The purpose
of this work is to provide an initial assessment of the diet of
different species of the Limnonectes kuhlii complex. Herein
we document the diets (by way of gut content analyses) of
19 individuals representing nine species within the L. kuhlii
complex.

Materials and Methods.—We analyzed gut contents from 19
specimens that were eviscerated for the purpose of producing
osteological materials for use in another study. Specimens were
collected in the field by a variety of people utilizing different
methods of euthanasia, fixation, and preservation. In some
cases individual animals were kept for only a few hours prior
to euthanasia whereas in others individual animals may have
remained in captivity without feeding for 12-24 h. Specimen
data is presented in Table 1. Identified stomach contents are
presented in Table 2. Lineage names follow those of McLeod
(2010). Specimens examined and their respective gut contents
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TasLE 1. Specimens examined of the Limnonectes kuhlii complex. Lineage names and numbers correspond to those of McLeod (2010). Mate-
rials were loaned from California Academy of Sciences (CAS), Field Museum of Natural History (FMNH), Institute of Ecology and Biological
Resources, Vietnam Academy of Science and Technology (IEBR), University of Kansas Biodiversity Institute (KU), Louisiana State University

(LSU), and Vietnam National Museum of Nature (VNMN).

Species Voucher Number Sex SVL (mm) Location
L. kuhlii (1) LSU 81895 F 62.6 West Java Prov., Indonesia
Lineage 4 FMNH 262723 M 55.8 Ratanakiri Prov.,, Cambodia
FMNH 262730 F 61.7 Stung Treng Prov., Cambodia
Lineage 5 FMNH 258507 I 54.4 Xe Kong Prov., Lao PDR
FMNH 258508 M 53.6 Xe Kong Prov., Lao PDR
L. bannaensis (8) IEBR A.2014.33 M 67.6 Ha Giang Dist., Vietnam
KU 292029 M 80.5 Guangxi Prov., China
VNMN A.2015.44 I 51.4 Ha Giang Dist., Vietnam
VNMN A.2015.47 I &1 Ha Giang Dist., Vietnam
L. longchuanensis (9) CAS 210195 F 72.1 Sagaing Div., Myanmar
CAS 221808 M 69.7 Shan State, Myanmar
L. megastomias (10) KU 307774 M 104.8 Nakhon Ratchasima, Thailand
KU 307775 F 71.4 Nakhon Ratchasima, Thailand
KU 307776 F 80.1 Nakhon Ratchasima, Thailand
L. isanensis (11) FMNH 266212 F 56.3 Loei Prov., Thailand
FMNH 266218 M 86.4 Loei Prov., Thailand
L. taylori (12) CAS 230949 M 46.1 Shan State, Myanmar
L. nguyenorum (13) VNMN A.2015.3 F 36.5 Ha Giang Dist., Vietnam
IEBR A.2015.3 M 43.5 Ha Giang Dist., Vietnam

TasLE 2. Stomach contents of the Limnonectes kuhlii complex. The total number of prey items is followed by the number of stomachs con-
taining each taxon in parentheses. Lineage names and numbers follow McLeod (2010), and are abbreviated as follows: LIK = L. kuhlii, L4 =
Lineage 4, L5 = Lineage 5, LBA = L. bannaensis, LLO = L. longchuanensis, LME = L. megastomias, LIS = L. isaneasis, LTA = L. taylori, LNG = L.

nguyenorum.
Species/lineage LIK L4 L5 LBA LLO LME LIS LTA LNG
Sample size 1 2 2 4 2 3 2 1 2
Food Type
PHYLLUM ARTHROPODA
Coleoptera 0(0) 0(0) 1) 7(2) 4 () 0(0) 2(2) 0(0) 1)
Lepidoptera 2 () 0(0) 0(0) 1@ 2() 0(0) 23 (1) 0(0) 0(0)
Odonata 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0 0(0) 1)
Hymenoptera 0(0) 1@ 0(0) 0(0) 0(0) 2() 0 0(0) 0(0)
Formicidae 0(0) 2() 0(0) 1@ 0(0) 0(0) 1) 0(0) 2()
Isoptera 0(0) 0(0) 0(0) 1@ 0(0) 221 (2) 0 0(0) 0(0)
Orthoptera 0(0) 0(0) 0(0) 4(3) 2(2) 1@ 2(2) 0(0) 0(0)
Hemiptera 0(0) 0(0) 0(0) 1@ 0(0) 0(0) 0 0(0) 0(0)
Reduviidae 0(0) 0(0) 0(0) 2(1) 0(0) 0(0) 0 0(0) 0(0)
Cicadellidae 0(0) 0(0) 0(0) 1@ 0(0) 0(0) 0 0(0) 0(0)
Dermaptera 0(0) 0(0) 0(0) 1@ 0(0) 0(0) 0 0(0) 0(0)
Diplopoda 0(0) 0(0) 1) 1@ 0(0) 0(0) 0(0) 0(0) 0(0)
Decapoda 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1) 0(0) 0(0)
PHYLLUM MOLLUSCA
Gastropoda 0(0) 0(0) 0(0) 1@ 0(0) 0(0) 0(0) 0(0) 0(0)
Plant Material 2D 1@ 0(0) 1@ 1) 2(1) 0(0) 1) 1)
Sediment 6(1) 1@ 0(0) 1@ 0(0) 0(0) 0(0) 0(0) 4()
Unidentified 0(0) 1@ 1) 0(0) 0(0) 1@ 0(0) 0(0) 0(0)
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Fic. 1. Field observation of an adult male Limnonectes megastomias
recently having consumed an adult male Limnonectes gyldenstolpei
at the type locality of L. megastomias at Sakaerat Environmental Re-
search station (Nakhon Ratchasima, Thailand).

are deposited in the following institutions: California Academy
of Sciences (CAS), Field Museum of Natural History (FMNH),
Institute of Ecology and Biological Resources, Vietnam
Academy of Science and Technology (IEBR), University of
Kansas Biodiversity Institute (KU), Louisiana State University
(LSU), and Vietnam National Museum of Nature (VNMN).

Results.—Excluding sediment and plant matter, 14 different
types of food items were identified to the lowest taxonomic level
possible (i.e., order or family). Orthopterans and coleopterans
were the most prevalent preyitems, with orthopterans identified
in eight (42.1%) of the frog stomachs, and coleopterans in seven
(36.8%) of the stomachs. Plant matter was the most common
material found, appearing in the stomachs of eight (88.9%)
of the nine lineages. Coleoptera was the most prevalent of
the food items, found in five (55.5%) of the lineages, followed
closely by Lepidoptera and Formicidae (Hymenoptera), both of
which were found in four (44.4%) of the lineages. Limnonectes
bannaensis Ye, Fei, Xie & Jiang, 2007 showed the greatest range
of diet with 12 of the 14 (85.7%) food items identified, including
five food items that were unique to this species.

Discussion.— Small sample sizes limit the ability to draw
conclusions about species-specific dietary preferences. Also,
the amount of time some specimens spent in captivity is likely
to have influenced the contents of their gut and the state of
digestion of food items. For example, partial or full digestion
of some food types may have occurred to a point where
identification was no longer possible. Nevertheless, our data
provide a starting point for understanding dietary patterns
and resource partitioning in this group of frogs. We present
all results with the caveat that additional sampling will likely
confirm some of our observations of species-specific diets and
will show other patterns to be generalizations across the L.
kuhlii complex.

Overall, frogs in the L. kuhlii complex seem to feed primarily
upon arthropods, particularly insects. With the exception of a
gastropod (Phylum Mollusca), all identified animal taxa in the
gut contents were arthropods consisting primarily of insects
(11 taxa), but also included a crustacean and a millipede (Table
2). Insects are among the most diverse organisms on earth

ARTICLES 551

(Grimaldi and Engel 2005), particularly in tropical areas, and
that could explain their high abundance among the analyzed
samples. The abundance of coleopterans and orthopterans, the
two orders of insects found most frequently, is not unexpected.
Insects from these orders are common in the diets of anurans
due to their relatively abundance (Coleoptera) or large body
size (Orthoptera), which provide a large amount of food and
energy (Boquimpani-Feitas et al. 2002; Klaion et al. 2011).

Among the insects consumed, the orders Coleopteran,
Lepidoptera, Hymenoptera (especially ants), and Orthoptera
were eaten by most species in the L. kuhlii complex.
Coincidentally, the first three orders are among the most diverse
and abundant insects worldwide (Grimaldi and Engel 2005).
Two species of Limnonectes had unique prey items in their diet:
Limnonectes nguyenorum McLeod, Kurlbaum & Hoang, 2015
consumed an adult dragonfly (Odonata), and one individual
of L. isanensis McLeod, Kelly & Barley, 2012 ate a freshwater
crab. Individuals of some species consumed larger numbers
of specific prey than others; in particular, one specimen of L.
megastomias had 220 termites (Order Isoptera) in its stomach.
This species is known to consume other frogs, birds, insects and
other invertebrates (McLeod 2009). These data, in combination
with the presence of a large number of Isopteran prey supports
the observation that L. megastomias is an opportunistic
predator with a sit-and-wait feeding strategy.

The greatest richness of prey items (11 of 14 taxa) was
associated with specimens of L. bannaensis but this surely
reflects the number of samples examined (N = 4), almost
double the number of specimens analyzed for most species.
Comparatively, L. isaneasis (N = 2) showed the second greatest
richness with five of the prey taxa. Limnonectes bannaensis, L.
isaneasis and a member from L. longchuanensis were among
the largest (snout-vent length) of the frogs sampled and thus,
body size could be correlated with richness. Limnonectes
megastomias is also a large species of frog, similar to the size
of L. bannaensis and L. isaneasis, and it does appear that size
plays arole in the abundance of prey consumed, as indicated by
the number of termites found inside their guts (220 termites).
The L. megastomias individuals sampled did not display the
wide range of prey items expected in individuals of other large
species, however we only examined the content from two
specimens of this species.

Plant materials were found in the stomachs sampled,
occurring in 7 of 19 individuals and representing 7 of 9 clades
investigated. It is important to note that the presence of plant
material in 7 of the stomachs does not make it the most common
type of food consumed by these frogs. Compared to the amount
of animal material, which is found in 18 of the 19 frogs analyzed
as well as in greater amounts, plant material is a minor part of
the frog’s diet. The presence of plant materials, especially leaf
remains, found in the stomachs of these frogs suggests one of
two possibilities: either these frogs are intentionally ingesting
the leaves, or they are incidentally ingested while trying to
catch animal prey among leaf litter. Accidental ingestion of
leaf material has been reported in a number of other studies
(e.g., Marra et al. 2004; Siqueira et al. 2006; Martins et al. 2010;
Almeida-Santos et al. 2011). We are aware of only one case of
a frog (the South American hylid Xenohyla truncata) ingesting
plant matter intentionally (Silva and Brito-Pereira 2006).

It is almost certain that our results do not reflect the
complete dietary patterns of the species represented in this
study. Whereas we did not record any vertebrate prey in
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our samples, McLeod (2009) reported that L. megastomias
consumed birds and its congener, L. gyldenstolpei (Andersson,
1916) (Fig. 1). Focused studies on diet in these frogs will more
clearly delineate the use of food resources and any species-
specific patterns of prey preference. Moreover, future studies
of sympatric and syntopic populations will be able to address
questions of food resource partitioning and will elucidate the
mechanisms that allow closely related and ecologically similar
and species to co-exist in the same physical space.
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Distribution and Habitat Partitioning of Two Skink Species on
the Nevada National Security Site in South-central Nevada

Two skink species are known to occur on the Nevada
National Security Site (NNSS) in south-central Nevada, USA.The
Western Red-tailed Skink (Plestiodon gilberti rubricaudatus) is
on the Nevada Natural Heritage Program’s “Animal and Plant
At-Risk Tracking List” while the Great Basin Skink (Plestiodon
skiltonianus utahensis) is not. Information about both species
is lacking, especially for Nevada. Plestiodon g. rubricaudatus
occurs at the northern edge and P s. utahensis occurs at
the southern edge of their respective ranges on the NNSS.
Historically (i.e., prior to 2006) on the NNSS, P, g. rubricaudatus
was known from five locations (Medica et al. 1990; Boone and
Sowell 1999; unpublished data) and P, s. utahensis was known
from seven locations (Tanner and Jorgensen 1963; Woodward
1993; unpublished data) (Fig. 1). The main objective of this
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study is to determine the distribution, abundance, and habitat
use of P g. rubricaudatus and P s. utahensis on the NNSS.

METHODS

The NNSSislocated in south-central Nevada, approximately
105 km northwest of Las Vegas, and encompasses approximately
3561 km? (Fig. 1). It is located in an area of southern Nevada
that lies between the Great Basin Desert and the Mojave Desert
as defined by Jaeger (1957). Transitional areas between the
two deserts are also present having been created by gradients
in precipitation, elevation, temperature, and soils. Unique
combinations of physical site conditions have resulted
in several different vegetation communities including 10
vegetation alliances and 20 vegetation associations (Ostler et al.
2000). Elevation ranges from less than 1000 m to 2340 m above
sea level. Average annual precipitation ranges from 12 cm at the
lower elevations to 33 cm at the higher elevations (Soule 2006).

We conducted literature reviews and internet searches (i.e.
VertNet.org) to locate all records of P g. rubricaudatus and P s.
utahensis from the NNSS, and consulted with Phil Medica, a
former NNSS biologist, to locate additional records. We conducted
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Fic. 1. Current and historic (pre-2006) distribution of Western Red-tailed and Great Basin skinks on or near the Nevada National Security Site
by elevation. Each symbol marks a site where at least one skink was captured. Note the two western red-tailed skink locations on the western
boundary at 1494 and 1555 m. Elevation coverage ends at NNSS boundary.

an intensive trapping study at 129 sites from 2006-2011 with
additional sporadic trapping during 2012 and 2013. Trapping
protocol generally entailed setting 30 stand-alone, box-type funnel
traps (61 cmlongx 21 cm wide x 21 cm tall) at a site for two weeks.
We set traps along vegetation or rocks to act as natural drift fences

to funnel skinks into the traps similar to the technique described
in Fitch (1987), and sampled three to four sites concurrently per
two-week session. We set traps on Monday, checked them every
one to three days (Enge 2001) and closed them on Thursday of
the first week. We repeated this process the second week and then
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moved traps to new sites. Based on the habitat preferences found
in the literature, we selected sites in rocky areas near ephemeral
washes or at springs (Macey and Papenfuss 1991; Stebbins 2003)
or in open, rocky areas with scattered vegetative cover (Rodgers
and Fitch 1947). We also recorded P s. utahensis observations
opportunistically during other wildlife monitoring activities.
For each site Universal Transverse Mercator coordinates (North
American Datum 1983) were taken using a hand-held GPS unit
or estimated by plotting site locations from written descriptions
using ArcGIS version 10.2. We estimated elevation (m) for each
site from USGS 7.5 minute topographic maps or ArcGIS version
10.2. When a skink was captured, it was weighed, measured,
and marked by clipping one to two toes in a unique pattern so
individual skinks could be identified.

REsuLrs

We documented a total of 54 P, g. rubricaudatus records at 35
sites (5 historic, 30 new) between 1130-2095 m elevation (mean
= 1735 + 214 m). This included 42 individuals with 7 recaptures
during the trapping portion of the study and 5 individuals from
historic records (Fig. 1). Additionally, we documented a total of
101 P's. utahensis records at 21 sites (7 historic, 14 new) between
1963-2299 m elevation (mean = 2141 + 99 m). This included 57
individuals with 8 recaptures by Brigham Young University (BYU)
researchers at two sites (captured in 1961-1971), 10 individuals
by Alex Johnson at five sites (1975) (MVZ 140895-140903, 140907),
five individuals at one of the BYU sites (1993), and 21 individuals
at 14 new sites during the trapping portion of the study (Fig.
1). The most P g. rubricaudatus documented at a site was four
individuals. At the northernmost BYU plot, BYU researchers
captured and marked 34 individual Ps. utahensiswith 8 recaptures
over an unspecified time period during the 1960s and 1970s. They
calculated a minimum density of 5.6 adult P s. utahensis /ha (14
adults on a 2.5-ha plot) (unpublished BYU data).

DiscussioN

High elevation habitat on the NNSS is considered to be
typically above 2000 m in the Pinus monophylla/Artemisia nova
(Pinyon Pine/Black Sagebrush) and Pinus monophylla/Artemisia
tridentata (Pinyon Pine/Big Sagebrush) woodland vegetation
associations These areas, on average, receive more precipitation
(= 27 cm) than the other parts of the NNSS (= 25 cm) (Ostler et
al. 2000).

Findings from our study that P g. rubricaudatus typically
inhabit lower elevation, more arid sites corroborate other studies
(Rodgers and Fitch 1947; Tanner 1957; Macey and Papenfuss 1991;
Morrison et al. 1999; Morrison and Hall 1999) although elevation
ranges differ slightly depending on location. Macey and Papenfuss
(1991) found P g. rubricaudatus associated with water in the Inyo-
White Mountains of California and Nevada at elevations between
1220 and 1440 m and away from water between 1830 and 2440
m (range 1220-2440 m). They describe P s. utahensis as a high-
elevation species thought to be found between 2130 and 3050
m based on only a few records. Morrison et al. (1999) caught
both P g. rubricaudatus and P, s. utahensis at three sites between
1900 and 2200 m and Morrison and Hall (1999) captured both
species at a spring at 2157 m also in the Inyo-White Mountains.
Plestiodon g. rubricaudatus on the NNSS occurred mostly within
the same elevation range as that documented in the Inyo-White
Mountains except for one individual caught at 1130 m in Creosote

Bush (Larrea tridentata) habitat away from water. This is the only
skink that has been caught in Creosote Bush habitat on the NNSS
and may have dispersed downslope from a source population
on the upper slopes of Yucca Mountain during the extremely wet
winter and spring of 1994-1995. Plestiodon s. utahensis on the
NNSS occurred within the elevation range of P s. utahensis found
in the Inyo-White Mountains.

Although there is some elevational overlap between P g
rubricaudatus and P s. utahensis (1963-2095 m), we found no
areas of sympatry on the NNSS. This may be due to imperfect
detection or habitat selection differences. Morrison and Hall
(1999) noted areas of sympatry in their study at four sites
occurring at 1900 m (Westgard), 2100 m (Pinyon), 2157 m
(Montenegro Spring), and 2200 m (Cedar). In their study, P s.
utahensis were more numerous at the higher elevation, more
mesic sites whereas P g. rubricaudatus were more numerous
on the lower elevation, more arid Westgard site, similar to the
patterns we detected for the NNSS.

High elevation habitat occupied by P s. utahensis is limited
on the NNSS with little possibility of increasing in the future.
This habitat may be at risk as the climate gets hotter and drier
which could result in the extirpation of P s. utahensis and
possible range expansion of the P g. rubricaudatus on the NNSS.
Permanent plots are being established in these habitats to
monitor changes in the vegetation (Hall et al. 2016). Gambel Oak
(Quercus gambelii) in particular is a good indicator species for
the health of these communities and provides good habitat for
P s. utahensis (Tanner 1957). Periodic monitoring of these plots
should continue in addition to monitoring the skink populations
in these areas.
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Prey Availability and Foraging Events of the Northern
Mexican Gartersnake (Thamnophis eques megalops)

in North-central Arizona

The Northern Mexican Gartersnake (Thamnophis eques
megalops) is a generalist mesopredator and wetland and riparian
obligate distributed in Arizona, New Mexico, and northern
Mexico (Degenhardt et al. 1996; Rossman et al. 1996; Brennan
and Holycross 2006). Extensive population declines have been
documented throughout the range of the species in the United
States with potential drivers including the introduction of
nonnative predatory species, loss of native prey, and habitat
loss. Based on these declines, the U.S. Fish and Wildlife Service
(USFWS) listed T. e. megalops as federally threatened under the
Endangered Species Act on July 8, 2014 (USFWS 2014) with viable
populations occurring in north-central, western, and southern
Arizona.

The USFWS identified “harmful nonnative species” including
the American Bullfrog (Lithobates catesbeianus), spiny-rayed
predatory fish in the families Centrarchidae and Ictaluridae,
and the crayfish Orconectes virilis and Procambarus clarkii as
the leading threat to the survival of T. e. megalops throughout its
range in the United States (USFWS 2014). Confirmed depredation
events on neonates and adults by L. catesbeianusand Largemouth
Bass (Micropterus salmoides) have been documented in previous
studies (Rosen and Schwalbe 1995; Young and Boyarski 2013). In
addition, potential negative interactions with nonnative species
include competition for native prey species (Rosen and Schwalbe
2002; Holycross et al. 2006) and injury or mortality when snakes
preyon centrarchid and ictalurid fish and swallow spines (USFWS
IAIN D. EMMONS*
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2014; Boyarski et al. 2015). Based on these perceived threats, two
of the primary constituent elements (PCEs) deemed essential
to the conservation of T. e. megalops in the proposed rule for
designation of critical habitat are: 1) a prey base consisting of
viable populations of native amphibian and native fish species;
and 2) the absence or occurrence of nonnative aquatic predatory
species at “low enough levels such that recruitment of northern
Mexican gartersnakes and maintenance of viable native fish or
soft-rayed, nonnative fish populations (prey) is still occurring”
(USFWS 2013).

While an appropriate aquatic prey base is considered a
significant factor in T. e. megalops recovery and long-term
survival, dietary descriptions are limited to relatively few
studies and records in Arizona and northern Mexico (Garcia
and Drummond 1988; d’'Orgeix et al. 2013; T. Cotten, T. Sprague,
pers. comm.). The species is thought to rely primarily on native,
small-bodied prey including annelids, leopard frog (Lithobates
sp.) adults and tadpoles, Mexican Spadefoot (Spea multiplicata)
adults, Woodhouse’s Toad (Anaxyrus woodhousii) juveniles
and tadpoles, and Western Tiger Salamander (Ambystoma
mavortium) larvae (USFWS 2014). However, nonnative aquatic
vertebrates have also been identified as potential food sources,
including L. catesbeianus juveniles and tadpoles, soft-rayed fish
including the Western Mosquitofish (Gambusia affinis) and the
Red Shiner (Cyprinella lutrensis) (S. Lashway, T. Sprague, pers.
comm.), and Goldfish (Carassius auratus), a nonnative spiny-
rayed cyprinid fish (Garcia and Drummond 1988).

Building on previous dietary accounts, we investigated
potential prey availability and confirmed prey use for T. e.
megalops, as part of a larger study to determine population
demography, habitat use, and spatial behavior for the species
along the upper-middle Verde River in north-central Arizona
(Emmons and Nowak 2016). Here, we present additional prey
records that provide a greater understanding of T. e. megalops
diets, with implications for critical habitat elements deemed
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essential for the survival of this federally threatened species in
the United States.

Methods.— Study sites were located along the upper-middle
Verde River (Yavapai County, Arizona) and featured relatively
wild, undeveloped riparian corridors along the perennial
Verde River, which is listed as one of five remaining United
States localities that contain potentially viable populations
of the species in question (USFWS 2014). One of the sites also
contained artificial lagoons fed by diversions from the main
stem river. Due to the vulnerable status of T. e. megalops we
have withheld specific site name information to protect snakes
at the study locations. We pooled data from sites because there
is potential genetic and reproductive connectivity between
subpopulations of gartersnakes (D. Wood, pers. comm.), they
share a similar assemblage of potential aquatic prey species, and
they are included in the same sub-basin unit as described in the
designation of critical habitat proposed rule (USFWS 2013).

We recorded total numbers of potential prey captured in
self-baiting Gee™ minnow traps (e.g., Nowak and Santana-
Bendix 2002; Holycross et al. 2006). We defined potential prey as
invertebrates and vertebrates identified in previous diet studies
for T e. megalops and similar aquatic gartersnake species,
including spiny-rayed fish. Furthermore, we categorized all L.
catesbeianus and A. woodhousii (the two potential anuran species
present at the study sites) by age class to maintain consistency
with the USFWS final listing rule, where juveniles and tadpoles,
but not subadults or adults, of both species were identified as
potential prey (USFWS 2014). We used the following categories:
adult (= 135 mm), subadult (< 135 mm and = 80 mm), juvenile (<
80 mm), and tadpole for L. catesbeianus; and adult (= 60 mm),
juvenile (< 60 mm), and tadpole for A. woodhousii, based on
previous studies conducted in Arizona (Sullivan 1983; T. Jones,
pers. comm.). Survey effort was measured in trap-hours (the
number of traps multiplied by the number of hours traps were
open) and calculated for each sampling trip from the median
time of the first day when traps were set and opened to the last
day when traps were closed and removed. We determined relative
prey availability by calculating the mean number (+ 1 SE) of each
species captured per trap-hour per sampling trip, to standardize
survey effort and account for differences in duration and intensity
between trips. Minnow traps were checked and emptied at least
once per day in 2012-2013, and two times per day in 2014. All
potential prey were removed on a daily basis (2012 and May-—
August 2013-2014) or every other day (September—-November
2013-2014) to prevent mortality during trapping sessions.

We recorded prey to species when possible that were in the
process of being consumed or regurgitated by T. e. megalops
captured in Gee™ minnow traps and through opportunistic
encounters, including while tracking radio-telemetered snakes
(Nowak 2006; Boyarski et al. 2015; Emmons and Nowak 2016).
We did not induce regurgitation through palpation, as previous
studies suggest the method results in short-term negative impacts
on snakes through increased hormonal stress levels, and potential
long-term impacts via injury or mortality through hemorrhaging
(Schuett et al. 2002; Fauvel et al. 2012). This precaution seemed
particularly prudent given the conservation status of T. e. megalops,
and the possibility for spiny-rayed fish as prey items.

Gartersnakes were uniquely marked using heat cautery brands
and passive integrated transponder (PIT) tags (Fagerstone and
Johns 1987; Jemison et al. 1995; Winne et al. 2006) to identify the
number of individual snakes with respect to the number of prey
use events observed. We recorded measurements for captured 7. e.

megalops and confirmed prey, including gartersnake snout-vent
(SVL) length, mass, and sex, total length (snout to tail tip) for fish
and tadpoles, snout-urostyle length (SUL) for metamorphosed
frogs and toads, and mass for snakes and prey species when
possible. Anurans were identified to age class using the same
categories as used in trap surveys. We also calculated prey-snake
ratios for length and mass and calculated ratios (mean + 1 SE)
for length and mass, when measurements were available for
prey items. Telemetered snakes in the process of consuming prey
items contained surgically implanted internal radio transmitters;
surgical procedures and care followed those of Hardy and Greene
(1999), as modified in Nowak (2006) and Boyarski et al. (2015).

Results—We conducted 22 minnow trap trips at the study
sites for an estimated 122,738 trap-hours from May 2012 through
November 2014 and detected 15,519 total of 12 different potential
prey species, all aquatic vertebrates, including 10 nonnative
species and two native species (Table 1). Gambusia affinis was
the most frequently encountered nonnative potential prey species
in minnow traps, comprising 37% (N = 5780) of the total captures
with an availability rate of 0.046 + 0.012 individuals/trap-hour
(mean * 1 SE), and Common Carp (Cyprinus carpio) was the least
frequently encountered nonnative potential prey item, comprising
<0.1% (N =2) of the total captures with an availability rate of 0.001
+0.001 individuals/trap-hour (mean + 1 SE). Anaxyrus woodhousii
tadpoles were the most frequently encountered native potential
prey item, comprising 5% (N = 804) of the total captures with an
availability rate of 0.004 + 0.002 individuals/trap-hour (mean
+ 1 SE), and A. woodhousii juveniles were the least frequently
encountered native potential prey item, comprising < 0.1% (N =
3) of the total captures with an availability rate of 0.001 + 0.001
individuals/trap-hour (mean + 1 SE). No native fish species were
represented in our samples, and no adult L. catesbeianus were
captured in minnow traps. We documented > 94% nonnative
aquatic vertebrates throughout our sampling efforts, including >
56% that were considered “harmful” as described in the USFWS
final listing rule (USFWS 2014).

We observed 23 foraging events from 22 individual snakes
consisting of 16 detections in minnow traps and seven
opportunistic encounters during telemetry (Table 2). Prey
consisted of four nonnative species and one native species with L.
catesbeianusbeing the most frequently documented prey species
consumed by T. e. megalops (16 of 23 events or 70%), including
one adult, one subadult, five juveniles, and nine tadpoles. We
documented 87% nonnative aquatic vertebrates used as prey,
and > 83% that were considered “harmful” as described in the
USFWS final listing rule (USFWS 2014). We collected mass
measurements for 15 of the 23 prey, and they represented 1.6—
32.4% of the respective gartersnake mass measurements, with
a mean prey-snake mass ratio of 12.4% (+ 2.6 SE). We collected
length measurements for 19 of the 23 prey, and they represented
4.6-30.3% of the respective gartersnake SVL measurements, with
a mean prey-snake SVL ratio of 14.9% (+ 1.2 SE) (Table 3).

We encountered two telemetered snakes in the process of
consuming adult anurans > 100 mm, including one female on 16
July 2014 that subdued and swallowed a relatively large (SUL = 147
mm) L. catesbeianus (Fig. 1). The same female on 21 April 2015
regurgitated an adult A. woodhousii (SUL = 106 mm; mass was not
obtained due to the partially digested state of the prey item) on a
subsequent date when the snake was recaptured for transmitter
removal; the snake had a mass of 169.5 g and an SVL of 702 mm.
A second female on 11 September 2014 was found consuming an
adult A. woodhousii with an SUL of 122 mm (Fig. 2).
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Fic. 1. Thamnophis eques megalops consuming adult Lithobates cates-
beianus at the upper-middle Verde River, Yavapai County, Arizona.

Fic. 2. Thamnophis eques megalops consuming adult Anaxyrus
woodhousiiat the upper-middle Verde River, Yavapai County, Arizona.

We recorded three events where nonnative, spiny-rayed fish
were preyed upon by T. e. megalops, including M. salmoides and
Black Bullhead (Ameiurus melas), and a suspected Ameiurus
species. On 27 July 2013 one female snake regurgitated two
juvenile M. salmoides after removal from a minnow trap. On 28
September 2013 we captured a male gartersnake with a spine
from a suspected Ameiurus sp. protruding through the skin
posterior to the head; the spine was safely removed and appeared
to be the only remaining part of a prey item that was swallowed
and successfully digested (Fig. 3). A male found opportunistically
on 17 June 2014 was in the process of consuming one A. melas
with a second prey bolus suspected to be the same species, with
a pectoral spine protruding through the snake’s midbody wall
(Fig. 4).

Discussion.—Based on our survey efforts, nonnative species
comprised the majority (> 94%) of potential aquatic vertebrate
prey available to T. e. megalops at our study sites in north-
central Arizona, and native fish species were absent or in such
low numbers that they escaped detection. The potential prey
availability and confirmed prey use records from minnow traps
could be interpreted as biased due to artificial conditions that
can concentrate and limit escape of species that snakes may
not normally associate with food sources, and underestimation
of larger-bodied prey items that were unlikely to access traps
due to their terrestrial nature or the confining size of the funnel
entrances. However, even when these possible biases are taken
into account, our trap sampling efforts still suggest that potential
aquatic prey availability is dominated by nonnative aquatic
species in the upper-middle Verde River, a locality recognized
by the USFWS to contain one of five remaining likely viable
populations for T. e. megalops in the United States (USFWS 2014).
Given that the snake populations at our study sites appear to

Fic. 3. Thamnophis eques megalops with protruding fish spine from
suspected Ameiurus sp. at the upper-middle Verde River, Yavapai
County, Arizona.

Fic. 4. Thamnophis eques megalops with regurgitated Ameiurus
melas and additional suspected A. melas as prey bolus mid-body
with protruding spine at the upper-middle Verde River, Yavapai
County, Arizona.
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TasLe 1. Thamnophis eques megalops potential aquatic prey captured during minnow trap surveys in the upper-middle Verde River, Arizona,
2012-2014. Potential prey species are listed by their standard and scientific names, and anurans are categorized by age class. “Number” refers
to total captures per potential prey species throughout the duration of the study, “%” refers to relative proportion of each potential prey
species, and “Prey availability” refers to the mean number (+ SE) of potential prey species captured per trap-hours per trap survey trip.

Potential Prey Species Number % Prey availability

Nonnative
Western Mosquitofish, Gambusia affinis
Red Shiner, Cyprinella lutrensis
Green Sunfish, Lepomis cyanellus
Bluegill, Lepomis macrochirus
Smallmouth Bass, Micropterus dolomieu
Largemouth Bass, Micropterus salmoides
Yellow Bullhead, Ameiurus natalis
Black Bullhead, Ameiurus melas
Common Carp, Cyprinus carpio
American Bullfrog, Lithobates catesbeianus (subad.)
American Bullfrog, Lithobates catesbeianus (juv.)
American Bullfrog, Lithobates catesbeianus (tad.)
Native
Woodhouse’s Toad, Anaxyrus woodhousii (ad.)
Woodhouse’s Toad, Anaxyrus woodhousii (juv.)
Woodhouse’s Toad, Anaxyrus woodhousii (tad.)
Sonora Mud Turtle, Kinosternon sonoriense (hatchling)
Total

5780 SIS 0.046 = 0.012
121 0.8 0.001 = 0.001
4072 26.3 0.029 = 0.011
248 1.6 0.002 = 0.001
149 1.0 0.001 = 0.001
630 4.1 0.004 = 0.002
7 <0.1 0.001 = 0.001
13 <0.1 0.001 = 0.001
2 <0.1 0.001 = 0.001
101 <0.1 0.001 = 0.001
289 13 0.002 = 0.001
3324 21.4 0.020 £ 0.011
20 0.1 0.001 = 0.001
S <0.1 0.001 = 0.001
804 5.2 0.004 = 0.003
6 <0.1 0.001 = 0.001
15519

be persisting, it seems likely that our prey use observations are
broadly representative of potential T. e. megalops diets within the
watershed.

Our study builds on previous dietary accounts that nonnative
species are used as prey, including at least three species listed
as “harmful” in the final listing rule for T. e. megalops (USFWS
2014). To our knowledge, we present the first confirmed records
of T e. megalops eating large-bodied (SUL > 100 mm) native and
nonnative anurans, and spiny-rayed centrarchid and ictalurid
fish. We also present the first species record of an individual that
survived after apparently consuming a spiny-rayed fish and a
spine punctured the snake’s body wall, similar to accounts for
other aquatic snake species (Mills 2002; Sukalo 2014; J. Placyk
pers. comm.). Diet studies of similar aquatic gartersnake species
have also documented prey use of nonnative spiny-rayed
fish and anurans, including the Black-necked Gartersnake (T.
cyrtopsis) eating L. catesbeianus (Fleharty 1967); the Two-striped
Gartersnake (7. hammondii) consuming Redbelly Tilapia (Tilapia
zillii) and Xenopus laevus (Ervin and Fisher 2001; Rodriguez-
Robles and Galina-Tessaro 2006); the Eastern Ribbonsnake
(T saurita) consuming spiny-rayed cyprinid fish (Bell et al.
2007); the Mexican Black-bellied Gartersnake (T. melanogaster)
eating Carassius auratus (Manjarrez et al. 2013); and the Giant
Gartersnake (T. gigas) eating L. catesbeianus and spiny-rayed
centrarchid and ictalurid fish (Ersan 2015). Conversely, previous
studies with the Aquatic Gartersnake (7. atratus) and the
Mountain Gartersnake (7. elegans elegans) suggest a reliance on
native amphibians as a food source, and negative repercussions
on snake populations when native prey sources are removed by
introduced predators (Matthews et al. 2002; Preston and Johnson
2012). It is possible that the response to the loss of native prey
and the capacity to utilize novel food sources is site-based or
intraspecific for different gartersnake species.

For T. e. megalops, trapping surveys indicate nonnative
species dominate prey availability at two of the other locations
that have potentially viable T. e. megalops populations in the
United States: Page Springs and Bubbling Ponds State Fish
Hatcheries associated with Oak Creek in north-central Arizona,
and the upper Santa Cruz River in the San Rafael Valley in
southern Arizona (S. Lashway, T. Sprague, pers. comm.). There
are confirmed observations of snakes regurgitating G. affinis
and L. catesbeianus tadpoles and juveniles during minnow trap
surveys and opportunistic encounters at both sites (S. Lashway,
T. Sprague, pers. comm.), and one record of a large adult snake
captured from a minnow trap with a suspected subadult or
adult L. catesbeianus as a prey bolus from the Santa Cruz River
(S. Lashway, pers. comm.). Additionally, a large adult snake was
observed consumingan adult A. woodhousiifrom Bubbling Ponds
during an opportunistic encounter, although no measurements
were recorded for the snake or prey item (V. Boyarski, pers.
comm.). Given the ontogenetic shifts in diet observed by Garcia
and Drummond (1988), Lind and Welsh (1994), De Queiroz et
al. (2001), and Manjarrez et al. (2013), where T. e. megalops and
similar aquatic gartersnake species utilize increasingly larger
prey as they grow, it is likely that both subadult and adult L.
catesbeianus and adult A. woodhousii may represent seasonally
important food sources for larger individuals that inhabit sites
populated by native and nonnative larger-bodied anuran species.

These records conflict with the perceptions that the species
relies primarily on small-bodied prey, and requires a high
abundance of native prey sources and the absence or low
abundance of predatory nonnative species to survive (USFWS
2013, 2014). Instead, our prey use records, combined with
previous dietary accounts for T. e. megalops and other snake
species, suggest plasticity in foraging behavior, enabling the use
of novel, seasonably available (Ervin and Fisher 2001; Rodriguez-
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TasLE 2. Thamnophis eques megalops confirmed prey based on field observations from minnow traps and opportunistic encounters in the
upper-middle Verde River, Arizona, 2012-2015. Prey species are listed by their standard and scientific names, and anurans are categorized by
age class. “Number” refers to total prey use events observed per prey species, “%” refers to the relative proportion of each prey species, and
“Method” refers to the type of observation (“minnow trap” or “opportunistic encounter”) used for each prey use event.

Prey Species Number % Method
Nonnative
Western Mosquitofish, Gambusia affinis 1 4.4 minnow trap
Largemouth Bass, Micropterus salmoides 1 4.4 minnow trap
Black Bullhead, Ameiurus melas 1 4.4 opportunistic
Ameiurus sp. (spine) 1 44 opportunistic
American Bullfrog, Lithobates catesbeianus (ad.) 1 4.4 opportunistic
American Bullfrog, Lithobates catesbeianus (subad.) 1 4.4 opportunistic
American Bullfrog, Lithobates catesbeianus (juv.) 5 21.6 minnow trap
American Bullfrog, Lithobates catesbeianus (tad.) 9 39.0 minnow trap
Native
Woodhouse’s Toad, Anaxyrus woodhousii (ad.) 3 13.0 opportunistic
Total 23

TasLE 3. Confirmed prey use event measurements for prey and Thamnophis eques megalops in the upper-middle Verde River, Arizona, 2012—
2015. Prey species are listed by their scientific names, and anurans are categorized by age class. “Prey mass” and “Snake mass” are measured
in grams (when available), and “Prey-snake mass ratio” refers to the percentage of snake mass represented by the prey item. “Prey length” and
“Snake SVL” are measured in millimeters (when available), and TL = total length, SUL = snout—urostyle length, and SVL = snout-vent length.
“Prey-snake length ratio” refers to the percentage of snake length represented by the prey item.

Prey Species Prey Snake Prey-snake Prey Snake SVL Prey-snake
mass (g) mass (g) mass ratio (%) length (mm) (mm) length ratio (%)
Nonnative
Gambusia affinis 1.3 82.0 1.6 25 (TL) 540 4.6
Micropterus salmoides 1.5 67.0 2.2 64 (TL) 512 12,55
Ameiurus melas 74 58.7 12.6 90 (TL) 484 18.6
Ameiurus sp. (spine) unknown 43.1 unknown unknown 463 unknown
Lithobates catesbeianus (tad.) 1.3 28.5 4.6 60 (TL) 369 16.3
0.5 23.1 2.2 40 (TL) 385 10.4
0.8 29.5 2.7 53 (TL) 381 13.9
1.2 28.3 4.2 65 (TL) 855 18.3
4.4 26.0 16.9 86 (TL) 376 22.9
13.6 42.0 32.4 135 (TL) 445 30.3
unknown 6.0 unknown unknown 229 unknown
unknown 38.0 unknown unknown 470 unknown
2.3 79.0 29 60 (TL) 540 11.1
Lithobates catesbeianus (juv.) 8.3 555 15.0 49 (SUL) 455 10.8
IS5 69.0 19.6 56 (SUL) 506 11.1
18.1 76.5 23.7 74 (SUL) 535 13.8
22.8 92.5 24.6 75 (SUL) 584 12.8
unknown 46.0 unknown 75 (SUL) 520 14.4
Lithobates catesbeianus (subad.) 45.1 217.0 20.8 94 (SUL) 697 13.5
Lithobates catesbeianus (ad.) unknown 169.5 unknown 147 (SUL) 702 20.9
Native
Anaxyrus woodhousii (ad.) unknown 185.0 unknown 71 (SUL) 705 10.1
unknown 262.0 unknown 106 (SUL) 727 14.6
unknown 236.0 unknown 122 (SUL) 725 16.8
Mean prey-snake ratios 12.4+2.6 149+1.2
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Robles and Galina-Tessaro 2006; d’Orgeix et al. 2013), and in
some cases, nonnative prey. Indeed, nonnative prey have allowed
population-level benefits including increased size of adults and
number of offspring of Lake Erie Watersnakes (Nerodia sipedon
insularum; King et al. 2006, 2008), and the continued abundance
of introduced Brown Treesnakes (Boiga irregularis) in Guam
following the decline or extirpation of native vertebrate prey
(Rodda and Savidge 2007; Siers 2015). Our findings suggest that
adult T. e. megalops will utilize relatively large-bodied native and
nonnative prey items, and in certain watersheds where native
aquatic prey species are much-reduced or even extirpated,
the species may be able to maintain viable populations by
shifting to a diet comprised primarily of nonnative prey, even
those considered “harmful” in USFWS listing documents. We
encourage continued investigations into prey use, including
ontogenetic dietary shifts, prey use in ephemeral watersheds,
and the potential impacts on gartersnakes swallowing spiny-
rayed fish, to inform management and recovery efforts for this
threatened species. We also recommend a revision of the primary
constituent elements for the USFWS critical habitat designation
final rule to reflect a wider variety of native and nonnative prey
sources that contribute to the long-term survival of T. e. megalops
populations in the United States.
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Rare Color-Pattern Misfits in Indigenous Arrays
of Parthenogenetic Aspidoscelis neotesselata

(Colorado Checkered Whiptail)

Arecent assessment of the northern distribution of partheno-
genetic Aspidoscelis neotesselata added two counties to the four
counties previously defining its natural range in southeastern
Colorado (Taylor et al. 2015b). Even so, a fragmented distribution
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in limited areas of only six counties represents a relatively small
range (Walker etal. 1997a,2012; Walker 2012; Taylor etal. 2015a,b).
This supports a hypothesis, based on low levels of postorigin
genetic variation, that A. neotesselata had a relatively recent
origin (Parker and Selander 1976; Densmore et al. 1989; Taylor
et al. 2015a). Nevertheless, genetically based morphological
divergence in Aspidoscelis neotesselata is illustrated by four
basic color-pattern classes designated by capital letters: A and
B (Zweifel 1965), C (Walker et al. 1997a), and D (Walker et al.
2012b). Histocompatibility between individuals of different
pattern classes indicates that A. neotesselata originated from a
single F| hybrid of A. resselata x A. sexlineata viridis (Walker et
al. 2012b). Because pattern-class B is the only pattern class of A.
neotesselata presently in syntopic contact with both progenitor
species (e.g., “B1 and tess C” sites shown in Taylor et al. (2015a:
fig. 3), it is thought to represent the ancestral pattern class
(Walker et al. 1997b).

We follow Frost and Hillis (1990) in emphasizing a basic dif-
ference between gonochoristic (sexually reproducing) and par-
thenogenetic species. In gonochoristic species of Aspidoscelis,
evolutionary patterns reside in “population lineages,” where-
as these patterns take the form of mother-and-daughter “ar-
rays” in parthenogenetic species. For Aspidoscelis neotesselata,
we use the term “indigenous array” to denote a local group of
individuals of the same color-pattern class. Although allopat-
ric arrays typically comprise individuals of only one pattern
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TasLE 1. Descriptive statistics for color-pattern misfits found in arrays of a different color-pattern class and reference samples used to assess
their multivariate morphological affinities. L] = La Junta; FCNC = Fountain Creek Nature Center (pooled sample including samples of A2 from
Fremont and Teller counties); PNC = Pueblo Nature Center; CP = Crystal Pond; Lime = historic mine site. Color pattern designations (D, A2, A1,
B1, and C) follow site abbreviations. Shown are means + SE and range limits. For CV1 and CV2, group means that are not significantly different
(o= 0.05) are identified by the same capital letter. See Appendix 2 for character definitions.

Characters Reference groups Color-pattern misfits
LD FCNC A2 PNCA1 CPB1 Lime C UADZ 8872 HLT 0398 HLT 0210
N=35 N =39 N =26 N=12 N=37 CP? FCNCD Lime Al
CV1 -2.4+£0.12 -0.7£0.15 -0.3+£0.25 1.1+0.27 2.9+0.18 1.0 -1.8 0.3
-49to-1.3 -2.1t02.0 -2.3to2.4 0.3t03.8 0.6t04.8
A B B C D
CV2 -1.1+0.16 1.6+0.15 -0.6+0.21 1.7+ 0.37 -0.8 £0.17 0.4 -0.4 =33
-3.8t0 0.1 -1.1t0 3.6 23 1@ 11D -0.5t03.7 -3.4to 1.5
A B A B A
L-breaks 1.1+0.16 1.6 +0.33 4.4+1.04 5.8 £1.06 10.6 £ 0.99 5] 0 7
0-3 0-10 0-20 =15 2-26
GAB 76.4 +0.40 80.5+0.53 82.5+0.77 83.8+0.83 85.4+0.51 81 72 87
72-81 73-87 74-90 77-88 80-96
SPV 6.0 +0.16 7.2+0.13 6.4 +0.23 9.5+0.34 9.2+0.14 7 6 6
3= 629 4-9 8-12 8-11
LSG 17.4 +0.32 23.9+0.40 22.4 +0.58 21.1+0.73 22.1+0.50 18 23 17
13-21 18-28 17-27 16-24 13-29
SDL 33.5+0.18 35.2+0.17 33.2+0.25 35.9+0.51 33.6 £0.23 36 3 32
32-36 33-38 30-35 34-38 30-36
COs 12.5+0.19 12.3 £0.20 11.8+0.28 13.2+0.42 15.8 £0.37 12 14 12
11-17 9-15 10-16 11-16 11-21
FP 39.3+0.23 39.9+0.25 38.4+0.28 39.2 £0.56 37.8+0.20 38 89 36
37-42 36-43 36-41 36-41 35-41

Tasie 2. Correlations between univariate characters and canonical
variates generated from a canonical variate analysis of five reference
samples of pattern classes Al, A2, B1, C, and D of Aspidoscelis neotes-
selata from southeastern Colorado.

class, allopatric arrays of the same pattern class can differ in
morphological meristic characters. For example, Taylor et al.
(2015a) subdivided allopatric arrays within pattern classes A
and B into A1, A2, B, and B2 groups by multivariate analyses
of meristic characters. Herein, we use this level of resolution to

Correlations investigate a new problem—the presence of rare individuals of
Characters cv1 cv2 cv3 cva one pattern Clé'lSS ('color—pattern misfits) in arrays of a'dlfferent
pattern class (indigenous arrays). Based on the relative quan-
SPV 0.670 0.249 0515 -0.236 tltatl\ie morpho(;oglc;ill .res;:mblance of Iinlsfgs to lirefererlllce
GAB 0523 0.098 0.259 -0.376 samples, we made a choice from among three hypot est?st. .at
would best explain the presence of each color-pattern misfit in
L-breaks 0.470 -0.218 -0.041 -0.101 . s
its indigenous array: 1) it hatched from an egg produced by an
SDL -0.005 0.604 -0.259 -0.067 indigenous individual; 2) it arrived by natural dispersal; 3) it
FP -0.224 0.294 -0.117 0.246 represents a product of human introduction.
LSG 0.235 0.497 0.543 0.541 Materials and methods.—We found misfits in indigenous
COS 0.433 -0.244 -0.394 0.713 arrays at three locations: Fountain Creek Nature Center (El
Eigenvalues 3.792 1.479 0.828 0.131 Paso County), Lime (Pueblo County), and Crystal Pond (Otero
% of variance 60.9 23.7 13.3 2.1 County). We compared these three misfits to samples of the

respective indigenous arrays and samples of arrays with color
patterns most closely resembled by the misfits (Appendix
1). For one indigenous array, the two specimens of pattern
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\/f County and Group
ElPaso | % E Paso: FCNC A2 B Pueblo: Lime A1
Park @ ElPaso: FCNCD Pueblo: Lime C
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Fic. 1. Colorado localities with color-pattern misfits in indigenous arrays of a different pattern class and sampling sites of reference samples:
FCNC = Fountain Creek Nature Center; L] = La Junta; CP = Crystal Pond; PNC = Pueblo Nature Center; Lime = a historic mine site. Lines con-
nect each site to symbols identifying the two color-pattern classes found there (CP ? = an individual with an ambiguous color pattern from

the Crystal Pond site).

class A from Fountain Creek Nature Center were identified
as members of group A2 (Taylor et al. 2015b). Our sample,
designated as FCNC A2, is a pooled sample of these two
specimens and 37 others from Fremont and Teller counties
identified as members of the A2 group (Taylor et al. 2015a).

We used seven univariate morphological characters that
have demonstrated value in discriminating among groups
of Aspidoscelis as the foundation of this study (Appendix 2).
Of these, the L-breaks character is subject to ontogenetic
development (Taylor et al. 2015a). Therefore, we used linear
regression to check each sample for a relationship between
L-breaks and snout-vent length (SVL). We found this
relationship only in reference sample Al from Pueblo Nature
Center and removed the relationship by excluding specimens
<72 mm SVL from that sample for the definitive analyses.

We also checked the relative merits of conducting a canonical
variate analysis (CVA) using original univariate characters versus
using principal component intermediaries (Jombart et al. 2010).
We chose the univariate-character model because it was more
direct, and both methods gave the same classification success
(91.9%). We included each misfit in the CVA as unassigned for

classification to the sample (a priori group) that it most closely
resembled. Assignments were made by relative Mahalanobis D?
distances from each misfit to the centroids of the five reference
samples (smaller D? values = greater resemblance). Because
Mahalanobis D? distances are sensitive to multivariate outliers
(Tabachnick and Fidell 2013), we checked each a priori group
by evaluating I* distances from each specimen to the centroid
of the remaining cases in that group. Specimens with D? values
exceeding a critical chi-square value at P=0.001 and degrees of
freedom defined by the number of characters included in the
CVA model would be identified as outliers and removed from the
definitive analyses (Tabachnick and Fidell 2013). Multivariate
outliers were not present in our samples. We used software from
SPSS 17.0, IBM and NCSS 10, NCSS, LLC, Kaysville, Utah, for
statistical routines, tests, and graph construction.
Results—Reference samples of groups D, (Al and A2),B1,and C
were distinguished from one another by CV1 (Table 1), a canonical
variate that primarilysummarized intergroup variationin SPV,GAB,
L-breaks, and COS characters (Table 2). Groups Al and A2 were
separated on the CV2 axis that primarily summarized intergroup
variation in SDL, FB, and LSG characters (Table 2). The CVA model
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TasLE 3. Classification of 149 specimens in five a priori groups of Aspidoscelis neotesselata from southeastern
Colorado based on a canonical variate analysis of seven morphological meristic characters.

Predicted group membership

A priori groups LD CPB1 PNCA1 FCNC A2 Lime C
LaJunta D 35 0 0 0 0
Crystal Pond B1 0 11 0 0 1
Pueblo Nature Center Al 0 0 22 2 2
Fountain Creek Nature Center A2 1 2 85 0
Lime C 0 0 3 0 34

Fic. 2. Looking south across habitat of Aspidoscelis neotesselata at
Crystal Pond (dam identified by arrow), Otero County, Colorado. An
individual with an ambiguous color pattern (UADZ 8872) was col-
lected from the dam on 9 August 2009 along with representatives of
indigenous pattern class B1. Yucca plants, assorted shrubs, and juni-
per trees were scarce, critical components of this habitat.

provided an overall classification success of 91.9%, with only 12
misclassified specimens (Table 3).

An individual of ambiguous pattern class in an indigenous
array of pattern class Bl at Crystal Pond.—Aspidoscelis neotes-
selata was discovered at the Crystal Pond site (Otero: CP in Fig.
1) on 9 June 1997 during a herpetological survey of the Coman-
che National Grassland by a team that included CEM (Mackessy
1998). LJL independently discovered A. neotesselata at this site on
25 May 2007; a photograph of this individual of pattern class B
appears in Livo (2009). LJL also coined the name “Crystal Pond”
based on abundant calcite crystals in rocks at this site. Crystal
Pond is a small stock pond constructed as a supplemental water
source for free-ranging cattle, and individuals of A. neotesselata
utilize the dam and nearby slopes as habitat (Fig. 2).

Together, AJW and LKG collected misfit UADZ 8872 (Univer-
sity of Arkansas Department of Zoology) and two specimens of
indigenous pattern class B1 at Crystal Pond on 9 August 2009.
UADZ 8872, a color pattern and meristic enigma, was the only
unusual specimen among 13 individuals collected from the
Crystal Pond site in 2000, 2001, 2008, 2009, and 2014 (Appendix
1). The vertebral dark field of UADZ 8872 lacks an organized ver-
tebral line at midbody, thus resembling both pattern classes D
and A. However, UADZ 8872 resembles pattern class D in hav-

Fic. 3. Representatives of Aspidoscelis neotesselata from southeastern
Colorado: A) indigenous pattern class Bl from Crystal Pond, Otero
County (HLT 0393, 94 mm SVL); B) color-pattern misfit from Crystal
Pond (UADZ 8872, 93 mm SVL); C) pattern class D from La Junta,
Otero County (HLT 0339, 94 mm SVL). Pattern class B (A) differs from
the misfit (B) and pattern class D (C) by a pale line (usually intact,
occasionally disrupted) in the vertebral dark field (arrow). The color-
pattern misfit (B) resembles pattern classes D and A in the absence of
a vertebral line at midbody, but the low number of pale spots in the
dorsolateral dark fields is a characteristic of pattern class D and the
short pale line at the posterior end of the vertebral field (arrow) is a
characteristic of pattern class A.

ing a small number of pale spots in the dorsolateral dark fields,
and it resembles pattern class A in the vertebral-line remnant at
the posterior end of the vertebral field (Fig.3). The multivariate
assignment of UADZ 8872 to a priori group was also ambigu-
ous. The CVA classified UADZ 8872 as most closely resembling
group A2, but the assignment probability was weak (D? = 4.138; P
=0.551). The resemblance of UADZ 8872 to La Junta D was even
weaker (D? = 5.478; P=0.262). This asymmetrical morphological
resemblance is shown by the position of UADZ 8872 relative to
the centroids of A2 and D clusters (Fig. 4).

An individual of pattern class D in an indigenous array of
pattern class A2 at Fountain Creek Nature Center.— Don Erickson
discovered Aspidoscelis neotesselata at this site (Fig. 1) in 2012
(Taylor et al. 2015b). Fountain Creek Nature Center and Fountain
Creek Regional Park, located approximately 13 straight-line km
south of Colorado Springs, are popular destinations for outdoor
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Fic. 4. Scatterplot of canonical variate scores derived from a canoni-
cal variate analysis using seven univariate morphological characters
and five reference samples (a priori groups) of Aspidoscelis neotes-
selata from southeastern Colorado. Crystal Pond B1 = 12 specimens
from Crystal Pond, Otero County; La Junta D = 35 specimens from La
Junta, Otero County; FCNC A2 = 39 specimens from Fountain Creek
Nature Center, El Paso County and sites in Fremont and Teller coun-
ties; Lime C = 37 specimens from Lime, Pueblo County; PNC Al =
26 specimens from Pueblo Nature Center, Pueblo County. Solid sym-
bols denote color-pattern misfits; Crystal Pond ? = individual with an
ambiguous color pattern. Axis percentages represent proportions of
variation accounted for by canonical variates CV1 and CV2, and el-
lipses enclose the 95% confidence limits of score distributions.

Fic. 5. Representatives of Aspidoscelis neotesselata from southeast-
ern Colorado: A) pattern class A2 from Fountain Creek Nature Center
(FCNCQ), El Paso County (HLT 0397, 88 mm SVL); B) misfit of pattern
class D from FCNC (HLT 0398, 88 mm SVL); C) pattern class D from
La Junta, Otero County (HLT 0333, 84 mm SVL). Pattern class A (A)
differs from pattern class D (B and C) by a short, pale, zigzag line at
the posterior end of the vertebral dark field (arrow) and more pale
spots in the dorsolateral dark fields (arrow).

recreation and education activities. The habitat of A. neotesselata
comprised hiking trails, bordering vegetation, and low slopes
east of Fountain Creek.

LJL, HLT, and Steve Wilcox collected one specimen of pattern
class A2 from FCNC on 18 July 2014 and the misfit of pattern
class D (HLT 0398) and another individual of A2 on 15 August
2014 (Taylor et al. 2015b). We consider pattern class A2 to be
the indigenous array based on the CVA classification of the two
collected specimens to group A2 and photographs of additional
individuals of pattern class A at FCNC (Taylor et al., 2015b).
Individuals of pattern class D can be distinguished from those of
pattern class A by two features: (1) a series of pale spots, rather
than a short zigzag line, at the posterior end of the vertebral dark
field and (2) a sparse distribution of pale spots in the dorsolateral
dark fields (Fig. 5). The CVA identified HLT 0398 as most closely
resembling pattern class D from La Junta (D*=4.883; P=0.853), a
resemblance also shown by the location of HLT 0398 embedded
in the cluster of specimens of La Junta D (Fig. 4). Misfit HLT 0398
resembled group A2 to a lesser degree (D = 8.671; P=0.128).

An individual of pattern class Al in an indigenous array of
pattern class C at Lime.—This site (Fig. 1) is part of a historic
lime-mining operation and, since the 1960s (Walker et al. 1997a),
pattern class C has been found only at this locality. HLT collected
the misfit of pattern class A1 (HLT 0210) and four individuals of
indigenous pattern class C (HLT 0211-0214) on 26 June 2006 from
a stand of greasewood (Sarcobatus sp.) on an anthropogenically

modified landscape (Fig. 6). Figures 2 and 6 provide a partial
perspective of the breadth of habitat types used by A. neotesselata
in its natural range. HLT 0210 was the only individual of pattern
class A that we found among 91 specimens of pattern class C
collected at Lime in 1963, 1990, 1999, 2002, 2003, 2004, and 2006
(Walker et al. 1997a; Taylor et al. 2015a).

Individuals of pattern class C can be distinguished from those
of pattern class A by (1) the presence of a prominent zigzagged
line in the vertebral field that usually makes several lateral
contacts with the paravertebral stripes and (2) white bars in the
dorsolateral dark fields. Although some individuals of pattern
class A have pale elements in the vertebral field, these elements
do not have a distinctly linear organization at midbody (Fig. 7).
The CVA classified HLT 0210 to the reference sample of pattern
class Al from the Pueblo Nature Center with a robust probability
(D? =9.867; P =0.996), and its meristic resemblance to Lime C
was negligible (ID? = 22.120; P = 0.002). The position of HLT 0210
on CV1 and its location in the PNC Al cluster depicts the strong
morphological resemblance to group Al (Fig. 4).

Discussion.—None of the three color-pattern misfits had a
close morphological resemblance to its syntopic indigenous
array. However, although our evidence does not provide absolute
certainty in explaining their presence, it does give greater weight
to a particular explanation for each case.

The misfit of pattern class A at Lime (HLT 0210) is a close
multivariate fit to the array of pattern class Al from PNC. Because
this array is only ca.14 straight-line km north of the indigenous
array of pattern class C at Lime, this raises the possibility that
the range of Al has expanded southward. We hypothesize that
this color-pattern misfit arrived at Lime by natural dispersal
that involved a number of successive generations of ancestors.
We rejected the possibility that HLT 0210 originated from a
contemporary hybridization event between A. fesselata C and
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Fic. 6. Habitat component of A. neotesselata at Lime, Pueblo County,
Colorado. View is looking northeast through a local stand of grease-
wood (Sarcobatus sp.) from which the misfit of pattern class A1 (HLT
0210) was collected with four representatives of indigenous pattern
class C (HLT 0211-0214) on 26 June 2006. Stands of greasewood are
one aspect of a complex habitat occupied by A. neotesselata at this
locality.

A. sexlineata viridis because the nearest array of A. fesselata C is
approximately 107 straight-line km ESE of the Lime site.

The color pattern of the misfit of pattern class D at FCNC
(HLT 0398) is a close match to the array of pattern class D from
La Junta, but its pale stripes were tan rather than gray. The
probability that HLT 0398 is a representative of the La Junta array
did decrease from 0.963 with Al, A2 and D references (Taylor
et al. 2015b) to 0.853 when B1 and C references were included
with A1, A2, D references in the CVA of the present study. This is
still a robust classification considering the overlapping variation
among a priori groups. However, the array of pattern class D at La
Junta is approximately 125 straight-line km southeast of FCNC.
Because the known geographic distribution of pattern class D
is restricted to the city limits of La Junta (Walker et al. 2012b;
Taylor et al. 2015b), its presence at FCNC best fits a hypothesis of
human introduction.

Thereare parallel, high-trafficrailwayand highway connectors
between La Junta and FCNC, so the misfit might represent either
an accidental stowaway or its descendant. However, despite its
low resemblance to A2 (P = 0.128), we cannot positively reject
the possibility that HLT 0398 originated, as a pattern class D, by
anomalous development of an egg produced by an individual
of group A2 at FCNC. We rejected the possibility that HLT 0398
originated from a contemporary hybridization event between A.
tesselata C and A. sexlineata viridisbecause the nearest array of A.
tesselata C is approximately 154 straight-line km SE of the FCNC
site. The possibility of a self-sustaining array of pattern class D at
FCNC is presently under study (Taylor et al. 2015b).

The presence of UADZ 8872 at Crystal Pond might represent
an in situ origin. UADZ 8872 has color-pattern elements of two
pattern classes (D and A), and its multivariate assignment to group
A2,located 127 linear km to the west, was based on a relatively low
probability of 0.551. The probability of membership in the array
of La Junta D, approximately 27 straight-line km north of Crystal
Pond, was evenless convincing (P=0.262). Because neither natural
dispersal nor human introductions explain these incongruities,
we hypothesize that misfit UADZ 8872 originated at Crystal Pond

Colorado: A) indigenous pattern class C from Lime, Pueblo County
(HLT 0214, 93 mm SVL); B) misfit of pattern class Al collected from
the array of Lime C (HLT 0210, 91 mm SVL); C) pattern class Al from
Juniper Breaks Campground, Pueblo Lake State Park, Pueblo County
(HLT 0215, 104 mm SVL). Pattern class C differs from pattern class
A in a prominent pale line (or line of pale elements) in the vertebral
dark field at midbody (arrow) and white bars in the dorsolateral dark
fields (arrows).

by anomalous development of an egg produced by an individual
of group B1. We discounted the possibility that misfit UADZ 8872
was the product of a contemporary hybridization event between
individuals of A. tesselata C and A. sexlineata viridis because it is
unlikely that these two species coexisted at Crystal Pond prior to
9 August 2009 when UADZ 8872 was collected. For example, we
encountered individuals of A. neotesselataB1, but not A. tesselata,
at Crystal Pond during extensive searches on 3 July 2000, 6 June
2001, 25 May 2007, and 2 July 2008. Because the habitat at Crystal
Pond has an open structure, we would have readily noticed the
presence of representatives of A. tesselata if they had been present
on those dates.

Low levels of postorigin genetic variation discovered in A.
neotesselata (Taylor et al. 2015a) are counterbalanced by an
inherited fixed heterozygosity of 71% as determined from 31
nuclear gene loci (Parker and Selander 1976; Taylor et al. 2015a).
Dessauer and Cole (1984) demonstrated that alleles expressed
themselves in proportion to their dosage in 2n, 3n, and 4n
representatives of Aspidoscelis, and that genetically modified
subunits were randomly involved in the assembly of isozymes at
all three ploidy levels. Dessauer and Cole (1984) also proposed
that parthenogenetic Aspidoscelis might benefit from subunit
variation, and that the selective advantage of parthenogenesis
and clonal reproduction might be the perpetuation of heterotic
gene combinations. Therefore, because triploid A. neotesselata
inherited genomes of A. marmorata and A. gularis septemvittata
from parthenogenetic A. tesselata (its maternal progenitor)
and a haploid genome from Aspidoscelis sexlineata (Neaves
1969; Parker and Selander 1976; Dessauer and Cole 1989), A.
neotesselata might have inherited a “general purpose genotype,”
as defined by Lynch (1984). That is, its high level of heterozygosity
might have enhanced the ecological potential of A. neotesselata
as suggested by its success in colonizing a diversity of habitats in
Colorado (Walker et al. 1997a, 2012b; Taylor et al. 2006, 2015b)
and an extralimital habitat following introduction into Grant
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County, Washington state (Weaver et al. 2011). Taylor et al.
(2006) and Walker et al. (2012b) viewed the current allopatric
distributions of pattern classes in A. neotesselata as reflecting
adaptations to mutually exclusive habitats. However, a “general
purpose genotype” and the involvement of chance in the
successful establishment of different clones at new locations
could also have generated this pattern of allopatric distributions.
The discovery of coexisting arrays of different pattern classes,
rather than single color-pattern misfits in established arrays,
would provide support for this alternative hypothesis.
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APPENDIX 1

Specimens used —HLT numbers = Regis University (RU) numbers;
UADZ = University of Arkansas Department of Zoology. UTM
coordinates based on GPS datum WGS84. Colorado, Otero County:
Pattern class D. La Junta (UTM 13S 628661E, 4206010N): UADZ 6009,
6011, 6015, 6273-6276.6283-6285, 6289, 6290, 6294, 6321, 6331, 6541,
7769, RU 02090, 98083, 98084, HLT 0333, 0335-0348; N = 35. Crystal
Pond (13S 621974E, 4179791N): Ambiguous specimen UADZ 8872; N
= 1. Pattern class B1: HLT 0327-0331, 0392, 0393, 0395, UADZ 8044,
UADZ 6895, 8873, 8874; N = 12. Colorado, Pueblo County: Pattern
class Al: Pueblo Nature Center (UTM 13S 528035E, 4235693N).
HLT 0053-0074, 0102, 0104, 0180-0184; N = 29; Pueblo Lake State
Park, Juniper Breaks Campground (UTM 13S 521837E, 4236735N).
HLT 0215 (topotypic); N = 1; Historic cultural site of Lime (UTM
13S 532585E, 4222266N). Misfit of pattern class A: HLT 0210; N = 1;
Pattern class C: RU 02091-02093. HLT 0025-0032, 0039-0051, 0103,
0185-0189, 0211-0214, AMNH 146593-146595 (RU 99013-99015); N
=37. Colorado, Fremont County: Pattern class A2. Several sites north
of Florence including (UTM 13S 490238E, 4250759N: southernmost
site) and (UTM 13S 490785E, 4251693N: northernmost site): HLT
0085-0093, 0096, 0098-0101, 0105, 0106, 0108-0115, 0190-0192;
Sixmile Park, Indian Springs Ranch (UTM 13S 488250E, 4261108N):
HLT 0094, 0095, 0193-0197; N = 34. Colorado, El Paso County:
Pattern class A2. Fountain Creek Nature Center (UTM 13S 524576
E, 4284921 N): HLT 0396, 0397; N = 2. Misfit of pattern class D. HLT
0398; N = 1. Colorado, Teller County: Pattern class A2. Edge of Shelf
Road next to Fourmile Creek (UTM 13S 524573E, 42184926N): HLT
0399-0401; N = 3.
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APPENDIX 2

Morphological meristic characters—COS: bilateral total of
circumorbital scales (Wright and Lowe 1967). FP: sum of femoral
pores on both thighs. GAB: number of granular dorsal scales in
a single row around midbody (Wright and Lowe 1967). The third
ventral row of enlarged ventral scales, lateral to the midsagittal line,
terminates anteriorly in the axillary region. The 15th ventral scale
posterior to this terminus established the point for beginning the
GAB count. L-breaks: bilateral count of number of dark disruptions
(breaks) in the pale lateral stripe. Pale scales in the stripe may
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accumulate melanin during ontogeny to form localized transverse
bridges between dark fields (Taylor et al. 2015a). LSG: bilateral
total of number of lateral supraocular granules, i.e., granular scales
located between the supraoculars and superciliary scales (Walker
et al. 1966). 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 (right was chosen
unless damaged) of one foot (Cole et al. 1988). SPV: number of scales
separating medial margins of paravertebral stripes at a position, as
close as possible, to the counting position for GAB (Wright and Lowe
1967).

Aspidoscelis marmorata (Marbled Whiptail) in Monahans
Sandhills State Park of Texas: Extraordinary Variation

in Color Patterns

On 12 August 2011, MWL distributed a digital image
seeking identification of a whiptail lizard (Fig. 1A) with an
unusual color pattern. It was taken in situ in Monahans
Sandhills State Park (MSSP) which comprises ~1550 ha of a
much larger area of sandhills and dunes in Ward and Winkler
counties in western Texas, USA. Initially, JMW hypothesized
that the image represented a new color pattern class of diploid
parthenogenetic Aspidoscelis tesselata (Common Checkered
Whiptail), which occurs in bordering counties to the east (e.g.,
Crane) and west (e.g., Reeves). However, subsequent Texas
Parks and Wildlife Department-sanctioned investigations of
lizards in the park by JEC, MWL, and H. L. Taylor revealed the
presence of only one teiid lizard species, namely gonochoristic
Aspidoscelis marmorata (Marbled Whiptail). The landscape
there comprises both barren dunes up to 21 m high with
perpetuallyshiftingwind-blownsand, andsandhillsand dunes
stabilized by a variety of plant species, the most notable being
the low-growing climax shrub, Quercus havardii (Shinoak).
Collecting results by JEC indicated that A. marmorata existed
in lower densities in MSSP than at many other sites in Texas
(also see Hendricks and Dixon 1986). Phenotypic variation and
ecology of A. marmoratahave not been studied in the sandhills
of western Texas. The purpose of this report is to document
the extraordinary range of variation observed in dorsal color
patterns (Figs. 1-3), variation in morphological characters
(Table 1), and other details pertaining to each specimen
(Tables 2-3) in the sample of A. marmorata from MSSP which
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make this population of exceptional systematic, evolutionary,
ecological, and conservation interest.

MATERIALS AND METHODS

Stimulated by the images provided by MWL (Fig. 1A), M. R.
J. Forstner (Fig. 1B), and a specimen collected by MWL and an
associate and then photographed by H. L. Taylor in 2011 (Fig.
1C), JEC visited MSSP once in 2014, eight days in 2015, and 10
days in 2016 to collect and observe whiptail lizards (only the
11 days on which specimens were collected are noted in Table
2). He obtained 19 specimens of A. marmorata from MSSP,
all cataloged into the University of Arkansas Department of
Zoology (UADZ) herpetology collection for use in this study
(Tables 1-3; Figs. 2-3). About 40% of whiptails observed were
collected, averaging only 1.0 lizards per trip (range 0-4, N
= 19 days), results that reflect both scarcity and extreme
wariness of these lizards. All A. marmorata observed in MSSP
were in sandhill formations with open-structured stabilizing
vegetation or near day-use picnic areas. Historical and
contemporary information pertaining to MSSP (e.g., geology,
climatology, hydrology, geographical extent, history of human
usage) was included in reports by Machenberg (1982, 1984).

Aspidoscelis tigris and A. marmorata, derived from a
common ancestor, hybridize in the three known zones of
contact, all in the northwestern Animas Valley in Hidalgo
County in extreme southwestern New Mexico (Dessauer et
al. 2000, fig. 1). Although opinions have differed on whether
the names tigris and marmorata should be applied to
either different species (e.g., Hendricks and Dixon 1986) or
subspecies (e.g., Dessauer et al. 2000), we followed the latest
SSAR Checklist which treats them as species (de Queiroz and
Reeder 2012). East (i.e., A. marmorata marmorata) and west
(i.e., A. tigris punctilinealis) of the hybrid zones, these taxa are
characterized by different dorsal color patterns, shifts in allele
frequencies at five protein loci, and sharp step-clines for all
morphological characters studied to date (Dessauer and Cole
1991; Dessauer et al. 2000)

In two recent studies we assessed color pattern variation in
A. tigris punctilinealis from Gila County, Arizona (Walker and
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Fic. 1. A) Aspidoscelis marmorata reticuloriens (with large areas of dorsal black ground color) in situ in 2011 in Monahans Sandhills State Park
(MSSP), Ward County, Texas, that provided the impetus for this study. Photo by M. W. Lockwood. B) Captive of this subspecies from MSSP in
2011. Photo by M. R. J. Forstner. C) Preserved individual of this subspecies from MSSP in 2011. Photo by H. L. Taylor. D) Example of this sub-
species (with small areas of dorsal black ground color) in situ in 2013 also showing substrate blending. Photo by M. W. Lockwood.

Tasie 1. Comparisons of meristic data for eight characters based on samples of Aspidoscelis tigris punctilinealis from Gila County, Arizona
(complete collection data in Walker and Sullivan 2014), A. tigris septentrionalis from San Juan County, New Mexico (complete collection data
in Walker et al. 2015), and A. marmorata reticuloriens from Ward County, Texas (see Tables 2 and 3 herein). Only means and SE with all different
superscripted letters are significantly different (P = 0.05).

Character abbreviation: description A. t. punctilinealis  A. t. septentrionalis  A. m. reticuloriens F Statistics

Gila Co., AZ San Juan Co., NM Ward Co., TX JMP
GAB: granular scales around midbody from one lateral 86.3 +£1.13% 81.0+1.19¢ 95.6 +1.37* F, = 32.93, P=<.0001
row of ventral scales to opposite row of lateral scales 72-101 (28) 68-89 (25) 88-109 (19)
GOR: granular scales between occipital scales and first 163.9 +1.67" 191.3 +1.894 F ,,=119.28, P=<.0001
row of caudal scales 148-175 (25) 180-213 (19)
PV: granular scales between paravertebral stripes at 7.6+0.22* 6.1+0.24° F ;,=21.19, P=<.0001
Midbody 5-12 (28) 5-8 (25)
FP: femoral pores summed from thighs of both 40.4 +0.48° 38.8+0.51° 46.8 +0.58" F, ¢ =58.98, P=<.0001
hind limbs 3646 (28) 35-41 (25) 43-52 (19)
SDL: subdigital lamellae from the fourth toe of the 31.8+0.328 31.5+0.33% 34.8 +£0.38* F, ¢ =18.77, P=<.0001
left pes 29-35 (28) 30-34 (25) 32-38 (19)
COS: circumorbital scales summed from between 14.8 +0.55% 16.5 +0.58° 20.4 +£0.70* F, ¢ =19.25, P=<.0001
supraocular and median head scales from both sides 10-20 (28) 12-24 (25) 12-28 (19)
LSG: lateral supraocular granules summed from 29.1+1.27% 28.8 +1.348 37.8 +£1.54* F, ¢ =12.07, P=<.0001
anterior to third supraocular sutures from both sides 20-46 (28) 18-43 (25) 26-54 (19)
ILS: interlabial scales, summed from between 47.5+1.708 50.6 + 1.80%° 55.2 +2.06* F, =415, P=0.1995
infralabial and chin shields from both sides of head 34-73 (28) 37-72 (25) 39-71 (19)

Sullivan 2014), and A. tigris septentrionalisfrom Mohave County, = bordering the edge of the gular fold. We also assessed patterns
Arizona, and San Juan County, New Mexico (Walker et al. 2015).  of variation in the univariate meristic characters listed and
Herein, we qualitatively compared certain of these samples of A.  defined in Table 1 to obtain results on the relationship of color
tigris with the sample of A. marmorata reticuloriens from MSSP,  pattern and morphology.

with reference to size of postantebrachial scales on the posterior Prior to preservation, each lizard from MSSP was weighed
aspect of each of the forearms and size of mesoptychial scales to 0.1 g (Table 2), measured for SVL to mm (Table 2), and a tail
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Fic. 2. Variation in dorsal color patterns in specimens of Aspidoscelis marmorata reticuloriens collected by JEC in 2014 and 2015 in Monahans
Sandhills State Park, Ward County, Texas. A) UADZ 9553 & of 82 mm SVL; B) UADZ 9554 & of 82 mm SVL; C) UADZ 9552 & of 82 mm SVL; D)
UADZ 9551 & of 87 mm SVL; E) UADZ 9602 @ of 85 mm SVL; F) UADZ 9603 @ of 77 mm SVL; G) UADZ 9597 & of 62 mm SVL (left) and UADZ
9601 & of 70 mm SVL (right); H) UADZ 9604 & of 90 mm SVL; I) UADZ 9599 & of 93 mm SVL; J) UADZ 9598 & of 93 mm SVL.

clip of several mm was placed in 95% ethanol and coded for
genetic analysis (results deferred to a subsequent report). In the
laboratory, the SVL of each specimen was again measured as
analyses of color patterns were conducted. For each specimen,
the measurements obtained before (unpreserved snout vent
length, USVL) and after preservation (preserved snout vent
length, PSVL = SVL) were included in Table 2; however, only
the latter (SVL) and unpreserved mass (UM) were used in
descriptive accounts of color pattern, figure legends, and to
estimate the summer of life of a lizard. Our data suggested that
hatchlings appear in late July and early August (e.g., observed
3 August 2016), grow to about 60 mm SVL the first summer, to
about 75 mm the second summer, to about 85 mm the third
summer, and as large as 95 mm the fourth summer.

In the two recent studies of A. tigris (Walker and Sullivan 2014;
Walker et al. 2015), we standardized terminology to compare
lizards from different populations in Arizona and New Mexico
because phenotypic diversity was largely based on ontogenetic,
sexual, and/or geographic modifications of basically similar

dorsal color patterns (e.g., consisting of rounded spots, vertical
bars, named longitudinal pale stripes and intervening dark
fields, and extent of contrast between these and the surrounding
darker ground color). However, extensive variation in the
dorsal color patterns among individuals of A. marmorata from
MSSP did not consist of modifications of the basically similar
components noted which precluded use of the standardized
terminology of Walker and Sullivan (2014) and Walker et al.
(2015). Instead, the dorsal pattern of each live (Fig. 1) and
preserved (Tables 2-3; Figs. 2-3) individual of A. marmorata
from MSSP, excluding entirely blanched lizards, comprised
one or more ensembles (i.e., areas) consisting of either similar
or different combinations of pale-colored pattern elements
and darker ground colors. Typically, the longitudinal middle
~40% of the dorsal color pattern from head to tail differed from
the longitudinal ~30% of the pattern on each side. Moreover,
we also observed that different ensembles characterized
the anterior and posterior aspects of the longitudinal dorsal
and lateral components of the color pattern (e.g., Lineate/
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Fic. 3. Images made by JMW showing marked differences between
the much darker overall dorsal pattern of a typical individual of Aspi-
doscelis marmorata reticuloriens (A-left, UADZ 9644 & of 80 mm SVL)
from the Crane County site beyond the Texas sandhills (see Speci-
mens Examined) and two individuals (A-right., UADZ 9642 ¢ of 85
mm SVL and [B], UADZ 9641 & of 96 mm SVL) from Monahans Sand-
hills State Park, Ward County, Texas, all collected by JEC in June 2016.

Rectangular-Barred/Rectangular). Remarkably, each of the first
four specimens (UADZ 9551-9554; Fig. 2A-D) collected by JEC
in MSSP in 2014 was characterized by a different arrangement
of pattern ensembles. In all, we used nine designations (=
combinations) to represent patterns of dorsal variation in the
four (21.1%) females and 15 (78.9%) males listed in Tables 2-3.
These designations involved combinations of the following
pattern ensembles: 1) blanched (sensu Rosenblum et al. 2004)
= contrast between ground color and pattern elements either
much reduced or lacking; 2) lineate = mainly irregular pale
colored lines and intervening darker ground color; 3) barred =
mainly alternating pale and dark vertical bars along the sides;
and 4) rectangular = predominantly rectangular to polygonal
areas of dark ground color surrounded by gray-white pattern
elements. The following accounts feature individuals from the
pattern types recognized among lizards from MSSP (Tables 2-3;
Figs. 2-3). The preserved specimen collected by MWL (Fig. 1C),
variation in the live lizards photographed by him in (Figs. 1A, D),
and by M. R.J. Forstner (Fig. 1B) were not included in Tables 2--3.

REesurrs

Samples of A. tigris from Gila County, Arizona, and San Juan
County, New Mexico, were indistinguishable from each other
and from the sample of A. marmorata from Ward County, Texas,
in two characters of scutellation that are diagnostic for the A.
tigris species group; all specimens of each species possessed
granular postantebrachial scales on the posterior aspect of each
of the forelimbs and small mesoptychial scales bordering the
gular fold. Data for eight meristic characters were statistically
compared in Table 1. Of particular interest were results obtained
from comparisons of A. figris from San Juan County and A.
marmorata from Ward County as both geographically distantly
separated samples contained individuals with blanched dorsal
color patterns, although details of patterns differed by group.

ARTICLES 571

Statistically significant differences were apparent in all characters
except PV, for which no data were possible because of the nature
of the dorsal pattern in A. marmorata, and means for the ILS
character.

The two lizards photographed in situ by MWL in MSSP (Figs.
1A, D) did not have obvious anterior to posterior differentiation
of pattern ensembles on either the previously defined dorsal or
lateral aspects of the body. Their entire dorsal patterns consisted
of maximally contrasted longitudinal gray-white lines cross-
connected by bars of the same color that isolated rectangular to
polygonal/patches of black ground color, though the extent of
ground color in their patterns was markedly different. The black
ground color of the limbs in both lizards was much reduced by
extensive gray-white markings of various shapes. Dorsally, they
differed from all of 49 specimens from Ward and neighboring
counties deposited in the Texas Cooperative Wildlife Collection
and featured in two composite images provided by J. R. Dixon.

Initially, we sorted the dorsal color pattern variants among
the 19 preserved specimens of A. marmorata from MSSP into
two basic groups. We designated three of four lizards (75%) in the
first group as Blanched/Blanched-Blanched/Blanched (Tables
2-3; Fig. 2B and F-G-left). They were the most extreme dorsal
pattern variants from MSSP, representing the ultimate in substrate
matching phenotypes. The smallest of these was a juvenile male
(UADZ 9597 of 62 mm SVL and 6.9 g UM) estimated to be in the
second summer of life. It had gray-white ventral surfaces, and a
dorsal pattern of faint gray-white worm-like vermiculations set
within an only slightly darker gray ground color together with a
lateral distribution of gray-white isolating minute inconspicuous
bar-like or rectangular areas of dusky black ground color (Fig.
2G-left). A gravid female (UADZ 9603 of 77 mm SVL and 13.8 g UM)
was estimated to be in the third summer of life. It had pale gray
to gray-white ventral surfaces, and it was uniformly gray dorsally
and had inconspicuous (i.e., very faint) medium gray bars laterally
(Fig. 2F). An adult male (UADZ 9554 of 82 mm SVL and 23.3 g UM)
was estimated to be in the third summer of life. It was similar
to the preceding gravid female except for having a few scales in
the outer row of ventral scales on each side with narrow black
posterior edges, and a uniformly medium gray dorsum except for
a distribution of inconspicuous rectangular areas of dusky black
on each side immediately posterior to the forelimbs (Fig. 2B).
Viewed from perspectives either directly above these specimens
in the laboratory or from a distance of a few feet in the field, each
one had the appearance of being uniformly gray (also see Fig. 1D).

We designated one of four lizards (25%) from group one,
with a mostly weakly contrasted dorsal pattern, as Blanched/
Blanched-Barred/Rectangular (Fig. 2A). This adult male (UADZ
9553 of 82 mm SVL and 16.0 g UM) was estimated to be in the
third summer of life. It had gray-white ventral surfaces, and
inconspicuous gray-white worm-like vermiculations set within
a slightly darker gray ground color dorsally and a checkered
distribution of mostly gray-white isolating minute bar-like or
rectangular areas of dusky black ground color laterally.

We identified seven basic dorsal color patterns consisting
of one to three ensembles (i.e., lineate, rectangular, and barred)
among the second group of 15 lizards characterized by strongly
contrasted dorsal color patterns. We designated two of 15 (13.3%)
specimens as Lineate/Lineate-Barred/Barred. One of the two
(Fig. 2C) was an adult male (UADZ 9552 of 82 mm SVLand 19.1 g
UM) estimated to be in the third summer of life. It exhibited the
strongest possible contrast between the black ground color and
the gray-white pattern elements arrayed in a lineate pattern from
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head to base of tail, whereas both sides of the body had patterns
3 S o R of alternating vertical bars anteriorly and posteriorly. These
< = FR-R-E-R-R ensembles were also present in another estimated third summer
c| fxrpsfssdas adult (Fig. 2E), a female (UADZ 9602 of 85 mm SVL and 20.3 g
a g5 5 8 & TZETT UM) that exhibited a striking resemblance to some individuals of
E’f P TEEJEE diploid parthenogenetic Aspidoscelis dixoni pattern class A from
E E & & E & & the Chinati Mountains in Presidio County, Texas. We designated
five of 15 specimens (33.3%) as Lineate/Rectangular-Barred/
Rectangular. The adult male in Fig. 2D (UADZ 9551 of 87 mm
SVL and 20.1 g UM) was estimated to be in the third summer of
s 2 s life. It had gray-white ventral surfaces, dorsum with a contrasted
%o %o %o %o %o anterior lineate ensemble and a checkered (i.e., rectangular)
- E» E» go g,; E» g,; g,; E» E» posterior ensemble coupled with sides with anterior barred and
S 88FTLTTEE 8 posterior rectangular ensembles. Similarly patterned were four
2 § § 2z § z 3 2 § § adult males, one being in the third summer of life (UADZ 9660 of
o 2 S S R~ o 2 87 mm SVL and 23.6 gUM) and three estimated to be in the fourth
5 o 5 5 o summer of life (i.e., Fig. 2J, UADZ 9598 of 93 mm SVL and 31.8 g
SR ki SR UM; Fig. 3B, UADZ 96410f 96 mm SVL and 27.8 g UM; UADZ 9663
of 92 mm SVL and 28.9 g UM). We designated three of 15 (20.0%)
strongly contrasted specimens as Lineate/Lineate-Barred/
Rectangular, which included a second-year female (UADZ 9596
o o ° of 70 mm SVL and 8.2 g. UM), a third-year male (UADZ 9605 of 83
o o o g o g g o o o mm SVL and 16.3 g UM), and a fourth-year male (UADZ 9600 of
5 RN R EERR RN 92 mm SVL and 30.5 g UM). We designated two of 15 specimens
Z ZZ 2 Z 22 Z ZZ (13.3%) as Lineate/Rectangular-Rectangular/Rectangular (Table
o o 0 2; Fig. 2G-right), which included a second-year male (UADZ 9601
of 70 mm SVL and 10.3 g UM) and a third-year male (UADZ
9606 of 84 mm SVL and 25.5 g UM). We designated one of 15
k= - 5 5 &8 &5 specimens (6.7%) as Rectangular/Rectangular-Rectangular/
- gog % §° §° §° gog §° §° Rectangular (Table 2; Fig. 21),af0ur'th—yearmale (UADZQ.599 of
= S§EsSsSsSsS3¢8¢ 93 mm SVL and 27.1 g UM). We designated one of 15 specimens
&‘ﬂ - &‘ﬂ &‘ﬂ &‘ﬂ &‘ﬂ = &‘ﬂ &‘ﬂ (6.7%) as Lineate/Lineate-Rectangular/Rectangular (Table 2;
Fig. 2H), a fourth-year male (UADZ 9604 of 90 mm SVL and
25.2 g UM). Finally, we designated one of 15 (6.7%), a third-
. . . . year gravid female (Table 2; Fig. 3A-right). as Lineate/Lineate
L 9 S L L Rectangular/Barred (UADZ 9642 of 85 mm SVL and 21.2 UM).
9| HE S HS ®Y ®E B
58| SECS5ECSE§EE
< EEESE8ERERE DiscussioN
e "2 2 2
The smaller of the two major groups recognized among
the MSSP sample of 19 preserved specimens of A. marmorata
ki 5 EE EE reticuloriens included one essentially unicolored lizard and
s §° % % % % §° §° % §° §° three with only the ’shghtest contrast between pale pattern
g SEScSc58E8E com.ponents and' slightly darl'<er gray ground colors (e.g.,
-5~ 8338-83 8 equivalent to unicolored [A. inornata, Walker et al. 2009];
& e e e e blanched [A. inornata, Walker et al. 1996; Rosenblum et al.
2004]; faded [A. tigris, Walker et al. 2015]; pale [A. tigris, Taylor
and Buschman 1993]). The larger group comprised 15 lizards
. o g E RN with set\)/len déffeient combinations.d (:jf C(;(ntlzellstekd dl())lrsali patterg
2 § § 5 § § § § § § § ensembles of pa ecomponent§ and dusky blac to black groun '
= EE£ES5EE558EEE5 colors (e.g., similar to dark [A. tigris, Taylor and Buschman 1993];
B strongly contrasted [A. tigris, Walker et al. 2015]). The revisionary
study of A. marmorata (= Cnemidophorus marmoratus) by
o - = Hendricks and Dixon (1986) did not clarify variation in the
o Q&H &I g g 2= g g MSSP population per se. Although our UADZ preserved sample
TS | g0 O OO of A. marmorata reticuloriens from MSSP comprised only
25 tEggecegges four females and 15 males, the range of dorsal color pattern
Elld| e ecsgeEE€EEE&E e o ’ g P
g2 EEEEEEE &8 8 & variation .exhlblted by these specimens greatly .exceeded that
O |l H Eekg8s388yxy observed in dozens of other samples representative of both the
"’5’ E :O CO\]+ CO; :? "\Lg ‘;g) :O CO\]+ "\g ‘:(C)) A. tigris complex (i.e., from USA, Baja California, islands east
2| < 222228283 gL and west of the peninsula, and continental Mexico) and the A.
=] D DD DD DD

marmorata complex (i.e., from USA and continental Mexico).
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We did not find evidence that the variation in these lizards
could be attributed either to ontogenetic variation (i.e., both
blanched and strongly contrasted patterns were observed in
a juvenile and in adults) or sexual variation (i.e., both pattern
grouping were observed in both sexes).

As pertains to ecology, we identified three Blanched/
Blanched-Blanched/Blanched individuals and one Blanched/
Blanched-Barred/Rectangular individual of A. marmorata
reticuloriens from MSSP that exhibited substrate matching
dorsal color patterns as might have been expected from
sandhills/dunes formations based on the study of A. inornata
in White Sands National Monument, New Mexico (Rosenblum
et al. 2004). Although such blanched patterns would appear to
make lizards less visible as they moved over open sand between
the vegetated areas on the dunes, natural selection has not
resulted in most lizards of this species having such extreme
patterns in MSSP. However, an image obtained by MWL in MSSP
(Fig. 1D) with a contrasted pattern blended strikingly with the
substrate indicating that a fully blanched pattern perhaps
has no advantage in substrate matching over all contrasted
phenotypes.

Fifteen preserved specimens exhibited seven combinations
of three previously described dorsal pattern ensembles
indicating that stability of details of pattern is less important
in this population than maintenance of a degree of strong
contrast between pale and dark components thereof. Although
the essentially unicolored blanched pattern could represent
crypsis on open ground, we surmised that the contrasted
ensembles would make predators less aware of lizards hiding,
foraging, and/or digging burrows in the dappled sunlight in
vegetation, activities that would consume much of their daily
activity periods. Away from MSSP and surrounding sandhill
formations the dorsal patterns of individuals of both males and
females of A. marmorata are much darker than those within the
sandhills (e.g., Fig. 3A-left.).
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SPECIMENS EXAMINED

Aspidoscelis marmorata reticuloriens (Eastern Marbled Whiptail).
Texas: Ward County: Monahans Sandhills State Park: UADZ 9551—
9554, 9596-9606, 9641-9642, 9660, 9663 (N = 19). For collection
details see Tables 2-3 herein.

Specimen of the subspecies not included in Tables 2-3. Texas:
Crane County: 1.12 km E of junction of US Hwy 385 and Ma Barker
Road near the latter road at 31.32904°N, 102.33614°W and elev. 838 m
(UADZ 9644, N =1).

Aspidoscelis tigris punctilinealis (Sonoran Tiger Whiptail).
Arizona: Gila County: Brian K. Sullivan (BKS) 1799-1805, 1809-1822,
1835-1841 (N = 28). For collection details see Walker and Sullivan
2014.

Aspidoscelis tigris septentrionalis (Plateau Tiger Whiptail).
New Mexico: San Juan County: 9478-9488, 9494-9495, 9503,
9509-9513, 9572-9274, 9576, 9584-9585 (N = 25). For collection
details see Walker et al. 2015.
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A Review of Common Mudpuppy (Necturus maculosus)
Capture Methods and Description of a Revised Trap Design

Necturus maculosus is a widespread, aquatic salamander
native to both lentic and lotic systems in eastern North America
(Petranka 1998). These salamanders typically occur under cover
such as large flat rocks or logs, especially in areas with layers of
mud substrate and debris (Petranka 1998; Matson 2005). Adults
often exhibit high site fidelity (Shoop and Gunning 1967; Matson
1998). Necturus maculosus has a long lifespan (~30 years; Bonin
et al. 1995), and plays an integral role in its environment as a
predator, feeding on fish, crayfish, and mollusks (VanDeValk and
Coleman 2010). Breeding occurs in the fall; females store sperm
in spermatheca over the winter with ovulation and fertilization
delayed until spring (Petranka 1998; Matson 2005). Egg deposition
occurs under large flat rocks in the spring and summer (Petranka
1998; Matson 2005). Larvae hatch in early summer, and there is
evidence that adult N. maculosus attend and guard clutches of
eggs (Hime et al. 2014). Additionally, N. maculosus is the only
known host for the Salamander Mussel (Simpsonaias ambigua),
a regionally imperiled freshwater mussel.

Although thought to be common throughout its range
(Barbour 1971; Petranka 1998), much of the life history of N.
maculosus is unknown. For example, habitat preferences,
seasonal movements, population structure, gene flow, and
dispersal are poorly understood (but see McDaniel et al. 2009).
The lack of information is due, in part, to its cryptic nature and
capture difficulty (Matson 1990). Here we review various capture
methods for N. maculosus, as well as illustrate and highlight a
new trap design for their efficient capture.
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ReviEw oF CAPTURE METHODS

A number of methods are commonly used for N. maculosus
sampling, including electroshocking, manual surveys, seining,
and trapping using minnow traps (Table 1).

Electroshocking.—Electroshocking uses a mild electric
current to stun aquatic vertebrates for easy capture with nets.
Although electroshocking has been used to successfully capture
N. maculosus (Shoop and Gunning 1967; Schmidt et al. 2004;
VanDeValk and Coleman 2010), it has numerous drawbacks, and
may be ineffective (Matson 1990). Backpack electroshocking is
limited by navigability and depth of the water, and is typically
feasible in water where the sampler is able to wear waders (< 1
m deep). Boat-mounted electroshocking enables the sampling
of larger systems, but limits smaller stream sampling and is cost
prohibitive. Drawbacks of both electroshocking methods include
dependency on adequate water conductivity to deliver the shock,
known as a limited shock radius. Furthermore, N. maculosus
tend to stay under large flat rocks, reducing the chance of netting
a shocked N. maculosus, as the rock prevents the mudpuppy
from rising to the surface (Matson 1990). Nickerson et al.
(2002) and Nickerson and Krysko (2003) discourage the usage
of electroshocking, given the possible non-target and negative
effects on Hellbender (Cryptobranchus alleganiensis) larvae.
These concerns may apply to N. maculosuslarvae as well.

Manual surveying.—Manual surveying, by wading or skin
diving, is also commonly used to sample for N. maculosus,
especially in shallow water (Nickerson et al. 2002). This method
involves walking or floating upstream while flipping large flat
rocks typically used by N. maculosus for refuge. Benefits of this
method include the opportunity to directly observe mudpuppies
in their habitat, as well as a relatively high level of capture
efficiency (Matson 1990). Drawbacks to this method include a
dependency on low, clear water conditions, wadeable study sites,
and an inability to sample deep water pools. Furthermore, when
utilizing this method, skill is needed to hand capture or net each
N. maculosus. Given the wide range of N. maculosushabitats, this
method has had variable results, with better results in smaller
lotic areas and shallow lentic areas (Gibbons and Nelson 1968;
Matson 1990; Trauth et al. 2007).

Seining.—Seining typically involves dragging a seine net
through a river or stream, with at least one person disturbing
debris and rock piles ahead of the seine, in order to remove
mudpuppies from their habitat on the bottom of streams. Cagle
(1954) found little success capturing adult N. maculosus using
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TasLe 1. Summary of previous Common Mudpuppy capture events. 0 indicates that method was tried, but with no capture success. — indicates a method was
used, but was largely ineffective and/or not recommended. + indicates that a method was used and was successful and/or recommended. ** Indicates mudpup-

pies were caught using fishing poles rather than traditional set lines.

Author Year Location Time Electro-  Manual Minnow Seines Trapnets  Setlines
of year shocking  surveys traps

Cagle 1954 Big Creek, LA Jan-Feb 0 0 +

Shoop and Gunning 1967 Big Creek, LA Year-round + 0 + -

Gibbons and Nelson Jr 1968 Gull Lake, MI Apr-May +

Matson 1990 Grand River, OH Mar-July 0 - - +

Bonin et al. 1995 St. Lawrence River, Can. Winter + +¥*

Gendron et al. 1997 ON & QC, Can. Jan-Mar +

Nickerson et al. 2002 Little Pigeon River, TN Aug-Oct +

Schmidt et al. 2004 Hudson River, NY Summer

Harper et al. 2006 West-Central MN May, Jun, Sep + +

Trauth et al. 2007 Spring River, AR Year-round + 0

McDaniel et al. 2009 Sydenham River, ON Nov-Mar +

Chellman and Parrish 2010 Lamoille River, VT Year-round +

VanDeValk and Coleman 2010 Northern NY Oct-Nov, Apr + -

Palis 2010 Lusk Creek, IL Sep-Oct, May-Jun - 0

seines, however Matson (1990) found seining to be the most
successful of four techniques tried. Seining seems to work best
for capturing larval and immature N. maculosus, especially in
streams where primary refuge sites are in leaf litter, rather than
beneath large flat rocks (Cagle 1954; Matson 1990).

Modified minnow traps.—Modified minnow traps have been
the most-utilized form of N. maculosus trapping in the last 50
years (McDaniel et al. 2009; Chellman and Parrish 2010). This
method uses a standard minnow trap that has enlarged openings
to allow for N. maculosus entry. These traps are typically baited
with chicken liver, cat food, or raw fish (Gendron et al. 1997;
Trauth et al. 2007), and are placed near perceived N. maculosus
refugia in streams. Benefits of these traps include the ability to
sample in deep and turbid water, as well as the ability to sample
in freezing conditions without undue risk for hypothermia.
Disadvantages to this capture method include low trap success
at zero to 0.02 N. maculosus per trap night (Matson 1990; Trauth
et al. 2007; McDaniel et al. 2009; Chellman and Parrish 2010;
Palis 2010). Given low trap rates associated with this method,
the use of modified minnow traps is best executed when a large
number of trap nights can be implemented, as few trap nights
may result in no N. maculosus captures (Trauth et al. 2007; Palis
2010).

Other methods.—Other less commonly used methods
include fish trapnets and set lines (Shoop and Gunning 1967;
Bonin et al. 1995; VanDeValk and Coleman 2010). Trapnets have
not been frequently used in the last 50 years, but were used with
minimal success in capturing N. maculosus louisianensis in
Louisiana in the 1950s, though recently VanDeValk and Coleman
(2010) obtained N. maculosus captured incidentally in trap nets
for their analyses. While baited trot lines had a similarly poor
success rate (Cagle 1954), the use of set lines has been more
successful (Cagle 1954; Shoop and Gunning 1967). These two
methods are characterized by baited hooks tied to trees or the
shoreline, and are either floated (trot line) or not floated (set
line). These methods have seen less use primarily due to a bias
toward large juveniles and adults, as well as increased mortality
rates from hook swallowing (Cagle 1954; Shoop and Gunning

1967; Matson 1990). Similar to the use of set lines, Bonin et al.
(1995) were able to acquire a few samples from fisherman for
use in their analyses; however, this method is not commonly
used.

New trap design.—Our trap design is derived from hellbender
traps created by Briggler et al. (2013), which they modified
from traps designed by Foster et al. (2008). Briggler et al. (2013)
observed a few capture events of mudpuppies during tests
of their traps; here we focused our efforts on the use of traps
modified specifically for N. maculosus. The “Briggler traps” were
constructed of aluminum wire and plastic mesh, with six panels
bound together with zip ties to form a box. These traps were
collapsible, with only 3-4 zip ties binding each panel together.
Our traps are constructed from 9-gauge aluminum wire, plastic
net mesh, and zip ties. See Fig. 1 for a list of materials per trap. Our
traps have dimensions of 61 cm long x 46 cm wide x 22 cm tall,
with a funnel diameter of 10 cm (Fig. 2). Key modifications were
made to improve ease of use, durability, and trap success. One
modification was winding zip ties around the edges of the panels
to bind them together. While this eliminated the collapsibility
of the traps, it increased the durability. Because traps were no
longer collapsible, we further modified the trap and added trap
doors on the top of the trap to allow for the addition of bait
and weight, as well as for the extraction of animals. Given that
mudpuppies tend to keep their limbs om the substrate, we used
a thicker, more durable plastic mesh, with 1-cm holes, which
potentially allows for a sturdier surface for a sturdier footing.

Our modified Briggler traps sat flush on the benthic substrate,
enabling a mudpuppy to walk up into the trap, rather than swim,
potentially increasing the chance of capture relative to modified
minnow traps. Time needed for construction of these traps was
approximately 5-8 person hours per trap, though this process
can be accelerated by forming a multi-person assembly line.
Materials for these traps came to approximately US $15 per trap,
and materials can be purchased at most hardware stores.

To deploy, each trap was baited with raw fish scraps contained
in a mesh bag (we used zip-tied plastic sleeves designed to pad
wine bottles). Each trap was weighted by placing rocks found
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TasLE 2. Summary of Common Mudpuppy sampling from present study for both manual surveys and trapping surveys using modified Briggler traps. Absence of
a number indicates no sampling took place in that watershed during that month.

Watershed Sampling Total Total Feb —_— May Jun Jul Aug Sep Oct Nov  Dec
method person-hrs Necturus
Kentucky Manual 353 12 0 0 12 0
Trapping 120 4 0 0 0 0 3 1
Kinniconick Manual 41 1 1
Trapping 8 4 4
Licking Manual 621 36 4 2 3 3 17 7
Trapping 104 16 2 6 0 6 2

9 gauge Galvanized Steel Wire
(528" /trap, 44')

2 x90"

2x70"

2x68"

2x36"

Plastic Fence (1 cm square holes)
1x (24" x 56")
2x (14" x 18")

Plastic Zip Ties
48 x 8"
75x 22"

Fic. 1. Materials needed per trap.

Fic. 2. Modified Briggler trap. Note the trap door on top for accessing
trap compartment, as well as funneled ends, which allow for mud-
puppies to walk into the trap while positioned on stream floor.

on the bank inside the trap, the trap door was zip-tied closed,
and then the trap was placed on a flat part of the stream bed,
preferentially in deep pools or next to large flat rocks. Traps were
secured to the bank using 6-mm polypropylene rope tied to a
tree or other stable structure. Each trap was left in the river for
1-2 nights. Manual surveys were also conducted, in which 2-4
surveyors walked/snorkeled upstream in rivers, lifting large flat
rocks and other potential refugia, and then capturing observed
individuals by hand or with a mesh bag.

Trapping was conducted for 528 trap-nights by deploying
9-10 traps at a time on a semi-regular basis from February
2014 to February 2015 (except for the months of April, May and
August). We captured 24 N. maculosus (Fig. 3), with a trap success
of 0.045 N. maculosus per trap night. No N. maculosus were
caught from June to September. All N. maculosus were caught
between October and February 2015. Eliminating summer
trapping hours results in 441 trap nights and a success rate of
0.054. This success rate was comparable to some studies using
modified minnow traps (McDaniel et al. 2009), and better than
other trapping methods described above (Matson 1990; Trauth
et al. 2007; Chellman and Parrish 2010; Palis 2010). Deploying
and removing 10 traps required two people and approximately
two hours per visit. Converting trap nights to person-hours
equates to approximately 8 person-hours per trapping event, 4
person-hours for deployment, and 4 person-hours for collection.
Our modified Briggler trapping took place over 232 person-
hours and resulted in capture at a rate of 0.10 N. maculosus per
person-hour (Table 2). Our modified Briggler trap method was

-

Fic. 3. Mudpuppy captured in trap near Cynthiana, Kentucky, USA

more efficient than our manual surveys, which resulted in 49
N. maculosus over 1225 person-hours from May-September
2014 and October 2015, for 0.040 N. maculosus per person-hour.
However, excluding a single highly productive site, at which we
caught 33 N. maculosus, our manual survey success rate dropped
to 16 N. maculosus over 924 person-hours, resulting in a capture
rate of only 0.017 N. maculosus per person-hour.
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CONCLUSIONS

Overall, sampling N. maculosus using any trapping method
results in low capture rates, however trapping seems to work best
fromlatefall through early spring (Cagle 1954; Matson 1990; Bonin
et al. 1995; Gendron et al. 1997; Nickerson et al. 2002; VanDeValk
and Coleman 2010). Late summer and fall seem to be ideal times
for manual surveys, as N. maculosus are relatively easily accessed
due to larval guarding by females and the occurrence of breeding
pairs under flat rocks and other cover objects, as well as generally
low water levels (Petranka 1998; Hime et al. 2014). Winter through
mid spring is a primary foraging period for N. maculosus (Shoop
and Gunning 1967), potentially explaining the higher trapping
success rate during this time (McDaniel et al. 2010). Regardless
of sampling method, researchers and managers need to be aware
of the varying success rates based on time of year, and schedule
their sampling dates accordingly.

Necturus maculosus can occupy a wide range of habitats,
from small streams to large rivers, and from small ponds to the
Great Lakes (Bishop 1926; Petranka 1998; Matson 2005). This calls
for flexibility in sampling methods depending on habitat type;
manual surveys are most successful in clear and shallow water,
seining works best in more debris-laden stream systems that are
absent of large flat rocks, electroshocking works well in areas with
few rocks and high conductivity, and trapping is ideal in deep and
murky water, especially during the winter and early spring.

In conclusion, there is not a single, universally successful
method for capturing N. maculosus at all times of the year
or in all habitats. It is vital that researchers and managers be
flexible with N. maculosus capture methods, and are prepared
to utilize different methods for different habitat types and
seasons. Although not to be used as a single, paramount method,
we suggest the addition of modified Briggler traps to the V.
maculosus capture arsenal, based on cost, time, and capture
efficiency. Optimizing capture methodology will lead to the best
chance for high capture rates, and will enable the further study of
these understudied creatures.
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Employing Camera Traps for Studying Habitat Use by
Crocodiles in a Mangrove Forest in Sarawak, Borneo

Effective wildlife monitoring for conservation relies on
census methods that deliver cost effective and logistically
efficient data. Camera trapping has become a common tool
in contemporary wildlife science, helping researchers collect
images of uncommon or rarely seen and often threatened species
as evidence. The development of camera trapping technique
has led to significant advancement of the understanding of the
diversity of animals and has helped detect secretive species that
survive in low densities (e.g., Mohd-Azlan 2003; Mohd-Azlan et
al. 2003). However, relatively few studies of crocodilians have
employed the technique (Thorbjarnarson et al. 2000; Channa
et al. 2010; Charruau and Hénaut 2012; Platt et al. 2014a), and
one recent survey reported a lack of success (Platt et al. 2014b),
possibly due to lack of technical modification of motion-sensitive
infrared cameras (Merchant et al. 2012).

Camera traps are designed purposely to detect wild animals
by using a passive infrared sensor (Mohd-Azlan and Engkamat
2006). The camera incorporates a mechanism to trigger a
photograph by the movement and differential heat of the main
subject in front of the camera and that of its surroundings.
Additionally, the use of camera traps can reduce bias in data, such
as in wildlife surveys, which can have an adverse effect on the
results (Mohd-Azlan 2009). Another advantage of the technique
is that it is non-invasive, not involving handling of target species
(Ancrenaz et al. 2012; Ariefiandy et al. 2013; Sunarto et al. 2013).

Although primarily aquatic, crocodilians typically require
terrestrial substrate, such as mud flats and water-edge
environments for activities, including nesting, foraging (for
terrestrial animals, such as pigs, primates, and otters), or
thermoregulatory purposes. They can move considerable
distances both overland (Pooley and Gans 1976) and along
waterways (Walsh and Whitehead 1993).

In this study, we analyze crocodile activity and terrestrial
habitat use in the vicinity of river banks with the use of camera
traps, in order to increase understanding of crocodile behavior.
These objectives are relevant given the escalating levels of
human-crocodile conflicts in Sarawak (Das 2002). Thus, by
setting up camera traps at selected areas where Saltwater
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Crocodiles are believed to habitually land, more information on
their activity patterns can be obtained. The general objectives of
the current study were to test whether camera traps can be used
to record timing of activities and habitat use of crocodiles.

METHODS

We conducted this study at Pulau Liak in Kuching Wetland
National Park (KWNP; Fig. 1), located ca. 8 km SW of Kuching
City, the capital of Sarawak State, in East Malaysia (Borneo)
where the Saltwater Crocodile (Crocodylus porosus) is listed
under Part II of the First Schedule of the Sarawak Wild Life
Protection Ordinance 1998. KWNP consists of coastal, marine,
and freshwater ecosystems, and was gazetted as a National Park
in 2002. The 6610-ha area is dominated by saline and deltaic
mangrove systems, including marine waterways and tidal
creeks, such as connecting rivers of Sungei Sibu-Laut, Batang
Salak, and Sungei Santubong. The study area was selected to set
camera traps centered around Pulau Liak (1.624°N, 110.25876°E;
WGS84), and Sungei Sibu (1.676611°N, 110.23666°E), based on
previous frequent sightings of C. porosus and the presence of
crocodile wallows on river banks. Within the KWNP area, the
common mangroves are Rhizophora apiculata, Avicennia alba,
A. marina, Bruguiera cylindrica, B. sexangula, B. gymnorhiza,
and Ceriops tagal.

We deployed three units of commercially made passive
infrared Bushnell® Trophy Cam Camo-119445 cameras, with
sensor resolution of 5MP, which captured images when triggered
by movement and/or differences in temperature in the area
immediately in front of the camera sensors. Each of these were
established at a subsite within the study area (referred to as CT1,
CT2, and CT3). Cameras were set with a delay mechanism of three
minutes between photographs to reduce repeat photographs of
the same individual crocodile. The study period was June 2013 to
April 2014, a period of 11 months.

Time periods were analyzed to determine presence of
crocodiles and temporal and spatial aspects of activity. To
estimate the number of individuals recorded at the same locality,
individuals were identified on the basis of both characteristic
marks (such as scar tissue on head and body) and an estimation
of body size. The activity pattern in terms of landing and
functions of terrestrial habitat was also examined. The levels of
activity were determined from the date and time recorded on the
photograph.

REsurrs

A total of 55 wildlife photographs of four species were
recorded from 207 camera days. This includes a total of 43
images of C. porosus, including two of hatchlings that suggest the
presence of a nest in the study area during the time of survey
(November). Additionally, the cameras captured eight images of
the Long-tailed Macaque (Macaca fascicularis), three images of
Oriental Small-clawed Otter (Aonyx cinerea), and a single image
of an unidentified species of squirrel (Table 1).
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TasLE 1. Photo trap index of animals recorded by camera traps at Kuching Wetland National Park, Sarawak, Malaysia. Abbreviations: IUCN, In-
ternational Union for Conservation of Nature 2016; LC, Least Concern; VU, Vulnerable; SWLPO, Sarawak Wildlife Protection Ordinance 1998;
WCA, Wildlife Conservation Act 2010; CITES, Convention on International Trade in Endangered Species of Wild Flora and Fauna 2013 (listing

for Sarawak population); NL, Not Listed.

Order/ Family Species Common name Total images IUCN SWLPO WCA CITES
Crocodylia

Crocodylidae Crocodylus porosus Saltwater Crocodile 43 LC Part II Schedule [; Part2  1I
Primate

Cercopithecidae ~ Macaca fascicularis Long-tailed Macaque 8 LC Part II Schedule [; Part2 NL
Carnivora

Mustelidae Aonyx cinerea Oriental Small-clawed Otter 3 AY0) Part II Schedule I; Part2 NL
Rodentia

Sciuridae unknown Squirrel 1 - - - -
Total 55

£187500
1

5185000
1

Sa800
1

Legend
%- —— ROAD
© | tAANGROVE FOREST
HEALTH FOREST
ROCK & CLEARED AREA ___ﬁ'lJAlE,I_: 68 500
ADMINISTRATION o 1 2

T

T T
HEEH0 TR 204000

T
HTZ500

Fic. 1. Map of Kuching Wetland National Park, dominated by mangrove habitats, with islands of secondary forests. Three camera trapping
sites are indicated (CT 1-3). Locator map of Borneo on top right, showing location of study site (yellow dot).

Of the total images captured, 91% were taken after dark
(1800-0800 h) and four (9%) recorded during daylight hours
(Fig. 2). The terrestrial activity pattern of C. porosus shows that
their presence near riverbanks peaked during 0400-0500 h (N =
8), and they tend to be present around specific sites for 30-60
mins. This suggests that peak activity occurs just before dawn, at
ca. 0630 h. No photographs were captured between 0500-0600
h, 0800-1100 h, 1300-1400 h, and 1600-1800 h, suggesting that

the heavy human activities in the area, such as the operation
of fishing boats near the banks, might reduce landing activities
of crocodiles. Although a greater number of crocodiles were
recorded during high tide than other tidal conditions (Fig. 3), our
data are insufficient to correlate crocodile emergence with tidal
conditions. Images of eight individuals were captured during
incoming high tide and two during low tide, between 1900-2000
h and 0600-0700 h, respectively.
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Fic. 2. Activity levels of Crocodylus porosus, showing peak activ-
ity during dawn and dusk, with sporadic activities during daylight,
based on camera trapping data. Time of day: 0000 h to 2400 h.

Fic. 3. Number of images of Crocodylus porosus captured related to
tidal condition, showing approximately 77% of images coincided
with high tide.

From the image analysis, at least four individual crocodiles
were confirmed as residents (Fig. 4). Four images captured only
the eyes of the crocodiles, whereas eight images were of tail only.
However, based on estimates of size of the crocodiles, these
images are believed to represent the only two individuals.

Discussion

Numerous studies have demonstrated the efficacy of camera
traps in the study of medium to large-sized mammals and birds
(Rovero et al. 2010 ; O’Connell et al. 2011; Meek and Pittet 2012),
small mammals (Oliveira-Santos et al. 2008), large mammals
(Mohd Azlan and Sharma 2006), crocodilians (Chowfin and
Leslie 2014), large lizards (Ariefiandy et al. 2013), and amphibians
(Pagnucco et al. 2011). Camera traps have also been successfully
deployed for studying critical life history events, including
aggregation around mineral licks (Matsubayashi et al. 2007),
predation (Campos and Mourdo 2014), and nest care (Charruau
and Hénaut 2012).

The present study corroborates Huchzermeyer’s (2003)
classification of crocodiles as nocturnal, with active foraging
done at night, while opportunistically feeding by day. Crocodylus
porosus was mostly recorded in the vicinity of the riverbanks,
during dusk, night, or dawn. By this time, water temperature is
warmer than the land on account of the absence of radiation.
Ectothermic animals tend to move from a relatively cool to a
warm environment and increase their heart rate to raise heat
convection and cooling rates (Franklin and Seebacher 2003).
In addition, crocodile activities in terrestrial habitats may be
correlated with local tidal conditions. Most images captured
were during high tide (= 3.0 m). In spite of the fact that crocodiles
prefer to stay near riverbanks during high tides or incoming tides,
macaques and otters (both potential prey of crocodiles) are active
during low tide, probably to use mangroves as an extension of
their terrestrial habitats and to forage for food on the mud flats
during low tide. Mud crabs are among the favorite food of the
Long-tailed Macaques, and perhaps also of otters.

At least four individual crocodiles are confirmed to be
residents within the area where the CT1 camera was set, based
on size and cephalic markings observed. Crocodylus porosus

Fic. 4A-B. Photos captured of two individuals of Crocodylus porosus
at CT2.

is known to maintain territories or home ranges (Pope 1955).
Three photos of adult crocodiles demonstrated reaction to the
red flash, by opening their mouths, which may be a common
reaction to threat. The reaction by wild crocodiles towards light
from camera traps has apparently never been documented in
previous studies.

The occurrence of hatchlings in November suggests that the
breeding season for the species within the area is likely around
August. The species is known to nest between November and
April (Webb and Manolis 2009; Webb et al. 2010), and September
through February is the wet season for East Malaysia due to
passage of the Northeast Monsoons. The images of hatchlings
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provide evidence that the nests are not far, as hatchlings can
travel only ca. 50 m from their nesting sites (Webb and Manolis
2009). Pulau Liak (also known as Pulau Buaya, in Malay,
“Crocodile Island”) can be categorized or identified as one of the
nesting sites of the species within the park due to presence of
hatchlings and yearlings around that area (Tuen et al. 2010).

Several limitations were encountered in the use of passive
infrared sensor traps to study crocodiles. Most cameras have
a differential temperature between the target and ambient
temperature greater than 2.7°C. Therefore, the passive infrared
sensor fails to trigger if the subject in front of the camera has
either a low differential temperature or is within the ambient
temperature range. Additionally, the passive infrared sensor is
case sensitive, and can also be triggered by the movement of
hot air or by movement of vegetation within the detection zone
(Rovero et al. 2013). Finally, camera locations were restricted to
areas that are not inundated, and within the context of this study
within a mangrove / tidal region, was dependent on tide levels.

Nonetheless, camera traps show encouraging results.
Refinements are required for incorporating the use of cameras
in studies of wild crocodilian populations, including: 1) choice
of cameras and sampling rate (e.g., brand and specification,
that potentially influence detection success rate and memory
capacity); 2) placement of cameras (e.g., height, angle, attachment
site, and distance from river banks and other potential crocodile
habitats, for which experience of field personnel is important); 3)
density of cameras in the field; and 4) data collection protocols
and analyses.

This study reiterates that camera traps can be used to study
wild crocodiles by recording their activity patterns and habitat
use at crocodile landing areas without the use of bait. We also
show that crocodiles can usually be observed at their landing
areas mostly during the night. Both physiology and tides could
be factors that affect the presence and movement of crocodiles
in the vicinity of riverbanks. Individual recognition can also
enhance accuracy of population estimation, using the capture-
recapture method.
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Repeatability of Locomotor Endurance in the
Small-mouthed Salamander, Ambystoma texanum

Amphibian population declines have been linked to
a variety of factors, including climate change and habitat
destruction (Kiesecker et al. 2001), making assessment of the
viability of habitat corridors and assisted dispersal a priority
for conservation research (Milanovich et al. 2010). To quantify
and evaluate dispersal ability, researchers commonly conduct
physiological experiments involving multiple trials on wild-
caught specimens. The performance of individuals during these
experiments is assumed to be consistent and repeatable, but a
direct assessment of whether or not this is the case is lacking.
Assessing the value of laboratory experiments for describing
performance in nature and for quantifying physiological
measures for individuals requires knowledge of the impacts of
experimental conditions on these measures (Bennett 1987).
Dispersal in Ambystoma salamanders is one case where
repeatability of lab-based measurements of locomotor
endurance is important because such experiments are used to
infer how salamanders move across landscapes. Endurance
measures can be combined with a measure of vagility to predict
the genetic framework of amphibian metapopulations, as
increased endurance and vagility have been shown to decrease
genetic heterogeneity between populations (Johnson et al. 2010;
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Hillman et al. 2014). However, information pertaining to the
repeatability of endurance is scarce. One of the very few studies
to investigate this matter found that locomotor endurance
of the endangered California Tiger Salamander (Ambystoma
californiense) is repeatable over a period of a few days but not
over a longer period of fifteen months (Austin and Shaffer 1992).

However, this estimation of repeatability may not be
generalizable to other salamander species for several reasons.
First, A. californiense is an endangered habitat specialist found
only in Pacific coastal grasslands and is also one of the largest
Ambystoma species (Trenham et al. 2000). Because surface area
plays a major role in the regulation of body temperature and
respiration of amphibians, it is difficult to scale the physiology
of salamanders of vastly different sizes (Pincheira-Donoso et
al. 2008). Second, multiple trial experiments on wild-caught
and lab-raised salamanders may occur over a period that falls
between just a few days and 15 months in order to measure
average performance at a given time point or life-stage, but data
on the repeatability of endurance in these time spans is currently
lacking.

Common factors associated with the basic housing and
care of animals, such as the frequency of feeding prior to trials,
might also influence performance. The effects of food quantity
on locomotor performance are unclear and other research has
rarely taken into account unique aspects of the physiology of the
species being studied, such as the remarkably slow metabolisms
of salamanders compared to other vertebrates (Feder 1976).
For example, feeding can decrease the burst speed of Garter
Snakes (Thamnophis elegans; Garland and Arnold 1983) or
not affect performance at all (Ford and Shuttlesworth 1986).
In Trinket Snakes (Elaphe helena), large meals limit both burst
speed and endurance (Mehta 2006). While an optimal meal size
that maximizes endurance and antipredator behavior has been
identified in these wild snakes, an optimal meal size or feeding
schedule for captive amphibians participating in physiological
trials has not been investigated (Sih and Christensen 2001). If we
wish to maximize consistency in future experiments involving
amphibians that will likely require feeding, we must determine
how feeding affects amphibian performance and optimize our
research protocol accordingly.
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Fic.1. The average distance Ambystoma texanum were able to run
in meters during their first (dark gray) and second (light gray) trials.
Bars show mean + SE. Individuals ran a significantly shorter distance
during their second trial (P = 0.02).
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FiG. 2. The average difference in distance Ambystoma texanum in the
Fed (dark gray) and Unfed (light gray) groups were able to run be-
tween Trial 1 and Trial 2. Bars show mean + SE. There was not a sig-
nificant difference in endurance between the Fed and Unfed groups
(P=0.49)

Here, we fill these gaps in knowledge by studying the
repeatability of locomotor endurance in lab-raised, juvenile
Small-mouthed Salamanders (Ambystoma texanum) that were
maintained on two different feeding schedules. We conducted
two treadmill trials with each individual to assess whether
the number of trials would affect the distance they were able
to travel. In addition, we selected feeding schedules that we
predicted would safely warrant a change in performance and

replicate natural patterns of feeding frequency in salamanders
(J. Bogart, personal communication). We chose A. texanum as a
generalizable species in the genus Ambystoma because of their
generalist habitat requirements and widespread range across
central North America (Petranka 2010).

METHODS

We collected six A. texanum egg masses from two wetlands
(N =3 per site) in Crawford County, Ohio, USA, in April 2014 and
allowed embryos to develop in a 14°C cold room. We separated
larvae and fed them Brine Shrimp and Daphnia magna
depending on size. After metamorphosis, we fed metamorphs
three appropriately sized crickets (measured as less than the
distance between the salamander’s eyes) once a week. Individuals
were housed under a 12 h light/dark photoperiod in 33 x 19 x 10.8
cm clear plastic shoeboxes that included two sheets of wet, non-
bleached paper towel as substrate.

All locomotor endurance trials were conducted in the same
room where animals were housed to maintain a consistent
environment with as little disruption to photoperiod or
temperature as possible. Temperature was recorded daily and
never deviated from 14°C throughout the experiment. In July
2015, the surviving 28 juvenile A. texanum were divided into two
groups of 14 with two different feeding schedules: Fed and Unfed.
Both groups were fed two appropriately sized crickets before their
first trial. Individuals in the Fed group were fed two appropriately
sized crickets two weeks later before their second trial while those
in the Unfed group were not fed before their second trial. In other
words, salamanders from both groups were fed on Day 0 and then
participated in their first endurance trial on Day 3. Salamanders
from the Fed group were then fed on Day 14 and participated in
their second trial on Day 17, while salamanders from the Unfed
group were not fed any time after Day 0 and participated in their
second trial on Day 17. Because we could locate no information
regarding feeding frequency in wild Ambystoma, we chose the
two week fasting period based on doubling the current feeding
schedule of captive salamanders as recommended by Bogart
(pers. comm.). Animals are currently fed weekly and demonstrate
consistent weights for adults (unpubl. data), and we chose to
double this duration. We recorded weight (g) with a scale accurate
to 0.01 g and snout-vent length (mm) with a Salamander Stick
(Walston and Mullin 2005) for all animals prior to each endurance
trial, on Days 3 and 17. Because immediate digestion can affect
locomotor endurance, individuals were fasted three days prior to
every endurance trial (Garland and Arnold 1983).

Endurance trials were conducted on the custom treadmill
from Johnson et al. (2010) and followed the same protocol. Briefly,
we encouraged salamanders to walk on the belt by swiping their
tail from side to side with a metal ruler. We measured endurance
as the amount of time an individual could keep moving at a
constant speed of 0.035 m/s and then transformed into distance
ran. We rehydrated all A. texanum every three minutes and then
checked for exhaustion as measured by righting response; if
an individual was unable to right itself after we flipped it onto
its back, we immediately ended the trial. We used a repeated-
measures ANOVA in SPSS (version 22; IBM Corporation, 2013)
with the averages of both SVL and weight measurements as
covariates to compare the distance ran between Fed and Unfed
groups. We predicted that salamanders in the Fed group would
run significantly farther than those in the Unfed group because
they would have more available energy for locomotion.
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Fed salamanders, on average, weighed 2.73 g (+ 0.11 standard
error [SE]) and were 41.29 mm (+ 0.70 SE) in SVL. Unfed salaman-
ders, on average, weighed 3.00 g (+ 0.15 SE) and were 41.15 mm
(+0.60 SE) in SVL. The Unfed group did lose more mass over time
than the Fed group, as expected. Between trials, the Fed group
lost an average of 0.05 g (+ 0.06 SE), while the Unfed group lost an
average of 0.95 g (+ 0.25 SE). The measurement variable met all
assumptions of repeated measures ANOVA, including sphericity.
Salamander weight and SVL were highly correlated; therefore, we
used only weight as a covariate in the repeated measures ANOVA
because we felt like this measurement was more accurate due to
the difficulties of measuring small animals’ SVL.

We found that the number of trials a juvenile A. fexanum was
subjected to did significantly reduce the distance it was able to
run: movement distance on the second trial was 35.7% shorter
than the first trial, independent of feeding group (repeated mea-
sures ANOVA, P=0.02, F[1,26] = 6.78, Fig. 1). However, we could
not detect any effect of feeding schedule on endurance, as there
was no significant difference in endurance between the Fed and
Unfed groups (repeated measures ANOVA, P = 0.49, F[1,26] =
0.47, Fig. 1). Fed animals traveled an average of 40.24 m (+ 9.37
SE) compared to an average of 49.33 m (= 9.35 SE) for Unfed
animals. There was no significant interaction between feeding
schedule and the number of times A. texanum were run on the
treadmill (P=0.82, F[1,26] = 0.05, Fig. 2), and there was no signifi-
cant interaction between endurance and weight for either group
(P=0.211, F[1,26] = 1.62).

DiscussioN

Because multiple endurance trials significantly reduced
a salamander’s endurance over time, ensuring that study
organisms are given enough time to recover between trials may
be important for making accurate endurance estimates. In fact,
similar results were found in a study of the speed and endurance
of Green Snakes (Oepheodrys aestivus), in which the crawl speed
of female Green Snakes was dependent on trial number and
some females would sometimes refuse to move in later trials
(Plummer 1997). Even more similar results were found in a study
of the terrestrial movement capability of Greater Sirens (Siren
lacertina) and Two-toed Amphiumas (Amphiuma means). It was
found that these two species of aquatic salamander presented,
on average, a 27.8% decline in endurance between trials across
multiple simulated environmental conditions when given an
hour to rest (Schalk and Luhring 2010). Many papers evaluating
endurance or speed, however, do not consider the effect of their
repeat trials and have no standard recovery time: some trials are
conducted in rapid succession while other study organisms are
given anywhere from a few minutes to a day to recover (Else and
Bennett 1987; Bennett et al. 1989; Plummer 1997; Adams et al.
1999). Other papers do not mention a recovery time at all (Finkler
et al. 2003). It would be very useful to conduct experiments
similar to ours on frequently studied organisms in order to
avoid biased estimates resulting from an overtired organism
that cannot perform consistently. The significant decline in our
salamander’s endurance as well as anecdotal observations of
their stubbornness or struggle to get moving in the second trial
indicate that a tired salamander will not yield repeatable results.

Contrary to our predictions, the two different feeding
schedules we designed did not affect the locomotor performance
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of A. texanum, as locomotor endurance decreased between
the first and second trials regardless of feeding group. These
results provide insight into how salamanders and other
animals being subjected to physiological experiments should
be cared for. Because how much an individual was fed did not
play a significant role in its performance, perhaps a dedicated
and meticulously recorded feeding regimen is not critical to
obtaining accurate results. Alternatively, there may be an optimal
feeding schedule (nutritional content, intermediate frequency)
for captive amphibians that would prevent the stark drop in
endurance from trial to trial we encountered in our experiment.
Research pertaining to the natural feeding frequencies of adult
Ambystoma salamanders is lacking, but would be helpful in this
pursuit.

Our results may also inform our understanding of dispersal
in Ambystoma. Salamanders like the Small-mouthed Salamander
migrate to their breeding ponds during a short, rainy period
in early spring (Husting 1965; Semlitsch 1998). The movement
period of A. texanum is likely the time period of lowest prey
abundance, and they are most likely fueled by stored fat built
up while living underground the rest of the year (Lindquist
and Bachmann 1980; Whiteman et al. 1994). This may explain
why our juvenile A. texanum seemed to require more time
than expected to rebuild energy after exhaustion, because wild
Ambystomalikely only take part in a maximum of two movement
periods during a year that are greater than two weeks apart from
one another.

As amphibians are a taxonomic group of high conservation
priority and particular spatial demands for reproduction, a
better understanding of their movement is critical. Reliable
measurements of locomotor endurance can be valuable for
inferring movement capability in wild populations, which is
crucial when designing migration corridors, minimizing habitat
fragmentation, and studying metapopulation mechanics
(Milanovich et al. 2010; Hillman et al. 2014). However, a
standardized methodology for these endurance investigations is
currently lacking.
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Theory and Practice of the Hydrodynamic Redesign of

Artificial Hellbender Habitat

The Hellbender (Cryptobranchus alleganiensis) is a cryptic,
large-bodied amphibian endemic to cool Appalachian and Ozark
mountain streams (Nickerson and Mays 1973; Petranka 1998). As
is the case with many salamanders, a long lifespan, reliance on
aquatic habitat and sensitivity to environmental change make C.
alleganiensis an excellent indicator of ecosystem health (Olson
et al. 2012; Welsh and Ollivier 1998). Unfortunately, these same
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qualities have led to drastic declines in populations of these
amphibians nearly ubiquitously across their range (Nickerson
and Mays 1973; Wheeler et al. 2003). As a result, the Ozark
subspieces, C. a. bishopi, was listed under the U.S. Endangered
Species Act as Endangered in 2011 (Federal Register 2011), and
has been deemed Imperiled (N2) by NatureServe (2015). The
eastern subspecies, C. a. alleganiensis, has been listed due to
varying degrees of risk in 13 of the 16 states in which it occurs
(Mayasich et al. 2003; KDFWR 2013), and has been assigned a
national NatureServe (2015) status of Vulnerable to Apparently
Secure (N3/N4). As a species, C. alleganiensis is considered Near
Threatened by the International Union for Conservation of
Nature (TUCN; Hammerson and Phillips 2004).

Habitat loss due to increased sedimentation from
development within inhabited watersheds is suspected as a
leading cause of declines among C. alleganiensis populations
(Wheeler et al. 2003). Large loads of particulate matter entering
streams deplete dissolved oxygen levels and fill the concave
undersides of the large, flat rocks that serve as shelter and
nesting sites for C. alleganiensis. In combination, these effects
can reduce animal fitness and lead to breeding failure (Ringler
and Hall 1975; Harlan and Wilkinson 1981; Briggler and Ackerson
2012; Browne et al. 2012). To combat this landscape-level threat
to C. alleganiensis, Briggler and Ackerson (2012) developed
artificial nesting structures to increase Hellbender habitat while
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reducing sediment accumulation. Wild C. alleganiensis adults
have inhabited and successfully bred in these boot-shaped nest
boxes within Missouri streams.

The success of nest boxes in Missouri led researchers to
test whether similar management tools could increase C. a.
alleganiensis populations in the streams of western North
Carolina, where these salamanders are listed as a Species of
Special Concern (Messerman 2014). Fifty-four nest boxes were
constructed following the boot-shaped design of Briggler and
Ackerson (2012) in May 2013, and were installed across five
known C. alleganiensis stream sites between late June and early
August 2013. Messerman (2014) then monitored each nest box
every three to four weeks through November 2013, and the boxes
were revisited in August 2014 and July 2015 to observe structural
condition and occupancy (Messerman, pers. obs.). Of the 54
nest boxes, only two structures at a single site were confirmed
as inhabited in 2014 and 2015, and no breeding events were
detected (Messerman, pers. obs.). Moreover, many of these ~50 Ib
concrete boxes moved in flood events or accumulated sediment
at the downstream tunnel entrance (Messerman 2014). The low
success of the boot-shaped nest box design in North Carolina may
be attributed to the sites generally being narrower and shallower
than those in Missouri, with much of the substrate consisting of
bedrock slabs covered by relatively thin layers of rock, gravel and
silt. Here we address the observed shortcomings of the original
North Carolina design through the lens of engineering, and
present a new and easily implemented nest box model for use in
streams like those found in western North Carolina.

FrLow CONSIDERATIONS

The two issues of sedimentation and disturbance/movement
of the nest boxes can be addressed by a consideration of flow in
the vicinity of a solid object. Such an object can cause changes in
the flow velocity and pressure. These changes can be described
using several equations. The first equation of interest is the
continuity equation that represents the conservation of mass
between a point 1 and a point 2 which are two cross sections
along a stream:

Q= p1A,Vy = pA,V;

where Q is the flow or discharge (volume per time), p is the density
of the fluid (mass per volume), A is the cross-sectional area of
flow (length squared) and V is the velocity of flow (length per
time). Continuity states that the mass flowing into a designated
volume must equal the mass flowing out of the volume. For a
fluid of essentially constant density (e.g., water), where p, = p,,
the equation reduces to the product of area and velocity being
constant. Thus, if the cross-sectional area is increased, the
velocity will decrease, and vice versa.

Flow is also governed by the Bernoulli equation, where the
total energy of flow, H (length), has components of pressure, P
(force per area), depth, y (Ilength) and velocity. The difference
in energy states between a point 1 and a point 2 can thus be
represented by:

=P i_h Vioh -
H:[— - + y1+ zg— v +yz‘+‘ g+hl’_ Hz
where vy is the specific weight of the fluid (force per volume), g
is the gravitational constant (length per time squared) and h;
represents the energy lost in the flow between the two points. As
a fluid flows from point 1 to point 2, the distribution of energy
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Fic. 1. The impact of object shape on the production of eddy currents
downstream of an object (based on Richter and Nikrityuk [2012]).

Body L/d Re=Vd/v Co
(Flow From left to right)
Bodies of revolution
1) Sphere: 10° 0.50
DT. >3x10° | 0.20
2) Ellipsoid :
d=" 1 - >2x105 | 0.07
2
3) Circular cylinder axis 1 10° 0.63
vertical to follow: 5 0.74
L o d 20 0.90
o oo 1.20
5 >5x10° 0.35
L 0.33
1 >10% 1.16
4) Rectangular plate: 5 1.20
L=length 20 1.50
d= width oo 1.90
d L
5)  Square cylinder:
d ; . 3.5x10% 2.0
‘ 10%-10° 1.6

Fic. 2. Drag coefficients for different shapes and dimensions (based
on Prasuhn [1980]).

between the components may change. As an example, water
flowing in a water main may sometimes have more of its energy in
terms of velocity, and at other times may have more of its energy
in terms of water pressure. For ease of conversion between the
components, the energy terms are all expressed in units of length.

Another useful concept to consider is that of streamlines.
Streamlines depict velocity vectors (magnitude and direction),
and their orientation is always parallel to the direction of flow.
With localized disruptions to flow, as with the placement of a
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TasiE 1. Standard coefficients of friction for materials in contact with
concrete.

Contacting Surfaces Friction Coefficient (f)
Concrete on soil/rock 0.30
Concrete on steel 0.45
Cement Blocks on cement blocks 0.65
Cement Concrete on dry clay 0.40
Cement Concrete on wet clay 0.20
Cement Concrete on wet sand 0.40
Cement Concrete on dry sand 0.50-0.60
Cement Concrete on dry gravel 0.50-0.60
Cement Concrete on dry rock 0.60-0.70
Cement Concrete on wet rock 0.50

Note: Friction is greater on dry surfaces than wet surfaces.

solid object in the flow, the streamlines are disrupted. Streamlines
in the flow as a whole (e.g., a river) may be undisturbed and
remain constant, but streamlines immediately surrounding the
object will be compressed (Fig. 1). What appears as a dark area
in Fig. 1 is the result of the streamlines being compressed. The
compression of the streamlines can be seen as decreasing the
cross-sectional area of flow associated with each streamline. By
continuity, and because the amount of flow is not decreasing
just because an object has been placed in the stream, a decrease
in the cross-sectional area of flow will be associated with an
increase in the velocity. By Bernoulli’s equation, an increase in
velocity will be associated with a decrease in the pressure of the
flow in the vicinity of the solid object.

The low-pressure area is located near the rear portion (i.e.,
downstream region) of the hydraulic structure, and this difference
in pressures gives rise to what is called form drag, where drag is
used to indicate a resistance to flow as represented by a force.
The shape and relative dimensions of the object will impact the
form drag that results from flow. Drag can also be thought of as
the impact of flowing water on a solid body. Flow may thus exert
a force on a solid body as represented by:

2
FD = CHAPZh

where F, is the drag force, C is the drag coefficient associated
with the shape and dimensions of the solid object, A is the
cross-sectional area that is projected upstream by the object
(Iength squared), p is the density of the fluid and V, is the flow
velocity upstream of the solid object. Over time, experiments
measuring the impact of flow around solid bodies have resulted
in an accepted set of drag coefficients associated with different
shapes and relative dimensions (Fig. 2). As can be seen, drag
coefficients can vary from 0.07 to 2.00, thus greatly impacting
the drag force that flowing water will exert on a solid body. Drag
coefficients may also be impacted based upon the values of the
dimensionless Reynolds number (Re) (Fig. 2), where larger Re
are associated with decreased drag based upon achieving a fully
rough condition. The value for the Re is calculated as:

vd
v

Re =

where V is the velocity of the flow, d is the diameter of a pipe
or can be considered as a depth of flow and v is the kinematic

Fic. 3. Streamlined shape of a current meter (based on Prasuhn
[1980]).

viscosity of the fluid (Ilength squared per time). The Re will be
large if the velocity and/or diameter are large or if the kinematic
viscosity is small.

The movement of fluid around the solid object means that
ordered streamlines are absent from the area immediately
downstream of the object, producing an area of disordered flow.
In this disordered flow, the velocity vectors occur in all directions
and may be circular in motion, where they are called eddies (Fig.
1a, b, and c). Parcels of water moving in opposite directions and
impacting each other result in water with reduced velocities.
These reduced velocities have less energy and are thus unable
to transport the existing sediment load. Sedimentation may thus
occur downstream of a solid object.

In order for an object (that is not buoyant) lying flat on a
surface to be moved by the water flowing around it, the drag force
must be greater than the resisting force, that is, the force required
to initiate sliding motion. The resistance to the initiation of
sliding motion is based on friction, where a friction force, F; can
be calculated as:

where 1 is the coefficient of friction based upon the two materials
coming in contact with each other (Table 1) and W is the weight
of the object that may be moved.

ENGINEERING IssUES WiITH RECTANGULAR NEST Box

Knowing from the above discussion that object shape and
relative dimensions impact flow parameters, it is possible to
assign at least partial causes to the problems reported with the
operation of rectangular nest boxes. Sedimentation of suspended
materials along the downstream face of the rectangular nest boxes
could be attributed to disordered flow where velocity vectors are
oriented in all directions, including some that are in opposite
directions that negate each other, resulting in low velocities.
Reduced velocities allow suspended sediment to drop out. The
movement of the nest boxes from their original locations could
be attributed to drag forces that are initiated on the upstream
side of the nest box as the flow must be redirected around it.
Drag forces are greater from larger, faster, storm flows, and it
may be during these times that the disturbance occurs. Thus,
there are design issues with both the upstream and downstream
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Fic. 4. a. Top view of existing nest box shape (rectangular); b. Top view of redesigned nest box shape (streamlined).

faces of the nest box that must be addressed simultaneously. An
alternative nest box design is proposed that is evaluated based
upon the fluid mechanics principles discussed above.

ENGINEERING CONSTRAINTS WITH INEST BOX REDESIGN

There are a number of constraints that are imposed on the
redesign process based on the fact that the nest boxes are being
utilized as breeding locations for Hellbenders in their natural
habitat.

1. There must be an internal cavity that is large enough
for the male Hellbender to move in along with any
egg masses present.

2.While the eggs are developing, the male needs to
be able to defend them from predators, so a tunnel
(length greater than width) entrance is desired that
provides only limited access to the internal cavity.

3. Consistent with natural habitat, the entrance to the
internal cavity must be located on the downstream
side of the nest box (Pfingsten and Downs 1989).

4.To reduce the effects of human disturbance on
Hellbenders, the nest boxes must be placed far away
from roads and other easy access points. Thus, the
structures must be light enough to be carried to more
remote locations in the field by researchers.

5. The bottom of the nest box must be essentially flat in
order to be stable in its placement on the bottom of
a stream bed.

6. Any new nest boxes must be able to be constructed
from an inexpensive material and with a design that
limits constructability and durability issues.

MobiricaTIONS TO NEST Box DESIGN

Given the above constraints, the design challenge was
to develop a nest box to meet the required characteristics
for biological functionality while improving hydrodynamic
performance. Hydrodynamics can provide examples of solid
objects designed to be placed in flowing water with the intention
of causing the least disturbance. Once such example consists of
the weights that are used with current meters (Fig. 3), devices
utilized to measure the velocity of flow at different depths within
astream, based upon the rate of rotation of a set of vanes. Weights
are used to orient the flow measuring device in a vertical position

to reduce reading errors caused from velocity vectors that are not
perpendicular to the axis holding the rotating vanes. The shape
of the weight is established both to minimize the drag on the
weight that would cause it to move away from the vertical and
to minimize the disordered downstream flow that could produce
velocity vectors in multiple directions.

Computer-aided design software (AutoCAD, Autodesk, Inc.,
2015) was utilized to produce the redesigned Hellbender nest
box. Relative dimensions were identified from a drawing of a
current meter weight and manipulated to incorporate all of
the nest box design constraints. The streamlined nest box has a
different external shape and interior space in comparison to the
original rectangular design (Fig. 4).

The upstream projection of the current meter weight is a
rounded point, approximating a parabolic curve. Producing
forms for a pointed projection can be difficult and may not
allow for sufficient concrete thickness or wire reinforcement.
Additionally, points can be problematic as they may be subject
to breakage from the impact of transported rocks/cobbles. The
current meter weight is three-dimensional and is considered
to be a rotational body, meaning that if the direction of flow is
considered as the x-axis, then the body has the same curvature
in the y-z plane. The fact that the nest box must be flat on the
bottom means that the rotational body must be truncated on
the bottom. Thus, for the redesigned nest box, the upstream
parabolic projection was flattened for constructability and
durability, and the shape of the nest box mimics only the upper
half of the current meter weight shape.

The rear portion of the current meter weight decreases
dramatically and finishes with the addition of fins that help to
properly orient the weight with respect to the oncoming flow.
Fins are not necessary for the performance of the nest box and
were never considered. The significant decrease in the rear
projected area had to be modified in order to accommodate
the placement of the access tunnel, which was then subsumed
into the body of the nest box. Thus, the decreasing portion of
the rear projection was truncated and has relative dimensions
that are more consistent with the middle portion of the current
meter weight. The streamlined shape of the current meter weight
helps to direct the streamlines around the body so that they
may rejoin together downstream of the body, in order that any
eddies of disordered flow that might induce sedimentation occur
downstream of the body. Without disordered flow, velocities are
maintained to keep sediment in suspension.

Herpetological Review 47(4), 2016




590 TECHNIQUES

TasLE 2. Initiation of motion calculations for rectangular and streamlined nest boxes.

Flow Rectangular Nest Box Streamlined Nest Box
velocity
V(m/s) Cg, A, (m?) E,, (N) F,, (N) Sliding Force Cp, A, (m?) FP2 (N) FF2 (N) Sliding Force
=F,-Fy =Fp,-Fp
0.1 2 0.06 0.56 86.66 -86.10 0.10 0.07 0.03 118.81 -118.77
0.5 2 0.06 14.00 86.66 -72.66 0.10 0.07 0.86 118.81 -117.95
1 2 0.06 56.00 86.66 -30.66 0.10 0.07 3.45 118.81 -115.36
1.25 2 0.06 87.50 86.66 0.84 0.10 0.07 5.39 118.81 -113.42
1.86 2 0.06 193.74 86.66 107.08 0.10 0.07 11.94 118.81 -106.87
3 2 0.06 504.00 86.66 417.34 0.10 0.07 31.05 118.81 -87.76
5 2 0.06 1400.00 86.66 1313.34 0.10 0.07 86.25 118.81 -32.56
5.87 2 0.06 1931.81 86.66 1845.15 0.10 0.07 119.01 118.81 0.204

Fic. 5. Projected area and orientation of the drag and friction forces
for the rectangular and streamlined shapes.

e

Fic. 6. Photographs of the streamlined nest box prototype.

The elongation of the nest box for both the upstream and
downstream issues means that the weight of the box hasincreased
beyond the approximately 50 1b of the nest boxes used previously
in North Carolina. Because of the use of reinforcing wire mesh,
the thickness of the walls was decreased to 1” to attempt to limit
the increase in the weight. Additionally, the top was designed as
a lid that could be carried into the field separately and would
provide access to the nest box for visual inspection to verify
usage/habitation.

RepucTtioN IN DRAG FORCE FOR THE PROPOSED NEST Box

To determine the potentialimpact ofaredesigned streamlined
nest box, a series of calculations were performed (not an actual
test of motion) between the existing, rectangular nest box design
and the hydrodynamically redesigned, streamlined nest box
(Table 2). The calculations (for water with p = 1000 kg/m®) are
based on velocities that might be expected during periods of low
flow and high flow (during storm events). The characteristics
that would produce any given velocity are a function of the
contributing watershed area, the design precipitation event, as
well as the stream cross-section, surface roughness and slope. A
drag coefficient for the projection of the rectangular nest box can
safely be assumed to be 2.0 (Fig. 2). The shape of the redesigned
nest box has no direct analog, so an approximation is made. The
drag coefficient of 0.07 for a 2:1 ellipsoid may be too low, so a

value of 0.10 was used for general comparison purposes. The
area used in the drag calculations is the projected area (Fig. 5)
that is larger for the hydrodynamic box (0.069 m?) than for the
rectangular box (0.056 m?). A coefficient of friction of 0.3 was
used as corresponding to a concrete box positioned on a soil/
rock channel bottom. A weight of 222.4 N (50 1b) was used for the
rectangular box, while a weight of 395.9 N (89 Ib) was calculated
from the design drawings for the streamlined box. Rocks placed
on a nest box for camouflage would have a similar effect on
stability for either a rectangular or a streamlined box, and were
thus not incorporated into the calculations.

Motion begins once a drag force is greater than a resisting
friction force. Given the assumptions above, the predictive
calculations indicate that motion would be initiated for the
rectangular box at a flow velocity of 1.25 m/s (4.10 ft/s), while
motion would be predicted to be initiated for the streamlined
box at a flow velocity of 5.87 m/s (19.25 ft/s). This is a more
than a four-fold increase in the calculated velocity predicted to
destabilize a nest box.

CoNsTRUCTION CONSIDERATIONS

Once the design was completed, the form for pouring the
streamlined nest box had to itself be designed. In order that
the constructed prototype maintains a shape with specific
hydrodynamic properties, the scale drawings from AutoCAD
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were transferred to multiple panels of plywood for cutting.
Once cut, the plywood sheets that create the outside of the nest
box were glued and screwed together to form a solid, durable
and reusable outer mold. The interior surface was sanded and
covered with a putty to ensure easy release of the nest box from
the mold. As indicated earlier, the prototype needed a separate
lid for easier transport. The lid mold includes an inner lip to allow
the lid to sit smoothly and snugly upon placement in the field.

The requirement for an internal cavity necessitated a
removable wooden piece that would establish the shape and
size of the cavity. An interior mold was also created for the access
tunnel. It was divided into three parts with the center being a
wedge shape to facilitate tapping out and removal of the outer
two sections.

Hardware cloth was utilized to reinforce the concrete,
which for this initial prototype was simply the thinnest mortar
commonly used for bonding ceramic tiles (QUIKRETE ®). All
walls of the nest box were reinforced, with particular attention
being given to the wrapping in the vicinity of the access tunnel.
It is important to use a concrete containing sand, as a larger
aggregate would make it difficult to adequately pour the thin
walls of the structure and ensure complete contact between the
cement and the aggregate. A constant moisture content between
the several batches of concrete that were required to pour the
entire nest box ensures a consistent strength between the
batches. During the pour, a plastic hammer and a thin wooden
shim were used to remove the air from the poured concrete,
especially the walls, to improve strength. The molded concrete
was wetted at least two times each day during curing, especially
for the first seven days, to prevent cracking and facilitate the
chemical reactions of the setting concrete. The concrete was
allowed to set for 24 hours before removal from the mold, and
continued to develop strength over time with continued wetting.
Photographs show multiple views of the constructed nest box
(Fig. 6).

CONCLUSIONS

Collaboration between a biologist and several engineers
resulted in the redesign of a previously employed rectangular
Hellbender nestbox to meet biological requirements and improve
field performance. Analyzing the functioning of the nest box
from the perspective of hydrodynamics identified at least partial
reasons for observed instability and sedimentation around the
downstream access tunnel. The analysis further suggested how
the redesign should be undertaken: producing modifications
to the upstream face in order to reduce drag caused by flowing
water and to the downstream face to complete the redirection
of streamlines around the nest box to limit sedimentation. The
more than four-fold increase in the predicted velocity of flow
required to destabilize the streamlined nest box as compared
to the rectangular nest box (as produced by demonstration
calculations), suggests that it is a tool with a greater likelihood
of success in augmenting Hellbender populations in North
Carolina stream sites. At this time, researchers in North Carolina
are in the process of building, installing and testing the efficacy
of the redesigned nest box in the field. Results from the field
testing will be incorporated into future refinement of the design.
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Snake Fungal Disease, Ophidiomyces ophiodiicola,

in Ohio, USA

Snake Fungal Disease (SFD) is a recently described disease
of free-ranging snake populations resulting from infection by
Ophidiomyces ophiodiicola (Allender et al. 2015a). Typically
presenting as skin lesions near the head and neck, SFD
consistently results in morbidity or mortality and may cause
severe localized population declines (Sistrurus catenatus,
Allender et al. 2013; Crotalus horridus, Clark et al. 2011;
Thamnophis radix, Dolinski et al. 2014). SFD has been reported
in free-ranging snake populations in 15 Eastern and Midwestern
US states (Allender et al. 2015b) and at least 11 species to date
(Cheatwood et al. 2003; Rajeev et al. 2009; Allender et al. 2013;
Dolinski et al. 2014; McBride et al. 2015; Guthrie et al. 2016). In
Ohio, SFD was first reported from retroactive testing of five Lake
Erie Watersnakes (Nerodia sipedon insularum), an Ohio state-
listed species (collected from Ottawa County in 2009, Lorch et
al. 2016). Although yet to be detected in most species in Ohio,
SFD has been detected in surrounding states in six genera or
species that are Ohio state endangered, threatened, or species
of concern (C. horridus, Clark et al. 2011; N. sipedon insularis,
Lorch et al. 2016; S. catenatus, Allender et al. 2013; T. radix,
Dolinski et al. 2014). Due to potential high pathogenicity of SFD
and associated conservation concerns, the goal of this study was
to further document the occurrence of SFD in additional free-
ranging snake populations in Ohio.
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As a part of annual monitoring of snake populations in
Ashtabula County, located in northeastern Ohio, we collected
swab samples for monitoring SFD in free-ranging snake
populations. From 6 to 21 May 2015, we collected a total of 16
swabs of the nasolabial pits and any lesions from 15 Massasaugas
(Sistrurus catenatus) captured during visual encounter and
artificial cover surveys at five field sites (Table 1). We also noted
the presence of lesions or other abnormalities consistent with
SFD infection. In order to collect disease samples, we restrained
Massasaugas using clear plastic tubes and both the naso-labial
pits and any visible lesions were swabbed using rayon tipped
Fisherfinest™ transport swabs (Fisher Scientific, Pittsburg,
Pennsylvania, USA). In addition, a single Eastern Hog-nosed
Snake (Heterodon platirhinos) captured in Scioto County
in southern Ohio on 22 May 2015 presented with multiple
visible lesions was swabbed for SFD on 27 June 2015. In order
to minimize cross-contamination among individuals and
inadvertent disease spread among individuals and populations,
all processing equipment, such as scales and meter tapes, were
either used only once or sanitized using Clorox bleach spray
between individual snakes. Field equipment, such as tongs and
coolers, were sanitized using Clorox bleach spray between sites
to prevent the potential spread of SFD among sites.

Although the presence of lesions near the head and neck has
been found to be a good indicator of potential infection, biopsies
and cultures do not always corroborate such conclusions (Guthrie
et al. 2016). Therefore, in addition to noting any obvious lesions,
we collected swabs from both lesions and nasolabial pits. Samples
were stored on wet ice in the field, stored at -20°C until overnight
shipment to the Wildlife Epidemiology Lab (University of Illinois
Urbana-Champaign, Urbana, Illinois, USA). We extracted DNA
using manufacturer’s recommendation for swabs (DNA blood
and swab mini kit, Qiagen, Valencia, California, USA) and tissue
samples (DNEasy kit, Qiagen). The DNA concentration and
purity was determined using a spectrophotometer (Nanodrop,
Thermo Scientific, Waltham, Massachusetts, USA). A TagMan
assay was performed using primers targeting a 68 base pair
segment of internal transcribed spacer, between 18S and 5.8S
rRNA genes of Ophidiomyces (Allender et al. 2015b). Quantitative
PCR assays were conducted using a real-time PCR thermocycler
and data analyzed using the associated software (7500 ABI real-
time PCR System, Sequence Detection Software v2.05, Applied
Biosystems, Carlsbad, California, USA).

We observed a single healed lesion approximately mid-body
on the ventral side of a single Massasauga and did not observe
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indications of lesions on any additional Massasaugas. i) = 2
We did not detect SFD in any of the 15 Massasauga Q 9 B2 Cor o+
specimens tested using qPCR (Table 1). In all 5 c g
instances, Massasauga samples resulted in a mean Ct E
of greater than 40 with 0 fungal copies. The Eastern A g
Hog-nosed Snake tested positive for SFD with a mean © o §’ = S
. < =
Ct of 23.7 and 16,600 fungal copies (Table 1). § % ;§ 2 T eo9©ee
We did not detect SFD in any of the 16 samples ‘: i & -
from Massasaugas in northeastern Ohio. The z S
negative result was somewhat surprising given the g °
presence of SFD in Massasauga populations from 5 %
i 0i . = )
both Illinois '(Al}ender et al. 2011; Allender et al. = 52 2233838338288 88s¢e¢s ;
2015b) and Michigan (Allender et al. 2015c; Tetzlaff et 2 o S ANNNANANNANANANNNANAANNAANA
al. 2015). If there was a relatively low prevalence of 5% 2 g
in Ohio, similar to results from Michigan (Allender %
et al. 2015c¢), one would need to sample 60 snakes = °
in order to have 95% confidence that SFD is absent = % = =
. 2 22L2L2L2L2L2L2LLLLL0LLBC0
from a population (Skerratt et al. 2008). Due to our —;:3 2 LEARARAEEEEAASEE 2R
relatively low sample size (N = 15) and the difficulties s Z - -
associated with detecting SFD in asymptomatic £
individuals, we cannot conclude that SFD is not g
present in Massasauga populations of northeastern R % — S ocoocoococomnmooonin o S v
Ohio; however, we can say with relative certainty % Sl s= SBIBREIIBREIIBS ' BRZ
that none of the snakes we sampled were positive 5 ;
for Ophidiomyces (Allender et al. 2015b). Screening B
. P . . Q
efforts such as ours where individuals without lesions § =]
are swabbed may be ineffective for monitoring the gg ?DE S o o999 9oo o oo o S 9
presence of SFD and other methods such as eDNA g 5 E ) BrhbBHIBSsZIIRSEB ' B88Z
detection methods may be warranted in situations S 2
. . ) ~ .
where symptomatic individuals are absent from a g _g
To our knowledge, we report the first confirmed 2 QE) & 5333 ESS55353333333E
. . 3+
detection of SFD in the Eastern Hog-nosed Snake. g 8 < TEETR = TEETETETETERERE 5
This particular snake was collected as a part of a 2 2 - -
multispecies public education program focused é g
on native southern Ohio snake communities. This 10 &

ll dh bl . o o wwwwwwwwwwwwwwww
program allowed the public to handle and interact T 2 % gggaagaagaggaaggm
with multiple species collected from multiple gé @ E8 3 FESEESESSEESS Z
locations in southern Ohio with the intent to release 2 8
specimens after the event. Although the SFD-positive 5 &

Eastern Hog-nosed Snake in question died prior g =

: ial i i s = |8 = =222 2 2 = =

t(? release, this case exposes potential issues with g g || 5 OS2 2222222225855 E |
disease spread and transmission among species and = 5

populations related to such educational programs. § A

Although the mechanism for transmission of SFD S -_g

. . . [T ® S €8 8 8 €8 €8 €8 8 8 € © © © © < <
is suspected to be environmental, there is reason S = = S 9333233333333 3 o
to believe that transmission among individuals = § 5 ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ ’§ S

o

through direct (i.e., individuals housed together) or S g @) kR EEEEEEEEE L
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indirect means (i.e., transfer via human mediation) & g

is probable given our understanding of other fungal @ .2

pathogens of wildlife such as Batrachochytrium %“i; @ LLLLLLOLBLGLGLGLGL 0000
dendrobatidis and B. salamandrivorans (which R | I R R = I I = R ==
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and Geomyces destructans (white-nose syndrome) oo |l © e e B e e B ORI N I Y —~ = = A
in bats (Langwig et al. 2012). Therefore, to prevent g, %
an inadvertent human-mediated spread of SFD in g = "
free-ranging snake communities, it may be sensible £ £ w 9w 9 u 9 n n 99999k on S
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to instead use long-term captives for public outreach h = S ST S S S SSSSSTSTSTSTST ST
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animals from such events in museum collections.
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Our results confirm the presence SFD in Ohio nine years
after it was first detected from a Lake Erie Watersnake collected
in 2006 in extreme northern Ohio. Additionally, the detection of
SFD in extreme southern Ohio indicates at least the potential
for O. ophiodiicola to be widespread throughout the state.
Furthermore, SFD is now known to be present in multiple snake
species in Ohio. The ability of O. ophiodiicolato persist and infect
snake communities across such a broad geographic range relates
toitslikely presence in the environment as a saprobe and capacity
to thrive under varying environmental conditions (Allender et
al. 2015a). Given the potential range of O. ophiodiicola in Ohio
and the confirmed infection in surrounding states of six genera
or species that are Ohio state endangered, threatened, or species
of concern, continued monitoring for SFD in free-ranging snake
populations, particularly in regions harboring sensitive species
is merited. Further research to determine optimal sampling
times, methods, and sample sizes, as well as investigations of the
feasibility of eDNA detection of O. ophiodiicola also is needed.
Preventative measures such as consistent decontamination
methods similar to those recommended for B. dendrobatidis
and B. salamandrivorans should be employed by researchers,
managers, and other individuals who interact with snakes to
prevent the spread of SFD within and among free-ranging snake
communities.
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Detection of an FV3-like Ranavirus in Wood Frogs (Lithobates
sylvaticus) and Green Frogs (Lithobates clamitans) in a
Constructed Vernal Pool Network in Central New York State

Ranavirus, an emerging and often lethal pathogen of
amphibians, reptiles, and fish, has been detected across
the continental United States (Duffus et al. 2015). FV3-like
ranaviruses have been reported at several locations in New York
State in larval Spotted Salamanders (Ambystoma maculatum),
Jefferson Salamanders (Ambystoma jeffersonianum), Wood
Frogs (Lithobates sylvaticus), Green Frogs (Lithobates clamitans),
Tiger Salamanders (Ambystoma tigrinum; Brunner et al. 2011;
Titus and Green 2013; Crespi et al. 2015), and Eastern Box
Turtles (Terrapene carolina carolina; Johnson et al. 2008). To
determine baseline prevalence and patterns of a disease in the
environment, systematic surveillance over multi-year periods is
necessary. Here, we report ranavirus prevalence for two species
across four years in a vernal pool array. We screened L. sylvaticus
and L. clamitans for ranavirus in both natural and constructed
woodland vernal pools to determine baseline prevalence
estimates. Lithobates sylvaticus are commonly occurring at
this study site and highly susceptible to ranavirus (Hoverman
et al. 2011). Lithobates clamitans, however, are less susceptible
to ranavirus infection, and exhibit lower mortality rates in a
laboratory setting (Hoverman et al. 2011).

In 2010, the Upper Susquehanna Coalition in collaboration
with the State University of New York College of Environmental
Science and Forestry (SUNY-ESF) constructed 71 vernal pools
in Svend O. Heiberg Memorial Forest, Onondaga County,
New York State (42.77165°N, 76.08636°W; Fig. 1). These pools
were designed in clusters of 1, 3, or 9 pools, contained within
numbered landscape hexagons, with an additional cluster—the
“microarray”—as shown in Fig. 1. From 2011-2014, all pools
containing water were each sampled approximately every four
weeks during wood frog tadpole development, for a total of
three sampling events per pool, beginning from late May to early
June, with the exception of 2013. Due to financial and logistical
constraints, sampling in 2013 only occurred in one round in July.
For all other years, earliest sampling began six to eight weeks
after wood frog egg masses were observed in pools, allowing
tadpoles to develop to at least Gosner stage 25 (Gosner 1960). A
maximum of 42 pools contained either wood frog or green frog
larvae in any given year.

Larval sampling at each interval described above was
performed according to pipe sampling protocols as described in
Werner et al. (2007), with samples spaced 1-2 m apart in pools
greater than 5 m diameter. One sample per ca. 2 m? of surface
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area were taken in smaller pools. Captured tadpoles were stored
in buckets containing water from their pool. In 2011 and 2012,
buckets were combined and 30 tadpoles randomly sampled
from the total sample population of each pool. In 2013 and 2014,
an equal number of tadpoles were randomly sampled from
each bucket until 10 (year 2013) or 30 (year 2014) individuals
were reached. If less than the target number of individuals
were sampled, all were used for further processing. All other
individuals were immediately returned to their pool of origin, and
those selected for further processing were humanely euthanized
by immersion in 70% ethanol. Proper care was taken during
sampling in all years to prevent contamination between sites by
disinfecting all equipment with 10% bleach solution. Ponds were
also visually monitored once weekly from May-August each year
with the exception of 2013, in which ponds were visited once
monthly.

Specimens were preserved in 95% ethanol and stored at
4°C for further processing. Samples from years 2011-2012
were stored together in jars per pool, as these were originally
collected simply for Gosner staging as part of a separate study
on population recovery at restored vernal pool sites (unpubl.
data). Samples from 2013-2014 were stored individually.
Ranavirus testing for2011 was originallyintended as preliminary
screening, to justify further specimen collection and screening
in subsequent years; thus, samples of only five individuals per
poolwere tested. In2012-2013, ten individuals per pool where at
least ten were captured were randomly selected for testing, to at
minimum detect ranavirus outbreaks during these years (Gray
et al. 2015). In 2014, all 30 individuals where at least 30 were
captured were used. For 2011-2013 samples, liver tissue (up to
25 mg) was extracted, immersed in cell lysis buffer and digested
with 10 pL Proteinase K. DNA was extracted and purified using a
salt extraction method (Sambrook and Russell 2001). Ranavirus
DNA was amplified by PCR using major capsid protein primers
4 and 5 in Mao et al. (1997), following thermocycling conditions
for routine PCR described in the Quick-Load® Taq 2X Master
Mix handbook (New England BioLabs® Inc.). Products were
separated via 1% agarose gel electrophoresis and visualized
with ethidium bromide. Negative and ambiguous results were
re-amplified using PCR methods as described above.

For 2014 samples, < 20 mg liver tissue was extracted,
and DNA was purified using Qiagen DNeasy® Blood and
Tissue kit according to manufacturer’s protocols for animal
tissue. Ranavirus DNA was amplified by conventional PCR
using methods described above, and negative or ambiguous
results were analyzed by quantitative PCR assay developed by
Pallister et al. (2007). Twenty-three percent of conventional
PCR negatives were declared positive by quantitative PCR.
Quantitative PCR was conducted at Cornell University Animal
Health Diagnostic Center using Applied Biosystems StepOne™
real-time PCR system and analyzed with StepOne software
v2.3. DNA extractions and cPCR were completed at SUNY ESE
PCR products from four L. sylvaticus from 2011 were purified
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Fic. 1. Aerial view of Heiberg Forest, showing location within New York State (star, map inset). Landscape was divided into 9.3-ha hexagons,
and clusters of either 1, 3, or 9 pools (blue dots) were constructed within selected hexagons. Microarray cluster (enlarged section) contained
pools with hydroperiods shorter than one month post-spring thaw (beige dots); these pools remained dry during entire summer season each
year and were not sampled. Purple dots indicate natural pool sites. Red dots indicate observed die-offs.

using Omega E.Z.N.A.® Cycle Pure Kit, and sequenced at Yale
University DNA Analysis Facility. Samples were aligned using
BioEdit v 7.2.5, and BLAST® analysis revealed 100% identity
with FrogVirus 3 isolate D1 major capsid protein gene, GenBank
accession #JQ771299.

Ranavirus prevalence, reported as total ranavirus-positive
specimens/total specimens tested during each year, per
species, ranged from 0.13-0.51 for L. sylvaticus, and 0.0-0.33 for
L. clamitans (Table 1). Recurring die-offs (visual observation of
dead tadpoles) of L. sylvaticus were observed during sampling in
onehexagon5poolinJjune2011,July2013, and July 2014 (of eight
total hexagon 5 pools containing water) (Fig. 1). A L. sylvaticus
die-off occurred in a second hexagon 5 pool in July 2013. Other
observed L. sylvaticus die-offs occurred in hexagon 11 in June
2011 (one pool of nine containing water), and the microarray
in June 2012 (one pool of 16 containing water). Subcutaneous
hemorrhaging was observed in L. sylvaticus tadpoles from one
hexagon 9 pool in July 2014 (of three containing water). No die-
offs were observed in hexagon 9 during weekly visits. Moribund
L. clamitans (erratic swimming, lethargy, skin sloughing)
and decomposing carcasses were seen in pool 5B in August
2014 (of eight hexagon 5 pools containing water). Die-offs of
L. clamitans were observed in hexagon 8 (containing a single
pool) in August 2012, and August 2013. In addition, three A.

maculatum larvae captured during sampling in July 2014 from
hexagon 5 exhibited subcutaneous hemorrhaging and extreme
lethargy, and tested positive for ranavirus via qPCR.

Lithobates clamitans has been considered as a possible
reservoir host for ranavirus (Hoverman et al. 2012), due to their
lower rates of infection and mortality (Hoverman et al. 2011)
and multi-year larval development periods. Many other species
of pool-breeding amphibians are also present in Heiberg
Forest (in order of highest to lowest observed abundance):
Spring Peepers (Pseudacris crucifer), Spotted Salamanders (A.
maculatum), American Toads (Anaxyrus americanus), Eastern
Spotted Newts (Notophthalmus viridescens), and American
Bullfrogs (L. catesbeianus). Each of these species is susceptible,
in varying degrees, to ranavirus (Green et al. 2002; Hoverman et
al. 2011; Forzan and Wood 2013; Richter et al. 2013), and further
study of infection status in these species would provide more
insight into transmission within the Heiberg system. However,
other than L. sylvaticus, L. clamitans, and A. maculatum,
no dead or moribund individuals of the Heiberg amphibian
species were observed.

With baseline prevalence greater than zero throughout the
spring and summer seasons, proper decontamination protocols
should be adhered to by both researchers and recreational users
of these forest properties. Our recommendations for continued

Herpetological Review 47(4), 2016



AMPHIBIAN AND REPTILE DISEASES

597

TasLE 1. Prevalence estimates for Wood Frog (Lithobates sylvaticus) and Green Frog (L. clamitans) populations
by year. Sample sizes are indicated. *Sampling in 2011 did not include L. clamitans. **Sampling only occurred in
July. tValues are as follows: (# ponds with observed die-offs of this species/# ponds with = 1 ranavirus-positive
specimen of this species/# ponds sampled containing this species). tPonds were not sampled during these die-

offs.
Year

2011* 2012 2013** 2014

Lithobates sylvaticus Prevalence 0.36 0.13 0.13 0.51
(N =275) (N =436) (N=101) (N=2817)
Pondst 2/20/34 1/9/22 2/7/11 1/29/32

Lithobates clamitans Prevalence NA 0.13 0 0.33
(N =60) (N=12) (N =204)
Pondst NA 1$/2/14 1$/0/3 1/15/18

surveillance include standardized screening methods and long-
term population monitoring. Other studies have suggested that
four years is not sufficient to determine population impacts
of recurrent outbreaks (Petranka et al. 2003; Earl and Gray
2014). Adult amphibians should also be included in screening
processes, as sub-lethally infected adults returning to breeding
ponds could be sources of contamination (Brunner et al. 2004).
Lithobates sylvaticus exhibits a source-sink metapopulation
structure (Peterman et al. 2013) and may remain stable or
decline at slower rates in hexagon clusters of 3 or 9 pools despite
recurrent outbreaks; therefore examining ranavirus effects on
populations in Heiberg forest could be useful for guiding future
vernal pool construction efforts.
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Presence of Ranavirus in a Created Temporary
Pool Complex in Southeastern New York, USA

Amphibian population declines have been attributed to
habitat loss, fragmentation, and degradation prompting the
protection and even creation of amphibian habitats, such
as breeding pools (Lichko and Calhoun 2003; Calhoun et al.
2014). If well-constructed, these habitats should support the
full suite of ecological interactions (Kolozsvary and Holgerson
2016), including parasitism. Viruses in the genus Ranavirus
(family Iridoviridae), for instance, are common pathogens of
pond-breeding amphibians, often leading to mass mortality
events and sometimes long-term population declines (Green
et al. 2002; Gray et al. 2009; Miller et al. 2011; Price et al. 2014;
Duffus et al. 2015). Petranka et al. (2007) and Youker-Smith et al.
(2016) have both reported that Ranavirus infections and die-offs
occur in amphibian larvae from constructed ponds, especially
in Wood Frogs (Lithobates sylvaticus) and Spotted Salamanders
(Ambystoma  maculatum), suggesting that amphibian
populations in constructed ponds are at least epidemiologically
similar to natural ponds. But such studies remain rare. Here
we document Ranavirus infections in three amphibian species
inhabiting a newly created temporary pool in southeastern New
York, USA.

Dip-net surveys for amphibian larvae were conducted
every other week in seven created temporary pools from early
May through July (or until a pool was dry) in 2013 and 2014,
as part of a larger study (pools created in 2006; see Kolozsvary
and Holgerson 2016). The ponds were embedded in a mixed-
deciduous forest intermixed with several large wetlands and
other water bodies, adjacent to the Stewart International Airport
in the towns of Newburgh and New Windsor, New York, USA (Fig.
1). On 19 June 2013, during regular sampling for water chemistry
measurements, dozens of dead or moribund amphibian larvae
were found scattered throughout created temporary pool B2
(41.494011°N, 74.122403°W; area = 275.19 m? maximum depth
=62 cm) in addition to dozens of actively swimming Wood Frog
tadpoles. Pool B2 had substrate dominated by leaf litter, downed
logs, with minimal vegetation—except for a small patch of
submerged vegetation—and clear water, and thus visibility in the
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31-36) with varying degrees of petechial lesions and edema
were collected with a dipnet. These and subsequent specimens
were euthanized with tricaine methanesulfonate (MS-222),
immediately placed on dry ice in the field, and transported to
the laboratory where they were frozen. The specimens were
then shipped to Washington State University on dry ice for virus
screening.

On 22 June 2013, we returned to pool B2 to conduct the regular
dip-net survey. We again observed dozens of Wood Frog larvae
carcasses scattered throughout the pool, but saw substantially
fewer Wood Frog larvae swimming in the pool than we had three
days earlier. During the dip-net survey (20 person minutes), we
captured only seven live Wood Frog larvae, all of which showed
varying degrees of lesions and edema. We did not conduct a dip-
net survey at the pool on 19 June, so we do not have a quantitative
comparison of relative numbers of Wood Frog larvae between
the two dates, but the difference was qualitatively striking. We
did not intend to submit additional Wood Frog larvae for testing,
so these seven larvae were released after the survey, but we did
collect two Spotted Salamander (Ambystoma maculatum) larvae,
one Spring Peeper (Pseudacris crucifer) larva, and an adult Red-
spotted Newt (Notophthalmus v. viridescens). Petechial lesions
were visible on the Spotted Salamander larvae, which were close
to metamorphosis, but not on the Spring Peeper, which was a
recent hatchling (Gosner stage < 27; note: the Spring Peeper was
not tested for ranavirus.) The newt had red, swollen hind legs,
especially proximally, where they join with the body, and thin,
red, spidery veins visible on the ventral surface of its main body.
An adult Red-spotted Newt had been seen consistently in the
pool during previous sampling occasions, although it may or
may not have been the newt we collected.

No other amphibian larvae were found in pool B2 during the
next bi-weekly sampling event (5 July 2013), which was the last
sampling event for this pool before the pool dried completely on
18 July 2013. No dead or visibly sick amphibians were observed
in any of the other six created temporary pools in the complex
throughout the sampling season.

In 2014, the same set of seven created temporary pools
was sampled and no amphibian die-offs were observed in
pool B2. However, on 25 May 2014, Wood Frog larvae with
visible petechial lesions and edema were observed in pool C1
(41.496168°N, 74.1222207°W; area = 153.78 m? maximum depth
=37 cm). Visibility in the water of pool C1 was obscured by dark
water color and areas of thick vegetation (primarily Phragmites
australis), so the extent of the die-off was difficult to assess.
Although five live Wood Frog larvae with visible signs of disease
were collected, the larvae were not properly preserved on ice and
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Fic. 1. Map showing the locations of the study sites: seven created pools adjacent to Stewart International Airport, Towns of Newburgh and

New Windsor, New York, USA.

TasLE 1. Summary of ranavirus infection documented in pooled samples of Lithobates sylvaticus and Ambystoma maculatum larvae, and one
Notophthalmus v. viridescens adult from a created temporary pool (B2) in southeastern New York, USA in 2013.

Species Common Name Date collected Stage No. collected Ranavirus isolated?
Lithobates sylvaticus Wood Frog 19 June 2013 Larvae 10 Yes
Ambystoma maculatum Spotted Salamander 22 June 2013 Larvae 2 Yes
Notophthalmus v. viridescens Red-spotted Newt 22 June 2013 Adult 1 Yes

the specimens were thus not tested. Wood Frog larvae were not
observed in pool C1 on subsequent bi-weekly sampling trips in
2014, but apparently healthy Spotted Salamander, Spring Peeper,
and Gray Treefrog (Hyla versicolor) larvae were captured in June
and healthy Gray Treefrog, Green Frog (Lithobates clamitans),
and Red-spotted Newt larvae were found there in July. In 2014,
C1 held water until approximately 20 August. No additional
amphibian die-offs were observed in any of the other created
temporary pools throughout the rest of the sampling season (end
of July 2014).

Liver and gastrointestinal tracts were dissected from the
Wood Frog larvae, salamander larvae, and adult newt, placed
in 2-mL screw cap tubes with 1.0-mm diameter silicon-carbide
sharp particles and 2% fetal bovine serum (FBS) in minimum

essential medium with Hanks salts (HMEM; HyClone, Ottawa,
Ontario, Canada), and homogenized for 60s using a Mini-
BeadBeater-16 (BioSpec Products, Bartlesville, Oklahoma, USA).
All 10 Wood Frog larvae were screened in one batch, as were the
two Spotted Salamander larvae. The homogenates were then
filtered through 0.45-pm syringe filters and inoculated onto
FHM cells in T-75 flasks (Corning, Corning, New York, USA) with
10% FBS-HMEM. When full cytopathic effects were observed in
each flask under a 100x inverted light microscope, indicating the
presence of replicating virus, the cells and media were harvested
and frozen. DNA was then extracted from the three virus
isolates using Qiagen DNeasy Blood and Tissue kit following the
manufacturer’s instructions (QIAGEN Inc, Valencia, California,
USA) and then Ranavirus DNA was amplified in triplicate 20-uL
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Tagman realtime polymerase chain reactions targeting a 70-bp
region within the major capsid protein gene (Picco and Collins
2008) to verify that the isolated virus was a ranavirus. DNA from
all three virus isolates showed clear amplification in each of the
three wells on which they were run, confirming that the isolated
viruses were ranaviruses (Table 1).

Collectively, our data suggest that a Ranaviruswasresponsible
for an amphibian die-off involving at least three species in pool
B2 in June of 2013. This is the second report of ranavirus-related
die-offs associated with created temporary pools in New York
State (Youker-Smith et al. 2016). The other created pool complex
is located in Heiberg Memorial Forest in central New York,
approximately 215 km from our study pools, where ranavirus
was detected in 13-51% of ponds and die-offs occurred in 3-18%
of ponds, depending on the year (Youker-Smith et al. 2016). Our
finding of ranavirus-related mortality in just one (~14%) of the
seven constructed pools is thus broadly consistent with their
results. Our observations suggest an additional die-off occurred
in Wood Frog larvae, but not other amphibian species in pool C1
in 2014, but this was not confirmed.

Although no statewide surveys of ranaviruses in New York
have been conducted, Ranavirus appears to occur throughout
the state. In addition to our study and that of Youker-Smith et
al. (2016), Ranavirus has been documented in several temporary
pool complexes in northern and eastern New York (Brunner et
al. 2011), and in adult Wood Frogs returning to ponds to breed
in six areas in central and eastern New York (Crespi et al. 2015).
Ranavirus was also found in a die-off of Wood Frog larvae in
James Baird State Park, Dutchess County, New York, in 2007,
and in a 2013 die-off of American Bullfrog larvae (Lithobates
catesbeianus) in a permanent fire prevention pond in Peebles
Island State Park, Albany County, New York (L. Bogan, pers.
comm.).

It is not known how Ranavirus colonizes created pools,
but unlike in natural pools, the pathogen could have been
introduced during the initial pool construction. Ranavirus might
also be introduced by researchers or monitoring personnel
moving between created pools as they traverse the property, if
they do not adhere to adequate decontamination protocols, or
from the movement of reservoir faunal species into created pools
from adjacent habitats. For example, Red-spotted Newts, which
inhabit and move between semi-permanent and permanent
wetlands, were documented at both pools B2 and C1 during
this study. While newts are generally thought to be resistant to
Ranavirus infection (Hoverman et al. 2011), they can be, and
indeed were infected with Ranavirus in our study. Wood Frog
adults are also known to harbor sublethal Ranavirus infections
(Crespi et al. 2015). Regardless of how Ranavirus moved into the
created pool complex, our observations highlight that just as in
natural pools, created amphibian-breeding pools are subject
to colonization by emerging infectious diseases and efforts
to document and monitor movement of diseases into novel
environments are warranted.
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Prevalence of Batrachochytrium dendrobatidis in Two
Sympatric Treefrog Species, Hyla cinerea and Hyla versicolor

In the past decade Batrachochytrium dendrobatidis (Bd) has
been detected in a variety of amphibian species in North America
(e.g., Bradley et al. 2002; Schlaepfer et al. 2007; Woodhams et
al. 2008; Pearl et al. 2009; Chatfield et al. 2012), which can be
devastating when a species is susceptible to the disease caused by
Bd, chytridiomycosis (Rachowicz et al. 2006; Murray et al. 2009;
Pilliod et al. 2010). The disease disrupts cutaneous function in
amphibians and negatively affects electrolyte transport through
the skin, causing mortality in some taxa (Voyles et al. 2009).

In the US, common and widespread anuran species, such as
American Bullfrogs (Lithobates catesbeianus) are often positive for
Bd, although some species usually do not exhibit clinical signs of
the disease (Garner et al. 2006; Steiner and Lehtinen 2008; Pearl et
al. 2009). Bd-reservoir species, in this regard, may lead to patterns
of higher Bd occurrences at sites with increasing species richness
(Olson et al. 2013), and recurrent infections in other species. High
Bd prevalence in common, reservoir species can pose a danger
if they co-occur with disease-susceptible species. Two common
North American treefrogs, the Green Treefrog (Hyla cinerea) and
Gray Treefrog (H. versicolor) are widely distributed, yet published
assessments of Bd in these species remain scarce. We argue that
these two species should be of particular interest given their
wide distribution across the eastern half of the United States and
co-occurrence with other species. This scenario is similar to the
western US hylid, Pacific Treefrog (Pseudacris regilla), which also
is hypothesized to be a Bd-carrier species potentially transmitting
the pathogen to new ponds and other amphibian species (Reeder
et al. 2012). However, the eastern US hylids are popular in the pet
trade, which could potentially accelerate the spread of the disease
if these commonly traded species are Bd carriers (Fisher and
Garner 2007; Schloegel et al. 2009).

The occurrence of Bd within North American hylids appears
to be relatively low, although Bd has been detected in several
species. For example, Rizkalla (2010) found no Bd among three
Hyla species in Florida, and studies conducted in Wisconsin,
Minnesota, East Texas, Louisiana, and Georgia found that all
Hyla samples were negative for Bd (Timpe et al. 2008; Rodriguez
et al. 2009; Sadinski et al. 2010; Saenz et al. 2010; Brannelly et al.
2012). However, Bd-positive individuals have been detected in
the Canyon Treefrrog (H. arenicolor), Gray Treefrog, Cope’s Gray
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Treefrog (H. chrysoscelis), and Pacific Treefrog (P, regilla) (Bradley
et al. 2002; Fellers et al. 2011; Muelleman and Montgomery
2013). The majority of Bd prevalence assessments in treefrogs
has been conducted as part of assessments of larger amphibian
communities in a particular geographic area; only one study in
the eastern US has focused specifically on treefrogs (Brannelly et
al. 2012). Consequently, sample size per study normally has been

{13

Legend
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Fic. 1. Map showing USA with Texas highlighted in black (top) and
more specifically the map of Texas with outlined counties (bottom
left). Current study was conducted at Griffith League Ranch (GLR)
in Bastrop County (highlighted in gray) and four additional counties
outlined in bold represent counties surveyed by Saenz et al. (2010),
the only other study that assessed Batrachochytrium dendrobatidis
(Bd) in treefrogs in Texas. Out of 19 ponds at GLR, we assessed ponds
1,2,5,9, and 13 where Green and Gray Treefrogs (Hyla cinereaand H.
versicolor, respectively) occur.

TaBLi 1. Green and Gray Treefrogs (Hyla cinerea and H. versicolor,
respectively), sampled for Batrachochytrium dendrobatidis (Bd)
during 2014 and 2015 field seasons in Bastrop County, Texas, USA.

Site Species No. Bd-positive/  Prevalence (%)
No. sampled
2014 2015
Pond 1 H. cinerea 0/8 0/27 0
H. versicolor 2/7 0/2 22
Pond 2 H. cinerea 0/9 0/0 0
H. versicolor 1/6 0/0 17
Pond 5 H. cinerea 0/1 0/55 0
H. versicolor 0/4 1/7 9
Pond 9 H. cinerea 0/18 0/0 0
H. versicolor 0/0 0/0 0
Pond 13  H. cinerea 0/0 0/5 0
H. versicolor 0/0 0/1 0
Total H. cinerea 0/36 0/87 0
H. versicolor 3/17 1/10 15

Herpetological Review 47(4), 2016




602 AMPHIBIAN AND REPTILE DISEASES

Fic. 2. United States map outlining the Green Treefrog (Hyla cinerea) distribution (green). Circles represent the regions where treefrogs were
surveyed for Batrachochytrium dendrobatidis (Bd) and found to be Bd-negative. To date, no Green Treefrogs have been found to be Bd-

positive.

Fic. 3. United States map outlining the Gray Treefrogs (Hyla versicolor) distribution (purple). Circles represent the regions where treefrogs
were surveyed for Batrachochytrium dendrobatidis (Bd) and found to be Bd-negative. Triangles represent the regions in which the frogs were

found to be Bd-positive.

small, ranging from 1 to 42 (mean = ~18), with the exception of
Brannelly et al. (2012; N = 258). With a small sample size, Bd may
not be detected if it occurs at low prevalence (Skerratt et al. 2007).

Texas is home to ~70 amphibian species but Bd occurrence
has not been widely studied, with the exception of studies in east
and central Texas (Gaertner et al. 2009; Saenz et al. 2010). Thus
far, Bd has not been assessed in treefrogs of central Texas, but
Saenz et al. (2010) tested treefrogs for Bd in east Texas and found
no positive samples. Central Texas is of a particular interest since

several endemic and endangered amphibian species inhabit this
region, such as several species of the salamander genus Eurycea,
and the Houston Toad (Anaxyrus houstonensis; Dixon 2013).
Previous Bd research showed 17% of Houston Toads and 83%
of the sympatric Gulf Coast Toads (Incilius nebulifer) sampled
were Bd-positive (Gaertner et al. 2010). Gaertner et al. (2012)
studied Blanchard’s Cricket Frog (Acris crepitans blanchardi)
and found 89% Bd occurrence whereas Villamizar-Gomez (2013)
tested the Houston Toad, Gulf Coast Toad, Blanchard’s Cricket
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TasLE 2. Studies that assessed Batrachochytrium dendrobatidis (Bd) prevalence in Green and Gray Treefrogs (Hyla cinerea and H. versicolor,

“w,»

respectively) across US states. “+

represents Bd-positive detections and “-” represents Bd-negative detections.

State Species +/- Citation

Florida H. cinerea - Rizkalla et al. (2009, 2010); Rothermel et al. (2008)

Georgia H. cinerea - Green and Dodd (2007); Rothermel et al. (2008); Timpe et al. (2008)
Louisiana H. cinerea - Brannelly et al. (2012)

North Carolina H. cinerea - Bd-maps.net (accessed 25 May, 2016); Rothermel et al. (2008)
South Carolina H. cinerea - Daszak et al. (2005); www.Bd-maps.net (accessed 25 May, 2016); Rothermel et al. (2008)
Texas H. cinerea Current study; Saenz et al. (2010)

Virginia H. cinerea - Pullen et al. (2010)

Connecticut H. versicolor + Richards-Hrdlicka et al. (2013)

Louisiana H. versicolor + Rothermel et al. (2008)

Illinois H. versicolor + Mulleman and Montgomery (2013)

Massachusetts H. versicolor - Longcore et al. (2007)

Maine H. versicolor Longcore et al. (2007)

Minnesota H. versicolor - Rodriguez et al. (2009)

Oklahoma H. versicolor - Bd-maps.net (accessed 25 May, 2016)

Pennsylvania H. versicolor - Glenney et al. (2010)

South Dakota H. versicolor - Brown and Kerby (2013)

Tennessee H. versicolor - Rollins et al. (2013)

Texas H. versicolor +/- Current study; Saenz et al. (2010), respectively

Virginia H. versicolor - Pullen et al. (2010)

Frog, and Hurter’s Spadefoot (Scaphiopus hurteri) in the same
region, and found 3% overall Bd occurrence and only cricket
frogs were infected. To date, there have been no clinical signs of
pathology from the disease nor mass mortalities recorded in any
of the infected species in this region.

In this study, our goals were twofold. First, we assessed Bd
occurrence in Green and Gray Treefrogs within a pond system
in central Texas. Our study site overlaps an area where bufonids
and cricket frogs previously tested positive for Bd (Gaertner
et al. 2009, 2012; Villamizar-Gomez 2013). Therefore, it is
important to assess other amphibians that inhabit the area in
order to determine which other species might be affected by
the pathogen. Second, we conducted a literature review for
studies that tested for Bd in Green and Gray Treefrogs within
the US to examine where the species distribution overlapped
with positive and negative Bd detections and identify US states
that have not been surveyed, to inform future studies of the
influence of potential Bd-carrier species.

Our study was conducted in Bastrop County, Texas, at
Griffith League Ranch owned by Boy Scouts of America (Fig.
1). The ranch lies within the Lost Pines Ecoregion, dominated
by Loblolly Pine (Pinus taeda), Post Oak (Quercus stellata),
Blackjack Oak (Quercus marilandica), and Eastern Red Cedar
(Juniperus virginiana; Brown et al. 2011). Twelve amphibian
species occur here, including the endangered Houston Toad
(Brown et al. 2011). We surveyed ponds 1, 2, 5, and 9 from March
to July 2014 and ponds 1, 5, and 13 from May to October 2015
(Fig. 1). Ponds 9 and 13 were within the burned area caused by
the 2011 Bastrop wildfire. Bd was previously detected at two
ponds in association with Blanchard’s Cricket Frog (1 and 5;
Gaertner et al. 2012).

As a part of an ongoing survey of Green and Gray Treefrogs,
we opportunistically sampled the ponds during night surveys.
In 2015, additional frogs were caught by traditional PVC pipes
(Glorioso and Waddle 2014). All frogs were captured by hand;

surveyors wore disposable vinyl gloves, changing them between
captures. Adult frogs were individually marked by toe clips and
tissue samples were placed in individual vials with 95% ethanol
for future analyses. Toe clips were stored at -80°C and used for
laboratory testing.

We extracted DNA using a DNeasy Qiagen Kit (Qiagen, USA)
and the Bd detection was assessed using a real time Tagman
qPCR assay (Boyle et al. 2004). The probe ChytrMGB2 was used
with two species-specific primers ITS1-3 Chytr and 5.8S Chytr
summarized in Boyle et al. (2004) and Garland et al. (2010). We
ran each sample in triplicate and compared them to aregression
line based on a consecutive 10-fold dilution of five standards to
determine any positive detections.

For the literature review portion of this study, we used the
Google Scholar search engine to identify any study that involved
testing Bd in Green and Gray Treefrogs. Key words included
broad terms such as “Batrachochytrium dendrobatidis”
and “Anura,” to more specific “Hyla” and “tree frogs.” We
also specifically reviewed the Amphibian Disease section of
Herpetological Review in the last 15 years and searched www.
Bd-Maps.net, an online database that includes geographic data
of published and unpublished Bd assessments with the goal of
providing an available resource for temporal and geographical
epidemiologic analyses (Olson et al. 2013). To visually present
the data we used ArcMap 10.2.2. We downloaded spatial data
layers of species distribution available through International
Union for Conservation of Nature (IUCN) and overlaid positive
and negative Bd detections.

Across our five study ponds we collected 36 Green Treefrogs
and 17 Gray Treefrogs in 2014, and 87 Green Treefrogs and
10 Gray Treefrogs in 2015 (Table 1). The majority of samples
were collected during the highest activity months for Green
Treefrogs, June and July (57 and 59, respectively). Zero of 123
Green Treefrog samples were Bd-positive. However, 4 of 27 Gray
Treefrogs tested Bd-positive. Bd occurrence in Gray Treefrogs
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varied from zero to 22% among ponds, averaging 15% overall
(Table 1). Positive samples were found in ponds 1, 2, and 5 (Fig.
1). Our literature review (Table 2) demonstrated that Bd was not
detected in Green Treefrogs in any of the seven states that were
sampled within that species’ range (Fig. 2), but was detected in
4 of 12 states (Fig. 3; Connecticut, Louisiana, Illinois, and Texas
[current study]) where Gray Treefrogs samples were analyzed.

Assessing Bd in common, widely distributed, and often
traded species is important because such species can accelerate
spread of the pathogen and pose a greater risk to more vulnerable
species. In this study, we showed with a relatively large sample
size (N = 123), that Green Treefrogs tested negative for Bd, which
is consistent with previous studies. At the same localities, we were
able to detect Bd in Gray Treefrogs with a much smaller sample
size (N = 27). What is particularly intriguing is that the Houston
Toad and Gulf Coast Toad in 2006, Blanchard’s Cricket Frogs
in 2009 and 2012, and Gray Treefrogs in 2014/2015 tested Bd-
positive at the same localities where Green Treefrogs tested Bd-
negative (Gaertner et al. 2009, 2010, 2012). Similarly, Brannelly
et al. (2012) did not find infected Green Treefrogs among 258
samples collected from the wild in Louisiana but were able to
infect Green Treefrogs in the laboratory, although they did not
subsequently show any clinical signs of the disease.

Research has shown that seasonality, temperatures, and
precipitation can have a great influence on Bd occurrence
among Anurans (Retallick et al. 2004; Pullen et al. 2010; Sapsford
et al. 2013; Xie et al. 2016). In general, prevalence is negatively
associated with high air temperatures. For example, Kriger and
Hero (2007) showed that individual frogs are capable of acquiring
Bdand clearing their infections, which was closely tied to changes
in climatic conditions. More relevant to our study, Gaertner et
al. (2009) found no infection in the month of July. In our study,
116 of 150 (77%) samples were collected in June and July, usually
the hottest months in central Texas. While those are the months
when Green Treefrogs are most active, the high air temperatures
could be responsible for no Bd detections in Green Treefrogs in
our study, and testing Green Treefrogs during the predicted high-
prevalence months in this region is of future interest. However,
Brannelly et al. (2012) collected samples year-round and Saenz et
al. (2010) collected samples from January through May and still
failed to detect Bd in this species.

In comparison, the four Bd-positive detections in Gray
Treefrogs were found in March (N = 2), May (N = 1), and June
(N = 1), and a high occurrence of ~89% for these ponds in
late spring was also found by Gaertner et al. (2009). The Gray
Treefrog breeding season usually starts earlier in the year
than the Green Treefrogs (Saenz et al. 2006) which would then
correspond with lower air temperatures. It is also worth noting
that the only ponds with no Bd infections were pond 9 and
13, the uplands of which catastrophically burned in a wildfire.
Surveying these ponds for Bd throughout the year is warranted
in order to address the hypothesis that the changes wrought by
wildfire might be contributing to the lack of Bd occurrence. Since
the Bd life cycle is closely tied to water, highly aquatic species
might be the most vulnerable (Berger et al. 2005). Given that
treefrogs spend the majority of the breeding season calling in
the surrounding vegetation and not at the pond edge, this might
provide less exposure to Bd, which could explain the generally
low occurrence.

Overall, there is no apparent pattern in the Bd distribution
across the Gray Treefrog geographic range (Fig. 3). Southern,
central, and eastern regions detected positive individuals

in recent years, but at the same time northern, eastern, and
central regions also failed to detect Bd. Filling in these gaps
and conducting research that increases the sampling effort will
help understand not only the Bd distribution in these frogs but
other factors that may influence the patterns in prevalence, such
as seasonality, latitude/longitude, elevation, as well as biotic
factors and prevalence in co-occurring species. With the fungus
being potentially transmitted among populations inhabiting
the same aquatic habitat, it is important to continue to address
Bd prevalence in different taxa and across various geographic
regions in order to identify both vector and susceptible species.
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No Occurrence of Ranaviruses in Reptiles from
Wapanocca National Wildlife Refuge in Arkansas, USA

TasLe 1. Life history and morphological characteristics of sampled turtles (mass and length are averages).

Species N Sex Mass (kg) SE Length (cm) SE
Kinosternon subrubrum 1 F 1.00 NA 70.00 NA
Chrysemys picta 5 M 0.90 0.08 124.20 12.21
Trachemys scripta 25 F 0.97 0.09 109.76 3.50
20 M 0.31 0.05 OS5 13.94
Pseudemys conccina 8 M 0.90 0.09 116.00 2.20
Apalone spinifera 1 F 1.30 NA 160.00 NA
1 M 0.40 NA 85.00 NA

Ranaviruses have been identified in reptiles and amphibians
across the United States, often leading to mass mortality events
(Gray et al. 2009; Duffus et al. 2015), but in other cases causing
persistent infections in the absence of die-offs (e.g., Johnson et
al. 2008; Greer et al. 2009). While ranavirus infections have been
documented in the Southeast, Midwest, and numerous areas
across the United States (Allender et al. 2011; Gray et al. 2012;
Goodman et al. 2013; Duffus et al. 2015), infections have not
been detected in Arkansas.

Our goal was to determine the background prevalence of
ranavirus in turtles in the Wapanocca National Wildlife Refuge
(WNWR) in eastern Arkansas. We deployed five baited hoop nets
(diameter 1 m, mesh 2.5 cm) on 10 October 2015 at a single site
in WNWR (Fig. 1) and checked them the following day. Upon
capture, we determined the species, sex, mass, and length of
each individual, and checked for any clinical signs of ranavirus
infection such as ocular discharge, dermatitis, or necrotic
oral tissue (Allender et al. 2013). In order to assess ranavirus
prevalence and species specificity, we collected a tail clip (~1.0
cm) from each turtle with a sterile razor blade, placed it in a snap-
top tube (Fisherbrand®, Cat. # 02-681-272), immediately placed
the tube on ice, and returned it to the lab within four hours of
harvesting where it was stored at 4°C (Gray et al. 2012, Goodman
et al. 2013). We used a new blade and gloves for each sample.
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To extract DNA from the tail clips, we used a DNeasy Blood
and Tissue Kit (Qiagen Inc., Valencia, CA, USA) according to the
manufacturer’s protocols. After extraction, we used real time
quantitative polymerase chain reaction (QPCR) to detect ranavi-
rus DNA following protocols described previously by Whitfield et
al. (2013). Briefly, we ran each sample in triplicate 20uL reactions
for 40 cycles of 95°C (20 s), 54°C (20 s), and 72°C (30 s) using
a StepOne Plus gPCR machine (Applied Biosystems). Each plate
included gBlock standards as a positive control and water as
negative controls.

We did not detect any clinical signs of ranavirus infections
nor was ranavirus DNA detected in any of the 61 turtles captured,
representing five species (Table 1). Assuming a perfect diagnostic
test, the upper 95% CI for prevalence was 5.9% across all species.
(Note that tail clips may have false negative rates of ~20% in
bullfrog tadpoles, although tail clips are preferred over swabs;
Gray et al. 2012; Goodman et al. 2013). Within Trachemys scripta,
the most abundant species we captured and one that is known
to be susceptible to ranavirus infection (Brenes et al. 2014), we
are 95% confident that ranavirus prevalence was <7.9%. While
the turtles at WNWR were likely not infected with ranavirus, we
cannot rule out a low prevalence of infection, which has been
found in other studies of turtles (e.g., Allender et al. 2011, 2013;

FiG 1. The location of the study site (star) in the Wapanocca National
Wildlife Refuge (inset on the right) in the town of Turrell, Arkansas
(map of counties on the left).
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Goodman et a. 2013), nor extend these conclusions to other
turtle populations within WNWR and the state of Arkansas.
Future surveys must be conducted to determine if ranavirus is
present in other parts of the state.
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Reproduction of the South American Bushmaster,
Lachesis muta (Serpentes: Viperidae), in Captivity

The genus Lachesis contains four species: L. acrochorda, L.
melanocephala, L. muta, and L. stenophrys.The penultimate taxon
is sometimes subdivided into L. m. muta and L. m. rhombeata,
but recognition of these subspecies may be questionable (Vial
and Porras-Jimenez 1967; Ripa 2001; Campbell and Lamar
2004; Fernandes et al. 2004). Species belonging to this genus,
commonly known as bushmasters, are the largest venomous
snakes in the Americas. They are found mostly in primary forest
(Campbell and Lamar 2004), and are specialized and selective
nocturnal predators, preferring small to medium-sized rodent
prey (Greene and Santana 1983; Ripa 2000, 2001; Turner et al.
2008). Moreover, they are the only vipers in the New World that
lay eggs instead of giving live birth (Vial and Porras-Jimenez
1967; Ripa 1994; Campbell and Lamar 2004).

Lachesis muta is probably the longest of all vipers, with
adults commonly exceeding 300 cm in total length. This snake
ranges in South America east of the Andes, and its elevational
distribution ranges from sea level to about 1000 m elev.
(Campbell and Lamar 2004), although Lancini (1986) reported
that in Venezuela this species may range up to 1800 m elev. In
the wild, the bushmaster's diet is generally composed of small
rodents such as the little brown rice rat (Oryzomys sp.) and spiny
rats (Proechimys sp.) (Greene 1997; Campbell and Lamar 2004).
Moreover, bushmasters employ a sit-and-wait hunting strategy,
usually along small mammal pathways (Greene and Santana
1983; Ripa 1999; Campbell and Lamar 2004; Turner et al. 2008).

Regarding its reproduction, L. muta appears to be sexually
stimulated by cold fronts and storms that trigger reproductive
behavior rather than a specific period of fertility (Boyer et al. 1989;
Souza 2007; Turner et al. 2008). This species has been reported
guarding its eggs within subterranean cavities or burrows made
by Pacas (Agouti paca) and armadillos (family Dasypodidae),
leading to speculation that parental care throughout the entire
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incubation period in this species is an important response
against predators and active mammal burrowers (Mole 1924;
Ripa 1994; Souza 2007; Turner et al. 2008; Henao Duque and
Corrales 2015).

There is a general scarcity of information available on the
breeding of Lachesis muta in captivity (Boyer et al. 1989; Souza
2007; Eisele 2009; Alves et al. 2014), and various factors may be
affecting successful captive reproduction in the species including
stress, poor body condition (i.e., dehydration, emaciation),
parasitism, and inappropriate housing, humidity levels and
substrates (Turner et al. 2008). Here we report on the successful
reproduction of L. muta in captivity, and discuss in-situ field
observations that may be relevant to its captive breeding and
management.

METHODS

This study was conducted on an adult sexual pair of 9-year-
old captive-bred L. muta maintained separately indoors at
The World of Snakes exhibit, breeding, and research center in
Alajuela, Costa Rica. The male measured 217 cm in snout-vent
length (SVL), 238 cm in total length (TL), and 4875 g, whereas the
female measured 199 cm SVL, 214 cm TL, and 3920 g.

The enclosure used in this study was constructed with a
metal frame which provided support for the asbestos sheeting
material used for the floor and ceiling, a concrete rear wall, glass
front, and galvanized dividers on the sides. The enclosure had
multiple compartments, offering the ability to house the animals
separately and in total measured 3.4 x 1.2 x 0.9 m (L x W x H).
Two plastic shelters measuring 90 x 50 x 30 cm each provided
refuge for the snakes, and several logs and rocks were provided
to facilitate ecdysis; water was supplied ad libitum. A bottom
layer of gravel allowed for drainage. Above the gravel was a thin
layer of river sand and soil to help maintain the humidity in the
terrarium; this layer was then covered by dry leaves to help with
nesting. The gravel substrate provided a barrier to the moist
underlying soil of the ground that may promote fungi, parasites
and ventral skin infections in the snakes (Corrales et al. 2014).

A temperature gradient of 21-28°C was created inside the
enclosure with a 75-W incandescent bulb that was turned on
each morning for three hours as well as a heat-pad in one corner
of the enclosure. The relative humidity inside the enclosure
ranged from 55 to 96% depending on natural environmental
fluctuations and the frequency of misting in the terrarium. Each
snake was offered a dead 90-g rat each week.
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Fic. 1. Captive reproduction of the South American Bushmaster (La-
chesis muta). A) Close-up of intromission. B) Oviposition, detailing
nest construction and maternal care.

Fic. 2. Newly hatched Lachesis muta in captivity.

REsurrs

The pair of L. muta reproduced four times between 2009 and
2014. The first oviposition occurred in 2009 when the adults were
five-years-old, resulting in a clutch of 11 eggs. In 2010, the pair
was bred again and produced a clutch of seven eggs. After a two
year span without reproduction, the pair mated again in 2013
and 2014, yielding clutches of 10 and 8 eggs, respectively (Table
1). Reproductive and incubation data were collected only in 2013
due to changes in staffing.

In early November 2012, both animals were placed together
following the simulation of a cold front in the enclosure, lowering
the temperature by removing the heater and misting twice per
week to raise the humidity. Although food was still offered weekly,
the male did not accept food during this time, resuming feeding
in February 2013; the female failed to eat on a consistent basis.

Over the first few weeks following these environmental
changes, the male’s activity increased, roaming about the
enclosure with constant tongue flicking movements; the female
remained inactive and coiled within the shelter.

On 23 November 2012, food was offered at around 1330 h
but neither snake was interested; the male defensively struck the
rat but did not consume it. One hour later (1430 h), the senior
author found the pair copulating (Fig. 1A), and the male was seen

Fic. 3. Lachesis muta neonate (L.5; see Table 2) found in Municipio
Caripe, Monagas State, Venezuela.

rubbingits head on the posterior third of the female’s outstretched
body. After approximately 50 minutes of copulation, the female
began crawling around the cage, seemingly in an effort to end
copulation, and at 1548 h, they separated from each other. No
further instances of copulation were observed. While gravid, the
female did drink water, but did not show interest in food and
remained relatively inactive until two weeks prior to oviposition,
when she began searching for a suitable nest spot.

After 95 days of gestation, 10 eggs were deposited inside the
shelter on 26 February 2013 (Fig. 1B). The shelter was removed
and the eggs were collected and transferred to a glass incubation
chamber measuring 45 x 60 x 45 cm. This chamber held 5 cm of
water at the bottom and a featured a solid platform in the center
for an elevated foam-covered tray on which the eggs were placed.
A glass lid at a 45° inclination angle facilitated condensation
buildup to drip to one end of the chamber, and a 30 x 5 cm air
vent was located on the other side. A submersible aquarium
heater inside the chamber and a heater inside the room helped
maintain an appropriate range of conditions inside the chamber,
with temperature varying between 26 and 30°C and relative
humidity ranging from 77 to 88%.
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TasLE 1. Captive reproduction data for Lachesis muta at The World of Snakes, Alajuela,

Costa Rica.
Clutch  Oviposition date  Clutch size Number hatched Incubation (days)
1 5 May 2009 11 11 No data
2 7 May2010 7 6 No data
3 26 February 2013 10 6 75
4 15 March 2014 8 Unfertile eggs No data

TasLE 2. Summary of Lachesis muta neonates collected in Municipio Caripe, Monagas State, Venezuela, from April

2011 to April 2013.

Neonate Sex Total length (cm) Date Microhabitat Umbilical mark
L1 1.0 79 26-02-2011 Dry log Scar
L.2 0.1 43 19-03-2011 Dry leaves layer Fresh with blood
L.3 0.1 54 12-06-2011 Clear understory Present and clear
L4 1.0 47 13-06-2011 Buttresses Fresh with blood
L5 0.1 40 01-02-2012 Rock formations Fresh with blood
L.6 1.0 47 04-02-2012 Buttresses Present and clear
L.7 1.0 49 15-08-2013 Rock formations Present and clear
L.8 0.1 43 20-12-2013 Rock formations Fresh with blood

On 12 May 2013, the eggs started to hatch, resulting in six live
neonates that ranged in weight from 60 to 80 g, with an average
of 74 + 8 g (Fig. 2); length measurements were not recorded. The
remaining four eggs proved to be infertile.

Discussion

During each reproductive season, female L. mutain captivity
may fast up to six months during courtship, gestation, and nest
guarding, which can lead to a loss of approximately 30% of
their overall body mass after oviposition (Ripa 1994; Ripa 1999).
In 2011 and 2012, the female in the present study did not gain
back weight that had been lost during the previous consecutive
breeding years and failed to produce eggs. This lack of egg
production may have been due to low levels of fat storage, or an
insufficient amount of mature follicles to undergo reproduction
(Rossi 2006).

A marked decrease in clutch size was observed over
consecutive breeding years (2009-2010 and 2013-2014), and
in 2014, all eggs proved to be infertile. Corrales et al. (2014)
reported that clutch size in captive L. stenophrys also decreased
over consecutive years of reproduction, and even though Eisele
(2009) did not observe such a decrease over consecutive years
in L. muta, it was determined that a non-reproductive year was
appropriate after the two clutches. Taking this potential trend
into account, it may be best to use multiple females in captive
breeding programs and alternate the females every other year to
potentially avoid declines in fecundity and egg viability.

Ripa (1994) reported a gestation period of 101 days in L.
melanocephala and L. stenophrys, which is similar to the period
reported here for L. muta. Eisele (2009) reported a mean clutch
size of 15 eggs from two clutches of L. muta eggs and a gravid
female weight of 5.4 kg; in the present study, mean clutch size
was nine eggs from four clutches, and the gravid female had a
weight of 3.92 kg in September 2013. Alves et al. (2014) reported

an average clutch size of 5.83 eggs for L. muta, and did not
observe a correlation between female SVL and clutch size.

Boyer et al. (1989) utilized an incubation temperature of 30—
31°Cfor L. mutaand reported an incubation period of 61 days. At
cooler temperatures, Souza (2007) reported an incubation period
of 74-79 days at 25°C, and Eisele (2009) reported incubation
periods of 71 and 76 days for two clutches of L. muta eggs
incubated at 25.5-27°C. The 75-day incubation period recorded
in the present study is consistent with these latter two reports,
but not that of Boyer et al. (1989), whose higher temperatures
likely contributed to a shorter incubation period. Neonates in
the present study were larger than those reported by Eisele (2009)
which averaged 67.5 and 66.7 g from two clutches, and Boyer et
al. (1989) which averaged 50 g.

Field data were opportunistically collected on a pair of
wild L. muta (male: 2.54 m TL; female: 2.32 m TL) that were
observed mating at a high elevation (up to 2100 m) by the tertiary
author in Municipio Caripe of the Monagas State, Venezuela
(10.20193°N, 63.36491°W) on 10 November 2012 (Flores, unpubl.
data). Relatively low nighttime temperatures of 14-20°C and
an absence of rain for two weeks were recorded prior to the
observed mating. Eight hatchlings were also found in this area
during various months between 2011 and 2013 (Table 2, Fig.
3). In contrast to Alves et al. (2014), who reported seasonality
in the reproductive cycle of L. muta based on examination of
preserved museum specimens, these field data might suggest
a non-seasonal reproductive pattern where mating takes place
throughout the year and is influenced by weather conditions
(i.e., low temperatures), and hatching occurs during both the
dry (December to May) and rainy (June to November) seasons
(Sédnchez 2000; Sénchez et al. 2004). From observations of
captive specimens, it seems likely that cold fronts are a potential
trigger for reproduction in this species (Boyer et al. 1989; Ripa
1994; Souza 2007; Turner et al. 2008; this study).
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TESTUDINES — TURTLES

CARRETOCHELYS INSCULPTA (Fly River Turtle). CLEANING
MUTUALISM. Cleaning mutualism is a well-known symbiotic
relationship frequently observed in the wild. This interaction
involves a cleaner, a host, and often times may take place at a
cleaning station. A cleaning event typically involves the cleaner
species removing ectoparasites from a client species (Losey et al.
1994. Copeia. 1994:684-690). The cleaner may also feed on the skin
of the host to remove mucus or diseased skin (Floeter et al. 2007.
J. Anim. Ecol. 76[1]:105-111). Cleaner species often linger around
an area known as the cleaning station, while clients approach
such a place specifically to be cleaned. Cleaners may range from
specialized fish to birds (Losey 1972. Copeia. 1972:820-833; Poulin
and Grutter 1996. Bioscience. 46[7]:512-517). Meanwhile clients
can include any species in need of ectoparasite removal, typically
a species larger than the cleaner. Cleaning mutualisms occur
among various species; however, most documented instances
occur in marine environments (Floeter et al. 2007, op. cit.).
Carettochelys insculpta is an omnivorous turtle found in
freshwater streams and rivers in the Northern Territory of
Australia and the southern part of Papua New Guinea. They have

a carapace covered with soft skin that lacks keratinized scutes.
The carapace can range from olive to black in coloration and
is counter shaded by a cream colored plastron. Carettochelys
insculpta are fully aquatic and have four flipper-like limbs
resembling the limbs of a sea turtle. They can also be identified
by their long, snorkel-like snout (Cann 1998. Australian
Freshwater Turtles. Beaumont Publishing, Singapore. 292 pp.)

A single male C. insculpta was observed over a period of
four non-consecutive days in its enclosure at the Smithsonian
National Zoo in Washington, District of Columbia, USA. The
C. insculpta was housed with a Pterygoplichthys gibbiceps
(Leopard Pleco) during the observations. Carettochelys
insculpta and P, gibbiceps do not occur naturally together in
the wild; C. insculpta is endemic to parts of Australia and New
Guinea, while P gibbiceps naturally occurs in South America.
Nonetheless, a presumably symbiotic cleaning mutualism was
regularly observed among these individuals.

The C. insculpta was often seen posing during a cleaning
event (Fig. 1A). Posing is a behavior common to clients in
cleaning mutualisms. During posing, the client species
assumes a position in anticipation of a cleaning. This position
is only assumed during a cleaning interaction (Losey 1972, op.
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Fic. 1. A) The Carettochelys insculpta seen posing during a cleaning event. B) The C. insculpta is seen with limbs stretched out and head lifted
upward. C & D) The C. insculpta can be observed lifting a portion of its plastron from the substrate as Pterygoplichthys gibbiceps moved in to
clean the area exposed underneath. E) The P, gibbiceps was observed resting on the carapace of the turtle.

cit.).The C. insculptawas observed posing for the fish five times  event (Poulin and Grutter 1996, op. cit.), which was observed
out of seven cleaning events. As seen in Fig. 1B, the limbs of multiple times. Additionally, a possible cleaning station was
the C. insculptawere stretched out and the head lifted upward, identified in the enclosure. A single branch was frequented by
a pose that has been previously observed among clients. both individuals a large percentage of the observation time.
Similarly, clients often remain motionless during a cleaning Cleaning events were often observed at this site, indicating that

Herpetological Review 47(4), 2016




this branch may very well be a cleaning station in the enclosure.
The use of this cleaning station was noted approximately
seventy five times during the observations.

A majority of the cleanings were instigated by the C. insculpta
by nudging the fish to indicate the desire for a cleaning. The C.
insculpta was also observed shifting the direction of its body,
moving limbs, or corralling the fish towards different parts of its
body. When the turtle would shift positions or move its limbs this
resulted in the fish cleaning those areas that were adjusted. In
Fig. 1C and Fig. 1D, the turtle can be observed lifting a portion of
its plastron from the substrate and P, gibbiceps having moved in
to clean the area exposed underneath the turtle. The P, gibbiceps
was observed cleaning the carapace, plastron, limbs, neck, chin,
head, and around the cloaca during most cleaning events.

Interestingly, the P gibbiceps was observed on several
occasions simply resting on the turtle, either on a limb or the
shell (Fig. 1E). This resting behavior was observed a total of
ten times throughout the observational periods; both during a
cleaning event and when no cleaning event was in progress. The
reason for this behavior is unclear; this likely does not constitute
cleaning behavior, but it is an interesting aspect of the possible
symbiotic relationship between these individuals.

The observation period ended when the P gibbiceps was
found dead in the enclosure. It is unknown whether the C.
insculpta decided to consume the P gibbiceps or whether it died
of another cause. It is well known that cheating clients exist in
seemingly symbiotic relationships. A cheating client will take
advantage of the cleaner by consuming it (Poulin and Grutter
1996, op. cit). The C. insculpta was not observed killing the P
gibbiceps, however the turtle was observed consuming parts of
the fish after it had died. The P, gibbiceps may have already died
before consumption by the turtle. It is unclear what occurred.
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It is necessary to speculate why this cleaning mutualism
occurred since C. insculpta and P, gibbiceps do not live together
in the wild. There are several species of fish that may fill the
same niche as P, gibbiceps would that inhabit the Fly-Strickland
river system in New Guinea where C. insculptais found (Roberts
1978. Smithsonian Contrib. to Zoo. 281). However, there has not
yet been a documented cleaning mutualism between fish and C.
inscupltain the wild.

An alternate or additional explanation for this cleaning
mutualism is simply the desire of this C. insculptato be cleaned.
It is well known that C. insculptais a host to ectoparasites found
on its skin (Saumure and Doody 2000. Herpetol. Rev. 31[4]:237-
238). It is possible that the turtle’s need to be cleaned stems
from this natural tendency to get rid of these ectoparasites. This
may explain why the turtle initiated the majority of the cleaning
events.

Because cleaning mutualisms have been known to occur
among different species in captivity (Poulin and Grutter 1996,
op. cit), it is possible that a cleaning mutualism will also occur
with another individual of P gibbiceps. Further study will be
needed to determine if the relationship observed between these
two individuals is specific to them or if the same relationship
will result with a different fish. In the future P gibbiceps or
another cleaner fish from within the same range of C. insculpta
should be placed in the enclosure. The individuals should be
observed in the same manner as above. Initial interactions and
characteristics such as presence of a cleaning station and client
posing should be noted in the observations.

ALESSANDRA CHIOTTI and MATT NEFF, Department of Herpetol-
ogy, Smithsonian National Zoological Park, Washington, DC 20008, USA
(e-mail: neffm@si.edu)
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Restoring and Enhancing Eastern Hellbender
(Cryptobranchus alleganiensis) Habitat through
the Placement of Flagstone Cover Rocks

The Eastern Hellbender (Cryptobranchus alleganiensis) is
recognized as a High Priority Species of Greatest Conservation
Need by the New York State Department of Environmental
Conservation (DEC) (NYSDEC 2015) due to declining
population sizes in the only two watersheds where it occurs
(Foster et al. 2009; NYSDEC 2015). In addition, Eastern
Hellbenders have been listed as a Species of Special Concern
in New York since 1983 and hellbenders are widely believed to
be declining throughout much of their range (Nickerson and
Mays 1973; Trauth et al. 1992; Wheeler et al. 2003; Briggler et al.
2007; NYSDEC 2015). In New York’s Allegheny River Watershed
(ARW), a 2004-2005 re-survey of previously studied sites
indicated an average of 40% reduction of adult hellbenders over
all of the sites surveyed during 1983-1985 and 1988 (Foster et
al. 2009). In addition, hellbenders were no longer found within
two previously inhabited sites. These surveys also showed that
hellbender populations were largely comprised of older adult
animals and that the lack of recruitment of juveniles to the
adult stage may be a reason for the decline.

Degradation and loss of habitat are suspected as a cause of
hellbender population declines that may affect juvenile survival
and recruitment (NYSDEC 2015). Most stream substrates in the
Allegheny River Watershed (ARW) in New York are developed
from glacial outwash gravels or lacustrine silt and clay deposits
(NYSDEC 2007 and NRCS 2016). Where large rocks are present,
streambeds are eroding valley walls and depositing new, large,
clean rocks into the system. However, armoring of stream
and river shorelines as well as stream relocation has removed
habitat and prevented erosion and natural deposition of rocks
into streams at many locations. Streambeds with numerous
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large, flat rocks present in the substrate are uncommon and
existing streambed rocks can become embedded over time by
gravel and silt deposition.

To address hellbender population decline, two New York
State agencies, the New York State Department of Transportation
(DOT) and DEC began a joint project to restore and enhance
hellbender habitat and its continuity in the Allegheny River
Watershed in 2010. The project involved placing large, flat cover
rocks, or “flagstone,” at several selected sites throughout the
ARW. This action complemented a hellbender captive-rearing
and release effort started in 2009 by DEC and the Buffalo Zoo
with the collection of hellbender eggs from the ARW. The
sites where rocks were placed would be used as future release
locations for a portion of the captive-reared hellbenders. Placed
rocks would also be available to wild hellbenders in the ARW,
especially if rocks were placed to enhance habitat at sites where
wild hellbenders were present. We proposed that the placement
of additional rocks would provide shelter for captive-reared
and wild hellbenders and the number of hellbenders at rock
placement sites would increase over time. We examined the
effectiveness of this restoration effort by comparing the number
of captures of hellbenders before and after supplemental rock

Fic. 1. Skid steer hauling flagstone cover rocks down to enhancement
site where they were hand placed.
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Fic. 2: Recently placed flagstone cover rocks.
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Fic. 3. Size class distribution for hellbenders captured at two sur-
veyed sites before and after rock placement.

placement at two sites where hellbender surveys had been
previously completed.

METHODS

Flat quarried flagstone rocks, with a minimum dimension of
51 cm x 51 cm and a thickness of 5-10 cm were placed at 12 sites
within four hellbender-inhabited streams. Half of these rocks
were greater than or equal to 91 x 91 cm. In total, 31 pallets of
flagstone, or 62 tons, were placed.

Rocks were delivered to streams by a small skid steer loader
with tracks to haul pallets to installation stations (Fig. 1). Rocks
were then carefully unloaded and placed by hand. In a few
instances, large rocks broke during transport and the smaller
pieces were also placed in the streams. A depression to provide
space for future hellbender use was first created in the streambed
by kicking gravel and substrate aside before final positioning of
each rock over the depression. Approximately 353 m? of flagstone
was placed in the ARW. Rocks were placed in or as close to the
thalweg (deepest part of channel, where water flow is fastest)
as possible to reduce future embedding by sedimentation.

CONSERVATION 615

Flagstone was installed in the summer and fall of 2010 through
2013 (Fig. 2).

Beginning with the collection of wild hellbender eggs in
October 2009, Eastern Hellbenders were captive-reared from
eggs at the Buffalo Zoo and several assisting zoos for later
release throughout the ARW. All captive-raised hellbenders were
implanted with a passive integrated transponder (PIT) (Gibbons
and Andrews 2004), which identified individual hellbenders as
well as made a distinction between wild-hatched and those that
were raised in captivity from eggs. Rock-lifting surveys and capture
techniques (Taber et.al 1975; Peterson 1987; Nickerson and Krysko
2003) were previously conducted in 2004 and 2005 to estimate
hellbender numbers within the ARW (Foster et al. 2009). These
surveys included two of our rock placement sites. We conducted
rock-lifting surveys in 2014 and 2016 to measure hellbender use of
these two sites after our rock placement treatment, using the same
survey and capture methods as Foster et al. (2009). Demographic
data (snout-vent length, total length, weight and sex) were
collected from all individuals captured and each was implanted
with a PIT tag.

For two survey sites (Allegheny 1 and Allegheny 2), a t-test for
two independent samples with equal variance (Lowry 2016) was
used to compare the total numbers of individual hellbenders
captured pre-rock placement during three surveys in 2005, to the
total number of individuals captured post-rock placement during
three surveys in 2014 and 2016. The sites were paired based on
surveys completed.

REesurrs

In total, 12 sites received placed rock and captive-reared
hellbenders, but thorough rock-lifting surveys have not been
completed at all of these sites. Lifting of placed rock during
monitoring of captive-reared hellbenders revealed that they used
these rocks for at least one year at four of the 12 enhanced rock
sites. Wild hellbenders were observed under placed rocks at four
enhanced rock sites. In addition to hellbenders, Mudpuppies
(Necturus maculosus) and fish such as darters (Percidae) and
minnows (Cyprinidae) were also frequently observed under
placed rocks. We report here the results of thorough surveys we
conducted at two sites where rock-lifting surveys had been done
by Foster et al. (2009) prior to our rock placement. Post rock
placement, Allegheny 1 contained 77 additional large cover rocks,
= 60 cm in diameter, within its 112-m length and Allegheny 2
contained 38 additional large cover rocks within 105 m of stream.

A total of 55 captive-reared hellbenders were released at the
Allegheny 1 site and a total of 31 were released at the Allegheny
2 site in 2011, 2012, and 2013. However, no captive-reared
hellbenders were encountered at these two sites during any of
our post-rock placement surveys conducted in 2014 and 2016. Yet,
wild hellbenders were found to occupy the sites with many being
encountered under placed rock (Table 1). We observed an increase
in the number of wild hellbenders captured at both of these sites
during our surveys in 2014 and 2016 compared to the 2005 surveys.
A t-test for two independent samples with equal variance shows a
significant difference (P < 0.05), where P = 0.05 for comparison of
number of hellbenders captured before and after rock placement.

We used total length measurements to provide a measure of
size class distribution of hellbenders captured during our 2014
and 2016 surveys (Foster et al. 2009). We compared size class
distributions observed at both sites during pre- (2004, 2005) and
post-rock placement (2014, 2016) surveys (Fig. 3). We observed
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Taste 1. Number of wild hellbenders caught during rock lifting surveys at two Allegheny River watershed sites

pre-rock and post-rock placement.

Rock placement Survey # # of individuals Year rock # of individuals
site (year) caught pre- placement caught post-
survey placement placement

Allegheny 1 1 (2004) 2010, 2011

Allegheny 1 2 (2005) 5

Allegheny 1 3 (2005) 5

Allegheny 1 4 (2016) 31*
Allegheny 2 1 (2004) 0 2010, 2013

Allegheny 2 2 (2004) 0

Allegheny 2 3 (2005) 0*

Allegheny 2 4 (2005) &

Allegheny 2 5(2014) 13*
Allegheny?2 6 (2014) 10*

*Indicated data used in t-test for two independent samples with equal variance analysis.

Fic. 4. Underwater entrance to active hellbender nest established
beneath imported flagstone cover rock.

several size classes during our surveys including larvae and
many young individuals. During 2014 rock-lifting surveys, one
hellbender nest was found under a rock placed in 2011 (Fig. 4).

Discussion

Placed flagstone rocks provide suitable habitat for both
captive-reared and wild-born hellbenders. We recognized,
however, that placed rocks needed to remain physically
available for use by hellbenders. We observed some burial of
placed rock; especially if it was located at the inside bend of
stream sites, where some placed rocks were buried by newly
deposited sediment. We relocated some of the nearly buried
rock into the thalweg of the stream and this alleviated the
problem. We also observed that many of the depressions we
had created under newly placed rock filled in with fine silt if
they were not occupied by a hellbender, but when hellbenders
were using the man-made depressions they were relatively
clear of silt.

Captive-reared hellbenders were observed using the placed
flagstone after release and have become established at four

enhanced and previously unoccupied sites. We were
disappointed by the unexpectedly low success rate of captive-
reared hellbenders establishing at only four of 12 rock
placement sites. However, a subsequent monitoring study
of caged hellbenders at the Allegheny 2 site revealed that all
captive-reared and caged hellbenders (N = 5) placed there died
within several weeks. Pre- and post-mortem examination of
these individuals revealed evidence of chytridiomychosis from
infection with Batrachochytrium dendrobatidis (Bd) (NYSDEC
2014). We believe that at both the Allegheny 1 and Allegheny 2
sites, our captive-reared hellbenders failed to establish because
of their susceptibility to Bd and subsequent mortality, and not
because of deficient habitat quality of the placed rocks.
Although the rock placement effort targeted release sites
for captive-reared hellbenders, resident wild hellbenders used
the placed flagstones to a greater extent. Our data show a
significant increase in the number of wild hellbenders at each
of the two sites after rock placement. We believe this represents
an increase in hellbender numbers in these locations due to
recruitment and/or migration and not due to any change in
survey method or detection bias. Our search methods were
the same as those used in the 2005 surveys and all surveys,
including those in 2005, were completed during periods of low
stream flows, which maximize detection of hellbenders.
Additionally, careful examination of the size class information
from pre- and post-rock placement surveys (Fig. 3) suggests that
some of the larger hellbenders are migrants from other sites.
During the 2016 survey of the Allegheny 1 site, we did not capture
any hellbenders of the larger size classes (> 30 cm) pit-tagged by
Foster et al. (2009) in their 2004 and 2005 surveys. Tag loss could
account for non-detection of previously tagged hellbenders
but should be negligible. Tag retention in our captive-reared
hellbenders (N = 421) observed during periods ranging from
71 days to 3.5 years prior to release has been 99.3%. We did,
however, capture 29 untagged hellbenders in three size classes >
30 cm in total length. This is 25 more than the four juveniles (< 30
cm) Foster et al. (2009) encountered and did not tag. We believe
that at least some of these additional larger hellbenders are
migrants. It is unlikely that larval or small juvenile hellbenders
could have reached the two largest size classes (> 40 cm) in the
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11-year interval between surveys due to described slower growth
rates for hellbenders approaching these larger size classes (Taber
et al. 1975; Peterson et al. 1988; Horchler 2010).

At the Allegheny 2 site, we captured 12 hellbenders in two size
classes > 30 cm in total length. This is 7 more than the 5 juveniles
captured by Foster et al. (2009) and could have been present as
mature individuals during the 2016 survey. Here, also, we do not
believe that onsite reproduction produced the hellbenders we
observed in at least the largest size class during the nine-year
interval between surveys.

Both the Allegheny 1 and Allegheny 2 sites are located
downstream of additional known hellbender population
sites, 0.92 km and 2 km (measured along the stream course),
respectively, which could have provided a source of migrant
hellbenders. We believe that the placement of cover rocks at these
two sites facilitated the establishment of migrating hellbenders.
Prior to our rock placement treatments the substrate at these
sites was mostly gravel with occasional flat cover rocks ranging
in diameter from 30 to 60 cm, but with few (29 at Allegheny 1 and
16 at Allegheny 2) large cover rocks 60 cm or larger in diameter.
Post rock placement, Allegheny 1 contained 106 total large cover
rocks and Allegheny 2 contained 54. This represents an increase
of just over three times as many cover rocks available for resident
and migrating hellbenders.

We interpret the increase in numbers of hellbenders using
rocks at our study sites as a true measure of population growth
at these sites and not the result of improved ease of hellbender
detection during surveys. The study sites lacked inaccessible
areas such as deep pools, bank holes, or dense submergent
vegetation where hellbenders could potentially avoid detection
during surveys. Robin Foster (pers. comm.) indicated she did
not feel she missed detecting hellbenders there during the 2004
and 2005 surveys. We have also seen an increase in hellbender
populations at placed rock sites that did not previously support
hellbenders. At a different rock placement site not part of this
study, ten wild hellbenders < 30 cm were recently captured. Pre-
rock placement, this site did not have suitable cover habitat for
hellbenders.

In conclusion, placement of flagstone rocks is an effective
tool for enhancing hellbender habitat where suitable cover rocks
are scarce or absent. Adding suitable rocks can create, restore,
and enhance habitat, improve habitat continuity, provide nest
sites to facilitate future recruitment, and increase the local
distribution of hellbenders. Additionally, placed rocks provided
habitat for Mudpuppies and fish such as darters and minnows.
Placing flagstone rocks for habitat enhancement was shown to
increase hellbender populations at the locations in this study.
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man, Peter Iacono, Mark Kandel; Region 5 NYSDOT Staff: David
Tackley Jr., Michael Thompson, Bill Moll, Heather Horth, Sylvia
Jones, Kimberly Lorenz, and Shelah LaDuc. Funding for the captive-
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Right Snake, Wrong Lake: Louis Agassiz’s 1848 Eastern
Massasauga (Sistrurus catenatus) Specimen

In 2009 during a visit to Cornell University’s Archives, Kraig
Adler showed me a reference to Louis Agassiz collecting a rattle-
snake specimen in 1848 while on an expedition to the Lake Su-
perior region in the Upper Midwest of the U.S. Later, I became
aware of the collecting location error transmitted through the
scientific literature for 166 years. A discussion follows detailing
how the locational error probably occurred and how Agassiz’s
voucher specimen (MCZ R-388) has now been validated against
his description in the 1850 report, therefore allowing for a cor-
rected collection location.

ExpEDITION

Swiss-born Louis Agassiz came to the United States from Eu-
rope in 1846 and accepted a professorship at Harvard University
where he taught until his death in 1873. The Museum of Com-
parative Zoology (MCZ), which he promoted, was established in
1859.

Two years after being at Harvard, he mounted an expedition
to Lake Superior from 15 June to the end of August, 1848. The
results of this trip were subsequently published (Agassiz 1850).
On the northbound leg of the trip, Agassiz collected an Eastern
Massasauga (Sistrurus catenatus) on 22 June 1848 and made a
two-page detailed description accompanied with a lithographed
illustration of the specimen done by Antonine Sonrel (Fig. 1).
Agassiz (1850:382) stated: “The specimen was caught on the
southern extremity of Lake Huron.” Agassiz (1850:22) reported:
“June 22. We entered Lake Huron about breakfast time. . . Land
in sight on the left all day, except in crossing Saginaw Bay. On en-
tering Lake Huron, we began to feel that we were getting into an-
other region. Canoes of Indians about; the weather cool morning
and evening, and the vegetation northerly, the pine family hav-
ing a decided preponderance in the landscape.”

Most LIKELY COLLECTING SCENARIO

The most likely scenario involving the collecting event was that
the ship anchored offshore and the party canoed into the beach.
There they made a fire and had breakfast. This new landscape of

THOMAS F. BEAUVAIS
PO Box 130137, Ann Arbor, Michigan 48113, USA
e-mail: linnean@fastmail.fm

conifers gave the party a chance to whet their scientific curiosity.
At some point they encountered the massasauga probably at the
edge of the treeline and swales.

REPORTS OF MASSASAUGAS IN ST. CLAIR COUNTY

Agassiz’s location as the “southern extremity of Lake Huron”
places it in St. Clair County, Michigan, north of Port Huron. For
this county there are two historical references from newspapers:
1) Kalamazoo Daily Telegraph June 16, 1886: “A massasauga was
one of the recent sights on Main street, Marine City.” 2) Jackson
Citizen Patriot Aug 12, 1896: “Mrs. Stephen Hart, of Berville [Ber-
lin Twp], was bitten by a rattlesnake while hunting eggs. She is
not expected to live.”

MassasauGA HABITAT IN ST. CLAIR COUNTY

Albert and Comer (2008) show pre-settlement wetlands
along the Lake Huron shore north of present-day Port Huron.
Two areas of cedar swamp can be seen with an area of tamarack
swamp. The former cedar swamp areas are currently shown by
low depressions behind the shoreline beach ridges along with
several drains (US Geological Lakeport Sheet 1961). These wet-
lands were massasauga habitat.

NoO RATTLESNAKES IN MICHIGAN’S UPPER PENINSULA PROPER

In 25 years of compiling a dataset on the historical occur-
rences of the Eastern Massasauga in the Great Lakes area and in
the Midwest, I have found no reports or evidence of the snake’s
presence from newspapers, county and township histories, ele-
ment occurrence reports, and institutional voucher specimens.
Likewise, there is no discussion of the snake’s presence in the
Upper Peninsula proper in the scientific literature and in popu-
lar field guides for amphibians and reptiles.

Mackinac County is considered part of the Upper Penin-
sula and has massasauga records, although none in the Upper
Peninsula north of the Straits of Mackinac. The county’s mas-
sasauga records are from Bois Blanc Island, south of the straits
and offshore from the Lower Peninsula’s Cheboygan County. The
Ironwood newspaper from the Upper Peninsula has historically
reported rattlesnake occurrences but all of those reports are for
Michigan’s Lower Peninsula. If there had been rattlesnakes in
the Upper Peninsula, the lumberjacks, miners, railroad crews,
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conservation crews, fisheries biologists, botanists, hikers, and
campers would have encountered them at some point and these
observations would have been documented.

GENERAL LocaTioN

Agassiz (1850: 380, 382) reported on frogs “caught in vari-
ous localities along the northern shores of Lake Superior,” and
snakes and frogs “occurring about Lake Superior.” The terms
“northern shores” and “about” are general locality descriptions
whereas “southern extremity” is more restricted.

RESTRICTED LocATION

Agassiz referred to the “southern extremity of Lake Hu-
ron.” In Merriam-Webster’s Collegiate Dictionary 11" ed. (Mish
et al. 2008) the first definition of “extremity” is “the farthest or
most remote part, section, or point (the island’s westernmost).”
Therefore, the “southern extremity” of Lake Huron would be in
St. Clair County. Because it is not known precisely where they
landed in St. Clair County, a reasonable georeference point on
the Lake Huron shore would be at the midpoint between the very
southern edge of the lake, just north of the Bluewater Bridge at
Port Huron and the northern boundary of St. Clair County. This
would be near Lakeport at 43.083597°N, 82.469508°W (NAD 83;
179 m elev.), ca. 10 km (6.2 mi.) north of Port Huron.

CHAIN OF CONFUSION LISTING LAKE SUPERIOR AS COLLECTING LOCATION

The Museum of Comparative Zoology online catalog shows
an image of page 16 of the original accession ledger with speci-
men R-388: “Crotalophorus tergeminus, Holbr., collected by Prof.
L. Agassiz with the locality of Lake Superior.” The problem starts
here, for Agassiz collected only one massasauga specimen and
there is only one specimen in the accession ledger with the loca-
tion as “Lake Superior,” and the collector as “Prof. L. Agassiz.”

Agassiz’s report (1850) contains several references to Lake Su-
perior which may have confused readers: 1) the report title “Lake
Superior Its Physical Character, Vegetation, and Animals...;” 2)
the content listing on p. ix for Chapter VII is titled, “Description
of Some New Species of Reptiles From the Region of Lake Supe-
rior,” and this title also appears at the top of p. 378, the beginning
of Chapter VII; 3) the top of each verso-facing page reads “Lake
Superior;” 4) the top of each recto-facing page from pp. 379-382
reads “Reptiles of Lake Superior;” 5) at the top of pages where
Agassiz describes the specimen caught “on the southern extrem-
ity of Lake Huron,” p. 381 reads “Reptiles of Lake Superior,” and
p. 382 reads “Lake Superior.” Given all these references to Lake
Superior, the person filling out the entry on p. 16 of the acces-
sion ledger may not have noticed the sentence on line eight of
p- 382: “The specimen was caught on the southern extremity of
Lake Huron.”

The following is a chronological listing of the misleading cita-
tions from the herpetological literature.

1) Baird and Girard (1853:14) “Crotalophorus. .. AGASS. Lake
Sup. 1850.”

2) Garman (1883:176) “Crotalophorus sp. Agassiz, 1850, Lake
Superior.”

3) Stejneger (1895:412) “1850 Crotaphorus, sp., AGASSIZ,
Lake Superior.”

4) Cope (1900:1144) “Crotalophorus tergeminus...AGAS-
S1Z, Lake Superior, 1850.” Cope then lists the erroneous Lake
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Fic. 2. MCZ R-388 Ventral view showing three divided posterior sub-
caudal scales and rattle segments.

Lt ia il

Fic. 3. Plate 6 (Agassiz 1850) Lithograph ventral view showing three
divided posterior sub-caudal scales and rattle segments.

Fic. 4. MCZ R-388 showing dorsal surface.
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Superior location again on p. 1146 under Sistrurus catenatus cat-
enatus Rafinesque as: “Crotalophorus AGASSIZ, Lake Superior, p.
176.” Clearly this is in error given that p. 176 contains a listing of
botanical species. Cope must have confused this with p. 176 in
Garman (1883).

5) Gloyd (1940:45) “1850 Crotophorus sp. AGASSIZ, Lake
Superior.” Later, under locality records, Gloyd (1940:51) makes
a contradictory statement by lumping Lake Superior and Lake
Huron: “No definite locality: ‘Lake Superior’ [southern extremity
of Lake Huron] MCZ 5468.” Gloyd cites MCZ 5468 as a referred
specimen but the MCZ accession logbook lists only the general
locality of “Northern Michigan” and there is no mention of “Lake
Superior.” Currently, MCZ R-5468 is listed on the MCZ database
as Sistrurus catenatus catenatus and the location as “Northern
Michigan” with a georeference from Berkeley Mapper making a
centroidal dot in the middle of the Upper Peninsula.

Although Ruthven et al. (1928:129) cited Baird and Girard
(1853: Grosse Isle), Cope (New Buffalo: 1900), and Stejneger
(1895: the state) for Michigan occurrence, they did not include
the above referenced “Agassiz” and “Lake Superior” citations.
The absence of these citations from Ruthven’s definitive treat-
ment of Michigan’s herpetofauna is puzzling. Yet, Ruthven et al.
(1928:129) placed a centroidal closed circle in the Upper Pen-
insula proper for Mackinac County to indicate the occurrence
of Sistrurus catenatus. Apparently, that circle was intended for
Creaser’s (1928:369) Bois Blanc island specimen,which, although
technically in Mackinac County, was on an island offshore from
nearby Cheboygan County in the lower peninsula. Thus, a gen-
eral readership, unaware of the Creaser specimen and viewing
the map, would conclude that rattlesnakes were present in the
Upper Peninsula proper.

There is only one specimen listed in the MCZ accession log-
book from “Lake Superior,” and collected by “Prof. L. Agassiz.”
Therefore, MCZ R-388 is the strongest candidate to match the
specimen described by Agassiz. If this specimen was indeed the
one Agassiz collected and described in detail and accompanied
by alithograh (Fig. 1), then the location would have been St. Clair
County, Michigan (“southern extremity of Lake Huron”), with a
collection date of 22 June 1848.

MORPHOLOGICAL ANALYSIS OF HARVARD'S MCZ R-388 SPECIMEN

Gregory Schneider and I examined MCZ R-388, and deter-
mined that this specimen was indeed a complete match for the
snake described in detail by Agassiz. We based this on the follow-
ing: rattle segments (five rattles, no button) (Figs. 2, 3), 30 dorsal
blotches, five tail bands (Fig. 4), 28 sub-caudal scales (three of
which were bilobed) (Figs. 2, 3), 132 ventrals (vs. 130 reported by
Agassiz), head length 1 1/4 in., tail length 3 5/8 in., the “overall”
26 in. (snout-vent) length. Independent of Agassiz’s description,
sex was determined by a previous tail dissection to be a male 2-3

years old based on the complete rattle string of five segments.
Thus, the specimen was determined to be the one described in
Agassiz’s report, and from the location stated: “southern extrem-
ity of Lake Huron” placing it in St. Clair County.

Based on a dataset of 1036 institutional voucher specimens
and 100 other specimens (private collections and donations to
high schools), MCZ R-388 is the oldest Eastern Massasauga mu-
seum specimen from Michigan and the third oldest from east of
the Mississippi river.

This is a new county record for St. Clair County and extends
the range of the Eastern Massasauga in Michigan from the
present record in Macomb Co. (UMMZ 125427: 42.776860°N,
83.067410°W), 36.45 miles to the east.

Acknowledgments—I thank José Rosado (Museum of Compara-
tive Zoology) for specimen loan, Gregory Schneider (University of
Michigan Museum of Zoology) for assistance in the morphological
analysis of the specimen, and Kraig Adler for bringing Louis Agassiz’s
1850 report to my attention. All original photography is © President
and Fellows of Harvard College.
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CAUDATA — SALAMANDERS

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). USA:
WISCONSIN: MaratHon Co.: Plover River Woods State Natural
Area, Town of Plover; T29N, R10E, S22 (44.97329°N, 89.27814°W;
WGS 84). 15 May 2016. N. G. Schiltz and J. M. Lorch. Verified by
Josh Kapfer and Erik Wild. Milwaukee Public Museum (MPM
VZP844a, b; photo voucher). New county record. Fills the gap
in the known range of this species in Wisconsin (Casper 1996.
Geographic Distributions of the Amphibians and Reptiles of
Wisconsin. Milwaukee Public Museum, Milwaukee, Wisconsin.
87 pp.; Casper 1997. Herpetol. Rev. 28:214-216; Casper 1999.
Herpetol. Rev. 30:181-182). Specimen was found within a rotting
log on the southside of the river. One additional eft was found at
the site (not photographed). Surrounding habitat was primarily
northern mesic forest with rich soils (associated plant species
observed include Dicentra sp. and Podophyllum sp.) with an
adjacent White Cedar (Thuja occidentalis) stand along stream.

NICHOLAS G. SCHILTZ, 25 Autumnwood Circle, Madison, Wisconsin
53719, USA; JEFFREY M. LORCH, University of Wisconsin-Madison,
Madison, Wisconsin 53706, USA (e-mail: jmlorch@wisc.edu).

PLETHODON CINEREUS (Eastern Red-backed Salamander).
USA: WISCONSIN: Pepin Co.: Maiden Rock Bluff State Natural
Area; E of Hwy 35, ca. 1.6 mi N of jct with County Road J
(44.49847°N, 92.28464°W; WGS 84). 3 May 2016. Erik R. Wild.
Verified by Joshua M. Kapfer. Milwaukee Public Museum (MPM
VZP 849a, 849b; photo voucher). New county record extending
known distribution westward deep into the driftless area to
ca. 100 m from the Mississippi River (Casper 1996. Geographic
Distributions of the Amphibians and Reptiles of Wisconsin.
Milwaukee Public Museum, Milwaukee, Wisconsin. 87 pp.).

ERIK R. WILD, Department of Biology & UWSP Museum of Natural
History, University of Wisconsin-Stevens Point, Stevens Point, Wisconsin
54481, USA; e-mail: ewild@uwsp.edu.

PLETHODON GLUTINOSUS (Northern Slimy Salamander).
USA: OHIO: Deraware Co.: 360 m W of Harlem Rd in Galena, Ohio;
9.0 km NE of Westerville, Ohio (40.17841°N, 82.84786°W; WGS
84). 24 May 2016. William E. Peterman. Verified by Christopher A.
Phillips. Illinois Natural History Survey (INHS 23830). The observed
individual was a mature female with ova visible, found under a
50 cm x 60 cm rock at the base of a steep, rock-covered, south-
facing slope, ca. 9 m from a stream. A photo was taken and has
been accessioned with INHS (INHS 2016e). This was confirmed as
a new county record based on township-level distribution records
reported by Pfingsten (2013. In Pfingsten et al. [eds.], Amphibians
of Ohio, pp. 369-377. Ohio Biological Survey, Columbus, Ohio).
This observation occurred during research activities approved
under Ohio Scientific Collector’s Permit 19-077 issued to WEP.

WILLIAM E. PETERMAN, School of Environment and Natural
Resources, The Ohio State University, 2021 Coffey Rd, 210 Kottman Hall,
Columbus, Ohio 43210, USA; e-mail: peterman.73@osu.edu.

PLETHODON GLUTINOSUS (NorthernSlimySalamander). USA:
OHIO: FrankuiN Co.: Blendon Woods Metro Park: (40.07421°N,
82.87534°W; WGS 84). 23 May 2016. William E. Peterman and
Andrew Wilk. Verified by Christopher A. Phillips. Illinois Natural
History Survey (INHS 23830). The observed individual was a
mature male with a prominent mental glad, found under a 30
cm x 30 cm rock midway up a north-facing slope, ca. 15 meters
from a stream. A photo was taken and has been accessioned
with INHS (INHS 2016d). This was confirmed as a new county
record based on township-level distribution records reported by
Pfingsten (2013. In Pfingsten et al. [eds.], Amphibians of Ohio,
pp- 369-377. Ohio Biological Survey, Columbus, Ohio). This
observation occurred during research activities approved under
Ohio Scientific Collector’s Permit 19-077 issued to William E.
Peterman.

WILLIAM E. PETERMAN (e-mail: peterman.73@osu.edu) and AN-
DREW WILK, School of Environment and Natural Resources, The Ohio
State University, 2021 Coffey Rd, 210 Kottman Hall, Columbus, Ohio 43210,
USA (e-mail: wilk.34@buckeyemail.osu.edu).

PSEUDOTRITON RUBER (Red Salamander). USA:
PENNSYLVANIA: Suruivan Co.: East Branch Fishing Creek,
Pennsylvania State Game Lands Number 13, 1.5 km NE Jamison
City (41.315072°N, 76.34761°W; WGS 84). 11 September 2016.
Sean M. Hartzell. Verified by Kenneth L. Krysko. Florida Museum
of Natural History (UF 178634; photo voucher). Updates the
sole previous historic record for Pseudotriton ruber in Sullivan
County (CM 37923) by 55 years. The collection location of CM
37923, collected in 1961 at “Beaver Lake” cannot be located on
maps (McCoy 1982. Amphibians and Reptiles in Pennsylvania:
Checklist, Bibliography, and Atlas of Distribution. Carnegie Mus.
Nat. Hist. Spec. Publ. 6:1-91). As a result, no record was plotted
for P ruber in Sullivan County within published atlases on the
distribution of amphibians and reptiles in Pennsylvania (e.g.,
McCoy 1982, op. cit.; Hulse et al. 2001. Amphibians and Reptiles
of Pennsylvania and the Northeast. Cornell University Press,
Ithaca, New York. 419 pp.). Thus, in addition to updating the
historic record, this note provides this first record for P ruber in
Sullivan County with complete locality information. This species
is known from adjacent Columbia, Lycoming, and Wyoming
counties (Hulse et al. 2001, op. cit). Young adult collected,
photographed, and released along the bank of a headwater
stream under a Pennsylvania Fish and Boat Commission license
(051-252-328).

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.

TRITURUS KARELINII (Southern Crested Newt). IRAN:
GOLESTAN PROVINCE: Ramian County: Sefid Cheshmeh Village
(36.993083°N, 55.062138°E), 119 m elev. 8 April 2016. M. Nekuea
and P. Beyhaghi. Verified by H. G. Kami. Zoological Museum of
Golestan University (ZMGU 3547). This is the easternmost record
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for this species. An adult was collected at 0500 h in a small pond
filled with spring water that was located between orchards and
a forest. A larva was found at 1230 h at 1-m depth in the pond
among aquatic plants. Some sympatric species of amphibians
and reptiles include Bufo eichwaldi, Hyla orientalis, Pelophylax
ridibundus, Rana pseudodalmatina, Darevskia kamii, Mauremys
caspica, and Natrix tessellata. The nearest reported locality for T.
kareliniiis 60 km SW from the locality reported here (Kami 1997.
Zool. Middle East 15:37-40).

PARHAM BEYHAGHI, Unit 5, No. 16, East Garmsar Alley, South Shiraz
Street, Mollasadra Ave, Vanak Sq., Tehran, Iran; e-mail: apbbani@gmail.com.

ANURA — FROGS

ANAXYRUS FOWLERI (Fowler’s Toad). USA: PENNSYLVANIA:
CuintToN Co.: Lamar (41.002534°N, 77.534857°W; WGS 84). 4 June
2016. Sean M. Hartzell and Cody R. Pavlick. Verified by Kenneth
L. Krysko. Florida Museum of Natural History (UF 177967; photo
voucher). Updates previous records from Clinton County by 108
years (Carnegie Museum of Natural History [CM] 2095, 2148)
and represents a range extension within central Pennsylvania
by ca. 16 km SW from these historic records (Hulse et al. 2001.
Amphibians and Reptiles of Pennsylvania and the Northeast.
Cornell University Press, Ithaca, New York. 419 pp.).

CODY R. PAVLICK (e-mail: crp69850@huskies.bloomu.edu) and SEAN
M. HARTZELL, Department of Biological and Allied Health Sciences,
Bloomsburg University of Pennsylvania, Bloomsburg, Pennsylvania 17815,
USA; AMBER L. PITT, Environmental Science Program and Department of
Biology, Trinity College, Hartford, Connecticut 06106, USA; STEVE DAVIS,
U.S. Fish and Wildlife Service, Northeast Fishery Center, Lamar, Pennsylva-
nia 16848, USA.

ANAXYRUS FOWLERI (Fowler’s Toad). USA: PENNSLYVANIA:
CowuomBia Co.: Lime Ridge, along the North Branch of the
Susquehanna River (41.028371°N, 76.330722°W; WGS 84). 21
June 2016. S. Hartzell. Verified by Kenneth L. Krysko. Florida
Museum of Natural History (UF 178567; photo voucher). First
vouchered county record (Hulse et al. 2001. Amphibians and
Reptiles of Pennsylvania and the Northeast. Cornell University
Press, Ithaca, New York. 419 pp.; Hartzell 2016. J. Pennsylvania
Acad. Sci. 90:7-12).

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.

DENDROBATES AURATUS (Green-and-black Poison Dart
Frog). NICARAGUA: REGION AUTONOMA DEL CARIBE SUR:
Reserva Natural Punta Gorda in Reserva Sureste, 7 km SW
from the community of Punta Roc (11.367339°N, 83.917631°W;
WGS 84), 12 m elev. 7 February 2011. Christopher A. Jordan.
Verified by James Harding. La Universidad Centroamericana
(UNAN 782; photo voucher). First record from Departamento
de Regi6n Auténoma del Caribe Sur and northernmost record
for this species in Central America, representing a 45-km range
extension north from the closest previously known locality at San
Miguelito, Departamento de Rio San Juan (Savage 1968. Copeia
1968:745-776). The frog was found in a seasonally flooded
Raphia taedigera swamp.

J. P. LAWRENCE (e-mail: lawre161@msu.edu) and CHRISTOPHER A.
JORDAN, Department of Fisheries and Wildlife, Michigan State University,
East Lansing, Michigan 48824, USA (e-mail: jordan41@msu.edu); GERALD
R. URQUHART, Department of Fisheries and Wildlife and Lyman Briggs

College, Michigan State University, East Lansing, Michigan 48824 USA (e-
mail: urquhart@msu.edu).

ELACHISTOCLEIS MAGNUS. BRAZIL: RONDONIA: Porro
VEeLHO: open rain forest along bank of the upper Madeira River,
ca. 150 km southwest of the city of Porto Velho (9.725576°S,
64.917121°W; SAD 69), 132 m elev. 28 September 2014. Nilton B.
dos Santos. Verified by Pedro L. V. Peloso. Colecao de Referéncia
da Herpetofauna do Estado de Rondo6nia, Municipio de Porto
Velho, Estado de Rondénia (UFRO HEP 3526). Elachistocleis
magnus is an endemic species from Brazil, being reported from
the states of Pard, Mato Grosso and Rondonia (Striissmann et
al. 2012. Check List 8:317-320). This is the first record of this
species from the upper Madeira River and extends the range
of the species in Rondénia ca. 400 km SW of a previous record
at Manicoré Municipality, Amazonas, Brazil (Striissmann et al.
2012, op. cit.). Additionally, this specimen is ca. 308 km N of a
previous record at Costa Marques Municipality, Rondonia, Brazil
(Caramaschi 2010. Bol. Mus. Nac. N. S., Zool., Rio de Janeiro
527:1-30) and ca. 472 km NW from the type locality: Espigao
D’Oeste Municipality, Rondonia, Brazil (Striissmann et al. 2012,
op. cit.). Specimen collected under an approved permit IBAMA
(#400/2014).

DIEGO MENEGHELLI, Programa de Pds-Graduacdo em Biodivers-
idade e Biotecnologia da Rede Bionorte — Doutorado, Universidade Federal
do Amazonas, Setor Sul, Bloco “M” Av. Gal. Rodrigo Otéavio Jorddo Ramos,
3000, CEP: 69.077-00, Manaus, Amazonas state, Brazil (e-mail: meneghe-
lli.herpeto@gmail.com); LEONARDO DE AZEVEDO CALDERON, Centro
de Estudos de Biomoléculas Aplicadas a Saude, Universidade Federal de
Rondénia e Fundagao Oswaldo Cruz, Fiocruz Rondonia, Rua da Beira, 7671,
BR 364, Km 3,5, Bairro Lagoa, CEP: 76812-245, Porto Velho, Rondoénia state,
Brazil and Universidade Federal de Ronddnia (e-mail: calderon@fiocruz.br).

ELEUTHERODACTYLUS CYSTIGNATHOIDES (= SYRROPHUS
CYSTIGNATHOIDES) (Rio Grande Chirping Frog). USA: TEXAS:
Banpera Co.: Enchanted River Estates, Bandera (29.72371°N,
99.05441°W; WGS 84). 10 September 2016. Christopher Mock
and Mayra Oyervides. Verified by Carl Franklin. Amphibian
and Reptile Diversity Research Center, University of Texas at
Arlington (UTADC 8722; audio recording). At approximately
2139 h, several Eleutherodactylus cystignathoides were heard
calling within the Enchanted River Estates subdivision in the
town of Bandera. In addition, two adult E. cystignathoides
were then found under plastic and wood debris. Both were
caught and released on site to further substantiate this record
and the identification. The closest known record of the species
is from Bexar County (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.), which is adjacent to the northeast boundary
of Bandera County. This new record extends the species’
known distribution 64.3 km NW of the Bexar County specimen
(Biodiversity Research and Teaching Collections [TCWC]
48106; 29.4830556°N, 98.6016667°W, WGS 84) collected in 1973.
Specimens were captured and released on site as appropriate
under SPR-0913-130 issued to MO.

CHRISTOPHER C. MOCK, 505 W. Van Week Street, Edinburg, Texas
78539, USA (e-mail: zonata2000@gmail.com); MAYRA OYERVIDES (e-
mail: mg019@txstate.edu) and MICHAEL R. J. FORSTNER, Department
of Biology, Texas State University, 601 University Drive, San Marcos, Texas
78666-4684, USA (e-mail: mf@txstate.edu).
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ELEUTHERODACTYLUS CYSTIGNATHOIDES (Rio Grande
Chirping Frog). USA: TEXAS: CatpweLL Co.: FM 20 right-of-way
adjacent to the Clear Fork Creek Bridge, ca. 0.5 km SW of the
Lockhart State Park entrance (29.85484°N, 97.70222°W; WGS 84).
13 October 2013. J. Eric Lee and Romey L. Swanson. Verified by
Travis LaDuc. Biodiversity Collections (formerly Texas Natural
History Collections), University of Texas at Austin (TNHC 89683).
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.). A single individual was collected by hand.
Several individuals were observed calling along Clear Fork Creek
and within Lockhart State Park following heavy rains. These
observations verify that E. cystignathoides is established within
Caldwell County and possibly abundant within the vicinity
of Lockhart, Texas. This observation fills a regional gap along
the southeastern segment of the Balcones Escarpment within
Central Texas. Specimen collected under an approved Texas
Parks and Wildlife Department Scientific Collecting Permit (SPR-
0993-638) issued to TRS.

J.ERICLEE and ROMEY L. SWANSON (e-mail: romeyswanson@gmail.
com), New Braunfels, Texas, 78130, USA; THOMAS R. SIMPSON, Biology
Department, Texas State University, 601 University Dr., San Marcos, Texas
78666, USA.

ELEUTHERODACTYLUS CYSTIGNATHOIDES (Rio Grande
Chirping Frog). USA: TEXAS: KenparL Co.: Cibolo Nature Center
(CNQ) in Boerne, Texas (29.78130°N, 98.70892°W; WGS 84). 8
October 2015. Romey L. Swanson and J. Eric Lee. Verified by Travis
J. LaDuc. Biodiversity Collections, University of Texas at Austin
(TNHC 96349). A single E. cystignathoides was collected at 2130 h
by hand from beneath a tarp at Cibolo Nature Center along banks
of Cibolo Creek in southern Kendall County, Texas. 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.). Previous
Eleutherodactylus records have been reported from CNC and all
refer to the native E. marnockii (Cliff Chirping Frog), however,
we suspect that these records could represent misidentified E.
cystignathoides. Further survey efforts will be needed to discern
the status of these two sympatric species within southern Kendall
County. This record establishes E. cystignathoides within Kendall
County and represents the first vouchered specimen from the
southern Edwards Plateau ecoregion. Capture followed scattered
light rains during the preceding day. Overnight lows ranged
between 13-18°C. Specimen collected under an approved Texas
Parks and Wildlife Department Scientific Collecting Permit (SPR-
10978-912) issued to Travis J. LaDuc.

ROMEY L. SWANSON (e-mail: romeyswanson@gmail.com) and J.
ERIC LEE, New Braunfels, Texas 78130, USA; REBECCA KRONICK, Missouri
City, Texas 77459, USA (e-mail: kronickra@gmail.com); ERIN Y. SWANSON,
New Braunfels, Texas 78130, USA.

GASTROPHRYNE CAROLINENSIS (Eastern Narrow-mouthed
Toad). USA: ARKANSAS: CarrorL Co.: 13 km NE Berryville
(36.478233°N, 93.524728°W; WGS 84). 15 May 2016. M. B.
Connior and K. Roberts. Verified by S. E. Trauth. Arkansas State
University Museum of Zoology (ASUMZ 33572). Single adult
captured by hand represents a new county record partially filling
a distributional hiatus between previous records in Benton and
Marion counties in northern Arkansas (Trauth et al. 2004. The
Amphibians and Reptiles of Arkansas. University of Arkansas
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Press, Fayetteville, Arkansas. 421 pp.). Specimen collected under
an Arkansas Game & Fish Commission Scientific Collecting
Permit (#081820151) issued to MBC.

MATTHEW B. CONNIOR, Life Sciences, Northwest Arkansas Commu-
nity College, One College Drive, Bentonville, Arkansas 72712, USA (e-mail:
mconnior@nwacc.edu); KORY G. ROBERTS, Rogers High School, 2300 S.
Dixieland Road, Rogers, Arkansas 72758, USA (e-mail: webmaster@herpso-
farkansas.com).

INCILIUS NEBULIFER (Gulf Coast Toad) USA: MISSISSIPPI:
Forrest Co.: 0.6 km E of the intersection of Interstate 59 and MS
Hwy 49 (31.355284°N, 89.340243°W; WGS 84). 17 September
2016. Grover J. Brown, Christopher Pellecchia, Rebecca Pellec-
chia, and Jennifer Y. Lamb. Verified by Carl P. Qualls. Mississippi
Museum of Natural Science (MMNS 19460). New county record
(Mendelson III 2005. In Lannoo [ed.], Amphibian Declines: The
Conservation Status of United States Species, pp. 424-427. Uni-
versity of California Press, Berkeley, California; Robert L. Jones,
pers. comm.). Two adult toads were found over two nights in an
area also supporting Anaxyrus terrestris and A. fowleri popula-
tions. At 2015 h, 16 September 2016, one adult toad was found
sitting on Lakeview Rd. The second toad (82.5 mm SVL; 52.9 g)
was found and collected (MMNS 19460) at 2140 h, 17 September
2016, on a concrete sidewalk at the Hattiesburg Convention Cen-
ter. The closest previously known record is 3.0 km SW from Lamar
County, Mississippi (MMNS 19380, 19381; Lamb 2013. Herpetol.
Rev. 44:621). Whether these are introduced or relict populations
is unknown, but if the former, it appears that I. nebulifer could be
dispersing and colonizing nearby counties. Specimen collected
under MMNS permit #0512161.

GROVER J. BROWN IlI (e-mail: grover.brown@usm.edu), CHRISTO-
PHER M. PELLECCHIA (e-mail: christopher.pellecchia@usm.edu), and
JENNIFER Y. LAMB, Department of Biological Sciences, The University of
Southern Mississippi, 118 College Drive, Hattiesburg, Mississippi 39406,
USA (e-mail: jenniferlamb@usm.edu); REBECCA L. PELLECCHIA, Hatties-
burg, Mississippi 39406, USA (e-mail: rebeccamcginnis52@yahoo.com).

LITHOBATES SEPTENTRIONALIS (Mink Frog). USA:
WISCONSIN: Poix Co.: Twenty-ninth Lake (45.48°N, 92.49°W;
WGS 84). 28 May 2016 and 4 June 2016. Brian Michael Collins.
Verified by Joshua M. Kapfer. Milwaukee Public Museum (MPM
VZP846; audio recording). New county record that extends the
species’ documented range in northwest Wisconsin (Casper
1996. Geographic Distributions of the Amphibians and Reptiles
of Wisconsin. Milwaukee Public Museum, Milwaukee, Wisconsin.
87 pp.). Numerous Lithobates septentrionalis vocalizations were
heard and recorded near active and inactive beaver lodges in the
shallow margins of Twenty-ninth Lake.

BRIAN MICHAEL COLLINS, 509 South Moody Road, Saint Croix Falls,
Wisconsin, USA (e-mail: bcbirdcollins@gmail.com); ANDREW F. BADJE,
Wisconsin Department of Natural Resources, Bureau of Natural Heritage
Conservation, 101 S. Webster St., PO Box 7921, Madison, Wisconsin 53707,
USA (e-mail: andrew.badje@wisconsin.gov).

NYCTIBATES CORRUGATUS. GABON: ESTUAIRE PROVINCE:
Nova DepartMmenT: SEEF logging zone south of Monts de Cristal
National Park (0.694444°N, 10.300387°E; WGS 84). 28 May 2016.
Emily Neil and Arnold Dounga. Verified by David Blackburn.
Museum of Vertebrate Zoology, University of California,
Berkeley (MVZObs: Herp: 22; photo voucher). Despite two
previous inventories in and around the Mont Cristal National
Park (Lotters et al. 2000. Elaphe 8:63-66; Bell et al. 2011.
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Ecohealth 8:116-120) and several inventories across Gabon (for
summary see Frétey et al. 2011. Amphibiens d’Afrique centrale
et d’Angola. Biotope, Muséum national d'Histoire naturelle,
Paris. 232 pp.), this is the first known record of N. corrugatus
for Gabon. It has previously been recorded in Cameroon,
Equatorial Guinea, and Nigeria (Amiet 1971. Ann. Fac. Sci.
Cameroun 6:85-98; Boulenger 1904, Ann. Mag. Nat. Hist., Ser.
7, 13:261; De la Riva 1994. Rev. Esp. Herpetologia 8:123-139).
This record extends the known distribution of N. corrugatus
ca. 106 km S of the nearest known record in Moka, Equatorial
Guinea (Lasso et al. 2002. Graellsia 58:21-34). We thank ANPN
for issuing permits (N: AE15018 /PR/ANPN/SE/CS/AEPN) and
for providing logistical support.

EMILY J. NEIL, PanAfrican Programme: The Cultured Chimpanzee, Max
Planck Institute for Evolutionary Anthropology, Department of Primatol-
ogy, Deutscher Platz 6, 04103, Leipzig, Germany (e-mail: emjneil@gmail.
com); GREGORY F. M. JONGSMA, Herpetology Department, Florida Mu-
seum of Natural History, University of Florida, Gainesville, Florida 32611-
7800, USA (e-mail: gregorjongsma@gmail.com).

PSEUDACRIS CRUCIFER (Spring Peeper). USA: IOWA:
Ringeorp Co.: Ringgold Wildlife Management Area (40.59823°N,
94.14711°W; WGS 84), 331 m elev. 3 June 2016. Timothy M.
Swartz. Verified by Christopher A. Phillips. Illinois Natural History
Survey (INHS 2016f; photo voucher). A total of 31 individuals
(28 larvae and 3 recently metamorphosed individuals) were
captured by hand or dipnet in a shallow, partially-vegetated
wetland. Individuals were photographed and released at the
point of capture. New county record (LeClere 2013. A Field Guide
to the Amphibians and Reptiles of Iowa. ECO Herpetological
Publishing and Distribution, Rodeo, New Mexico. 349 pp.; Green
et al. 2014. North American Amphibians: Distribution and
Diversity. University of California Press, Berkley, California. 352
pp.), extending the range of this species ca. 11.6 km NW of closest
vouchered record (Hatfield, Missouri; Biodiversity Institute,
University of Kansas [KU] 222314, 222315) and ca. 36.1 km SW of
the closest Iowa record (J. LeClere, pers. comm.). This work was
conducted under Scientific Collector’s Permit SC1184 awarded
by the Iowa Department of Natural Resources.

TIMOTHY M. SWARTZ (e-mail: tswartz2@illinois.edu) and JAMES R.
MILLER (e-mail: jrmillr@illinois.edu), Department of Natural Resources and
Environmental Sciences, University of lllinois at Urbana-Champaign, 1102
S. Goodwin Avenue, Urbana, lllinois 61801, USA.

PSEUDACRIS MACULATA (Boreal Chorus Frog). USA:
WISCONSIN: Trempeaceau Co.: Trempealeau National Wildlife
Refuge (44.047045°N, 91.521138°W; WGS 84). April 1995. Allen
Blake Sheldon. Verified by Joshua M. Kapfer. Milwaukee Public
Museum (MPM VZP826; photo voucher). New county record
that fills a gap in the species’ documented range (Casper 1996.
Geographic Distributions of the Amphibians and Reptiles of
Wisconsin. Milwaukee Public Museum, Milwaukee, Wisconsin.
87 pp.). An adult was photographed in a small, shallow wetland
ca. 0.75 mi. E of the visitors’ center, north of the wildlife drive.
Numerous individuals have been seen here, including a calling
male as recent as April 2002.

ALLEN BLAKE SHELDON, 11925 South Street, Trempealeau, Wiscon-
sin 54661, USA (e-mail: absheldon@earthlink.net) ANDREW F. BADJE,
Wisconsin Department of Natural Resources, Bureau of Natural Heritage
Conservation, 101 S. Webster St., P.O. Box 7921, Madison, Wisconsin 53707,
USA (e-mail: andrew.badje@wisconsin.gov).

SCINAX EXIGUUS (Gran Sabana Snouted Treefrog). BRAZIL:
RORAIMA: MunicipALITY OF Boa Vista: Estacao Ecoldgica Maraca:
Lateral aterro trail (3.3698°N, 61.4418°W, WGS 84). 21 June 2011.
Miguel T. Rodrigues, M. Teixeira Jr., R. Recoder, A. Camacho, S. M.
Sousa, J. Cassimiro, A. Fouquet, and C. M. Carvalho. Verified by
Julidn Faivovich. Herpetological collection of Museu de Zoologia
da Universidade de Sdo Paulo, Sao Paulo, Brazil (MZUSP 157407).
Adult male specimen.

MuNICIPALITY OF PaRracaiva: Area BV8 (4.4846°N, 61.1545°W;
WGS 84). 30 May 2011. Miguel T. Rodrigues, M. Teixeira Jr., R.
Recoder, A. Camacho, S. M. Sousa, J. Cassimiro, A. Fouquet, and
C. M. Carvalho. Verified by Julidn Faivovich. MZUSP 157397-
157403. All adult male specimens.

MunicipALITY OF TepeQuEm: Avido caido trail (3.766283°N,
61.699083°W; WGS 84). 1 June 2011. Miguel T. Rodrigues, M.
Teixeira Jr., R. Recoder, A. Camacho, S. M. Sousa, J. Cassimiro, A.
Fouquet, and C. M. Carvalho. Verified by Julidn Faivovich. MZUSP
157404, 157405. Two adult males. An additional specimen
(MZUSP 157406; adult male) was collected on 2 June 2011 ca. 2.7
km WNW from the Aviao caido collection site.

This species is previously known from Northern part of the
Gran Sabana (drainage of the Rio Caroni), Estado de Bolivar,
Venezuela, at elev. of 1210-1350 m (Duellman 1986. Copeia
1986:864-870; Gorzula and Sefiaris 1999. Scient. Guaianae 8:41).
First country records, the northernmost locality at municipality
of Paracaima is ca. 159 km SSE from the type locality: Km 144
on the El Dorado-Santa Elena de Uairén Road in the Gran
Sabana (5.88333°N, 61.38333°W), Estado de Bolivar, Venezuela
(Duellman 1986, op. cit.), and 48 km SSW from the southernmost
record for the species for Estado de Bolivar, Venezuela: Mapauri,
savannas (Gorzula and Senaris 1999, op. cit.). The locality at
municipality Boa Vista is the southernmost known record for the
species in Brazil, extending known range ca. 280 km S from the
type locality in the Gran Sabana, Estado de Bolivar, Venezuela
(Duellman 1986, op. cit.).

KATYUSCIA ARAUJO-VIEIRA, Division Herpetologia, Museo Argenti-
no de Ciencias Naturales “Bernardino Rivadavia”- CONICET, Angel Gallardo
470, C1405DJR, Ciudad Autonoma de Buenos Aires, Argentina; e-mail: katy.
vieira@gmail.com.

TESTUDINES — TURTLES

APALONE MUTICA MUTICA (Midland Smooth Softshell). USA:
ARKANSAS: Perry Co.: large backwater of the Arkansas River,
ca. 0.97 km from the confluence and 67 meters west of the
Perry—Conway county line (35.085517°N, 92.643481°W; WGS
84), 81 m elev. 5 May 2014. Luke S. Pearson. Verified by William
E. Duellman. University of Kansas Digital Archives (KUDA
012470-012472; photo voucher). One specimen was captured in
a baited three-ring hoop net on sandy substrate. Individual had
a large growth on the left forelimb between the first and second
claws. This record fills a distribution gap between Pulaski County
(ca. 50 river km SE) and Pope County (ca. 50 river km W). First
county record (Trauth et al. 2004. The Amphibians and Reptiles
of Arkansas. University of Arkansas Press, Fayetteville, Arkansas.
421 pp.; Roberts and Irwin 2012. Arkansas Herpetological Atlas
2012, Distributions of Amphibians and Reptiles. Available online
at: http://herpsofarkansas.com/wiki/uploads/Herp/Atlas/
arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA; e-mail: lukespearson2@gmail.com.
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APALONE SPINIFERA (Spiny Softshell). USA: NORTH
CAROLINA: Henperson Co.: Laurel Green Park, Town of Laurel
Park (35.314086°N, 82.483437°W; WGS 84). 10 June 2016.
Christopher R. Wilson and Willow J. Wilson. Verified by Jeffrey
C. Beane. North Carolina Museum of Natural Sciences (NCSM
CRW-16-1; photo voucher). First county record (Carolina Herp
Atlas: www.carolinaherpatlas.org; 17 Oct 2016; Jeffrey C. Beane
and John Finnegan, pers. comm.). Individual was found basking
in small pond along small tributary to Wash Creek. Specimen
appears to be A. s. spinifera (Eastern Spiny Softshell) based on
the shell and head patterns (Jefferey Beane, pers. comm.).

CHRISTOPHER R. WILSON, Conservation Ecology LLC, 6 Penny Ct.,
Hendersonville, North Carolina 28739, USA; e-mail: chris@conservatione-
cologyllc.com.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA:
ARKANSAS: WasHiNGToN Co.: shoreline of Lake Sequoyah in
Lake Sequoyah Park, 8 km east of Fayetteville (36.054175°N,
94.063728°W; WGS 84), 362 m elev. 6 June 2016. Luke S. Pearson.
Verified by William E. Duellman. University of Kansas Digital
Archives (KUDA 012468, 012469; photo voucher). One juvenile
(ca. 5 cm carapace length) was photographed basking on the
rocky shoreline, filling a distribution gap between Benton and
Crawford counties. Two more individuals spotted basking, but
were not photographed. First county record(Trauth et al. 2004.
The Amphibians and Reptiles of Arkansas. University of Arkansas
Press, Fayetteville, Arkansas. 421 pp.; Roberts and Irwin 2012.
Arkansas Herpetological Atlas 2012, Distributions of Amphibians
and Reptiles. Available online at: http://herpsofarkansas.com/
wiki/uploads/Herp/Atlas/arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA; e-mail: lukespearson2@gmail.com.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA:
GEORGIA: Bartow Co.: 2.41 km east of the town of Kingston
(34.244833°N, 84.916439°W; WGS 84). 13 March 2016. Grover
Brown. Verified by Peter V. Lindeman and Kenneth Krysko.
Florida Museum of Natural History (UF 177361; photo voucher).
New county record (Jensen et al. 2008. Amphibians and Reptiles
of Georgia. University of Georgia Press, Athens, Georgia. 575 pp.).
A subadult female was seen and photographed basking on dead
wood in Two Run Creek off Hwy 293. This record is the first record
of Graptemys from within the Etowah River Drainage (Lindeman
2013. The Map Turtle and Sawback Atlas: Ecology, Evolution,
Distribution, and Conservation. University of Oklahoma Press,
Norman, Oklahoma. 460 pp.), which is significant as their
status in the state is listed as “Rare.” The Etowah drainage is
fairly extensive throughout North Georgia, so the potential for
additional populations in smaller tributaries is of particular
conservation interest. This record is ca. 68 river km upstream
of the next closest record from the Coosa River in Floyd County,
Georgia (Brown and Kinney 2011. Herpetol. Rev. 42:565).

GROVER BROWN, The University of Southern Mississippi, Department
of Biological Sciences, 118 College Drive, Hattiesburg, MS 39401, USA; e-
mail: groverj.brown@gmail.com.

GRAPTEMYS OUACHITENSIS (Ouachita Map Turtle). USA:
ARKANSAS: MontGcoMERY Co.: backwaters near the confluence of
the Ouachita River and Lake Ouachita, ca. 777 m W of Hwy 27
bridge (34.628422°N, 93.555603°W; WGS 84), 175 m elev. 25 April
2016. Luke S. Pearson. Verified by William E. Duellman. University
of Kansas Natural Digital Archives (KUDA 012473-012476; photo
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voucher). One juvenile hand-captured while basking on woody
debris and two adult individuals photographed while basking,
with multiple others not photographed. This record fills a
distribution gap among Polk, Scott, Yell, Garland, Hot Spring,
and Clark counties. First county record(Trauth et al. 2004. The
Amphibians and Reptiles of Arkansas. University of Arkansas
Press, Fayetteville, Arkansas. 421 pp.; Roberts and Irwin 2012.
Arkansas Herpetological Atlas 2012, Distributions of Amphibians
and Reptiles. Available online at: http://herpsofarkansas.com/
wiki/uploads/Herp/Atlas/arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA (e-mail: lukespearson2@gmail.com); MADALYN VAN VALKENBURG,
13915 Pleasant Forest, Little Rock, Arkansas 72212, USA (e-mail: madal-
ynv9@gmail.com).

GRAPTEMYS OUACHITENSIS (Ouachita Map Turtle). USA:
ARKANSAS: Perry Co.: backwater of the Arkansas River, consisting
of woody debris and emergent snags (35.082106°N, 92.647783°W;
WGS 84), 81 m elev. 28 September 2013. Luke S. Pearson.
Verified by William E. Duellman. University of Kansas Digital
Archives (KUDA 012477). From September 2013 to November
2014, over 200 individuals were captured using baited three-
ring hoop nets and lead lines, including adult males, females,
and hatchlings. This record fills a distribution gap between Yell,
Conway, Faulkner, Pulaski, Saline, and Garland counties. First
county record(Trauth et al. 2004. The Amphibians and Reptiles
of Arkansas. University of Arkansas Press, Fayetteville, Arkansas.
421 pp.; Roberts and Irwin 2012. Arkansas Herpetological Atlas
2012, Distributions of Amphibians and Reptiles. Available online
at:http://herpsofarkansas.com/wiki/uploads/Herp/Atlas/
arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA; e-mail: lukespearson2@gmail.com.

GRAPTEMYS PEARLENSIS (Pearl Map Turtle). USA:
MISSISSIPPI: Hancock Co.: East Pearl River, ca. 9.6 river km
upstream of the East Pearl River and Interstate 10 junction
(30.356833°N, 89.655607°W; WGS 84). 18 June 2008. Will Selman.
Verified by Peter Lindeman. Florida Museum of Natural History
(UF 177353; photo voucher). An additional specimen (UF
177354; photo voucher) was observed in the East Pearl River,
ca. 13.7 rkm upstream of the East Pearl River and Interstate
10 junction (30.378656°N, 89.664454°W) on 7 July 2008. New
county record (Lindeman 2013. The Map Turtle and Sawback
Atlas: Ecology, Evolution, Distribution, and Conservation.
University of Oklahoma Press, Norman, Oklahoma. 460 pp.).
Both observations were of juvenile females. Additionally, two
males and one juvenile were captured between 12.6-17.9
rkm upstream of the East Pearl and Interstate 10 junction (no
photographs of individuals). This is the farthest downstream
record for G. pearlensis within the East Pearl River, and the
latitude is similar to the downstream distribution of the species in
the West Pearl River (Porter River, near Pearl River, St. Tammany
Parish; Louisiana Museum of Natural History [LSUMZ] 7611,
7613-7615, 7956, 9560). During trapping efforts on the East Pearl
River, basking G. pearlensis were observed as far south as the
Napoleon boat ramp (30.329000°N, 89.632051°W), ca. 5.5 river
km downstream of our southernmost capture.

WILL SELMAN, Biology Department, Millsaps College, 1701 North
State St., Jackson, Mississippi 39210, USA; e-mail: will.selman@millsaps.
edu.
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GRAPTEMYS PSEUDOGEOGRAPHICA KOHNII (Mississippi
Map Turtle). USA: ARKANSAS: Perry Co.: northeast shoreline
of Harris Brake Lake (34.983667°N, 92.76465°W; WGS 84) 86
m elev. 20 August 2014. Luke S. Pearson. Verified by William E.
Duellman. University of Kansas Digital Archives (KUDA 012467).
One juvenile was hand-caught in riprap on the shoreline near
the boat ramp, and multiple adult individuals were spotted
basking in the area. This record fills a distribution gap among
Faulkner, Pulaski, Saline, Garland, and Yell counties. First county
record(Trauth et al. 2004. The Amphibians and Reptiles of
Arkansas. University of Arkansas Press, Fayetteville, Arkansas.
421 pp.; Roberts and Irwin 2012. Arkansas Herpetological Atlas
2012, Distributions of Amphibians and Reptiles. Available online
at: http://herpsofarkansas.com/wiki/uploads/Herp/Atlas/
arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA (e-mail: lukespearson2@gmail.com); LORI MONDAY, 182 Highway 64
West, Beebee, Arkansas 72012, USA (e-mail: Imonday1@cub.uca.edu).

KINOSTERNON BAURII (Striped Mud Turtle). USA: GEORGIA:
Faverte Co.: Whitewater Creek (33.484686°N, 84.508338°W; WGS
84). 12 August 2016. Grover J. Brown and Greg Brashear. Verified
by Kenneth L. Krysko. Florida Museum of Natural History (UF
178590; photo voucher). New county record (Jensen et al. 2008.
Amphibians and Reptiles of Georgia. University of Georgia Press,
Athens, Georgia. 575 pp.). An adult male (88.9 mm SCL) was
found foraging in Whitewater Creek near the town of Fayetteville
at 2000 h. The closest previously known record was found 11.3
km E in Clayton County, Georgia. Only a handful of records exist
for this species in the Piedmont of Georgia, but this may be
due to the similarity in appearance to Kinosternon subrubrum
(Eastern Mud Turtle). Additional trapping in the floodplains of
headwater streams in the Flint and Ocmulgee drainages may
indicate this species is more abundant in middle Georgia than
previously thought.

GREG BRASHEAR, Marietta, Georgia, 30080, USA (e-mail: greg-
brashear@gmail.com); GROVER J. BROWN, Department of Biological Sci-
ences, The University of Southern Mississippi, 118 College Drive, Hatties-
burg, Mississippi, 39406, USA (e-mail: grover.borown@usm.edu).

PSEUDEMYS CONCINNA (River Cooter). USA: GEORGIA:
Harris Co.: Chattahoochee River adjacent to Johnson Island
(32.78148°N, 85.13029°W; NAD 83). 20 September 2016. J. Jensen,
B. Folt, and J. Roberts. Verified by Nikki Castleberry. Georgia
Museum of Natural History (GMNH 51171; photo voucher).
Juvenile captured in a baited hoop-net trap. New county
record (Jensen et al. 2008. Amphibians and Reptiles of Georgia.
University of Georgia Press, Athens, Georgia. 575 pp.). Numerous
other individuals of all size classes were also observed basking on
logs in the vicinity.

JACKSON ROBERTS, School of Fisheries, Aquaculture, and Aquatic
Sciences, 203 Swingle Hall, Auburn, Alabama 36849, USA (e-mail: jrr0035@
auburn.edu); BRIAN FOLT, Department of Biological Sciences and Auburn
University Museum of Natural History, 331 Funchess Hall, Auburn, Alabama
36849, USA (e-mail: brian.folt@gmail.com); JOHN B. JENSEN, Georgia De-
partment of Natural Resources, Nongame Conservation Section, 116 Rum
Creek Drive, Forsyth, Georgia 31029, USA (e-mail: john.jensen@dnr.ga.gov).

PSEUDEMYS CONCINNA (River Cooter). USA: SOUTH
CAROLINA: Pickens Co.: Little Eastatoee Road (34.918972°N,
82.830389°W; WGS 84). 1 June 2016. C. Sabin, B. Bagwell, J.
Mota, J. Newman, and K. Barrett. Verified by David Laurencio.

Auburn University Museum of Natural History (AUM AHAP-D
1240; photo voucher). New county record (www.vertnet.org, 1
June 2016; Carolina Herp Atlas: www.carolinaherpatlas.org, 1
June 2016). This record fills a distributional gap between Oconee
and Greenville counties in South Carolina. Ariello et. al. (2013.
J. Morphol. 274:1060-1069) conducted a morphological study
of Pseudemys concinna in Pickens County, however, no voucher
specimens were accessioned. This record represents the first
known physical evidence of the species in the county. Funding
for this research was provided by F11AF00666 to KB.

CAMERON R. SABIN, SR (e-mail: csabin@g.clemson.edu), BENJAMIN
C. BAGWELL (e-mail: bcbagwe@g.clemson.edu), JOEL MOTA (e-mail:
jmota2505@gmail.com), JILLIAN C. NEWMAN (e-mail: jcnewma@g.clem-
son.edu), and KYLE BARRETT, Department of Forestry and Environmental
Conservation, Clemson University, 261 Lehotsky Hall, Box 340310, Clem-
son, South Carolina 29631, USA (e-mail: rbarre2@clemson.edu).

PSEUDEMYS CONCINNA CONCINNA (Eastern River Cooter).
USA: ARKANSAS: Hempsteap Co.: road-side ditch containing
large woody debris which drains into Grassy Lake (33.704458°N,
93.888539°W; WGS 84), 81 m elev. 5 April 2014. Luke S. Pearson.
Verified by William E. Duellman. University of Kansas Digital
Archives (KUDA 012455). Two specimens were captured
in three-ring hoop nets (one juvenile, one female), filling a
distribution gap among Sevier, Little River, Miller, Lafayette,
and Pike counties. First county record(Trauth et al. 2004. The
Amphibians and Reptiles of Arkansas. University of Arkansas
Press, Fayetteville, Arkansas. 421 pp.; Roberts and Irwin 2012.
Arkansas Herpetological Atlas 2012, Distributions of Amphibians
and Reptiles. Available online at: http://herpsofarkansas.com/
wiki/uploads/Herp/Atlas/arherpatlas2012.pdf).

LUKE PEARSON, 300 South Maple Street, Little Rock, Arkansas 72205,
USA (e-mail: lukespearson2@gmail.com); LORI MONDAY, 182 Highway 64
West, Beebe, Arkansas 72012, USA (e-mail: Imonday1@cub.uca.edu).

PSEUDEMYS GORZUGI (Rio Grande Cooter). USA: NEWMEXICO:
Cnaves Co.: Bitter Lake National Wildlife Refuge (northern section),
ca. 12.5 km ENE of Roswell, New Mexico (33.4397°N, 104.3989°W;
WGS 84), 1061 m elev. August 2008. U.S. Fish & Wildlife Service
staff. Verified by James N. Stuart. Museum of Southwestern
Biology, University of New Mexico (MSB 96593). First specimen
of the species for Chaves Co. (Degenhardt et al. 1996. Amphibians
and Reptiles of New Mexico. University of New Mexico Press,
Albuquerque, New Mexico. 431 pp.). The carcass of this specimen
was found on a grassy bank of a pond by