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Husbandry and Breeding of the Baja Blue Rock Lizard 
(Petrosaurus thalassinus) at the Arizona Center for  
Nature Conservation’s Phoenix Zoo

The Baja Blue Rock Lizard or San Lucan Rock Lizard 
(Petrosaurus thalassinus) is native to the southernmost tip 
of Baja California Sur, Mexico, where it is generally found 
inhabiting rocky areas (McPeek 2000; Grismer 2002). The species 
was described as primarily herbivorous, but it was noted that it 
also probably consumes insects (Stebbins 1985). Although the 
species probably only occurs in a very restricted area of less than 
5,000 km2, it is apparently common in preferred habitat of this 
area and thus listed as Least Concern by the International Union 
for the Conservation of Nature (IUCN) Red List (Hollingsworth 
and Frost 2007).

Zoos and aquariums are often able to provide insights 
into the natural history, reproduction, and behavior of many 
species about which little is known, and these institutions have 
a great potential for contributing biological information to 
the scientific community. The Phoenix Zoo has been working 
with P. thalassinus since 2012, where these animals have been 
successfully exhibited and bred, with progeny sent to other 
Association of Zoos and Aquariums (AZA)-accredited institutions. 
Currently, 18 males, 16 females, and 19 P. thalassinus of unknown 
gender are held by nine AZA-accredited facilities (Zoological 
Information Management System [ZIMS] 2018). However, 
because not all zoos and aquariums subscribe to ZIMS, this is 
a conservative estimate. The majority of P. thalassinus recorded 
in ZIMS are held by Los Angeles Zoo and Botanical Gardens, St. 
Louis Zoo, and Phoenix Zoo (ZIMS 2018). By maintaining and 
successfully breeding the species, we have gained information 

about the husbandry, reproduction, and natural history of P. 
thalassinus, which we describe in this report.

Animals.—The Phoenix Zoo received two captive born 
hatchling (approximately one-month-old) female P. thalassinus 
on 14 June 2012 from the private sector. At the time they were 
acquired, these females weighed 4.2 and 3.1 g, respectively, and 
were housed together on exhibit. The Phoenix Zoo acquired a 
yearling male (mass = 27.1 g) on 10 July 2014. At this time, the 
females were implanted with passive integrative transponders 
(PIT tags) for individual recognition in preparation for being 
housed with the male.

Sexual size dimorphism has been described in the species 
with males reaching larger sizes than females (Stebbins 1985) 
and is recognizable in adults at the Los Angeles Zoo and 
Botanical Gardens (Ian Recchio, pers. comm.) and Phoenix Zoo 
(Fig. 1). Between the ages of 625 and 1009 days, males exhibit 
greater snout–vent lengths (SVL) than females of similar or 
greater ages (t = 8.7464, p < 0.0001; Fig. 1). Males and females 
are easily distinguished from one another based on differences 
in scalation from the time of hatching. Males have enlarged post-
anal scales, whereas females appear to lack this trait (Stebbins 
1985; Fig 2). Such differences have also been documented in 
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Fig. 1. Snout–vent length (SVL; cm) and mass (g) of male and female 
Petrosaurus thalassinus at the Phoenix Zoo recorded on 4 April 2018. 
Three males are indicated with solid circles, with the oldest and larg-
est being 4264 days-old and the other two 1009 and 625 days old. Six 
females are indicated by hollow circles with ages ranging between 
624 days to approximately 2165 days.
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other species of iguanians, including Anolis lineatopus (Macrini 
and Irschick 1998), Phrynosoma asio (Recchio et al. 2014), and 
Sceloporus orcutti (Mayhew 1963). Uma rufopunctata also 
appear to possess this differentiating characteristic (Turner and 
Rorabaugh 2009), but Mayhew reported that although all male 
U. notata and U. scoparia possess enlarged post-anal scales, 
females also possessed this trait at low frequencies (< 1% and 4%, 
respectively; Mayhew 1966a, 1966b). Consequently, although 
the absence of enlarged post-anal scales always confirms 
females, with a note of caution, the presence of the trait does not 
guarantee a male for these two species.

Husbandry & Management.—On 13 Aug 2014, the Phoenix 
Zoo moved its male P. thalassinus onto exhibit with the females 
in an enclosure measuring ca. 81 × 81 × 51 cm (L × W × H). This 
enclosure contained sand substrate and large rocks positioned 
under an overhead 75W Exo Terra® Sunray (Rolf C. Hagen Corp., 

Mansfield, Massachusetts) metal halide fixture and bulb on one 
side and a 125W Exo Terra® Solar Glo mercury vapor bulb on 
the other. Basking temperatures on the rocks reached as high as 
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Through the first winter (2014–2015), all animals were housed 
on exhibit in the aforementioned enclosure with minimal cool-
ing and maintained in this enclosure until the following winter. 
On 13 Nov 2015, all three animals were moved off-exhibit and 
separated by genders into small glass aquaria under tempera-
tures outlined in Table 1. Both females were housed together in a 
61 × 30 × 30 cm glass enclosure and the male was kept in a 51 × 25 
× 30 cm glass enclosure until 22 Feb 2016 when all were moved 
back to the exhibit. These winter enclosures contained sand sub-
strate and one rock positioned under the basking and/or com-
pact fluorescent light, depending on the time of year (Table 1).

Although P. thalassinus is reported to consume various plant 
material (Stebbins 1985), animals at the Phoenix Zoo did not ini-
tially show much interest in plant-based portions of their diets. 

Fig. 2. A) Ventral side of a male Petrosaurus thalassinus depicting 
enlarged post-anal scales (encircled); and B) female P. thalassinus 
without enlarged post-anal scales. This trait is present from the time 
of hatching.

Fig. 3. Radiograph performed on a gravid female Petrosaurus thalas-
sinus at the Phoenix Zoo on 9 May 2016 in response to delayed ovi-
position. After being injected with fluids, calcium and oxytocin, this 
female laid two eggs later that day and the remaining 16 eggs on 14 
May 2016.

Fig. 4. A clutch of 21 Petrosaurus thalassinus eggs after being exca-
vated on 8 May 2015 for measurements and artificial incubation.

Fig. 5. Correlation between mean incubation period (± 1 Standard 
Error) and mean incubation temperature (± 1 SE) for three clutches 
of Petrosaurus thalassinus eggs split among different incubation 
temperatures.
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Eventually, more interest in vegetation was observed. Currently 
P. thalassinus at the Phoenix Zoo are offered mixed greens (e.g., 
romaine, kale, dandelion greens, endive, and other leafy greens) 
three times a week and browse items (e.g., Yellow Bells [Tecoma 
stans], Palo Verde [Parkinsonia florida], Creosote [Larrea triden-
tata], Globe Mallow [Sphaeralcea ambigua], Coralvine [Anti-
gonon leptopus], cactus pads [Opuntia spp.], etc.) one to three 
times weekly. Generally, the lizards seem to show more interest 
in mixed greens than the browse items, but will show more inter-
est in flowers than typical leaves of the browse items listed above.

Phoenix Zoo also feeds appropriately-sized domestic crick-
ets (Acheta domestica) to P. thalassinus three times per week 
(depending on the lizard’s size, half-grown to adult crickets for 
adults). Crickets are dusted with Repashy® Calcium Plus (Re-
pashy Ventures, Inc., Oceanside, California) and gut-loaded with 
Zeigler Hi-Cal Cricket Monster diet (Zeigler Bros., Inc. Gardners, 
Pennsylvania) and romaine lettuce, carrots, cucumber, sweet 
potato, zucchini, and apple. Hornworms, butterworms, and 
waxworms are also offered occasionally. Petrosaurus thalassinus 
readily consume all invertebrate prey offered to them.

Breeding.—At the Phoenix Zoo, all P. thalassinus breeding 
has occurred in the indoor exhibit described above. Copulation 
has only been observed once, on 23 March 2016. Gravid females 
begin to show more vibrant coloration on the face, underside of 
their chin, and some spots on the body, as well as other physi-
cal signs of gravidity. Depending on the base coloration of the 
lizard in question, these brighter, more vibrant colors range from 
yellows to bright reds and oranges. This change in coloration ap-
pears to coincide with their ovulation cycle, and females were 
visually gravid (eggs visible as the body became distended) when 
the color shift was noted, similar to the blushing that develops in 
reproductive female Crotaphytus collaris (Cooper and Ferguson 
1972). When females were visually gravid and nearing oviposi-
tion, they were monitored for a pre-oviposition shed cycle as is 
common in other squamates (Markel 1990; Walsh and Murphy 
2003; Portas 2018). Following completion of the pre-oviposition 
ecdysis, females were transferred to an egg-laying enclosure. This 
enclosure, a large glass aquarium, provided moist sand substrate 
measuring ca. 50 cm in depth, a piece of wood to allow the lizard 
to hide and dig under, and a Mega RayTM (Mega RayTM, Johnson 
City, Tennessee) 100W UV/heat bulb overhead to accommodate 
basking temperatures. Oviposition typically took place 5–7 days 
after completion of the pre-oviposition shed.

The timing of oviposition was similar for both females be-
tween 2015 and 2016, and fairly consistent with ten P. thalassi-
nus clutches estimated from yolked follicles measured between 
23–28 May 1975 and 10 April–11 May 1978 (Goldberg and Bea-
man 2004). One female laid 21 eggs on 8 May 2015 and 19 eggs 
on 25 April 2016, buried in the substrate in the lay enclosure. 
The other female experienced delayed oviposition relative to 
the time between initial blushing and laying in the first female, 
resulting in a non-viable clutch of 19 eggs laid on 21 May 2015 
(excluded from data recorded below). This female experienced 
delayed oviposition again in 2016. After being radiographed (Fig. 
3) and given an injection of calcium, fluids and oxytocin on 9 
May, she laid two eggs the same day, and the remaining 16 eggs 
on 14 May 2016. When in the egg laying enclosure, females were 
monitored closely once they began digging. It was obvious when 
oviposition had occurred as lizards lost a significant amount of 
mass and distension of their bodies. Eggs were immediately ex-
cavated and retrieved (Fig. 4) to allow for measurements (mass, 
length and width) and transfer to an incubator for artificial incu-
bation (see below). Post-oviposition mass was recorded for both 
females on 25 April 2016 and 14 May 2016, and were 29 g and 30.5 
g, respectively. Relative clutch mass for each female was 0.728 
and 0.646, respectively.

Eggs and Incubation.—Total mean (± 1 SE) clutch size was 
19.25 ± 0.63 eggs, which is substantially higher than what was 
reported by Goldberg and Beaman (2004; mean = 8.6 ± 1.23 
[range 4–18]). Mean egg length and width was 18.14 ± 0.26 mm 
and 10.20 ± 0.20 mm, respectively. Egg weights were recorded in 
2016, with a mean mass of 1.23 ± 0.02 g (this does not include 
measurements from one abnormally small, infertile egg; mass = 
0.46 g, length = 13.24 mm and width = 6.79 mm).

Eggs were placed in Suspended Incubation Method (S.I.M.) 
containers (Squamata Concepts LLC, Staten Island, New York; 
see Baumer et al. 2012) in either an Avey® RCAB200 Reptile Cab-
inet incubator (Precision Incubators, Hugo, Colorado) or a 24-
inch Hot Box® incubator (C Serpents, Pompano Beach, Florida) 
for incubation. Eggs from each clutch were divided and incubat-
ed at various temperatures (approximately 25.75, 26, 28.5, 31 and 
32°C), with each clutch having eggs incubated at each tempera-
ture. Eggs hatched in 51–90 days (Fig. 5). Incubation temperature 
impacted incubation duration (F2, 28 = 1362.13, p = 0.0001), with 
duration strongly correlated inversely with mean incubation 
temperature (r2 = 0.98; Fig. 5).

table 1. Phoenix Zoo brumation temperature schedule for 2015–2016 under which one male and two female Petrosaurus thalassinus were 
maintained from 12 Nov 2015 until 25 Feb 2016.

Date Temperature Settings

Prior to 12 Nov Temperature set to 26.7°C; basking lights on for 10 hours a day

12 Nov Temperature decreased to 23.9°C; basking lights reduced to 6 hours a day

19 Nov Temperature decreased to 21.1°C; basking lights reduced to 4 hours a day

26 Nov Temperature decreased to 18.3°C; all basking lights were turned off and replaced with compact fluorescent bulbs

28 Nov Temperature decreased to 15.6°C

5 Dec Temperature decreased to 12.8°C

12 Dec Temperature decreased to 10.0°C

4 Feb Temperature increased to 12.8°C

11 Feb Temperature increased to 15.6°C

18 Feb Temperature increased to 21.1°C

25 Feb Temperature set to 26.7°C, basking lights on for 10 hours a day
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Hatchlings.—Mean (± 1 SE) hatchling mass from 2016 was 
1.26 g ± 0.10. Hatchling mass was not correlated with incubation 
temperature (R = -0.2538, p = 0.509574) or egg mass (R = 0.4696, p 
= 0.240384) and did not differ by gender (F1,7 = 0.0000, p = 1.000).

Hatchlings were reared together with clutch-mates in groups 
of 3–6 individuals in glass aquaria modeled after the adult enclo-
sures. Individuals housed in groups were still recognizable due to 

observable gender-related differences previously described (sca-
lation differences) and unique patterns among them. Sand sub-
strate was offered with large rocks for basking sites underneath 
70–100W Mega RayTM UV/heat bulbs, depending on the height of 
the enclosure, to achieve a basking temperature of 43°C. Hatch-
lings were fed appropriately sized invertebrates constituting the 
adult diet daily for the first six months and then three days per 
week after that. As with the adults, salad (the same mixed greens 
fed to adults and banana) was offered but we never observed 
animals consuming it or saw evidence that it had been eaten. 

Feces from the adult animals were introduced to the hatch-
lings’ enclosures, as we postulated that this might be required to 
build healthy intestinal flora based on what is known for simi-
lar lizards (e.g., Sauromalus ater; Montanucci 1997). Hatchlings 
were not observed consuming this, nor was there any evidence 
of consumption.

Growth data were recorded for all 2016 hatchlings (Fig. 6). 
Although males reach larger body sizes than females, this size 
difference does not appear to manifest until animals are approx-
imately two to three years of age (Fig. 7). In our current popula-
tion of three males and six females, the younger two males are 
just beginning to be noticeably larger than the females at 624 
and 1009 days of age, but this difference (t = 8.7464, p < 0.0001) 
is in SVL (Fig. 1). The largest female currently in this managed 
population is of unknown age (this animal was an adult when 
collected from the wild in 2011 by Los Angeles Zoo and Botanical 
Gardens and is excluded from Fig. 7), and weighed as much as 
74 g in 2013.

Discussion.—Petrosaurus thalassinus appears to be easy to 
reproduce in captivity when maintained under the conditions 
described above. It should be noted that Los Angeles Zoo and 
Botanical Gardens has also experienced considerable success in 
breeding this species (Ian Recchio, pers. comm.).

These lizards are very active in their enclosures. This trait, 
combined with its attractive coloration, make P. thalassinus an 
effective display animal at the Phoenix Zoo. Despite the repro-
ductive success experienced in the exhibit described above, in 
2018 we also began exhibiting P. thalassinus in a large (ca. 240 × 
240 × 240 cm) outdoor enclosure with San Esteban Chuckwallas 
(Sauromalus varius). This is a species assemblage that has been 
successfully maintained at other institutions and has proven 
successful at the Phoenix Zoo (Fig. 8). We have also established 
two separate breeding groups for 2018 in the indoor exhibit 
housing conditions described above, with each group consisting 
of one male and three females.

The remote location of native P. thalassinus habitat together 
with its restricted distribution make in situ studies on this spe-
cies challenging. However, there is still much information to be 
gained by studying P. thalassinus in managed-care settings, and 
future work at the Phoenix Zoo will examine sex determination 
mechanisms (temperature dependent sex determination or ge-
notypic sex determination) of the species.

Acknowledgments.—We thank Ian Recchio of Los Angeles Zoo 
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this species, for reviewing this manuscript, and for permitting use of 
mass data from animals held at that institution. We also thank Andy 
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photograph.

Fig. 7. Mass (g) as a function of age (days) for 24 Petrosaurus thalas-
sinus in six Association of Zoos & Aquariums-accredited facilities in 
North America. Males are denoted with blue diamonds and females 
with red squares. (Estimated hatch dates of 4 individuals are believed 
to be accurate within two weeks to one month). The circle encloses 
the mass recorded of two females post-oviposition, and thus lower 
than would be expected.

Fig. 8. A male Petrosaurus thalassinus rests atop of a San Esteban 
chuckwalla (Sauromalus varius) in their shared outdoor exhibit at 
the Phoenix Zoo.
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Fig. 6. Growth data for all 2016 Petrosaurus thalassinus hatchlings at 
the Phoenix Zoo.
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Twinning in Coachwhips (Masticophis flagellum piceus)  
Hatched at the Arizona Center for Nature Conservation’s 
Phoenix Zoo

Twinning has been documented in many oviparous reptiles 
(Derickson 1927; Curtis 1950; Carpenter and Yoshida 1957; 
Crooks and Smith 1958; Yntema 1971; Marion 1980; Eckert 1990; 
Tucker and Janzen 1997; Hartdegen and Bayless 1999; Mendyk 
2007; Dieckmann et al. 2014) and in at least two live-bearing 
snake species (Singh and Thapliyal 1973; Titus and Foster 2015). 
To the best of our knowledge, however, twinning has not been 
noted in the genus Masticophis. In this report, we document 
an instance of twinning in coachwhips (M. flagellum piceus) 
through our breeding of the species at the Phoenix Zoo.

A female coachwhip was collected on the grounds of the 
Phoenix Zoo on 3 May 2011. She was housed alone in a custom-
built wooden exhibit (ca. 100 × 61 × 88 cm [L × W × H]) until 
she was moved to an off-exhibit enclosure on 28 February 2018 
because of plans to breed her. A male coachwhip was collected 
on the grounds of the Phoenix Zoo on 8 October 2012 and 

introduced to the female in the off-exhibit Vision® (Custom 
Cages, Neenah, Wisconsin, USA) enclosure (ca. 183 × 71 × 46 cm) 
on 6 April 2018, and we observed copulation on 17 April 2018. 
The male remained in this enclosure with the female until 20 
May 2018, after eggs had been laid.

Eight eggs, six fertile and two infertile (apparent from their 
yellow coloration, small size [see results], poor formation and 
mold appearing after only a couple days), were laid on 19 May 
2018—43 days after introduction of the male and 32 days after 
observed copulation. Egg weights and morphometrics were 
recorded immediately after oviposition and before placing the 
eggs in a Suspended Incubation Method (S.I.M.) container 
(Squamata Concepts LLC, Staten Island, New York; see Baumer 
et al. 2012) inside a 24-inch Hot Box® incubator (C Serpents, 
Pompano Beach, Florida) maintained at 27.8°C.

On the morning of 23 July 2018, after 65 days of incubation, 
we observed the eggs beginning to hatch. Two snakes had 
emerged from the same egg. Two additional eggs had pipped at 
this time. All eggs were separated into individual containers so 
that we would know which snake came from which egg, and to 
allow for correlation between hatchling and egg data. The mass, 
snout–vent length, and tail length of all hatchlings were recorded 
at the time of hatching. 

Results.—Mean egg mass (± 1 SE) for all fertile eggs was 15.75 
(± 0.579) g. Mean egg length was 52.18 (± 1.81) cm and mean 
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egg width was 20.95 (± 0.16) cm. Infertile eggs were statistically 
smaller than the fertile eggs in mass (9.42 ± 0.43 g; F1,6 = 34.71, p 
= 0.001), length (43.1 ± 0.6 cm; F1,6 = 7.50, p = 0.034) and width 
(17.15 ± 0.85 cm; F1,6 = 58.02, p < 0.001; Fig. 1).

Mean mass, snout–vent length and tail length for all hatch-
ling M. flagellum piceus was 9.09 (± 1.04) g, 25.43 (± 1.72) cm and 
7.57 (± 0.80) cm, respectively. The twins were statistically smaller 
in mass (F1,5 = 45.03, p = 0.001113) and in snout–vent length (F1,5 = 
19.45, p = 0.006956; Fig. 1) than their clutch-mates. They did not 
differ from clutch-mates in tail length (F1,5 = 6.49, p = 0.051419), 
however. When the weights of the twins were combined, egg 
mass was strongly correlated to total hatchling mass (R = 0.9913, 
p < 0.001; Fig. 2).

Discussion.—The twin M. flagellum piceus hatchlings report-
ed here were noticeably smaller than their non-twin siblings, 

with the mass of each twin approximately half of what would be 
expected based upon a highly correlated egg mass to hatchling 
mass ratio. Similar size discrepancies between twin and non-
twin siblings have been described in other snake species (Curtis 
1950; Marion 1980; Titus and Foster 2015), with twins significant-
ly smaller than clutch-mates. Because twins are typically signifi-
cantly smaller than their siblings, they might be less fit than their 
non-twin siblings, with a lower likelihood of survival to maturity. 
In this case, despite a normal appearance aside from its smaller 
size, one of the twins died two days after hatching. As of this 
writing, the other twin continues to do well, although it remains 
smaller than its siblings.

Acknowledgments.—We thank Rich Sartor, Gary West, and Ben 
York for reviewing and improving an earlier version of this manu-
script.
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Fig. 2. Total hatchling mass (g), defined as individual hatchling mass 
for non-twins and combined hatchling masses for twins, correlated 
to egg mass (g).

Fig. 1. Snout–vent length (cm) to mass (g) ratio for all seven Masti-
cophis flagellum piceus hatched at the Phoenix Zoo on 23 July 2018. 
The twins are circled.
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TESTUDINES — TURTLES

DERMATEMYS MAWII (Central American River Turtle). DE-
SCRIPTION OF NEONATES. Dermatemys mawii (known as 
“Hicatee” in Belize) is a large (carapace length [CL] to 600 mm) 
freshwater turtle restricted to the Atlantic coastal lowlands of 
southern Mexico, northern Guatemala, and Belize (Vogt et al. 
2011. Chelon. Res. Monogr. 58:1–12). Populations throughout 
this geographic range have been decimated by over-harvesting 
and consequently, D. mawii is now considered among the most 
endangered turtles in the world (Stanford et al. 2018. Turtles in 
Trouble: The World’s 25 Most Endangered Tortoises and Fresh-
water Turtles – 2018. Turtle Conservation Coalition, Ojai. 84 
pp.). Much about the natural history of D. mawii remains poorly 
known (Vogt et al., op. cit.), and in particular there is a notable 
paucity of information on its early life stages. Vogt et al. (op. 
cit.) provide a brief description and morphometric data for a 
sample of 40 hatchlings from Veracruz, Mexico, and both Legler 
and Vogt (2013. The Turtles of Mexico. University of California 
Press, Berkeley. 402 pp.) and Barrett et al. (2016. Turtle Survival 
2016:44–45) present single photographs of emerging neonates 
largely obscured by the eggshell. To our knowledge the latter are 
the only published photographs of neonate D. mawii. 

From June 2015 through August 2018, we examined 258 
neonate D. mawii at the Hicatee Conservation and Research 
Center (HCRC) in the Toledo District of southern Belize.  Here 
we report morphometric measurements, describe coloration, 
and present representative photographs of these turtles. Such 
information is useful for species identification, calculating 
growth rates, and understanding the adaptive significance of 
coloration and morphology (Platt et al. 2016. Herpetol. Rev. 
47:125–126). The neonates we examined were produced as part 
of a conservation-breeding program with the ultimate objective 
of restoring head-started D. mawii to depleted populations in 
rivers throughout Belize (Barrett et al., op. cit.). The captive-
breeding population was established in 2014–2015 with 45 D. 
mawii (17 males and 28 females or subadults of undetermined 
sex); founders include wild-caught turtles (captured under 
permit) and others confiscated from poachers. Captive females 
began laying eggs in 2014 and hatchings have been successfully 
produced in each subsequent year (2015–2018). 

We examined and measured each neonate on the day of 
hatching, except for those turtles that emerged on Saturday–
Sunday, which were instead processed on Monday morning. 
Using a pair of digital calipers, we measured (to nearest 1.0 mm) 
straight-line CL (from notch in posterior marginals to anterior 
edge of nuchal scute), maximum carapace width (CW), mid-line 
plastron length (PL; from base of anal notch to posterior edge of 
gular scute), and shell depth (SD; vertical distance from plastron 
to highest point of carapace); body mass (BM) was determined 
to nearest 0.1 g with a digital balance (Table 1). The mean CL 
and BM of the neonates we measured are considerably less than 
reported for a sample of 40 hatchlings in Veracruz, Mexico (mean 
CL = 54.0 mm; mean BM = 31.4 g; Vogt et al., op. cit.). In contrast, 
the range of values we report for CL and BM are greater than the 
ranges for CL (range = 20.0–39.0 mm) and BM (range = 18.0–35.0 
g) given by Vogt et al. (op. cit.). To our knowledge, measures of CW, 
PL, and SD for neonate D. mawii are unavailable in the literature.   

In the neonates we examined (Fig. 1), the carapace has a base 
color of greenish-yellow to olive brown, is covered with dark 
flecks varying in number from a few to > 100, and exhibits a low 
median keel. At hatching, the bones of the carapace are unfused 
and each marginal scute displays a whitish edge. The plastron 
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table 1. Morphometric measurements for 258 neonate Central 
American River Turtles (Dermatemys mawii) hatched at the Hicatee 
Conservation and Research Center in Toledo District, Belize (14 June 
2015 to 23 July 2018).   

Attribute Mean ± 1 SD Range

Carapace length (mm) 50.2 ± 2.9 28.8–56.4

Carapace width (mm) 39.3 ± 3.7 25.1–48.4

Plastron length (mm) 43.9 ± 2.4 31.7–49.6

Shell depth (mm) 27.2 ± 1.9 23.1–38.1

Body mass (g) 29.1 ± 4.4 20.0–39.0

Fig. 1. Neonate Dermatemys mawii photographed at the Hicatee 
Conservation and Research Center, Toledo District, Belize. Note dark 
camouflage-like flecking on carapace and overall dark body color-
ation (A), whitish plastron, post-orbital stripe, whitish gular region 
and mandible (B), and distinctive yellow-orange rostral patch, light 
fringe on webbing, and prominent caruncle (A-B). 
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and plastral-bridge are unmarked and whitish to cream. Eye 
color is dark olive-brown.  Body coloration is for the most part 
gray to blackish, except for a prominent yellowish post-orbital 
stripe, and whitish gular region and mandible. A caruncle and 
distinctive yellow-orange patch on the rostrum (below the nares 
and above the caruncle) were present on every hatchling in our 
sample. The feet are relatively large, broad, and webbed, with 
long claws. The anterior webbing of both the rear and forefeet 
display a yellowish fringe. The rear and forefeet have four and 
five toes, respectively.  The claws are typically dark gray, although 
frequently at least one is white. According to Legler and Vogt 
(op. cit.), hatchling coloration gradually fades, and markings are 
completely lost after three years. 

The functional significance of the coloration we describe in 
neonate D. mawii remains speculative. Given the dark body and 
carapace, coupled with dark, camouflage-like flecking on the 
carapace, the coloration would seem to play a role in crypsis, 
enhancing concealment of neonates from potential predators. 
That said, the adaptive significance of the bright orange patch 
below the nares is less clear. This bright patch is exposed 
whenever the hatchling surfaces to breathe and would seemingly 
catch the attention of predators. Rather than crypsis, we instead 
suggest that this patch may play a role in intraspecific signaling 
between hatchlings and other conspecifics in the turbid waters 
that characterize D. mawii habitat.   

We thank the Belize Fisheries Department for granting 
permission to the Belize Foundation for Research and 
Environmental Education to maintain captive D. mawii at 
the HCRC and the Turtle Survival Alliance for assistance and 
guidance with this project. Research and operations at the 
HCRC have been made possible by generous funding from the 
Turtle Survival Alliance, Association of Zoos and Aquariums, 
Disney Worldwide Conservation Fund, Jacksonville Zoo and 
Gardens, Mohammed Bin Zayed Species Conservation Fund, 
and Columbus Zoo and Aquarium. Support for SGP was 
provided by Wildlife Conservation Society, and Andrew Sabin 
and the Andrew Sabin Family Foundation. This paper represents 
Technical Contribution Number 6719 of the Clemson University 
Experiment Station.

STEVEN G. PLATT, Wildlife Conservation Society - Myanmar Program, 
No. 12, Nanrattaw St., Kamayut Township, Yangon, Myanmar (e-mail: 
sgplatt@gmail.com); HEATHER A. BARRETT (e-mail: hbarrett@bfreebz.
org), JACOB A. MARLIN (e-mail: jmarlin@bfreebz.org), THOMAS POP 
(e-mail: tpop@bfreebz.org), JAREN SERANO, Belize Foundation for 
Research & Environmental Education, P.O. Box 129, Punta Gorda, Belize 
(e-mail: jserano@bfreebz.org); THOMAS R. RAINWATER, Tom Yawkey 
Wildlife Center & Belle W. Baruch Institute of Coastal Ecology and Forest 
Science, Clemson University, P.O. Box 596, Georgetown, South Carolina 
29442, USA (e-mail: trrainwater@gmail.com).

TRACHEMYS VENUSTA (Eastern Meso-American Slider) and 
KINOSTERNON SP. (Mud Turtle). ARBOREAL ACTIVITY. Legler 
and Vogt (2013. The Turtles of Mexico: Land and Freshwater 
Forms. University of California Press, Berkeley. 402 pp.) reported 
that many different species of turtles in Mexico bask on tree trunks 
emerging from the water and nest on the banks of bodies of water. 
More specifically, Alvarez del Toro (1973. Los Reptiles de Chiapas, 
Second Edition. Gobierno del Estado, Tuxtla Gutiérrez, Chiapas, 
México. 178 pp.) noted that Trachemys venusta commonly basks 
on branches * 2 m above the water in Chiapas, Mexico.

On 15 April 2018, at the Miguel Alvarez del Toro Regional 
Zoo (ZOOMAT; 16.725071°N, 93.093939°W) in Tuxtla Gutierrez, 

Chiapas, Mexico, a captive female T. venusta (28.3 cm maximum 
carapace length, 19.9 cm carapace width, 3.1 kg mass) was seen 
perched on a tree (Manilkara zapota) at a height of 103 cm 
above the substrate in the sun (Fig. 1) at 0933 h. The event lasted 
ca. 18 minutes, with the turtle climbing ca. 25 cm higher after 
the first sighting. The activity ended with her abrupt fall to the 
ground and return to the water. In addition, on this same date 
and tree, I found three eggs of Kinosternon sp. at heights of 66.5 
cm (egg size: 38.3 mm long × 20 mm wide, 7.04 g; 33.4 mm × 18.4 
mm, 7.02 g; Fig. 2) and 29 cm (33.1 mm × 18.7 mm, 6.82 g; Fig. 
3). The first two eggs were buried separately in more than 60% 

Fig. 1. Trachemys venusta observed at the Miguel Alvares del Toro Re-
gional Zoo (ZOOMAT).

Fig. 2. Two eggs of Kinosternon sp. imbedded in organic matter. 
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organic matter on the side of the tree and the last was hanging 
precariously on a small branch of this tree. Hatching success of 
the eggs is unknown, since they were removed by zoo personnel. 
However, zoo workers mentioned that the use of trees in the 
exhibit for Kinosternon nesting was not rare. In the past, they had 
found arboreal activity in T. venusta, K. scorpioides cruentatum, 
and K. leucostomum in this exhibit (Pedro Alegría, pers. comm.).

Antonio Ramírez (pers. comm.) reported that in the Montes 
Azules Reserve, La Encrucijada, and Parque Nacional Cañón del 
Sumidero (each in Chiapas), he has observed specimens of T. ve-
nusta in trees along river banks at heights up to 3 m, and which 
abruptly dropped into the water when they detected human 
activity. His observations were most frequently made during 
the rainy season in June, July, and August. The present observa-
tions extend our knowledge of tree use among tropical Mexican 
turtles.

I thank the Amphibian and Reptile Curatorship of ZooMAT, 
especially P. Alegría and A. Ramírez, for providing the informa-
tion presented here, and John B. Iverson for helping with the 
translation.

EDUARDO REYES-GRAJALES, Instituto de Ciencias Biológicas, 
Universidad de Ciencias y Artes de Chiapas, Ciudad Universitaria, Tuxtla 
Gutiérrez 29017, Chiapas, Mexico (e-mail: kinosternon.96@gmail.com).

SQUAMATA — SNAKES

BOTHROPS FONSECAI (Fonseca’s Lancehead). NEONATE SIZE. 
Bothrops fonsecai is a venomous snake endemic to the Atlantic 
Forest. It has crepuscular habits and is found in Araucaria forests 
of the Serra do Mar and Serra da Mantiqueira in southeastern 
Brazil (Campbell and Lamar 1989. The Venomous Reptiles of Lat-
in America. Cornell University Press, Ithaca, New York. 425 pp.). 
On 25 July 2010, we collected an adult female B. fonsecai (Fig. 1; 
CHUFJF 1747; body mass 510 g; SVL = 800 mm; total length = 880 
mm) in the Serra do Pouso Frio, in the municipality of Cristina, 
Minas Gerais, Brazil (22.15861°S, 45.25532°W, WGS 84; 1915 m 
elev.). The specimen was taken to a serpentarium and housed 
alone in a box measuring 550 × 330 × 340 mm with coconut fi-
ber substrate, Araucaria leaves, and a pottery vessel to serve as 
shelter. On 12 January 2011 (168 days later) we observed the birth 

of 12 neonates from this female. Two offspring were stillborn. 
The body size of neonates was obtained shortly following birth: 
mean SVL = 266.6 mm ± 5.16; mean TL = 307.08 mm ± 5.54 and 
mean body mass = 23.8 ± 4.58 g (Table 1). After ten days, the neo-
nates completed their first ecdysis. Fifteen days after this (Fig. 

Fig. 3. One egg of Kinosternon sp. found balanced on a small branch.

table 1. Neonate specimens of Bothrops fonsecai born in captivity. 
Specimens denoted with a * are deposited in the Collection Her-
petológica do Museu de Zoologia da Universidade de São Paulo 
(MZUSP).

Number Total length Snout–vent Hatchling
  (mm) (mm) weight (g)
 
 1746 299.4 280 19
 1748 304.1 235 19
 1749 343.0 240 21
 1750 307.1 270 23
 1751 247.2 280 16
 1752 309.0 280 16
 1753 393.9 260 29
 1754 254.4 280 18
 1755 309.5 290 26
 1756 299.4 220 22
 * * 200 16
 * * 210 14

Fig. 1. Gravid female Bothrops fonsecai collected in the Serra do Pou-
so Frio, Cristina, Minas Gerais, Brazil. 
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Fig. 2. Neonate of Bothrops fonsecai after the first shed. 
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2), ten B. fonsecai neonates were euthanized and fixed in 10% 
formaldehyde and preserved in 70% alcohol, labeled and depos-
ited in CHUFJF-Reptiles. The only reported neonatal data for B. 
fonsecai is from a single adult female (SVL = 810 mm and TL = 
100 mm) from Serra do Mar in Cunha (23.16944°S, 44.92416°W; 
1120 m elev.) that was necropsied and contained 14 developed 
embryos (SVL = 217.7 ± 5.9 mm, TL = 36 ± 3.5 mm; Sazima and 
Manzani 1998. Herpetol. Rev. 29:103). This study reports the live 
birth along with data on body size and body mass of B. fonsecai 
neonates.

ÁLVARO FRANCISCO BATISTA JUNQUEIRA, PILAR COZENDEY, 
ARTHUR PONTÉ, BERNADETE MARIA DE SOUSA, and IARA ALVES 
NOVELLI, Laboratório de Herpetologia, Universidade Federal de Juiz de 
Fora, Campus Universitário, Bairro Martelos, CEP 36036-330, Juiz de Fora, 
Minas Gerais, Brazil (e-mail: iaranovelli27@gmail.com).

PITUOPHIS RUTHVENI (Louisiana Pine Snake).  TWIN-
NING. Pituophis ruthveni is an endangered species historically 
known from a relatively small area in west-central Louisiana 
and east-central Texas (Gibbons 2017. Snakes of the Eastern 
United States. University of Georgia Press, Athens. 416 pp.). 
This species is known for its relatively low fecundity with the 
average clutch size being the smallest of any snake species in 
the USA, while also having the largest eggs of any species na-
tive to the USA (Gibbons, op. cit.). Pituophis ruthveni is man-
aged by a Species Survival Program through the Association 
of Zoos and Aquariums (AZA) with a captive population of 50 
males and 51 females according to the most recent AZA popu-
lation viability analysis (Johnson et al. 2017. Louisiana Pine 

Snake [Pituophis ruthveni] AZA Animal Program Population 
Viability Analysis Report. Lincoln Park Zoo, Chicago, Illinois). 
 As part of the Species Survival Program, Zoo Atlanta has 
maintained two male/female pairs of P. ruthveni for breeding 
purposes since 2014. On 27 May 2017, one of the females pro-
duced a clutch of seven eggs. Of these seven, only four eggs made 
it full term to hatching. Upon pipping on 28 July 2017, it was dis-
covered that one egg contained two fully formed neonates (Fig. 
1). One twin exited the egg completely on 29 July and the oth-
er on 30 July. Upon fully exiting the egg, the mass of each twin 
snake was 32.2 g (Twin 1) and 32.4 g (Twin 2). At hatching, each 
neonate twin was less than half the mass of their siblings (Table 
1). Despite the size difference, both twins appeared outwardly 
normal with no notable birth defects at the time of hatching. At 
the time of this writing (July 2018), both twins have thrived and 
surpassed their siblings in overall mass (Table 1).

Twins have been reported for some North American snake 
species (e.g., Opheodrys aestivus [Curtis 1950. Copeia 1950:232]; 
Pantherophis guttata [Marion 1980. Trans. Kansas Acad. Sci. 
83:98–100]). Although the phenomenon of incomplete twinning 
has been documented in Pituophis catenifer (Wallach 2007. Bull. 
Maryland Herpetol. Soc. 43:57–95; see also Piriou et al. 2015. 
Herpetol. Notes 8:507–509) and at the time of this writing a living 
example of an incompletely twinned (bicephalic) P. catenifer is 
held in the herpetology collection of Audubon Zoo (R. W. Men-
dyk, pers. comm.), we are unable to find published reports of full 
twins hatching from the same egg for the genus Pituophis. 

ROBERT L. HILL, ASHLEY TAYLOR, TRENT NIESEN, CHARLENE 
ROE, and SARA PORTER, Department of Herpetology, Zoo Atlanta, At-
lanta, Georgia 30315, USA (e-mail: rhill@zooatlanta.org).

THAMNOPHIS EQUES MEGALOPS (Northern Mexican Garter-
snake). REPRODUCTION. It has been inferred that female re-
productive frequency for most Thamnophis species is once per 
season, although more northern species might not reproduce in 
sequential years (Rossman et al. 1996. The Garter Snakes: Evolu-
tion and Ecology. University of Oklahoma Press, Norman, Okla-
homa. 332 pp.; Larsen et al. 1993. Am. Midl. Nat. 129:336–345; 
Tuttle and Gregory 2013. Copeia 2014:130–135). It has also been 
suggested that southern species may produce multiple clutches 
per year due to extended breeding seasons, but this has not yet 
been observed in the wild (Ford and Karges 1987. Southwest. 
Nat. 32:93–101; Rossman et al., op. cit.). Herein we report two 
instances of the production of two clutches within a single sea-
son by a captive female T. eques. Thamnophis eques is a federally 
threatened species (U.S. Fish and Wildlife Service 2014. Federal 
6IKMWXIV������������������ERH�XS�EMH�MXW�VIGSZIV]�%VM^SRE�+EQI�
and Fish Department established two captive populations when 
little was known about husbandry and propagation of this spe-
cies.

Snakes for this captive breeding effort were collected un-
der authority of the Arizona Game and Fish Department from 
Bubbling Ponds Fish Hatchery, Cornville, Arizona. On 21 and 
22 July 2012, a female (114 mm SVL) and male (168 mm SVL), 
both neonates, were collected from the wild. The snakes were 
housed individually for the first year in captivity, after which 
they were housed together continuously, except during feed-
ing events. Snakes were fed live fish and appropriately sized, 
frozen-thawed mice once every 7–14 days. We did not measure 
SVL during this period. We first implemented brumation from 27 
November 2015 to 8 January 2016, and the snakes were kept in a 
non-heated room at ambient temperatures (range 9–25°C). The 

table 1. Mass of captive-bred Pituophis ruthveni at the time of hatch-
ing and current to the time of writing (July 2018).

 Hatchling # Mass at Mass as of 
  hatching (g) July 2017 July 2018 (g)

 1  68.4 358.9

 2 (Twin 1) 32.2 385.8

 3 (Twin 2) 32.4 392.7

 4 67.9 251.8

 5 71.5 300.2

Fig. 1. Single egg twins and normal Pituophis ruthveni pipping at Zoo 
Atlanta.  
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snakes have gone through the same brumation cycle annually 
since that time.

We observed the first successful copulation event on 28 Au-
gust 2015 (i.e., before the first brumation cycle), and the female 
(no SVL available) produced two young on 1 June 2016 (no mea-
surements recorded). In May 2017, the female measured 575 mm 
SVL and the male 460 mm SVL, and on 4 June 2017 the female 
gave birth to two offspring (one male, one female; neither was 
measured at birth). On 12 September 2017, 124 d later, the fe-
male gave birth to a litter of eight neonates; seven males, one 
female (mean SVL = 174.3 mm, range 165–181 mm; mean mass 
= 2.5 g, range 1.0–3.0 g). In 2018, no copulation was observed, 
but on 29 May 2018 the female produced a litter of six neonates: 
three males and three females (mean SVL = 194.5 mm, range 
181–204 mm; mean mass = 4.0 g, range 3.0–5.0 g; recorded on 
6 August). On 23 August 2018, 87 d later, a second litter of four 
neonates was stillborn.

To our knowledge these are the first reported instances of 
any Thamnophis species producing multiple clutches in a single 
breeding season (e.g., Rossman et al., op. cit.). The size of this 
female at first reproduction (575 mm SVL) is consistent with es-
timates of sexual maturity in T. eques occurring at about 550 mm 
SVL (Rosen and Schwalbe. 1988. Report from Arizona Game and 
Fish Department to U.S. Fish and Wildlife Service, Albuquerque, 
New Mexico; Degenhardt et al. 1996. Amphibians and Reptiles of 
New Mexico. University of New Mexico Press, Albuquerque, New 
Mexico). The larger of the two clutches is within the range (7–26) 
reported by Rosen and Schwalbe (op. cit.), but both are smaller 
than that of two other wild T. eques broods from Bubbling Ponds, 

N = 38 (Nowak and Boyarski 2012. Herpetol. Rev. 43:351–352) and 
N = 32 (Boyarski et al. 2018. Arizona Game and Fish Department 
Nongame and Endangered Wildlife Program Technical Report 
316). Mean offspring SVL ranged from 165–181 mm (Rosen and 
Schwalbe, op. cit., Boyarski et al., op. cit.) and our observations fit 
into these wild observations. Both clutch size and offspring size 
are often correlated with female body length (King 1993. J. Her-
petol. 27:175–185; Halstead et al. 2011. Southwest. Nat. 56:29–34), 
and this has been seen in T. eques from Mexico (Manjarrez and 
San-Roman-Apolonio 2015. Herpetologica 71:12–18). The rela-
tively small size and young age of the female in this report may 
explain the below average clutch and offspring size compared to 
reported wild observations (Shine and Seigel. 1996. Funct. Ecol. 
239:209–223), but might also be due to the snake producing two 
clutches in one season.

Despite being an observation from a captive animal, this 
finding is intriguing and confirms the possibility of Thamno-
phis being able to produce multiple clutches in a single season. 
Further studies using telemetry or mark-recapture may confirm 
whether this phenomenon occurs in wild snakes. Furthermore, 
this observation may have conservation implications that can be 
applied to captive breeding programs for this federally threat-
ened species.

DAVID D. KANDIYELI (e-mail: DKandiyeli@megafluidsystems.com) 
10747 E. Enid Ave, Mesa, Arizona 85208, USA; SHARON LASHWAY, Ari-
zona Game and Fish Department, Mesa, Arizona 85207, USA (e-mail: slash-
way@azgfd.gov); THOMAS R. JONES (e-mail: tjones@azgfd.gov) and 
MASON J. RYAN, Arizona Game & Fish Department, 5000 Carefree Hwy, 
Phoenix, Arizona 85086, USA (e-mail: mryan@azgfd.gov).
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