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Distinguishing Sex Characteristics of Eastern  
Collared Lizards (Crotaphytus collaris)

 Accurately identifying the sex of animals is important in 
allowing for long-term studies of population dynamics, including 
sex ratios, which play important roles in sexual selection and 
evolution (Stearns 1987), and in understanding the influence 
that certain factors ultimately have on changing sex ratios. Sexual 
dimorphism is common in lizards, with males typically possessing 
larger heads and bodies than their female counterparts (Vitt 1983; 
Cooper and Vitt 1989; Olsson et al. 2002). These dimorphic traits 
are also apparent in adult Eastern Collared Lizards (Crotaphytus 
collaris); as adults, male C. collaris possess greater hind limb 
length (McCoy 1994), better developed femoral pores (Cole 
1966), and conspicuous color pattern (Macedonia et al. 2004). 
This distinction between sexes of C. collaris is not as apparent in 
hatchlings or juveniles, however.

Males and females of many lizard species appear to be easily 
distinguished based upon differences in scalation on the ventral 
side of the tail (e.g., Anolis lineatopus, Macrini and Irschick 
1998; Petrosaurus thalassinus, Stebbins 2003, Foster et al. 2019; 
Phrynosoma asio, Recchio et al. 2014; Sceloporus olivaceus, Mallery, 
Jr. 2019; Sceloporus orcutti, Mayhew 1963; Uma rufopunctata, 
Turner and Rorabaugh 2009). In these cases, males reportedly 
possess enlarged post-cloacal ventral scales which are absent in 
females. Similarly, the presence of notably enlarged post-cloacal 
ventral scales has also been used to identify young C. collaris as 
male, while those individuals lacking this trait have been defined 
as female (Brisson et al. 2003; Santoyo-Brito et al. 2017).

Through working with C. collaris, we have noted some 
inconsistencies when using these sex-specific traits and felt that 
there was a need for a closer examination of the relationship 
between notably enlarged post-cloacal ventral scales and sex 
in C. collaris. Consequently, we examined juvenile and adult 
C. collaris for the presence/absence of both notably enlarged 
post-cloacal ventral scales and a second previously undefined, 
apparently sexually dichromatic trait (N. Dokai and A. Dokai, 
pers. comm.), black dots on the ventral surface laterally adjacent 
to the cloaca (Fig. 1). Herein, we report our findings on these 
traits with respect to the sex of individuals.

Methods

The Arizona Center for Nature Conservation/Phoenix Zoo 
(Phoenix) acquired one wild-caught adult male C. collaris from 
Innovative Ectotherms (Arvada, Colorado, USA) on 13 November 
2013 and two young (approximately three months of age), 
captive-hatched female C. collaris from the same source on 10 
September 2015. From these three lizards, Phoenix has produced 
33 hatchlings, 25 of which were examined in this study. Many 
of the animals produced by Phoenix were subsequently sent 
to other Association of Zoos and Aquariums (AZA)-accredited 
institutions, which provided updated photographs for this 
examination. In addition to these 28 individuals at Phoenix 
(the adult trio and the 25 hatchlings examined), 13 individuals, 
some captive-hatched and some wild-caught, maintained at five 
other AZA-accredited institutions (El Paso Zoo, Nashville Zoo, 
Oklahoma City Zoo, Omaha’s Henry Doorly Zoo, St. Louis Zoo) 
were examined in this study. All individuals were examined for 
the presence and absence of both notably enlarged post-cloacal 
ventral scales and black dots laterally adjacent to the cloaca. 
Photographs of these traits were taken for all individuals, but 
done so at varying ages. These traits were compared to the actual 
sex of the individual, determined post-sexual maturity through 
positive identification of sex organs (ovary or testicle) via 
necropsy, identification of hemipenes via transillumination (see 
Brown 2009), or by the identification of other obvious secondary 
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Fig. 1. Ventral side of Crotaphytus collaris around the cloaca showing 
A) a male lacking black dots but possessing notably enlarged post-
cloacal ventral scales (indicated by black arrows); B) a female pos-
sessing black dots (each encircled) and possessing notably enlarged 
post-cloacal ventral scales (indicated by black arrows), traditionally 
thought to be male; and C) a female possessing black dots (each en-
circled) and lacking notably enlarged post-cloacal ventral scales.
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sex characteristics (e.g., large head size relative to body size, 
large femoral pores of males, color pattern, etc.).

results

Of the 41 individuals examined in this study, 18 were male 
and 23 were female. All males possessed notably enlarged post-
cloacal ventral scales (Table 1). While most females lacked 
enlarged post-cloacal ventral scales, 39.1% of females possessed 
enlarged post-cloacal ventral scales (Table 1). On the other 
hand, 100% of males lacked black dots laterally adjacent to the 
cloaca while all females possessed this trait (Table 1), regardless 
of whether the individuals originated from the wild or from 
captive-breeding.

discussion

The presence of notably enlarged post-cloacal ventral 
scales has previously been used to identify C. collaris males, 
as it has with other lizard species, while the absence of this 
trait has been used to identify females (Brisson et al. 2003). 
There is some subjectivity when attempting to define what 
constitutes “notably enlarged” when examining the size of post-
cloacal scales in C. collaris, and this task becomes even more 
challenging for hatchlings measuring approximately 35–40 
mm in snout–vent length. Despite the fact that all males in the 
present study possessed what could only be described as notably 
enlarged post-cloacal ventral scales, we observed variation in 
the sizes of these scales in both sexes of the 41 (23 females and 18 
males) C. collaris examined (Fig. 2). To an observer attempting 
to identify the sex of a C. collaris, the amount of uncertainty in 
what constitutes “large” when referencing ventral scales can by 
itself create enough confusion to make this method ineffective. 

More importantly, however, it is wholly inaccurate to identify sex 
based on this physical trait because of inconsistencies observed.

In this examination, we found both male and female C. 
collaris with notably enlarged post-cloacal ventral scales, 
meaning females could be misidentified as males if using this 
characteristic to determine sex and making this method for 
identification of sex unreliable for C. collaris, at least in some 
populations of the species. We initially misidentified females 
as males for this reason; a considerable proportion (> 30%) 
of females possessed what could only be defined as “notably 
enlarged post-cloacal ventral scales” (see Fig. 3), a characteristic 
previously used to define only males. Although the presence 
of enlarged post-cloacal ventral scales has also been used to 
identify males of other species (as noted above)—similar to the 
findings reported here for C. collaris—it has been reported that 
while all male Uma notata and U. scoparia possess enlarged 
post-anal scales, females also possess this trait approximately 
<1% (Mayhew 1966a) and 4% of the time (Mayhew 1966b), 
respectively. The presence of notably enlarged post-cloacal 
ventral scales alone can no longer be used to identify male C. 
collaris, and we believe that more research on the correlation of 
this trait and sex is needed for other species (e.g., Uma spp.) as 
well. We urge caution if attempting to correlate the presence/
absence of notably enlarged post-cloacal ventral scales with sex 
for other species as well, but this trait does appear to hold for 
some (e.g., Petrosaurus thalassinus; pers. obs.).

We were also able to confirm a trait, not previously described 
in the literature, to accurately identify the sex of C. collaris. Black 
dots laterally adjacent to the cloaca apparently are only present 
in females. It is important to note that there appears to be some 
variation in the expression of these dots in young animals. It is 
also important to note that these black dots were not identified 
in many lizards until they reached sexually maturity. This delay 
was due to the fact that most animals were initially sexed using 
post-cloacal ventral scales, which caused misidentifications of 
females that were initially sexed as males. This misidentification 
of sex in these animals, however, was not recognized until they 

table 1. Total number (and percent) of female and male Crotaphytus 
collaris in relation to the presence and absence of notably enlarged 
post-cloacal ventral scales and black dots laterally adjacent to the 
cloaca.

 Notably enlarged scales Black dots
 Present Absent Present Absent

Females 9 (39.13%) 14 (60.87%) 23 (100%) 0 (0%)

Males 18 (100%) 0 (0%) 0 (0%) 18 (100%)

Fig. 2. Ventral side of three male (top) and three female (bottom) 
Crotaphytus collaris depicting variation in post-cloacal ventral scale 
sizes with some females possessing post-cloacal ventral scales larger 
than some males (see Fig. 3).

Fig. 3. Ventral side of a female (left) and male (right) Crotaphytus col-
laris at approximately one year of age. Note that the female possesses 
both notably enlarged post-cloacal ventral scales (encircled), a trait 
previously used to distinguish male C. collaris (Brisson et al. 2003), 
and black dots laterally adjacent to the cloaca (indicated by arrows). 
The male also possesses notably enlarged post-cloacal ventral scales, 
although these are even smaller than those of the female, but lacks 
the black dots laterally adjacent to the cloaca. This female (along 
with others in the study) was initially misidentified as a male (as a 
hatchling) because of the presence of the notably enlarged post-clo-
acal ventral scales.
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reached sexual maturity, when other sex characteristics made 
the true sex obvious. At this point, after communications with 
N. Dokai and A. Dokai, we more closely examined all animals 
involved for the correlation between the black dots laterally 
adjacent to the cloaca and the actual sex of the animal. A closer and 
broader examination for this chromatic trait should be made on 
hatchling C. collaris. Both characteristics should also be examined 
in other species of the genus. While all C. collaris males examined 
possessed enlarged post-cloacal ventral scales, the males of some 
Crotaphytus species apparently lack enlarged post-cloacal ventral 
scales (e.g., C. vestigium; Fig. 4).

Crotaphytus collaris has a large geographic range (Conant 
and Collins 1998; Stebbins 2003), and we acknowledge that there 
might be regional variation in color, pattern, and scalation. While 
the 28 Phoenix animals examined in this study originated from a 
population in Oklahoma, the origin of the other animals examined 
here is unknown. The observation of large scales in females 
was not restricted to Phoenix animals, however, and all females 
examined possessed black dots while all males lacked this trait. 
Still, future studies should attempt to examine both the scale and 
the coloration traits described here in multiple wild populations 
or from vouchered museum specimens with known collection 
locality data, noting, however, that coloration of the black dots 
adjacent to the cloaca fades in deceased animals (pers. obs.).

Being able to distinguish sexes in a species is critical to 
understanding aspects of its ecology and behavior. Accurate 
identification of sexes is also necessary to understand the influence 
that environmental variables can have on sex ratios, such as the 
influence of incubation temperature on sex determination. While 
Viets et al. (1994) described C. collaris as following genetic sex 
determination (GSD), Santoyo-Brito et al. (2017) recently found 
that incubation temperature impacted sex ratios when sexes were 
assigned based upon the presence (male) or absence (female) of 
notably enlarged post-cloacal ventral scales. Future examinations 
should investigate the influence of incubation temperature on 
both the sex of C. collaris and the presence/absence of enlarged 
post-cloacal ventral scales in C. collaris.
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Fig. 4. A) Ventral side of a young (less than one year of age) male Cro-
taphytus vestigium lacking the presence of notably enlarged post-
cloacal ventral scales. B) Transillumination of the same individual 
revealing presence of hemipenes (indicated by the white arrows). 
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CAUDATA — SALAMANDERS

PSEUDOBRANCHUS STRIATUS STRIATUS (Broad-striped 
Dwarf Siren). MAXIMUM SIZE AND LONGEVITY. Pseudobran-
chus s. striatus is a small, fully aquatic salamander that inhabits 
cypress swamps and ponds in acidic pine flatwoods, flooded 
ditches, marshes, and other permanent and semi-permanent 
aquatic habitats from southeastern South Carolina to northern 
Florida, USA (Powell et al. 2016. Reptiles and Amphibians of East-
ern and Central North America. Fourth edition. Houghton Mifflin 
Harcourt. Boston, Massachusetts. 494 pp; Moler and Kezer Copeia 
1993:39–47).  The maximum size for this species has previously 
been reported as 20.3 cm (Petranka 1998. Salamanders of the U.S. 
and Canada. Smithsonian Institution Press. Washington D.C. 483 
pp.), 203 mm (Moler and Mansell 1986. Herpetol. Rev.17:45), and 
22 cm (Powell et al., op. cit.) 

In 1994, Riverbanks Zoo and Garden established a self-
sustaining colony of P. striatus. These salamanders have been 
maintained outdoors in semi-natural conditions year-round and 
subjected to the natural fluctuations in temperature, rainfall, 
and photoperiod of Columbia, South Carolina (Pfaff and Vause 
Herpetol. Rev. 33:42–44). The mean weights and total lengths of 
our oldest group of P. striatus, as recorded in August 2018, were 
20.84 g (N = 16, range 10.7–30.1 g) and 262.43 mm TL (N = 16, range 
213–305 mm). The mean TL for this group exceeds the record size 
for P. striatus, as reported by Powell et al. (op. cit.), by more than 42 
mm and the largest single specimen, with a TL of 305 mm, exceeds 
the record by 85 mm. 

Longevity for P. striatus is currently unknown (Moler 2005. In 
Lannoo [ed.], Amphibian Declines: The Conservation Status of 
United States Species, pp. 909–910. University of California Press. 
Berkeley and Los Angeles, California), however Snider and Bowler 
(1992. Longevity of Reptiles and Amphibians in North American 
Collections, Second Edition. SSAR Herpetological Circular No. 2) 
recorded longevity for a related species, Siren lacertina, at 14 years 
10 months. As of October 2018, the oldest P. striatus at Riverbanks 
Zoo and Garden are 20 years 3 months old and still living.

CHARLES SCOTT PFAFF (e-mail: spfaff@riverbanks.org) and KATHY 
VAUSE, Riverbanks Zoo and Garden, 500 Wildlife Parkway, Columbia, South 
Carolina 29210, USA (e-mail: kvause@riverbanks.org).

ANURA — FROGS

TELMATOBUFO VENUSTUS (Chile Mountains False Toad). 
UNDERWATER VOCALIZATION. Few anuran species with aquatic 
lifestyles are known to produce underwater vocalizations (Köhler 
et al. 2017. Zootaxa 4251:1–124). Telmatobufo venustus is an 
endemic species from Chile, known to occur in three locations on 
the western side of the Andes Mountains. The elevational range is 
600–1280 m and it occupies a latitudinal range between 35°28’ and 
38.5°S (Fenolio et al. 2011. Herpetol Rev. 42:514–519). Adults and 
larvae are mostly found among and underneath rocks in rushing 
streams (Formas et al. 2001. Rev Chil. Hist. Nat. 74:365–387). Due 
to the low abundance of individuals and restricted locations of 
occurrence, T. venustus is considered an endangered species by 
the IUCN SSC Amphibian Specialist Group. Here we report the 
first recording of underwater vocalization of T. venustus in the 
National Zoo of Chile. 

We recorded an underwater advertisement call from a male T. 
venustus (SVL= 59.98 mm) while he was housed together with a 
conspecific female (SVL= 72.19 mm) in the National Zoo of Chile. 
This pair of frogs was maintained in a glass aquarium measuring 
80 × 40 × 30 cm, and 6 mm-thick glass. The aquarium contained 
55 liters of water, with a continuous water circulation system, 
a rocky surface offering hiding places, and an area for aerial 
breathing. The aquarium was exposed to a photoperiod of 10 h 
of light from April to August and 12 h of light from September to 
March. From September on, the air temperature in the room was 
kept at 16°C with an air conditioner. We registered underwater 
calling of T. venustus during the night of 23 September 2012 at 
2000 h, after an increase in air temperature from 4 to 16°C that 
was imposed to induce reproduction in captivity. 

We recorded this vocal behavior using a cellphone (LG g2 mini) 
at a distance of about 10 cm from the aquarium edge. During the 
recording the male was positioned about 20 cm underwater and 
10 cm from the glass edge of the aquarium. This calling behavior 
occurred as a series of short whistles that increased in intensity, 
similar to a bird vocalization. The recorded vocalization lasted 
approximately 60 s and was produced at intervals of 70–90 
min. This same pattern was repeated two days later during 
early night hours. Normally, the male and female went in and 
out of the water during the day, however, on the days when the 
vocalizations were recorded, the male remained underwater the 
entire day, while the female persistently kept moving in and out 
of water. On one occasion the female approached the male, and 
he immediately reacted by attempting amplexus, but the female 
responded evasively, resulting in unsuccessful mating attempts.

We extracted the audio file in wav format from the video 
file originally recorded in mp4 format in a sampling rate of 16 
kHz. This wav file was normalized to +30 dB using the software 
Adobe® Audition. The note and inter-note interval durations 
and the dominant frequency of notes we measured using a 
Hamming window and FFT with 512 samples using the package 
warbleR (Araya-Salas and Smith-Vidaurre 2017. Methods Ecol. 
Evol. 8:184–191) of R software.

Two series of tonal notes differing in note and inter-note 
interval durations were recorded in the male T. venustus (Fig. 1). 
Type 1 note series consisted of short repetitive whistles having 
a constant dominant frequency of about 1.7 kHz, and the Type 
2 note series consisted of upward frequency modulated notes. 
Twenty-six Type 1 notes and nine Type 2 notes were recorded, 
and Type 1 and Type 2 notes had durations of 39–74 and 131–
218 ms, respectively, and inter-note intervals were 387–690 and 
115–447 ms, respectively. The dominant frequency was similar 
in both note types (1719–1781 and 1656–1844 Hz, respectively). 
The underwater vocalization of T. venustus was performed 
with no expansion of the throat area but was accompanied by 
thoracic contractions as evidenced by the movement of the 
conspicuous dorsal glands and head glands characteristic of this 
species. The contractions of the thoracic area were faster during 
the production of notes Type 2 than during notes Type 1 (video 
recording available at https://youtu.be/5fCwiuCTxtc).

Telmatobufo venustus is a species rarely observed in nature, 
and adults are found walking solo in the forest or underwater 
in streams. In this latter habitat, which is particularly noisy due 
to water flow, adult T. venustus occur in low density. These two 
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conditions probably determine that vocalization is not commonly 
heard in the field. The mechanism by which T. venustus produces 
sound is unknown. Since the male remained underwater for a 
long time when vocalizing, his air flow requirements were 
expected to be quite high, but inhalation of air at the surface was 
not observed. Instead, when the male vocalized, no movements 
were observed in the throat area, and the ventral and dorsal 
muscular area, as well as the dorsal and head glands, moved in 
synchrony with the tones being produced. Furthermore, during 
the recording, the male was observed attempting to embrace 
the female enclosed with him in the aquarium. Thus, it is likely 
that the vocalization reported in this study is part of a courtship 
behavior to attract the attention of females. It is unclear if the 
apparent lack of response by the female T. venustus was due to a 
lack of signal detection or to another non-observed factor. 

It is likely that harmonic and tonal sounds are not usually 
produced by anurans living in aquatic environments, as it would 
easily degrade and be interfered with by the noise from moving 
water. The tonal sounds described in this study produced by T. 
venustus  highlight the need to investigate thoroughly the adap-
tive significance, mechanisms, and environmental propagation 
of these type of signals. This research was conducted under the 
ex situ native amphibian conservation project at the National 
Zoo of Chile. 

OSVALDO CABEZA, Zoológico Nacional, Pio Nono 450, Recoleta, 
8420541, Santiago, Chile (e-mail: ocabezaa@parquemet.cl); JOSÉ MANUEL 
SERRANO, Laboratorio de Comunicación Animal, Vicerrectoría de Investig-

ación y Postgrado, Universidad Católica del Maule, San Miguel 3605, Talca, 
Chile; ONG Ranita de Darwin, Santiago, Chile (e-mail: jserrano@ucm.cl). 

TESTUDINES — TURTLES

PLATYSTERNON MEGACEPHALUM (Big-headed Turtle). 
SPERM STORAGE. Retention of sperm within the reproductive 
tract over long periods of time (i.e., sperm storage) relaxes the 
requirement for direct male involvement in the fertilization of 
subsequently ovulated eggs and is known to occur in every ver-
tebrate group (Howarth. 1974. In Johnson and Foley [eds.], The 
Oviduct and Its Functions, pp. 237–270. Academic Press, New 
York). Sperm storage in non-parthenogenetic vertebrates can 
be demonstrated by the production of viable eggs over time in 
females isolated from males (Howarth, op. cit.). Sperm storage is 
known in several families of freshwater turtles, with viable sperm 
being retained in various oviductal glands (Gist and Congdon 
1998. J. Exp. Zool. 282:526–534) for periods of 4–7 years (Pearse 
et al. 2001. Heredity 86:378–384). 

Platysternon megacephalum occurs in upland streams of 
Southeast Asia (Myanmar east to Laos and Vietnam, south to 
Cambodia, and northwards to southern China including Hong 
Kong) where it is threatened by subsistence hunting, rampant 
commercially driven poaching, and habitat destruction (Gong et 
al. 2019. Ecol. Evol. 9:9869–9877). Most wild populations are now 
much reduced or extirpated (Gong et al., op. cit.), leading Rhodin 
et al. (2018. Chelon. Conserv. Biol. 17:135–161) to provisionally 
rank P. megacephalum as Critically Endangered. Little is known 
about the natural history of P. megacephalum (Gong et al., op. 
cit.), which is unfortunate because such information is critical for 
designing effective in- and ex-situ conservation actions (Dayton 
2003. Amer. Nat. 162:1–13). Although reproduction has been 
described in wild (Sung et al. 2014. Acta Herpetol. 9:243–247) and 
captive populations (Shelmidine et al. 2016. Zoo Biol. 35:174–
179; Gong et al., op. cit.), much remains to be learned about the 
reproductive strategies and mating systems of P. megacephalum 
(Gong et al., op. cit.). We here describe two instances of apparent 
sperm storage in captive female P. megacephalum in Myanmar. 

Our observations were made at the Turtle Rescue Center 
(TRC; 22.17668°N; 96.63638°E; WGS 84; 748 m elev.) near 
Bambwe in Shan State, Myanmar. The two female turtles were 
among a group of > 1000 P. megacephalum confiscated from 
illegal wildlife traffickers in November 2016 and transferred to 
the TRC for rehabilitation and eventual repatriation into the 
wild (Platt and Platt 2017. Turtle Survival 2017:38–43). Owing 
to the intense aggression often directed at conspecifics that 
can result in serious injuries among captive P. megacephalum 
(Gong et al., op. cit.), the confiscated turtles were individually 
housed in 160-liter fiberglass tanks supplied with flowing water 
pumped from a nearby stream. We maintained the water depth 
at 15–20 cm and placed a banana frond and small plastic shelter 
in each tank to provide concealment and reduce stress among 
the captive turtles (Shelmidine et al., op. cit.). We made daily 
inspections of each turtle and on alternate days provided small 
fish and prawns obtained fresh from a local urban market.

On 25 May 2018, we found two freshly deposited eggs 
(egg length × width measured with dial calipers = 45.0 mm × 
22.0 mm and 42.5 mm × 21.5 mm) submerged in the tank of a 
female (straight-line carapace length [CL] = 135 mm) that had 
been housed in isolation for the previous 17 months. The eggs 
were immediately removed from the water, partially buried in 
a plastic container filled with moistened vermiculite (ratio of 

Fig. 1. Underwater vocalization produced by Telmatobufo venustus 
consisting of (A) a sequence of two note series of tonal calls. The note 
series type 1 is preceded and followed by the note series type 2. (B) 
A zoom centered on the short whistles of note series type 1, and (C) 
on the frequency modulated note series type 2. Spectrogram (above) 
and oscillogram (below) are shown for A, B and C, respectively (FFT 
512 and sample rate of 16 kHz). 
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vermiculite to water = 1:1 by weight) and placed in an electric 
incubator set at 25°C. The first two eggs were followed by a third 
egg (44.3 mm × 22.0 mm) on 12 June 2018, which we treated in 
the same manner. On 16 June 2018, an opaque spot (“chalking”) 
typical of fertilized eggs (Ewert 1985. In Gans et al. [eds.], Biology 
of the Reptilia, pp. 77–267. John Wiley, New York) was obvious on 
the third egg. Embryonic development appeared to continue for 
several weeks, although this egg ultimately failed to hatch. No 
evidence of embryonic development was observed in the two 
eggs deposited on 25 May 2018 (Fig. 1). On 25 July 2018, a second 
female (CL = 133 mm) deposited a clutch of two eggs, which we 
processed in the previously described manner. Five days later 
(29 July 2018), we noted an opaque spot on one egg (45.2 mm × 
22.9 mm); embryonic development continued for several weeks, 
but the egg failed to hatch. No sign of embryonic development 
was observed in the other egg (43.2 mm × 23.1 mm). At the 
time the clutch was deposited, the female had been housed in 
isolation for approximately 18 months. To our knowledge, these 
observations are the first to indicate female P. megacephalum 
are capable of sperm storage. 

Sperm storage is not unexpected in a comparatively solitary 
species such as P. megacephalum. According to Pearse and Avise 
(2001. J. Heredity 92:206–211), if frequent mating is costly to 
female turtles, sperm storage can enable a female to increase 
her genetic fitness by copulating only as often as necessary to 
fertilize her eggs. In the case of P. megacephalum, the ability 
to store sperm would allow females to minimize encounters 
with the physically larger males, thereby minimizing the risk of 
sustaining injuries from aggressive behavior during courtship 
and mating. Furthermore, multiple paternity of individual 
clutches was recently demonstrated in captive P. megacephalum 
(Gong et al., op. cit.), and all of the potential benefits associated 
with this mating strategy (reviewed by Gong et al., op. cit.) are 
enhanced by the ability of females to store sperm (Pearse and 
Avise, op. cit.).  
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Fig. 1. Clutch of three eggs deposited by a female Platysternon mega-
cephalum after being housed in isolation for 17 months. The two 
eggs above (deposited 25 May 2018) show no signs of embryonic 
development, while the single egg below (deposited 12 June 2018) 
exhibits an opaque area on the shell typical of fertilized eggs.  


