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Evaluation of cloacoscopy for sex determination in the Argentine
black and white tegu Salvator merianae
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INTRODUCTION

pproximately one fifth of reptilian species is listed

as Critically Endangered, and another one in five
species is classed as data deficient (Alroy, 2015). Their low
dispersal ability, together with their great morphological
and physiological specialisation, makes reptiles highly
sensitive to anthropogenic habitat degradation and climate
change (Kearney et al., 2009; Jenkins et al., 2014). Ex situ
conservation and captive breeding programmes have
therefore become fundamental instruments in reptile
conservation (Witzenberger et al., 2011). Moreover, artificial
insemination techniques seem to be close to standardisation
(Mattson et al, 2007; Molinia et al., 2010; Oliveri et al., 2017).
A basic knowledge of reptile reproductive morphology and
anatomy is then necessary in order to standardise methods
for artificial insemination and early sex recognition (Oliveri et
al., 2016). Advanced endoscopic technique has proven to be
the ideal method for this purpose, being safe and relatively
non-invasive.

Sex recognition in the lizard family Teiidae is challenging.
Jaw-muscle dimension (Naretto et al., 2014) and snout-
vent distance have been described, but these methods
entail a high risk of misdiagnosis (Kratochvil et al., 2003).
Probing of the hemipenal pouches (Hall, 1978; Funk, 2002)
may be used in adult tegu lizards, but not in hatchlings.
Hemipenal eversion is another possibility but subsequent
infection and necrosis of everted hemipenes after injection
of saline solution have been reported and eversion with
manual massage is challenging in large lizard species with
highly muscular tails. It is also dangerous in lizard taxa that
perform caudal autotomy and may cause serious injury if
it is not performed gently (Reed et al., 2012). Evaluation of
the presence of post-cloacal spurs (three slightly protruding
scales) is a suggested sex determination technique in lizards
of the family Teiidae (Sprackland, 2009). A post-cloacal spur
is present on both sides of the tail base in male Argentine
black and white tegu. In females, post-cloacal spurs can be
also present, but of a smaller dimension than in the male.

Ultrasound imaging and diagnostic endoscopy have both

proved to be useful tools for sex determination in lizards.
In monomorphic lizards, ultrasound has been used to
investigate the development of ovarian follicles and for sex
determination (Morris et al., 1996; Schumacher et al., 2001;
Gartrell et al., 2002; Prades et al., 2013). However, gonadal
ultrasound is only useful when applied to adult, sexually
mature lizards (Reed et al., 2012; Stetter, 2006). Cloacoscopy
has proved a feasible method of sex determination in many
reptile species (Schildger et al., 1989; 1999; Kuchling, 2006;
Spadola et al., 2009; Divers, 2010; Innis, 2010; Selleri et al.,
2013; Martinez-Silvestre et al., 2015; Perpinan et al., 2016;
Spadola et al., 2021). However, to date no information on
cloacoscopy of tegus has been published.

The aims of the current study were to i) describe the
cloaca in adult male and female Argentine black and white
tegu (Salvator merianae) using cloacoscopy, and ii) validate
this technique for sex determination of hatchlings.

MATERIALS & METHODS

The lizards

A total of 25 Argentine black and white tegus (Salvator
merianae) were included in the study. Lizards were referred
to the Veterinary Teaching Hospital (University of Messina)
from private breeders and were divided in two groups
according to the age: the first group included six adult tegus
(1.8-2.2 kg), while the second group included nineteen 15-
day old hatchlings. First, the sex of the adults was determined
by the presence of post-cloacal spurs (PSSD) then the results
were verified using ultrasonography to detect the ovaries in
female tegus (Mylab 40Vet + linear transducer 7.5-12 MHz,
Esaote, Italy). The adults were submitted to endoscopy and
ultrasound for other clinical reasons and the photographs
generated were subsequently used as an aid to identify
the sex in the hatchlings. Once the sex was unequivocally
determined in all 6 adult tegus, then cloacoscopy (CSD) was
undertaken with the hatchlings.

Cloacoscopy
The lizards were restrained manually and positioned in
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dorsal recumbency on an electric heating pad (30 °C Bosch
PFP 1031; Bosch, Germany). For cloacoscopy the following
equipment was used - a rigid arthroscope (4 mm diameter,
0°, 8.5 cm length, Olympus medical, Japan) with a working
sheath connected via one port to a syringe (60 mL, Pic
solutions/Artsana, Italy), camera (Telecam DX-II, Karl Storz,
Germany) and a documentation system (TELE PACK, Karl
Storz, Germany). The endoscope was gently introduced
into the vent of the lizard to visualise the proctodeum,
urodeum and coprodeum. To obtain cloacal dilatation and
a better visualisation of anatomical structures, there was
continuous flushing with sterile saline solution (0.9 % NaCl,
S.A.L.F., Italy) combined with 3 ml/L lidocaine chlorohydrate
(2 % Lidocaine, Esteve, Italy) from the syringe. After the
cloacoscopy, all lizards were kept in the clinic for 24 h to
monitor the condition of their health.

One veterinarian (MdG) used PSSD on the 19 hatchling
tegus, this was followed by CSD performed with two
veterinarians (FS, MM), who were not informed of the
results of PSSD. All photographs taken during CSD were
then presented to two veterinarians not involved in any
of the earlier sex determination work. Since the data were
qualitative, numerical statistical testing was not used but
instead the reliability of agreement between the results
obtained from PSSD, cloacoscopy and final observers was
examined with the Fleiss’ kappa (K) nominal scale (Fleiss,
1971). The K values range used to measure nominal scale
agreement was from 0 to 1.

RESULTS

Details of the cloacoscopy

Using cloacoscopy, the proctodeum of adult tegus was
immediately visualised as the endoscope was inserted
through the vent. Advancing cranially with the probe, the
urodeum (Fig. 1) was seen ventrally. It was present as a small
central mucosal fold upon which the urinary papillae could
be recognised. In adult female tegus, a mucosal recess was
present just beyond the central mucosal fold; this recess
was divided in two vaginal pouches by a vertical mucosal
slit (Fig. 1A). In adult male tegus the central mucosal fold
was not seen (Fig. 1B). In 15-day old hatchling tegus, similar
differences between males and females were found (Fig. 2).
Inthe coprodeum the anal sphincter was easily overcome and
by passing the endoscope through that the rectal chamber
could be seen (Fig. 3). During the whole procedure the lizards
did not show any signs of discomfort.

Post-cloacal spur sex determination compared with
ultrasonography and cloacoscopy

Sex determination in adult tegus using ultrasonography
revealed 3 males and 3 females; by comparison, PSSD
suggested the correct sex in five of the six cases (83.3 %
accuracy).

In the case of hatchlings, PSSD suggested 7 females and
12 males but CSD revealed 9 females and 10 males. PSSD
failed to identify the sex correctly in the case of 4 males and
3 females (Table 1S, see Supplementary Materials), so it was
accurate for only 13 or the 19 hatchlings (68.4 % accuracy).

The two blind-trial observers confirmed the results
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Figure 1. The urodeum of adult Salvator merianae visualised
by cloacoscopy - A. Female, B. Male. In the female a
mucosal recess (red arrow) is present, and it is divided in
the two vaginal pouches by a vertical mucosal slit. In the
male the recess was not visualised. An additional horizontal
slit (asterisks) divides the urodeum from the coprodeum
(arrowheads). When cloacal chambers are not dilated by the
saline flush, this horizontal slit covers the ‘genital’ part of the
urodeum, leaving exposed just the central mucosal fold, with
the coprodeum connecting directly to the proctodeum.

Figure 2. Urodeum of 15-day old hatchling Salvator merianae
visualised by cloacoscopy - A. Female, B. Male. Just beyond
a mucosal fold (urinary papillae, stars), a mucosal recess (red
arrow) and vaginal pouches have been shown even in post-
hatchling (15-day old) S. merianae. An additional horizontal
slit (asterisks) divides the urodeum from the coprodeum
(arrowheads). The urodeum differences allow early sex
diagnosis.

Figure 3. Rectal chamber of adult Salvator merianae - A.
When dilated, the rectal chamber shows the presence of
coelomic organs and is highly vascularised, B. The rectocolic
valve in the rectal chamber



obtained using CSD (Table 1S). There was poor agreement
between the PSSD results and those obtained by CSD
operators and blind-trial observers (K = 0.479). Cloacoscopic
sex determination showed instead perfect statistical
agreement between cloacoscopy operators and the
subsequent blind-trial observers (K =1).

DISCUSSION

In our experiment, PSSD in young tegus was accurate only
in 68.4 % of cases, hence it cannot be considered a reliable
method of sex determination in S. merianae hatchlings.
Instead, cloacoscopy proved to give very accurate sex
determination, due to the considerable anatomical
differences between sexes. Moreover, cloacoscopic sex
determination showed a close statistical agreement between
cloacoscopy operators and subsequent blind-trial observers.
Cloacoscopy is an important tool in the study of cloacal
anatomy. Cloacoscopy and cystoscopy have also been
proposed as useful methods of sex determination in young
chelonians by indirect visualisation of gonads through the
urinary bladder wall (Selleri et al., 2013; Martinez-Silvestre
et al.,, 2015); recently cloacoscopy has been used for sex
determination in lizards (Morici et al., 2017), and to aid
artificial insemination in snakes (Oliveri et al., 2017; 2016).
There is great variability in cloacal morphology between
reptile species (Morici et al.,, 2017; Oliveri et al., 2016;
Spadola et al., 2009; 2015; 2016), and the physician should
achieve a detailed knowledge of these differences before
attempting sex determination through cloacoscopy.
Cloacoscopy has proven to be a safe and minimally invasive
technique, comparable in invasiveness to a simple cloacal
flushing. Our results demonstrate that CSD represents a
highly accurate method for sex determination in S. merianae.
This method can be considered a useful tool in ex-situ
conservation programmes of endangered Teiidae. Moreover,
it can be easily used as sex determination method by reptile
specialists. We strongly encourage the use of CSD in other
squamate species in order to establish accurate references.
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