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1. Introduction

The sexing of species is a necessary condition to 
acknowledge the population and its health condition. 
It allows us to know the sex ratio, and also allows us to 
propose conservationist measures integrating the technical 
knowledge generated by wildlife protection agencies to the 
popular knowledge of communities using turtles as a source of 
resources (Ferrara et al., 2016; Molina, 1992, 1998; Silveira et al., 

2012; Stein et al., 2015; Terán, 2008). In the case of tortoises 
and turtles, sexing is based on morphometry (Garbin et al., 
2016; Gibbons and Lovich, 1990; Mosimann and Bider, 1960; 
Solla et al., 2001) mainly when it comes to the aspect of the 
plastron, and its concavity in males (Molina, 1992).

Sexing in Phrynops tuberosus (Peters, 1870) was 
performed by pressing the head and hind limbs in way to 
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and plastron length and width, with a precision calliper of 
0.03 mm. The linear length of the carapace was measured 
on the vertebral plates between the cervical and cloacal 
and on the plastron between the rostral and marginal 
plates of the cloacal region. The width in the ventral and 
dorsal region was measured side by side (between right 
and left antimers), with the carapace between the sixth 
marginal plates and at the plastron in the fissure between 
the pectoral and abdominal plates (Molina et al., 2012; 
Silveira et al., 2012).

2.4. Handling containment

We used the protocol proposed by Shine et al. (2015), 
cooling individuals in a 100 liters (50 × 80 cm) EPS 
polystyrene foam box, removing them when the head 
was slightly relaxed and easy to handle Santos  et  al. 
(2011), this aspect always being evaluated by the same 
researcher. The animals were kept in boxes with a digital 
thermometer in the cloaca (internal scale –20° to + 70 °C, 
resolution of 0.1 °C) (Pessoa et al., 2008). After sexing, the 
animals were released to their respective collection sites 
without injuries.

2.5. Sexual screening of specimens

All specimens were submitted to the tests proposed in 
this study, without prior sexual screening.

2.6. Phallus stimulation

Method 1 – Place the finger in the cloaca in species with a 
sufficiently large tail, is a manual examination of the cloaca 
that can be done by inserting a lubricated finger inside it 
and palpating to locate the phallus in the midline along the 
ventral wall of the cloaca (Rueda‑Almonacid et al., 2007).

Method 2 – Animal in an upright position, attached to 
plastic buckets’ walls - 19×25×23 cm bucket (Solla et al., 
2001).

Method 3 – Shake the animal in a vertical position, 
with its head up (Solla et al., 2001).

Method 4 – Pressing the head and hind limbs, in 
this methodology the turtles were captured by hand 
(Rodrigues  et  al., 2014). The specimens were sexed 
according to the tail length – males with the pre-cloacal 
length greater than females Rueda-Almonacid  et  al. 
(2007). The males had their limbs and heads immobilized. 
On some occasions, a little pressure was applied to the 
pelvic limbs and head in order to accelerate eversion in 
males who were calm (they did not try to bite or move 
their limbs, head and tail; their only action was to retract 
the neck and limbs when handled). The method was tested 
at most twice on each specimen, the second trial being 
carried out only if the first had a negative result, in order 
to avoid excessive stress. Eversion occurred after a few 
seconds, which was dependent on the level of animal stress 
(most stressed individuals everted the penis completely 
in 9 s, while calmer turtles partially everted the phallus 
in approximately 30 s). All animals retracted the penis 
after release and had no change in their normal behavior 
(Rodrigues et al., 2014).

promote the phallus eversion (Rodrigues et al., 2014) and 
stressed the importance of studies aimed at the phallus 
eversion, as it is a reliable and non-invasive technique for 
the use of population studies in the field, since invasive 
methods such as finger insertion in the cloaca (Rueda-
Almonacid et al., 2007) are not viable in small animals, 
and the placing of animals in an upright position, stuck 
in the walls of plastic buckets or rocking the animal in an 
upright position (Solla et al., 2001) increases the chances 
of injuries for the animal and the handler.

Phallus eversion requires a good containment of the 
animal, due to the risk of bites and scratches. The restraint 
of turtles is based on manual hand pressure over the 
thoracic limbs (forelimbs), fixation of the animal in supine 
position and the use of a tarp involving the limbs, thus, 
preventing scratching (Andrade et al., 2008); or using drugs 
to relax the muscles (Santos et al., 2011). Another factor 
that makes sexing difficult is the size of individuals who 
may not have sexual characteristics, as the young ones do 
not have well-defined phenotypes in this sense, like the 
aspects of the plastron and its concavity (Solla et al., 1998).

The goal here is to test a new method to be used in 
the field that can allow sexing and reduce handling time 
and physical sequelae to animals, also contributing to the 
clinical and reproductive management of the chelonian 
species (Conceição et al., 2009; Oliveira et al., 2015). Thus, 
we seek to present a method that allows animal sexing, 
determining the limiting body size for satisfactory results 
regarding phallus exposure, reducing damage and its 
immediately release after handling.

2. Materials and Methods

2.1. Focal species

The species Geoffroy’s side-necked turtle [Phrynops 
geoffroanus (Schweigger, 1812)], belongs to the Chelidae 
family, which is endemic from the Colombian Amazon 
down to Northern Argentina. In Brazil, the species occurs 
throughout the country (Vogt et al., 2019). Regarding size, 
it can be up to 70 cm long. The plastron colours mixed 
in black and white and the plastron entirely grey, with a 
dark band on each side of the head and two characteristic 
barbels (Benício and Fonseca, 2014; Freitas and Silva, 2007).

2.2. Sampling and sample size

There were 10 field incursions. The sampling of 
individuals was stopped as soon as we obtained five 
Phrynops geoffroanus individuals, for each visit (n = 50). 
In order to avoid stress and damage to the animal, we used 
a 45 cm diameter net with a decoy type lure, embedded in 
sausage. On entering the trap, the specimen was removed. 
Sampling sites included Riacho do Leite (6° 25’S - 43° 00’W) 
and Riacho Meladão (6° 45”S 43° 00’W) in the municipality 
of Floriano, central region of Piauí state, Brazil.

2.3. Morphometrics

We measured the body mass using precision scales of 
100 grams. In addition, we also measured the carapace 
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Method 5 (new method) – Stimulus to the head, 
displacing the head from the resting position, keeping it 
in this condition for up to five minutes.

The five methods were tested in all males whenever 
it was possible, as inserted in results below, 60 minutes 
after phallus inversion, for this purpose, they were kept in 
ice until adequate muscle relaxation for proper handling 
was obtained.

2.7. Statistical analysis

The derivative of sexuality was calculated through the 
hypothesis df = dm, and the ratio ♀ = ♂, being: d = derivative, 
f = female, m = male.

We checked whether morphometry was able to establish 
the sex through the Wilcoxon-Mann-Whitney test with 
95% confidence and n-1 degrees of freedom (DF).

The success rate between phallus eversion methods and 
frequency polygon sexing has been established (Zar, 2010).

The methods achieving a success rate higher than 80% 
were compared with regard to the time required for phallus 
eversion stimulation. Differences were submitted to the 
Student t test with 95% confidence and n-1 DF.

2.8. Authorisation and licence

SISBIO 61118-1 authorisation for collection and 
transport.

Ethics Committee on Animal Use: Process 
23107.018093/2018-73 (Protocol 30/2018 – UFAC – 
Universidade Federal do Acre – Federal University of Acre).

3. Results

Regarding the sex ratio between males and females, 
considering that, in the sample, we obtained 38% males 
to 62% females, the results can be expressed by deriving 
3dm = 5df meaning that, for this specific sample, we have 
a population ratio of 3 males for every 5 females (df = 31; 
dm = 19: df = 2dm: df / dm = 2), ie sexual maturity of 
1/2 ♂ for each ♀.

By submitting the biometric values ​​measured to the 
Wilcoxon-Mann-Whitney test (as shown in Table 1) we 
could establish that there were significant differences 
between males and females in plastron width and body 
mass only; however, it was not possible to establish a 
phenotypic pattern that would back up the assertion for 
sexual determination.

When comparing the carapace size, we did not find 
any significant differences (as shown in Table 1) between 
males and females. When comparing tails, between male 
and female specimens, in their respective phenotypes, 
we see that they are similar and their plastrons have no 
concavity (see Figure 1).

Table 1. Wilcoxon-Mann-Whitney test. (LCL) Linear carapace length, (CW) Carapace width, (PL) Plastron length, (PW) Plastron width 
in centimeters (95% confidence level for n-1 D.F. (degrees of freedom), ns - not significant).

LCL CW PL PW Body Mass

Statistics 73 91 84 30.5 81

P-value 0.81ns 0.25ns 0.17ns 0.00 0.00

Male 23.04±3.59 18.43±2.49 18.15±2.53 13.15±1.76 1.15±0.38

Female 25.35±5.34 20.45±4.39 20.34±4.91 15.91±7.32 1.60±0.80

Figure 1. Phrynops geoffroanus in (A) ventral view of the male; (B) Ventral view of the female; Greater tail prominence in female (B) 
and absence of plastron concavity in both sexes.
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Method 1 could not be performed because the cloaca 
of the focal species’ individuals does not have sufficient 
opening to perform the procedure.

Looking at the results of methods 2 and 3, we see that 
the LCL (linear carapace length) places limits on sexing, 
as phallus eversion results only occur with measurements 
≥ 17 cm. In the present study 32 individuals measured 
between 17.5 and 24.3 cm with phallus eversion occurring, 
by method 2, in only three out of 15 males within this 
range of plastron width. For methods 4 and 5 the results 
were satisfactory for individuals within the LCL range 
from 10 to 34 cm.

Calculating the success rate, we found: for method 2: 
20%; method 3: 78%; method 4: 91% and method 5: 100% 
(see Figure 2).

Only 14 out of the 19 males submitted to methods 
4 and 5 to verify the time required for stimulation and 
the phallus eversion success rate responded again to 
the stimulus performing phallus eversion. The other five 
did not respond to stimuli, with method 5 requiring less 
containment and eversion occurred between 0’1” and 
4’33”, while in method 4 eversion occurred between 3’17” 
and 6’33” (see Figure 3 and 4).

Time differences between methods 4 and 5 were 
subjected to Student’s t-test and showed a statistically 
significant difference, meaning that, statistically, method 

5 also presented significant values ​​of shorter time for 
restraint and sexing (Table 2).

4. Discussion

Mendonça (2012), evaluating the sex ratio of Phrynops 
geoffroanus in Pirapitinga, an ecological station in the 
Brazilian state of Minas Gerais, found a sex ratio without 
significant difference, there being 9 males and 11 females. 
In addition, 3 individuals had undefined sex, due to their 
immature size.

Sex distinction in P. geoffroanus can also be done by 
assessing tail length and cloacal width, with the male having 
the most distal cloaca. Working with Chelydra serpentina, 
no relationship was found between tail size considering the 
post and pre cloacal plaque portions (Mosimann and Bider, 
1960). In this case, males have longer tails than females. 
Silveira et al. (2012) when studying Trachemys dorbigni, 
established that the curvilinear length of the carapace and 
the cloacal orifice are sufficient for sexing, for this species. 
However, Bujes (2011) was not able to distinguish the sex 
of young individuals using this methodology.

Sexual dimorphism through body size and mass are 
given as phenotypic aspects that allow sexing, with 
males being smaller in body size and mass, adult females 
reaching up to 350 mm in length and 2.5 kg of body mass 
(Bujes, 2011; Rueda-Almonacid et al., 2007). In the case of 
Traquemys scripta, males reach maturity at about 100 mm, 
in length, while females reach 200 mm (Gibbons and Lovich, 
1990). Thus, smaller sizes did not allow the separation 
and, therefore, the establishment of the sexuality ratio.

The use of morphometrics and phenotyping as sexing 
tools are subject to significant errors (Mosimann and Bider, 
1960; Solla et al., 1998) which may jeopardise compromise 
the research and understanding of population dynamics. 
Thus, the exposure of the phallus is the guarantee of 
concrete sexing. In our study, even in 10-cm individuals, 
phallus eversion was possible. Smaller individuals were 
not found and the mean linear carapace length was 24.0 ± 
4.0 cm.

Out of the five intended methods for phallus eversion, 
method 1 (introduction of a finger into the cloaca – Rueda-
Almonacid et al., 2007) was not sampled due to the lack 
of opening of the cloaca.

As for method 2 - Animal in an upright position, attached 
to the walls of plastic buckets (Solla et al., 2001), there is 
a need for several buckets according to the size of each 
individual, so that the animal gets trapped, because the 

Table 2. Student t test for evaluation of the stimulus time required 
for phallus eversion (95% confidence level for n-1 D.F.).

T statistics 14.40

P-value 2.26E09

Method 4 4.71

Method 5 1.44

Figure 2. Frequency polygon between success rate and phallus 
eversion methods in Phrynops geoffroanus.

Figure 3. Timing of stimulus time required for phallus eversion 
in Phrynops geoffroanus, for methods 4 and 5.
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width of the plastron/carapace must prevent movement 
in such a way that this entrapment promotes phallus 
eversion. The authors proposing verticalizing the animal in 
buckets reported that the eversion results were randomised 
while transporting the animals, without establishing any 
morphological and morphometric parameters.

For method 3 - Swing the animal in a vertical position 
with its head up (Solla et al., 2001), we see that, among 
the 50 individuals, of which 19 were male, five did not 
reverse the phallus, probably because they measured 
less than 16 cm LCL.

When evaluating method 4 - Pressing the head and hind 
limbs (Rodrigues et al., 2014), we obtained a 91% success 
rate, while in method 5 - Stimulating the head, displacing 
it from rest position in this condition for up to five minutes, 
we had a 100% success rate. It was not possible to know 
how long Rodrigues et al. (2014) took to achieve successful 
phallus eversion. In the method proposed in the present 
work eversion occurred between 0.1 and 4.33 minutes.

The reasons why we were not successful in eversing the 
phallus with 5 adult individuals may have been based on 
individual physiological factors of each specimen since they 
were all subjected to the same method. Rodrigues et al. 

(2014) also observed failure of phallus eversion in five 
individuals out of 33 analysed. The same authors attributed 
the calm behavior of these specimens. In addition, 
they ruled out the possibility of these specimens being 
female, since these, when stimulated, can observe cloacal 
eversion. However, these effects were also not observed. 
Studies conducted on P. geoffroanus are still in their early 
stages and require further morphophysiological analysis 
Cabral et al. (2011).

Phallus eversion occurred partially and completely in 
young mature individuals (see Figure 4). Due to the body’s 
having been in ice prior to handling, it was not necessary 
to shake the animal, a condition necessary in the study 
conducted by Rodrigues et al. (2014).

The method 5, proposed in this study, offers 
advantageous conditions for the management of P. 
geoffroanus turtles because of its efficiency, and can be 
performed by a single professional, causing relaxation of 
the animal with the use of ice in a styrofoam box, thus 
reducing the time in which the animal is left to struggle, 
thereby alleviating or preventing sequelae, allowing the 
animal to be healthily released or the clinical management 
to cease.

Figure 4. Phrynops geoffroanus’ phallus eversion in three stages: (A) primary with only the apical portion; (B) partial engorgement; 
(C) total engorgement; (D) engorgement with apical exposure.
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