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Semi-controlled artificial incubation methods of crocodile eggs use low technology devices where
one or more parameters cannot be controlled, but with the advantage that they are less expensive
and logistically more feasible. This study evaluated the effect of different artificial incubation
depths on the hatching success of eggs of Crocodylus acutus, under semi-controlled conditions, and
analyzed biometric data of the hatchlings. The crocodile nests were collected from sandbanks of
the two rivers (Río Negro and Río Santa Rosa), both located at Machiques de Perijá, Zulia state,
Venezuela. The results showed a significant and positive effect on hatching success when the eggs
were buried at 2 cm depth, compared to those at 10 cm and 20 cm. The hatching success at 2 cm
depth was 82.43%. Also, we found that the size and weight of the hatchlings, as well as the relationships between these biometric variables, depend on the place of origin of the nests. The highest
hatching percentage obtained at 2 cm was probably due to the effect of optimal incubation temperatures at this depth. The isolation and controlled heating system of the incubation room would
prevent extreme fluctuations in temperature, favoring greater hatching at 2 cm depth. Differences
in the biometric aspects of the hatchlings could be associated with differences in the size and the
physiological status of the females from both sites.
Key words: crocodile eggs; incubation room; Machiques de Perijá; nests; Venezuela.

The American crocodile or Caimán de
la Costa, Crocodylus acutus (Cuvier, 1807),
has a wide distribution in the Neotropics,
both on the Atlantic coast from South Florida in the United States, through Mexico,
Central America, some Caribbean islands
and northern South America (Colombia
and Venezuela); as in the Pacific coast
from Mexico to Ecuador and Peru
(Thorbjarnarson, 1989; Ernst et al., 1999).
DOI: http://dx.doi.org/10.11160/bah.234

At present C. acutus is included in Appendix I of the Convention on International
Trade in Endangered Species of Wild Flora
and Fauna (CITES, 2021) and is classified
as a vulnerable species on the Red List of
the International Union for the Conservation of Nature (IUCN) (Ponce-Campos et
al., 2012). In Venezuela, it is considered an
endangered species by decree 1496
(República de Venezuela, 1996) and en-
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dangered according to the Red Book of
Venezuelan Fauna (Seijas et al., 2015).
The rescue and artificial incubation of
crocodile eggs, for subsequent release of
juveniles in their habitat, is one of the most
effective actions for the conservation of
these species (Huchzermeyer, 2003; Barros et al., 2010; Espinosa-Blanco et al.,
2013). The purpose of these practices is to
increase hatching success under controlled
conditions with respect to natural conditions (Hernández-Hurtado et al., 2013),
where nests are frequently threatened by
natural events (e. g., floods, desiccation,
extreme temperature variations), natural
predators and looting of nests by rural inhabitants for the purpose of subsistence or
to incorporate this item into the illegal
traffic of wildlife (Ogden, 1978; Mazzotti,
1989; Barros et al., 2010).
The techniques of artificial incubation
of crocodile eggs can be divided into those
whose conditions are controlled, mainly in
terms of substrate, temperature and humidity, and the semi-controlled, rustic,
simple or homemade. The latter use methods with low technology where one or
more parameters cannot be controlled, but
with the advantage that they are less expensive and logistically more feasible
(Barros et al., 2010; Espinosa-Blanco et al.,
2013). This last type of artificial incubation
has been used in several studies with the
main purpose of determining hatching
success (Seijas & Gonzalez, 1994; Barros
et al., 2010; Mandujano, 2012; EspinosaBlanco et al., 2013; Hernández-Hurtado
et al., 2013).
Under artificial incubation conditions
(controlled or semi-controlled), hatching
success will depend on intrinsic and ex66

trinsic factors of the nest, the former being
those corresponding to fertility, which in
turn depends on the sexual maturity and
health status of the reproducers; while the
latter are related to handling during harvesting and transport, and the incubation
process itself, where temperature and humidity are the key factors in this process
(Huchzermeyer, 2003; Pérez & EscobedoGalván, 2005; Mandujano, 2012).
In different studies both in natural environments and in artificial incubation of
C. acutus and other species of crocodilians,
the effect of temperature on embryo survival and hatching success has been highlighted (Webb et al., 1983; López-Luna et al.,
2015; Barragán et al., 2021). Under natural
conditions it has been found that the variation in the temperature of crocodile nests is
influenced, among other factors, by the
depth at which the females lay their eggs
(Hutton, 1987); however, little is known
about the effect of depth under experimental or artificial incubation conditions.
Therefore, the objective of this study was
to evaluate the effect of different artificial
incubation depths on the hatching success
of eggs of C. acutus, under semi-controlled
conditions. It was based on the hypothesis
that depth affects hatching success under
conditions when it is not possible to control variables such as temperature and humidity. Additionally, biometric data of
neonates are reported and analyzed.

Materials and Methods
Study area
The nests of C. acutus were collected
from the sand banks of the rivers Santa
Rosa and Río Negro, both of which are
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tributaries of the Santa Ana river, located
in the Machiques de Perijá municipality,
Zulia state, Venezuela (Fig. 1). Its riparian
forests are severely intervened by agricultural activity, leaving some wooded patches on their margins. In this area there are
also a series of rural, peasant and indigenous settlements (mainly of the Barí and
Wayúu ethnic groups). The Río Santa Rosa
presents a great sinuosity, favoring the
formation of beaches in most of its extension, especially in times of drought. The
Río Negro is equally sinuous but a bit narrower in its cross section and it is encased,
so that most of its banks are gorges and
ravines usually covered with secondary
vegetation of both grasslands and thorny
shrubs. The climate of the area corresponds to a sub-humid tropical forest with
an average annual rainfall of 1544 mm and
an average temperature of 27.8 ºC. It is
characterized by a dry period from December to March. The rainy period begins in
April and ends in November, reaching
maximum rainfall in the month of October
(MARNR, 1997). In this area, the presence
of C. acutus and its nests on the banks of
both rivers has been previously reported
(Barros et al., 2010; Valeris & Barros,
2011).
Egg collection
The search and collection of the eggs of
C. acutus was carried out between January
and March 2008, with the help of local indigenous people, specifically from the
Senkay community (Barí), who have notable experience in tracking and locating the
nests. The eggs were collected during the
early morning to avoid direct exposure to
solar radiation. For the transfer of the eggs,

a plastic container (paint kegs) was prepared with a first layer of wet sand (taken
from the nest) in the bottom. The same
sand was laid between each layer of eggs,
and between the eggs of each layer, to protect them and prevent their movement
during transportation (Pérez, 2001; Jiménez-Oraá et al., 2007; Joanen & McNease,
2009). Two nests located on the bank of the
Río Santa Rosa were left in the same place
as a natural control.
Semi-controlled artificial incubation
The room where the semi-controlled
artificial incubation was carried out was
established a few kilometers from the collection sites. This enclosure is 5 m2, whose
walls are made of cement blocks and
friezed inside and out, with a terracotta
floor and basic electrical supply. Three
incandescent lamps were placed, one of
150 and two of 220 watts to try to maintain
the temperature in the appropriate incubation interval (29-33 ºC). To verify the adequate temperature fluctuation, it was
measured once a week during the experiment on different hours of the day (e.g., 3
am, 9 am, 2 pm and 8 pm); using a thermometer inside the incubators. During the
day (between 12 and 3 pm), two lamps
were turned off so that the temperature
did not rise above 33 ºC.
The eggs were placed in the incubators
the same day they were collected. The incubators consisted of polystyrene boxes
with the following measurements of
length: 55 cm, width: 32 cm and height: 28
cm, filled with the same sand from the nest
to carry out the incubation. The test at
different depths of artificial incubation
(DAI) consisted of placing the eggs within
67
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Figure 1: Relative geographical situation of Venezuela and study area. The red squares indicate
the location of each nest in both rivers (Río Santa Rosa and Río Negro).

the sand in the incubators at 2, 10 and 20
cm from the surface (Fig. 2). The humidity
of the boxes was maintained by adding
water at least once a week when the sand
in the incubators was visually dry, using a
sprayer for this. Since it was not possible
to control the internal temperature of the
incubators, this artificial incubation method was considered as semi-controlled.
Some clutches were divided in half to ensure at least three replicates at each depth.
Hatching success and hatchlings biometry
A total of eight nests of C. acutus were
collected, six were found in the Río Santa
68

Rosa and two in Río Negro. Of these
clutches, 227 eggs were placed in 12 incubators corresponding to the different levels
of DAI (Table 1). Since all the eggs were
subjected to artificial incubation, so viability was not considered. Hatching success
was determined in percentage terms for
each level of artificial incubation treatments, according to the following formula:

After hatching, biometric measurements of the neonates were taken. The total length (TL in cm) and standard length
(SL in cm) were measured with a digital
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Figure 2: Design of the semi-controlled artificial incubation test at different depths.

caliper (± 0.01 mm), and the weight (W in
g) using a balance (± 0.01 mm).
Statistical analysis
Hatching success data were analyzed
by logistic regression, appropriate analysis
for proportions data (Crawley, 2013), to
check if there were differences between
DAI and between egg collection sites
(Sites). In addition, the potential effect of
clutch size (number of eggs) on hatching
success was included in the models. In this
analysis, the natural control level (natural
nests) for DAI model was excluded, since
all its values were zero, so the odds ratio
values of the experimental levels would be
inflated. It is important to note that DAI
factors and sites could not be included in
the same model (interaction or main
effects), since the number of clutches was
so low in the Río Negro site (see Table 1),
that it could not be included in each DAI
level; in such way each factor was analyzed separately.

Model comparison was performed using the analysis of deviance table with the
sequential addition of the predictor variables and their interactions. Differences between models were tested with the likelihood ratio test, this approximately follows
a chi-square distribution (McCullagh &
Nelder, 1989). Likewise, the corrected
Akaike Information Criterion (AICc) for
small sample size was used, with lower
AIC values indicating a better model to fit
the data.
To assess whether the biometric aspects
TL, SL and W of the neonates of C. acutus
differ between the two sites of origin of the
eggs (Río Negro and Río Santa Rosa), the
assumptions of normality were previously
checked
with
the
Lilliefors
test
(Kolmogorov-Smirnov) and homoscedasticity using the Levene test, and a t-test
based on Monte Carlo permutations was
used (Tibshirani & Efron, 1993). This
analysis was complemented with a measure of effect size (Hedges’s g) and its confi69
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Table 1: Clutch size, depths of artificial incubation (DAI), and egg collection sites (Sites)
for each experimental incubator.

Incub.

Nest ID*

Sites

DAI

1

SR-1A

SR

2 cm

Clutch
size
21

2

SR-1B

SR

2 cm

21

3

SR-2A

SR

2 cm

20

4

RN-1A

RN

10 cm

15

5

RN-1B

RN

10 cm

15

6

SR-2B

SR

10 cm

16

7

SR-3A

SR

20 cm

17

8

RN-2

RN

20 cm

16

9

SR-3B

SR

20 cm

17

10

SR-4

SR

20 cm

18

11

SR-5

SR

20 cm

25

12

SR-6

SR

20 cm

26

*A and B correspond to half of clutches. SR:
Río Santa Rosa, RN: Río Negro.

dence intervals, in order to quantify the
size of the difference and to have an approximation to the biological importance
of the differences (Nakagawa & Cuthill,
2007). Additionally, the relationship between the biometric variables was evaluated using a Spearman correlation. All analyzes and graphs were performed in R (R
Core Team, 2021).

Results
Hatching success
The incubation interval was from 93 to
98 days with the highest number of hatchings (80%), however hatching was maintained until day 103, when the last hatchlings were born. The nests left as natural
control were totally lost, one of them was
completely looted by inhabitants of the
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area and the other was lost due to flooding
due to an increase in the level of the Río
Santa Rosa towards the end of April 2008.
Total hatching success was 74.89%, with an
average of 74.01 ± 24.89%. The highest
hatching percentage was reached at the 2
cm DAI level with an average of 90.32 ±
4.77 (85.71 - 95.24), followed by the 10 cm
level (76.11 ± 10.05; 66.67 - 86.67), and the
lowest percentage was obtained at 20 cm
depth, where, in addition, a wide variation
was observed (64.81 ± 32.40; 11.76 - 94.44)
(Fig. 3).
The logistic regression models for the
prediction of hatching success (hatching
proportion) with the predictor variables
DAI and Site only, were selected as the
best models according to the AICc values.
The inclusion of the clutch size variable (as
main and interaction effects) did not significantly reduce the residual deviance
(Table 2). Significant and positive effect of
the 2 cm level (P < 0.05) was found on the
hatching success, differing from the 10 cm
and 20 cm levels, which did not differ between them (P > 0.05). The odds ratio value and its probability percentage for 2 cm
depth, indicates that hatching success is
4.73 (82.53 %) times more likely compared
to the other levels of DAI (Table 3, model
DAI). The comparison between sites did
not show a significant effect on the hatching success (P > 0.05; Table 3, model Sites).
Hatchlings biometry
Crocodylus acutus neonates from the Río
Santa Rosa (SR) yielded the largest sizes
(TL and SL) and total weight (W) compared to the neonates from Río Negro
(RN). The latter presented a higher coefficient of variation (CV) in all the measures
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Figure 3: Hatching success of Crocodylus acutus clutches in natural environment and artificial incubation at different depths. The black squares inside the boxes indicate the mean.

Table 2: Analysis of deviance (likelihood ratio test) and corrected Akaike information criterion
(AICc) for logistic regression models of proportions of hatching success (HS) of C. acutus. DAI:
depths of artificial incubation, CS: clutch size, df: degrees of freedom, DR: deviance reduction, Pr:
probability of a χ2 value exceeding the deviance reduction.

Predictors

Model

DAI
CS

1: HS ~ DAI
2: HS ~ DAI + CS
3: HS ~ DAI*CS

Residual
deviance
47.137
44.175
44.118

Sites
CS

4: HS ~ Sites
5: HS ~ Sites + CS
6: HS ~ Sites*CS

60.961
57.435
57.368

evaluated; likewise, the variable with the
greatest dispersion regardless of the site
was W (Table 4).
The relationship, distribution and correlation values between each pair of biometric variables for each site are shown in

df

DR

Pr > χ2

AICc

1
2

2.962
0.057

0.085
0.972

88.464
90.217
105.246

0.060
0.796

98.622
98.762
103.410

1
1

3.526
0.067

Fig. 4. In general, it is observed that these
bivariate relationships are not linear. The
shape of the distribution shows a strong
separation between sites for TL and W, as
well as asymmetric and bimodal distributions for each site (with the exception of
71
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TL in RN and W in SR). Regardless of the
site, Spearman correlation values between
the three variables were significant. The
correlations between TL-W and SL-W
were very low and not significant (rho =
0.094 and 0.078 respectively; P > 0.05) for
the neonates from RN. The highest correlation values were obtained for the relationship between TL and SL in RN (rho = 0.83;
P < 0.001), and in SR for the relationship
between TL and W (rho = 0.60; P < 0.001).
All biometric variables showed significant differences between the sites (P <
0.001). These differences showed high
effect sizes (Hedges's g> 1). Variable W
obtained the greatest effect of the difference between sites, followed by variable
TL, which indicates that these two variables are more sensitive to the differences
between sites (Table 5).

Discussion
The results of this study suggest that
the hatching success of C. acutus eggs is
influenced by the depth at which the eggs
are placed under semi-controlled conditions of artificial incubation. However,

more studies are needed where the temperature and the type of substrate used in
the incubators (among other variables),
can be controlled. In addition, it is also
shown that the size and weight of the newborns of this species, as well as the relationships between these biometric variables depend on the place of origin of the
nests.
The number of nests found during the
search and collection of eggs was low and
may be related to the low population density recorded in these locations. Valeris &
Barros (2011) reported a total of six nests
in 77 beaches considered suitable for nesting, where the population density of individuals was 0.21 ind/km2.
The artificial incubation time recorded
in this work is higher than that indicated
for other localities, in which the incubation
period lasts between 70 and 90 days
(Thorbjarnarson, 1988; 1989; CasasAndreu, 2003; Hernández–Hurtado et al.,
2006; González-Desales et al., 2016; Gómez
-González et al., 2017; Barragán et al.,
2021). Although it was not possible to keep
a record of the internal temperature of the

Table 3: Logistic regression models for depths of artificial incubation (DAI) and collection sites
(Sites) on hatching success (proportion) in clutches of C. acutus. The reference levels are 20 cm for
DAI and RN for Sites.

Model

Predictors

Odds
ratios
1.97

CI

Odds ratios (%)

P

1.36 – 2.92

66.39

<0.001

Treatment [10 cm]

1.61

0.76 – 3.63

61.70

0.229

Treatment [2 cm]

4.73

2.00 – 13.09

82.53

0.001

(Intercept)

3.18

1.67 – 6.57

0.76

0.001

Site [SR]

0.92

0.42 – 1.92

0.48

0.834

(Intercept)
DAI

Sites
72
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Table 4: Descriptive statistics of the biometric variables of C. acutus neonates, according to their
place of origin.

Sites

Variable

mean

sd

CV

range

Río Negro (n= 39)

TL (cm)

25.19

0.99

3.91

4.1 (22.5-26.6)

SL (cm)

12.91

0.64

4.99

2.6 (11-13.6)

W (g)

53.26

6.94

13.04

31.7 (38.2-69.9)

TL (cm)

26.86

0.82

3.05

4.7 (23.5-28.2)

SL (cm)

13.66

0.57

4.17

5 (10.5-15.5)

W (g)

67.99

7.31

10.75

33 (50-83)

Santa Rosa (n= 98)

incubators, this result could be due to low
temperatures in the incubation room during the experiment, leading to a longer
hatching time; reciprocally, it has been
mentioned that a shorter incubation time
(<80 days) is evidence of high temperatures and low humidity in nesting habitats
(Casas-Andreu, 2003; Gómez-González et
al., 2017).
The total and average hatching success
of C. acutus nests obtained by artificial incubation in this work is within the interval
reported in studies carried out in natural
environments. Our results are similar to
the values reported in Quintana Roo, Jalisco and Oaxaca in Mexico, where the hatching percentages were 72.3, 74.1 and 75.1
respectively (Casas-Andreu, 2003; Charruau et al., 2010; Cedillo-Leal et al., 2013)
and higher than the percentages registered
in Florida (Ogden, 1978; Mazzotti, 1989)
and in the Monte Cabaniguán Fauna Refuge in Cuba (Rodríguez, 2009; Tabet, 2009)
in which values lower than 60% were recorded. On the other hand, hatching suc-

cess averages greater than 80% have been
registered in some studies carried out in
natural environments (Cupul-Magaña et
al., 2004; Cupul-Magaña & Aranda-Mena,
2005; Balaguera-Reina et al., 2015; Barragán et al., 2021); however, due to the fact
that the viability of the eggs was not estimated in this work, the hatching success
could be underestimated, for example,
Casas-Andreu (2003) refers that the viability can vary between 36 and 100%.
The aforementioned reflects the importance of including artificial incubation
within crocodile species conservation programs. This makes more sense when considering the total loss of nests left in the
middle as a natural control, caused by
flooding and poaching of clutches. Flood
associated with heavy rains is one of the
main factors that cause the loss of nests,
since excess humidity directly affects the
viability of the eggs, due to the reduction
in the oxygen diffusion capacity, causing
the death of the embryo (Lutz & DunbarCooper, 1984; Mazzotti et al., 1988; Casas73
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Figure 4: Relationship between the biometric measurements of Crocodylus acutus neonates at each
collection site. The light gray and dark gray represent the Rio Negro and Rio Santa Rosa respectively. Correlation values were obtained using the Spearman method and the adjustment of the
curves using the Loess smoothing function. TL: total length, SL: standard length, W: weight, Corr:
Spearman total correlation, *** P < 0.001.

Andreu, 2003; Charruau et al., 2010; Cedillo-Leal et al., 2013). In addition, the
looting of nests is one of the main anthropic factors that can have a great impact on
the populations of C. acutus in the evaluated sites. Traditionally these eggs have
been collected for consumption by local
aboriginal people and peasants of the area;
74

however, with the more recent emergence
of terrestrial communication routes, the
illegal trade in eggs was fostered (Barros
et al., 2010). González-Desales et al. (2016)
report a high percentage of looted nests
(50%) between May and June 2014 in the
La
Encrucijada
Biosphere
Reserve
(Chiapas, Mexico), the nests closest to hu-
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Table 5: Permutation two sample t-test to evaluate differences in the biometric variables of C.
acutus neonates, according to their place of origin.

Monte-Carlo permutation (10000) two Sample t-test

Bootstrap effect size
(2000 replicates)

Variable

t statistic

Permutation
P-value

Percentile CI
(95%)

Hedges’s g

Bca CI (95%)

TL

10.11

< 2.2e-16

1.25 – 2.10

1.90

1.34 – 2.31

SL

6.68

< 2.2e-16

0.50 – 1.00

1.26

0.67 – 1.63

W

10.79

< 2.2e-16

11.09 – 18.36

2.03

1.59 – 2.46

man settlements being the most likely to
be looted.
When comparing hatching success with
other studies of artificial incubation
(controlled or semi-controlled) of C. acutus
eggs, the total and average values obtained in this work are higher than those
found by Barros et al. (2010) who reported
a hatching percentage of 65.6% in nests
from the same area (Río Santa Rosa), and
in a trial of homemade incubators in Chiapas (Mexico) an average hatching of 61.5%
was reported (Mandujano, 2012). Likewise, these values are within the intervals
reported for C. acutus in the “Reptilario
Cipactli” (Jalisco, Mexico) evaluated during three incubation periods (HernándezHurtado et al., 2013), and lower than those
registered in the La Tuna Carranza Aquaculture Center, located in the department
of Tumbes (Peru), whose hatching percentages ranged between 84 and 100% (Pérez
& Escobedo-Galván, 2005). These differences can be attributed, in addition to the
intrinsic variability of the populations and
reproducers, to the better or worse conditions in the control of variables during the
artificial incubation process, mainly temperature and humidity (Seijas & Gonza-

lez, 1994; Barros et al., 2010; Mandujano,
2012).
The highest hatching percentage obtained at 2 cm DAI is probably due to the
effect of optimal incubation temperatures
(> 30 ºC) at this depth, which are the closest to those of the nests in their natural
conditions (Lutz & Dunbar-Cooper, 1984;
Thorbjarnarson, 1989; Casas-Andreu,
2003). Hutton (1987), recorded strong variations in temperature (up to 14 ºC) at the
depth of shallow eggs (13 and 17 cm) in
nests of C. niloticus, reaching 35 ºC. However, the isolation and controlled heating
system of the incubation room in this
study would prevent these extreme fluctuations in temperature, thus favoring greater hatching at this depth. The lower hatching success at 20 cm DAI could be negatively affected by the combination of low
temperatures and high humidity. Although the evaluation of the sex ratio in
hatchlings is beyond the scope of this
work, it could be assumed that this variable was probably also affected by the
different depths of artificial incubation,
since it is well known that the proportion
of sex in crocodiles depends on temperature, both under artificial conditions and
75
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in natural environments (Webb et al., 1983;
Lang & Andrews, 1994; Aguilar-Miguel
et al., 1998; Charruau, 2012; Mandujano,
2012). The lack of relationship between
clutch size and hatching success is not surprising, as this has been reported for other
crocodilian species (e.g., Khosa et al., 2012;
Mandujano-Camacho et al., 2018).
Regarding the biometric variables of
the C. acutus neonates, these are within the
average values registered in other regions
(Florida, Mexico, Colombia, Peru), in
which the average TL fluctuated between
24.0 and 28.2 cm, and W between 46.13
and 69.0 (Brandt et al., 1995; Álvarez del
Toro, 2001; Ossa, 2002; Cupul-Magaña et
al., 2004; Pérez & Escobedo-Galván, 2005;
Sigler, 2010; Gómez-González et al., 2017).
The values of standard length (SL) are
rarely recorded for C. acutus neonates. The
average SL values in neonates from the Río
Santa Rosa coincide with the data indicated by Ossa (2002), who shows that this
value can vary from 13.5 to 14.3 cm, while
the Río Negro hatchlings were below this
range. The differences in the biometric aspects between both sites could be associated with differences in the size of the females and in the physiological characteristics of the females for both sites
(Thorbjarnarson, 1996; Pérez & Escobedo, 2005). This is also supported by
the absence of correlation between the two
measures of length (TL and SL) with W for
the neonates from Río Negro, which presented a very low weight and a high coefficient of variation.
This work is pioneering in demonstrating under experimental conditions of artificial incubation, the differential effect of
depths on the hatching success of C. acutus
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eggs. The findings could be integrated into
semi-controlled artificial incubation practices, which represents a viable and lowcost alternative to conservation programs
based on assisted crocodile reproduction.
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