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Nesting ecology of the American crocodile in La Encrucijada
Biosphere Reserve, Mexico

Giovany A. Gonzélez-Desales', Octavio Monroy-Vilchis'*,

Martha M. Zarco-Gonzélez', Pierre Charruau?

Abstract. Nesting of the American crocodile (Crocodylus acutus) is affected by natural and anthropogenic processes. In
Mexico, few studies exist on reproductive traits of wild populations. We assessed the key reproductive characteristics of C.
acutus in the La Encrucijada biosphere reserve and the environmental and anthropogenic factors that influence them. From
February to June 2014, we searched for nests in the reserve. Clutch incubation temperature was recorded by data loggers
and climatic variables were obtained from La Encrucijada meteorological station. Additionally, outside the study area, net
primary productivity was obtained for different sites in Mexico to relate it to clutch characteristics. We found 34 nests in
nine nesting areas. Egg laying occurred in March, and hatching took place from mid-May to early June. Mean clutch and
eggs characteristics are among the higher reported for C. acutus. Some egg attributes had a relationship with the net primary
productivity. There was no relation between hatching success and external and internal characteristics of the nest. A high
percentage of nests was poached (50%) mainly for egg consumption and fear of crocodiles, and the nests closer to the river,
trees or human settlements are more likely to be poached.

Keywords: Crocodylus acutus, destruction of nest, nest poaching, reproductive biology.

Introduction vation, Crocodylus acutus in particular is vic-

. . . ) tim of poaching, mainly caused by the increase
Three crocodilian species are present in Mexico

(Instituto Nacional de Ecologia, 2000) out of the
25 found in the world (Uetz and Hosek, 2014).
Chiapas is the only Mexican state where the

of human-crocodile conflicts and traffic, and is
also threatened by habitat destruction (Thor-
bjarnarson et al., 2006; Sigler, 2010; Mandu-

three species are naturally distributed: Crocody-
lus acutus, Crocodylus moreletii and Caiman
crocodilus chiapasius (Alvarez del Toro, 1974;
Instituto Nacional de Ecologia, 2000). Accord-
ing to the fact that crocodilians are top preda-
tors, they occupy an important ecological role
in their ecosystem. Culturally, they have been
used for their meat and hides and are im-
portant in the cosmogony of ancient Mexican
ethnic groups (Instituto Nacional de Ecologia,
2000). Unfortunately, in Chiapas the crocodil-
ians are facing several threats to their conser-
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jano, 2011). Crocodylus acutus is vulnerable
by the International Union for Conservation of
Nature (Ponce-Campos et al., 2012) and sub-
ject to special protection in Mexico (Semarnat-
2010). Nesting is one of the most critical pe-
riods of crocodilians life cycle (Cedillo-Leal et
al., 2013) and it was estimated that up to 90%
of C. acutus hatchlings die between hatching
and the first year of age (Gaby et al., 1985;
Thorbjarnarson, 1988; Mazzotti, 1989). Conse-
quently, specific information about the param-
eters regulating this life cycle stage could im-
prove survival rates and contribute to the con-
servation of the species. In Mexico, there have
been studies on C. acutus nesting in Jalisco
(Casas-Andreu, 2003; Valtierra-Azotla, 2007),
Quintana Roo (Charruau et al., 2010; Charruau
et al., 2011; Charruau, 2012; Charruau and Hé-
naut, 2012) and Oaxaca (Cedillo-Leal et al.,

DOI:10.1163/15685381-00003051
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2013), and few description of nests were made
in Nayarit (Herndndez-Hurtado et al., 2011)
and Jalisco (Cupul-Magafia et al., 2004). It has
been mentioned that there is a latitudinal pat-
tern, determined by temperature and precipi-
tation, indicating that nesting begins earlier in
lower latitudes (Thorbjarnarson, 1989; Casas-
Andreu, 2003). In addition, it is documented
that anthropogenic and some natural factors
(Change in vegetation cover by hurricane) neg-
atively affect nesting of C. acutus (Thorbjarnar-
son, 1996; Casas-Andreu, 2003; Thorbjarnarson
et al., 2006; Charruau et al., 2010). However,
very little information is known about the sub-
ject in Chiapas; still, some nesting data of C.
acutus were reported in Sumidero Canyon Na-
tional Park (Sigler, 2010). The objectives of this
study are to determine key nesting characteris-
tics of C. acutus in La Encrucijada Biosphere
Reserve, Chiapas (Mexico) and to analyse envi-
ronmental and anthropogenic factors that influ-
ence these characteristics.

G.A. Gonzélez-Desales et al.

Materials and methods
Study area

La Encrucijada Biosphere Reserve is on the coast of Chi-
apas, in the Pacific Coast Plain, between the 14°43’ and
15°40’ North and the 92°26” and 93°20’ West; with a surface
of 144 868 ha (Ine-Semarnap, 1999; fig. 1). The climate is
Am (w), which means warm and humid with abundant rain-
fall in summer and a mean annual temperature of 28°C (Ine-
Semarnap, 1999). This reserve has the only one Zapotonal
forest (Pachira aquatica) in Mesoamerica and is also home
of 309 species of plants, 54 species of fish with economic
importance, 61 species of reptiles and amphibians, as well
as 172 species of birds (Ine-Semarnap, 1999). In the reserve
there is timber harvesting mangrove (Rhizophora mangle,
Avicennia germinans and Conocarpus erectus), this causes
deterioration in core areas (Tovilla-Hernandez and Morales-
Garcia, 2013). In addition, in Chiapas there is a high inci-
dence of intentional forest fires and agricultural practices
(Romdn-Cuesta et al., 2013). Each year fires occur in the re-
serve and there is no systematic analysis of the damage on
the flora and fauna.

Sampling and data collection

A 25.5 km survey was conducted daily from February to
June 2014 on the “El Hueyate” estuary, on a boat 6 m long
driven by a motor of 15 horsepower, nesting sites reviewed
previous years (Sigler personal comments). Nesting areas

+
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Figure 1. Location of La Encrucijada Biosphere Reserve and Crocodylus acutus nests. On the right, location of the Reserve
within the contour of the Chiapas State (middle), and of Chiapas within Mexico (top).
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and nests were identified by crocodile’s tracks and georef-
erenced. Texture and soil type of nesting sites were ob-
tained from the edaphology map (scale 1:250 000), available
from the Comisién Nacional para el Conocimiento y Uso
de la Biodiversidad (CONABIO; http://www.conabio.gob.
mx/informacion/gis/). The net primary productivity (NPP)
was used as an indirect method to evaluate natural habi-
tat resources available, which are susceptible to be used by
consumers. This data was obtained from the global map of
net primary productivity available from the portal of Global
Land Cover Facility at resolution of 8§ km (GLCF; http:/
glcf.umd.edu/).

The climatic factors measured were: a) air temperature
under shade, b) air temperature at open sky, ¢) wind speed,
d) burst of wind speed, e) relative humidity, f) atmospheric
pressure, g) precipitation and h) solar radiation. Air temper-
ature under shade (ATU) was recorded with a data logger
(HOBO Pendant© Temperature/Alarm UA-001-08) located
in the shade of a tree at 1.70 m of height and programmed
to take measures every half hour during the incubation pe-
riod. The others climatic factors were obtained from the au-
tomatic meteorological station La Encrucijada belonging to
the Servicio Meteorolégico Nacional de la Comisién Na-
cional del Agua (CONAGUA), Mexico. The station records
the climatic factors every 10 minutes and the data were ob-
tained from March 1th 2014 to May 30th 2014. To observe
the variation of the climatic factors over nesting period,
daily means were calculated.

The data evaluated for the nests were: distance to the
closer tree (DCT), distance to the river (DR) and depth from
the top of the nest to the first egg (DTF). Maximum length
(MaL), minimum length (MiL) and depth were calculated
for the incubation chamber (DIC). The measures were taken
with a tape measure (0.5 mm). To determine the distance
between the nest and the closest community, the trajectory
was traced and measured by the river in Google Earth
Pro 7.1.

The eggs were counted and extracted from each nest
(NE); infertile (NIE) and broken eggs (NBE) were also
considered. Every egg was weighed (WE), with a balance
of 1000 g (%1 g), and the maximum (MaLE) and mini-
mum length (MiLE) were measured with a digital calliper
(£0.1 mm). At hatching, nests were revisited to count the
number of hatched eggs (NHE), determine the hatching suc-
cess (HS), nesting success and length of the incubation pe-
riod (IP). For poached nests, they were interviewed local
fishermen, about using American crocodile eggs to deter-
mine the causes of the destruction of nests.

Incubation temperature (IT) was recorded every half
hour in seven nests with data loggers (HOBO Pendant©
Temperature/Alarm UA-001-08). Data loggers were located
at the half of the incubation chamber from the day of nest
encounter and were removed off after hatching. With these
data, incubation temperature was calculated during the ther-
mosensitive period (TSP), which is the critical period of in-
cubation where the temperature influences the gonadal dif-
ferentiation for reptiles presenting a temperature-dependent
sex determination (TSD) like crocodiles (Deeming, 2004).
According to Aguilar-Miguel (1994) and Charruau (2012),
C. acutus presents a female-male-female TSD pattern, with

the production of a majority of females at incubation tem-
peratures < 31°C and > 34°C and the production of a
majority of males at intermediate temperatures (i.e., 31.3-
32°C). Possible pivotal temperature (PT, producing 50%
of each sex) suggested by these studies are 31°C and 32-
32.5°C.

Data analysis

The Spearman correlation was realized between the HS, IP
and nests extern (DCT, DR and DTF) and intern character-
istics (MaL, MiL and DIC). An ANOVA and a Pearson cor-
relation test were used to assess differences of WE, MaLE
and MILE between nests. The egg weight average, clutch
size and date of the beginning of the nesting season were
reviewed from scientific notes from other localities along
C. acutus distribution to perform simple regressions among
these characteristics and the NPP, also among these char-
acteristics and the latitude. An ANOVA was also realized
to assess the difference of IT between nests and nesting
months and a Spearman correlation was performed between
the IT and nests characteristics. Every correlation was real-
ized using the averages and standard deviations. A Student ¢
test was performed to assess the differences between IT and
ATU. Another ANOVA was realized to evaluate differences
between temperatures of the TSP of each nest considering
the period between days 25 and 45 of incubation as sug-
gested by Charruau (2012), and a Student ¢ test was realized
to compare incubation temperature and the temperature of
the nests during the estimated TSP. To evaluate the effects
of climatic factors over the incubation temperature, multi-
ple regressions were performed and three nest model types
were built: (I) general model including every climatic fac-
tors evaluated, (II) model including factors that are affect-
ing the most the variability percentage and (III) simplified
model including factors with the best statistical significance
(p < 0.05). These three models were based on the adjusted
variability rate, which is the most appropriate for models in-
cluding different variables. Finally, a Student 7 test was per-
formed to compare distances with the closest community,
and compare DCT and DR between hatched and poached
nests a U Mann-Whitney test was realized.

Results

One hundred twenty-four surveys were realized
and 34 nests were found in nine nesting areas
(fig. 1), considering the definition of a nesting
area suggested by Charruau et al. (2010). Sev-
enteen nests were poached, 15 hatched and two
were depredated, and all of them were located
in the core area of the reserve. The laying pe-
riod lasted 22 days (from March 2th to March
22th) as well as the hatching period (from May
14th to June 10th). The mean incubating period
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was 74.6 £ 3.5 days (n = 11). The mean air
temperature under shade was 28.52 4+ 3.05°C
and the mean relative humidity was 80.28 £
14.64%, decreasing in April and increasing in
May. Precipitations recorded during the nest-
ing period vary from O to 12.6 mm, reaching
their highest in May (table 1). Nests in which
incubation temperature was evaluated were in
a range of 12 to 164 m from the meteorologi-
cal station. Dominant soil type in nesting sites
were Eutric Regosols and Glevico Solonchak,
presenting medium and coarse texture, which
means sandy (n = 10), sandy-loam (n = 14)
and sandy-clay (n = 10).

The distance between the nest and the clos-
est tree varied between 1.11 and 11.5 m, the
mean distance to the river was 7.08 & 5.76 m.
Hatching success was 82.80% and nesting suc-
cess was 30.36%. Eggs weights were between

G.A. Gonzélez-Desales et al.

80 and 140 g, with a maximum length between
66.6 and 89.2 mm (table 1). In general, poached
nests were closer from a community (2.8 +
1.19 km, range: 1.3-4.6 km) than hatching nests
(6.9 £ 2.70 km, range: 1.8-8.6 km) (30 = 5.69;
p < 0.001).

Incubation temperatures were between 24.3
and 36.5°C (fig. 2), while in TSP were between
29.5 and 35.7°C. Based on results of Char-
ruau (2012), four nests’ temperatures favour
females’ production (34.69, 33.24, 29.97 and
34.04°C), two favoured the production of both
sexes (32.47 and 31.16°C) and one favoured the
production of a majority of males (31.46°C).

There was significant positive correlation be-
tween the distance from the nest to the river
and the incubation time (r = 0.64, p < 0.05),
which indicates the greater the distance from the

Table 1. Characteristics of the eggs and nests of Crocodylus acutus in La Encrucijada.

Mean SD Range n
Nests’ extern characteristics
Distance from the nest to the closest tree (m) 3.56 2.22 1.1-11.5 34
Distance from the nest to the river (m) 7.08 5.76 1.2-34.1 34
Depth from the top of the nest to the first egg (cm) 23 5.77 10.9-31.4 15
Air temperature under shade (°C) 28.52 3.05 21.5-384 4048
Distance from the nest to the closest community (km) 5 2.94 1.3-8.6 34
Wind speed (km/h) 8.26 7.66 0-34.5 13087
Relative humidity (%) 80.28 14.64 12-100 13087
Precipitations (mm) 0.01 0.28 0-12.6 13075
Atmospheric pressure (mmHg) 1009.81 1.86 910.4-1015 13087
Solar radiation (W.mz) 216.52 320.09 0-1109 13087
Burst of wind speed (km/h) 19.47 15.81 0-111.2 13087
Air temperature (°C) 27.90 3.40 20.4-37.8 13087
Nests’ intern characteristics
Egg chamber maximum length (cm) 35.78 5.69 21.7-45 15
Egg chamber minimum length (cm) 29.71 4.4 18.4-36.1 15
Egg chamber depth (cm) 22.48 6.94 15.1-39.1 15
Incubation temperature (°C) 32.10 1.68 24.3-36.5 7
Clutches characteristics
Egg’s weight (g) 104.58 9.98 80-140 426
Egg’s maximum length (mm) 77.09 3.72 66.6-89.2 426
Egg’s minimum length (mm) 47.88 1.58 42.2-52.5 426
Clutch size 34.28 6.74 22-44 14
Number of infertile eggs 3.5 2.13 0-7 14
Number of broken eggs 2 1.41 0-5 14
Number of hatched eggs 29.27 7.21 17-36 11
Nesting success (%) 30.36 40.96 0-94.44 30
Hatching success (%) 82.80 9.42 65.3-94.4 11
Incubation time (days) 74.63 3.5 70-82 11
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Figure 2. Incubation temperature of seven nests of Crocodylus acutus in la Encrucijada Biosphere Reserve. Dashed lines

indicate the limits of lethal temperature of embryo.
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Figure 3. Regression models between the net primary productivity and some attributes of the clutches: (a) number of eggs
(r =0.98, p < 0.05) and (b) egg weight (r = 0.81, p > 0.05), and between the net primary production and the beginning
of nesting: (c) Pacific slope (r = —0.99, p < 0.05) and (d) Gulf of Mexico and Caribbean region (r = 0.97, p < 0.05). The
localities and values used for the regression models are showed in table 2.

nest to the river, the longer the incubation pe-
riod. Analysis between HS, IP and nests’ char-
acteristics did not reveal a statistically signif-
icant relation. Differences between nests were
found for the WE (Fi34120 = 205.21; p <
0.001), MaLE (Fi3412 = 47.53; p < 0.001)
and MiLE (F3 412 = 95.23; p < 0.001).

There is a relation among the number of eggs
and the PPN (r = 0.98, p < 0.05; fig. 3a),

the relation among the egg weight and the PPN
is not significant, although a trend is notorious
(r = 0.81, p > 0.05; fig. 3b). There is also
a relation between PPN and the beginning of
the nesting season, both for the Pacific slope
(r =—0.99, p < 0.05; fig. 3c) as for the Gulf of
Meéxico and the Caribbean (r = 0.97, p < 0.05;
fig. 3d). These data show that nesting is earlier
in places with bigger PPN; it is noteworthy that
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Table 2. Beginning of the nesting season for Crocodylus acutus in different places of its distribution and some attributes of
the clutches (WE: egg weight, NE: number of eggs per nest) that were related with the net primary productivity (NPP =

g/mz/year; fig. 3).

Locality Nesting season WE NE NPP Author

Chiapas, Mexico Mar 104.5 342 1678.15 This study

Panama Jan-Feb 97.1 25.2 - Balaguera-Reyna et al. (2015)
Oaxaca, Mexico Feb-Mar 101.5 353 1889.14 Cedillo-Leal et al. (2013)

Q. Roo, Mexico May-Jun 80 16.2 - Charruau (2010)

Jalisco, Mexico Apr-May 93.1 27.9 1490.52 Casas-Andreu (2003)
Dominican Republic Jan-Mar 85.5 21.6 1004.50 Schubert (2002)

Cuba Feb-Mar - - 1849.5 Alonso-Tabet et al. (2000)
Belize Mar-May 85.6 22.3 - Platt and Thorbjarnarson (2000)
Florida, USA Apr-May - - 29.33 Thorbjarnarson (1989)

Haiti Jan-Mar 97 22.5 1141.23 Thorbjarnarson (1989)
Panama Feb-Mar - - 728.5 Dugan et al. (1981)

for these analyses, we only included references
that show the specific location of the nests (ta-
ble 2). The relation among the latitude and the
beginning of the nesting season in the Pacific
slope (r = 0.90, p > 0.05) and the Gulf of
Mexico and the Caribbean region (r = 0.30,
p > 0.05) are not significant.

The incubation temperatures were obtained
for 73.8 days on average with data recorders.
Incubation temperatures were significantly dif-
ferent between nests (Fgo4141 = 8037.92;
p < 0.001) and months (F 24145 = 729.89;
p < 0.001), reaching the highest temperature
in April and the lowest in May. Incubation tem-
perature presents a significant negative relation
with the hatching success and the egg cham-
ber depth (r = —0.82, p < 0.05 and r =
—0.85, p < 0.05, respectively). Correlations re-
alized with standard deviation were not statisti-
cally significant. ATU was significantly differ-
ent from IT (#3194 = 1.7767; p < 0.001), with
an average of 3.5°C. Both temperatures reached
their highest in April. The mean temperature
during the estimated TSP was significantly dif-
ferent between nests (Fg7049 = 21396.59;
p < 0.001). The IT and the temperature of the
TSP did not show statistical differences (t;, =
—0.43; p > 0.05).

The climatic factors with influence in the in-
cubation temperature were air temperature un-
der shade, air temperature at open sky and so-
lar radiation (table 3). Adjusted coefficient of

determination (adjusted R squared) is different
between nests and models. The model I ex-
plain from 30.16 to 61.08%, the model II from
23.65 to 62.48% and the model III from 20.73
to 62.48% of the incubation temperature.

The DCT and DR between poached and
hatched nests also present statistical difference
(U =675 p <0.05and U = 51, p < 0.05,
respectively) and poached nests were found
closer from a tree (3.14 4= 2.39 m) and from the
river (4.60 & 2.5 m) than hatched nests (4.25 +
1.99 m and 9.72 £ 7.47 m, respectively). Fi-
nally, poached nests were significantly closer to
a community than hatched nests (t3p = 5.69;
p < 0.001).

Discussion

It has been described that the beginning of
the American crocodile nesting season follows
a latitude pattern that goes from the south to
the north (Thorbjarnarson, 1989; Casas-Andreu,
2003). Our results do not support this hypothe-
sis and with the information we have now, we
show that there is no significate relation be-
tween latitude and the beginning of the nesting
season (Pacific slope: r = 0.90, p > 0.05; Gulf
of Mexico and Caribbean region: r = 0.30, p >
0.05). Although, our results suggest the begin-
ning of the nesting season is due to the available
natural resources in the nesting areas that could
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Table 3. Variability percentage of the three models, with climatic factors included in the models I and II, and for the model III
its coefficients. A: air temperature under shade, B: wind speed, C: burst of wind speed, D: air temperature at sun, E: relative
humidity, F: atmospheric pressure, G: precipitations and H: solar radiation.

Nest 1 Nest 2 Nest 3 Nest 4 Nest 5 Nest 6 Nest 7
Model I ABCD ABCD ABCD ABCD ABCD ABCD ABCD
EFGH EFGH EFGH EFGH EFGH EFGH EFGH

12 65.66 45.2 37.92 41.04 49.35 29.43 61.11

Adjusted 2 61.08 38.75 30.16 33.67 4271 20.61 56.17
Model 1T ACH ABCDE ABCE ADEFH ABCDH ABFG ACFH

2 64.14 44.96 37.2 40.28 48.67 27.89 60.52

Adjusted 12 62.48 41.08 33.51 34.85 43.78 23.65 58.16
Model IIT ACH ABD A DEFG ADH AG ACH

2 64.14 42.62 32.05 35.85 4473 22.93 58.99

Adjusted 2 62.48 40.26 31.09 32.08 42.22 20.73 57.18

F 38.75 18.07 33.49 9.5 17.81 10.42 32.6

Gl 3,65 3,73 1,71 4,68 3, 66 2,70 3,68

p-value 0 0 0 0 0 0 0

Constant —1.062 6.887 17.455 —180.248 17.404 19.958 3.043

A 1.224 0.496 0.541 - 0.758 0.386 1.058

B - —0.248 - - - - -

C —0.084 - - - - - —0.086

D - 0.465 - 0.281 —0.387 - -

E - - - 0.032 - - -

F - - - 0.199 - - -

G - - - —3.47 - —-3.612 -

H 0.008 - - - 0.005 - 0.006

be used by the nesting females, measured indi-
rectly by the terrestrial net primary productivity,
this was observed for the Pacific slope (fig. 3c)
and for the Gulf of Mexico and Caribbean re-
gion (fig. 3d). Intern and extern characteris-
tics of C. acutus’ nests in Mexico where evalu-
ated at different locations (Casas-Andreu, 2003;
Cupul-Magana et al., 2004; Charruau et al.,
2010; Sigler, 2010; Hernandez-Hurtado et al.,
2011; Cedillo-Leal et al., 2013) but there is not
literature that evaluates those characteristics and
their effect on hatching success. The results in-
dicate that there is no relation between hatch-
ing success and extern and intern characteristics
of the nest. However, it is necessary to assess
several nesting periods because variations of
nests characteristics and hatching success were
found after abundant rainfall (Charruau et al.,
2010).

The characteristics of the eggs found at La
Encrucijada are among the highest values cur-
rently known for C. acutus, which indicates that
females are middle-aged (Ferguson, 1985) and

likely reach large size (Thorbjarnarson, 1996).
However, along the transect where nesting sites
were found, less than five individuals presenting
a total length over 2.41 m were captured and
less than 15 individuals present a total length
between 1.21 and 2.40 (Pefia, 2011; most recent
report on C. acutus’ size in the zone), conse-
quently, smaller clutches and lighter eggs would
have been expected. It has been mentioned that
there is a relationship between the weight and
number of crocodilian eggs with female size
(Thorbjarnarson, 1996). But our results also
show that the characteristics of the eggs have
a relationship with the NPP, i.e. at sites more
productive females have more eggs (fig. 3a) and
these have a greater weight (fig. 3b), with re-
spect to females encountered in less productive
sites. Further studies are needed to assess the
reproductive effort to understand the above re-
lationships. It is known for C. acutus that the
temperature, precipitation, metabolic heat and



solar radiation influence the incubation tem-
perature, and solar radiation is the most im-
portant heat source to maintain the tempera-
ture for the embryonic development (Charruau,
2012). Thus, climatic factors (macroclimate),
nesting sites (mesoclimate) and processes oc-
curring in the nest (microclimate) will deter-
mine incubation temperature and its fluctuations
(Escobedo-Galvan, 2012). The results indicate
that the macroclimate and mesoclimate together
will regulate, maintain, increase or decrease this
temperature. We observed that every nest is af-
fected by different factors but air temperature,
solar radiation and air temperature under shade
are the main factors influencing nest tempera-
ture, even if every factor that we analysed has
a certain effect. Incubation temperatures (29.6-
34.2°C) are similar to the one reported by Char-
ruau (2012; 29.8-33.1°C) and are in the opti-
mal range for embryonic development (Lang
and Andrews, 1994). Georges et al. (2004) men-
tioned that the mean incubation temperature is
not the good way to predict clutches’ sexual
proportion since it does not coincide with the
mean temperature of the TSP; however, this
study did not show significant differences.

These temperatures seem to permit the pro-
duction of both sexes, but to favour females. In
addition, to considerate the variation tempera-
ture promoting a specific sex, these variations
have to be analysed (Neuwald and Valenzuela,
2011). Actually, temperatures recorded in this
study suggest the production of both sexes; nev-
ertheless, more research including hatchlings’
sexing, would be necessary to understand that
relation.

The incubation period depends on the tem-
perature; low temperatures extend incubation
time (Thorbjarnarson, 1989; Charruau, 2010).
In this study, we did not have this tendency, but
the incubation time showed a positive relation
with the distance to the closest water source. In-
deed, the closer the nest to the water, the shorter
the incubation period. Distance from the nest to
the water, influence nest temperature in the ma-
rine turtle Caretta caretta, farther nests having
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higher temperature (Kasha et al., 2006). How-
ever, in this case nests being farther from the
river should hatch before nests closer to the
river, which is contrary to our results. Further-
more, there was no relation between mean nests
temperature and distance to the river. Although,
no explanation of this result has been found
the gradient of soil humidity could be a factor
involved. A certain degree of desiccation de-
creases fat exchanges and embryonic develop-
ment (Staton and Dixon, 1977; Mazzotti et al.,
1988). Nesting period occurs in dry season, the
only source of humidity available comes from
the estuary, and it is likely that nest closer to the
river present higher humidity than remote nests.

In the reserve, people of local communities,
the low availability of safe nesting sites and
genetic and demographic factors (Pefia, 2011)
negatively affect C. acutus’ populations. The
present study showed that nest poaching and
predation also affect C. acutus in the reserve
because 56% of nests were lost for this rea-
son; poaching being the most important threat
toward nests (50% of the nests were affected).
However, this factor has never been analysed
in Mexico and we are trying to understand this
problem in the study area. Poached nests were
located closer to a tree and/or the river or any
human community than hatched nests. Nests lo-
cated closer from a tree and/or the river are more
susceptible to poaching because traces left by
the females during nest building are clearly ap-
parent for people using the river as mean of
transportation or using trees for their shade. Ev-
ery area where nests were poached show evi-
dence of human activity (e.g., empty bottles and
food wastes).

During conversations with eight fishermen
from the region, they mentioned that nest
poaching was practiced for two reasons: eggs
consumption and destruction. According to a
popular belief, fresh crocodile’s eggs would
give a better sexual vitality and for this rea-
son there is a strong demand, occasionally
nests are poached for personal consumption or
traffic. Eggs destruction is also done due to
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fear of crocodiles and because they eat the
same fish species as local communities. Fear
for crocodiles is by the increasing number of
human-crocodile conflicts in the area. Although
there are reports of crocodile egg consumption
in Mexico (Cifuentes and Cupul, 2004), there
are no data on the number of poached nests and
destroyed directly by anthropogenic activities.
Whereas 50% of nests are pillaged, our results
suggest that 578 eggs are lost nesting season.
Egg consumption in wild nests by human of
Crocodylus intermedius not allow the recovery
of wild populations in Colombia and Venezuela
(Castro et al., 2013). In addition to the above,
in La Encrucijada other factors causing the de-
cline of populations of crocodilians are the de-
struction of mangroves and swamps, drainage of
ponds, forest fires and direct hunting (Aguilar-
Galindo, 2005).

Even if C. acutus’ perspective is unfavour-
able in the study area, 12 nests hatched in a
zone where there is flora and fauna conserva-
tion plans (Concepcion Island). Up to date, this
is the safest nesting site for C. acutus in the
reserve; this coincides with observations made
in Lagunas de Chacahua National Park, Oaxaca
(J. Garcia-Grajales pers. com.) where commu-
nity participation has been the linchpin for the
monitoring and conservation of C. acutus.

In conclusion, there is a positive and signif-
icant relationship between primary production
and the start of the nesting season for the Pa-
cific coast, and the Gulf of Mexico and the
Caribbean. Nests were built in uplands and ex-
tern and intern nests characteristics are simi-
lar to reports from other sites. Clutch charac-
teristics (i.e., weight and egg dimensions) seem
to be determined by nesting sites’ resources
availability along with females’ age and size.
Temperature and time incubation are in rela-
tion with nests characteristics and temperature
of the studied year seem to favour female pro-
duction. However, it is necessary to include
hatchlings’ sexing in future studies and compare
sexual proportion with incubation temperatures.
Climatic factors have an impact on incubation

temperature and, consequently, it is important
to keep monitoring crocodile nests in order to
know female adaptation strategies in response to
weather variations. In La Encrucijada, C. acu-
tus populations are affected by nest poaching for
egg consumption, destruction and traffic. These
reasons justify the importance of a short, me-
dium and long term systematic monitoring of
the area to observe the effect of poaching on
the population dynamic. Promoting communi-
ties’ participation is also important to change
the attitude and perception towards crocodiles.
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