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Abstract

We evaluated the nesting by Crocodylus moreletii in Lago de Catemaco, Veracruz, southeastern, Mexico. During the
nesting and hatching seasons, we searched for nests along the northern margins of the lake and small associated streams.
We investigated egg mortality by weekly monitoring each of the nests found, recording sign of predation (tracks and
holes dug into the nest) and the effect of water level fluctuations. We not found differences to nest between inland or
flooded zones. However, we found that egg size varied among nests. In nests built inland, predation was the major cause
of egg mortality whereas flooding resulted in more deaths of eggs in the flooding zone. Flooding killed 25% of eggs
monitored in this study. We suggest that to increase nest success in the Morelet’s crocodile it is necessary to promote
conservation of nesting areas around the lake, recently occupied by urban or tourist developments.

Keywords: crocodile, egg mortality, flooding, Mexico, predation.

Nidificacio de crocodilo do Morelet, Crocodylus moreletii
(Dumeril e Bibron), em Los Tuxtlas, México

Resumo

Nos avaliamos a nidificagdo numa populagdo de Crocodylus moreletii no Lago de Catemaco, Veracruz, sudeste,
Meéxico. Durante as temporadas de nidificag@o e eclosdo buscamos ninhos ao longo das margens situadas ao norte
do lago e pequenos riachos associados. Estabelecemos a mortalidade de ovos por semana monitorando cada ninho
achado, registrando qualquer sinal de predagao (rastros e buracos cavados no ninho) e o efeito das flutuagdes no nivel
da agua. Nao achamos nenhuma preferéncia para aninhar na terra ou em areas inundadas. Por outro lado, achamos que
o tamanho de ovo foi significativamente diferente entre os tipos de ninho. Em ninhos construidos na terra, a predagdo
foi a principal causa da mortalidade de ovos enquanto que nas areas inundadas, inundacdo foi um fator importante na
morte dos ovos. Em comparacdo com depredagdo, a ruptura acidental e colonizagao fingica, as inundagdes mataram
25% de ovos monitorados. Nos sugerimos que para aumentar o sucesso de aninhamento do crocodilo do Morelet ¢
preciso promover a conservacao das areas de nidificagdo ao redor do lago, recentemente ocupadas pelo desenvolvimento
urbano ou turistico.

Palavras-chave: crocodilo, mortalidade de ovos, inundagao, México, predacdo.

1. Introduction

Morelet’s crocodile, Crocodylus moreletii, inhabits ~ Escobedo-Galvan and Gonzalez-Salazar, 2011), Guatemala
swamps, lakes and rivers bodies along the Gulf of Mexico ~ and Belize (Ross, 1998). The species is protected by the
and the Yucatan Peninsula (Cedefo-Vazquez etal., 2006;  Mexican legislation (NOM-059-ECOL-2010), is considered
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of “Least Concern” by the International Union for the
Conservancy of Nature (IUCN) Red List, and listed in
Appendix II of the Convention of the International Trade
in Endangered Species of Wild Flora and Fauna (CITES)
except for the Guatemalan populations (CITES, 2017).
There is an increasing interest in sustainable use and captive
breeding of this species in Mexico, and assessment of its
current status and development of effective management and
conservation programs are urgently needed. A population
monitoring project and long-term ecological studies must
be implemented (Ross, 1998). Descriptions of the ecology
including distribution and abundance associated with studies
of population dynamics are usually the first step in obtaining
basic information for its management (Thorbjarnarson and
Hernéandez, 1993). Studies are basic during nesting season,
considered the most vulnerable period in crocodiles’ life
(Mazzotti, 1989). Morelet’s crocodile is the only Crocodylus
species in the New World that only builds plant debris
mound nests (Thorbjarnarson, 1996). There are few studies
focused on nesting of C. moreletii in wild populations.
Pérez-Higareda (1980) recorded the first floating nests in
Veracruz, Platt et al. (2008) studied reproductive biology
in Belize, Escobedo-Galvan et al. (2011) described nesting
activity in northern Mexico and Lopez-Luna et al. (2011)
recorded nesting in a highly disturbed ecosystem. Generally
the reptiles, facing environmental factors may differently

affect the hatching success of different populations, factors
such as flooding (Alho and Padua, 1982; Pezzuti and Vogt,
1999, incubation temperature (Ferreira Jinior and Castro,
2010), soil moisture (Packard et al., 1987), and type of soil
(Packard and Packard, 1997) may affect hatching success.
We studied the nesting and the causes of egg mortality
of C. moreletii in Lago de Catemaco, southern Mexico.

2. Materials and Methods

Fieldwork was conducted during 2008 along the northern
shore of Lago de Catemaco (18°26°N; 95°04°W; 340 ma.s.1.;
see Figure 1) and associated streams, in the southeastern
of Mexico. The lake surroundings are covered by tropical
rainforest and deciduous tropical forest mixed with large
anthropogenic grassland areas used for cattle and urban
or tourist developments (Mexico, 2007). Mean monthly
temperature and precipitation data were obtained from the
meteorological station at the Estacion de Biologia Tropical
“Los Tuxtlas” of the Universidad Nacional Autéonoma de
Meéxico (UNAM), from April to September, spanning the
nesting and hatching seasons of C. moreletii.

Sampling was conducted during 180 hours by kayaking
near the shore or walking around the lake and along
small-river margins, nests were searched on sites where
there have been previously by Pérez-Higareda (1980).
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Figure 1. Location of the study area in Lago de Catemaco, Los Tuxtlas, Veracruz.
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We measured height, width and distance from the nest center
to the water for all nests (according to Platt et al., 2008).
The nests were opened carefully to determine clutch size
and the length, width (with a caliper = 1 mm) and mass
(with ascale + 1 g) of each egg. Viable eggs were detected
by the opaque band around the shell (Ferguson, 1985).
Simple regression analyses were undertaken to evaluate
the relationships between nesting features and clutch size;
and chi-squared tests were used to analyze differences in
nesting site selection (according to Thorbjarnarson and
Hernandez, 1993, and Thorbjarnarson, 1994). Differences
in clutch size, width, length and egg mass among nests
were established using Kruskal-Wallis tests and Mann
Whitney post hoc tests. To determine the final fate of the
eggs, each nest was monitored weekly during the nesting
season looking for signs of predation, such as footprints
or nest disturbance (Mazzotti, 1989). The distance of to
the base of each nest was recorded at each visit.

3. Results

Nests were constructed form the end of April to May.
The females nested immediately after the first rainfall
of the wet season. The average precipitation during

these two months was 22.9 mm. The flooding zone was
characterized by emergent rooted vegetation associated to
commonly-observed macrophytic vegetation. We found
that an important flooding peak occurred in June while
the eggs were still incubating, and the rainfall overall
increased in September after egg hatching. The incubation
period was of approximately 90 days, from May to August.
Three nests in the flooding zone were flooded during a
heavy rain period that increased the water level of the
lake; two of these nests were completely lost. Nests loss
due to predation was detected in two nests. We located
12 nests, 7 during the nesting season and 5 after hatching
season (Figure 2).

Three of the nests were built between the highest and
lowest seasonal levels of water; and nine were built inland
(tropical rainforest vegetation or sedges around most nests).
Two inland nests consisted of a cavity about 30 cm deep,
but one of these was a false nest (no egg in the nest), and
was not included in analyses (Table 1). In the inland zone,
nests were built with all available organic matter (leaf litter,
wood, plant debris). No significant differences were found
between the female nesting site between inland zones than
flooding zones (x> =3, p = 0.083, df = 1).
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Figure 2. Oviposition and hatching timing in relation to rainfall.
Table 1. Data for Crocodylus moreletii nests found near Lago de Catemaco before hatching.
Place Construction material Nest height Nest width Distance to Flooded eggs
(cm) (cm) water (m)
Flooding zone Emergent macrophyte 45 140 0 35
Inland zone Leaf litter 75 220 1 0
Flooding zone Emergent macrophyte 45 135 0 35
Inland zone Leaf litter 40 86 10 0
Inland zone Leaf litter 35 160 2.60 0
Inland zone* Soil and leaf litter 18 128 2.50 0

*Nest in a cavity.
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Clutch size ranged from 22 to 35 eggs (n = 6) and
egg viability was 93.7% (n = 12). Egg width range
was 40-47 mm (n = 189 eggs), egg length range was
59-79 mm (n= 189 eggs) and egg mass range was 73-112 g
(n = 189 eggs). We found significant differences in egg
size between nests (Table 2).

Two groups were distinguished when correlating
size variables (Figure 3), one consisting of lighter eggs
(nests 1 and 6: mass range 73-82 g) and one of heavier
eggs (nests 2-5: mass range 98-112 g). Analyzing both
groups independently, egg length vs. mass correlation
was significant for the lighter eggs (1= 0.67, p <0.0001),
and weak but significant for the heavier eggs (> = 0.26,
p < 0.0001). Results for the width vs. mass correlations
with the lighter eggs have a positive significant correlation
(r* = 0.41, p < 0.0001), and the heavier eggs have no
correlation (r? = 0.05, p < 0.0001). The correlation
between length and width resulted in a single group with
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Figure 3. Plots of clutch characteristics relation of egg mas
and egg width and length size.

both parameters highly correlated (1 =0.42, p <0.0001).
We did find a negative correlation between mean clutch
mass and clutch size (r*=-0.34, p<0.0001), a significant
no correlation between clutch size and mean egg width and
egg length (r*=-0.16, p<0.0001; r*=-0.19, p <0.0001,
respectively) or clutch mean mass and mean egg width
and length (r> =-0.82, p = 0.008; 1> =-0.76, p = 0.0003,
respectively). Concerning the characteristics of nests and
eggs, no significant correlations were found (Figure 4)
between mean egg width and nest height (r> = 0.74,
p = 0.455), nest width (r* = 0.63, p = 0.007), and with
distance to water (r> = 0.42, p = 0.047). Neither found
significant correlations between mean egg length and height
(r*=0.79, p = 0.019), nest width (1> = 0.43, p = 0.034),
and with distance to water (r> = 0.73, p = 0.060).

Our predicted egg survival rate was as low as 35.4%,
as determinate by contrasting hatched eggshell found in
the nests, which are relatively easily distinguished, against
the partially flooded or eggs taken by predators. We found
breakage of the eggs in the deepest part of the nest, was
likely also caused by compression (12.1%, n = 189), and
some of these eggs showed signs of fungal colonization
(4.2%, n=189). Fungal infection could have occurred on
eggs found dead for unknown reasons. Opossum (Didelphis
marsupialis) tracks were found on one nest and an opossum
was observed around 4 m from it. In other two nests, we
found 16 and 8 predated crocodile eggshells, respectively,
although it was impossible to know how many eggs survived
for each nest. During the hatching period we navigated
along the shore of the lake near the nesting sites and no
hatchlings were sighted nearby.

4. Discussion

The nesting season coincided with the beginning of
the rainy season as reported for this species throughout its
range (Platt et al., 2008; Alvarez del Toro, 1974). In Lago de
Catemaco most nests had nest shapes similar to those reported
by Alvarez del Toro (1974), Hunt (1975), Pérez-Higareda
(1980) and Lopez-Luna et al. (2011). In Belize, nests
are normally found amongst terrestrial vegetation, but
Platt et al. (2008) found one nest that was over floating
vegetation and two that were dug in the ground, as the
only reported here. Campbell (1972) also reported nests

Table 2. Clutch size, width, length and mass ranges of eggs from C. moreletii nests.

Clutch size Width Length Mass
35 47-44* 76-68° 82-73°
22 47-41%® 79-65% 110-99¢
35 46-41¢ 73-65° 112-98*
32 46-41% 73-65° 112-98*
33 47-40¢ 79-59¢ 110-98¢
32 46-447bc 75-68¢ 81-73¢
Mean 31.5+4.84 443 +1.46 69.2+3.31 104 +4.93
Kruskal-Wallis 70.20%* 60.29%* 92.77*

Differences (p < 0.05) after Kruskal-Wallis tests are indicated by an asterisk (*) and superscript literals (a, b, ¢, d, ¢)

indicate Mann Whitney post hoc differences (p < 0.05).
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Figure 4. Plots of regression between clutch and nests characteristics of Moleret’s crocodile.

within concavities for C. moreletii in Mexico. Platt et al.
(2008) argued that nests built in concavities are a result of
atypical nesting behavior, and suggested that these nests
could result from a behavioral mix of C. moreletii + C.
acutus hybrids. In Belize, none of the two nests found in
concavities was successful. In Los Tuxtlas, is only present
C. moreletii, suggesting that hole nesting behavior may
be occasional in this species without any hybridization.
The median and average nest height and width found
in mainland nests (see Table 1) were very similar to the
average reported by Platt et al. (2008) and Lopez-Luna et al.
(2011). The number of non-viable eggs (excluding broken
or rotten eggs) was low, as reported by other authors for
C. moreletii. Platt et al. (2008) found 8.7% of non-viable
eggs in Belize and Escobedo-Galvan et al. (2011) did not
find any in San Luis Potosi, Mexico.

Flooding was limited to 25% nests built within the
flooding zone. This result is similar to data of Platt et al.
(2008) who found 27% of all C. moreletii nests flooded
in Belize. As in other reptiles nesting near water bodies,
they search for the most suitable sites for nesting, females
must choose sites that are topographically high enough to
prevent the flooding of nests at the start of the rainy season
(Gomes and Ferreira Junior, 2011; Alves-Junior et al.,
2012). The rise in the water level of Lago de Catemaco
is caused by rainfall excess, but we believe that the dam
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control in the lake may constitute a threat to the crocodile
populations.

The clutch-size range was within that found by
Casas-Andreu and Rogel-Bahena (1984), Greer (1975),
Hunt (1973) and Alvarez del Toro (1974) for C. moreletii
in captivity, and Platt et al. (2008) and Lopez-Luna et al.
(2011) in the wild in Belize and Tabasco, respectively.
Egg-length range was also within that reported for the
Belizean crocodile population; but mass ranges differed
considerably from those of Platt et al. (2008) who reported
mass values lower than ours, with most of their eggs within
our light-egg group data. Verdade (2001), reported for
broad-snouted caiman Caiman latirostris, larger females
tend to produce heavier (instead of more numerous)
offspring. Staton and Dixon (1977) and Webb et al. (1977)
also found no correlation between clutch size and average
egg mass for Caiman crocodilus and Crocodylus porosus,
respectively. Dietz and Hines (1980) suggested that for
all crocodilians, the total clutch mass is better correlated
with egg size than is egg number. Ford and Seigel (1989)
stated that no general patterns for reptiles are apparent,
especially considering that variation also occurs among
populations, and among years within populations.

Egg-survival rate has been poorly measured in wild
crocodiles. Hussain (2006) reported 97% survival in wild
Gavialis gangeticus, but for C. moreletii, hatching success

Braz. J. Biol. 2017, vol. 77, no. 4, pp. 724-730
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is lower, ranging from only 50.8% in Belize (Platt et al.,
2008), up to 69.2% and 80% in 2007 and 2008 respectively,
in Tabasco (Lopez-Luna et al., 2011).

We found no correlation between the mean egg width
and length and height and width of the nest, Platt et al.
(2008) also found a correlation between eggs and nests
characteristics in this specie in Belize. We found no
correlation with measures of eggs and the distance from
the nest to the water. Platt et al. (2008), started the position
of C. moreletii nests relative to water varied considerably
in northern Belize. Nest positioning probably reflects a
balance between placing the nest far enough from water
to minimize the risk of flooding

Raccoons (Procyon lotor) are major nest predators
(Platt et al., 2008; Mazzotti, 1989), but in Lago de Catemaco
opossums were the main crocodile-egg predators. Adult
female crocodiles guarding their nests may be very important
for nest protection, but regular disturbances originated by
human activities and tourism can cause the adult females
to abandon their nests or to stay away for longer periods
of time (Magnusson, 1982). This has been reported as the
main cause favoring nest predation in C. niloticus (Cott,
1969) and we believe that this may be happening in Lago
de Catemaco. Fungal colonization is correlated to broken
eggs since fungi normally colonize after yolk exposure
and egg decomposition. Actual causes of egg death are
unknown and fungi may not directly cause it. In any case,
the number of eggs attacked by fungi was low.

Magnusson (1982) stated that nests that are not predated
or flooded are the ones that contribute with newborns
every year, and these few survivors should maintain the
population in the long term. Graham (1968) stated that
large clutch size and long period of reproductive activity
can maintain a stable population even when mortality
of hatchlings reaches 99%. However, this stability will
depend only on the existence of enough reproductive
females in the system. Reproduction represents the only
way to prevent any population from disappearing. It is
important to develop a conservation strategy particularly
for the protection of reproductive adults (Kushlan, 1988).
In Lago de Catemaco, the protection of nesting sites would
be the best conservation strategy to preserve the Morelet’s
crocodile population. It becomes necessary to prevent land
use changes in areas where crocodiles are still reproducing
and to create protected areas for reproduction.
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