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ABSTRACT
The American crocodile (Crocodylus acutus) occupies aquatic 
environments ranging from freshwater to hypersaline. The cu-
rrent abundance and distribution of the species were affected 
by commercial exploitation and habitat destruction; which li-
mits their use as criteria for assessing the quality of their ha-
bitat. Growth rate (GR) offers an indirect way to assess habitat 
quality. Herein, I analyzed 286 GR of C. acutus from different 
areas and environmental conditions. For crocodiles < 90 cm of 
total length (TL), the highest values of GR was found in Vene-
zuelan rivers (0.110 ± 0.011 cm/day), followed for Turkey Point 
in Florida, USA (0.094 ± 0.012 cm/day). The lowest values of 
GR were estimated for areas with high salinities in Yucatan 
(Mexico) and Venezuela (0.050±0.010 and 0.045±0.006 cm/day, 
respectively). The von Bertalanffy growth model predicted the 
largest body sizes for two years old crocodiles in rivers of Vene-
zuela and Turkey Point (86.9 and 86.4 cm in TL, respectively) 
but predicted size at year one was the highest for crocodiles 
from La Ventanilla, Mexico (73.1 cm), although GR declined 
sharply during the second year in that locality. The growth mo-
del predicts an asymptotic size of 439.0 cm for males in Florida. 
The asymptotic sizes for females from Florida and mangroves 
of Venezuela were 261.7 and 227.4 cm, respectively. Females 
would reach mature size close to 9 years in Florida and more 
than 16 years in mangroves areas of Venezuela. I discuss the 
ecological and conservation implications of these results. 

Key words: Growth model, habitat quality, von Bertalanffy, 
sexual maturity, conservation.

RESUMEN
El Caimán de la costa (Crocodylus acutus) ocupa ambientes 
acuáticos que van de desde dulceacuícolas hasta hipersalinos. La 
abundancia y distribución actual de la especie fue afectada por la 
explotación comercial y la destrucción de hábitat, lo cual ha limita-
do el uso de estos dos parámetros poblacionales como criterios para 
evaluar la calidad de los ambientes que esta especie ocupa. La tasa 
de crecimiento (TC) ofrece una vía indirecta para evaluar la cali-
dad de los hábitats. Analicé 286 TC de cocodrilos provenientes a 
diferentes regiones y hábitats. Para individuos <90 cm de longitud 
total (LT) las mayores TC fue para los ríos de Venezuela (0.110 ± 
0.011 cm/día) y Turkey Point en Florida, E.U.A. (0.094 ± 0.012 cm/
día). La TC más lenta fue para cocodrilos de áreas de alta salinidad 
en Yucatán (México) y Venezuela (0.050±0.010 y 0.045±0.006 cm/
día, respectivamente). El modelo de crecimiento de von Bertalanffy 
predice las mayores tallas a los dos años para los cocodrilos de ríos 
de Venezuela y para Turkey Point (86.9 y 86.4 cm en LT, respecti-
vamente). La mayor talla al año (73.1 cm) fue para los cocodrilos 
de La Ventanilla (México), aunque la TC decreció abruptamente en 
esa localidad al segundo año. El modelo de crecimiento predice un 
tamaño asintótico de 439.0 cm para los machos en Florida. Los va-
lores asintóticos para las hembras de Florida y áreas de manglar en 
Venezuela es de 261.7 y 227.4 cm, respectivamente. Las hembras 
requerirían unos 9 años para alcanzar la talla adulta en Florida 
pero más de 16 para lograrlo en áreas de manglar de Venezuela. Se 
discute las implicaciones para la conservación de estos resultados. 

Palabras clave: Modelo de crecimiento, calidad de hábitat, Von 
Bertalanffy, madurez sexual, conservación.

INTRODUCTION
The American crocodile (Crocodylus acutus) is 
the most widely distributed crocodilian of its 
genus in the Neotropics. This species occupies 
different aquatic environments in both the 
Pacific and Atlantic sides of the Americas. In 
the Atlantic drainage the species is found in 
the tip of the Peninsula of Florida, in southern 
Gulf of Mexico and the Yucatan Peninsula, 
and along the Caribbean coast of Guatema-
la, Belize, Honduras, Nicaragua, Costa Rica, 
Panamá, Colombia and Venezuela. The spe-
cies is also found in the Caribbean islands of 
Cuba, Jamaica, and Hispaniola as well as in 
offshore cays and coral atolls. Along the Paci-
fic Ocean, the American crocodile extends its 
distribution from northern Mexico to northern 

Peru (Ernst, Ross and Ross, 1999; Thorbjar-
narson, 2010). The American crocodile inha-
bits a variety of aquatic environments such as 
landlocked hypersaline lakes, coastal lagoons 
of highly fluctuating salinities, estuaries, ar-
tificial canals in coastal areas, rivers, and re-
servoirs (Thorbjarnarson, 1989; Seijas, 2011). 
It has been mentioned insistently that C. acu-
tus is a coastal species that occupies primarily 
(or even, prefers) mangrove forests, coastal 
lagoons and estuarine sections of rivers (Bra-
zaitis, 1973; Thorbjarnarson, 1988; Mazzotti, 
Brandt, Moler and Cherkiss, 2007). Ernst et 
al. (1999) mentioned that that C. acutus is a 
brackish water crocodile. Although the occu-
pation of freshwater habitats by the American 
Crocodile is well known, the occurrence of this 
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species in mainland along of the main river 
courses (Medem, 1981; Thorbjarnason, 1989) 
has been considered mainly as a curiosity. In 
the past, the American crocodile was severely 
affected by unregulated hunting (Álvarez del 
Toro, 1974; Medem, 1981), and more recently 
for human-crocodile interactions and habitat 
fragmentation (Thorbjarnarson, 2010). Un-
fortunately, there is no detailed information 
about how abundant C. acutus was in each one 
of the diverse habitat types it is able to occupy, 
and which could be the optimal environmental 
conditions. The current abundance and distri-
bution is the result of the presence and pressu-
re of humans who have destroyed or modified 
high expanses of former areas than were oc-
cupied for the species (Thorbjarnarson et al., 
2006; Escobedo-Galván, and González-Salazar, 
2011). This limits our ability to infer the rela-
tionship between distribution and abundance 
patterns and habitat quality for the American 
crocodile across of its distribution range.

An indirect way to evaluate the quality of 
a habitat for a species is through the analy-
sis of growth rates. There is a general agree-
ment among scientists that the growth rate of 
an individual is a reliable index of its health 
(Brisbin, 1990). Growth rate could be used as a 
criterion to assess the response of individuals 
to different environmental conditions (Brandt, 
1989; Charruau, Cedeño, Villegas and Cortés, 
2010; Seijas, 2016). The growth rates (GR) of 
wild crocodiles are affected by several factors 
such as genetics, food availability, competi-
tion, temperature, and water salinity (Coul-
son, Coulson and Hernandez, 1973; Mazzotti, 
Bohnsack, McMahon and Wilcox, 1986; Dun-
son and Mazzotti, 1989; Jacobsen, and Kus-
hlan, 1989). If these characteristics vary from 
places to place, I expected a geographical va-
riation on growth rates. Crocodiles inhabiting 
in an environment that offers them the best 
resources for their development and survival 
should reach higher GR than those living in 
environments that have limitations. A fast 
growth rate translates into a shorter period as 
a small individual, a stage when crocodiles are 
more vulnerable to predators, osmotic stress 
and other environmental pressures (Mazzotti 

and Dunson, 1989; Platt, Meerman and Ra-
inwater, 1999). It also means that less time is 
required to reach a reproductive size. 

In spite of its wide distribution, there are few 
available studies on the growth of the Ameri-
can crocodile in the wild. Available information 
are for populations located in Florida (Mazzot-
ti, Cherkiss and Beauchamp, 2009), Caribbean 
and Pacific coasts of Mexico (Charruau et al., 
2010; García-Grajales, Buenarostro and Cha-
rruau, 2012). Some additional studies provide 
information on growth rates for both captive 
and wild crocodiles; however most of them are 
based on limited sample sizes. 

In addition, information on the size at which 
the American crocodile attains sexual maturi-
ty is controversial and unclear. Regarding the 
minimum reproductive size of females, there is 
an ample spectrum of data ranging from 180 
cm to 280 cm in total length (LeBuff, 1957; 
Thorbjarnarson, 1989; Álvarez del Toro, 1974; 
Platt and Thorbjarnarson, 1997). In the case 
of males, mature individuals with only 199 cm 
of total length have been reported (Balaguera-
Reina, Vanegas, Sanjur, Lessios and Densmo-
re III, 2015), but there is a general agreement 
that males attain sexual maturity at larger si-
zes than females.

It has been mentioned that large males can 
exceed 500 cm of total length (Thorbjarnarson, 
2010) and there is a record of a female that 
exceeded 400 cm of total length (Domínguez-
Laso, 2009). In any case, both the maximum 
sizes and the age at which sexual maturity is 
reached may depend, at least partially, on the 
available resources and habitat quality. 

The purpose of the present work was to 
analyze and compare growth rates of C. acu-
tus in different regions and habitats throug-
hout its range. The analyses were based on 
both published and unpublished information 
of mark-recapture studies. The results, along 
with information on past and current distri-
bution and abundance, will allow drawing 
conclusions about the quality of the different 
habitats that the species occupies and would 
support conservation and management recom-
mendations, with emphasis for the Venezue-
lan populations.
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MATERIALS AND METHODS
I analyzed growth rate records of C. acutus 
from some regions and habitats located in the 
United States of America (Mazzotti, 1999; Ma-
zzotti et al. 2009; Beauchamp, Cherkiss, Ro-
chford and Mazzotti, 2009), Mexico (Charruau 
et al., 2010; García-Grajales et al., 2012) and 
Venezuela (Table 1). In the case of Venezue-
la, data came from published (Arteaga, 1998; 
Urdaneta, 2002; Barros, Urdaneta, Lander, 
López and Gutiérrez, 2005) and unpublished 
sources (data of my own and other resear-
chers; see acknowledgements).

In Table 2 appears a brief description of the 
localities where data come from, highlighting 
the characteristics that, according to my cri-
teria, might help to analyze the results. The 
most obvious difference among the localities 
is their geographic locations, spanning more 
than 15 degrees of latitude from Turkey Point 
(Florida State, U.S.A.) to Cumaripa (Yaracuy 
State), a reservoir in Venezuela. One of the lo-

Sex

n Males Females ND <90 cm TL

Florida, USA 86 36 40 10 19*

Yucatan, Mexico 27 21 6 0 13

La Ventanilla, Mexico 45 35 10 0 30

Reservoirs (Venezuela) 51 22 11 18 29

Mangroves (Venezuela) 37 8 8 21 27

Rivers (Venezuela) 22 4 7 11 19

Table 1. Total number of Growth data of American crocodiles (Crocodylus acutus) 
from different regions and habitats.

* Considering only individuals from Turkey Point

Region or habitat type Data origins Latitudinal location Water salinities Sources of 
information*

Florida (U.S.A.) Turkey Point (Canals part of a cooling system of 
nuclear and fossil fuel units to generate 
electricity) and other localities of Florida state.

25.40° N Turkey Point: From fresh to hypersaline and are higher 
in the cooling system (15-44 ppt) than in other 
canals in the vicinity.

3; 4; 7; 10; 11; 14.

Yucatan Peninsula (Mexico) Banco Chinchorro, Cozumel, Canal Zaragoza, Lagu-
na Cementerio, Siete Esteros and Río Huach (Quin-
tana Roo state) Ría Lagarto (Yucatan state).

21.58° N Marine or hypersaline (>35 ppt) in most 
localities, except Siete Esteros (estuarine), 
Ría Lagartos and Río Huach 
(salinities not reported).

5; 6.

La Ventanilla estuary (Mexico) Tonameca River estuary (Oaxaca state) 15.68° N Salinity not reported. The influence of direct and sub-
terranean discharges of the river make me supposed 
that it is predominantly brackish, particularly during 
the months 
of maximum discharges of the river.

8; 9.

Reservoirs (Venezuela) Pueblo Viejo (Zulia state), Jatira-Tacarigua 
(Falcón state), and Cumaripa (Yaracuy state). 

11.06–10.16° N Fresh water. 1; 12; 13.

Mangroves (Venezuela) Los Olivitos (Zulia state), Cuare and Morrocoy 
(Falcón state) and Turiamo (Aragua state). 

10.93–10.45° N From estuarine to marine (Cuare and Morrocoy) and 
from marine to hypersaline (Los Olivitos and Turiamo).

2; 12.

Rivers (Venezuela) Tocuyo (Falcón state), Yaracuy (Yaracuy state) and 
Rio Chico (Miranda state).

11.04–10.35° N Fresh water localities, except for Río Chico that is estua-
rine (up to 16 ppt). 

1; 12.

Table 2. Characteristics of localities and habitats where American crocodiles (C. acutus) growth records come from. 

* Sources of information: 1: Arteaga, 1998; 2: Barros et al., 2005; 3: Beauchamp et al., 2009; 4: Brandt, et al., 1995; 5: Charruau et al., 2010; 6: Charruau, 2011; 7: Gaby et al., 1985; 8: García-Grajales et al., 2007; 9: García-Grajales et al., 2012; 10: Mazzotti et 
al., 1986; 11: Mazzotti, 1999; 12: Seijas et al., 2008; 13: Urdaneta, 2002; 14: Wasilewski and Enloe, 2006.

calities (La Ventanilla) is in the Pacific coast 
of Mexico. 

Those disparate geographic locations su-
rely determine some climatic differences (tem-
perature fluctuations, rainfall and insolation 
patterns) that may have an effect in crocodile 
growing patterns that will not be discussed 
in this paper. Turkey Point has one peculiar 
characteristic that is necessary to mention. 
American crocodile population in this site oc-
cupies a series of manmade canals that are 
part of the cooling system of nuclear and fossil 
fuel units that operate to generate electricity. 
Water temperature in the cooling canals ran-
ge from 34–42 °C and in is warmer (1.9–7.4 
°C) than in adjacent canals outside the cooling 
system (Mazzotti et al., 1986). The predomi-
nant vegetation type in the localities of U.S.A. 
and Mexico is mangrove forest. In the case of 
Venezuela, data came from C. acutus popula-
tions inhabiting different habitats such as re-
servoirs, mangrove areas, and rivers.

Growth rates (GR) of C. acutus were expres-
sed as changes in total length (TL, in cm) in 
the elapsed time (ET, in days) between capture 
and recapture. GR of C. acutus from different 
regions and habitat types were compared using 
nonparametric tests (Kruskall-Wallis and 
Mann-Whitney U tests). Only individuals less 
than 90 cm in TL at recapture were considered 
for these analyses, without discriminating by 
sex, assuming that during the first two years of 
age differences between male and females are 
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small or undetectable (Chabreck and Joanen, 
1979). Statistical analyses were performed 
with the statistics software Past, version 3.06 
(Hammer, Harper and Ryan, 2001). 

In another approach to analyze GR of C. 
acutus from different regions and habitat, I 
fitted the data to the von Bertalanffy growth 
model, which is expressed as:

 TL = TL∞ (1 – be–kd), 

Where TL is the predicted size at age d; 
TL∞ is the maximum size predicted by the mo-
del; b relates both to the asymptotic size and 
the size at hatching and k is an indication of 
the rate of proportional growth of the animal 
(Fabens, 1965).  

The model needs to know the age (d) of in-
dividuals, information that was not available 
for most of the crocodiles in our study. There-
fore, the parameters TL∞ and k, were obtai-
ned following Fabens (1965). In a first step, 
data were fit to:

TLrec = TLinic + (TL∞ – TLinic ) * (1 – e–kt) 

Where TLrec is the total length at recaptu-
re; TLinic is the total length at first capture; 
and t is the time lapse between initial capture 
and recapture. Once TL∞ was known, the pa-
rameter b was calculated solving the von Ber-
talanffy equation when d = 0; i.e. b = 1 – TL0/
TL∞, where TL0 = 25.5 cm, the TL at hatching 
(Seijas, Urdaneta and Barros, 2008). 

The Fabens method is independent of the 
age of recaptured individuals. Fitting to the 
model was performed using least square me-
thods and the non-linear fit command of the 
software JMP IN (2001, SAS Institute Inc.). 
Fitting the data to the Von Bertalanffy model 
was performed first for individuals less than 
90 cm of TL and without discriminating by 
sex. This allowed comparing growth pattern 
of different localities and estimating the size 
individuals should reach the first two years of 
life. The whole data set for males and females 
was also fitted to the growth model. In this 
case, to increase sample size, individuals for 
which sex was unknown were added to the 

males or females alternatively. I also perfor-
med an analysis integrating data from Turkey 
Point with other GR of crocodiles from other 
areas of Florida (Mazzotti, 1999; Beauchamp 
et al., 2009).

Once all parameters of Von Bertalanffy 
model were known, it was possible to get d, 
the estimated age of a crocodile of a determi-
ned size (TLd), as: d = k–1 • Ln[(TL∞ – TL0/ 
TL∞ – TLd)] where Ln is natural logarithm. 
That equation was used to estimate the age 
at which individuals should reach a TL of 200 
cm in different localities, a size at which the 
species is close to adulthood.

RESULTS
For crocodiles < 90 cm in TL, the highest GR 
was showed by individuals from rivers of Ve-
nezuela (0.110±0.11 cm/day), whereas the 
lowest values were showed for crocodiles in 
mangroves areas of Venezuela and the Yuca-
tan peninsula in Mexico (Table 3). The diffe-
rences among regions were highly significant 
(Kruskal-Wallis test for equal medians. χ2 = 
30.3; P < =.0001). A Mann-Whitney pairwise 
comparison indicated that growth data for 
Turkey Point and Rivers of Venezuela did not 
differ between them (P = 0.051).

Table 4 shows the parameters of the von 
Bertalanffy model for small crocodiles (< 90 
cm TL). The model predicts the smallest sizes, 
at one and two years of age, for crocodiles from 
the Yucatan Peninsula. For 1- year-old croco-
diles, the model predicts the largest size at 
La Ventanilla, whereas 2-year-old crocodiles 

Table 3. Growth rates (GR) of C. acutus from different regions and habitats. 
Only individuals <90 cm in TL were considered in the analyses. 

* Medians with the same letter are not statistically different at the 0.05 alpha level.

n
Mean 

Elapsed 
Time (days)

GR (cm/day)
Diff.*

Mean ±  S.E. Range Median

Turkey Point 
(USA)

19 330 0.094±0.012 0.010–0.280 0.090 A

La Ventanilla 
(Mexico)

30 584 0.064±0.009 0.002–0.284 0.047 B

Yucatan 
(Mexico)

13 293 0.050±0.010 0.013–0.121 0.043 B

Reservoirs 
(Venezuela)

29 148 0.058±0.007 -0.031–0.141 0.052 B

Mangroves 
(Venezuela)

27 153 0.045±0.006 -0.002–0.113 0.041 B

Rivers 
(Venezuela)

19 173 0.110±0.011 0.008–0.193 0.111 A
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from Turkey Point and Rivers of Venezuela 
were expected to be the largest (Figure 1).

Only growth data from Turkey Point and 
from that locality pooled with data from other 
Florida sites (All Florida), as well as growth 
data for females from Mangroves areas of 
Venezuela, allowed modeling growing curves 
with asymptotic sizes approaching what is 
expected for a large crocodilian species such 
as C. acutus. The predicted maximum sizes of 
males and females in Florida increase when 
large individuals from other localities of that 
state were added to the ones from Turkey Po-
int. The age at which females are expected to 
reach a size of 200 cm goes from 8.83 yr in 
All Florida to 16.60 yr in the mangrove areas 
of Venezuela (Table 5). Males are expected to 
reach that size earlier (Figure 2).

DISCUSSION
For a species of an extensive distribution such 
as the American crocodile, it would be expected 
to find differences of growth in individuals from 
geographically distant populations. Unexpec-
tedly, however, GR of juvenile crocodiles inha-
biting rivers in Venezuela are very similar to 

the ones found at Turkey Point, in the subtro-
pical Florida in the USA, localities separated 
by more of 10° of latitude. Likewise, crocodiles 
from mangroves areas in Venezuela showed a 
growth pattern comparable to the one found 
in distant mangroves areas in the Yucatan 
Peninsula of México. 

Growth data of C. acutus analyzed in this 
paper belong to localities that range from to-
tally freshwater (rivers and reservoirs) to, at 
least temporarily, hypersaline (Banco Chin-
chorro, Mexico and Turiamo, Venezuela). 
Thus, salinity could be one of the main abio-
tic factors that explain the differences and si-
milarities in growth rates of crocodiles from 
the localities studied. Low salinity has been 
associated with higher GR of young crocodiles 
(Mazzotti et al., 1986; Dunson and Mazzotti, 
1989; Mazzotti and Dunson 1989; Mazzotti, 
1999) and hatchlings in captivity lose mass 
and are unable to survive in sea water (Ellis, 
1981; Dunson, 1982). 

In average, the lowest GRs found in this 
study were for crocodiles from localities with 
high salinities, whereas the highest GRs were 
for crocodiles from rivers. The similarities bet-
ween the crocodile growth pattern in Turkey 

Projected size 
(TL cm)

Data origin n LT∞ k b 1 yr. 2 yr.

Turkey Point (USA) 19 208.3 0.2025 0.8776 59.0 86.4

Yucatan (Mexico) 13 86.1 0.6396 0.7038 54.1 69.2

La Ventanilla (Mexico) 30 82.6 1.7963 0.6913 73.1 81.0

Reservoirs (Venezuela) 29 133.5 0.3414 0.8090 56.7 78.9

Mangroves (Venezuela) 27 96.0 0.6699 0.7343 59.9 77.5

Rivers (Venezuela) 19 101.8 0.8153 0.7496 68.1 86.9

Table 4. Parameters of the von Bertalanffy growth model and predicted size 
of one and two years old Crocodylus  acutus from different localities

Figure 1. Growing trajectories of C. acutus less than 90 cm in TL from different localities and 
habitats during the first two years according to the von Bertalaffy model.

n  LT∞  k b Age to reach 
200 cm TL

Turkey Point males 38 417.9 0.0788 0.9390 7.46

All Florida (males) 46 439.0 0.0773 0.9419 7.09

Turkey Point females 40 216.2 0.2129 0.8821 11.58

All Florida (females) 50 261.7 0.1521 0.9025 8.83

Mangroves females (Ven) 29 227.4 0.1203 0.8879 16.60

Table 5. Parameters of the von Bertalanffy growth model and predicted age to reach a TL 
of 200 cm for Crocodylus acutus from different regions or habitats.

Figure 2. Growing trajectories of Crocodylus acutus as predicted by the Von Bertalanffy model. 
Circles represent crocodiles on known ages from other Florida localities. Close circle: 

males; open circles: females
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Point and that of Venezuelan rivers may seem 
paradoxical, taking into account no only the la-
titudinal differences but also that the salinity 
regimes of these localities are quite different. 
However, high GRs of C. acutus in Turkey Po-
int could be considered anomalous (Thorbjar-
narson, 1989), because crocodiles inhabit there 
cooling canals with elevated temperatures, 
even during winter (Gaby et al., 1985; Mazzotti 
et al., 1986) which enhances growing. 

Besides the data analyzed in this study, the-
re are not too many figures to compare GR of 
C. acutus from other areas of its range (Table 
6). There is a high variability in the GRs repor-
ted. However, the low mean value (0.066 cm/
day) for crocodiles in a marine environment in 
Belize (Turneffe Atoll; Platt and Thorbjarnar-
son, 1997) is comparable to the GRs of crocodi-
les from the Yucatan Peninsula, most of which 
came from a similar habitat, Banco Chinchorro 
atoll. On the other hand, Thorbjarnarson (1988) 
reported a relatively high mean GR (0.135 cm/
day) for crocodiles from an only slightly saline 
lake in Haiti. It is worth mentioning that even 
the highest GR reached in the wild fall short 
when compared to data on growth in captivity 
reported in Table 6.

Growth rates of C. acutus for different ha-
bitat types in Venezuela (Table 3) are com-
parable to those reported by Seijas et al. 
(2008) which were estimated by the slope of 
the regression line of total length versus days 
after hatching of untagged individuals captu-
red along the year. Small crocodiles from ri-
vers reached the highest growth rate (0.119 
cm/day), followed for those from reservoirs 
(0.084–1.04 cm/day), whereas those from hy-
persaline environments presented the lowest 
values (0.055-0.057 cm/day). Crocodiles from 
localities with intermediate salinities showed 
correspondingly intermediate GR values. 

The von Bertalanffy model for small cro-
codiles (< 90 cm in TL) indicate that during 
the first two years of age, growth tends to de-
cline slightly with time, except for data from 
La Ventanilla, where crocodiles seem to stop 
growing after the first year. The large pre-
dicted size for first-year crocodiles from this 
locality and the sudden decline in growth for 

the second year may be an artifact caused by 
the fact that the mean ET capture-recapture 
was the highest among the samples analyzed. 
More than one third of the growth data from 
la Ventanilla are for ET longer than two years. 
It is well known that as the interval between 
captures increases the calculated GR decrea-
ses. However, the growth pattern in La Venta-
nilla is similar to the one found in Boca Negra, 
another estuary in the Pacific coast of Mexico, 
as I will discuss in the next paragraph. 

Cupul-Magaña, Rubio and Reyes (2004) 
and Charruau (2011) used a different method 
to get the parameters for the Von Bertalanffy 
model. The first authors worked at Boca Ne-
gra (Jalisco State, Mexico) an estuary with sa-
linities approaching zero, due to the entrance 
of freshwater from the Ameca River (Cupul-
Magaña, Rubi, Reyes and Hernández, 2002). 
From their equation, it is possible to calculate 
crocodiles of 64.9 and 70.2 cm TL at one and 
two years of age, respectively. The first value 
represents a GR of 0.108 cm/day, only below 
the growth rates for rivers shown in Table 
3. However, crocodiles at Boca Negra seem 
to stop growing abruptly during the second 
year, as occurred with crocodiles at La Ven-
tanilla. It is possible that in these estuaries 
there were abundant food resources for small 
crocodiles (shrimp, small crabs, small fish, in-
sects), but a relative shortage of larger prey to 

Data origin and 
description

Hábitat Mean GR 
(cm/day)

n Source

Panama, Coiba Island Marine 0.03-0.16 15 1

Mexico, Boca Negra Barckish, mangrove 0.122 124 2

Venezuela Captivity 
(Treatment 1)

0.240 14 3

Venezuela Captivity 
(Treatment 2)

0.212 14 3

Cuba Captivity 
(Treatment A)

0.288 30 4

Cuba Captivity (Treatment B) 0.344 30 4

Cuba Captivity (Treatment C) 0.264 30 4

Belize, Turneffe Atoll Marine 0.066 3 5

Mexico, Cañon del Sumidero Reservoir 0.013-0.098 6

Dominican Republic, Enriquillo 
lake

Brackish to hypersaline 0.107 7

Haiti; Etang Saumatre (0-3 months 
crocodiles)

Brackish 0.135 13 8

		

Table 6. Additional growth rates (GR) of C. acutus from different regions and conditions 
(in the wild or in captivity). 

Data source: 1. Balaguera-Reyna et al. 2015; 2. Cupul-Magaña et al. 2004; 3. Hernández et al., 2010; 4. Pérez-
Gomez et al., 2009; 5. Platt and Thorbjarnarson 1997; 6. Sigler 2010; 7. Schubert, James, Méndez & Santana, 1996; 
8. Thorbjarnarson, 1988.
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sustain rapid growth of larger crocodiles. That 
is a speculation worth investigating.

From equation 5 in Charruau (2011), it is 
possible to calculate that crocodiles at Banco 
Chinchorro atoll (Quintana Roo, Mexico) rea-
ch a size of 47.1 and 67.3 cm in TL at one and 
two years of age, respectively. These values 
are below the ones presented in Table 4 for 
the Yucatan Peninsula, that were calculated 
pooling the data from Banco Chinchorro with 
those from other localities of Yucatan and 
Quintana Roo states (Charruau et al., 2010). 
Differences in sample sizes, total length of the 
crocodiles used in the analyses, and the inclu-
sion in the model of individuals from diverse 
habitat types may explain the discrepancies. 

Only for the data of Florida and for the fe-
males of mangrove areas of Venezuela it was 
possible to get growing models that realistica-
lly approached the maximum sizes the species 
is known to reach. The model is highly sensiti-
ve to the presence of large and old animals in 
the data. In Florida, for example, the asymp-
totic size for males increased 21.1 cm when 
a datum of just one individual of 416.6 cm in 
TL and 22.35 yr old (Beauchamp et al., 2009) 
was added. The asymptotic size predicted for 
“All Florida” males is not far from the 442 cm 
TL of a specimen mentioned by Beauchamp 
et al., on display at the American Museum of 
Natural History of New York. Mazzotti (2013) 
mentioned that males C. acutus in Florida can 
reach up to 460 cm in TL.

The asymptotic size for females in Turkey 
Point is also below the known maximum length 
that the species can reach. Five of six nesting 
females captured by Kushlan and Mazzotti 
(1989) surpassed the 216 cm and one of them 
was 306 cm in TL. Predicted maximum size 
for females increased 45.5 cm when data from 
Florida Bay (Mazzotti, 1999) were added to the 
ones from Turkey Point. Even these sizes can 
be considered as too smalls when compared to 
the 440 cm for a female from the Grijalba Ri-
ver, in Mexico (Domínguez-Laso, 2009). 

The predicted maximum sizes for fema-
les are around what has been reported as the 
necessary to reach sexual maturity (Medem, 
1981; Kushlam and Mazzotti 1989; Thorbjar-

narson 1988, 1989). Le Buff (1957), based on 
observations on captive C. acutus in Florida, 
affirmed that the time to reach adulthood is 
13 yr, a figure in between the ones estimated 
in this paper. In good habitats, females might 
need around nine years to attain maturity. In 
less favorable habitats, it would take much 
longer, as for example more than 16 years in 
mangrove areas of Venezuela.  This fact has 
conservation implications since slow growing 
individuals are exposed longer to factors that 
affect their survival before they can reproduce. 

If we take into consideration only the GR, 
crocodiles do poorly in habitats with high 
water salinities such as the atolls in Belize 
and Mexico, or the mangrove areas of Vene-
zuela. On the other hand, although based in a 
limited data set, juveniles from rivers showed 
the highest GR. Based only in this criterion, 
I think that the optimal and probably prefe-
rred habitat of C. acutus is represented by 
rivers and other freshwater environments. 
However, Individual GR is not the only cri-
teria that can be used to evaluate the suita-
bility of habitats for the American Crocodile; 
distribution, abundance, survival, nesting 
effort, and nesting success are some others 
(Mazzotti, 1999). Information on those addi-
tional population parameters is very limited, 
particularly outside Florida.

In defense of my suggestion that rivers 
and other freshwater environments represent 
the best habitats for C. acutus, as the growth 
data seems to support, I will discuss briefly 
about past distribution and abundance of the 
species. That discussion is difficult due to the 
lack of data on the status of the species before 
the commercial exploitation took place. Sch-
midt (1924) for example, was amazed about 
how abundant the species was in Lake Tica-
maya of Honduras. Alvarez del Toro (1974) 
refers to C. acutus as “Cocodrilo de Río” and 
commented about how abundant this species 
was in several rivers of Mexico. In Colombia 
C. acutus was abundant along the valleys of 
large rivers like the Sinú, San Jorge, Cauca 
and Magdalena (Medem, 1981; Ulloa-Delgado, 
2011). What seems to be the most important 
population of C. acutus in Costa Rica is found 
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in the Río Tárcoles, with reported abundances 
of 9.2–30.1 ind/km (Porras, 2004). 

In Venezuela C. acutus has been reported 
in several rivers of the Maracaibo Lake ba-
sin (Santa Rosa, Negro, Aricuaisá, Chama, 
Birimbay, Motatan) and the Caribbean coast 
basin (Tocuyo, Aroa, Yaracuy, Neverí) to men-
tion just the best known cases (Seijas 1986; 
De Sola et al., 2004, Lander and Bermúdez, 
2005). Beside rivers, the American crocodile 
seem to do well in other types of freshwater 
habitats: the reservoirs. 

Despite the past and current distribution 
and abundance of C. acutus in rivers and 
other freshwater habitats, most studies have 
been conducted in coastal environments, whe-
re many protected areas are located. That is 
particularly so regarding studies on growth 
rate. In Costa Rica, for example, where the po-
pulation status of the species in several rivers 
have been studied in some detail (Porras et al., 
2008; Sánchez et al., 1997; Sasa and Chaves, 
1992) there is not a single record available on 
growth in natural conditions. 

The emphasis of studying C. acutus popu-
lations mostly found in mangrove areas, coas-
tal lagoons and other places close or under the 
influence of the sea, has probably contributed 
to seed the idea that this crocodile is mostly 
an inhabitant of estuaries and other coastal 
environments, which is only a reflect of its cu-
rrent status. 

Taking into consideration the GRs analy-
zed in this study, together with the informa-
tion (rather scarce and incomplete) on current 
distribution and abundance, it is possible to 
conclude that most mangrove areas that the 
species occupies are marginal habitats. If C. 
acutus is still found in some of them it is no 
because they are the preferred habitat but 
because populations in other areas have been 
exterminated. In the past, when populations 
of this species were not as fragmented and 
depleted as they are today, perhaps the bulk 
of populations were found in rivers and there 
was a permanent exchange of individuals, in 
a metapopulation dynamics, with subpopula-
tions in estuaries and coastal lagoons. 

In Venezuela there are several coastal 
areas that are legally protected (National 
parks, and wildlife refuges and Reserves) that 
contain populations of C. acutus. Only two full 
freshwater localities (Tacarigua-Jatira reser-
voirs, in Falcón state) are included in one of 
those areas (Tucurere Wildlife Reserve, Fal-
con state). There is no a program for the con-
tinuous assessment of the status of C. acutus 
populations in any area of the country. The 
conservation activities have focused mainly on 
population reinforcement in protected areas, 
which, as already mentioned, are neither the 
optimal habitat nor the localities where the 
largest population of the species are found. 
The future of the C. acutus in Venezuela (and 
probably other countries) will depend, to a lar-
ge extent, on the conservation of the popula-
tions of rivers and other freshwater localities 
where the species is present. 
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