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Abstract

We studied growth of the caiman, Caiman crocodilus yacare, in the Brazilian Pantanal for 27 years between 1987 and
2013.We recaptured 647 of 7769 C. c. yacare initially marked in an area of 50 km? in two ranches. We were able to
determine size at age accurately for 24 male and17 female caimans that had been marked at hatching or less than 1 year
old, and recaptured over periods of 5 to 24 years. The other 606 caimans were used to evaluate short-term growth rates.
Age-size relationships were estimated using growth models from the Richards family of curves (full model, von Bertalanffy
and monomolecular). The form of the relationships differed between analyses based on caimans of known age and analyses
based on integration of growth rate on size relationships for caimans whose ages were not known. Individuals showed large
variation in short-term growth rates, but data on known-age animals indicated little between-individual variability in long-
term growth rates. There was evidence of a small effect of rainfall, but not temperature, on short-term growth of small
caimans, but most variation in growth rates was unexplained by variables other than age and sex. Data on known-age
individuals indicated that female C. c. yacare generally reach sexual maturity between 10 and 15 years of age. Because of the
asymptotic relationship between age and size, deviations of observations from the model for age are larger than for size,
and estimates of age at a given size have greater errors than estimates of size at a given age. Integration of growth rate on
size relationships may be adequate for estimating size from age in many cases, but accurate estimates of age from size
require data on known-age individuals over the size range of the species.

Citation: Campos Z, Mourado G, Coutinho M, Magnusson WE (2014) Growth of Caiman crocodilus yacare in the Brazilian Pantanal. PLoS ONE 9(2): e89363.

doi:10.1371/journal.pone.0089363

Editor: Sean Rogers, University of Calgary, Canada

* E-mail: zilca.campos@embrapa.br

Received August 23, 2013; Accepted January 21, 2014; Published February 28, 2014

Copyright: © 2014 Campos et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The study was funded by Embrapa, WWF-USA, Conservation International-USA, Fundacdo O Boticdrio and Fundect. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Information on growth is important for many demographic
models used in conservation biology and wildlife management.
However, it is extremely difficult to determine size-age relation-
ships of wild crocodilians directly because they are long-lived,
wary, and may disperse dozens or hundreds of kilometres between
hatching and reaching reproductive maturity [1-4].

Size-age relationships of many organisms are sigmoidal, with
initially slow increases in size with age followed by a period of fast
growth, and ending near an asymptote when there is little or no
measurable increase in size with increase in age. In the absence of
measurements of individuals with known ages, the relationship
between size and age can be estimated from data on many
individuals which were captured twice, giving two sizes and a
known interval between measurements for each animal. Most
researchers use the latter strategy, and try to establish size-age
relationships by integrating data on short-term growth rates of
individuals of different sizes [5]. However, these methods are
controversial [6-10]. While there are good theoretical or practical
reasons to use different models, choosing from them is difficult
because there are limited data on known-age animals for
validation.

Most biologists have used models from the Richards family of
curves to Investigate growth in repties [11], [12], [8], but
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crocodilians may show growth trajectories soon after hatching that
do not conform well to the Richards sigmoidal model. During the
first year, hatchlings often show growth rates that fluctuate
between very high and very low values, [2], [13], [14], and these
are not predicted by the sigmoidal models. As large deviations
from the trajectories predicted by the models from the Richards
family of curves only occur in the first year or so after hatching,
they do not greatly affect estimates of age based on size [13].
These models differ only in the parameter m that defines the shape
of the Richards curve, but this greatly affects estimates of age at a
given size.

Analyses of growth rate on size may allow evaluation of
environmental restrictions on growth [15]. Seasonal and interan-
nual variation in temperature and rainfall influence growth rates of
crocodilians [14], [15], and the Pantanal is strongly seasonal, with
a dry and sometimes cold winter, and a warm wet summer with
extensive flooding. Therefore, we expected much of the inter-
individual variation in growth rates of caimans to be related to the
mean temperature and rainfall during the period over which
growth was measured.

One of the principle problems with construction of size-age
relationships based on relationships between size and growth rate
is that individuals may have parallel growth trajectories [2], [13],
[8] determined by genetic or environmental effects that were fixed
carly in development. Therefore, variation around the mean
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growth rate may not represent random or short-term environ-
mental effects. When individuals have parallel growth trajectories,
complex models with parameters for individuals may be appro-
priate [9]. It has been suggested that such models should not be
used if individual variation in growth rate over time is much
greater than variation among individuals [16], but this can only be
determined if there are sufficient individuals with multiple
recaptures, which is an uncommon situation in crocodilian studies.

Very complex analyses have also been used to determine the
mean size at hatching based on morphological relationships of
larger individuals [9], but errors in assigning size at hatching
probably have little effect on estimates of the overall form of the
size-age relationship, or parameters estimated from it, because
differences in estimates of hatching size differ only by a few cm
(16].

In this study, we use a unique set of capture-recapture data for
C. ¢. yacare to describe growth of the species in the Brazilian
Pantanal, and to evaluate bias in estimates of age based on growth
rates of different sized individuals that were not initially captured
soon after hatching. Pantanal caimans are sometimes considered a
separate species (Caiman yacare), but there is continuous genetic and
morphological variation between individuals from the Pantanal
(Carman  crocodilus yacare) and Amazodnia (C. ¢. crocodilus), and
recognition of the species would require an arbitrary geographic
boundary between the taxa. A long-term capture-recapture study
provided sizes of dozens of known-age individuals up to 25 years
old and shorter-term capture-recapture data on hundreds of other
individuals of all sizes. We had data on sizes of males and females
at hatching, and large animals that had essentially stopped
growing, which allowed us to parameterize the models throughout
the whole life cycle.

This extensive data set for known-age individuals allowed us to
accurately describe the size-age relationship for the species in our
study area using the full Richards model. However, use of these
data for comparisons with other studies may not be valid because
most other researchers have not had access to data on known-age
individuals in the field. We therefore compared the size-age
sigmoidal curves based on known-age individuals and using the
full Richards model with (1) curves derived from the full Richards
model and data on recaptures of individuals whose ages were
unknown, (2) curves based on the von Bertalanffy model for
individuals without known ages, and (3) curves based on the
monomolecular model for individuals without known ages. This
allowed us to evaluate to what extent model choice and data type
affect estimates of age based on size, and size based on age.

Materials and Methods

We studied caiman on two ranches in the Nhecolandia region of
the Brazilian Pantanal between 1987 and 2013. Nhumirim Ranch
(18°59'S, 56°39’S) has an area of 4,310 ha containing about 100
ephemeral lakes. Campo Dora Ranch (18°55'S, 56°40"W) covers
about 40,000 ha, including stretches of two intermittent rivers and
seasonally flooded grasslands [3].

We captured caimans during the night with nooses or by hand
in the lakes and intermittent rivers, and during the day when
females were guarding nests or the caimans left pools during
terrestrial activity [17]. We marked caimans individually with
numbered plastic tags placed in the raised single tail scutes,
aluminium numbered tags attached to one of the interdigital
membranes of the left hind leg, and/or by removing single and
double tail scutes in unique combinations. To measure snout-vent
length (SVL-cm), we placed the caiman on its back and measured
the distance from the tip of the snout to the end of the cloacal
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scales with a measuring tape (limit of reading 0.1 cm). We
identified the sex of caimans from the presence of penis or clitoris.
We could not confidently determine the sex of juveniles under
30 ecm SVL and they were recorded as undetermined unless they
were recaptured later at a larger size. We had used surgery to
determine the sex of 25 male and 41 female hatchlings from 6
nests in a previous study [18], and used their sizes to represent size
at hatching in the growth models.

We estimated growth rate as the difference in SVL between
captures divided by the time interval between captures, and used
geometric mean SVL to illustrate the relationship between growth
rate and size. Age of juveniles up to 30 cm SVL was estimated as
the interval between the month of capture and April, which is the
month in which most individuals hatch in this area [18]. Errors in
age for animals estimated to be less than one year old are unlikely
to be greater than 1 month.

We used nonlinear estimation of the parameters for the
Richards model [11] in the SYSTAT version 8 program to
describe the relationship between size and age. The Richards
model is Lg= [A""" =AY =AY =L ") exp (= 2/ T (m+
)] Y477 where Ly and L are SVL of animals at recapture and
at first capture, respectively. A is the theoretical mean maximum
SVL for individuals of the species, T is an index of the time
necessary to approach asymptotic size, t is the interval between
capture and recapture, and m is a parameter describing the shape
of the curve [19]. For specific models, we fixed the parameter m at
0.667 (von Bertalanfty) or zero (monomolecular). For some
models, the asymptotic-size parameter (A) was fixed at the mean
size of the ten largest individuals [8].

Seasonal variation in temperature and rainfall is high in the
study area. Summers are hot and wet, with extensive flooding, and
winters are dry with both high and low temperatures [18]. Mean
monthly temperature and rainfall in the months between capture
and recapture were used as predictor variables in multiple-
regression models. Temperature and rainfall data for this study
were obtained from the Nhumirim Meteorological Station [20—
22], Nhumirim Ranch.

The research project was approved by the Brazilian Environ-
mental Agency (IBAMA permit N°. 017/02) and by the Chico
Mendes Institute for Biodiversity Conservation (ICMBio perma-
nent license N° 13048-1) for capture and marking of caimans
(relevant legislation: IN N°. 154/2007). All procedures followed
ethical practices for animals recommended by the Brazilian
Agricultural Research Organization (Embrapa). Nhumirim Ranch
is owned by Embrapa. Campo Dora is a private ranch, and its
owners, Luis Gomes da Silva and family, have authorized caiman
research since 1987.

Results

All 6 nests we studied produced both males and females, but the
proportion varied between nests. The mean snout-vent length (cm)
of female hatchlings (mean =12.49, 95% CI =12.33-12.65)
differed significantly (Student’s tgy =2.77, P=0.007) from that of
males (mean =12.84, 95% CI =12.65-13.03), but the difference
was small.

Besides the hatchlings with age zero (age at hatching), ages of 24
males and 17 females could be estimated accurately (to within
about 1 month) because they were first captured at SVL<
14.0 cm. The full Richards model gave a good fit to these known-
age animals (Figure 1: thick line) for both males (Asymptotic SVL =
105.96, m=0.778, T=14.71) and females (Asymptotic SVL =
85.73, m=0.466, T=4.02). The 95% confidence intervals for
estimates of m from the full Richards model for both males (—
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Figure 1. Relationship between size and age for known-age
female (a) and male (b) Caiman crocodilus yacare (circles) based
on the Richards curve (thick continuous line). Filled circles
indicate females that were captured attending nests. Models based on
growth-rate-on-size relationships for animals of unknown age are given
by the fine continuous line (full Richards model), short dashes (von
Bertalanffy, m=0.667) and long dashes (monomolecular, m=0).
doi:10.1371/journal.pone.0089363.g001

1.699 to 1.350) and females (—0.572 to 2.129) were wide, and
would include the values of m for both the monomolecular and
von Bertalanffy models. Therefore, it would not be possible to
statistically distinguish between the three models based only on
data from caimans that did not have known ages.

Nine of the known-age females were captured beside nests and
had therefore presumably reached sexual maturity. Sizes and ages
of these individuals were close to those predicted by the full
Richards model, and all but one of these had SVL. =80 cm
(Figure la: closed circles).

Growth rates of individuals (GR - cm/year) varied greatly at all
sizes (Figure 2). Multiple regression across all sizes for animals

recaptured over intervals less than 2 years indicated effects of

geometric-mean snout-vent length (SVL: P<<0.00001) and sex
(SX: P=0.060), but there was little evidence for an effect of mean
rainfall (RA: P=0.380) or mean temperature (TE: P=0.607)
during the growth interval. Sex was entered as a dummy variable
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(0, 1). Restricting the growth interval to less than 1 year or
analysing without restriction on the growth interval resulted in
qualitatively similar results. However, the relationships apparently
differed between large and small individuals. Multiple regression
for individuals with SVL <50 c¢m when recaptured (GR =19.59 —
0.254*SVL + 1.044*RA + - 0.251*TE — 0.340%SX, N =251,
R?=0.098, P<0.00004) indicated significant effects of SVL
(P=0.00001) and rainfall (P=0.004), but not of temperature
(P=0.452) or sex (P=0.618). However, most individuals in this
size class did not have their sex determined by surgery or
subsequent recapture. Although the effect of rainfall was
statistically significant, removal of this variable only reduced the
variance explained by about 3% (R*=0.067).

Multiple regression for individuals recaptured over intervals less
than 2 years with SVL >50 cm when recaptured (GR =9.87—
0.132*SVL. —-0.184*RA + 0.196*TE - 0.605*SX, N=205,
R?=0.198, P<0.00001) indicated significant effects of SVL (P<
0.00001) and sex (0.005), but not of rainfall (P=0.194) or
temperature (P=0.291).

The full Richards model based on animals that had not been
captured at hatching, and therefore did not have known ages
(Figure 1b: fine continuous lines), underestimated the sizes of
known-age individuals for males and overestimated sizes for
females (Figure la, circles and thick continuous line). Fixing the
growth parameter (m) to 0.667 (von Bertalanfty model) only
slightly improved the fit for males, but the von Bertalanfty model
was an improvement over the full model for females (Figure la,
short dashes). Fixing the growth parameter (m) to zero (monomo-
lecular model) only slightly improved the fit for females, but was an
improvement over the full model for males (Figure 1b, long
dashes).

A potential source of error is the large number of animals with
essentially zero growth rates (Figure 2) at sizes much smaller than
the asymptote for known-age individuals (Figure 1). These animals
must have died or, more likely, just were not recaptured later when
they had returned to positive growth. Based on known-age
individuals, the asymptote estimated from the growth over short
intervals for males (Figure 1b: fine and broken lines) is too low
based on data from known-age animals (Figure 1: points and thick

40

Growth rate (cm/year)

b 5 - 0 En
Geometric mean SVL (cm)

Figure 2. Relationship between growth rate and geometric-
mean snout-vent length (between capture and recapture) of (+)
juvenile, (A) female and (O) male Caiman crocodilus yacare in the
Brazilian Pantanal.

doi:10.1371/journal.pone.0089363.g002
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line). However, fixing the Richards asymptote parameter (A) at the
mean for the 10 largest individuals (mean =115.25, min =112,
max =120, S=2.64), which was higher than the asymptote
estimated for known-age individuals (106 cm), only worsened the
fit of the Richards, monomolecular and von Bertalanffy models
based on animals of unknown age.

Discussion

We detected effects of sex, size and weather on growth rates,
and therefore on size-age relationships, but most of the variation in
growth rates was unaccounted for. The choice of model and type
of data had much greater effects on the size-age relationship and
estimates of parameters derived from it, such as age at first
reproduction, than ecological variables.

Growth trajectories of males and females were different, and
those differences probably manifest early in development because
males were significantly larger than females at hatching. We were
unable to detect an effect of sex on growth rates of individuals <
50 cm SVL at recapture. Although most individuals in that size
range did not have their sex recorded, similar growth rates of
males and females were also found for immature Crocodylus johnstoni
(8].

There is debate as to whether crocodilians should be considered
to have determinate or indeterminate growth [23], [24]. However,
asymptotic growth models fit the data well for C. ¢. yacare, as they
do for most crocodilians [8], suggesting that growth is determinate
or growth of large animals is extremely slow. Males from the same
region have sperm in penile grooves at about SVL. =55.0 cm
SVL, and males with SVL =90.0 cm have mature testes [25],
which is much smaller than the asymptotic size (106 cm) based on
known-age individuals. If reproduction affects growth in males it is
presumably for behavioral rather than physiological reasons, and
they appear to keep growing long after they are physiologically
capable of reproduction.

Most of the females at or above the estimated mean asymptotic
size (86 cm) were captured attending nests. Only one female less
than 80 cm SVL and less than 15 years old was in attendance at a
nest. This is in accordance with the sizes of nesting females in the
area. Few nesting females are less than 80 cm SVL [26]. There
may large differences in sizes of nesting females because they have
different asymptotic sizes and grow little after reproduction, or
because they start reproducing well before reaching asymptotic
size. The evidence is sparse, but indicates that females may
continue to grow, even if they start nesting with SVL<80 cm.

The large variation in growth rates for a given size was
surprising. At any given size, some individuals had growth rates
twice the mean, and some individuals had no detectable growth.
Individuals must vary greatly in growth rate over time, because
individuals with consistently high or low growth rates would have
age-specific sizes very different from the mean, which was not the
case for our known-age individuals. The high variation is unlikely
to be due to measurement errors or errors in identification of
individuals because these sources of error would also have affected
estimates for known-age individuals. Errors of identification would
also result in as many negative growth rates as positive growth
rates, but no negative growth rates were recorded, except for very
large individuals that had essentially stopped growing.

Growth rates of crocodilians are believed to be related to
temperature [27], [28], and food resources may be related to
rainfall, which induces flooding. However, we were unable to
detect an effect of mean temperature, and only about 3% of the
variation in growth rate was attributable to mean rainfall during
the growth period, and only for individuals with SVL<50 cm at
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recapture. C. ¢. pacare is extremely social [17], [29] and growth
rates may depend on the social milieu in which the individual finds
itself. Also, diseases could affect growth rates, but we have no data
on these factors.

Selecting fixed-shape models, such as the von Bertalanfty or
monomolecular (e.g. [30], [31], [28], [8], [9]) does not appear to
be a useful strategy. The Richards shape parameter did not
conform to any of the standard models for male or female C. c.
yacare (this study) or for Alligator mississippiensis [6]. The shape
parameter also varies within sexes of A. mussissippiensis between
individuals raised in captivity or in the wild [6]. Despite the
reasonable fit of some of the reduced models for a given sex, the
variation between studies, and between males and females, makes
it difficult to predict which should be used unless there is extensive
data on known-age individuals, which would obviate the necessity
to estimate size-age relationships from growth-rate on size.

Very short intervals between captures increase the effect of
measurement errors, and very long periods reduce the variation
between individuals [5]. Given that individuals may have
consistently different growth rates [2], [13], [8] and the extreme
variation in growth rates, even when very short (<30 and <100
days) and long (>365 and >730 days) periods were excluded, it
could be questioned as to whether it is worthwhile to try to
reconstruct size-age relationships based on growth-rate-on-size
relationships. This probably depends on the objectives of the
study. Estimation of mean sizes of animals of a given sex at a given
age can probably done with reasonable accuracy (to within 10%)
by any of the models we used, except those in which we attempted
to fix asymptotic size. This may be adequate for estimating
numbers of animals in different size classes at times after
interventions, such as hunting. However, many growth studies
are carried out to estimate the minimum age at reproduction (e.g.
(11, [9], [32], [14]). Estimates of extremes, such as minimum and
maximum, are generally not precise [33], but even more useful
parameters, such as the age at which we are confident that 90% of
individuals are reproducing, would be hard to estimate from
growth curves based on capture-recapture data for animals
without known ages. Most nesting females in this area have SVL
>80 cm [26]. All of the models based on growth rates indicate
that they would reach this size at about 9 years old, but the data on
known-age individuals indicate that they reach this size at about
13 years of age, a difference of 30%.

Despite the great variation in growth rates of individuals
throughout their lifetime, there was comparatively little inter-
individual variation in age-size relationships for known-age
individuals, and models based on growth-rate-on-size relationships
may be adequate to estimate size at a given age. However, because
of the curvature of the age-size relationship, estimates of age at a
given size will be strongly dependent on the shape of the curve,
which is reflected in the Richards parameter m. Small differences
in estimation of the value of m will strongly affect estimates of age
at a given size, and using a sample of the largest individuals
captured [8] was not a substitute for estimates of asymptotic size
based on known-age individuals. If precise estimates of age at first
reproduction are necessary, there does not appear to be a viable
alternative to the use of known-age individuals obtained by long-
term studies or the use of other approaches, such as skeletochro-
nology [34], [33].

Acknowledgments

We thank Francisco Alves (in memorian), José Augusto Silva, Henrique de
Jesus, Vandir Silva, Procopio Almeida, Luis Espinosa, Luis Alberto
Rondon, and Denis Tilcara. Caimans were captured and marked under
permanent license 13048-1/ICMBio and 017/02/IBAMA- Brazil. Nhu-

February 2014 | Volume 9 | Issue 2 | 89363



mirim Ranch is part of PELD site Pantanal Sul and PPBio. Data are
maintained in sites administered by the Brazilian Program for Biodiversity
Research (PPBio) and the National Institute for Science Technology and
Innovation for Amazonian Biodiversity INCT-CENBAM).

References

1.

2.

Chabreck RH, Joanen T (1979) Growth rates of American alligators in
Louisiana. Herpetologica 35(1): 51-57.

Webb GJW, Buckworth R, Manolis SC (1983) Crocodylus johnstoni in the
McKinlay river area, N.'T. III. Growth, movement and population age structure.

Aust Wildlife Res 10: 383-401.

. Campos Z, Coutinho M, Mourdo G, Bayliss P, Magnusson WE (2006) Long

distance movements by Caiman crocodilus yacare: Implications for management of
the species in the Brazilian Pantanal. Herpetol J 16: 123-132.

. Da Silveira R, Amaral JV, Magnusson WE, Thorbjarnarson JB (2011)

Melanosuchus niger (Black Caiman). Long distance movement. Herpetol Rev

49(3): 424-495.

. Andrews RM (1982) Patterns of growth in reptiles. In: Gans DC, Pugh FH,

editors. Biology of the Reptilia.New York: Physiology Academic Press. pp. 273~
320.

. Brisbin IL (1990) Growth curve analyses and their application to the

conservation and captive management of crocodilians. Proc IUCN-SSC. Work
Croc Spec Group Switzerland 9: 116-145.

. Magnusson WE, Lima AP (1991) The ecology of a cryptic predator, Paleosuchus

trigonatus, in a tropical rainforest. ] Herpet 25(1): 41-48.

. Tucker AD, Limpus CJ, McDonald KR, McCallum HI (2006) Growth

dynamics of freshwater crocodiles (Crocodylus johnstoni) in the Lynd River,
Queensland. Aust J Zool 54: 409-415.

. Eaton M]J, Link WA (2011) Estimating age from recapture data: integrating

incremental growth measures with ancillary data to infer age-at-length. Ecol

Appl 21(7): 247-97.

. Garcia-Grajales J, Buenrostro-Silva A, Charruau P (2012) Growth and age of

juvenile American crocodiles (Crocodylus acutus) in La Ventanilla Estuary, Oaxaca,
Mexico. Herpetol Conserv Biol 7(3): 330-338.

. Brisbin IL, Collins CT, White GC, McCallum DA (1987) A new paradigm for

the analysis and interpretation of growth data: the shape of things to come. Auk
104(3): 552-554.

. Moulton TP, Magnusson WE, Melo MTQ (1999) Growth of Caiman latirostris

Inhabiting a coastal environment in Brazil. ] Herpet 33(3): 479-84.

. Magnusson WE, Sanaiotti TM (1995) Growth of Caiman crocodilus crocodilus in

central Amazdnia, Brazil. Copeia 1995(2): 498-501.

. Campos Z, Magnusson WE, Marques V (2013) Growth of Paleosuchus palpebrosus

near the southern limits of its range. Herpetologica 69: 405-410.

. Brisbin IL, White GC, Bush PB (1986) PCB intake and the growth of waterfowl:

multivariate analyses based on a reparameterized Richards sigmoid model.

Growth 50: 1-11.

. Magnusson WE (2012) Estimating age from recapture data: the importance of

data exploration. Croc Spec Group Newsletter 31(3): 13-16.

. Campos Z, Coutinho M, Magnusson WE (2003) Terrestrial activity of caiman in

the Pantanal, Brazil. Copeia 2003(3): 628-634.

. Campos Z (1993) Effect of habitat on survival of eggs and sex ratio of hatchlings

of Caiman crocodilus yacare in the Pantanal, Brazil. ] Herpet 27: 127-132.

PLOS ONE | www.plosone.org

Caiman Growth in the Brazilian Pantanal

Author Contributions

Conceived and designed the experiments: ZC GM MC WEM. Performed
the experiments: ZCG GM MC. Analyzed the data: ZC WEM. Contributed
reagents/materials/analysis tools: ZC GM MC. Wrote the paper: ZC
WEM.

20.

21.

22.

23.

29.

30.

31.

32.

33.

34.

. Richards CH (1959) A flexible growth function for empirical use. J Exp Bot 10:

290-230.

Soriano BMA (1997) Boletim agrometeorologico: 1986-1996 (Fazenda Nhu-
mirim). Corumba, MS. Embrapa. Boletim Agrometereologico 3, 81 p.
Soriano BMA (2000) Boletim Agrometereolégico — fazenda Nhumirim.1997.
Embrapa. Boletim Agrometereologico 4, 20 p.

Soriano BMA (2000) Boletim Agrometereologico — fazenda Nhumirim. 1998.
Embrapa. Boletim Agrometereologico 5, 20 p.

Abercrombie CL (1989) Population dynamics of the American alligator. In: Hall
P, Bryant R, editors. Crocodiles: Their Ecology, Management, and Conserva-
tion. Switzerland: The World Conservation Union, pp. 1-16.

. Jacobsen T, Kushlan JA (2009) Growth dynamics in the American alligator

(Alligator mississippiensis). J Zool 219(2): 309-328.

. Coutinho M, Campos Z, Cardoso F, Massara P, Castro A (2000) Reproductive

biology and its implication for management of caiman, Caiman yacare in the
Pantanal. In: Grigg G, Seebacher F, editors. Crocodilian Biology and Evolution.
Australia: Surrey Beatty & Sons. pp. 229-243.

5. Campos Z, Magnusson WE (1995) Relationship between rainfall, nesting habitat

and fecundity of Caiman crocodilus yacare in the Pantanal, Brazil. ] Trop Ecol 11:
351-358.

. Webb GJW, Messel H, Crawford J, Yerbury MJ (1978) Growth rates of

Crocodylus porosus (Reptilia: Crocodilia) from Arnhem Land, Northern Australia.
Aust Wildlife Res 5: 385-99.

. Wilkinson PM, Rhodes WE (1997) Growth rates of American alligators in

coastal South Carolina. ] Wildlife Manage 61(2): 397-402.

Campos Z, Magnusson WE (2011) Emergence behavior of yacare caimans
(Caiman crocodilus yacare) in the Brazilian Pantanal. Herpetol J 21(1): 91-94.
Magnusson WE, Lima AP, Costa VL, Lima AC, Araujo MC, et al. (1997)
Growth during middle age in a Schneider’s dwarf caiman, Paleosuchus trigonatus.
Herpetol Rev 28: 183.

Rebélo GH, Borges GAN, Yamashita C, Filho AG (1997) Growth, sex ratio,
population structure, and hunting mortality of Caiman yacare in the Pantanal,
Brazil. Vida Silvestre Neotropical 6(1-2): 29-36.

Da Silveira R, Campos Z, Thorbjarnarson JB, Magnusson WE (2013) Growth
rates of black caiman (Melanosuchus niger) and spectacled caiman (Caiman crocodilus)
in two different Amazonian flooded habitats. Amphibia-Reptilia 34: 437-449.
Campos Z, Sanaiotti TM, Magnusson WE (2010) Maximum size of dwarf
caiman, Paleosuchus palpebrosus (Cuvier, 1807), in the Amazon and habitats
surrounding the Pantanal, Brazil. Amphibia-Reptilia 31: 439-442.

Hutton JM (1986) Age determination of living Nile crocodiles from the cortical
stratification of bone. Copeia 1986: 332-342.

. Tucker AD (1997) Skeletochronology of post-occipital osteoderms for age

validation of Australian freshwater crocodiles (Crocodylus johnston?). Mar
Freshwater Res 48: 343-351.

February 2014 | Volume 9 | Issue 2 | 89363



