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ABSTRACT

In the present study regression equations are established between broad-snouted caiman (Caiman
latirostris) captive reproductive females snout-vent length (SVL) and body mass (BM) and the following
clutch characterigtics: egg mass, egg “length” (maximal diameter), egg “width” (minimal diameter), hatchling
BM, hatchling SVL, clutch size (number of eggs), clutch mass and relative clutch mass (clutch mass/
female BM). Female body-length presented a positive correlation with egg mass, egg length, egg width,
hatchling BM and hatchling SVL. No clear correlation was found between female SVL and clutch size.
Female BM showed a significantly positive correlation with egg mass, egg-length, egg-width, hatchling
BM, hatchling SVL and clutch mass. A highly significant negative correlation was found between female
BM and the relative clutch mass. No clear correlation was found between female BM and clutch size.
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RESUMO

Alometriareprodutiva em jacar és-de-papo-amar elo (Caiman latirogtris)

No presente estudo sdo estabel ecidas equagdes de regressdo entre comprimento e massa corpérea de
fémeas reprodutivas cativas de jacarés-de-papo-amarelo (Caiman latirostris) e as seguintes caracteristicas
relativas as ninhadas: massa, comprimento (isto &, diametro maximo) e largura (isto &, didmetro minimo)
do ovo; massa e comprimento corporeos dos filhotes; nimero de ovos, massa total e massa relativa da
ninhada (isto é, massatotal da ninhada/massa corpdrea da fémea). O comprimento corp6reo das fémeas
apresentou correlagdo positiva com a massa, 0 comprimento e alargura dos ovos e com amassa e 0
comprimento corpdreos dos filhotes. Nao houve correlagdo entre o comprimento corpéreo dafémeae
o nimero de ovos da ninhada. A massa corpérea das fémeas apresentou correlagdo positiva com a massa,
0 comprimento e alargura dos ovos e com amassa e 0 comprimento corporeos dos filhotes. Uma correlagéo
altamente significativafoi encontrada entre a massa corporea das fémeas e a massa rel ativa das ninhadas.
Entretanto, ndo houve correlagdo entre a massa corporea das fémeas e 0 nimero de ovos da ninhada.

Palavras-chave: relaces alométricas, biologia reprodutiva, jacarés-de-papo-amarelo, Caiman latirostris.

INTRODUCTION

Few studies about allometry of reproduction
have been developed with crocodilians. Ferguson
(1985) presents an extensive review about repro-
ductive biology and embryology of crocodilians,
with information about size at sexual maturity, clutch
size, eggs dimensions, and biometry of hatchlings
for most species. Ferguson’sreview presents a great

amount of information about interspecific variation
on reproductive biology; however, littleis presented
about intraspecific variation. In addition, since he
depended on literature he had no control on sample
size, which for some of the species resulted in a
single anecdotal report.

Hall (1991) used morphometric data from nes-
ting Alligator mississippiensis and Crocodylus
novaeguineae and associated clutch characteristics
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to produce regression models where demographic
profiles of the reproductive females could be religbly
estimated on the basis of clutch mass or clutch size.
He found consistent allometric relations between
female body mass and length and clutch mass and
size.

In his study, Hall proposed the study of allo-
metry of reproduction at the population level, in
order to determine which segments or size-classes
of females are actively breeding. This seemsto be
the best approach for large populations, such as
the A. mississippiensis and C. novaeguineae. Ho-
wever, small populations may (and in some circums-
tances have to) be approached at the individual
level. In small fragments of habitat, the “whole seg-
ment of reproductive females’ may be just one or
afew animals. In this case, alometric relations, such
as the ones described by Hall may possibly be use-
ful to identify reproductive individuals.

Thorbjarnarson (1996) reviews the reproduc-
tive characteristics of crocodilians and presents
information on female size, egg mass, clutch size
and mass, and some inter and intraspecific allo-
metric trends. He reports that egg size, clutch size,
and clutch mass are positively correlated with fe-
male body size at the interspecific level. According
to him, intraspecific comparisons were limited by
sample size, but among six species for which data
were available, a positive correlaion between femae
size and egg mass was found in all but Caiman
latirostris. Thobjarnarson aso reports asignificantly
positive relationship between clutch mass and
female length, but once again C. latirostris was an
exception. Unfortunately, Thorbjarnarson does not
cite his information sources concerning the broad-
snouted caiman, which could be useful to clarify
these unusual patterns.

MATERIAL AND METHODS

In the present study regression equations are
established between reproductive female snout-vent
length (SVL) and body mass (BM) and the following
clutch characteristics: egg mass, egg “length” (maxi-
mal diameter), egg “width” (minimal diameter), hat-
chling BM, hatchling SVL, clutch size (number of
eggs), clutch mass and relative clutch mass (clutch
mass/female BM). Relative clutch mass was deter-
mined by the ratio between clutch mass and the
female BM prior to reproduction. Data from eight
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clutches from the captive breeding program of the
broad-snouted caiman at the University of S&o
Paulo, Piracicaba, Brazil were collected during the
reproductive period of 1995/1996, with the exception
of two nestsfrom former years. Reproductive femaes
were weighted and measured in early October. At
this period of the year, females usually show asmall
to medium development of follicles (Vac et al., 1992).
Egg-laying occursin S&o Paulo from November to
February, with peak in January (Verdade, 1995).
L east-square regression equations are presented
in Table 1. Their plots are presented in Fig. 1.
Statistical analyses were done in Minitab for
Windows 11 (Minitab, 1996). Their procedures are
presented in Table 1.

RESULTSAND DISCUSSION

Contrary to the pattern described by Thorbjar-
narson for broad-snouted caiman, in the present
study a positive correlation was found between egg
mass and female SVL (r? = 0.699, P-vdue < 0.000). A
positive correlation, although not so significant, was
found between clutch mass and female SVL (r2 =
0.406, P-value = 0.082). Female SVL showed also
asignificant positive correlation with egg length
(r> = 0.548, P-value < 0.000), egg width (r> = 0.678,
P-value < 0.000), hatchling BM (r? = 0.627, P-value <
0.000), and hatchling SVL (r? = 0.619, P-value <
0.000). No clear correlation was found between
female SVL and clutch size (r> = 0.414, P-value =
0.297). A negative correlation, although not highly
significant, was found between female SVL and the
relative clutch mass (r> = 0.594, P-value < 0.065).

Female BM showed a significantly positive
correlation with egg mass (r? = 0.693, P-value <
0.000), egg-length (r> = 0.548, P-value < 0.000), egg-
width (r? = 0.582, P-value < 0.000) hatchling BM (r? =
0.630, P-value < 0.000), hatchling SVL (r? = 0.578,
P-value < 0.000) and clutch mass (r2 = 0.615, P-
value < 0.021). No clear correlation was found
between female BM and clutch size (r> = 0.354, P-
value = 0.120). A highly significant negative corre-
lation was found between female BM and the
relative clutch mass (r? = 0.755, P-value < 0.005).

With the exception of clutch size, thereisa
clear positive correlation between female body-size
(initsturn correlated with BM or SVL) and al stu-
died clutch characteristics, from the egg size to the
hatchling body-size.
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Fig. 1 — Plots of regression equations between reproductive females body-size and clutch characteristics allometric

relations of reproduction. See Table 1 for regression equations. Relative clutch mass (%) = clutch mass (kg)/female
body mass (kg).
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TABLE 1
Allometry of reproduction: least-square regressions.

N. Y X a b c d P-value | r? N

Egg mass (g) gf',taéim) 221189 | 82.3432 | —0.9841 | 0.0039 | 0.000 | 0.699 | 198
2 | Egg“length” (cm) E(?Taéﬁm) _64.6826 | 2.55316 | —0.0303 | 0.0001 | 0.000 | 0.548 | 198
3 | Egg“width” (cm) g”,ﬂaéim) 703161 | 2.69749 | —0.0322 | 0.0001 | 0.000 | 0.678 | 198
4 | Hatchling BM (g) g?fd(im) ~1196.7 | 45.5406 | -0.5536 | 0.0022 | 0.000 | 0.627 | 124
5 | Hatchling SVL (cm) gsﬂd(im) 67.8018 | 3.1135 | —0.0399 | 0.0002 | 0.000 | 0.619 | 124
6 | Clutchsize g‘/TaéSm) 28.002 | 0.1515 0297 | 0414| 8
7 | Clutch mass (kg) 23?6“(;) 0063 | 0027 0082 | 0406 | 8
8 | Rativedutch mass | Fomale 0.1947 | 0.0011 0.065| 0504 | 8

SVL (cm)

9 | Egg mass(g) E?A“?'k‘;) _96.6885 | 17.2127 | -0.5908 | 0.0067 |  0.000 | 0.693 | 198
10 | Egg“length” (cm) ;?A“"("'kz) 10757 | 05725 | —0.0195 | 0.0002 | 0.000 | 0.548 | 198
11 | Egg “width” (cm) E?\'A“?'kz) 23833 | 0.7046 | -0.0241 | 0.0003| 0.000 | 0582 | 198
12 | Hatchling BM (g) ;?A“?'kz) 66.368 | —1.9687 | 0.0410 0.000 | 0.630 | 124
13 | Hatchling SVL (cm) E?\'A“"E"kz) 165978 | —0.3566 | 0.0061 0.000 | 0.578 | 124
14 | Clutch size ;?Aﬂ?lk(;) 313067 | 0.3272 0120 | 0354| 8
15 | Clutch mass (kg) ETA“?LZ) 1.7183 | 0.0395 0021 | 0615| 8
16 | Relative clutch mass E?A“"E"k‘;) 016 | —0.002 0005 | 0755 | 8

Y =a+bX +cX2+dX3,
Relative clutch mass: clutch mass (kg)/female BM (kg).

Minitab procedure: stat — regression - regression (response: Y; predictors: X).

In other words, larger females tend to produce
heavier (instead of more numerous) offspring.
However, there seems to be a relatively minor
physiological cost as females grow. In the present
study for a 20 kg female clutch mass represents
approximately 12% of her own body-mass, whereas
for a 40 kg female, clutch mass represents only
approximately 8%. Not surprisingly, the (negative)
correlation between female BM and clutch massis
the most significant allometric relation found in this
study (r? = 0.755).

From the physical constraints suffered by the
eggs during incubation to the winter weather con-
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ditions faced by hatchlings soon after hatching,
there must be a great number of distinct selective
pressures (see Campos, 1993 and Imhof et al., 1996,
for the effect of habitat on the survival of eggs).
Although broad-snouted caiman’s clutch size range
varies approximately 2.72 times from the smallest
to the most numerous (18-49 eggs, according to
Verdade et al., 1992; approximately the same accor-
ding to Larriera, 1991), there must be a selective
pressure strong enough to prevent the viability of
smaller clutches.

Hatchling body size may be related to survi-
val rate at the first winter, mainly in the southern-



ALLOMETRY OF REPRODUCTION IN CAIMAN 435

most part of the distribution of the species (Pifia
et al., 1996). This differential success may benefit
larger females. It istempting to believe that this
happensin well established populations with “ heal-
thy” structured age-pyramids and awell established
hierarchy among reproductive individuals. Howe-
ver, this may not be the case of small populations
inhabiting fragmented and anthropogenic land-
scapes on a metapopulation context, in which social
structure and behavioral ecology may be comple-
tely altered (Hanski & Gilpin, 1997). The possible
consequences for the conservation of the species
under such circumstances are unknown.
Although the allometric relations above are
statistically significant, the high variation found
(see Fig. 1) prevents their use in the assessment
of individual parents from clutch characteristics as
suggested by Hall (1991), evenin small populations.
Multivariate statistical analyses seem to be more
appropriate to accomplish thisgoal (Verdade, 1997).
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