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Intensive hunting in the first part of this century placed the Orinoco crocodile
Crocodylus intermedius in immediate danger of extinction, We studied the poten-
tial for enhancing populations through captive rearing. In an area of 35000 m2
seven enclosures were developed with six earthen and eight concrete ponds. In
(wo years® operation a hatching rate of 72:4% and a hatchling survival rate of
42% were obtained. In the first year males attained an average total length of
745 mm and females 620 mm. In the second year average total length was 1362
mm and 1111 mm, respectively. Seasonal changes in growth and the influence of
climatic conditions in mortality are discussed. Captive breeding and rearing
appears to be an appropriate conservation strategy for this species.

INTRODUCTION

At the present time, there are 22 species of
crocodiles in the world, five of them inhabiting the
Venezuelan wetlands — Paleosuchus palpebrosus,
P. trigonatus, Caiman crocodilus, Crocodylus acu-
tus and C. intermedius. The last two are consid-
ered endangered by the IUCN (Groombridge,
1986).

From a total population numbering thousands
of individuals at the beginning of the century,
only a few hundred Orinoco crocodiles C. inter-
medius now persist. Their distribution includes the
Orinoco basin, from the Guaviare River in Colom-
bia to the Amacuro Delta in Venezuela (Medem,
1981, 1983). The high commercial value of the
skins supported intensive hunting in the first part
of this century and the population of this species
drastically diminished. Medem (1983) estimated
that 900000 skins were exported from Venezuela
during the 1933-35 period, and in Colombia a
minimum of 250400 crocodiles were captured and
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only 280 individuals recorded (Medem, 1981). In a
census conducted in 1978 in the Venezuelan
Llanos, only 273 crocodiles were found (Godshalk
& Sosa, 1978; Godshalk, 1982). Since then, two
new populations have been discovered, one in the
Caura River (nine crocodiles; Franz er al., 1985)
and another in the Tucupido river (19 crocodiles;
Ramo & Busto, 1986).

Two main complementary strategies exist for
the preservation of this species: (1) protection of
the remaining wild populations; and (2) breeding
and rearing crocodiles in captivity to avoid natu-
ral high losses of eggs and young due to preda-
tors, in order to rebuild wild populations (Blohm,
1973). A similar conservation programme in India
has achieved satisfactory results, where after ten
years of management, 2364 crocodiles of three
species have been released, and 13 crocodilian
sanctuaries created (de Vos, 1984; Singh er al.,
1986).

In Venezuela, Orinoco crocodiles breed success-
fully in captivity at three stations: Universidad
Nacional Experimental de los Llanos Occciden-
tales Ezequiel Zamora (UNELLEZ, Portuguesa
State), Hato Masagiiaral (Guarico State) and
Estacion Biolégica El Frio (Apure State). There
are also four protected areas within the geographi-
cal range of this species: Parque Nacional Aguaro-
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Guariquito (Guarico State), Parque Nacional
Cinaruco-Capanaparo (Apure State), Refugio de
Fauna Estero de Chiriguare (Portuguesa State)
and Refugio de Fauna Cafio Guaritico (Apure
State).

Although there is abundant literature about
crocodilian husbandry (Blake, 1974; Blake &
Loveridge, 1975; de Vos, 1982; Webb ez al., 1983
a; Whitaker & Whitaker, 1984; Joannen & Mc-
Nease, 1986; Rodriguez & Robinson, 1986; Rod-
riguez, 1988, 1989), there is only one paper con-
cerning the Orinoco crocodile (Blohm, 1982). The
purpose of this article is to summarize our experi-
ence of crocodile breeding and rearing at the UN-
ELLEZ station between 1987 and 1989.

METHODS
Rearing site

The UNELLEZ station is located near the village
of Mesa de Cavacas in the Andean foothills at
255 m above sea level. During 1987-89, annual
rainfall averaged 1641 mm, with a rainy and a dry
season (Fig. 1). Temperatures were high, averag-
ing 27-25°C, with little variation through the year.
This site is located within the species’ range al-
though close to the altitudinal limit.
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Fig. 1. Monthly rainfall, laying date (L) and hatching date
(H) at UNELLEZ station, during two years.

Pen design and stock densities

In an area of 35000 m2 we constructed seven en-
closures to maintain crocodiles (Fig. 2). Pen 1 was
a breeding area with two earthen ponds (20 X 10
X 1 mand 10 X 4 X 1'm) and two sand beaches
for breeding purposes. In this pen we maintained
a male (total length 3-48) and two females (female
1, 276 m and female 2, 2:56 m). Pen 2 was an-
other breeding area with an earthen pond (30 X
10 X 2 m) and two sand beaches. This at first con-
tained no crocodiles but because of fighting be-
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Fig. 2. Pen design at UNELLEZ station.
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tween the two females in pen 1, and as the eggs of
female 2 always failed, we decided to move her
from pen | to pen 2. Pens 3 and 4 contained one
earthen pond each (10 X 10 X 1-5 m) for rearing
young, stock densities in these pens ranging be-
tween 0-11 and 0-27 individuals/m2. Pen 5 con-
tained an earthen pond of 16 X 10 X 2 m, where
two subadults (male and female) were maintained.
Pen 6 was an area with four concrete ponds (2 X
2 X 0-5 m) for hatchlings, with stock densities of
0-25-6 individuals/m2. Pen 7 had four concrete
ponds (4 X 4 X 1 m) for yearlings; stock densities
0-5-0-69 individuals/m?2.

Management of crocodiles

Nests were incubated under natural conditions. In
1987, 28 crocodiles were born; 26 were separated
from the parents and moved to pen 5. In 1988, 26
of 27 hatchlings were moved. In addition 24
hatchlings were captured in the Cojedes River on
10 June 1987 and maintained at the station. We
assigned to them the same age as that of the
crocodiles born at the station in 1987, although
they were probably several days younger.

The crocodiles were reclassified from time to
time according to their size. For individual recog-
nition, they were marked by cutting the tail scutes
according to a prearranged code. Hatchlings were
weighed and measured monthly. Total length (TL)
and snout-vent length (SVL) were measured with
a steel tape, head length (HL) with a vernier

caliper, following Medem (1981). Body mass (BM) -

was determined with the aid of spring scales of
different capacities. Crocodiles were sexed by
manual probing of the cloaca (Brazaitis, 1969).

Diet

Hatchlings were fed ad libitum with sardines and
liver chopped into small pieces, three times per
week. We also placed a light on the ponds to at-
tract nocturnal insects, and released small live
fishes. Yearlings and two-year-old crocodiles were
fed with fish (mostly sardines), poultry and offal
from a cow slaughter-house, three times per week.
The weekly rations were 10-30% body weight.

Condition index
The Stat View program (Feldman & Gagnon,

1986) was used to determine the regression equa-
fion describing the line of best fit with total length

(TL) as the independent variable x, and body
mass (BM) as the dependent variable y. Data of
30 surviving crocodiles (21 females and 9 males),
measured monthly from hatching to two years,
were utilized in the analysis (=187 for males;
n=499 for females). Body mass, as in other species
of crocodiles (Webb et al, 1983h; Montague,
1984), shows a clear positive allometry described
by the following equation:

BM =bTL

where a is the allometric coefficient between BM
and TL. For males a=3-2912, b=-6-3007, and
r2=0-9920, and for females a=3-3046, b=-6-3539,
and r2=0-9909.
Condition index (G) was calculated by the equa-
tion:
BM1/a

7L

RESULTS

Breeding biology

Courtship and mating activity were observed from
October to the beginning of December. Egg laying
occurs at the end of December and the beginning
of January, and corresponds to the start of the
dry season. Hatching takes place at the end of
March, with the onset of the rains (Fig. 1). Several
days before nest construction, females excavated
holes in the sand. On 7 January 1988 at 0845 h we
observed female 1 on the sand beach laying eggs.
There were already several eggs in the nest and we
saw her laying four at intervals of 1 to 3 min. The
hind feet were in the hole and the eggs were ex-
pelled directly into the nest—we could hear the
noise of each egg laid striking the others. At 0918 h
she began to bury the eggs, supported by her tail,
and using her hind feet alternately. At 0942 h, fe-
male 2 approached the nest and bit female 1’s tail,
who escaped to the water. Several seconds later,
this female came out of water several metres away
from the nest and moved her hind feet in a char-
acteristic egg-burying fashion.

In five nests observed, the first layer of eggs was
at a depth of 25-30 cm and the last at 40-45 cm.
The nest surface was 3045 X 45-55 cm. The tem-
perature inside two nests was 31-32°C (0940 h)
and the incubation period ranged between 78 and
85 days. Clutch size varied between 37 and 52
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Table 1. Reproductive data at UNELLEZ station

Clutch Hatching
Female Year size rate
(%)
1 1987 39 28 (71-8)
1 1988 37 27 (73-0)
1 1989 52 —
2 1987 49 0
2 1988 38 0
Mean 43 (72:4)

eggs (Table 1). Egg measurements are also pre-
sented in Table 1.

Both females protected their nests, but female 2
was more aggressive and frequently ejected female
1 from the beach.

Only female 1 laid fertile eggs, clutch size in
1989 being higher than in the preceding two years
when she shared the pond with female 2. Hatching
rate was 72-4% (Table 1). All crocodiles born at
the station and surviving two years were females.
We cannot verify the sex of dead hatchlings.

Mortality

During two study years a hatchling survival rate
of 42% was obtained. The survival rate for
crocodiles born in 1987 until the second year was
46-2% (Table 2). Individuals born in 1988 suffered
high mortality (96-15%), only one surviving
through the first year. Crocodiles brought from
the Cojedes River (approximately two-months-
old) suffered less mortality, with a 79-2% survival.

Accidents and escapes represented only 11-36%
of the losses, one crocodile (2:27%) was a runt and
died at 18 months old and 37 (86-36%) were in
very bad condition on death. They had lost body
mass and had empty stomachs, and probably died
of starvation. Of these individuals, 67% were less
than three months old, and 97% less than six

Table 2. Survival rates of hatchlings

Survival
Hatchlings No. 1 year 2 years
(Vo) (Vo)
Cojedes 1987 24 19 (79-2) 19 (79-2)
UNELLEZ 1987 26 13 (50:0) 12 (46-2)
UNELLEZ 1988 26 1(3-9) —

Total 76 33 (43-4) 31 (40-8)

Eggs
Incubation ——— —
(days) n Size Mass
(mm) (®
80-85 10 77-35 X 47-22 107-0
78 10 77-49 X 47-55 105-6
— 10 75-58 X 56-78 102-8
— 10 80-17 X 48-26 113-8
78-85 40 77-65 X 47-45 107-3

months old. Mortality occurred in the early rainy
season, when days were cloudy and temperatures
fell (Table 3). Nocturnal observations of hatch-
lings revealed that they were feeding normally
until heavy rains came; afterwards the crocodiles
left most of the chopped sardines.

Condition index

The condition index during the first months was
very variable (Fig. 3). The highest value of G
(0:0127) was at hatch, the differences with other
months being significant (z-tests), except in Octo-
ber. This indicates that crocodiles were born in
good condition, with sufficient yolk reserves to
subsist for some time. G drastically diminished in
the two subsequent months, reaching the lowest
value in May (significantly different from other
months, z-tests). From then the index increased,
almost reaching the hatch value in October, but
afterwards decreased, and showed little variation

Table 3. Monthly average temperature (°C) at UNELLEZ
station and numbers of crocodiles dying from starvation each
month

UNELLEZ 1987 UNELLEZ 1988

Month Temperature  No. Temperature  No.
°C dead (%) °C dead (%)
January 26-7 — 272 —
February 28-5 — 281 —
March 29:0 Hatch — Hatch
April 28-5 0 29-1 0
May 26-6 1(3-6) 29-2 0
June 26-4 10 (35-7) 26-5 3(11-D)
July 263 0 263 11 (40-7)
August 264 0 26-1 8 (29-6)
September 269 1(3-6) 265 2(7-4)
October 27-3 0 269 137
November 274 0 264 0
December 274 0 = 0
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Fig. 3. Monthly average and standard deviation of G index
males and females. .

(at two years old, G=0-0119). In males we have
data from three months old. Around October—
November of the first year the G-index showed the
maximum value—at two-year-old, G=0-0120.

The low condition in May (at two months old)
could be associated with the beginning of the
rains and decrease in temperatures. In their second
year, the beginning of the rainy season in June

had no influence on the condition of juveniles
(Fig. 3).

For management purposes this curve is very
important because it shows the critical period in
early life when hatchlings are in the poorest condi-
tion and are most vulnerable. The maximum mor-
tality was observed in July—August. Average G of
dead hatchlings was 0-0102, significantly lower
than the average of living males (G=0-0122,
t=26-35, d.f.=26, p=0-0001) and females (G=0-0120,
t=18-30, d.f.=26, p=0-0001).

Growth

At hatching, crocodiles are 270-300 mm in length
(Table 4). Several growth models for crocodilians
have been described (Webb er al. 1983b; Rod-
riguez, 1988; Jacobsen & Kushlan, 1989). In our
case growth until two years is practically linear.
Regression lines of TL plotted against age of nine
males and 21 females are shown in Fig. 4. In the
first year males attained an average TL of 745
mm, and females 620 mm and in the second year
1362 mm and 1111 mm, respectively (Table 4).

As in other crocodiles (Webb er al., 1983b;
Chabreck & Joanen, 1979) males grew signifi-
cantly faster than females (analysis of covariance
slopes of the regression line between age and total
length, p<0-001). In the first year, males increased
in TL by an average of 46-43 mm and females by
35-89 mm (=329, 29 d.f., p<0-01). In the second
year males grew 60-65 mm and females 48-09 mm
(t=2-80, 27 d.f. p<0-01).

Wild females from the Cojedes River grew at
the same rate as females hatched at the station
(first-year females 39-17 mm vs 33-15 mm respec-
tively, t=1-69, 20 d.f., p>0-1; second-year females
44-77 mm vs 50-57 mm, t=-1-14, 19 d.f., p>0-2).

Monthly growth was not constant throughout
the year (Fig. 5). Considering data of 1988 to ob-
viate the effect of poor condition and mortality in
the first months, we found a positive correlation

Table 4. Measurements (in mm and g) of hatchlings, one-year-old and two-year-old crocodiles

N Total SD Range Body mass SD Range
length

Hatchlings 1987¢ 25 280-68 517 270-290 67-64 2-41 62-70
Hatchlings 1988% 20 288-65 8-66 282-300 71-80 1-96 68-75
One-year males 9 745-33 6247 666-838 1472:22 489-97 950-2 300
One-year females 21 619-61 101-09 376-789 783-04 37472 125-1 900
Two-year males 9 1 362-12 144-28 1 142-1 591 10 437-50 4 068-59 5 300-17 500
Two-year females 21 111110 182-98 804-1 503 5 620-00 3077-44 1 750-15 200

“ 6 days old.
b 3 days old.
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Fig. 4. Scattergrams of total length (7L) in mm plotted
against age in months of males and females.

between monthly growth and rainfall for both
males (r,=0-63, n=98, p=0-0001), and females
(r,=0-48, n=256, p=0-0001). A negative correlation
between growth and stocking densities was also
found for both males (r;=—0-60, n=98, p=0-0001)
and females (ry=-0-44, n=256, p=0-0001).

DISCUSSION

In other Venezuelan localities, the breeding season
tends to occur later than in UNELLEZ, egg laying
taking place in February, and hatching in
April-May (Morillo 1980; T Blohm, pers comm.).
In the Andean foothills the rains come earlier than
in the Llanos and as breeding chronology is closely
related with rain cycles, this fact could cause the
advance of the breeding season at UNELLEZ.

In other crocodile species the hatching rate of
wild eggs artificially incubated was higher than
ours (72:4%), for example in Crocodylus niloticus
it is 80-95% (Hutton & van Jaarsveldt, 1986), in
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Fig. 5. Monthly growth rate in cm and standard deviation
in males and females.

Caiman crocodilus 90% (Rodriguez & Robinson,
1986), and in Alligator mississippiensis 91% (Jo-
anen & McNease, 1986). However the hatching
success of eggs laid by captive adults was lower:
40-60% in C. porosus (Suvanakorn & Youngpra-
pakorn, 1986), 27-4 and 54% for A. mississippi-
ensis fed with fish and nutria Myocastor coypus,
respectively (Joanen & McNease, 1986), and 56-5—
83-6% for C. crocodilus (Rodriguez, 1989).

The main cause of mortality (86:36%) appears to
be starvation caused by loss of appetite. Appetite
appears to be linked to temperature (Lang, 1979;
1986) and in other rearing stations low tempera-
tures are reported to suppress appetite, causing
mortality in hatchlings (Blake & Loveridge, 1975;
Child, 1986; Foggin, 1986; Hutton & van
Jaarsveldt, 1986; Whitaker, 1986). Under labora-
tory conditions Alligator mississippiensis did not
initiate feeding activities at temperatures below
22°C (Couldson et al., 1973). At UNELLEZ mini-
mum temperatures between June and September
ranged from 21°C to 21-9°C.
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Table 5. Annual growth rate (cm) of captive Orinoco crocodiles,
with number of crocodiles measured in parentheses

Total length

Source of information <1l-5m 1:5-2-5m >2-5m
Blohm (1973) 228 (2) 10-5 (2) -
Medem (1981) 229 (4) 335 @) 8-1
Ayarzagiiena (1984) 29-5(1) — -
This paper 45-0 (30) - —

Crocodiles at UNELLEZ were provided with
food throughout the year and ponds were main-
tained with sufficient water. Nonetheless, the rainy
season in the wild—the time of feeding and growth
(Gorzula, 1978; Webb et al., 1983b)—appears to
be the main factor affecting monthly growth.

There is little information about growth rates
(Table 5) and size of sexual maturity in C. inter-
medius. Medem (1981) reported that a male
reached sexual activity at 13 years old and 2:65 m
total length. According to the regression lines, our
crocodiles could attain this length much sooner, at
about five years old. In other localities, captive
crocodiles maintained under ideal husbandry con-
ditions grew and reached sexual maturity faster
than in natural conditions (Bustard & Singh,
1981; Joanen & McNease, 1986).

Crocodiles 1 m long can be released into the wild
(Blake & Loveridge, 1975; Singh et al, 1986);
under our rearing conditions therefore we could
liberate C. intermedius at two years old.

At UNELLEZ, as in other rearing centres, mor-
tality in the first year is important to a captive-
release programme. Survival rates could be im-
proved with controlled environmental chambers,
as used by Joanen and McNease (1986), at least
during the first six months of life. These workers
recorded a survival rate of 95% in alligators raised
in chambers from hatching to three years old.
Finally, in order to minimize disturbance to the
adults, we recommend moving the eggs to artifi-
cial sand nests (de Vos, 1982) instead of allowing
the eggs to hatch and then separating hatchlings
from parents.
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