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Abstract

The Orinoco crocodile is one of the most critically endangered crocodilians. The most important Orinoco crocodile population
known is found in the Cojedes River System (CRS), Venezuela, an area currently under heavy anthropogenic pressure. Based on
spotlight surveys, a minimum population of 547 non-hatchling crocodiles was estimated for the CRS. Middle sections of the CRS,
particularly near the downstream-end of Cafo de Agua, showed the highest population indices (PI)(7.3 ind/km). Intermediate PI
were observed in Cojedes Norte and Cafio de Agua Norte (2.2 and 4.4 ind/km, respectively) river sections relatively close to
important human settlements and with comparatively higher levels of habitat alteration and contamination. The lowest PIs (<1.0
ind/km) were observed in navigable river reaches and far from main urban centers. Crocodile populations in northern sections of
the CRS were dominated by juveniles, whereas sub-adults and adults composed an important fraction of the population in river
reaches with relatively high crocodile densities. © 2000 Elsevier Science Ltd. All rights reserved.

Resumen

Crocodylus intermedius es una de las especies de cocodrilo mas amenazadas. La poblacion conocida mas importante de esta
especie se encuentra en el sistema del rio Cojedes (SRC), Venezuela, un area bajo fuerte presion humana. Con base en conteos
nocturnos, la poblacion del cocodrilo del Orinoco en el SRC se estim6 en un minimo de 547 individuos (excluyendo crias). Sec-
ciones en el la parte media del SRC, particularmente hacia el final de Cafio de Agua, mostraron los indices poblacionales mayores
(7.3 ind/km). Indices poblacionales intermedios se observaron en Cojedes Norte y Cafio de Agua Norte (2.2 and 4.4 ind/km,
respectivamente), secciones del SRC relativamente cercanas a importantes centros urbanos y, comparativamente, altos niveles de
alteracion de habitats y contaminacion. Los menores indices poblacionales (< 1.0 ind/km) se observaron en secciones navegables
del SRC alejadas de los grandes centros urbanos. La poblacion de cocodrilos en las secciones del norte del SRC estuvieron dom-
inadas por juveniles, mientras que sub-adultos y adultos representaron una importante fraccion de la poblacion en lugares con
relativamente altas densidades de cocodrilos. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction distribution area (Medem 1981, 1983). Crocodylus

intermedius has been legally protected both in Colombia

Orinoco crocodile (Crocodylus intermedius) is one of
the most critically endangered crocodilian species of the
world (Thorbjarnarson, 1992; Rodriguez and Rojas,
1995). Commercial overexploitation from 1930 through
to the 1960s, decimated its populations from most of its

* Corresponding author.
E-mail address: aeseijas@cantv.net (A.E. Seijas).

and Venezuela for almost 30 years, and international
trade has been prohibited by the Convention on Inter-
national Trade in Endangered Species of Wild Fauna
and Flora (CITES) since the middle 1970s (King, 1989).
However, despite these legal efforts, little recovery of
wild crocodile populations has occurred.

Historical accounts indicate that the primary habitat
of this species was in the major river systems of the
Llanos region of Colombia and Venezuela (Codazzi,
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1940; Humboldt, 1975; Paez, 1980; Medem, 1981, 1983).
The species also extended, although probably at low
densities, well up many Llanos rivers and into sur-
rounding piedmont areas in the foothills of the Andes
(Ramo and Busto, 1986; Thorbjarnarson and Hernandez,
1992), and most of the southern bank tributaries of the
Orinoco including heavily forested regions (Hitchcock,
1948; Franz et al., 1985).

Currently, the most important, and probably only
viable populations of the Orinoco crocodile (Arteaga et
al., 1997), are found in two areas of contrasting char-
acteristics in Venezuela: (1) The Capanaparo river in the
state of Apure, a prime-quality habitat, impacted rela-
tively little by human activities, in the center of the spe-
cies’ range and where it reached its historically highest
densities, and (2) the Cojedes region, in the states of
Cojedes and Portuguesa, a system of narrow rivers, near
the periphery of the distribution of the Orinoco crocodile
and very close to some of the most important agricultural,
urban and industrial centers in the country (Godshalk,
1978, 1982; Ayarzaguena, 1987, 1990; Thorbjarnarson
and Hernandez, 1992, 1993a,b).

In addition to its isolation from urban, agricultural
and industrial centers, part of the Capanaparo River is
currently protected as the Santos Luzardo National
Park. This offers an umbrella of protection to its Ori-
noco crocodile population, an important, although not
sufficient, step toward the conservation of the species
(Thorbjarnarson and Hernandez, 1992, 1993a,b). No
protected area exists in the Cojedes region, and the
Orinoco crocodile population in that river system is
under strong anthropogenic pressure (Seijas, 1998).

As the site of the largest known population of an
endangered species, the CRS should be the focus of a
major national conservation program. Careful and reli-
able monitoring of crocodile populations is an essential
requirement for implementation of a management pro-
gram for its conservation. In this study we update the
population status of C. intermedius in the CRS and
suggest ways to increase the accuracy of population
indices by identifying sources of variation that should
be controlled when monitoring trends in the future.

2. The Cojedes River System

For the purposes of this study, the Cojedes River
System (CRS) is defined as the mid and lower portion of
the Turbio—Cojedes river basin. It covers a wide fringe
along the Cojedes and Sarare rivers in the states of
Cojedes and Portuguesa. The system encompasses the
cities of Acarigua and San Carlos to the north and
extends southeast to the confluence of the main course
of the Cojedes river with Cano Amarillo-La Culebra
near the town of El Baul (Fig. 1). In the northern part
of the CRS, agricultural lands dominate the landscape

and are interspersed with large-and medium-sized urban
centers and cattle ranches. The southern part of the
region ( south of the Lagunitas-Santa Cruz road) is a
matrix of forested savannas and cattle pastures inter-
mixed with forest relicts, scattered agricultural lands,
wetlands, and other less extensive land-cover categories.
The CRS has zones of relatively high human population
densities in the north, where the cities of San Carlos
(>80,000 people) and Acarigua (~200,000 people) are
located and the rivers there have been modified by
damming, channelization, dredging, contamination, and
deforestation. In zones of low human population den-
sities (in the south) no town larger than 6000 people
exists and the rivers are more pristine. In 1975, 33% of
the state of Cojedes was covered by forest. That per-
centage decreased to less than 16% in 1988. The annual
rate of deforestation in the state of Cojedes (3.81%) is
the second highest in the country, surpassed only by the
state of Portuguesa, its neighbor, with 4.08% per year
(MARNR, 1995). No protected area or conservation
reserve of any type exists within the Cojedes River
basin.

There are two clearly defined seasons in the CRS, as is
typical of the Llanos region in Venezuela. The rainy
season extends from May to October, and the dry sea-
son from December to March. April and November are
transitional months. The annual mean precipitation
(1975-1996) is 1323 mm in the middle part of the study
area (Fig. 2) and a little higher (1514 mm) toward the
south at El Baul. During the rainy season the river dis-
charge increases (Fig. 2) and frequently overflows its banks
and inundates the floodplain, particularly in the southern
portion of the study area. The annual range between the
absolute minimum and maximum temperatures is 11.6°C
(21.7-33.3°C) (MARNR, 1995).

3. Methods

From 1991 to 1997, nocturnal spotlight surveys were
carried out from a 3.7 m open boat powered by 10 or 15
hp outboard engine. Most of the sampling was conducted
along a section of the Cojedes River called Cafio de Agua,
which was divided into segments named Cano de Agua
Norte (CAN) and Cafio de Agua Sur (CAS)(the road
between Lagunitas and Santa Cruz was the dividing
point). The segment of the river between Merecure and
the fork of Cafio Amarillo (CAM) was also surveyed
repeatedly. Less frequently visited were a short section
of the Cojedes north of Apartaderos-San Rafael
(Cojedes Norte, CON), the southern segment near Sucre
(SUC) and the lower portion of La Culebra (CUL).
Sections of the Sarare River, the larger tributary of the
Cojedes River to the west, were also studied (SAR).
Surveys were started between 1930 and 2000 hr. The
direction of the survey was clockwise in Las Majaguas
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Fig. 1. Cojedes River System, Venezuela. Rivers flow toward the south. The acronyms indicate the location of the river segments surveyed: CON,
Cojedes Norte; CAN, Caio de Agua Norte; CAS, Cafio de Agua Sur; SAR, Sarare; CAM, Cafio Amarillo-Merecure; SUC, Sucre section; CUL,

Cano La Culebra.

reservoir and downstream in the rivers, except for the
river sections named as CAM and SAR, which were
always surveyed upstream. Some locations used as
references during the surveys are shown in Fig. 1. (See
Seijas, 1998, for more details).

All crocodilians sighted were approached as close as
possible to allow positive identification of the species
(C. intermedius or the sympatric Caiman crocodilus) and
to estimate body size (total length, TL). In the field, 30 cm
size-class intervals were used, but for analyses of size class
distribution, the following broad size categories were used:
Size 1, TL < 0.6 m; Size 2, TL=0.6 to <1.2 m; Size 3,
TL=1.2to <1.8m;Size4, TL=1.8to <2.4m;Size 5, TL
=>24m.

Hatchling crocodiles (individuals less than 6 months
old) and caimans were counted but not considered in
this study. Based on information available in the literature
(Brazaitis, 1973; Medem, 1981, 1983) and our experience
with captive-reared crocodiles (Seijas, 1995), non-hatchl-
ing crocodiles less than 1.8 m in total length were regarded
as juveniles; crocodiles in size category 4 were considered
sub-adults, and those in category 5 were classified as

adults. When an individual could not be identified as
crocodile or spectacled caiman, it was placed in a ‘Not
Identified’ (NI) category. These individuals were not
used in the analysis.

The length of the river surveyed was measured with
the odometer of a Global Positioning System (GPS,
models Magellan 4000 and 4000XL). The length of sur-
veys in the Majaguas reservoirs and in other sections of
rivers that were only visited before 1996 were estimated
using a wheeled map measurer on a 1:25,000 map. Maps
of the study area, particularly of the most important
river courses, were based on a Landsat TM image taken
on January 1990. The index of relative population
abundance (PI) of crocodilians was expressed as number
of individuals observed per kilometer.

To establish if the fraction of crocodiles sighted
changes as the dry season progresses, the PI obtained in
every survey was expressed as a percentage of the high-
est PI calculated during April (taken as 100%) in the
same river segment. April is usually the last month of
the dry season, a time when the river reaches its lowest
level. April was also the only month for which surveys
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Fig. 2. Annual pattern of precipitation and river discharge in the
Cojedes River System, Venezuela. Data of river discharge are from the
metereological station at El Baul. Precipitation data from Palo Que-
mado lat. 9° 25'; long. 68° 42’ elev. 136).

were conducted in every river section. This method
allowed comparison of the results of localities with dif-
ferent PI. A correlation analysis was used to describe
the relationship between these percentages and days
after 1 January, an indirect measure of water level.
Surveys conducted in November and December (early
dry season) were assigned day zero. A similar procedure
was used to determine whether the probability of seeing
a crocodile, as the dry season progressed, was related to
its size. For these analysis, only the river sections with
the largest number of surveys (CAN, CAS and CAM)
were used. Surveyed segments less than 5 km in length
were also excluded.

Population indices of crocodiles were compared
among river sections by means of analysis of covariance
(PROC GLM, SAS Institute Inc., 1987) using days after
1 January as a covariate. This approach removed bias
introduced by differences in how far into the dry season
the surveys were conducted. To calculate the minimum
population size of C. intermedius in the entire study
area, we estimated the density of crocodiles in unsur-
veyed reaches of the river as a value intermediate
between the PI of its immediate upper and lower reaches
for which information was available.

The population structure of crocodiles at localities
with two or more surveys per year was calculated using
the maximum number of individuals in a particular size
category, regardless of the survey in which they were
observed. This was assumed to be the best estimate for
that particular size class for that year. This method is
referred to by Messel et al. (1981) as the maximum-—
minimum (MM) method. Comparisons of population
structure among localities were made using contingency
tables.

4. Results
4.1. Population indices

From 1991 to 1997, 56 nocturnal spotlight surveys
were conducted in the CRS. Some places were visited
only once, but several others were visited between two
and 12 times. Surveys occurred during different periods
of the year, but most of them (71%) were conducted
during the late dry season (February—April). The study
area was not surveyed from August to October. During
those months the plains surrounding the rivers were
flooded and access to many places was difficult.

The fraction of the crocodile population that was seen
during the surveys diminished as the dry season
advanced (November—April) and continued to decline
during the early rainy season (May-July; Fig. 3). A cor-
relation analysis indicated that this negative relationship
was statistically significant (r=—0.639, P<0.001). The
described pattern of decline was due to a decrease in the
fraction of juvenile crocodiles sighted (r=-—0.58,
P<0.01) (Fig. 4a).

Sub-adults and adults crocodiles showed a more
complicated pattern. These crocodiles tended to be seen
in relatively higher numbers from November to Jan-
uary, the beginning of the dry season, when the water
level in the river was still relatively high. They were seen
in lower numbers during February and March (late dry
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Fig. 3. Decline in the observed fraction of the crocodile population in
the Cojedes River System, Venezuela, from January to early July. For
every river section, the number of crocodiles observed in a particular
survey was expressed as a percentage of the highest number of croco-
diles ever seen in April, which was taken as a 100%. Since some river
sections were surveyed more than once in April, the percentage for
that month is less than 100% in some cases. CAN, Cafio de Agua
Norte; CAS, Cano de Agua Sur; CAM, Caiio Amarillo-Merecure.
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season), and reappeared in late April-early May (begin-
ning of the rainy season; Fig. 4b). An analysis of the data
grouped by month, indicated that monthly differences in
the proportion of crocodiles >1.80 m in TL were sig-
nificant (Kruskal-Wallis test, H=12.3, P=0.031). For
this analysis, November, December and January (one
survey each) were grouped as early dry season months.
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Fig. 4. Changes in the observed fraction of juvenile (a) and sub-adult
+adult (b) crocodile population in the Cojedes River System, Venezuela,
from January to early July. For every river section, the number of cro-
codiles of a particular size category observed in each survey was expres-
sed as a percentage of the highest number of crocodiles, of that size
category, ever seen in April, which was taken as a 100%. Since some river
sections were surveyed more than once in April, the percentage for that
month is less than 100% in some cases. CAN, Cainio de Agua Norte;
CAS, Cano de Agua Sur; CAM, Caiio Amarillo-Merecure.

Table 1

June and July (one survey each) were also pooled. The
lowest proportion of large crocodiles was seen in March,
in the middle of the incubation period (Seijas, 1998).

With the exception of Las Majaguas Reservoir, cro-
codiles were seen in all surveyed sections. Ayarzagiiena
(1987) did not observe crocodiles in Las Majaguas
reservoir either, although anecdotal information indi-
cates that a few individuals exist there. Localities where
crocodiles were seen but were not included in most
analyses were a 2 km stretch of the Sarare river close to
Pimpinela (visited once, PI=4.0 ind./km) and a reach of
the lower Sarare, downstream from the bridge near
Santa Cruz (visited twice, PI 4.9 and 3.1 ind./km). Six
crocodiles were seen on 19 January 1993 near the dam
in Toma Cojedes (San Rafael), and in 1996 a female
nested close to Retajao.

Cano de Agua Sur was the segment with the highest
mean PI (Table 1). The survey with the highest PI also
was obtained in this section in February 1997 (12.7 ind./
km), although due to the short distance surveyed (3 km)
it was not used in the analysis. The lowest PIs were
found in the surveyed section of the river closest to the
town of Sucre, with a maximum of 0.3 ind./km.

Location (river stretches) explained 71% of the varia-
tion of PIs (F53,=15.68, P<0.001). The addition of time
(days after 1 January) as a covariate (an indirect mea-
surement of water level) explained a higher proportion of
that variability (2= 0.82) (Fs3;=22.8, P<0.0001).

The minimum population size of non-hatchling croco-
diles in the entire study area was estimated to be 547 indi-
viduals (Table 2). This is a conservative estimate because it
is based on PI that were below the maximum obtained for
all river sections. If the maximum PIs had been used, the
estimated population would be 699, a 28% increase.

4.2. Population structure
The population in CON was composed mostly of

juveniles (Fig. 5a,b). The differences between 1993 and
1997 were not statistically significant (Fisher’s exact

Comparisons of populations indices (PIs) for crocodiles in different river stretches in the Cojedes River System

Densities (ind/km)

River section Number of surveys Grouping
Range LSMEANS?
Caifio de Agua Sur (CAS) 8 4.4-10.8 7.3+0.46 A
Cano Amarillo-Merecure (CAM) 6 1.0-6.8 4.9+0.53 B
Cafio de Agua Norte (CAN) 12 2.1-5.7 4.4+0.37 B
Cojedes Norte (CON) 4 2.5-3.8 2.0£0.70 C
Caifio Culebra 3 0.8-0.9 1.4£0.76 C
Cojedes Sur (Sucre) 5 0.1-0.3 0.6£0.58 C
Sarare® 2 3.1-4.9 - -
Camoruco-La Batea® 3 3.4-6.4 - -

4 The Least Squares Means (LSMEANS) are estimations of the class marginal means (in this case river stretches) that would be expected had the
structure of the data been balanced (SAS Institute, Inc., 1987). LSMEANS with the same letter are not statistically different at the 0.05 alpha level.

® Not used in the analyses.
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Table 2
Estimated number of non-hatchings Orinoco crocodiles in river reaches in the Cojedes River System, Venezuela
River section Length (km) Mean density Estimated Maximum density Estimated
(ind/km) number (ind/km) number

Cojedes Norte (CON) 7 2 14 3.8 27
Toma Cojedes-Retajao® 14.5 0.6 9 0.3 4
Retajao-La Doncella® 16 2.5 40 3 48
Caifio de Agua Norte (CAN) 16 44 70 5.7 91
El Amparo-Camoruco® 13 - - - -
Camoruco-La Batea 6.7 4.8 32 6.4 43
Cano de Agua Sur (CAS) 5.2 7.3 38 10.8 56
Canio Amarillo-Merecure (CAM) 8.4 49 41 6.8 57
Cafio Amarillo-Sucre® 39.5 2.7 107 3.6 142
Sucre (SUC) 11.6 0.6 7 0.3 3
Sucre (SUC) 20.7 3.2 66 39 81
Cafio Amarillo® 12.8 1.4 18 0.9 12
Cano Culebra (CUL) 8.4 4.0 34 4.9 41
Lower Sarare (SAR) Sarare 15.8 4.5 71 5.9 93
Totals 195.6 547 699

4 Not surveyed. Assigned the lowest density for any surveyed section (sucre 0.6 ind/km).

® Not surveyed. Assigned the averaged density of the upper and lower continuous stretch.

¢ This river section is almost all lost due to diversion into smaller branches after a 1996 flood.
test,P=0.22). Due to the small sample size only two size Cojedes Norte 1993

a (2 surveys) n=17

categories (TL <180 cm vs TL>180 cm) were used in
the analysis for this locality.

The population structure of CAN was estimated for
1996 and 1997 (Fig. 5¢ and d). The difference between
years was not significant (X>=3.2, P=0.363, 3 d.f.). As
in CON, the population was dominated by small juve-
niles, but adults represented an important fraction of
the population.

Size classes were more evenly distributed at CAS and
CAM than at CAN and CON, especially as indicated by
the 1996 surveys (Fig. 6). The Camoruco-La Batea sec-
tion was only surveyed in 1992 (Fig. 6a) and was not
compared statistically. The difference between Batea—
Merecure for 1996 and 1997 was not statistically sig-
nificant (X?=6.264, P=0.099, 3 d.f.). The crocodile
population in CAM 1997 was dominated by individuals
less than 1.8 m in total length (Fig. 6d). Comparison of
the population structure in this river stretch with the
one for La Batea—Merecure obtained the same year,
indicated a highly significant difference (X?>= 15.7,
P=0.001, 3 d.f.). The population sizes for the SUC and
CUL were too small to attempt an analysis of structure.
Neither adults nor hatchlings were seen in these river
reaches, which suggest that reproduction does not occur
there (Seijas, 1998).

5. Discussion

Godshalk (1978, 1982) highlighted the Cojedes River
as an area with the most important population of the
Orinoco crocodile in Venezuela. This was confirmed by
Ayarzagiiena (1987, 1990). We found that a minimum

60-119 120-179 180-239 >=240
Caiio de Agua Norte 1996

120-179 180-239

d Cailo de Agua Norte 1997
(3 surveys) n=88

Percentage of population in each size category

60-119 120-179 180-239 >=240

Size Categories

Fig. 5. Population structure of Orinoco crocodiles in river sections of the
Cojedes River System, Venezuela. Size categories in cm of total length.
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La Batea-Merecure 1997
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120-179
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Cafio Amarillo-Merecure 1997
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Fig. 6. Population structure of non-hatchling Orinoco crocodiles in
three continuous sections of the Cojedes River System, Venezuela.
Camoruco-La Batea, and La Batea-Merecure are almost entirely
within Cano de Agua Sur. Size categories in cm of total length.

of 547 non-hatchling Orinoco crocodiles may be found in
the CRS, a higher figure than the 350 crocodiles more
than 1 m in total length reported by Ayarzagiiena (1987).
However, our results include data from river reaches not
previously surveyed and, because we used satellite ima-
gery and GPS, we recorded locations and lengths of river
segments more accurately. The differences in methodol-
ogies and the imprecision of the boundaries of the river
sections surveyed by Ayarzagiiena (1987), preclude reli-
able comparisons. In any case, the population seems to
be more widespread than was suggested by Ayarzagiiena
(1987), who indicated that most crocodiles were con-
centrated in a 10-km stretch of CAS.

The true population size in the CRS is difficult to
determine. The methodology used in this study relies on
an assumption that the population was stable from 1991

to 1997. This presumption could not be tested with the
current data. Spotlight-counts are subject to problems
of interpretation when densities observed at times or
habitats with different conditions of visibility are com-
pared (Hutton and Woolhouse, 1989; Da Silveira et al.,
1997). Furthermore, indices of relative abundance
usually underestimate the true population size (Hutton
and Woolhouse, 1989). A fraction of the population
usually remains undetected and the relationship
between the PI and the true population density is diffi-
cult to establish. Studies conducted with marked croco-
diles in Zimbabwe, for example, documented that even
under the most favorable conditions more than 37% of
a population remains undetected, and the proportion of
the total population seen during spotlight counts ranges
from 0.1 to 0.63. (Hutton and Woolhouse, 1989).

The environmental factor that most affects spotlight
counts is water level (Woodward and Marion 1979;
Messel et al., 1981; Montague, 1983). But water level is
a proximate factor that triggers changes in behavior.
The decrease in the number of juvenile crocodiles
observed as the dry season advances may indicate that
many of these animals seek refuge in burrows along the
river bank where they cannot be detected, particularly
during late dry season surveys. Most adult crocodiles
may also be hidden in burrows during the dry season.
They may emerge (particularly adult females), at the
beginning of the hatching period in mid-April. When
the water level is high (rainy season and early dry sea-
son) these burrows might flood, and the crocodiles
might abandon them. Mortality could also contribute to
the decrease in the number of crocodiles seen. Some
crocodiles, particularly the smallest ones, may die dur-
ing the late dry season, when a higher risk of predation
and cannibalism probably occurs.

Other factors may explain part of the variability in Pls
among river sections, as has been shown in other crocodi-
lian population studies (Woodward and Marion, 1978;
Wood et al., 1985; Hutton and Woolhouse, 1989; Da Sil-
veira et al., 1997). Differences in visibility among localities
might introduce some bias in the results. In CAN the river
banks are covered by grasses and shrubs which allows many
crocodiles to hide and escape detection during the nocturnal
surveys. In contrast, CAS and other river sections down-
stream are generally devoid of that type of vegetation.

Differences in visibility of crocodiles in relation to
water levels have important implications for monitoring
of population status. The best period to conduct surveys
to determine population size is from November to Jan-
uary. Not only is a higher fraction of crocodiles seen
during these months, but the number of spectacled cai-
man (Caiman crocodilus) is relatively low (Seijas, 1998),
which reduces survey time, therefore, limiting observer
fatigue (Thorbjarnarson and Hernandez, 1992). During
these months, most areas can be accessed by car, and
the high water level of rivers facilitates navigation.
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The Orinoco crocodile population in the CRS is not
uniformly distributed. Differences in size and structure
were observed among the several river reaches that were
surveyed from 1991 to 1997. The highest densities were
found in CAS, a stretch of the CRS that maintains its
meandering condition and is still surrounded by forest.
This result is in general agreement with data reported by
Ayarzagiiena (1987) for the same location. Densities of
crocodiles decrease upstream in CAN and CON, areas
that are affected by deforestation, channelization and
contamination (Seijas, 1998).

Our results for SUC and CUL sections represent the
first data on the population status of crocodile at these
localities. Here, the Orinoco crocodile population is
extremely low, particularly near Sucre. These river sec-
tions are the only ones of the study area that are navig-
able year-round. There is commercial and subsistence
fishing and, possibly illegal caiman hunting, around
Sucre and in La Culebra. Accidental or intentional kill-
ing of Orinoco crocodiles by people may prevent the
recovery of the species crocodile in these areas, although
we did not obtain direct evidence of this.

If data from SUC and CUL are removed, densities of
crocodiles in the CRS are very high (from 3.08 to 7.43
ind./km) compared to these reported by Thorbjarnarson
and Hernandez (1992) for the Tucupido (before it was
dammed) and the Capanaparo rivers (1.94 and 1.64 ind/
km, respectively). These contrasting figures are para-
doxical because, compared to the CRS, the Capanaparo
river is relatively isolated from important human settle-
ments and is regarded as good crocodile habitat by
Thorbjarnarson and Hernandez (1992). However, egg
predation and collection of hatchlings by humans,
management problems known from the Capanaparo
river (Thorbjarnarson and Hernandez, 1992), are fac-
tors of marginal importance in the CRS (Gonzalez-
Fernandez, 1995).

Population structure differed among river sections.
CON and CAN were dominated by small crocodiles
(less than 1.2 m in TL), which accounted for 56.2% of
the crocodiles seen. In contrast, the crocodile popula-
tion in CAS was composed largely of sub-adults and
adults (>1.8 m in TL). CAM showed an intermediate
population structure. These dissimilarities may be par-
tially explained by differences in habitat quality among
sections. The principal nesting beaches are found in
CAS (Seijas, 1998). Differences in mortality may also
play a role in structuring these populations. The injury
rate of juvenile crocodiles is lower in northern sections
than in the southern sections of the CRS, which may
indicate a higher risk of predation in southern localities
(Seijas, 1998).

An alternative explanation for differences in popula-
tion structure among localities is that sites composed
predominantly of juveniles (CON and CAN) may be
recovering from overexploitation (Webb and Messel,

1978; Rebelo and Magnusson, 1983). In the case of
CAN it is more plausible to think that the Orinoco
crocodile is simply colonizing that river stretch. Most of
CAN is an artificial channel which has received the
water of the Cojedes river only since the 1960s (Pedra-
fiez 1980; Campo and Rodriguez, 1995).

Finally, population structures may be shaped by
human activities. Large crocodiles are more con-
spicuous and probably more frequently killed by people.
Areas surrounding CON and CAN are more developed
and encounters betwee human and crocodiles may occur
with increased frequency. Fewer adults could remain in
the river under these circumstances, and the less con-
spicuous juveniles may escape detection, although at
lower densities than juveniles at CAS. In river sections less
accessible to humans, such as CAS, large crocodiles may
have greater chances to survive and became established as
a reproductive population.

The procedures reported here and the population
indices derived from them, represent the first attempt to
standardize methodology for the study of the Orinoco
crocodile population in the CRS, the most important
population of this endangered species. These results
serve as a baseline for future investigation of the species
in the area.

Acknowledgements

This study was made possible by a grant from the
Wildlife Conservation Society (WCS). Satellite images
were generously donated by U. S. Geological Survey
(EROS Data Center). Coromoto Ramirez, Jevert Gon-
zalez and Eddy Escalona served as our guides on many
occasions. We appreciate also the hospitality offered by
Pedro Rojas, José Rodriguez, and Jose Caicedo at the
MARNR station in Toma Cojedes, San Rafael de Onoto.
Early versions of the manuscript were reviewed by F. W.
King, John Thorbjarnarson, Richard Bodmer, Melvin
Sunquist, and George Tanner. Robert Godshalk, Craig
Guyer and two anonymous reviewers made important
contributions to the improvement of the paper.

References

Arteaga, A., Caiiizales, 1., Hernandez, G., Lamas, M. C., De Luca, A.,
Muiioz, M. et al., 1997. Taller de analisis de la viabilidad poblacio-
nal y del habitat del Caiman del Orinoco (Crocodylus intermedius).
IUCN/SSC Conservation Breeding Specialist Group: Apple Valley,
MN.

Ayarzagiiena, J., 1987. Conservacion del caiman del Orinoco (Croco-
dylus intermedius) en Venezuela. Parte 1. Rio Cojedes. FUDENA,
WWEF-US, Proyecto 6078.

Ayarzagiiena, J., 1990. An update on the recovery program for the
Orinoco crocodile. Crocodile Specialist Group Newsletter 9, 16—-18.

Brazaitis, P., 1973. The identification of living crocodilians. Zoologica
58, 59-101.



A.E. Seijas, C. Chavez | Biological Conservation 94 (2000) 353-361 361

Campo, M., Rodriguez, E., 1995. Evaluacion de la calidad del
ambiente acuatico del rio Cojedes. PROFAUNA/MARNR, Direc-
cion de Manejo de Fauna Acuatica. Unpublished report, 202 pp.

Codazzi, A., 1940 (1841). Resumen de la Geografia de Venezuela. Vene-
zuela en 1841. Tomo I. Geografia Fisica. Biblioteca Venezolana de
Cultura. Taller de Artes Graficas Escuela Técnica Industrial, Caracas.

Da Silveira, R., Magnusson, W.E., Campos, Z., 1997. Monitoring the
distribution, abundance and breeding areas of Caiman crocodilus
crocodilus and Melanosuchus niger in the Anavilhanas Archipelago,
Central Amazonia, Brazil. J. Herpetol. 31, 514-520.

Franz, R., Reid, S., Puckett, C., 1985. Discovery of a population of
Orinoco crocodile Crocodylus intermedius in southern Venezuela.
Biological Conservation 32, 137-147.

Godshalk, R., 1978. El caiman del Orinoco, Crocodylus intermedius,
en los Llanos Occidentales de Venezuela con Observaciones Sobre
su Distribucion en Venezuela y Recomendaciones Para su Con-
servacion. FUDENA, Caracas 58.

Godshalk, R., 1982. Status and conservation of Crocodylus inter-
medius in Venezuela. In: Crocodiles: Proceedings of the Sth Work-
ing Meeting of the IUCN/SSC Crocodile Specialist Group.
Gainesville, FL. ITUCN Publ. N.S., Gland, Switzerland, pp. 39-53.

Gonzalez-Fernandez, M., 1995. Reproduccion del caiman del Orinoco
(Crocodylus intermedius) en el rio Cojedes: Propuesta para su con-
servacion. MSc. thesis Universidad Nacional Experimental de los
Llanos Occidentales ‘Ezequiel Zamora’ (UNELLEZ). Guanare.

Hitchcock, C.B., 1948. La region Orinoco-Ventuari, Venezuela. Relato
de la expedicion Phelps al Cerro Yavi. Ministerio de Educacion
Nacional, Direccion de Cultura, Imprenta El Compas, Caracas.

Humboldt, A., 1975 (1859-1869). Del Orinoco al Amazonas. Viaje a
las regiones equinocciales del Nuevo Continente. Edt.Labor, Bar-
celona. 429 p.

Hutton, J.M., Woolhouse, M.E.J., 1989. Mark-recapture to assess
factors affecting the proportion of a Nile crocodile population seen
during spotlight counts at Ngezi, Zimbabwe, and the use of spot-
light counts to monitor crocodile abundance. J. Applied Ecology 26,
381-395.

King, F.W., 1989. Conservation and Management. In: Ross, Ch.
(Ed.), Crocodiles and Alligators. Golden Press, Silverwater, NSW,
Australia, pp. 216-229.

MARNR, 1995. Balance ambiental de Venezuela 1994-1995. Centro de
Informacion y Estadisticas Ambientales. DGSIA, MARNR, Caracas.

Medem, F., 1981. Los Crocodylia de Sur America, Vol. I. Los Croco-
dylia de Colombia. Editorial Carrera 7a. Ltda, Bogota. 354 pp.

Medem, F., 1983. Los Crocodylia de Sur América, Vol. II. Editorial
Carrera 7a. Ltda, Bogota. 270 pp.

Messel, H., Vorlicek, G.C., Wells, A.G., Green, W.J., 1981. Surveys of
tidal rivers system study in the northern territory of Australia and
their crocodile populations. Monograph 1. The Blyth-Cadell rivers
Systems Study and the Status of Crocodylus porosus in Tidal
Waterways of Northern Australia. Pergamon Press, Oxford and
Sydney.

Montague, J.J., 1983. Influence of water level, hunting pressure and
habitat type on crocodile abundance in the Fly River drainage,
Papua New Guinea. Biological Conservation 26, 309-339.

Paez, R., 1980 (1868). Escenas rusticas en Sur América o vida en los
Llanos de Venezuela. Ediciones Centauro. Caracas. Conserv. 26,
309-339.

Pedrainiez, H., 1980. Historia del Estado Cojedes. Ediciones de la Pre-
sidencia de la Republica, Caracas, Venezuela.

Ramo, C. & Busto, B., 1986. Censo aéreo de caimanes (Crocodylus
intermedius) en el rio Tucupido (Portuguesa, Venezuela) con obser-
vaciones sobre su actividad de soleamiento. Crocodiles, TUCN Publ.
(New Series), 109-119.

Rebélo, G.H., Magnusson, W.E., 1983. An analysis of the effect of
hunting of Caiman crocodilus and Melanosuchus niger based on the
sizes of confiscated skins. Biological Conservation 26, 95-104.

Rodriguez, J.P., Rojas, F., 1995. Libro Rojo de la Fauna Venezolana.
PROVITA, Fundacion Polar, Caracas.

SAS Institute Inc., 1987. SAS user guide: statistics. SAS Institute Inc,
Cary, North Carolina.

Seijas, A.E., 1995. Captive breeding and rearing as a conservation tool
for the Orinoco crocodile. In: Bissonette, J.A., Krausman, P.R.
(Eds.), Integrating People and Wildlife for a Sustainable Future.
Proceedings of the first International Wildlife Management Con-
gress. The Wildlife Society, Bethesda, MD, pp. 596-598.

Seijas, A. E., 1998. The Orinoco crocodile (Crocodylus intermedius) in
the Cojedes river system, Venezuela. Population status and ecologi-
cal characteristics. Ph.D. dissertation, University of Florida, Gai-
nesville.

Thorbjarnarson, J. (compiler), 1992. In: Messel, H., King, F.W., Ross,
J.P. (Eds.), Crocodiles: An Action Plan for their Conservation.
TUCN/SSC Crocodile Specialist Group, Gland, Switzerland. pp.
136.

Thorbjarnarson, J., Hernandez, G., 1992. Recent investigation on the
status and distribution of Orinoco crocodile Crocodylus intermedius
in Venezuela. Biological Conservation 62, 179-188.

Thorbjarnarson, J., Hernandez, G., 1993a. Reproductive ecology of
the Orinoco crocodile (Crocodylus intermedius) in Venezuela. 1.
Nesting ecology and egg and clutch relationship. J. Herpetol. 27 4,
363-370.

Thorbjarnarson, J., Hernandez, G., 1993b. Reproductive ecology of
the Orinoco crocodile (Crocodylus intermedius) in Venezuela. II.
Reproductive and social behavior. J. Herpetol 27 (4), 371-379.

Webb, G.J.W., Messel, H., 1978. Morphometric analysis of Crocody-
lus porosus from the North Coast of Arnhem Land, Northern Aus-
tralia. Aust. J. Zool 26, 1-27.

Wood, J.M., Woodward, A.R., Humphrey, S.R., Hines, T.C., 1985.
Night counts as an index of American alligator population trends.
Wildl. Soc. Bull. 13 (3), 262-272.

Woodward, A.R., Marion, W.R., 1978. An evaluation of factors
affecting night-light counts of alligators. Proc. Ann. Conf. S.E.
Assoc. Fish & Wildl. Agencies 32, pp. 291-302.



