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STATUS OF THE ORINOCO CROCODILE (Crocodylus intermedius) IN VENEZUELA
ESTATUS DEL CAIMAN DEL ORINOCO (Crocodylus intermedius) EN VENEZUELA

A. Velasco,™ O. Herndndez,? R. Babarro,? and R. De Sola*

RESUMEN

El presente estudio tiene como principal objetivo determinar la abundancia, densidad y estructura de tamafios del caiman del Orinoco
en zonas de alta prioridad y localidades donde es posible su presencia. Se realizé un censo en 14 localidades, algunas de las cuales
fueron divididas en sectores o transeptos debido a la longitud del cuerpo de agua, resultando 38 sublocalidades de censo. Se recor-
rieron mas de 1.000 km y se cubrieron ambas margenes de los rios. El censo se realizé en 512,40 km, en los que se observaron 260
caimanes del Orinoco. La estructura de tamaio estuvo conformada por 33 individuos clase II, 36 ejemplares clase III, 35 individuos
clase IV y 83 clase V. Dos importantes descubrimientos se obtuvieron. El primero fue una tercera poblacion reproductivamente activa
en Hato Santa Rosa, ubicado en la Reserva de Fauna Silvestre Estero de Camaguan, estado Gudrico, y el segundo fue el incremento de

nidos en el rio Capanaparo.
ABSTRACT

The abundance, density, and size class structure of Orinoco crocodile are determined by means of surveys in high-priority conserva-
tion areas and in zones where its presence has been widely reported in the past. The surveys were conducted in 14 localities, some of
which were divided into smaller areas (transects) resulting in 38 sublocalities. More than 1,000 km of both river and creeks banks were
reconnoitered. The census data reported here were taken in 512.40 km of linear habitat where 260 Orinoco crocodiles were observed.
They were classified by size class as follows: 33 (Class II), 36 (Class III), 35 (Class IV), and 83 (Class V). Two important discoveries

were made. One is the finding of a third reproductive population in Santa Rosa ranch located in the Wildlife Reserve Estero de Cama-

guén in the state of Gudrico. The other is the increased number of nests in the Capanaparo River.
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1. Introduction

The Orinoco crocodile (Crocodylus intermedius) is one of
the largest in the world, historically widespread through the
Orinoco River Basin in Colombia and Venezuela. It is classified
by the International Union for the Conservation of Nature
(IUCN) as Critically Endangered [1] and the Convention on
International Trade in Endangered Species of Wild Fauna and
Flora (CITES) places it in the Appendix I [2]. In Venezuela, it
is listed in both the List of Species in Danger of Extinction [3]
and the Official List of Banned Animals [4] and is considered
as endangered in the Red Book of Venezuelan Fauna [5].

Godshalk and Sosa [6] published the first national survey
of the Orinoco crocodile in Venezuela, carried out with
the support of Fundacion para la Defensa de la Naturaleza
(Fudena). The study assessed the status of the wild populations
in 9 different regions, comprising 68 rivers and minor streams
and covering 10,790 km of rivers and creeks. The authors
reported 273 Orinoco crocodiles in only 10 localities. In 1987,
Ayarzagiiena [7] performed aerial censuses covering 390 km
of rivers and observed 95 crocodiles. Thorbjarnanson and
Hernandez [8] found 73 crocodiles in 12 locations covering a
surface of 1,911 km?. Fifteen other studies have been published
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on the abundance and population structure of different
subpopulations, including the Cojedes River system, the
Santos Luzardo National Park (Capanaparo-Cinaruco) and the
Wildlife Refuge Cafio Guaritico [9-23].

The Conservation Program for Crocodylus intermedius
in Venezuela started in 1990 and is centered on captive
breeding at the Hato Masaguaral, the Fudeci’s biological
station, Hato El Frio, Hato Puerto Miranda the Experimental
National University of the Occidental Llanos “Ezequiel
Zamora” (UNELLEZ), and Hato El Cedral. In addition to
captive breeding, the rearing of collected wild hatchlings is
also performed, mainly with individuals from Capanaparo,
Cojedes, and Matiyure rivers. The newborn crocodiles are
maintained in captivity for at least a year and then released,
mostly inside protected areas and conservation ranches. In the
last 30 years 10,699 crocodiles, predominantly yearlings but

also confiscated adults, were released in 15 different sites.

However, after this sustained and uninterrupted effort to
reinforce the wild populations of the Orinoco crocodile, the
net effect on crocodile abundance has not been assessed. In
order to gain further insight into this issue, the authors of this
study, members of the Crocodile Specialist Group of Venezuela
(GECV) and with the financial support of the IUCN-Crocodile
Specialist Group (CSG/IUCN/SSC), Crocfest, and Rio Verde
organizations, conducted a nationwide survey of Crocodylus
intermedius in Venezuela with emphasis on strategic locations

for its conservation.

2. Objectives

Asses the current status of wild populations of C. intermedius
in order to establish population and demographic parameters
(abundance, density and size structure) in high-priority

conservation areas, including geographical locations where
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Figure 1. Localities visited

Portuguesa River

El Guamache lagoon

Capanaparo River

the species has been formerly reported but no recent data are
available.

2. Methodology

Surveys were carried out using a 16 feet aluminum boat
propelled by 30 hp outboard engines in large rivers and a 12 feet
boat and a 15 hp outboard engine in minor streams. Nocturnal
counts were taken using a 3,000,000-candlepower spotlight to
detect eyeshine. Each individual crocodile was classified in one
of the following size classes, where TL is Total Length: Class
I, TL < 60 cm; Class II, 60 < TL < 120 cm; Class III, 120 <
TL < 180 cm; Class IV, 180 < TL < 240 c¢m; and Class V, TL
> 240 cm, as defined by Seijas and Chavez [12]. If an animal
was not directly measured, it was reported as “eyes only”. All
survey routes were georeferenced using a GPS Garmin Map
78s employing the REGVEN (WGS84) datum.

3. Studied areas

The areas were selected based on historical reports in the
literature and on suggestion by Balaguera-Reina et al. [1],
and were defined as priority areas for the conservation of the
Orinoco crocodile.

The 14 localities and the geographical coordinates where the
surveys were conducted are reported in Table 1 and indicated
schematically in Figure 1. Some of these zones were divided
into 38 subunits and some were visited more than once in
order to determine the feasibility of carrying out the survey,
their navigable extension, the location of camping areas, and
the identification of local partners.

Some of these localities are sites where sustained population
reinforcement was carried out for many years (Cafio Guaritico,
Capanaparo, and Cojedes Rivers), others are places not visited
for decades, and small groups which are first-time surveyed
localities.
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Table 1. Localities visited and their coordinates

szfilt%es State Coordinates

1 Arauca Apure N 7°04’ 58.57 W 70°47 09.1”
River*#

2 Capanaparo Apure N6°5737.77 W 68°12’39.0”
River

3 Caris River* Anzodtegui N 8°12°26.4” W 63°46’18.2”

4  CauraRiver Bolivar N 6°42’34.4” W 64° 48 08.9”

5  Cuchivero  Bolivar N7°1509.4” W 65°45 55.8”
River*

6 Garza Apure N 7°53’56.4” W 69°18 39.0”
River*

7  HatoEl Apure N 7°22°39.77 W 69°20°53.3”
Cedral*

8 Hato ElFrio Apure N7°51’43.17 W 68°5807.3”

9 Hato Santa  Guadrico N§°13 194" W 67°41°07.6”
Rosa*

10 Manapire Gudrico N 8°22°42.4” W 66° 14 48.3”
River

11 PaoRiver*  Anzodtegui N 8°09°38.77 W 64°19 48.2”

12 Quitaparo  Apure N 7°02’55.6” W 68°3646.9”
River

13 Cojedes Cojedes N9°12°254” W 68° 36 58.6”
River
System

14 Zuata Anzodtegui N 8°03°27.3” W 65°26°42.2”
River*

*First time surveyed

#Colombia-Venezuela border

4. Results
4.1 Locality descriptions

4.1.1 Arauca River

The binational area of the Arauca River in the Colombia-
Venezuela boundary was visited. The river is 1,050 km long,
of which 300 km correspond to the international frontier.
This river is one of the main tributaries of the Orinoco in the
Llanos region. The main types of vegetation along the river are
gallery forests and savannas. Some zones are deforested for
agricultural purposes. The river is used for transport, fishing,
and other economic activities associated with the cities, small

towns, and local communities located along its banks. (Figure 2)

Figure 2. Arauca River binational border, left side is Venezuela and right side
is Colombia

4.1.2 Capanaparo River

Located in Apure state, this river forms the northern limit of
the Santos Luzardo National Park where 2,434 juvenile Orinoco
crocodiles were reintroduced in three different periods: 1991-
1993, 2009-2011, and 2013-2019. Along most of the river, the
vegetation consists of gallery forest often associated with old
river meanders and in lesser extent, by eolic savannas at the
outside borders of the forest. Extensive sandy beaches with
deep waters surge during the dry season, which makes it a
suitable habitat for the reproduction of crocodiles by providing
numerous places for basking and nesting. The Capanaparo
River in Venezuela is 425 km long, from the Colombian border

until the confluence with the Orinoco. (Figure 3)

Figure 3. Capanaparo River. Gallery forest and nesting beach

4.1.3 Caris and Pao Rivers

Both rivers are located in the Anzodtegui state and are
minor tributaries of the Orinoco. They have low flow and
shallow depth, with a maximum width not exceeding 50 m.
The predominant vegetation is a dense riverine forest of low
to medium size trees, which can be classified as typical gallery
forest surrounded by savannas. No suitable nesting or basking
beaches were observed in both rivers. A small human presence
was noticed, mainly represented by minor ranches in the area.
(Figures 4, 5)

Figure 4. Pao River. Riverine forest
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Figure 5. Caris River. Shallow depth and dense riverine forest

4.1.4 Caura River

Located in Bolivar state, this river is one of the main
tributaries of the Orinoco. Much of the river’s tortuous course
flows over granite rock, generating extensive shoals, rapids,
and waterfalls. The vegetation of the banks consists of tropical
forest and savannas. The human population in banks is small,
consisting in scattered indigenous and local communities. Very
few sandy beaches suitable for crocodile nesting were observed
during the dry season. All along the river there are extensive
gold mining activities. The length of the Caura River is 723 km.
(Figures 6 ,7)

Figure 6. Caura River view at Trincheras town

L

Figure 7. Caura River and rapids: a biological barrier

4.1.5 Cuchivero River

The River is located in the Bolivar state. The predominant
vegetation consists of semi-evergreen, partially flooded, high
and medium sized riverine forests with an average canopy
height of 10-25 m, spotted with savanna mosaics. In its low

and medium stretches there are numerous sandy beaches,

suitable for nesting by aquatic reptiles including crocodiles.
In the upper part of the river basin, granite rocky formations
predominate with scarce beaches proper for crocodile nesting.
The human population along the river is small in spite of that
the river is the main route to supply the miners operating in its
tributary the Guaniamo River. The length of Cuchivero River
is 305 km. (Figure 8)

—

Figure 8. Sandy beaches at the lower zone of Cuchivero River

4.1.6 Garza River

Is located in Apure State and is a tributary of the Apure
River. Three reintroductions of the Orinoco crocodile have
been done in this river (2001, 2002, and 2011) with a total of
108 juveniles released. The principal vegetation is gallery forest
with some savannas along the river, where few sandy beaches
are observed. A dam was built to handle water levels during
the dry season in the Hato Mata de Guamo. High human
activity is present, mainly due to cattle herds and agricultural
tasks. (Figures 9, 10)

-

Figure 9. Garza River with sandy beaches

Figure 10. Garza River’s dam in Hato Mata de Guamo
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4.1.7 Hato El Cedral

This ranch is located in Apure State and the site received
181 juveniles of the Orinoco crocodile in a span of seven years
(1998, 2000, 2001, 2007, 2015, 2016, and 2017) (GECV data
base). The areas visited are savannas with some gallery forest.
Man-made water bodies are present, by means of long dykes
employed to maintain water through the dry season, and thus
simulating flooded savannas. Only the Matiyure River, at the
ranch, has a well-developed gallery forest on its banks. The
sandy beaches were artificially built in order to enhance the

habitat for crocodile and turtle nesting. (Figures 11, 12)

Figure 11. Flooded savannas at Hato El Cedral

Figure 12. Orinoco crocodile basking in Hato El Cedral

4.1.8 Hato El Frio

The ranch is a location near Hato El Cedral in Apure State. It
is a large cattle ranch with flooded savannas and gallery forest
that surround some of the water bodies visited. In this ranch
happened the first successfully reintroduced Orinoco crocodile
population in the world, entirely created from releasing
captive bred juveniles [24]. This ranch is not the ideal habitat
for crocodile preproduction, so artificial nesting beaches are
made and maintained during the reproductive period. The
reintroduction program of the Orinoco crocodile in El Frio
ranch started in 1990, in Cafio Guaritico (as a Wildlife Refuge
and river) and in La Ramera Lagoon, where 3,232 juveniles

have been reintroduced over the last 25 years. (Figures 13, 14)

Figure 13. Hato El Frio, Cafio Guaritico
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Figure 14. La Ramera Lagoon in Hato El Frio: a crocodile can be seen in the
water

4.1.9 Hato Santa Rosa

The ranch is inserted in the Wildlife Reserve “Estero de
Camaguan’, Gudrico State. It has a lagoon, named Guamacho,
which is surrounded by small forests alternating with savannas.
During the wet season, a few creeks pour into the lagoon, but
during the dry season these streams disappear and the lagoon
reduce its surface. Here, sandy beaches are natural. In 2007
and 2008, 375 Orinoco juvenile crocodiles were reintroduced
in the Guamacho Lagoon. (Figure 15)

Figure 15. Guamacho Lagoon in Hato Santa Rosa

4.1.10 Manapire River

Manapire River is also located in Guarico State. During
the dry season the river is splitted into several small streams
making difficult the boat navigation. On the other side, in

the wet season broken trees along the banks fall into the river
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widely hinder the navigation. On the banks, the vegetation is a
well-developed gallery forest. Some sandy beaches are found.
A total of 215 juvenile Orinoco crocodiles were reintroduced
here in several years: 2001-2007 and 2009. (Figure 16)

-

Figure 16. Manapire River

4.1.11 Quitaparo River

The river is situated in Apure State and discharges its waters
into the mid Capanaparo River. Most of the river banks are
covered by gallery forest and in a smaller percentage by
savannas. A few sandy beaches with deep waters alternate
during the dry season, which makes it a good habitat for
crocodiles. In 2012, 306 juveniles of Orinoco crocodile were
released. (Figures 17, 18)

Figure 18. Quitaparo River, deep water

4.1.12 Cojedes River System

It is located in Cojedes state, at the outer limits of the
Orinoco crocodile’s historical distribution. The banks of
Cojedes River system are greatly disturbed by agricultural
and livestock activities. The water level and composition of
the sandy beaches are affected by a dam situated upstream.

In many places the vegetation has disappeared, and overall
it has become one of the most polluted rivers in the country.
In the central course of the river, the gallery forest has been
impacted by deforestation and in some parts of the south there

are savannas with small trees. Sandy beaches are natural and

can be found throughout most of its course. The Cojedes River
is 316 km long. In years 1995, 2004-2009, 2011, and 2016, 836
juvenile Orinoco crocodiles were reintroduced. (Figures 19,
20, 21)

Figure 21. Extreme pollution in Cojedes River

4.1.13 Zuata River

Zuata River is located in Anzodtegui State and is perhaps
the eastern limit of the current distribution of the Orinoco
crocodile in Venezuela. The river has a large diversity of
vegetation, predominantly medium-sized riverine forest and
savannas. The width is 150-200 m in the lower basin near
the Orinoco River, with regularly or permanently flooded
riverine forest, palm swamp areas, and overflow lagoons with
aquatic herbaceous vegetation. Numerous sandy beaches,
suitable for nesting by aquatic reptiles, were observed. The
human presence is small, mainly cattle ranchers and seasonal
fishermen. (Figures 22, 23)
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Figure 23. Zuata River with flooded forest and savanna

4.2 Abundance and size classes

Table 2 summarized the survey results in the locations
visited, including the partial results for each one. Classes I to
V as well as “Only eyes” are enlisted, in order to have a full
description of the explored zone. The total count of animals
excludes Class I and it also stands for density (individual per
km inspected). In establishing the relationship (as percentual)
of classes detected in the surveyed areas, we exclude Class I,
because their individuals have a high mortality rate the first
weeks of live, and those called “Only Eyes”, since observing
only is not reliable to estimate the animal TL. (Table 2)

4.2.1 Arauca River

On the visit of 228 km of the river, only 78.1 km corresponds
to the Venezuelan area and this section was surveyed for
Orinoco crocodile presence, including parts of the Main River
and tributary streams (Figure 24).
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Figure 24. Sectors in Arauca River that was surveyed

Table 2 summarizes the results in the Arauca River and
its tributaries in Venezuelan territory. Only four Orinoco

crocodiles were observed, but because of their apprehensive
behavior, it was not possible to include them in size classes.
Three of them were seen in the main river and one in Cafio
Las Coloradas. Additionally, in Puerto Infante town we found
a hatchling rescued from the river months ago, suggesting that
at least a breeding pair exists. On the other hand, recent reports
of a hunted specimen whose corpse was seeing floating on the
river, alleged human attack, indicating that a higher number of
animals may be dwelling in the Arauca River [25].

4.2.2 Capanaparo River

Capanaparo River originates in Colombia and from its
headwaters it flows 225 km before reaching the Venezuelan
border and continuing for another 425 km to finally join the
Orinoco. We surveyed 42.8 km in six (6) sectors (Figure 25)
that are part of the Santos Luzardo National Park.
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Figure 25. Surveyed sectors of Capanaparo River

Notice that 2,434 juveniles Orinoco crocodile were released
in this river during the years 1991-1993, 2009-2011, and 2013-
2019.

The surveyed sectors in Capanaparo River area were the
same studied in earlier reports [14, 15; 23] in order to try to
determine the population trends. In the present search a total
of 123 Orinoco crocodiles were observed along 42.8 km in 6
sectors, with a mean relative abundance of 2.38 individuals/
km. These results show an increase in the abundance index.

The population observed in the river was predominantly
sub-adults (Class IV) and adults (Class V), representing
around 70 % of the total count of Classes II to V (Figure 26).
This probably reflects the detectability of bigger individuals
compared with smaller ones, rather than the real proportion

of size classes.

4.2.3 Quitaparo River

The Quitaparo is a tributary of Capanaparo River and
does not form part of the Santos Luzardo National Park. In
2012, 306 juvenile Orinoco crocodiles were reintroduced.
Two sections of the river were surveyed (Figure 25). Table

2 summarizes the results. Only one large Orinoco crocodile
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Table 2. Survey results in Venezuela by sectors

. Class  Class  Class  Class  Class  Only Density
Location Surveyed area Water body ~ Km surveyed o
I II I 3% \%4 Eyes (indiv./km)
Arauca River sector .
] River 6.1 0.00
Arauca River sector .
5 River 2.5 0.00
Arauca River sector .
3 River 4.3 0.00
Arauca River Arauca River sector .
. River 10.0 3 3 0.30
in 4
Venezuelan Caiio Las Coloradas Creek 3.0 1 1 0.33
tributaries
Cafo Agua Verde Creek 3.0 0.00
Cano Seco Creek 17.8 0.00
Cano Jesus Creek 28.7 0.00
Caiio Jesus 1 Creek 2.7 0.00
Sub-total 16.0 4 4 0.05
Santa Josefina .
River 17.9 18 7 2 1 6 19 35 1.96
Sector
Las Campanas .
River 15.9 1 1 2 8 6 20 37 2.33
Sector
Capanaparo Tierra Grata Sector River 1.6 0.00
River San Luis Sector River 2.2 2 1 2 3 12 18 8.18
Agua Linda Sector River 3.1 1 1 0.32
Basileiro Sector River 2.1 1 8 2 11 5.24
Sub-total 42.8 21 9 4 12 23 54 102 2.38
Quit Downstream River 12.9 1 1 0.08
o .aparo Upstream River 4.6 0.00
River
Sub-total 17.5 1 1 0.06
Zuata River Zuata River 58.2 1 4 0.07
Sub-total 58.2 3 1 4 0.07
Garza River Garza River 8.3 3 3 0.36
Sub-total 8.3 3 3 0.36
0 Cano Guaritico Creek 32.0 1 1 2 4 0.13
t
a (,) La Ramera Lagoon 2.8 18 5 5 1.79
El Frio
Sub-total 34.8 18 1 6 2 9 0.26
Matiyure Lagoon 1.0 1 1 2 2 6 6.00
Terraplen Savanna 6.8 1 1 4 0.59
Hato Sabana Channel 3.6 3 2 2 1 10 2.78
El Cedral Matiyure channel Channel 1.0 4 4 4.00
Terraplen channel Channel 4.4 2 5 1.14
Sub-total 16.8 4 4 4 11 6 29 1.73
Hato Guamacho Lagoon 1.10 16 18 16.36
Santa Rosa Sub- total 1.10 16 18 16.36
Las Maderas River 1.8 1 1 0.56
. Cogollal River 0.9 1 1 1.11
Manapire .
River Larga Lagoon River 2.0 11 2 1 2 2 7 3.50
Encantada River 1.0 6 1 1 1.00
Sub-total 5.7 17 2 2 2 1 3 10 1.75
Coied Sarare River River 7.9 10 11 8 12 41 5.19
ge e Caiio de Agua Creek 1.0 1 4 7 17 17.00
iver
Cojedes River River 15.7 5 10 1 22 1.40
System
Sub-total 24.6 16 25 16 23 80 3.25
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Figure 26. Size classes in Capanaparo River

Class IV was observed in the 17.5 km covered. In Hato El
Congrial near to the river, two young crocodiles (born last
year) were held in captivity. Local people report that during
the dry season Orinoco crocodiles are found at pools formed
after the river dried out suggesting the presence of at least three
more individuals.

4.2.4 Caris and Pao Rivers

Both rivers are in the easternmost part of the distribution
area of the species. 21.1 km of the Caris River and 21.6 km of
the Pao River were scanned (Figure 27); no Orinoco crocodile
or indirect evidence of its presence was observed.
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Figure 27. Areas surveyed in Caris, Pao, and Zuata Rivers

4.2.5 Zuata River

This river was surveyed three times. The first two were
during the dry season, and on both occasions the water level
did not allow full navigation of the entire course. On the
third occasion during wet season 58.2 km were traveled up
to the Orinoco River (Figure 27). During the survey only 3
big Orinoco crocodiles were observed with TL of more than
2.5 m (Class V) and another one was seen but it could not be

classified.

4.2.6 Cuchivero River

No Orinoco crocodile was observed in 62.7 km of this river
(Figure 28). The river is located south of the Orinoco River, an

area being impacted by illegal gold extraction.

4.2.7 Caura River

We inspected 119.1 km of the Caura River (Figure 28) in
3 different sectors, but no Orinoco crocodile was observed. A
local community reported the presence of some individuals
and nests in certain places along the river. All of these sites
were visited at night but no crocodile was seen.

Orinoco River
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Figure 28. Areas surveyed in Caura and Cuchivero Rivers
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Local people reported five crocodiles seen in Pozo Guiria,
Pozo El Chaparro, Pozo El Caris, Boca de Cucharo, and Pozo
El Caiman, and also advised some hatchlings. It is important
to note that six months after our visit, one member of our
expedition returned to the Caura River and observed a
specimen larger than 2.4 m basking on a beach two kilometers
upstream of the first surveyed sector (A. Ferrer, pers. comm.).
This individual could be one of those reported by the
community.

4.2.8 Garza River

We covered 8.3 km upstream until the dam in Hato Mata de
Guamo, but beyond this point it was not possible to continue
navigating the Garza River (Figure 29). In spite of the 108
juvenile Orinoco crocodiles reintroduced in 2001, 2002, and
2011, only three Orinoco crocodiles were observed in the
surveyed area, but we were unable to classify them in size
classes and reported them in “Only eyes”.
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Figure 29. Areas surveyed in Garza River and Hato El Frio, black lines stand
for nearby roads
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The Hato Garza staff reports that it is common to observe
hatchlings with their parents close by, every reproductive
season, but they could not specify how many of them were
observed each year.

4.2.9 Hato El Frio

The surveys were done in the Wildlife Refuge Cafio
Guaritico. 34.8 km were inspected by boat, and the northwest
coast of the La Ramera Lagoon was surveyed by car (Figure
29). In Cano Guaritico and La Ramera Lagoon 2,312 juvenile
Orinoco crocodiles were reintroduced in 22 years. During
our searching the abundant rain made inspections difficult.
The results are summarized in Table 2. The Cafio Guaritico
uplifts were carried out on three consecutive raining nights,
this combined with the high level of water in the creek, made
it impossible to observe Orinoco crocodiles. On the other side,
La Ramera Lagoon has abundant aquatic vegetation flooded
near the shore, which inhibit the approach to the site and
perform a good survey. Close to the lagoon, the remains of ten
nests suggest that at least ten reproductive females were present
in the area. The observed population was predominantly adults
(Class V) and hatchlings.

4.2.10 Hato El Cedral

The water level in this ranch is managed by means of road
banks and floodgates that retain the water during the dry
season, keeping the savanna flooded all year around, being the
water level controlled and distributed through channels. Some
of these channels have artificial sandy beaches allowing nesting
of the Orinoco crocodile. Hato El Cedral is not a typical habitat
for the species, but for many years it has been a place where
a reintroduced crocodile has generated a small reproductive
population. The Figure 30 shows the survey areas. All of them
are close to the main house and a touristic camp.
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Figure 30. Areas surveyed in Hato El Cedral

The reintroduction program begun in 1993 and the
conservation program in 2012. They are based on collecting
eggs from wild nests for incubation, rearing the hatchlings, and
releasing them later [26]. In seven different years (1998, 2000-
2001, 2007, and 2015-2017) 94 juvenile Orinoco crocodiles
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were released. The observed reintroduced wild population in
this ranch is around 30 individuals (Table 2).

No Class I animals were found and the population was
dominated by Class V individuals, mainly adult males (Figure
31). Other size classes show the same percentage values.
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Figure 31. Size classes in Hato El Cedral

4.2.11 Hato Santa Rosa

Santa Rosa’s population is the third one established by the
reintroduction program. During 2007-2008, 375 juveniles of
Orinoco crocodiles were released only in Guamacho Lagoon.
It was visited on three different occasions, one during the rainy
season and two in the dry season. Since during the wet season
all savannas are flooded, the Orinoco crocodiles are scattered
throughout the savanna, but in the dry season the individuals
concentrate in the El Guamacho Lagoon (Figure 32). The
survey showed a small population made up of 18 individuals
predominantly adults larger than 2.5 m (size Class V) and few
individuals of size Class II. During the uplift remains of nests
and eggshells were observed around the lagoon.
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Figure 32. Areas surveyed in Santa Rosa Ranch

4.2.12 Manapire River

For several years, eggs from this river have been collected
for the National Conservation Program. The reared individuals

have been reintroduced into natural habitat. 215 juvenile
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Orinoco crocodiles were set in the Marapire River over the
years 2001-2007 and 2009. The census was carried out in the
rainy season, since in the dry season sectors of the river dry out
constraining the free navigation. Additionally, the rainy season
navigation was difficult due to the falling trees into the river
channel, which only allows working in four sectors of the river
(Figure 33).
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Figure 33. Areas surveyed in Manapire River

Summarized survey results are in Table 2. These cover 5.7
km in four sectors and the population observed is distributed
in equal number in all size classes except Class V (Figure
34). The main populations observed are Juveniles (Class I, 17

animals) and were found in Larga Lagoon and Encantada.
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Figure 34. Size classes on Manapire River

4.2.13 Cojedes River System

The Cojedes River System possesses one of the main wild
populations of Crocodylus intermedius in Venezuela, but at the
same time, it is one of the most polluted rivers in the country.
In the years 1995, 2004-2009, 2011, and 2016, 717 juvenile
Orinoco crocodiles were reintroduced. The survey covered
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24.60 km (Figure 35) in three different sectors (Sarare River,
Caiio de Agua, and Cojedes River).

Cano de Agua

Sanare River
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Figure 35. Areas surveyed in Cojedes River System

Table 2 shows the data reported by Espinoza-Blanco et al.
[22]. 80 Orinoco crocodiles were observed with a density of
3.25 individuals/km.

Figure 36 shows the size classes for the Cojedes River System,
where the bigger males represent a significant proportion of the
population, followed by juveniles (Classes II and IIT). Females
(Class IV) represent 20 % of the total population recorded.
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Figure 36. Size classes on Cojedes River System

4.3 Overall Results

Fourteen (14) localities and their 38 sublocalities were
visited as shown in Table 3. The total of bodies water length
was 1,030 km, of which 512.40 km were surveyed.

A total of 260 Orinoco crocodiles were observed,
representing a median density of 0.51 individuals/km. In
addition, 56 hatchlings were found in three localities. Only
187 individuals could be classified by size. The class “only eyes’,
73 individuals, includes those observations where it was not

possible to approach enough for size estimations (Table 4).
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Table 3. Localities and sublocalities visited and surveyed in Venezuela

Locality Subsector

Arauca River Sector 1
Arauca River Sector 2
Arauca River Sector 3
Arauca River Sector 4
Arauca River Cano Las Coloradas
Cafo Agua Verde
Caio Seco

Cano Jesus

Cano Jesus 1

Santa Josefina Sector
Las Campanas Sector
) Tierra Grata Sector
Capanaparo River
San Luis Sector
Agua Linda Sector

Basileiro Sector

Locality Subsector

Matiyure Lagoon
Terraplen
El Cedral Ranch Savana
Matiyure Channel

Terraplen Channel

Cano Guaritico
El Frio Ranch
La Ramera

Santa Rosa Ranch Guamacho Lagoon

Las Madera

L Cogollal
Manapire River
Larga Lagoon

Encantada
Pao River
. . Downstream
Quitaparo River
Upstream

Caris River

Caura River

Sarare River

Cojedes River System Cojedes River

Cuchivero River Cafo de Agua
Garza River Zuata River
Table 4. Survey results in Venezuela
k Class I Class I Class I1I Class IV Class V Only E Total Density
m n es ota
(<60)  (60<X<119) (120<X>179) (180<X<239)  (>240) 7 (ind./km)
515.1 56 33 36 35 83 73 260 0.51
17.65 % 19.25 % 18.72 % 44.39 %

It is important to point out that in the reports made by local
people living nearby the localities, it is mentioned the presence
of at least twenty other adult Orinoco crocodiles, but they were
not seen during the surveys.

5. Discussion

This section is focused on each individual searched area
during the study.

5.1 Arauca River

Thorbjarnarson and Hernandez [8] carried out two aerial
censuses covering 335 km and 9 km of river, and did not
observe any individual of the species. Subsequently, a single
night census was carried out in 27 km of river observing only
one Orinoco crocodile. They do not specify the sector surveyed,
it is clear though that it was within the Venezuela borders.

We toured the westernmost section of the Arauca River,
mainly the sector shared with the Colombian frontier and
some creeks that flow into the main river of these having a
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section in Venezuela, as Brazo Guarico. The presence of the
species is confirmed by observing some individuals, mainly
on the Venezuelan side and specifically in tributary creeks.
The population is a reproductive one based on the hatchlings

observed in the area.

The main problem in the binational section of the Arauca
River is the interaction between humans and animals,
exemplified by the killing of crocodiles as reported from local
communities [25]. The authors commented that releases of
Orinoco crocodile on the Colombian side may have resulted in
some of these individuals moving to the main river. However,
during our visit we had no reports from the community about

deaths of Orinoco crocodile.

5.2 Capanaparo River

The Capanaparo River has the second most important
Orinoco crocodile population in Venezuela. It has been studied
since year 2000. After Llobet and Seijas [14, 15], all subsequent
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researchers tried to evaluate the Capanaparo population in the
same sectors surveyed by those authors.

In six different locations the abundance index varied
between 0.00 - 8.18 individuals/km (Table 2). Our report for
Capanaparo River is 2.38 individuals/km. Comparing with
earlier reports (Figure 37) we conclude that the population of
the Capanaparo River is growing, as can be seen in the plotted
data trend line.
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Figure 37. Abundance index on Capanaparo River

This increase may be due to several factors. One of them
is the release of individuals raised in captivity that has been
taking place since 1991 [27], with a total in the present of 2,711
individuals [28]. Another reason is the local increase in the
number of breeding females from the release of 16 juvenile
females (two and three years old) originally from The Dallas
World Aquarium in 2009 [29].

The size class structure also shows differences with those
reported in the past (Figure 38). A recruitment of smaller
individuals to next class is observed. This could be related to
the increase in the number of observed nests and the release
of captive bred crocodiles. Moreno et al. [23] did not separate
class IT and class III and reported only one value for both size
classes.

5.3 Quitaparo River
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Figure 38. Size classes on Capanaparo River
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In 2012, 306 Orinoco crocodiles were reintroduced into this
river. During the survey, only one specimen was observed,
together with two hatchlings in captivity. However, we consider
that at least one breeding pair is active. The navigation on the
river is difficult, especially in summer when the water level is
low. In the residual oxbow lakes, the neighboring community
reported the presence of at least three big Crocodylus
intermedius.

5.4 Caris and Pao Rivers

These two rivers are in the northeast limit of the Orinoco
crocodile distribution. Both are surrounded by ranches with
livestock activity. However, not much human activity was
observed. Apparently, these rivers have little or very low
productivity and no nesting beaches are observed, which may
be why we did not observe any specimens.

5.5 Zuata River

Its characteristics are very similar to that of the Caris and
Pao Rivers, with the difference that being in the southern sector
near the Orinoco River it has beaches suitable for nesting by the
Orinoco crocodile. The presence of the species was confirmed.
As mentioned above, the population should be greater than the
one observed. The importance of this locality is that it could
be used for hatchling collection to be raised in captivity, and
their subsequent reintroduction to different places in order to
increase the genetic variability of the species.

5.6 Cuchivero and Caura Rivers

These two rivers are in the southwest limit of the Orinoco
crocodile distribution. Both are surrounded by mines where
gold is exploited. The observed human activity is related to
mining activity and indigenous communities. Apparently,
these rivers have little or very low productivity and no nesting
beaches are observed, which could be the reason for not
having observed any specimens. Months after our survey in
the Caura River, the presence of at least one Orinoco crocodile
was confirmed, corroborating the information received on the
presence of the species.

5.7 Garza River

The Garza River is another place for Orinoco crocodile
releases. Thisriveris a tributary of the Guaritico Wildlife Refuge.
However, it is dammed, which does not allow specimens to
disperse along the river or to reach the Cafio Guaritico. There
are unpublished reports and photographs of hatchlings. At the
time of the census, hatchlings were not observed since it was
not the breeding season. The population of this river could be
considered as another one created by reintroductions carried
out in the past. It is noteworthy to mention that Crocodylus
intermedius were observed in privately owned lands with

surveillance.
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5.8 Hato El Frio

The population of Hato El Frio was generated by the
released juvenile program developed since 1990 [24]. It has
been extensively studied on two occasions [13, 18]. Our study
was carried out in the rainy season (June 2018) when the
water level of the Cafio Guaritico was very high and flooded
the surrounding savanna, inhibiting the easy observation of
Orinoco crocodiles. That probably explains the difference in
the abundance index in the present report (Figure 39).
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Figure 39. Abundance index on El Frio Ranch

One characteristic of the population we observed in La
Ramera Lagoon is that it is settled in a habitat not considered
to be suitable for the species. For nesting to occur, sandy
beaches must be built on the creek banks. Antelo [18] reported
for the La Ramera Lagoon and Cafio Macanillal the presence
of 19 nests, founded in 10 man-made sandy beaches. However,
in 2018 in La Ramera Lagoon only 6 beaches were built and
we found 11 nests. It cannot be concluded that the population
of breeding females is decreasing, and it is most likely that
females have migrated to other more appropriate nesting areas.

5.9 Hato El Cedral

The population of Hato El Cedral is also a product of the
releases carried out since 1993, although not with the frequency
done in other localities. However, a relatively high proportion
of adult crocodiles were released there, including 6 confiscated
adults (3 females and 3 males). It is also not the most favorable
habitat for the species, but every year since the reproducing
period started, nesting beaches have to be constructed by man.

The population observed in the present study was practically
the same as in previous unpublished surveys data, carried out
by one of the authors of this work as well as by colleagues
who have visited Hato El Cedral. The adult specimens of the
Matiyure Lagoon have been kept for a long time, because that
area is at the entry of the ranch from the national road that
keeps the water in the savanna during summer which makes it
very rich in fishes.

In 2012 began the egg collections [26], and each year
eggs from seven nests are collected for artificial incubation.
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However, not all the nests are harvested because hatchlings
were always observed indicating that more adult females are
present.

5.10 Hato Santa Rosa

The observed population was also generated from releases
done in the Wildlife Reserve of the Estero de Camaguan
between 2007 and 2008 (375 specimens). The first visit was
eleven years after these liberations, and a small established
reproductive population was observed. We visited for the
second time this location a year later and reproductive activity
was again verified. Hato Santa Rosa is a private property with
good security surveillance, which has allowed this Orinoco
crocodile population be kept in time.

5.11 Manapire River

For several years the Manapire River has been the place for
4 to 6 nests for the Orinoco crocodile conservation program.
However, a formal population enquire had not been carried out.
During the dry season parts of the river are dried up, forming
waterholes along the riverbed, so the survey was carried out in
the rainy season, but navigation was partly prevented because
of fallen trees in the riverbed. In those areas that could be
reached and navigated during the wet season, results coincided
with the observed for the waterholes in summer.

The report by Thorbjarnarson and Hernandez [8], who
navigated 50 km, indicates no observation of Orinoco
crocodiles. However, Jiménez-Orad [30] in his Magister
Scientiarum thesis reports having observed 24 Orinoco
crocodile in the same sector that we visited in this study,
indicating that the population of the Matiyure River is indeed
stable.

5.12 Cojedes River System

The Cojedes River System and the Capanaparo River
have currently the two most important wild populations of
the Orinoco crocodile in Venezuela. Although it is a highly
contaminated area, the population is apparently stable, when
comparing the abundance index with that reported in the
literature Figure 40; it is confirmed with the trend curve
(black line). The data reported in this study was published by
Espinoza et al. [22].

Except for the works of Godshalk [6], Avila [19], and Mena
et al. [20], the abundance index is very similar although the
extension of the surveys is different in the several reports. All
authors explain that the low abundance index may be due to
the environmental conditions at the time of the surveys, since

it was a very strong dry season and the animals were possibly
hidden.

The size class histogram varied between reports (Figure
41). One important point is that the female portion (Class IV)
increase and the adult male portion remained constant.
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Figure 40 Abundance index on Cojedes River System
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Figure 41. Size classes on Cojedes River system

6. Global Analysis

Three different extensive studies were carried out in
Venezuela to determine the status of the Orinoco crocodile
population [6, 7, 8]. These analyses share some localities.
However, a comparison of the population trends and size class
histograms of those studies and ours is not possible because:

e The survey methodology varies in each study: aerial,

nocturnal, and diurnal surveys are combined.

Data provided in interviews are included in the
abundance reports.

Indirect estimates of population abundance were made.

The time of the year in which the censuses were carried

out varies.

The classification into size classes is different for each
report or it was not performed.

Since the beginning of 2000, studies of the Orinoco crocodile
have attempted to maintain the same survey methodology and
classification of the population into size classes, which allows
us to be able to make comparative analysis in time and between
localities, with the exception of the season in which the census
were performed. For this reason, it was possible to carry out
the exploration with recent studies in each locality in this work.

The global abundance index in Venezuela is shown in
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Figure 42. The boost value of abundance index may be due
to the establishment of new subpopulations of the Orinoco
crocodile (Hato El Frio, Hato El Cedral, Hato Santa Rosa, and
Garza River) and its maintenance in time, since all localities
are on private properties with security surveillance in the field.
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Figure 42. Abundance index on Venezuela

With regard to size classes, Figure 43 shows that the adult
males are the most abundant, followed by relatively equal
proportions of juveniles and reproductive females. This may
be the result of the release of specimens of at least one meter
in total lengths, which in time have been recruited into the
next size classes. Also, the detectability of bigger individuals
is perhaps another factor resulting in the high proportion of
size Class V.
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Figure 43. Size classes on Venezuela

7. Final considerations

The authors of the present study cannot confirm that the
Orinoco crocodile population has significantly recovered in
its range of distribution. There is an increase in the general
abundance index, although in some surveyed localities the
species was not observed (Cuchivero, Caura, Pao, and Caris

Rivers).

The presence of the species was confirmed in localities that

had not been visited for a long time. However, longer-term
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studies should be carried out to determine the status of the
population in these places (Quitaparo, Manapire, and Zuata
River, and Cafno Garza).

The two main populations of the Orinoco crocodile are in
the Capanaparo River, where the population increased, and the
Cojedes River System, that show stability in their populations
index.

It is necessary to implement a monitoring program for the
new populations generated by the recent crocodile release,
which will allow us to scientifically certify their establishment
and stability in time.

It is necessary to continue the search for funds, as to
guarantee the continuity of the national censuses in localities
that were not included in this study because of the lack of
financial support.

There is no certainty of the numerical data for the wild
population and how many Orinoco crocodiles were hunted
from 1947 to 1960. However, in the city of San Fernando de
Apure alone it is estimated that in the first 10 years of that
period more than one million skins were marketed. This
suggests that the wild population could reach several millions
individuals. Our results show that the Venezuelan population
has not managed to recover.
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