During the CFI project life, Saltwater Crocodile farming technology was transferred to qualiﬁed farmers in 2000, together
with a number of farm-bred individuals. To date, more than 70% of the CFI (now Palawan Wildlife Rescue and Conservation
Center; PWRCC) captive stock have been dispersed. However, considering the population status of C. mindorensis in the
wild, the scheme used for C. porosus in the early stages of the CFI project could not be adapted without ﬁrst re-establishing
a viable wild population for the species.
At present, it is not known whether Mindanao’s declared Protected Areas (PA), like Agusan Marsh Wildlife Sanctuary
(AMWS), still have viable populations of both species of crocodiles. Although crocodiles are usually regarded as abundant in
the marsh (Ross 1982), there is no reliable population estimate. The mere potential of this habitat to house wild populations
of crocodiles made it a priority for scientiﬁc studies, and for the possible declaration as a protected crocodile sanctuary and
potential crocodile population release site in the Mindanao region. Not to mention the need for a comprehensive population
genetics, molecular systematic, and biogeography studies for C. mindorensis.
Thus, it is in this context that Crocodylus Porosus Philippines Inc. (CPPI), a consortium of 6 commercial crocodile farms
in the Philippines, and the Department of Environment and Natural Resources (DENR), have jointly conducted this study
to speciﬁcally assess the present status of the marsh with respect to potential crocodilian habitat and determine the present
distribution based on current sightings and veriﬁed reports.
Methodology
Description of Study Area
Agusan Marsh Wildlife Sanctuary is situated in the mid-section of the Agusan River Basin in eastern Mindanao, between
8o 0’ N and 8o 30’ N latitude and 125o 40’ E and 126o 05’ E longitude (Fig. 1). It covers 8 Municipalities of Agusan Del Sur,
namely Talacogon, San Francisco, Rosario, Bunawan, Sta. Josefa, Veruela, Loreto and La Paz.

Figure 1. Location of study site showing major rivers and tributaries.
The AMWS is a declared Protected Area by virtue of Presidential Proclamation No. 913 in 1996, and covers an area of
14,836 ha under the National Integrated Protected Areas System (NIPAS). An additional expanded Protected Zone covers
40,868 and 69,201 ha buffers zones, resulting in a total AMWS Management Area of about 110,069 ha. It was conferred as
a RAMSAR Site in 1999 as Wetlands of International Importance. The marsh has 7 major wetland habitat types; freshwater
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swamp forest (with Terminalia, peat swamp and sago forest sub-types), secondary scrub, herbaceous swamp, open water
(oxbow/ﬂoodplain lakes, pools), ﬂowing water (rivers and streams), cultivated/agricultural areas and marsh areas. The
meandering Agusan River ﬂows through the center, and its tributaries form a vast complex of freshwater marshes and
waterways.
Research Design and Data Collection
The study was carried out between November 2011 and March 2012, which spans the inundation and recession periods
in ﬂoodplain areas. We utilized a small outboard motorboat to facilitate movement in tributaries and larger areas, as well
as water areas dominated by thickets of water lily. Surveys on foot were carried out in areas that could not be accessed
by motorboat.
There were 3 major activities carried out by a team of 3 researchers to assess distribution and habitat (see below), with
sustained effort to draw together information in areas identiﬁed for conservation. The activities were:
1. Daytime Exploration Survey. Initial reconnaissance surveys were conducted during the day, taking note of major
topographical features, underwater hazards, vegetation, wildlife and human habitation. Likewise, this veriﬁed the
eventual presence of crocodile through crocodile tracks, basking areas, traces of nests and other important visible signs.
Water ﬂuctuation and minimum parameters were also observed as reference for night spotlighting. The use of Global
Positioning System (GPS) was used to complement information gathered to mark and track speciﬁc locations of notable
habitat, visual reports and actual sightings.
2. Spotlight Surveys (Night). Following the daytime surveys, a designated spotter, recorder and local navigator conducted
spotlight surveys using a high beam light. Observations were made onboard a motorboat or by foot for 3-4 consecutive
nights. Surveys proceeded in one direction, either downstream or upstream depending on tidal conditions.
3. Key Informant Interviews. Semi-structured questionnaires were used to gather data on reported sightings by local
people, and their knowledge on the presence of crocodile/s in the area. Interviews were conducted depending on the
reports of residing communities regardless of age, tribe, occupation and gender of respondents. Information derived from
respondents was veriﬁed by the conduct of day exploration and night survey for possible event of actual sightings.
Results and Discussion
More than 60% of the expanded protected area coverage was explored and veriﬁed for the presence of crocodiles in reported
rivers and lakes. Of the areas covered, there were 18 lakes reported as crocodile microhabitat. Twelve of these lakes were
veriﬁed and surveyed (Fig. 2), while other lakes were inaccessible due to isolation of the area and navigational hazards.
During the dry season the marsh is a series of interconnecting riverways and isolated swamps and lakes, with the Agusan
River ﬂowing through the center in a well-deﬁned channel. However, during the rainy season, the entire area becomes a
large single swamp or a single lake with inundation depths reaching 5 m, at which time the channel of the Agusan River
is hardly discernible (ADB 2011).
Of the total lake area surveyed, 38.46% of the area had reports in past 5 years, 23% with reports of human-crocodile conﬂict,
15.38% provided evidence of crocodiles and another 15.38% with alleged sightings. Eight ﬂowing water habitats were
explored, the mainstream of Agusan River, downstream of Simulao, Umayam and Gibong Rivers, including Magsagangsang,
Subaon and Mayat Creeks. Reports on frequent sightings in these ﬂowing water habitats were established with occasional
clear indications of basking adult crocodiles on the riverbanks.
Distribution and Population Status
Crocodiles in Agusan Marsh were documented in lakes, rivers and creeks. While most of the recent recorded sightings
were along the riverbanks of ﬂowing water habitats, some can be seen in channel openings of lakes seeking refuge from
strong water currents. Reports of crocodile are common in the Municipalities of Bunawan and Loreto in the South, and
Talacogon in the North.
Veriﬁed reports from local residents included 16 sightings, 8 (50%) of which were from Loreto (2 sightings conﬁrmed by
amateur photographs and some recurrent sightings of alleged C. mindorensis), 5 (31.25%) from Talacogon, and 3 (18.75%)
in Bunawan (Table 1). With the proximity of the Municipalities of Bunawan, an agricultural ﬂoodplain and Loreto, a river
community presents high frequency of interrelated observations on basking crocodiles compared to the Municipality of
Talacogon. Residents usually describe observed crocodiles as an outsized C. porosus basking along riverbanks of Agusan
River mainstream during high water levels.
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Figure 2. Location of surveyed lakes with reported presence of crocodiles in Agusan Marsh.
Table 1. Reported sightings and veriﬁed reports in Agusan Marsh Wildlife Sanctuary. Cm = C. mindorensis.
Description
Captured crocodile
Croc lower jaw retrieved
Human Attack
Human Attack
Captured crocodile
Observed Basking Area
Observed Basking Area
Observed Basking Area
Observed Basking Area
Observed Basking Area
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings
Reported Sightings (Cm)
Reported Sightings (Cm)
Reported Sightings (Cm)
Photograph sighting
Photograph sighting
Observed tapetal reﬂection

Date Observed

Location

Apr 2002
Jun 2006
Feb 2009
Mar 2009
Sep 2011
Jan 2012
Jan 2012
Feb 2012
Feb 2012
Feb 2012
Feb 2010
Mar 2011
Dec 2011
Dec 2011
Dec 2011
Jan 2012
Jan 2012
Jan 2012
Jan 2012
Feb 2012
Feb 2012
2010
2010
2010
Jan 2011
Mar 2011
Nov 2011

Tagbuaya Creek, Nueva Era, Bunawan
Lake Kibatasan, Sabang Gibong, Talacogon
Lake Martinez, San Marcos, Bunawan
Lake Mihaba, San Marcos, Bunawan
Magsagangsang Creek, Nueva Era, Bunawan
Lake Tagsubon, San Marcos, Bunawan
Lake Tagsubon, San Marcos, Bunawan
Lake Binoni, Desamparados, Talacogon
Lake Binoni, Desamparados, Talacogon
Lake Binoni, Desamparados, Talacogon
Lake Bokugon, Panlabuhan, Loreto
Agusan River, San Isidro, Talocogon
Agusan River, Sabang Gibong, Talacogon
Agusan River, San Marcos, Bunawan
Agusan River, San Marcos, Bunawan
Agusan River, La Flora, Talacogon
Mayat Creek, Maharlika, Talacogon
Lake Martinez, San Marcos, Bunawan
Agusan River, Purok 3, Katipunan, Loreto
Gibong River, Sabang Gibong, Talacogon
Umayam River, Purok 2, Katipunan, Loreto
Lake Kanimbaylan, Panlabuhan, Loreto
Lake Kanimbaylan, Panlabuhan, Loreto
Lake Kanimbaylan, Panlabuhan, Loreto
Agusan River, Katipunan, Loreto
Subaon Creek, Panlabuhan, Loreto
Simulao River, San Marcos, Bunawan
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A local informant also reported seeing some small crocodiles (described as C. mindorensis) thriving farther upstream of
Umayam River in Loreto, in the southeastern part of the Park. The Umayam River has its headwaters connected in the
Pulangi River interior of Bukidnon Province, where a C. mindorensis population was recorded in 2000 (Pontillas 2000).
However, the case of coexistence of both species of crocodiles in the different water bodies of the marsh is still uncertain. It
is inferred that authors of several species inventory conducted in AMWS probably made the assumption that C. mindorensis
crocodiles inhabit the marsh because it is a freshwater area.
The ﬁrst reported human-crocodile conﬂict occurred in 2002 when a 19’ C. porosus was incidentally caught in Tagbuaya
Creek, Sitio Mandagaw, Bgy. Poblacion, Bunawan, at the upstream portion of the marsh (Fig. 3). Philippine Daily Inquirer
(PDI) newswriter Cassion (2002) reported that the animal was intentionally trapped by a community that blamed it for its
dwindling ﬁsh catch. Local ofﬁcials ordered and supervised the release of the crocodile but the crocodile apparently became
weak after having been tightly bound and died a day later. While in 2008, a lower jaw of an estimated 8-10’ crocodile was
retrieved in Lake Kibatasan, Bgy. Sabang Gibong, Talacogon, in the midstream portion of the marsh. A fatal crocodile
attack on a young woman was reported in early 2009 in Lake Mihaba San Marcos, Bunawan, a month after an adult male
ﬁsherman suffered an injured left thigh from an alleged >18’ crocodile in Lake Martinez of the same Municipality. Both
lakes are considered ﬂoodplain lakes adjacent to each other and share faunal resources through a common waterway.
Dizon (2008) indicated that nesting sites of crocodiles were found at the junction of Agusan River in Lake Mihaba. But
interviews suggested that nests were rarely discovered. The most recent evidence on the presence of crocodile is the capture
of a 20.1’ alleged problem C. porosus in 2011 at Magsagangsang Creek, Nueva Era, Bunawan (Fig. 3). Local authorities
responded to address human-crocodile conﬂict that will rescue animals from local folks as its primary goal. Magsagangsang
Creek is one of the contributory river tributaries supporting ﬂoodplain Lakes Tagsubon, Mihaba and Martinez, all of which
drain to the Agusan River Basin.

Figure 3. Saltwater Crocodiles captured in Tagbuaya Creek (left) and Magsagangsang Creek (right) in the
Municipality of Bunawan, Agusan Del Sur.
Day exploration and night spotlighting survey activities recorded a juvenile crocodile in shallow waters of the Simulao
River, near Agusan River junction in San Marcos, Bunawan, about 2.4 km from Lake Mihaba river drainage to Agusan
River. Results indicate that a breeding population is still present in the upper portion of the marsh. Evidence of several
individuals in the proximity of the declared wildlife sanctuary was veriﬁed by photograph in January and March 2011 in
the vicinity of Loreto (Fig. 4). However, despite the series of intensive surveys conducted no breeding size adult crocodiles
were sighted in the entire AMWS area. This showed that though present, the crocodile population in the remaining open
waters of the marsh can be considered to be relatively small.

Figure 4. Adult crocodiles observed basking in Agusan River in January 2011 (left) and Subaon Creek in
March 2011 (right), both in the Municipality of Loreto.
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The wariness and low population density of crocodiles dispersed during widespread ﬂooding, congregating in inaccessible
areas and resting under thick ﬂoating vegetation, contributed to the difﬁculty in estimating population size. The vast size
of Agusan Marsh and the impenetrability of the interior portions limited the survey to areas with reported sightings.
Numerous basking areas characterized by ﬂoating vegetation were uncovered in Lake Tagsubon nearby Lake Mihaba in San
Marcos, Bunawan, and Lake Binoni in Desamparados, Talacogon. The structure of basking areas evidently relates with that
of large size crocodiles inhabiting the area. However, further veriﬁcation surveys revealed no evidence that attributes to the
morphological features of any individuals present. With this results, it can be concluded that the upstream and downstream
portion of the wildlife sanctuary could harbor population of crocodiles although not as many as before.
Habitat Assessment
Local residents reported seeing crocodiles in most of the ﬂoodplain lakes characterized by the presence of herbaceous
swamps forming in the periphery of open water. During periods of inundation, crocodiles are dispersed and reportedly
seen in ﬂowing water such as tributaries that connect Agusan River. Generally, there is observed habitat succession from
scrub swamp in the interior portions to the isolated open water areas followed by margins of herbaceous swamps linked
to ﬂowing water habitats as inﬂow and drainage areas to Agusan River Basin.
On the other hand, the scrub swamps in the interior portions are characterized by the presence of higher herbaceous swamp
community with isolated stands of low-growing trees of Barringtona and Nauclea. These areas are nearly inaccessible
by human activities owing to the thick growth of ﬂoating and emergent macrophytes. Forming a load of vegetation
are herbaceous swamplands that exhibits a community of transition zone between scrub swamps. In the 1992 AMWS
management plan and boundary delineation and land use, reports that the assemblage at the lower elevation areas close to
the open water in herbaceous swamp is mainly characterized by common water hyacinth (Eichhornia crassipes) and water
spinach (Ipomea reptans), while a more diverse community consisting mainly of Saccharum sp., Hanguana sp., Scleria
sp. and Acrostichum sp. were found slightly higher. The emergent species of Hanguana malayana (Family Flagellariceae;
locally known as “Bangiba”) and Scipiodendron gheari (Family Cyperaceae; locally called “Baas”) intertwined with
Acrostichum sp. (Arreza 1999) are among the dominant vegetation in similar habitats of Lake Tagsubon in Bunawan and
Lake Binoni in Talacogon (Fig. 5).

Figure 5. Basking area composed of dominant vegetation Hanguana malayana and Scipiodendron gheari.
Davies (1991) established the presence of Haguana malayana only near Lake Manguao in Palawan and in the Agusan
River Basin and considered it rare in the Philippines. The observed disturbance in the growth of these vegetations found
bordering Lake Binoni and marginally observed in Lake Tagsubon were found to be substantial evidence of basking areas
for the crocodiles.
A veriﬁed report of sightings and presence of crocodiles mostly associated with herbaceous swampland habitat types of
relatively high human activities observed. There were reports of ﬁshermen spotting crocodiles with the head and arch back
ﬂoating on open water along the peripheral margins of the lake associated with ﬂoating vegetation. During the dry season,
crocodiles tend to be conﬁned in this habitat type and prefer seclusion towards the upper portion with less disturbed and
more inaccessible areas. But due to scarcity of ﬁsh and difﬁcult access in the usual ﬁshing area, human settlements tend to
move towards the edge of the swamps and in sections along the main waterways and lake systems. Thus, as a consequence
crocodiles are driven out of their preferred habitats to move away with humans and human-induced disturbance. Migrating
crocodiles ends up in agricultural ﬂoodplains, small unidirectional rivers and creeks often blocked by impenetrable growth
of water hyacinth (Eichhornia crassipes). The scrub swamp and intercession margins of the swamp forest are the potential
breeding and nursery grounds while open water habitat of lakes and its tributaries provide grow-out areas for the marsh
crocodiles.
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People and the Environment
Both species of crocodiles are still being feared as a predator of domestic animals and considered nuisance in most areas
in Agusan Marsh. Local informants reported that crocodiles tend to compete with humans for ﬁsh. But indigenous people
living in ﬂoating communities in the area noted that ﬁshes and other aquatic fauna were abundant in areas where crocodiles
inhabit. Early human settlers in major lakes witnessed the rapid decline of crocodile population due to indiscriminate
hunting in the past and from the current inefﬁcient land and water use activities within the marsh area. Current observations
demonstrate that local migrants have infused negative perceptions towards the remaining population of crocodiles where
they have the notion of killing over conservation. This could have resulted in a small nucleus of breeding adults from a
declining wild population in the marsh. According to Messel et al. (1992), removal of these breeding adults depresses the
reproductive rate of the wild populations and slows its recovery.
The majority of the settlers in Agusan Marsh were comprised of the indigenous peoples of Manobo. Bracamonte et al.
(2008) indicated that Manobo underscore practices that conserve environmental resources in harmony with nature. They
have strong respect for environmental spirits to seek guidance. Most of all, their notable tribal leaders such as Chieftains
and Datu do not tolerate the removal of crocodiles from their respective areas. But these areas show disturbed crocodile
behavioral pattern and habitat. As a result, the majority of the reported crocodile sightings were sighted outside the signiﬁcant
territorial boundary of declared AMWS with limited protection compared to that of within the declared sanctuary. The
implementation of a “no crocodile hunting” policy, appropriation of proper land and water use system, and regulation of
ﬁshing in known crocodile habitats can signiﬁcantly contribute to the possibility of recovering a signiﬁcant viable crocodile
population in the marsh. The expanded coverage of the AMWS somewhat provided a safety net for the remaining crocodile
population of the marsh before they face local extinction.
Conclusions and Recommendations
The Agusan Marsh Wildlife Sanctuary supports few remaining breeder crocodile population that inhabits few areas of
fragmented ﬂoodplain lakes and tributaries as habitats. Fewer sightings of crocodile imply that the natural wild population
has decreased signiﬁcantly, which can be considered remnant and declining population. There were no large viable
populations known to exist in these areas. All that is left are concentrated in minor pockets of similar habitat types in the
marsh. Increase in human pressure in river tributaries jeopardizes the existence of crocodiles in major lakes that results in
the uneven distribution. The number of ﬁshermen continues to increase as well as the development of ﬁshing practices,
leading crocodiles to becoming more mobile in the isolated upper portion of the marsh far from their preferred habitats in
their attempt to ﬁnd more favorable areas with less disturbance.
Based on the current survey ﬁndings, the following are recommended:
1. Delineate a strict protection zone designated as critical habitat for the crocodiles in the AMWS, in cooperation with the
Protected Areas and Management Board (PAMB);
2. Increase environmental awareness, particularly on the general importance of wildlife conservation with emphasis on
crocodiles, habitat, behavior and conservation;
3. Local authorities must develop and implement guidelines to address potential human-crocodile conﬂict;
4. Conduct a series of follow-up studies on community perceptions towards crocodile conservation; and,
5. Implement mark-release-recapture program for the establishment of more reliable set of data on species status and for
future monitoring purposes.
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Establishing a European Support Program for Philippine Crocodile Recovery
Rene Hedegaard
Danish Crocodile Zoo, Ovstrupvej 9, Eskilstrup, Denmark
(croczoo@mail.dk)
Abstract
The Philippine Crocodile is one of the most threatened crocodilians, and has been largely unrepresented within zoos,
particularly in Europe. With the historical import of 15 C. mindorensis in 2006, not only did four years of work come to
fruition for the Danish Crocodile Zoo (DCZ), but an important breeding program for the species could commence within
European zoos. Since publication of the Philippine Crocodile National Recovery Plan by the Philippine Department of
Environment and Natural Resources (DENR) and Chris Banks in 2000 and its subsequent revision in 2005, importance
was placed on expanding breeding programs for the species within zoos. The aim of our project was to establish the ﬁrst
breeding group of Philippine crocodiles within Europe, and to support in situ conservation efforts for the species. Fifteen
Philippine Crocodiles were transferred to DCZ under a Memorandum of Agreement between DCZ and the DENR, through
its Protected Areas and Wildlife Bureau (PAWB). Under the MOA, DCZ is responsible for all 15 crocodiles and their future
offspring, as well as for maintaining the European Studbook for the species. As identiﬁed in the National Recovery Plan,
the intention of the transfers is to increase support for priority in situ actions. Upon importing the crocodiles to Denmark,
one pair was sent to each of 5 European zoos - Chester Zoo, London Zoo, Bergen Aquarium, Zurich Zoo and Cologne Zoo
- with the remaining 5 crocodiles (3M:2F) kept at DCZ. As well as establishing educational programs themselves, each of
the partner zoos provide funding to the priority conservation programs of the Mabuwaya Foundation in Isabela Province.
These funds have been used to set up and maintain a Philippine Crocodile nest protection and head start program. Since
2006, 22 nests have been protected, yielding 141 hatchlings for the head-start program. To date, 68 of these head-started
crocodiles have been released back into the wild, signiﬁcantly boosting the wild population of the Philippine Crocodile.
With the continuing support of 6 European zoos under an agreement with the Philippine Government, C. mindorensis
will beneﬁt not only from captive breeding efforts within the zoos, but also from the direct support to in-situ conservation
programs.

Environmental Education Mobilizes Community Support for Philippine
Crocodile Conservation: Something to be Proud of!
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Abstract

Crocodile conservation starts with communication. Over the past 10 years, an intensive communication, education and public
awareness (CEPA) campaign has informed local communities on Philippine Crocodile conservation in the Northern Sierra
Madre, Philippines. In addition to targeting people who live near Philippine Crocodile habitat, information is also provided
to visitors of the Philippine Crocodile rearing station in San Mariano town. Here crocodile hatchlings are being raised
in captivity, and awareness is raised about Philippine Crocodile conservation among the public at large. We have reﬁned
our CEPA strategy on the basis of an evaluation of the impact of various communication means among 500 respondents.
Actively involving local communities in crocodile conservation and wetland management has resulted in the successful
establishment of Philippine Crocodile sanctuaries. Most of the residents now know that the species is protected by law.
Many people take pride in the occurrence of this rare and critically endangered species near their village and actively
support in-situ crocodile conservation. The Philippine Crocodile population is slowly recovering. This recovery also leads
to more human-crocodile conﬂicts, thereby posing new challenges for effective environmental communication and public
advocacy, both at a local and supralocal level.
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Abstract

Effective communication is essential for community-based conservation. But communicating with people living in remote
rural areas is often challenging. We used video and photo cameras as a tool to facilitate a dialogue about the conservation
of the critically endangered Philippine Crocodile. People made videos and photos about their experiences with crocodiles
and about the use of wetlands. This photo and video material was subsequently used as a starting point for a dialogue with
the community. The use of participatory videography and photography gave new insights in the perceptions and concerns
of people living in Philippine Crocodile habitat, and enabled a more equal dialogue between conservationists and rural
communities.
Introduction
The Philippine Crocodile is a critically endangered species (IUCN 2012). Hunting, ﬁshing and habitat loss have led to
the disappearance of the species in most parts of the archipelago (van Weerd 2010). The Mabuwaya Foundation aims to
conserve the Philippine Crocodile and its wetland habitat, using a community-based approach (van Weerd and van der
Ploeg 2012).
Communication is essential for successful community-based conservation. But language barriers, cultural differences,
mistrust, power dynamics and conﬂicts often hamper interactions between conservationists and rural communities. Posters,
billboards and theatre shows are effective tools to raise awareness but do not encourage feedback and active participation.
Over the past years the Mabuwaya Foundation has organized community dialogues to exchange information and discuss
problems with rural communities (van der Ploeg et al. 2009). But people are often shy to speak up in groups. The challenge
is to ﬁnd innovative ways that enable people to express their perspectives on and problems with crocodiles, and discuss
issues that otherwise remain unnoticed.
Participatory video can facilitate communication with and between rural communities. The idea is that the making of a
video can bring people together to explore issues, voice concerns and tell stories. This process can enable a community
to take action to solve their own problems and also to communicate their needs and ideas to decision-makers (Lunch and
Lunch 2006)). Participatory video has been applied to put forward issues regarding human welfare and human rights, or
to encourage agricultural innovations in India (Gandhi et al. 2007). So far this method has hardly been applied to involve
people in nature conservation. Therefore, we explored how participatory visual methods (video and photography) can be
used to involve rural communities in San Mariano in the conservation of the Philippine Crocodile.
Methods
The research area was the municipality of San Mariano in Isabela, North Luzon, Philippines. Participants were selected
from 6 different sitios (villages) that were located near the Philippine Crocodile sanctuaries: sitios Diwagden, San Isidro,
Kamalaklakan and Kamarasitan along Disulap River; Dunoy near Dunoy Lake; and Lumalog along Dinang Creek. In total,
26 people participated in the video assignment and 9 people in the photo assignment.
First, we explained to the participants that we were interested in their experiences with crocodiles, and that we wanted them
to use ﬁlm or photography to tell their stories. All participants were informed that their ﬁlm material would be showed
during a community dialogue. In a short workshop the participants were taught how to use a small, easy-to-use HD pocket
video camera (Vado HD 720p Pocket Video Camcorder, Creative Labs) or a compact digital photo camera (Powershot
A630, Canon; FinePix XP10, Fujiﬁlm). People were asked to take some photos or videos during a few exercises. The
main purpose of these workshops was to teach how to handle a camera and to make the participant feel at ease with the
camera (see Fig. 1). We then gave the participants one or two assignments: (1) ﬁlm or photograph during a whole day
all moments that you use water; and (2) ﬁlm or photograph your experiences with the Philippine Crocodile. We tried to
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encourage people to also ﬁlm speciﬁc problems related to Philippine Crocodile conservation. The participants were given
1-2 days to do the ﬁlming or photography.
Table 1. Themes and sub-themes of videos and photographs shot by the
participants.
Theme/Sub-theme
Experiences with crocodiles
Ecology and behavior
Nest, eggs and hatchlings
Crocodile conservation
Crocodile encounters:
General
Sightings
Attacks on humans
Attacks on livestock
Traditional values and beliefs

Figure 1. Workshop on the use of a small
video camera. The workshops often
attracted a lot of attention of fellow
community members. Photograph:
Nicolien Pul.

Use of water
Human use:
Household activities
Issues/beneﬁts regarding supply
Health and sanitation
Agricultural use
Livestock use
Broader environment and development issues
Erosion
Food consumption
Agriculture
Livestock

Video

Photograph

X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X

X
X
X
X

X
X
X
X

When the person was ﬁnished with the assignment, the captured material was shown back on a laptop. The participant
was asked to comment on each of the pictures or videos and these comments were, translated from Ilocano or Tagalog into
English, written down or captured on video. Additional questions were asked, based on the comments by the participants.
Discussing the material with the participants was very useful: the participants enjoyed watching the videos and photos
and the discussion often added extra meaning to the video or photograph that was not apparent when merely looking at
the material. These discussions clariﬁed often why the participant took a speciﬁc picture.
After translation of the videos and the comments in English, the material was categorized according to theme. The videos
were divided over three main themes: (1) experiences with crocodiles; (2) the use of water; and, (3) broader environment
and development issues. These themes were subsequently divided in sub-themes (Table 1).
The videos made by the participants were then compiled into short movies (software: Premiere Pro CS4, Adobe) that
could be shown back to the community during a community dialogue. We tried to communicate the story as it was ﬁlmed
by the participants. Compilations were made based on the themes and sub-themes in Table 1. Approximately 5 pictures
were selected from each participant to be discussed during the community dialogues. These pictures were selected by the
participants themselves or else chosen by us. Comments with pictures were printed in text next to the picture or, in case
the comments were videotaped, compiled in a short movie.
Finally, three community consultations were organized in the sitios Diwagden (covering Kamarasitan and Kamalaklakan),
San Isidro and Lumalog. Village leaders were informed about the consultations approximately 1-2 weeks in advance,
and asked to invite the participants and to inform the community. During the community consultation, the movies and
pictures were shown. After every movie or picture session there was discussion for about 5 to 15 minutes. At the end of
the consultation a certiﬁcate of appreciation was handed to each participant.
Discussion
It was the ﬁrst time that people in San Mariano were asked to ﬁlm their perceptions and experiences with crocodiles
themselves. The participants learned quickly how to operate the cameras. All cameras were handled with care and returned
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in good state. The quality of the material captured by the participants was generally acceptable, especially as most
participants had no previous experience with digital imaging devices. Only the framing of the videos and photographs was
sometimes challenging. Technical issues with video included the mediocre sound quality and sometimes shaky images
when no tripod was used; these are inherent to the low-cost low-quality equipment used. Technical issues with the use
of the photographic camera were blurry and/or overexposed pictures when the camera was not held steady or when the
shutter was pressed too quickly.
People greatly enjoyed making and watching the videos and photographs. The pictures and videos captured a wide range
of topics on crocodiles and the use of water resources. Table 2 summarizes the issues with crocodiles and water resources
identiﬁed by the participants in their videos.
Table 2. Main issues with crocodiles, crocodile conservation and water identiﬁed by the participants.
Issues with crocodiles
Crocodile attacks on humans (people are concerned about the safety of their children).
Crocodile attacks on livestock (primarily in sitio Lumalug).
Issues with local governance and crocodile conservation
Lack of awareness regarding local legislation protecting crocodiles and wetlands
Problems with national environmental legislation (feelings of illegitimacy)
Beneﬁt sharing (friction about sharing water pumps; lack of clarity how barangay ofﬁcials spend breeding reward)
Responsibilities of local wardens (lack of support from local government unit)
Issues with water
Human health (the availability of safe and clean water)
Sanitation (pollution of creeks and rivers)
Water scarcity (irrigation and drinking water).
Erosion (siltation of creeks, ﬂashﬂoods)

Most of the problems with crocodiles are occurring in sitio Lumalog along Dinang Creek. Here crocodiles regularly attack
livestock and in 2010 a pregnant woman was attacked by a crocodile when she was bathing in the creek (van Weerd and
van der Ploeg 2012). These attacks have eroded people’s support for the conservation of the Philippine Crocodile in this
sitio. Attacks on livestock sometimes also occur in the other sitios. Some participants say they don’t like it when a chicken
or pig gets eaten, but that they understand that the crocodile is hungry.
The participants captured several activities in and around the creeks and rivers. Many participants voiced their concern
about the bad quality of their water sources and would like to see that changed. Several participants ﬁlmed or photographed
activities of people that pollute water sources. The videos and photographs highlighted the importance of sanitation and
health for rural communities.
The compiled movies were then shown to the community. People
enjoyed very much to see the videos. However, there still was
not much discussion. Social structure and hierarchy and the fact
that people are shy to speak up will probably always stand in the
way for people in this area to participate actively in community
consultations. Community consultations are useful to disseminate
information, but when the purpose is to exchange experiences and
listen to people’s concerns, one-on-one discussions or smaller
groups on speciﬁc topics (for example farmers on land use or
women on sanitation) are more effective.
People were generally positive about the participatory video and
photo project. For example, one participant felt proud that he
was able to make a video even though he had no experience at
all with technology and he had no education. Another participant
mentioned that this method is a good way to encourage people to
protect the Philippine Crocodile and the creeks and rivers.
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Figure 2. Philippine Crocodile in Dinang Creek.
Photograph: Georgy Languido (sitio Lumalug):
“Most people see this crocodile here every day.
It’s close to the houses. I’m not afraid because the
crocodile is asleep”.

Figure 4. A boy gives water to the animals. Photograph:
Tessie Binlingan (barangay San José). Johnny de
Gollo: “A crocodile attacked my pig far from the
sanctuary. And the crocodile did not even ﬁnish
everything: it just ate the intestines of the pig. That’s
not good. The crocodile is greedy.”

Figure 3. A girl in Dinang Creek. Photograph: Filamy
Bagauisan (10 y; sitio Lumalug). Domingo Robles:
“We are afraid that our children and grandchildren
will be harmed by the crocodiles. That’s the reason
why we hate crocodiles”.

Figure 6. Creek in San Isidro. Photograph: Bambina
Baliwag (sitio San Isidro). Marilyn Pregillana: “We
should not throw garbage, plastics, diapers and dead
animals in the river. People should not use the river
as toilet. We are the ones who are affected. Do you
know what the dirty water gives us? It will cause
skin diseases. [...] Don’t throw your garbage in the
river, so that the river will be clean. [...] That is all
we can do to protect the river”.

Figure 5. Water pump in sitio Lumalug. Photograph:
Filamy Bagauisan (sitio Lumalug). Junior Urbano:
“In summer the pump is dry and we have no water.
The neighbors have conﬂicts over the pump. The
woman that lives closest to the pump wants it as
her private pump. People are now ashamed to go
there”.
Conclusions

In one of the video clips Patrocinio J. Salarzon, a resident of sitio San Isidrio, describes what usually happened when people
encountered a Philippine Crocodile in the past: “In the morning, we visited the net. All we thought was that we caught
a large ﬁsh in the net, but it was a big crocodile. It almost weighed 16 kilos. Because we didn’t know yet that there is a
law regarding the crocodile, we killed it.” His words show that communication is an essential component (perhaps even a
precondition) for the conservation of the Philippine Crocodile in the wild (van der Ploeg et al. 2011).
Participatory video can improve communication between rural communities, decision-makers and conservationists.
Participatory video highlights the perspectives, problems and priorities of local people, and enables conservationists
to address these concerns. For example, it seems essential to prevent Philippine Crocodile attacks on livestock in sitio
Lumalug. People often highlighted the need to improve access to safe drinking water and basic sanitation. By linking
Philippine Crocodile conservation to human health, conservationists can make the conservation of the species more relevant
for local people.
The videos made by the participants can also be used for raising awareness within the community. In many cases the videos
documented the knowledge of and experiences with crocodiles of local inhabitants. The stories of neighbors, friends,
village leaders and elders are often more convincing than the recommendations of outsiders (van der Ploeg et al. 2009).
Participatory video and photography can empower rural communities to protect their water resources and the Philippine
Crocodile.
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Status of Siamese Crocodiles (Crocodylus siamensis) in Lao PDR
Chanthone Phothitay and Christopher D. Hallam
Abstract
Lao PDR holds a signiﬁcant proportion of the remaining global population of Siamese Crocodile (Crocodylus siamensis).
Since its “rediscovery” in Laos in the early 2000s steps have been taken to increase the species legal protection and
implement on ground conservation activities. Since this time formal legal protection has been given to the species and
currently, there are activities underway in collaboration between the Wildlife Conservation Society (WCS) and Provincial
Agriculture and Forestry Ofﬁce of Savannakhet Province to assist in site-based conservation. This presentation reports on
activities thus far, current status of the species and conservation needs.

Community-Based Crocodile Conservation for Siamese Crocodiles in Lao PDR
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Abstract
Lao PDR holds a signiﬁcant portion of the remaining global population of wild Crocodylus siamensis. All of the known
populations in Lao inhabit wildlands outside of formally protected areas. These remaining populations are under threat
from agricultural expansion, habitat loss and illegal hunting. To address this issue Wildlife Conservation Society (WCS)
is working with 10 villages in Savannakhet Province of central Lao PDR to set up community-based conservation zones,
strengthen village governance, establish village based head-starting programs and village survey teams with the aim of
protecting and augmenting the remaining wild populations. In addition, WCS is collaborating with the Lao Zoo to head-start
hatchlings collected from the wild, and establish a captive breeding program based on genetically pure Siamese Crocodiles.
This presentation reports on accomplishments to date and activities planned for the near future.
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Abstract
The critically endangered and endemic Orinoco Crocodile (Crocodylus intermedius Graves, 1819) was historically found
in the majority of the main rivers of the Orinoco basin. At present, only four relict populations exist in Colombia. From
2010 to 2012, three of these populations were surveyed to update information on conservation status. Other areas where
information indicated the potential presence of the species were also prospected. At the same time, areas within the species’
historic distribution range were evaluated as potential places for reintroduction. More than 3500 km were traveled by boat,
covering stretches of 1258 km in several rivers of the Arauca, Casanare and Vichada Departments in Colombia. Flights were
carried out in 2010 in the Meta River basin. This study provides new information about localities, population structure,
behavior and threats that inhibit the recovery of the species in the wild.
Introduction
The Orinoco Crocodile (Crocodylus intermedius) is the only crocodilian whose geographical distribution is limited to a
single hydrologic basin: the Orinoco River basin in Colombia and Venezuela. The species is categorized as “Critically
Endangered” by the IUCN and the Environmental Ministry of Colombia (Resolution No 383 on February 23rd 2010). From
the beginning of 2010 to the present, the Asociación Chelonia and the Corporación Autónoma Regional de la Orinoquia
(Corporinoquia) have been carrying out a project in the Departments of Arauca, Casanare and Vichada to support the
conservation of the species in Colombia (Merchán et al. 2012), as a complement of other conservation initiatives, framed
within the National Program for the Conservation of the Orinoco Crocodile, formulated by the Ministry of Environment
of Colombia in 1998.
The intense hunting carried out between 1930 and 1960 in the Llanos of Colombia and Venezuela driven by the commercial
trade for its skin nearly led to the species’ extinction. In Colombia, at least 252,300-254,000 skins were traded during the
hunting period (Medem 1981). At the beginning of the hunting period, 850,000 skins were exported from Venezuela in
four years (Medem 1983). Subsequently, Thorbjarnarson (1987) and Antelo (2008) estimated that the Orinoco Crocodile
population reached, respectively, at least 2 and 3 million specimens in the Llanos region before 1930.
At present, the Colombian populations of the species are restricted to four speciﬁc areas (Fig. 1): 1. the central-southern
region of Arauca Department (Cravo Norte, Ele, Lipa and Cuiloto Rivers); 2. the medium course of the Meta River; 3. the
Vichada River; and, 4. the southwestern region of Meta Department (Guayabero and Duda Rivers) (Ministerio del Medio
Ambiente 2002). Some solitary individuals have been reported in other watercourses outside the mentioned areas.
Methods
From the beginning of 2010 until the present, diurnal and nocturnal surveys were carried out in numerous watercourses of
the Arauca, Casanare and Vichada Departments (Table 1), mainly during the low water level season (from November to
April). These surveys were carried out to update information on the conservation status of the species and to evaluate the
conditions of potential reintroduction habitat areas. Several transport means were used for the sampling activities, meanly
metallic and ﬁber glass hull boats with outboard engines and, less frequently, horses, kayaks and wooden canoe-style boats,
4x4 vehicles, and foot travel. Furthermore, several aerial itineraries were carried out in the medium course of the Meta
River and tributaries with two types of aircraft (“trike” and “air cam”), which allows ﬂights at low altitude and slow speed.
Global positioning devices were used to obtain the geographical references for the individuals and tracks registered.
Sandy beaches, riverbanks and water surface were prospected during the diurnal surveys to look for individuals and trails,
which were always led by one or more local inhabitants who were familiar with the area. Stops were made to interview
riverine inhabitants or ﬁshermen to obtain present or past information about the species. The estimated total length of the
individuals was compared to the track measures when possible.
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Nocturnal surveys were carried out using 1,000,000 and 2,000,000 cd spotlights and long range ﬂashlights. Because the
presence of insurgent groups complicated the security situation in some of the survey areas, it was not possible to carry
out spotlight surveys in some watercourses.

Figure 1. Location of the four relict populations of C. intermedius in Colombia (dark grey).
Table 1. Watercourses surveyed in the Arauca, Casanare and Vichada Departments (Colombia).
Sub-Basin

River/Creek

Total
Dist. (km)

Stretch
Dist. (km)

Spotlight
Survey (km)

Visits

Meta

Cravo Sur
Güira
Caimán
Güirripa
Canacabare
Meta
Duya
Guanapalo
Gandul
Yatea
Guachiría
La Hermosa
Picapico
Aguasclaras
Ariporo
Chire Nuevo
El Toro
El Indio

116.4
7.5
4.8
Spot
24.0
1353.0
8.7
89.6
14.3
Spot
36.0
80.4
37.0
28.4
31.6
Spot
7.0
4.0

31.4
7.5
2.4
Spot
12.0
322.0
8.7
44.8
7.2
Spot
18.0
40.2
18.2
14.2
26.8
Spot
3.5
2.0

7.3
12.0
135.0
44.8
7.2
40.2
18.2
14.2
-

3
2
1
1
1
5
1
1
1
1
1
1
1
1
2
2
1
1

Aug/Sep/Nov 10
Sep/Nov 10
Sep 10
Sep 10
Nov 10
Aug/Nov/Dec 10/Mar 11/Feb 12
Aug 10
Nov 10
Nov 10
Nov 10
Nov 10
Nov 10
Feb 12
Feb 12
Oct 10/Feb 11
Oct 10/Feb 11
Oct 10
Oct 10

Cravo Norte-Ele-Lipa
Casanare

Cravo Norte
Ele
Lipa
Casanare

254.0
88.0
28.0
164.0

127.0
44.0
14.0
82.0

14.2
19.5
76.0

1
1
1
1

Apr 12
Apr 12
Apr 12
Feb 12

Vichada

Vichada

1234.0

402.0

52.0

2

Dec 10/Feb 11

Orinoco

Orinoco

57.7

30.5

-

1

Mar 11

Dagua-Mesetas

Dagua
Mesetas

Spot
Spot

Spot
Spot

-

1
1

Mar 11
Mar 11

3668.4

1258.4

440.6

Total
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Months

Results
Arauca Population
Between 9 and 12 April 2012, 185 km of river in the central-southern region of the Arauca Department (14 km of the Lipa
River, 44 km of Ele River and 127 km of Cravo Norte River) were surveyed by boat during the day and at night to detect
the presence of Orinoco Crocodiles and their tracks on beaches and riverbanks. Thirty specimens were observed and 5 nests
were visually identiﬁed (Tables 2 and 3). Also, 4 nests were noted from information provided by local inhabitants (two were
ﬂooded and two were destroyed by humans). Because of the rapid increase in water levels this year, 3 nests were totally
ﬂooded (two were referenced and one was veriﬁed) and another one was partially ﬂooded. In the latter case the nest was
found 2.5 m away from the shore of the river, although the water had penetrated the nest from the bottom. From this nest
12 hatchlings were produced, 12 eggs had not yet hatched and 16 eggs and hatchlings were lost. This nest was watched
by two local inhabitants who told us that it was laid on 10 January; the eggs hatched 91 days later on 12 April. The other
4 nests identiﬁed seemed to hatch successfully according to the information received, although we could not locate the
hatchlings near the nest area. The same information source noted that 42 hatchlings hatched from one of these nests.
Table 2. Location of nests and hatching success.
Nest

River

1
2
3
4
5

Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte

Coordinates
N 06o 31’42.1”
N 06o 27’59.3”
N 06o 23’33.0”
N 06o 23’24.2”
N 06o 23’24.2”

W 70o 48’39.2”
W 70o 37’22.1”
W 70o 25’43.4”
W 70o 25’57.3”
W 70o 25’57.3”

Hatching Success
Successful
Successful
Partially successful
Successful
Flooded (same beach as Nest 4)

Ardila et al. (2002) detected 11 nests in 2001 (two of them just “potential”): 6 in the Ele River and 5 in the Cravo Norte
River. The 5 nests detected by Asociación Chelonia were located in the Cravo Norte River. Nest 4 and 5 (Table 2) were
found on the same beach, 2.5 m from each other. The nests detected by Asociación Chelonia do not geographically coincide
with any of the nests detected in 2001 (although the 2001 locations were not detailed precisely in the publication, only
plotted in a detailed map) (Fig. 2).
The specimens registered in 2012 were: 3 adult (estimated TL >2.5 m) and one sub-adult crocodiles in the Lipa River (0.28
ind./km); 7 adults and 2 sub-adults in the Ele River (0.2 ind./km); 8 adults and 9 sub-adults in the Cravo Norte River (0.13
ind./km) (Table 3; Fig. 3). The majority of the specimens were located during the day. Because of the highly problematic
security situation in the area, only 19.5 km were surveyed at night in the Ele River and 14.2 in the Lipa River.

Figure 2. Locations of Orinoco Crocodile nests detected in 2001 and 2012 in the
Cravo Norte-Ele-Lipa River system (Arauca Department).
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Figure 3. Locations where Orinoco Crocodiles were observed in 2001 and 2012 in the
Cravo Norte-Ele-Lipa River system (Arauca Department).
Table 3. Details of Orinoco Crocodiles detected in the Cravo Norte-Ele-Lipa River system (Arauca Department).
TL= total length.
Nest

Date

L1
L2
L3
L4
E1
E2
E3
E4
E5
E6
E7
E8
E9
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17

Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12
Apr 12

River
Lipa
Lipa
Lipa
Lipa
Ele
Ele
Ele
Ele
Ele
Ele
Ele
Ele
Ele
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte
Cravo Norte

Detection

Est. TL (m)

Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual
Visual

4.5
2
2.6
4
3
3
3
4
1
2.8
1
3.3
3.5
0.5
4
1.5
4.5
4
4.5
2.7
2
1
2
3
1.5
3.6
3
1
2
1
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Coordinates
N 06°35’17.30”, W 70°43’16.20”
N 06°36’42.90”, W 70°43’24.70”
N 06°38’35.70”, W 70°45’31.30”
N 06°39’12.01”, W 70°47’10.40”
N 06°34’43.50”, W70°44’22.80”
N 06°34’23.10”, W 70°45’33.30”
N 06°31’49.20”, W 70°41’02.90”
N 06°32’10.80”, W 70°39’57.80”
N 06°33’23.50”, W 70°42’17.80”
N 06°31’23.40”, W 70°39’37.10”
N 06°31’23.40”, W 70°39’37.10”
N 06°30’19.90”, W 70°39’35.20”
N 06°30’05.30”, W 70°39’43.50”
N 06°28’50.50”, W 70°39’30.10”
N 06°29’18.40”, W 70°40’28.70”
N 06°29’50.40”, W 70°41’05.80”
N 06°29’26.70”, W 70°42’27.80”
N 06°31’10.70”, W 70°47’55.50”
N 06°31’42.10”, W 70°48’39.20”
N 06°29’00.60”, W 70°40’10.80”
N 06°29’02.00”, W 70°39’46.00”
N 06°28’06.20”, W 70°39’12.90”
N 06°28’09.60”, W 70°37’30.10”
N 06°27’59.28”, W 70°37’22.08”
N 06°27’00.60”, W70°31’52.00”
N 06°27’00.04”, W70°31’51.38”
N 06°23’34.34”, W70°25’44.00”
N 06°23’29.03”, W 70°25’54.60”
N 06°22’28.70”, W 70°25’53.60”
N 06°21’19.60”, W 70°24’24.60”

Lugo and Ardila (1998) estimated an Orinoco Crocodile population of 50 adults for this region, having also surveyed a short
stretch of the Cuiloto River. Ardila et al. (2002) estimated a population of 54 individuals for the same area. A comparison
of the specimens, eggs and/or nests detected in the last 3 surveys, with available data, is shown in Table 4 and Figure 4.
The higher relative density registered in 2001 seems to be due to the concentration of the survey in the stretches of the
Cravo Norte and Ele Rivers where the major part of the individuals seem to inhabit (the zone located between the conﬂuence
of the Ele and Lipa Rivers and the conﬂuence of the Cravo Norte and Ele Rivers). Out of this core area, upstream and
downstream, the relative density seems to be lower.
Table 4. Numbers of Orinoco Crocodiles, eggs and nests detected in the Arauca population in 1995 (Lugo and Ardila
1998), 2001 (Ardila et al. 2002) and 2012 (Chelonia). Hatchlings: numbers in brackets correspond to number of nests
where hatchlings came from. Eggs: numbers in brackets corresponds to number of nests where eggs came from. Nests:
negative numbers correspond to number of nests predated by humans; p: potential beach for nesting; f: ﬂooded nest; r:
nest referenced by local inhabitants.
River

Year

km

Adults

Sub-adults

ind/km

Hatchlings

Eggs

Nests

Cravo Norte River
Ele River
Lipa River
Cuiloto River
Total

1995
1995
1995
1995
1995

100
73
10
20
203

10
12
1
4
27

2
2

0.12
0.16
0.10
0.20
0.14

2
32
34

-

-

Cravo Norte River
Ele River
Lipa River
Total

2001
2001
2001
2001

60
30
10
100

8
11
1
20

2
2
0
4

0.16
0.43
0.10
0.24

120 (4)
120

126 (3)
126 (3)

4 +1p
5 +1p
11 (-7)

Cravo Norte River
Ele River
Lipa River
Total

2012
2012
2012
2012

127
44
14
185

8
7
3
18

9
2
1
12

0.13
0.20
0.28
0.16

54 (2)
54

82 (2)
-

5 (-2f)
4 (-2r)

82

9 (-4)

Figure 4. Numbers of adult and sub-adult Orinoco Crocodiles detected in the Arauca population in
the dry season of 1995, 2001 and 2012.
One Orinoco Crocodile skull (62 cm long) was found on a property within the area. On the basis of head size we estimate
that the individual was an adult of approximately 3.72 m length. The skull presented a hole on the right side of the snout,
30 cm from the anterior extreme, which seems to have been made by a bullet. According to the local inhabitants, this
specimen was very emaciated when it was seen a few weeks before it was found dead, so we can assume that the shot
prevented the animal from feeding, eventually causing its death. We also received information about the killing in January
of other adult specimen. In March, another source informed us about the killing of 3 adults because they had fed on cattle,
but we could not verify if they were the same individuals as the other two mentioned.
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Vichada River Population
A stretch of 402 km of the Vichada River was surveyed in December 2010 and February 2011, from the place known as El
Retorno (20 km upstream from the port of Cumaribo) to Santa Rita. Two specimens were visually detected (Fig. 5) in the
same spot of the river (Pozo Caimán) - one in December and another in February (Table 5). Another specimen was detected
by its tracks on the beach El Cejal located 10 km downstream from Pozo Caimán (Castro et al. 2011a,b) (Fig. 6).
Table 5. Details on Orinoco Crocodiles.
Crocodile

Date

River

Detection

Estimated
Size (m)

Coordinates

V1
V2
V3

Dec 10
Feb 11
Dec 10

Vichada
Vichada
Vichada

Visual
Visual
Trail

3-3.5
2.4
>2.5

N 04°31’43.5”, W 68°53’19.1”
N 04°31’43.5”, W 68°53’19.1”
N 04°32’31.7”, W 68°50’13.9”

The specimen observed in December seemed to respond to noises made from the boat. According to our guide’s indications,
we made a noise hitting the hull of the boat for about two minutes. The crocodile emerged on the inner side of the meander,
showing only its nostrils, eyes and skull roof. After submerging and emerging three times, the specimen displayed a
territoriality behavior with its snout pointing towards the center of the river and almost perpendicular to the shore. The
behavior consisted in showing the entire dorsal surface of the head, body and tail, coming about two meters closer to the
boat. Then, it simultaneously raised its head and tail in an arched position and made a violent lateral movement with the tail.
The head tilt became more pronounced, with an open mouth that later closed violently two times, producing two audible
snaps. Posteriorly it produced a grunt and slapped its jaw against the surface of the water, followed by the expulsion of air
from the mouth and producing bubbles before it submerged back into the water. This behavior is almost the same, with
some variations, as that described by Medem (1981), Thorbjarnarson and Hernández (1993), Colvée (1999) and Antelo
(2008) for males in captivity in Colombia and Venezuela.

Figure 5. Orinoco Crocodile observed in Pozo
Caimán, Vichada River (Vichada Department)
in February 2011.
Figure 6. Locations (Pozo Caimán and El Cejal) in the Vichada River
where specimens were detected .
We were informed by a local inhabitant that a female nested on 28 December 2010. The nest contained, according to the
same source, 41 eggs, which did not hatch. This nest seems to be the only one identiﬁed in this stretch of the river. As
local people know its location, the eggs are collected for consumption year after year. The information collected in the
area indicates that, in at least the last three years, no hatchling or juvenile has been observed by local inhabitants in this
stretch (Merchán et al. 2012).
The specimen detected in February was observed several times at different hours over two days; although a trail on the
beach of the meander was detected, the specimen was not observed out of the water. No other specimen was detected in
the area during this survey. Because of the exhibited behavior, size and proximity to the site nest, we suppose that it could
be a female, but do not have enough information to be certain.
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Lugo and Ardila (1998) estimated seven adult Orinoco Crocodiles in the stretch, from the locality of Cumaribo to the mouth
of the river, based on information provided by local inhabitants in 1996, and registered the presence of four hatchlings in
a 50-km stretch between Cumaribo and La Raya in 1995.
Middle Course of the Meta River Population
A total stretch of 322 km along the middle course of the Meta River was surveyed on ﬁve occasions (August, November
and December 2010, March 2011 and February 2012) from the mouth of the Cravo Sur River to the locality of La Culebra
(Vichada). Stretches of several tributaries (236.9 km) of the Meta River were also surveyed (Table 1). No Orinoco Crocodiles
or tracks were detected in the stretches of the rivers and creeks traveled during these visits. The width of the Meta River
and the presence of several branches with sand islands increase the area to be surveyed.
Most of the information collected from local populations, riverine inhabitants and ﬁshermen indicates that the probability
of the species’ presence is higher from the area known as La Vorágine and downstream the river. Here, some riverine
inhabitants indicate the occurrence of two or three specimens. Another specimen is mentioned in the place known as La
Constancia, 42 km downstream from La Vorágine (Fig. 7).

Figure 7. Locations where Orinoco Crocodiles are detected in the Meta River.
Nesting does not seem to have been detected by local inhabitants in the last two years. Although there is information
about a nesting beach in the area of La Vorágine dating before 2010, the source indicated that the eggs were collected for
consumption every year, so there has not been evidence of hatchlings or juveniles in the area in the last few years.
Lugo and Ardila (1998) estimated the presence of 15 adults in the stretch of the Meta River between La Primavera and La
Culebra based on information from local populations. She also recorded one juvenile in La Vorágine in 1994. Additionally,
from the information collected, the author indicated the presence of nests, hatchlings and juveniles for that year.
Discussion
Arauca Population
Thirty specimens (18 adults and 12 sub-adults) were observed in 185 km (0.16 ind./km) of the Cravo Norte-Ele-Lipa River
system (Arauca Department). The relative density of individuals is similar to the density reported by Lugo and Ardila
(1998), although the distance traveled in 1995-1996 was slightly higher, including part of the Cuiloto River.
The killing of adult specimens due to local inhabitants’ and cattle ranchers’ fear and the supposed predation on cattle could
be reducing the number of adult crocodiles in the wild. This seems to be decreasing the number of adults in this population,
while the number of sub-adults seems to be increasing.
The total number of nests (referenced and detected) in 2012 is close to the number cited by Ardila et al. (2002) from the
11 nests detected in 2001. Our data implies the presence of at least 9 reproductive females in the surveyed area. In 2012,
at least two nests (referenced by local inhabitants) were preyed upon humans for consumption. Another two nests were
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totally ﬂooded, one was partially inundated because of this year’s fast water level rise, and four are estimated to have
hatched successfully. There was no information about the ﬂooding of Orinoco Crocodile nests in this area before, so we
likely need to take into account the possibility that aspects related to climate change and the alteration of the hydrological
dynamics of the river system could play an important role on the recovery of the Orinoco Crocodile populations now and
in the next few years.
Analyzing the data obtained, and comparing it with past surveys, this population seems to maintain its viability, despite
the killing of adult specimens and the harvest of some nests. The number of individuals seems to have been maintained
over the last ﬁfteen years, with a possible variation in the population structure (age classes).
This population could be considered the most well conserved in Colombia. Also, several threatened species coexist with
the Orinoco Crocodile in the area, so it would be highly recommendable to promote the creation of a protected area to
effectively protect the crocodile population and the ecosystems necessary for their survival.
In the Arauca department other areas exist where the species has been reported by the local population. One of these areas
is the eastern region of the department, adjacent to the Venezuelan border, where the species seems to be present, but
specimens could not be recorded by investigators who visited the sector (Luis F. Anzola, pers. comm.). In this area the
Capanaparo and Cinaruco Rivers are born before ﬂowing into Venezuelan territory. These two watercourses are home to an
important Orinoco Crocodile population in Venezuela, within the Santos Luzardo National Park, where reintroductions have
been implemented during the last two decades. In the Capanaparo river 1264 Orinoco crocodiles were reintroduced since
1991, while in the Cinaruco River 396 have been released since 2001 (Omar Hernández, pers. comm.).The conservation
status of the area, the low density of the human population and the region’s isolation are features to consider regarding the
possibility of establishing a bi-national protected area where reintroductions could be implemented in the future.
Vichada River Population
Lugo and Ardila (1998) estimated this population of no more than 15 adult specimens very dispersed along the course of
the river (about 500 km), including the presence of reproductive events and hatchlings. The Asociación Chelonia team
observed only two individuals (402-km stretch): one male and one individual (sex not determined). Another individual was
noted through the detection of several trails on a beach. All of the specimens were concentrated in a stretch of 10 km. A
nest was reported in this area by local inhabitants who are familiar with the location and the female’s ﬁdelity to the speciﬁc
site. No hatchlings or juveniles had been seen at least during the last three years in the stretch of the river surveyed.
The Vichada River is located in an isolated area, with a very low density of human inhabitants. It is considered, in its eastern
part, a limit between the high-plain savannas of the Llanos region and the transitional forest that forms an ecotone between
the Orinoquia and the Amazonia, with the presence of some areas of the Guiana shield. A large part of its right margin is
the northern limit of the widespread indigenous reserve of “Selva de Matavén”, with little indigenous communities found
along its course. Furthermore, the ecosystems of the area are well-conserved and anthropic inﬂuence is small. Boat trafﬁc is
low and the majority is from small boats and canoes among the riverine communities and to the capital of the department,
Cumaribo. There is more intense ﬁshing activity during the dry season, but generally low impact devices (hooks, bow and
arrow) are used, so that the probability of accidental death by drowning in ﬁshing nets seems to be very small.
The low number of reproductive events, the practice of egg harvest for human consumption and the low density of crocodiles
seems to have prevented the natural recovery of this population, despite the low human pressure. We estimate that the
natural recovery of this population at present is not possible, so that effective protection measures should be carried out,
preferable with an active participation of the local communities.
The planning of large agriculture and forestry projects in the high plain of the Vichada Department during the next few
years could increase the human pressure on the areas near the Orinoco Crocodile population’s range.
Middle Course of the Meta River Population
We consider this population to be the most threatened of the four relict populations in Colombia. The easy access to the
area, the transit of boats, ﬁshing pressure and the effects of the transformation of the ecosystems in the higher course of
the river constitute important threats for the crocodiles of the Meta River.
In the surveys implemented by the Asociación Chelonia team in the Meta (Table 1), no specimen or tracks were detected.
Based on the information provided by ﬁshermen and riverine inhabitants, the crocodile population is estimated as less
than 15 dispersed individuals, located along a 110-km stretch between La Vorágine and La Culebra (or Nueva Antioquia).
Information provided by riverine inhabitants indicates that before 2010 at least one nest site was known in the area of La
Vorágine, but its eggs were collected annually. This reproductive event has not been recorded again since 2010.
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Due to these factors, we estimate that the natural recovery of this population is very complicated, keeping in mind the
potential increase in human pressure in the area related to the implementation of oil, agriculture and forestry activities.
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Abstract
Saltwater Crocodiles (Crocodylus porosus) in the Northern Territory of Australia were protected in 1971, after a severe
population decline resulting from 26 years of intense commercial hunting. By that time the wild Saltwater Crocodiles
were rarely sighted anywhere and was commercially extinct in areas where they had once been abundant. Standardized
monitoring by spotlight surveys started in 1975 and provided relative density indices over time (1975-2009) as a unique
record of the post-protection recovery of a wild crocodilian population. We examined the survey data for populations at 12
major tidal rivers, individually and as a single subpopulation. The pattern of recovery in the subpopulation in both abundance
and biomass was approximated by logistic curves, predicting 5.26 non-hatchling crocodiles weighing 387.64 kg sighted
per kilometre of river in 2010. We predicted potential carrying capacity as 5.58 non-hatchling crocodiles (5.73% increase
from 2010) weighing 519.0 kg (25.31% increase from 2010). Individual rivers showed largely different abundance and
biomass among rivers. The statistical model that best described the recovery in individual rivers was not always logistic.
However, where it was logistic, expected carrying capacity of different rivers showed considerable variation in abundance
and biomass. The variation indicates various progress of recovery among the rivers, resulting from different habitat quality.
Recovery occurred despite various consumptive uses, particularly a widespread egg harvest. We suggest that the Saltwater
Crocodile population of the Northern Territory is achieving full recovery from uncontrolled hunting in 1945-1971.
Introduction
In the 19th Century, when the north of Australia was ﬁrst surveyed and settled by Europeans, Saltwater Crocodiles
(Crocodylus porosus) were widespread and reportedly abundant (Messel et al. 1981; Webb et al. 1984; Searcy 1984). For
tens of thousands of years prior to European settlement, hunting and egg harvest by Aboriginal people must therefore have
been within sustainable levels (Webb et al. 1984). Intense commercial hunting for skins started in 1945-1946, peaked in the
early 1950s and continued until Saltwater Crocodile was protected in the three northern States (1969-1974). By that time
the status of wild Saltwater Crocodile populations was only known in general terms. Wild crocodiles were rarely sighted
anywhere and were commercially extinct in areas where they had once been abundant (Webb et al. 1984).
Saltwater Crocodiles in the Northern Territory of Australia became protected in 1971. In the same year preliminary spotlight
and track surveys were undertaken to try and locate any remnant populations of substance (Messel et al. 1981). Anecdotal
evidence suggests crocodile densities within tidal rivers in 1971 were in the range of 0.1 to 0.2 Saltwater Crocodiles
sighted per kilometre in spotlight counts (G. Webb, Wildlife Management International, unpublished report), and these
were often wary crocodiles that would dive well before the boat could approach them (Webb and Messel 1979). An
extensive standardized spotlight counting survey program was introduced in 1975 to quantify the post-protection changes
in population abundance and structure (Messel et al. 1981; Webb et al. 1984). These standardized surveys were largely
restricted to navigable tidal rivers and creeks, which historically contained a large proportion of the wild saltwater crocodile
population. These habitats are also largely intact along the coastline in the Northern Territory. The size distribution of
crocodiles sighted in surveys up to 1975 was strongly biased towards small juveniles, hatched from 1971 (after protection),
and by the wild population at the time of protection was estimated to be about 3000 non-hatchlings (Webb et al. 1984,
2000). Non-hatchlings are deﬁned as total body length >0.6 m and body weight >0.5 kg, which in the annual surveys
excludes young-of-the-year (Webb and Messel 1978b).
General results from the survey program indicate that the protected population expanded greatly, despite ongoing natural
mortality (predation and cannibalism) and losses to various anthropogenic causes, including incidental catch in commercial
barramundi net-ﬁshing operations (since before protection); Aboriginal harvest for food (since before protection); removal
of problem crocodiles to improve safety for people and livestock (since 1979); capture of some adults for captive breeding
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in commercial crocodile farms (since 1980) and for direct production of skin and meat (since 1997); and introduction
of an egg harvesting program (since 1983), in which landowners are permitted to sell wild Saltwater Crocodile eggs to
commercial crocodile farms (Messel et al. 1981; Webb et al. 1984; Webb and Manolis 1989; Walsh and Whitehead 1993;
Lindner 2004). The average size of a crocodile in the population also increased steadily. By 1998, the wild population in
the Northern Territory was estimated to be about 70,000-75,000 non-hatchlings with a population structure biased towards
>1.8-m animals (Webb et al. 2000). The Northern Territory’s recovered Saltwater Crocodile populations became the iconic
ﬂagship of the Top End (far north of Australia) tourist industry (Ryan 1998; Tremblay 2001a,b).
Since the mid-1990s, abundance of Saltwater Crocodiles in some tidal rivers in the Northern Territory appears to be
stabilizing, despite the mean size of animals in the population still increasing (Webb et al. 2000). This stabilizing abundance
may indicate a population asymptote is being reached, which in turn could reﬂect carrying capacity in some rivers (Webb
et al. 2000; Parks and Wildlife Service of the Northern Territory [PWSNT] 2005; Leach et al. 2009).
We examined population recovery trends in terms of abundance and biomass in the 12 major tidal rivers subject to regular and
standardized monitoring from the1970s to 2009 (38 years since protection). Changes in relative abundance (non-hatchling
crocodiles sighted per kilometer of river surveyed) and relative biomass (mass of crocodiles sighted per kilometre of river
surveyed) were quantiﬁed for each river and for a subpopulation comprising all rivers combined. We determined which of
three simple models (linear, exponential, logistic) best described the underlying recover trends.
Methods
Study area
The Northern Territory of Australia lies between 128°E and 138°E in longitude, and 10°S and 26°S in latitude. The climate
is tropical monsoonal (wet-dry). Saltwater Crocodiles occur in high densities in the tidal water but also known to be
abundant in a wide range of other waterbodies including rivers, lagoons, and ﬂoodplains (Messel et al. 1981; Webb and
Manolis 1989). The 12 tidal rivers (Fig. 1, Table 1) we examined all meandered across ﬂoodplains, with saline, brackish,
and freshwater sections contiguous with each other. Historically (1945-1946), this sample of rivers was reported to contain
medium (1-5 crocodiles/km) to high (6-12 crocodiles/km) densities of Saltwater Crocodiles (Webb et al. 1984). Salinity
in all rivers decreased with distance upstream from the sea and varied seasonally as a salt wedge moved progressively
upstream in the dry season (May to Oct.) and downstream in the wet season (Nov. to Apr.). There were two complete
tidal cycles each day, with tidal range at the mouth reaching 7 m on spring tides and declining with distance upstream.
Freshwater input into the rivers was highly seasonal (wet season) but not subject to controlled water release (there are
no upstream dams). Low levies to stop saltwater intrusion have been built on sections of the Mary River mainstream (at
Shady Camp Billabong and on tributaries of Sampan Creek) and on some sidecreeks of the Adelaide River but not in
the mainstream sections of the Adelaide River where surveys were undertaken (Whitehead et al. 1990). Mangroves and
ﬂoodplain sedges and grasses formed most of the fringing vegetation in saline areas. Melaleuca, Eucalyptus, Pandanus
and Bamboo species dominated non-saline areas. River banks were mostly muddy in the downstream saline areas and, in
upstream areas, comprised various soil types, including sand and rock.
The dominant land use in different catchments
included nature conservation, cattle and buffalo
(Bubalus bubalis) grazing, and Indigenous customary
use (Table 1). All rivers were subject to Indigenous
customary hunting for food, which included minor
harvests of crocodiles and eggs (Lanhupuy 1987;
Webb and Manolis 1993). Crocodile eggs were
also commercially harvested in these rivers, except
for the West Alligator and South Alligator Rivers.
The extent of direct harvesting of non-hatchling
crocodiles permitted in these 12 rivers in the 38
years since protection was limited (<200 nonhatchlings per year; Leach et al. 2009; Y. Fukuda,
Northern Territory Department of Natural Resources,
Environment and the Arts and Sport, unpublished
report). Most rivers were closed to commercial
ﬁshing since before protection and, in some others,
where ﬁshing was originally permitted in the river
mouth, bans were imposed later.

Figure 1. Locations of the 12 tidal rivers in the Northern
Territory of Australia in which we examined changes in
Saltwater Crocodile populations, 1975-2009.
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Crocodile Survey
Since 1975 spotlight surveys have followed a standardized procedure (Messel et al. 1981; Bayliss et al. 1986; Bayliss 1987).
Surveys are conducted during the dry season, between June and October, when water levels are low. Speciﬁc sections of
river, including both the mainstream and accessible sidecreeks are traversed at night by boat. Surveys are restricted to either
side of low tide, when mudbanks are exposed and crocodiles are mostly at the water’s edge and not hidden amongst fringing
vegetation. The water surface, banks, and fringing vegetation are scanned with a spotlight and crocodiles are located by
their distinctive reﬂective eye shine. They are approached as close as possible to estimate their total body length in 0.3-m
intervals and to conﬁrm species (Freshwater Crocodiles [C. johnstoni] extend down into the tidal parts of some rivers).
If no size estimate is possible they are recorded as “eyes only”. Given that eyes-only animals tend to be large crocodiles
(Webb and Messel 1979; Webb et al. 1989), we regarded them all as non-hatchlings in our study. The length of the survey
route was measured along the mid-line of streams in kilometres to the nearest 0.1 km, originally using survey maps (Messel
et al. 1982) but in later years standardized to more accurate distances measured with a Geographic Information System.
Most of the available surveys had the same or similar start and ﬁnish points, such that mean densities are considered
directly comparable from year to year. For the East Alligator and South Alligator Rivers, a few years had shorter distances
than other years. In this case, we corrected the relative densities in abundance and biomass (see below) by 1.21 and 1.19,
respectively, for the East Alligator River and 1.31 and 1.33, respectively, for the South Alligator River. We derived these
correction factors from the proportion of crocodile counts in the missing section of rivers in other years.
Table 1. Monitoring rivers and spotlight survey datasets for Saltwater Crocodiles in the Northern Territory, 1975-2009.
River

Adelaide R.
Blyth R.
Cadell R.
Daly R.
East Alligator R.
Glyde R.
Liverpool R.
Mary R.
South Alligator R.
Tomkinson R.
West Alligator R.
Wildman R.

Dominat Land Use

Grazing, Indigenous customary use
Indigenous customary use
Indigenous customary use
Grazing, Indigenous customary use
Nature conservation
Indigenous customary use
Indigenous customary use
Grazing, Indigenous customary use
Nature conservation
Indigenous customary use
Nature conservation
Nature conservation

Mean
Length
Surveyed
(km)

Year
First
Surveyed

135.7
47.4
28.6
86.7
49.0
43.9
57.1
41.4
55.4
53.3
38.1
32.6

1977
1975
1975
1978
1977
1975
1976
1984
1977
1976
1977
1978

Year
Number
Last
Years
Surveyed Surveyed

2009
2008
2008
2009
2007
2008
2008
2009
2007
2008
2007
2007

Years
Excluded

25
1998
29
1998
29
1998, 2003
22
None
23
1994, 2006
11
None
27
1998
18
None
19
None
27 1998, 1999, 2003
18
1994
18
1994

We used only survey data from the mainstreams of the rivers (rather than sidecreeks) because visibility biases increase
with narrowing stream width (Webb et al. 1989). We excluded from analysis some surveys in some years because they
did not follow the standardized survey procedures and were surveyed during unfavorable conditions (eg wet seasons, high
tides) or included only a small proportion of the standardized mainstream survey section (Table 1). Following Messel et
al. (1981), we excluded hatchlings (<0.6 m) due to high variance in both annual nest abundance and hatching success (Y.
Fukuda, unpublished report). We applied no corrections for visibility bias (Webb et al. 1984, 1989; Bayliss et al.1986;
Bayliss 1987). Thus, we express abundance as relative rather than absolute density, that is, the number of non-hatchling
Saltwater Crocodiles sighted, rather than the number present, divided by the midstream length of river surveyed (km).
Observer bias in the number of crocodiles sighted within a spotlight survey (presence-absence) appeared slight (Webb et
al. 1989). When estimating sizes of crocodiles sighted, some observers were more precise than others, and thus had more
over- and underestimates, although mean values for a given size class were usually within 0.3 m of the real size (Choquenot
and Webb 1987; Webb et al. 1989). We did not consider either source of error further.
To estimate approximately the changes in the relative biomass of crocodiles sighted in surveys since protection, we used the
following procedures. We converted estimated sizes recorded in a survey to biomass using equations in Webb and Messel
(1978b). We assumed animals recorded as eyes only (no size estimates) were in the same proportions as non-hatchlings
whose size had been estimated. We subdivided these eyes-only observations into two size classes: 0.6-1.8 m and 1.8-5.1 m
total body length, with mean sizes of 1.35 m and 3.45 m, respectively, and predicted body weights of 7.11 kg and 156.08
kg, respectively. We added the biomass from eyes-only observations to that from the non-hatchlings whose size had been
estimated and divided by the length of river surveyed. We thus obtained an estimate of biomass of crocodiles sighted per
kilometre of river surveyed.
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We examined general changes in the population size structure throughout the period of recovery in two ways. Firstly,
following Messel and Vorlicek (1987), we examined changes in the percentage of <1.8-m individuals in 12 rivers by ﬁtting
a linear regression. Secondly, we constructed a size-frequency histogram of crocodiles sighted in the surveys of all the
rivers in a common year for each decade (1970s-2000s). In both cases, we excluded “eyes only” records.
Model Fitting and Selection
We plotted river-speciﬁc trends in crocodile abundance (crocodiles sighted/km) and biomass (kg/km) over time, using
Program R (Version 2.12.0, http://cran.r-project.org/, accessed 15 May 2011). Given the small sample sizes (11 to 29
annual surveys per river), we used three simple candidate models for describing the population growth pattern: linear,
exponential, and logistic regressions.
The linear regression was described as: y = ax + b, where y = crocodile density, x = years since protection in 1971 (ie 1971
= 0, 1972= 1,...), a = the average population density growth rate within the limits of survey, and b = predicted population
density in 1971 (x= zero). The exponential regression was described as: y = beax, where e = the base 2.71828. The logistic
equation was described as: y= d/(1 + e r(z-x)), where d= mean asymptotic density, r= intrinsic rate of increase, and z= the
year since protection in 1971 with maximum growth rate (inﬂection point).
We then selected the model that best described the underlying pattern of population growth over time in each river
using information theoretic procedures [see Burnham and Anderson (2002) for detailed discussion on model selection].
We calculated the model selection parameters: Akaike’s Information Criterion corrected for small-sample bias (AICc),
differences in AICc (Δi ) and Akaike weight (wi). Smaller AICc values indicate greater support for a model in describing
the underlying trend through the data. For a measurement of the actual ﬁt of each model, we calculated the standard error
of the estimate (SEE, also called residual standard error). We also calculated coefﬁcient of determination for the linear
model. We did not calculate coefﬁcient of determination for the exponential and logistic models because there is no direct
equivalent to coefﬁcient of determination for nonlinear models [see Hoetker (2007) and Spiess and Neumeyer (2010) for
detailed discussion on pseudo-R2 measures against r2).
Integrating the 12 River Survey Results
To examine trends in a larger subpopulation of all 12 rivers combined, we used the models of best ﬁt for each river to
predict a mean abundance and biomass density for each year in 1971-2010. This approach was more realistic than using
the survey data itself because 1) annual variation in crocodile counts largely reﬂects annual variation in the proportion of
the total Saltwater Crocodiles within the river mainstreams at the time of each survey, rather than real ﬂuctuations in the
population; and 2) availability of surveys in the 12 rivers differed among years. We multiplied mean survey distance for
each river by the predicted densities for each river for each year, in both abundance and biomass, thus estimating total
counts and total biomass for each river for each year. We combined these totals for each year and subdivided them by the
total survey length in all 12 rivers (682 km) to show trends in abundance and biomass in the subpopulation over time.
We ﬁtted the same three growth models to the combined data and selected the best ﬁt model by the information theoretic
procedures to describe the mean trend in the combined population over time.
Results
We ﬁt all three models to the abundance data for nine rivers, and we ﬁt two models (linear and exponential) for three
rivers (Cadell, East Alligator and Tomkinson) because the logistic model did not converge (Fig. 3). Model selection
criteria (Table 2) revealed that the logistic model was supported much more strongly than the other models in ﬁve rivers
(Adelaide, Liverpool, Mary, South Alligator, West Alligator). The exponential model was supported for East Alligator and
Tomkinson, but with almost equal support for the linear model in East Alligator. Finally, the linear model was supported
most strongly in ﬁve rivers (Blyth, Cadell, Daly, Glyde, Wildman). Only the Cadell River showed a slight decline over
time with a poor ﬁt.
When we applied the three models to the survey data expressed in terms of biomass density (Fig. 4), which captures the
increasing mean size of crocodiles over time, the model selection criteria indicated the logistic model had the strongest
support (wi in Table 3) for all models tested in six rivers (Blyth, Cadell, Liverpool, South Alligator, West Alligator, and
Wildman). The exponential model was supported most strongly in four rivers (Adelaide, Daly, East Alligator, Tomkinson),
and the linear model was supported most strongly in Glyde and Mary Rivers.
In the ﬁve rivers in which abundance was best described by a logistic model (Adelaide, Liverpool, Mary, South Alligator,
West Alligator), the predicted carrying capacity (asymptote) was highly variable (4.33, 2.79, 12.14, 4.86 and 2.74 nonhatchlings/km respectively). In the six rivers in which biomass was best described by a logistic model (Blyth, Cadell,
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Liverpool, South Alligator, West Alligator, Wildman), variation among the rivers was also high (203.69, 109.15, 104.59,
304.47, 146.12 and 370.35 kg/km respectively).

Figure 3. Changes over time in abundance density of non-hatchling (>0.6 m) Saltwater Crocodiles
sighted during spotlight surveys in 12 tidal rivers in the Northern Territory, Australia, in 19752009. Fitted line is the model selected as best (Table 2).
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Table 2. Standard error of the estimate (SEE), Akaike’s Information Criterion corrected for small sample (AICc ), difference
in AICc (Δi), and Akaike weight (wi) for the population growth models of Saltwater Crocodile density in abundance
(sightings/km) observed in 12 monitoring rivers in the Northern Territory, Australia, in 1975-2009. We show adjusted
coefﬁcient of determination only for the linear model.
River

Model

SEE

Adelaide River

Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear

0.74
0.79
0.77
0.83
0.82
0.82

Blyth River
Cadell River
Daly River
East Alligator River
Glyde River
Liverpool River
Mary River
South Alligator River
Tomkinson River
West Alligator River
Wildman River

r2

0.40
0.46

0.66
0.66
0.62
0.61
0.58

<0.01
0.81

0.84
0.84
0.50
0.49
0.44
0.38
0.44
0.42
1.10
2.34
1.94
0.83
1.03
0.95

0.75
0.87
0.48
0.74
0.59

0.54
0.58
0.59
0.68
0.68
1.53
1.68
1.65

0.58
0.07
0.21

79

AICc

Δi

wi (%)

59.72
61.47
60.17
73.15
70.89
70.78

0
1.75
0.45
2.37
0.11
0

0.45
0.19
0.36
0.14
0.42
0.44

56.54
56.54
45.26
42.97
40.98

<0.01
0
4.28
1.99
0

0.50
0.50
0.08
0.25
0.67

59.53
59.89
22.07
19
16.68
28.16
34.23
31.89
58.78
84.42
77.57
50.98
57.68
54.41

0
0.35
5.39
2.32
0
0
6.07
3.73
0
25.64
18.78
0
6.7
3.43

0.54
0.46
0.05
0.23
0.72
0.83
0.04
0.13
>0.99
<0.01
<0.01
0.82
0.03
0.15

42.63
45.85
36.75
40.07
39.74
70.74
72.47
71.7

0
3.21
0
3.32
2.99
0
1.73
0.97

0.83
0.17
0.71
0.13
0.16
0.49
0.21
0.30

Figure 4. Changes over time in biomass density of non-hatchling (>0.6 m) Saltwater Crocodiles sighted
during spotlight surveys in 12 tidal rivers in the Northern Territory, Australia, in 1975-2009. Fitted
line is the model selected as best (Table 3).
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Table 3. Standard error of the estimate (SEE), Akaike’s Information Criterion corrected for small sample (AICc ), difference
in AICc (Δi), and Akaike weight (wi) for the population growth models of Saltwater Crocodile density in biomass (kg/km)
observed in 12 monitoring rivers in the Northern Territory, 1975-2009. We show adjusted coefﬁcient of determination
only for the linear model.
River

Model

Adelaide River

Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear
Logistic
Exponential
Linear

Blyth River
Cadell River
Daly River
East Alligator River
Glyde River
Liverpool River
Mary River
South Alligator River
Tomkinson River
West Alligator River
Wildman River

SEE

r2

37.80
39.13
34.44
48.56
39.84
27.33
33.47
29.60

AICc

Δi

wi (%)

0.62

255.02
256.76
328.06
340.64
331.32
259.12
268.63
261.98

0
1.74
0
12.58
3.26
0
9.51
2.87

0.70
0.30
0.96
0.01
0.03
0.79
0.01
0.2

0.61

265.98
268.15

0
2.17

0.74
0.26

271.7
272.37
124.62
121.01
120.23
252.27
262.05
257.49
249.34
248.84
245.47
238.6
245.91
241.18

0
0.67
4.39
0.78
0
0
9.79
5.22
3.87
3.36
0
0
7.31
2.58

0.58
0.42
0.06
0.38
0.56
0.92
0.01
0.07
0.11
0.14
0.75
0.77
0.02
0.21

235.53
251.42
179.75
185.22
182.51
201.16
206.1
201.79

0
15.89
0
5.47
2.76
0
4.95
0.64

>0.99
<0.01
0.76
0.05
0.19
0.55
0.05
0.40

0.67
0.74

96.40
101.30
84.19
85.42
53.32
51.01
49.23
24.07
29.64
27.24
217.9
225.6
205.5
51.44
61.88
55.36

0.72
0.67
0.58
0.74
0.68

25.60
35.17
31.53
38.54
35.74
57.15
68.83
61.07

0.63
0.51
0.73

The proportion of small non-hatchlings (<1.8 m) in each river signiﬁcantly decreased linearly over time in all rivers (Fig.
5). The Daly, East Alligator, West Alligator, and South Alligator Rivers had low proportions of small non-hatchlings relative
to most rivers, but proportions were exceptionally low in the Mary River. Peak size classes increased over time (Fig. 6).
The highest frequency of the size classes was 1.5 m for 1978 and 1979 combined, 0.9 m for 1984, 2.4 m for 1997, and 2.7
m for 2007 and 2008 combined.
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Figure 5. Changes in proportion (%) of small non-hatchling (<1.8 m) Saltwater Crocodiles in 12 tidal
rivers in the Northern Territory, 1975-2009.
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Figure 6. Changes in proportion (%) of Saltwater Crocodiles at each size class from 0.6 m to >5.1 m in 12 monitored
rivers combined in the Northern Territory, 1978-1979 (10 rivers in 1978 and 1 river in 1979; no data available for Mary
River), 1984, 1997, and 2007-2008 (6 rivers in 2007 and 6 rivers in 2008). The peaks around 2.5 m total body length
in 1997 and 2007-2008 reﬂect a bottle neck of adult-sized females.
When we considered the 12 rivers as one population, the logistic model described the relative abundance data best, suggesting
that the recovery of a depleted population of Saltwater Crocodiles in terms of abundance to follows a logistic (asymptotic)
pattern rather than a continuing linear or exponential rise (Fig. 7, Table 4). Furthermore, the expected asymptote for the
relative abundance density in this population was 5.58 non-hatchlings/km. The abundance density predicted for 2010
was 5.26 non-hatchlings/km (5.73% less than the asymptote). The intrinsic rate of increase (r) estimated from the logistic
model was 0.11 (SE= 0.001). This parameter can be interpreted as the instantaneous maximum increase rate achieved in
1971-2010. Finally, the ﬁtted density in 1971 predicts 1.04 non-hatchlings/km.
Similarly, changes in the estimated biomass density over time most strongly supported the logistic model, conﬁrming that
the recovery of a depleted population of Saltwater Crocodiles in terms of biomass follows a logistic pattern. Also, the
expected asymptote for the relative biomass density in this population is 519.0 kg/km. The biomass density predicted for
2010 was 387.64 kg/km (25.31% less than the asymptote). The intrinsic rate of increase was 0.10 (SE= 0.003). Finally,
the ﬁtted density in 1971 predicts 33.21 kg/km, which is likewise an overestimate of the real situation in 1971 due to
standardized surveys starting after a large increase in juvenile recruitment.

Figure 7. Abundance and biomass densities of non-hatchling (>0.6 m) Saltwater Crocodiles across all monitored
sections of all monitored rivers (682 km) in the Northern Territory, Australia, predicted for 1971-2010.
Abundance and biomass densities were predicted by the best supported river-speciﬁc models (see Tables
2 and 3). The logistic model was supported for the abundance and biomass densities. Broken line is the
predicted asymptote.
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Table 4. Standard error of the estimate (SEE), Akaike’s Information Criterion corrected for small sample (AICc ), difference
in AICc (Δi), and Akaike weight (wi) for the population growth models of Saltwater Crocodile density in abundance
(sightings/km) and biomass (kg/km) predicted for combined monitoring rivers in the Northern Territory, 1971-2010.
Adjusted coefﬁcient of determination is shown only for the linear model.
Density

Model

SEE

Abundance

Logistic
Exponential
Linear

0.03
0.45
0.21

Logistic
Exponential
Linear

6.65
18.57
15.06

Biomass

r2

AICc

Δi

wi

0.98

-159.39
47.61
-9.75

0
206.99
149.63

>0.99
<0.01
<0.01

0.98

268.68
349.5
332.745

0
80.82
64.06

>0.99
<0.01
<0.01

Discussion
We quantiﬁed the changing status of a wild Saltwater Crocodile population over 38 years, as it recovered from severe
depletion (1971) to what appears to be almost complete recovery (2009). The initial recovery (1971-1983) occurred under
total protection, but with various forms of mortality due to anthropogenic causes such as commercial ﬁshing net (Webb et
al. 1984). The second phase of recovery (1984-2009) included a managed wild harvest of eggs with no compensation in
terms of a return-to-the-wild of raised juveniles. Our results provide compelling evidence that all crocodile uses together
were within sustainable levels that did not have detrimental impact on the populations.
Population at the Time of Protection
The logistic model predicted the relative abundance density in 1971 was 1.04 non-hatchlings/km. This estimate is almost
certainly an overestimate of the real situation in 1971 and is a bias linked to the standardized surveys beginning in 1975,
after there had been a large increase in juvenile recruitment, rather than in 1971 when the recovery started. Extensive
interviews with hunters operating in these rivers before protection (Webb et al. 1984) suggest the real densities of nonhatchling crocodiles sighted in these rivers by 1971 was appreciably <0.8 non-hatchlings/km, and more like <0.1 nonhatchlings/km.
Population recovery started immediately after protection in 1971, with the ﬁrst cohort of post-protection hatchlings recruited
in 1972. In some remote areas, subject to less intense hunting, it may have started 1-2 years earlier. Populations increased
initially by breeding in the rivers, which still contained adults and nesting habitat, and later through dispersal of juveniles
(≥2-3 years of age) from such sites into other rivers and parts of rivers where no adults or nesting habitat existed (Webb
and Messel 1978a; Messel et al. 1981).
These immediate changes in status occurred before the standardized survey program started (1975) and were responsible
for the populations being strongly biased towards small juveniles when the standardised surveys started in 1975 to 1984
(Table 1, Figs. 5 and 6, Messel et al. 1981). Remote rivers were less intensely harvested than rivers closer to Darwin, and
crocodile nesting habitats were largely intact. Rivers closer to Darwin, where the ﬁrst standardized surveys were conducted
later (Table 1), had been harvested more intensely and the available nesting habitat had been greatly reduced by feral water
buffalo (Letts et al. 1979; Hill and Webb 1982).
Are Crocodiles Approaching a Carrying Capacity?
Our results support claims that the Saltwater Crocodile population in the Northern Territory is approaching an asymptote in
abundance (Webb et al. 2000; PWSNT 2005, Leach et al. 2009), although biomass is still increasing as larger crocodiles grow
larger. In some rivers the local population is still increasing in both abundance and biomass, whereas in others abundance
appears to be stabilizing. In the population as a whole, abundance and biomass are still increasing slowly. The population
increase seems to saturate ﬁrst in abundance and then biomass, as shown by: 1) the intrinsic rate for abundance (11.13%)
being higher than for biomass (9.68%) and 2) the density of abundance in 2010 being closer to the predicted asymptote
(5.23% less) than biomass (24.32% less).
These changes have been accompanied by steady changes in the population size-structure, with increases in the numbers
of larger crocodiles correlated with decreases in the numbers of juveniles. This pattern was well established before egg
harvesting was introduced (Messel et al. 1981) and appears to reﬂect various forms of density-dependent adjustments
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involving complex interactions between cannibalism, social exclusion, and increased rates of both emigration and mortality
(Messel et al. 1981; Webb and Manolis 1992). In short, this pattern suggests that the number of crocodiles is not increasing
much although their average body size continues to increase.
River-Speciﬁc Trends
Our observation, that expected carrying capacity in the rivers in which abundance is stabilizing varied greatly from river
to river, is consistent with similar variation in river-speciﬁc historical abundance reported by hunters at the time when
commercial hunting started in the late 1940s (Webb et al. 1984).
The reason different rivers support different densities of crocodiles is not clearly known. Rainfall seasonality, minimum
temperature, and the availability of wetlands with favourable vegetation types all exert strong inﬂuences (Fukuda et al.
2007), affecting, for example, the availability of food, nesting sites, or permanent freshwater (Webb 1991). It is expectation
that the rate of increase in both abundance and biomass will ultimately slow to near zero in all rivers in the future at
different levels of carrying capacity, although it is difﬁcult to predict when this will happen and most likely it will vary
among rivers.
In the case of the Mary River, which now has the highest densities of the largest crocodiles (Webb et al. 2000; Fukuda et
al. 2007), the recovery took place largely through immigration, presumably from the nearby Alligator Rivers. There was
negligible known recruitment from local breeding during the 1980s. This river drained an extensive ﬂoodplain and was
renowned as a recreational ﬁshing site, containing abundant ﬁsh stocks (Whitehead et al. 1990). Perhaps food availability
was responsible for the high densities of crocodiles it sustained. Using a correction factor of 1.5 for relative versus absolute
density, the Mary River may well be supporting around 18.2 crocodiles weighing 2355 kg/km.
Extent of Recovery
In the 682 km of mainstream surveyed here (12 rivers), the abundance of crocodiles, when viewed as a single population,
predicted for 1975 (4 years after protection) to 2010 increased conservatively from 1.47 to 5.26 crocodiles (>3 times) and
from 47.58 kg/km to 387.64 kg/km (>8 times; Fig. 7). Given the situation in 1971 was probably closer to 0.1 crocodiles
sighted per kilometer surveyed, as discussed above, the real recovery since protection is likely to have been closer to a
>50 times increase in abundance and >100 times increase in biomass.
Correction factors relating relative density indices (crocodiles sighted in surveys) to absolute densities (the real number
of crocodiles present) are speciﬁc to size and location but appear conservatively to be in the range of 1.5 to 2.0 (Messel et
al. 1981; Bayliss et al. 1986). Hence the real population in the mainstreams of these 12 rivers in 2010 is probably closer
to 8-11 crocodiles weighing 600-800 kg/km.
Effects of the Egg Harvest Program
The egg harvest program has not been factored into our population assessments because its inﬂuence on the abundance of
non-hatchlings (our focus) remains unclear and may be minor as shown by the large increase of the crocodile populations.
When the ﬁrst experimental trial egg harvests were carried out in the wet seasons of 1983-1984 (994 eggs), 1984-1985
(3517 eggs), and 1985-1986 (3470 eggs), no impact on the numbers of small non-hatchlings in the population in the
following years could be detected (Webb et al. 1989), probably because the survival of hatchlings not removed as eggs
increased. Density-dependent survival of hatchlings as shown by Webb and Manolis (1992) may compensate for high
mortality rates of eggs due to harvest or natural causes. A mean estimate of 70% of wild eggs is lost each year (Webb et
al. 1984), mostly to ﬂooding (Webb et al. 1977, 1983b). Thus, although the extent of egg harvest has steadily increased
over time (commensurate with the increased numbers of adults and nests; <50,000 eggs harvested in 2009-2010 season),
and most rivers with nesting habitat have gradually been included in the harvest program (commercial egg harvesting
is prohibited in the Kakadu National Park), it may not be greatly affecting trends in non-hatchling densities. However,
detailed study on the impact of historical egg harvest should provide a new insight for the management of the Saltwater
Crocodile harvest programs.
Conservation and Management of Wild Crocodiles
Saltwater Crocodiles are an important natural resource in the NT for customary use by indigenous people (Lanhupuy 1987),
tourism (Ryan 1998; Tremblay 2001a,b), and commercial crocodile farming (Webb and Manolis 1993; Leach et al. 2009).
The egg harvest program provides landowners with the ability to sell crocodile eggs, creating commercial incentives for
them to tolerate large wild populations of crocodiles outside of national parks and protected areas (Webb and Manolis
1993). Saltwater Crocodiles are also serious predators on people and livestock (Webb and Manolis 1989; Caldicott et
al. 2005). With increasing population of both humans (Australian Bureau of Statistics 2007) and crocodiles in the NT,
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managing human-crocodile conﬂict continues to be a priority in the future. Managing the recovery of the wild populations
since protection has involved integrating the diverse objectives, perceptions and demands from the public with changing
views towards crocodiles (Webb et al. 1984, 2000; Leach et al. 2009).
The tidal rivers we studied were known to contain high to medium densities of crocodiles historically and today. The degree
to which the same trends apply in the many low density rivers, creeks, and around the coastline, is largely unknown. Of
particular concern is the degree to which the attainment of an asymptote in the high density tidal rivers, may be stimulating
increased dispersal of Saltwater Crocodiles into the low density rivers, and more importantly, into the far upper reaches
of rivers, where few Saltwater Crocodiles were encountered in living memory or historical record. There is a mistaken
public perception that the freshwater upper reaches of rivers are free from Saltwater Crocodiles and are thus safe for waterbased recreational activities, yet individual Saltwater Crocodiles, are increasingly being found in such areas (Letnic and
Connors 2006).
Management Inplications
Our results that wild populations of Saltwater Crocodiles have largely increased in number and biomass since protection
indicate that ongoing public education and the strategic removal of problem animals, particularly from urban and rural
residential areas (Walsh and Whitehead 1993; Nichols and Letnic 2008) are critical. Continuing increase in biomass and
decreasing proportion of small individuals in the populations indicate that the proportion of larger crocodiles is increasing,
with a corresponding increased capability of attacking people or livestock. There is no mechanism through which swimming
in tidal rivers and beaches across the Northern Territory can be made absolutely safe. The management programs should be
formulated, being commensurate with the increased size and distribution of the wild crocodile population and the diversity of
ways in which they are used by people. In the case of the harvest program, a fundamental management obligation to ensure
that the wild population sustained the harvest of eggs and crocodiles to date was met by the survey results we analysed.
Ongoing commitment to continual monitoring of the populations, using the standardised survey technique, is important.
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Abstract
The sustainable use of wildlife of commercial interest, leading to economic beneﬁt as an incentive for in-situ conservation,
clearly is nowadays, the realistic approach to conserving natural ecosystems. The local inhabitants usually involved on the
ranching program are the employees of the cattle ranches. These “Gauchos” are familiar with the nesting areas, so during
the breeding season they are the ﬁrst ones to ﬁnd the nests, and when they are properly trained, they also do the harvest of
the eggs themselves. The eggs are transported to the ranching station for artiﬁcial incubation, but the work of the Gauchos
does not end there, as they are also actively involved on research studies, release of yearlings, and monitoring, together
with the almost 40 researchers involved in the scientiﬁc activities. Certainly caimans are now no longer a problem for the
Gauchos and do have a positive value to them. Between the three Provinces working on ranching, there are about 1000
people involved with the projects. They constitute a task force devoted to the protection of the caiman adult population,
simply because they are economically incentivized through this relatively new livelihood.
Sustainable Use of Crocodilians
At one time, the conservation of wild crocodilians was pursued exclusively through the creation of wildlife refuges or
sanctuaries, the imposition of strict bans on wild harvesting, and the belief that closed-cycle captive breeding was the only
rational type of use. At that time commercial utilization of wild populations was regarded almost as the ﬁrst step on the road
to extinction. Subsequently, the concept of sustainability came into being, and in the case of many crocodilian species that
were historically exploited, it became evident that rational utilization need not affect the status of the population. It was
also evident that the real problem was environmental modiﬁcation through deforestation, drainage of wetlands, or more
recently, intensive agriculture. From that moment, “the enemy becomes a friend” and commercial use was recognised as
one of the very few effective tools against habitat loss.
The challenge was to change people’s attitudes towards crocodilians, and to give them more “value”. Simply telling the
public that crocodilians were “good” for the environment was not enough. People needed more tangible rewards. They
got these in several ways. The ﬁrst step was not to deny simple facts: crocodiles are sometimes dangerous and can be a
problem, so extensive educational awareness campaigns encouraged people to treat crocodiles with caution and respect.
The idea of “sustainable use” of wild populations was highly controversial in the past, more so than it is today. However, in
this case it has provided an economic incentive helping to conserve crocodilian species and their habitats. As a conservation
strategy, “sustainable use” is endorsed not only by the IUCN-SSC Crocodile Specialist Group (CSG), but also the world’s
major conservation bodies including the Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES), the Convention on Biological Diversity (CBD) and WWF (G. Webb, pers. comm.).
It is self-evident for many NGOs - and for most scientists and wildlife managers - that sustainable utilization of crocodilians
through ranching or hunting, whether alone or combined with other activities, such as ecotourism, does work positively
in favour of conservation. Despite the fact that, in general terms, there has always been signiﬁcant objection to the idea
of harvesting wildlife for conservation, and that there are many people who will argue that it doesn’t work, actually it
has shown to be highly successful in many instances. On the other hand, even those who still harbour hostility towards
crocodilians acknowledge their biological and economic importance, and would not wish to see them disappear. Such is
the importance of linking conservation with people (Hutton and Child 1989; Hutton and Webb 2002; Hutton et al. 2002;
G. Webb, pers. comm.).
The Crocodile Specialist Group
The CSG was established in 1971, before CITES came into force with all crocodilian species listed on its appendices (1975).
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The formation of the CSG was motivated by conservation concerns about the world’s 23 species of crocodilians distributed
in some 100 countries. Despite little formal research, it was clear that most species had suffered serious population declines,
prompting genuine fears of extinction. The declines were due mainly to excessive and uncontrolled commercial harvesting
for the luxury crocodile leather industry.
The CSG today, with a voluntary membership of around 450 scientists, wildlife managers and crocodile industry
representatives from 57 countries, can report that 16 crocodilian species appear to be secure from extinction and only 7
species are still at risk (CSG 2012). Paradoxically, none of these have high commercial value.
Management programs involving sustainable use of wild crocodilian populations have demonstrated that conservation goals
(recovering a depleted population) can still be achieved while part of the population is being harvested for trade, creating
incentives to keep the program going. They have also shown that conservation and commerce can coexist without conﬂict,
despite being motivated by different goals. Most importantly, they have demonstrated that if people and wildlife both
beneﬁt from wildlife conservation programs, the programs will have a better chance of internalizing costs and becoming
self-supporting in the long-term. Programs that rely on transient donor funding are inherently difﬁcult to sustain because
the funding is ﬁnite and will eventually be reduced or withdrawn. All the beneﬁts are consistent with the aims and goals
of most environmental agreements and organizations (eg CITES, CBD, IUCN, UNEP). They also parallel the goals of
the UN Global Compact, created in 2000, which aims to encourage the business world to adopt sustainable and socially
responsible policies (G. Webb, pers. comm.).
These management programs provide the luxury leather market with a legal supply of crocodilian skins, with signiﬁcant
ethical credentials. Part of the value of most high fashion handbags sold to customers in Europe today tracks its way back
through the supply chain to individual people and families, often in remote areas, who harvested the egg or the crocodilian. It
ensures that people at the coalface of crocodilian conservation in the ﬁeld - whose actions will ultimately determine whether
crocodilians and their habitats are retained - become direct beneﬁciaries of their conservation (G. Webb, pers. comm.).
Ranching Caiman latirostris in Argentina
The northern part of Argentina represents the southern-most limit of the distribution of the Broad-snouted Caiman (Caiman
latirostris) and the Yacare Caiman (C. yacare). Both species are distributed in the Provinces of Formosa, Santa Fe,
Misiones, Corrientes, Entre Rios, Chaco, Santiago del Estero, Salta and Jujuy, in Argentina, although C. yacare occurs in
higher densities above the 30o latitude and C. latirostris up to the 32o latitude (Medem 1983; Waller and Micucci 1993;
Yanosky 1990).
Populations of the C. latirostris, at least some years ago, were considered to be seriously depleted, partly due to commercial
over-exploitation over the past decades and to the progressive loss of habitat caused by drainage of the marshlands for
cattle production. On the other hand, the few remaining adults in the wild were regularly killed by the local inhabitants,
sometimes to sell the skin on the illegal market, but also out of fear for the welfare of small animals and children. As
ﬁeldwork progressed, a distribution area and a reproductive potentiality bigger than what had been expected were veriﬁed
(Larriera et al. 2008).
During the period of illegal hunting, until the late 1980s, the skin of the Broad-Snouted Caiman was the preferred one,
because of its high quality compared with the Yacare caiman, which is much more ossiﬁed (Fuchs 2006). In the ﬁrst studies
in the wild, it was believed that the situation of C. latirostris was worse than really transpired in the ﬁeld. This was because
the environmental preferences of the species, which inhabits heavily vegetated places, which are difﬁcult for humans to
access, whether for hunting or studying, making effective population assessments difﬁcult. On the other hand, C. yacare
prefers open water environments, giving the impression that they were more common in the places where both species
were found. Adequate studies subsequently demonstrated the reality, as the only difference seemed to be that C. latirostris
was not less frequent, but simply more difﬁcult to locate (Larriera et al. 2008).
Ranching of eggs, combined with restocking of the wild population, was considered the safest option to pursue with regard
to minimizing the impact on the population. Listed in Appendix I of CITES, international trade in C. latirostris products
was prohibited until the Argentinean C. latirostris ranching proposal was approved at the 10th Conference of the Parties to
CITES (Harare, Zimbabwe, 1997), and the population transferred to Appendix II. Initially, ranching was only implemented
in Santa Fe Province, but in 2001 it was extended to Formosa Province, and in 2004 to Corrientes Province (Larriera
1990; Larriera 1998; Larriera et al. 2008; Ross 1998). Caiman yacare was already listed in Appendix II of CITES, so no
concessions from CITES were required.
The background for the CITES downlisting was essentially the scientiﬁc information generated by the ranching program
that began in Santa Fe Province in 1990 (Larriera 1990, 1991, 1993, 1994).
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Natural History and the Ranching Program Itself
Crocodilian activity is dependent on ambient temperature. In winter, in the southern limit of its distribution (Santa Fe
Province), ambient temperatures fall to 0oC on some days, so activity is restricted to a few movements between the land
(where the animals are exposed to the sun) and the water. From October, crocodilians begin to feed more often, and
prepare themselves for the reproductive season. Mating begins in early November, and nest construction from early to
mid-December. Females lay their eggs in a mound nest built with vegetation and soil, sometimes far from permanent water.
Egg-laying occurs from mid-December to mid-January. Mean clutch size for C. latirostris in Argentina is 35 eggs, and the
natural incubation period is around 70 days (Larriera and Imhof 2006).
It was estimated that only 30-40% of wild eggs produce hatchlings, with the most common causes of embryonic death
being ﬂooding and predation (Larriera and Piña 2000). Average survivorship to one year of age has been estimated at 10%,
due to predation and the effects of winter (which starts 2-3 months after hatching at the southern limit). However, survival
varies markedly from year to year according to environmental conditions (Larriera and Imhof 2006).
The rationale for the harvest of wild eggs for captive rearing (ranching), is based on consideration of the high natural
mortality of embryos and hatchlings and that returning up to 10% of animals hatched at the rearing station will at the very
least keep the population stable or allow it to keep growing. The philosophy of the technique is very simple, and consists
of “saving” animals under captive conditions, which allows utilisation of some of them for commercial purposes, in order
to give economic value to the wetlands where they live.
Through the ranching program egg harvesting is carried out from mid-December to late January. Normally the nests are
located by cattle ranch employees, who receive a payment for every marked or harvested egg. During the ﬁrst years of
the work, local inhabitants only identiﬁed nests in the wild, and the harvest was carried out by project personnel. But as
the work progressed, local people in the ﬁeld were trained to harvest the eggs themselves, which meant more money for
them. The transport of eggs from the nesting areas to where vehicles are waiting is carried out using horses in most cases.
Distances vary from a couple of hundred metres up to 15 km (Larriera and Imhof 2006).
The harvest of the eggs is carried out by the “Gauchos” on the basis of the technique proposed by Larriera (1990), and
consists of opening the nest to expose the eggs, which are then marked with colour pencils on the top, in order to maintain
their relative positions in the incubator as changing these could kill the embryos. The eggs marked in this way are placed
in plastic containers together with nest material, thus minimizing the effect of rough movements during transport.
Eggs are transported to the rearing station in Santa Fe City, where they are placed in incubation chambers with 98%
humidity and 31.5oC conditions. At hatching, hatchlings are marked by cutting a sequence of the vertical tail scutes (scales),
identifying year and nest number, and then transported to rearing pens where water, temperature and food are controlled
(Larriera and Imhof 2006; Larriera et al. 2008).
Since its beginning in 1990, the ranching program in Argentina has returned around 30,000 C. latirostris yearlings to
the wild. The recovery of the wild population has been veriﬁed in all the harvest locations, with exceptional increases of
1500% in some of them (Larriera and Imhof 2000; Piña et al. 2010; Siroski 2003). It has also been conﬁrmed that 50% of
the breeding females in the working areas are animals previously released by the project (Larriera et al. 2006).
Conclusions
The local inhabitants usually involved in the project are employees of the cattle ranches, so they are really the cowboys
in the ﬁeld. We in Argentina call them “Gauchos”, and their work is basically to control the cows in areas of up to 3000
hectares each. They know their localities very well and are familiar with the nesting areas of the caimans, so during the
breeding season they are the ﬁrst ones to ﬁnd the nests, and, when properly trained, they also carry out the harvest. These
people receive beneﬁts directly from the program through a payment for every egg collected - currently $US1 each. Some
of the Gauchos harvest just 2 or 3 nests, amounting to only $US100 to $US200 for the work, but others in more productive
areas, and those more motivated, can harvest up to 1000 to 2000 eggs which represents a signiﬁcant amount of money to
them, considering that their salary is around $US400 per month.
Of course, the economic incentive also acts to stop local inhabitants killing caimans and to protect the nesting areas.
Because they have an economic incentive to keep the caiman population in good shape, they do not allow anyone to touch
the animals in the ﬁeld, so in practice, they are actively involved in the protection of the wild adults. On the other hand,
the Gauchos are also involved in the research work, such as releasing and population monitoring, together with the almost
40 biologists, veterinarians and sociologists involved in the scientiﬁc activities.
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Certainly caimans are now no longer a problem for the Gauchos and do have a positive value to them. Between the three
Provinces involved with ranching programs, there are about 1000 people involved in one way or another, which is more
than all the employees of the National Parks, the local government ofﬁcials, and the national government ofﬁcials in charge
of the enforcement of the laws in the country. In effect, it is a task force devoted to the adult caiman adult protection.
In the last season in Argentina about 30,000 C. latirostris and 60,000 C. yacare eggs were harvested, which is a major
incentive to protect the adults for the local inhabitants in the north of the country. This meant that in those regions where
ranching is now carried out, during the last year the local people who live in the ﬁeld and share the ecosystem with the
caimans have received almost $US90,000 through egg payments. Certainly, no-one wants to see the crocodilians vanish
now. In fact, they would welcome greater numbers.
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Abstract

In the Middle Solimões River the practice of piracatinga (Calophysus macropterus) ﬁshing using caimans and dolphins as
bait has been recorded. Fishing and selling piracatinga is not an illegal activity, however the use of caimans and dolphins
as bait turns this activity into an illegal one. The killing of dolphins for bait has arisen strong emotion by some researchers
and especially the media. The absence of systematic data on this activity renders the comprehension and quantiﬁcation
of its effects on natural populations of caimans and dolphins difﬁcult. The Mamiraua Institute has been recording aspects
associated with piracatinga`s ﬁshing, supply chain and landing, as well as the use of caimans and dolphins as bait. Our
results suggest that Black and Spectacled Caimans are the species regularly used for bait production (67%). The use of
pink dolphin as bait was recorded as being incidental and opportunistic. Piracatinga ﬁshing happens year around, with a
peak in March and April (40%). Caimans used as bait are sold for $5.00/m. The recent increase of this activity is related
to the lack of other economic alternatives and the immediate monetary return it provides.

Rescue of the World’s Largest Crocodile: An Effort of Local Government Unit of Bunawan,
Agusan del Sur, to Address Human-Crocodile Co-Existence
Mayor Edwin G. Elorde
Municipality of Bunawan, Province of Agusan del Sur, Philippines
The Municipality of Bunawan comprising 10 Barangays is an Agriculture-based Municipality. It has a total land area of
51,218 ha with a population of 35,757 individuals as of census 2007. Some 60% of our lands are devoted to agriculture,
such as high value commercial crops, rice and corn production among others. Agusan Marsh and Wildlife Sanctuary, where
“Lolong” came from, comprises around 6000 hectares of our total land area. Onother 5 municipalities also contribute a
portion of their land areas to the marsh.
The interaction of human and crocodile in the marshland happened long time ago. But then these interactions came to a
point wherein crocodiles, especially the large one like “Lolong”, already encroached human territory or vice versa. These
resulted to series of events where the reptiles already attacked and killed people. Thus, inhabitants retaliated by capturing
and killing the 19’ crocodile sometime in 2002. Another attacked happened in 2011, where the headless body of a 12year-old child was recovered.
It is along these lines that LGU-Bunawan acted promptly to rescue and conserve the large crocodile in Agusan Marsh, as
well as protect its own people from further attack. Series of resolutions, ordinances and information drives for the affected
communities were undertaken for the co-existence of both human and crocodiles. Letter requests to Mr. Sony Dizon (Davao
Crocodile Park) and Director Jose Diaz of DENR-NCR and other concerned agencies such as the PAWB among others,
were likewise sent in order to assist as well as allow the LGU to rescue the large crocodile. Thus, on 3 September 2011,
at around 2300 h, the largest crocodile in the world was rescued, and later named “Lolong” in honor of the late Ernesto
“Lolong” Conate, PWRCC certiﬁed trapper who died of a heart attack days before “Lolong” was rescued. The rescued
reptile was later proclaimed by Guinness World Records as the largest crocodile in captivity. Lolong, a Saltwater Crocodile
(Crocodylus porosus), measured 6.17 m (20’ 3”) and weighed 1075 kg. “Lolong” is now situated at the Bunawan Ecopark
and Research Center, a safe place for him as well as the other crocodiles in Agusan Marsh. The park has already gathered
around 600-800 local and foreign tourists daily, catapulting the Municipality and placing it on the world map, and giving
its people a chance to improve their lives through sustainable ecotourism as well as conserve the crocodiles in Agusan
Marsh. As the mayor has said that both human and crocodile are created by God, so both must also be protected.
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Abstract

Accurate, veriﬁed data on exceptionally large crocodiles is rare, so when a Saltwater Crocodile (Crocodylus porosus)
of potentially record-breaking size was captured from Agusan del Sur, Mindanao, in the Philippines in early September
2011, it provided a rare opportunity to collect valuable data on the upper size limit of this species. Morphological data are
presented here, and we discuss the relevance of these measurements in the context not only of other large crocodilians,
but of hypothetical circumstances that lead to exceptional size in crocodiles.
Introduction
On 3 September 2011 a large male C. porosus was captured from Magsagangsanga Creek near Bunawan in the Agusan del
Sur Province of Mindanao in the Philippines. It was believed responsible for the death of 12-year-old Rowena Romano,
taken from a small dugout canoe at Lake Mihaba in Agusan Marsh on 7 March 2009 (Sistante 2009). It was also blamed
in 2011 for the death of a ﬁsherman from Bunawan village (R. Sumillar, pers. comm.). The desire to remove an animal
thought most likely to be responsible was considerable. The crocodile that was eventually captured was named after Ernesto
“Lolong” Cañete of the Palawan Wildlife Rescue and Conservation Center (PWRCC) who died of a heart attack in late
August 2011 shortly before its eventual capture.
Lolong was captured by members of the PWRCC and coordinated by wildlife specialist Ronnie Sumiller using baited steel
nooses. The crocodile was so heavy that dozens of local people were needed to haul it to a nearby village where it was
subsequently transported by road to holding facilities. Lolong now resides at Bunawan Eco-Park and Research Center.
Media reports of the crocodile’s total length ranged from 6.1 to 6.4 m (20 to 21’), and its large size appeared to be
corroborated by photographic and video evidence. This attracted interest in verifying these measurements for Guinness
World Records, and Natural History New Zealand arranged for one of the authors (AB) to visit Bunawan to do so before
witnesses and television cameras. Funding was provided by National Geographic.
Materials and Methods
Capture and Restraint
Lolong was measured in his enclosure at Bunawan Eco-Park on 9 November 2011 at 1400 h local time. Lolong was
lying relatively straight on the level concrete ﬂoor of his drained pool, with further corrections to straighten his posture
possible. Chemical and physical restraint was used to facilitate accurate measurement particularly of the head, to improve
safety and welfare. A neuromuscular blocker (Pancuronium bromide @ 2 x 2 mg) was combined with a mild sedative
(Diazepam @ 10 mg) to achieve partial immobilization (after Bates et al. 2004). Highly conservative doses (0.004 mg/kg
for pancuronium bromide, 0.01 mg/kg for diazepam) were used given that Lolong was outside the size range of crocodiles
for which either drug had been used previously. Once it was clear that sufﬁcient immobilization had taken place to permit
safe handling, further doses were deemed unnecessary. Breathing rate and eye blink response were monitored throughout
the procedure.
Chemical induction was achieved after two hours, after which standard physical restraint was employed using a combination
of head immobilization using snout ropes, duct tape to secure the jaws, towels to cover the eyes, and physical restraint applied
to the limbs and body using a team of ﬁve persons. Measurements to the head and body, together with documentation, took
approximately one hour after which all physical restraint was carefully removed using established safety protocols. Drugs
were allowed to metabolise naturally while the crocodile was under observation, and normal behaviour was observed six
hours post injection.
Measurement
Lolong’s head, body and tail were straightened prior to measurement. Measurements concentrated on morphological
dimensions that would not be inﬂuenced by body condition (Fig. 1) and were taken using a steel tape with a millimetre
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scale. Conversion into other units (eg feet) was done afterwards. The tape was held taut for each measurement, and straight
wooden rods held perpendicular to the ground were used as boundary markers for speciﬁc measures (eg maximum head
width). We followed slightly modiﬁed methods previously published for C. porosus (Webb and Messel 1978). We used
DCL for “head length” to avoid confusing mandible length with “head length” (Whitaker and Whitaker 2008). Skull widths
and heights were taken at the maximum points. Snout-pelvis length (SPL; Fig. 1a), to the posterior margin of the hind legs
joining the pelvis, was used as a substitute for snout-vent length (SVL) because of the difﬁculty and welfare considerations
associated with rolling such a large crocodile onto its side or back. Previous comparisons (A. Britton, pers. obs.) suggest
that SPL and SVL differ by less than 1%.
Two methods for measuring body length were used for
comparative purposes. The ﬁrst (“Method A”, Table 1, Fig.
1a) used a steel tape along the dorsal midline from snout tip
to tail tip following the slope of the skull and latter part of
the tail. The second (“Method B”, Table 1, Fig. 1a) used the
horizontal distance from snout tip to tail tip exactly parallel
to the ground. In practice Method B gave fractionally shorter
lengths than Method A (by around 1% in large individuals)
and yet Method A is more frequently used (A. Britton and
R. Whitaker, pers. obs.) simply because it is more practical
especially with large individuals that are difﬁcult to move.
Measurements using Method A were preferred as they allow
more meaningful comparison with measurements of other large
crocodiles. Lolong’s tail appeared to be complete.
Table 1. Measurements of Lolong. See “Materials and
Methods” for the difference between Method A and Method
B. Method A is considered the principal measurement.
All measurements are illustrated in Figure 1. All “length”
measurements are taken from tip of premaxilla (snout). All
“width” measurements are taken at the widest point.
Figure 1. Top-down and profile diagrams of entire
crocodile (a) and head (b) illustrating measurements
taken using Method A (A) and Method B (B). DCL=
dorsal cranial length; SEL= snout-eye length; MHW=
maximum head width; MCW= maximum cranial width;
IOW= inter-orbital width; CH= cranial height; SPL=
snout-pelvis length; TaL= tail length; TaL1= anterior
tail length; TaL2= posterior tail length; SPL+TaL1 =
snout-scute junction (SSJ); SPL+TaL1+TaL2 = total
length (TL).

Measurement (mm)
Dorsal cranial length (DCL)
Snout-eye length (SEL)
Maximum head width (MHW)
Maximum cranial width (MCW)
Inter-orbital width (IOW)
Cranial height (CH)
Snout-pelvis length (SPL)
Snout-scute junction (SSJ)
Total length (TL)

Method A
700
496
450
228
84
363
2851
4982
6170

Method B
694
495
450
228
84
363
2844
4949
6095

Lolong’s mass was recorded at a truck weighbridge during transport to his captive holding facilities in early September
2011. It was logistically impractical to verify this measurement during our visit, but there is no reason to believe this simple
measurement was lacking in rigour.
Results
Using Method A, Lolong’s total length (TL) was 6.17 m (20.24’) (Table 1) with a dorsal cranial length (DCL) of 700 mm
(27.6”). Ratio of DCL to TL is 1:8.8. Snout-pelvis length (SPL) was 2.85 m. Therefore tail length (TaL) was 3.32 m, with
TaL to TL ratio of 1:1.9. Snout-scute junction (SSJ) was 4.98 m, therefore we calculated anterior tail length (TaL1) as 2.13
m and posterior tail length (TaL2) as 1.19 m. The ratio TaL2 to TaL is 1:2.8. Measurements using Method B (Table 1) are
provided for comparison. All measurements differ by less than 1% between Methods A and B except TL, which differs by
1.2%. Lolong’s net mass (accounting for the trailer weight) was 1075 kg (2370 lb).
General body condition based on muscle tone and fat deposits was considered normal for a large wild crocodile. While
age could not be determined by physical examination, there were no obvious signs of senescence. Age was estimated
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subjectively at approximately 50-60 years based on the degree of skull rugosity, health of teeth alveoli, height of dorsal
scute keels and overall appearance which can be compared with previous observations and experience. Although the ventral
surface was not examined, very little historical scarring was found on the skin, and no limbs, toes or parts of the tail were
missing which was considered unusual for such a large wild crocodile. Recent superﬁcial injuries were likely caused by
rope abrasion incurred while struggling during capture and transport. All such injuries appeared to be healing normally.
Discussion
At 6.17 m (20.24’), Lolong is at the time of writing the largest wild crocodile ever captured alive and documented. The
slightly higher measurement taken by Edwin Elorde shortly after capture (6.4 m, 21’) was likely due to the crocodile’s
posture, the weight of the tail hanging onto the ground from the elevated cart pulling the vertebrae apart enough to add
the additional 20 cm length. This underlines the importance of taking length measurements of crocodiles on ﬂat, level
ground.
So what about reports of larger crocodiles? These are mostly difﬁcult to verify or come from incomplete specimens
(Whitaker and Whitaker 2008). The largest body of evidence comes from skulls residing in museums and personal collections
around the world, yet in virtually every case reliable length data from their original owners are lacking. The only resort
is to estimate total body length based on known relationships between DCL and TL, yet the problem here is that existing
formulae are derived from relatively small crocodiles (Webb and Messel 1978). Such relationships were never intended to
be extrapolated to very large specimens. We now know that DCL becomes a smaller proportion of TL with increasing size.
The DCL:TL ratio for smaller crocodiles of around 1:7 (Wermuth 1964; Bellairs 1970; Greer 1974) would under-estimate
Lolong’s length by over a metre because the DCL:TL ratio for large C. porosus is closer to 1:9 (Whitaker and Whitaker
2008). On top of this, the shape of the skull of exceptionally large specimens can be quite variable and DCL becomes a
less useful indicator of TL.
The largest known C. porosus skull has a DCL of 760 mm, making it 8.6% longer than Lolong’s skull. If we assume that
a DCL:TL ratio of 1:9 is in the right ballpark, TL would be 6.84 m (22.4’) which is 11.3% longer than Lolong’s TL. The
actual length of this specimen has been lost forever, but it seems reasonable to assume that it was a nearly 7 m (almost
23’) crocodile. This closely matches a slightly smaller skull from Bhitarkanika in India of DCL 730 mm reported to have
come from a 7 m (23’) C. porosus. Applying the 1:9 ratio to the Bhirtikanika skull gives an estimated TL of 6.6 m (21.7
ft). The truth is unlikely to be far from these ﬁgures, and the largest known measured C. porosus specimens do not appear
to exceed 7 m (23’) in length.
The only crocodile larger than Lolong that has been measured and documented was tantalizingly close to a living specimen.
Discovered in Obo village on the Fly River in Papua New Guinea (Montague 1983), the recently-killed crocodile’s skin plus
decapitated head measured 6.2 m (20.3’), possibly an underestimate considering shrinkage of the skin plus an incomplete
tail tip, suggesting a TL closer to 6.3 m. The DCL of this crocodile was 720 mm, which at 6.2 m TL would a DCL:TL
ratio of 1:8.6, or 1:8.8 considering the likely 6.3 m TL. While not a complete or living specimen, this is still considered
the largest C. porosus ever measured and documented.
Larger wild crocodiles are based on unveriﬁed reports of crocodiles that were apparently never measured. For example: a
7 m plus (over 23’) C. porosus sighted within the Bhirtarkanika Wildlife Sanctuary in Orissa, India, in 2006 (Whitaker and
Whitaker 2008) was a size estimation taken by observers in a boat; a C. porosus shot on the Norman River in 1957 was
reportedly over 8 m (approx. 26’); a large C. niloticus (“Gustave”) from Burundi has reached legendary status despite (or
because of) never having been captured or measured. A high degree of skepticism for such reports is understandable when
bearing in mind the track record of inaccurate or exaggerated size records (Greer 1974; Whitaker and Whitaker 2008).
The only other living captive crocodile that rivals Lolong for length is “Yai” at Samutprakarn Crocodile Farm, Thailand,
who was measured in 2000 at 6 m (19.7’) with a mass of 1114 kg (2455 lb). It is unknown how much if at all Yai has grown
in the last decade. Yai is also the result of artiﬁcial captive hybridisation between C. porosus and C. siamensis (Siamese
Crocodile), his size potentially the result of heterosis (or “hybrid vigour”) (Shull 1948).
Why are such exceptionally sized crocodiles so rare? It was suggested in an early analysis that males usually stop growing
between 3.9 and 6.0 m (12.8 to 19.7’) (Webb et al. 1978). This range of maximum sizes is inﬂuenced by a number of
factors such as access to optimal temperatures, access to shelter and basking areas, food availability and quality (Coulson
and Hernandez 1983; Dalyrmple 1996; Lang 1987; Webb 1985). Crocodilians are also highly sensitive to stress through
social structure and access to resources, all of which affect growth (eg Choudhury and Bustard 1983; Lance 1994; Smith
and Marais 1994). Other factors inﬂuencing growth include genetics, the health of the adult female, and the incubation
environment (Isberg et al. 2004; Allsteadt and Lang 1995).
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Clearly to achieve maximum size potential, all factors both known and unknown that inﬂuence growth need to be optimal.
But at what period of life? We know that the greatest proportion of growth occurs in the ﬁrst 15-25 years to around three
quarters of maximum size, although faster growing individuals appear to sustain rapid growth for longer (Webb et al.
1978). Therefore it is the fastest growing juveniles that reach the largest adult sizes and grow for longer. In slow-growing
individuals, growth rates fall too low to ever achieve maximum size potential and growth essentially stops in older animals
(Webb et al. 1978; Woodward et al. 1995). It is misleading to assume that extremely large crocodiles become that way
due to age. For example, the hybrid Yai reached 6 m (19.8’) in less than 30 years, and a pure-bred C. porosus (“Jaws”)
at Madras Crocodile Bank reached 5.13 m (16.8’) in 38 years. Most wild C. porosus take at least 15 years to reach 3.5 m
(Webb and Manolis 1989).
To achievement maximum growth potential in the wild, crocodiles need to maximise their access to resources and
optimal environmental conditions, and they need to minimise their exposure to stressful factors. Stress in combination
with threatening processes (eg. contaminants) can have serious physiological consequences in wild populations (Guillette
et al. 2000) and at lower levels it seems feasible that stress is capable of more subtle effects such as inhibiting growth
rates. One hypothesis is that exceptional size can only be achieved when growing crocodiles do not encounter sources of
stress including encounters with humans on a regular basis. Lolong, for example, is likely to have spent most of his life
in and around Agusan Marsh, an area with relatively little human trafﬁc and where overall crocodile densities are low
(Pontillas 2000). His lack of scarring is unusual in such a large wild crocodile, and suggests limited competition. Under
such favourable conditions for a crocodile, individuals that may also have been genetically predisposed for faster growth
would have excellent opportunities to thrive and reach exceptional sizes. It is unclear just how important genetic factors
are in inﬂuencing maximum size in C. porosus but it is possible that selection for exceptionally large crocodiles during the
extensive and widespread hunting that took place until the 1970s makes such traits extremely rare today.
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Abstract
Protection of Estuarine Crocodiles (Crocodylus porosus) within Australia has allowed the population to steadily grow over
the last 35 years. The on-going population recovery presents a paradox for wildlife managers and policy makers; whilst
an iconic animal of Australia, a ﬁrm tourist attraction and undoubtedly important to ecosystem integrity and health, C.
porosus poses a signiﬁcant risk to the public. Knowing the behaviour of adult estuarine crocodiles around sites of frequent
human visitation, and estimating the probability by which each specieswill occupy the same locality, may aid in reducing
the probability of attacks upon humans. Here, we present the ﬁndings from a one year study which used passive acoustic
telemetry to identify the behaviour of adult estuarine crocodiles around a shallow rifﬂe zone on the Wenlock River,
Queensland; a popular river crossing point, camping area and swimming hole. By combining adult C. porosus population
estimates with temporal patterns in their movement we were able to predict periods when crocodile-human interaction
would be most probable.
Introduction
The frequency of attacks upon humans by the Estuarine Crocodile (Crocodylus porosus) has signiﬁcantly increased across
Northern Australia over the last 30 years (Caldicott et al. 2005). This has been attributed to the ongoing recovery of the
Australian C. porosus population (Fukuda et al. 2007; Read et al. 2004; Letnic and Connors 2006), combined with increased
human visitation and encroachment upon crocodile habitat (Caldicott et al. 2005). Humans regularly use areas inhabited by
C. porosus for recreational purposes making interaction inevitable, and therefore, a primary method of reducing crocodile
attacks would be to minimise the periods when humans and estuarine crocodilians are in close proximity. Here we used
underwater acoustic telemetry to identify how adult estuarine crocodiles behaved around a shallow water rifﬂe zone (Stones
Crossing) located on the Wenlock River, Queensland, Australia. The area is a popular river crossing, camping, ﬁshing and
swimming area, and the study aimed to deﬁne the variables which deﬁned crocodile presence within this area, and estimate
the probability by which crocodiles would be within the immediate vicinity of the rifﬂe zone at any particular time.
Methods
Trapping was undertaken during the month of August 2009 and 2010, along a 50-km stretch of the Wenlock River,
Queensland, Australia. A total of 20 traps were deployed in the same location over 3 consecutive years (Fig. 1). A total of
46 adult estuarine crocodiles (>2.5 m total length) were captured. Once captured, the crocodiles were removed from the
trap and manually restrained. Body length measurements were taken and a local anaesthetic injected into the area of soft
skin and muscle immediately behind the left forelimb. A ventral to dorsal incision (2 cm) was made by scalpel, and using
blunt dissection, a pocket was created between the epidermis and the underlying muscle layer immediately below the
incision (see Franklin et al. 2009 for details). An acoustic transmitter (VR16 VEMCO, Halifax, Canada) was inserted into
the pocket, and positioned laterally. The wound was closed by 4 to 6 interrupted dissolvable sutures (Ethicon catgut, NJ,
USA). The implanted acoustic transmitters emitted a sonic pulse every 60 s, which was encoded with an ID code unique
to the animal. The transmitter had a projected battery life of approximately 7 years.
To detect the presence of the tagged crocodiles within the river, 28 VR2W (VEMCO) acoustic receivers were placed
approximately 1-2 km apart throughout a 50-km stretch of the river (Fig. 1). These continually listed out for the acoustic
transmitters implanted within the crocodiles. To speciﬁcally detect the presence of the tagged crocodiles around the rifﬂe
zone two VR2W underwater receivers (VEMCO) were deployed in deep water pools immediately above and below the
shallow water rifﬂe zone (N12.38811, E142.17337). This rifﬂe zone was located approximately in the middle of the river
section where the crocodiles had been captured and tagged (Fig. 1). Each receiver was attached to a concrete anchor (20
kg) situated ~2 m from the river bank, and the receiver was positioned ~1 m below the water surface at low water. The
detection radii for each receiver was determined by towing an activated tag behind a boat in a predetermined pattern
around each receiver, and was between 50 and 150 m depending on river geography and bathymetry. At the rifﬂe zone
complete coverage was provided for each of the deep pools immediately upstream and downstream. Acoustic monitoring
was undertaken from 1 September 2010 through until 31 August 2011.
The effect of tidal cycle upon water depth at the rifﬂe zone was measured by a submerged time-depth recorder (resolution 0.1
m; TDR, Star-Oddi, Iceland).Water depth was measured and recorded every hour throughout the one year study period.
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