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Abstract
Preserving large carnivores that perceive humans as prey brings conservation
values into direct conflict with human security. Informing when and where
humans and large carnivores occupy the same space may reduce attack fre-
quency and promote coexistence. Here, we demonstrate a methodology to better
understand the spatiotemporal relationship between a population of large car-
nivores and humans. The carnivore of study was the estuarine crocodile
Crocodylus porosus, a large semi-aquatic predator responsible for 705 recorded
human attacks over the last 20 years. Crocodiles were captured every August
over 3 years and individuals greater than 2.5 m in length were implanted with an
acoustic transmitter (n = 84). The transmitter emitted a coded pulse detected
when in proximity to underwater hydrophones deployed throughout the river.
The telemetry data informed which previously captured crocodiles were present
during subsequent trapping episodes and adult population size was estimated
using a closed-population model. Over 3 years, 24 of the tagged crocodiles were
detected 269 times moving through a shallow-water area where humans fre-
quently entered the water. The tagged crocodile presence was extrapolated to the
population level to provide a probability of adult crocodile presence across a
range of temporal scales. The results showed that between September and
December, the probability of crocodile presence within the human entry zone
was 0.97 ± 0.01 during darkness but decreased to 0.07 ± 0.01 during daylight,
except around periods of high tide when it increased to 0.71 ± 0.02. Human
visitors confined their activity to shallow water during daylight hours, but no
consideration was given to the significant rise in crocodile presence with season
and tide. The observed patterns in crocodile and human behaviour, around this
shallow-water river crossing, exhibited parallels with historical incidences of
crocodile attack.

Introduction

Human population expansion is a major cause of species
decline and biodiversity loss. Large carnivores are particu-
larly vulnerable to human population expansion because
of their feeding habits directly conflicting with humans and
their resources (Jackson & Nowell, 1996; Woodroffe, 2000;
Treves & Karanth, 2003). In places where large carnivores
and people coexist, there are significant societal and politi-
cal challenges for conserving these potentially dangerous
species and persecution is widespread (Rasker &
Hackman, 1996; Treves & Karanth, 2003; West, 2011).
This includes direct killing by local communities (Kissui,
2008) as well as government-sponsored harvesting and

eradication schemes (Barnett & Baston, 2013). Direct
killing, as a consequence of human–wildlife conflict,
remains the greatest threat to the persistence of many large
carnivore populations (Weber & Rabinowitz, 1996;
Woodroffe & Ginsberg, 1998).

Human attitudes towards large carnivores have,
however, considerably changed in recent decades. This has
occurred because of aesthetic reasons but also because
the elimination of large carnivores has been shown to
alter ecosystem structure and function (Estes et al., 2011;
Hines & Gessner, 2012), with trophic cascades being
unleashed after the resident carnivore population was
removed (Terborgh et al., 2001; Ripple et al., 2013). As
a consequence, the preservation of large carnivores
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throughout their range is becoming of central concern to
conservation managers (Metz et al., 2012; Steinmetz,
Seuaturien & Chutipong, 2013) and large carnivores are
receiving protective status with prosecution of those who
carry out retaliatory killings. Thus, what was once a simple
relationship between carnivore and prey has turned into a
political conflict between locals, conservationists, resource
managers and policymakers (Löe & Röskaft, 2004; Treves
et al., 2006).

A suitable example of a species that generates discord,
disagreement and controversy between local inhabitants,
government and those seeking to preserve the population is
the estuarine crocodile Crocodylus porosus. This ancestral
archosaur is the world’s largest reptile and the top predator
within coastal, estuarine, freshwater and marginal terrestrial
ecosystems from East India throughout Southeast Asia to
Northern Australia, Fiji and the Solomon Islands (Webb &
Manolis, 1989). Intensive hunting of crocodiles in Australia
between the 1940s and 1970s severely depleted the popula-
tion and concerns for its long-term viability resulted in the
Australian Government affording the species protective
status. This intervention has allowed the estuarine crocodile
population to recover substantially across Northern Aus-
tralia and the population size is now estimated to be over
150 000 non-hatchling individuals (Read et al., 2004;
Fukuda, Whitehead & Boggs, 2007; Fukuda et al., 2011).
The estuarine crocodile recovery is a remarkable success
story in an age when many large carnivores are in decline
(Ripple et al., 2013). Estuarine crocodiles do however, occa-
sionally attack and kill humans, their pets, and livestock;
thus, they are reviled by many who live within their geo-
graphical range.

Archiving and analysis of estuarine crocodile attacks in
Australia have shown that the majority of attacks have been
carried out upon local residents swimming or wading in
waters known to be inhabited by estuarine crocodiles
(Caldicott et al., 2005; CrocBITE, 2013; Fukuda et al.,
2014). In Australia, government agencies erect signage to
warn of crocodile presence and education schemes have
been carried out to warn of the potential dangers around
crocodile habitat. Regardless, human attacks continue to
track with the growing estuarine crocodile population
across Northern Australia, resulting in government schemes
for selective removal and public outcries for widespread
culling (Leach, Delaney & Fukuda, 2009).

The purpose of this project was to better understand the
spatiotemporal relationship between human and estuarine
crocodile occurrence. We aimed to reveal aspects of human
behaviour that could be modified around waterways to
reduce the likelihood of a close encounter with an adult
estuarine crocodile. We employed underwater acoustic
telemetry to estimate crocodile population size and monitor
their activity, integrating these data to assess the probability
of crocodile occurrence around a shallow-water river cross-
ing in Northern Australia. We also instigated a human-
based survey of visitors to the area to understand if humans
behaved in a manner that minimized their risk of crocodile
attack.

Materials and methods

Crocodile capture and tagging

Between 2008 and 2013, 20 crocodile traps were deployed
throughout a 47-km stretch of the Wenlock River (Fig. 1).
This system has one of the healthiest crocodile populations
in Queensland, Australia (Read et al., 2004). The traps were
situated on the river banks or floating on the water surface.
They were placed in the same location each year for 21 days
during August. Each trap was baited every fourth day with
wild pig Sus scrofa and sprung by a trigger-pin mechanism
attached to the bait line (Walsh, 1987). The crocodiles pri-
marily entered the traps during darkness and were processed
the following morning. Crocodiles were removed from the
trap using noosed ropes around the top jaw and then manu-
ally restrained. The total length and sex of each crocodile
were recorded. Surgical methodology has been reported
elsewhere (Franklin et al., 2009). In brief, a local anaesthesia
(Lignocaine, Troy Laboratories, Smithfield, New South
Wales, Australia) was injected into the area of soft skin and
muscle immediately behind the left forelimb and a ventral to
dorsal incision (8 cm) was made using a scalpel. A pocket
was created between the epidermis and the underlying
muscle layer by blunt dissection and an acoustic transmitter
(VR16 VEMCO, Halifax, Nova Scotia, Canada) was
inserted. The transmitter was positioned so that it was not in
immediate contact with the wound and in a lateral position
with the crocodile’s body. The wound was closed using four
to six interrupted sutures of cat-gut (2-0 gauge – Ethicon,
Newark, NJ, USA). The acoustic transmitters had a pro-
jected battery life of 7 years. All crocodiles captured that
were >2.5 m in total length were acoustically tagged for this
study and a passive integrated transponder tag was inserted
into the fleshy base of the tail.

Every captured crocodile was carefully assessed to deter-
mine if it was a recaptured individual. First, a mobile acous-
tic receiver (VR100, VEMCO) was passed over the animal
to detect for the presence of an acoustic transmitter; second,
a microchip reader was passed across the base of the tail to
detect for the presence of a microchip and finally, the nuchal
rosette, dimensions and distinguishing marks/scars were
checked against a photograph database. If the crocodile was
a recapture, it was released; otherwise it underwent the
tagging procedure.

In order to detect for tagged crocodile presence, an array
of static underwater acoustic receivers (VR2-W, VEMCO)
was deployed throughout the study area from September
2010 until August 2013 (Fig. 1). A total of 30 receivers were
placed c. 2 to 5 km apart and these receivers detected the
presence of the tagged crocodiles if they were within ∼200 m
line of sight radius. Each receiver was attached to a concrete
anchor (20 kg) and situated ∼2 m from the river bank and
∼1 m below the water surface. River depth varied between 3
and 7 m throughout the study area in the dry season. The
detection range of each receiver was determined by towing
an activated tag behind a boat up and down river away from
the VR2W receiver location. A VR100 receiver (VEMCO)
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aboard the boat was used to provide location of the boat by
the Global Positioning System when each transmission was
emitted. The log records between the VR100 and VR2W
were compared to determine which locations were out of
range of the VR2W receiver. Detection radius was generally
between 200 and 300 m. The river width was typically less
than 40 m. The pulse transmission rate of the transmitters
was set between 90 and 120 s and based upon crocodile rates
of travel (Campbell et al., 2010a, 2013), it was highly
unlikely that a tagged crocodile could pass by a receiver
without being detected.

A site of frequent human-visitation study was located
within the centre stretch of the trapping area (12°23′14’S¸
142°10′24’E) in an area of fresh (but tidal) water. Locals
and tourists frequently visited this area for fishing, swim-
ming and camping. This section consists of a stretch of
shallow water (∼50 m long and ∼30 m wide with a
maximum depth of ∼0.8 m) with two deep pools (minimum
depth ∼ 5 m, maximum width ∼30 m) immediately
upstream and downstream. Two underwater acoustic
receivers were anchored within each of these pools and it
was highly unlikely that an acoustically tagged crocodile
could be present or move into the shallow-water stretch
without being detected. Depth recorders (Star_Oddi, Rey-
kjavik, Iceland) placed within the shallow water recorded a
42-cm difference in water depth between mean low and
high water spring tides.

Human dimensions study

In April 2013, a survey by questionnaire was undertaken
upon the inhabitants of Weipa (12°39’S, 141°51’E). This
township is the closet urban centre to the human-visitation
site used in this study. The purpose of the survey was to
establish what proportion of locals visited the monitored
site, what water-based activities they participated in and
what measures, if any, they undertook to reduce the risk of
crocodile attack. Participation in the survey was voluntary
and each participant was provided with a one-page cover
letter outlining the survey rationale. The survey was
designed to take less than 5 min to complete and consisted
of 18 multiple choice and two open-ended questions (Sup-
porting Information Appendix S1). The survey was adver-
tised in the local paper as well as emailed to local businesses.
Participants could access it on the Internet and a lottery
style draw was instigated to encourage participation.

Data analysis

Movement and residence of
adult crocodiles

When a tagged crocodile was within the detection radii of an
underwater receiver, the acoustic transmissions from the
implanted tag were detected by the receiver and stored

Figure 1 The Wenlock River, Cape York Peninsula, Queensland, Australia. Direction of flow runs from south-east to north-west. The location
of underwater acoustic receivers (+) and crocodile traps (■) throughout the river are illustrated. Enlarged aerial image (ESRI ArcGIS BaseMap)
is of the frequent human-visitation site, white crosses (+) denote acoustic receiver location and the white box the human water-entry area.
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on-board. Acoustic receivers were retrieved and down-
loaded during September of each year and the data were
divided into three separate years for analysis. Calculation of
crocodile presence and movement from the acoustic detec-
tions was undertaken using the V-Track software (Campbell
et al., 2012) in R (R Development Core Team, 2010). Using
the residence function, the software was used to define
periods when a tagged individual was located within the
detection radii of each receiver and when it moved between
the detection radii of adjacent receivers. A residence event
was assigned as the last detection at a receiver if no other
detection was received within a timeout window of 10 min
(allowing a maximum of 10 acoustic transmissions to be
missed before a timeout was scored) or if the succeeding tag
transmission was detected by another receiver.

Analysing temporal patterns in activity

It was possible to demonstrate that a crocodile moved
through the human frequented site by its detection on
receivers placed upstream and downstream of the shallow-
water zone (acoustic detections could not pass over). The
time taken from leaving one receiver detection radii and
appearing at the next showed the time individuals spent
within the shallow-water zone. To determine if the timings
of tagged crocodile movements through the human fre-
quented site were significantly different from values
from random expectations, we used Monte Carlo
randomizations. Date and times occurring between 1 Sep-
tember 2010 and 31 August 2013 were sampled to create a
series of random movements which equalled the number of
actual movements across the monitored site. These actual
and random movements were then paired with data sheets
containing the timings of high and low tide and sunrise and
sunset according to the time of the movement event. Tidal
readings were obtained from The Tidal Unit Maritime
Safety Queensland collected by the tidal gauge site located
at Weipa, Queensland (Station Number 070021A; 12°40’S,
141°52’E) and calibrated according to a time depth recorder
located immediately upstream and downstream of the
closely monitored site. Sunrise and sunset times for the area
were obtained from the Astronomical Applications Depart-
ment, US Naval Observatory.

A generalized linear model (GLM) with a binomial error
structure and logit link function was used to determine
whether actual movements across the monitored site dif-
fered from what would be expected if crocodile movements
across the monitored site were random. In this model, our
response variable was the actual (=1) or random movement
(=0) of tagged crocodiles across the monitored site. Our
dependent variables were month names (September–
August) and time of day (day vs. night) as factors and hours
from high tide (0–12 h) as a covariate. The GLM was
run 10 000 times using different permutations of
randomized movements and significance was assigned if
the upper 95% confidence interval (CI) of P fell below 0.05
(Good, 2006). Because all crocodiles above 2.5 m are

considered dangerous to humans, regardless of sex, we did
not discriminate between male and female crocodiles when
assessing temporal patterns in behaviour.

Estimating crocodile abundance

To assess the size of the local adult crocodile population and
determine if it remained constant during the study, a
maximum likelihood approach was taken (Hilborn &
Mangel, 1997). It was possible to use this closed-population
model because the acoustic telemetry array detected the
number, the number of previously captured crocodiles
present in the river during each sampling episode. Assuming
a constant population size in the river (N), the likelihood (L)
of observing our capture and recapture data was:
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where the only unknown in this equation was N and the
minimum was found by numerically simulating different
values of N. As this dataset is relatively small, we modelled
this equation using a simple C program and searched over
all whole population size estimates from n = 28 to n = 300.
Using the likelihood ration test, 95% CIs are the range of
parameters for which the negative log likelihood is within
1.92 of the minimum value (Hilborn & Mangel, 1997).

If we assume a non-constant population size, then the
value of N in equations (1) and (2) needs to be replaced by
Ni, the population size in each year (i = 1 to 3). There are
now three unknown parameters (N1, N2, N3). These were
all varied simultaneously to find the values that minimized
the negative log likelihood (equation 2). As each year is
now independent of the other, this is exactly equivalent to
using the Lincoln-Petersen estimator (Southwood &
Henderson, 2000). The two models (constant population
size and different population each year) were then com-
pared using the change in Akaike information criterion
(AIC) score for each model. To be significant, the change
in AIC score from the one-parameter model (constant
population size) to the three-parameter model (non-
constant population size) had to be greater than twice the
difference in the number of parameters or sampling periods
(i.e. >4).
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Probability of crocodile presence

To determine temporal patterns in the probability of any
crocodile (tagged and untagged) being present at the moni-
tored site (pFHV), the probability of a tagged crocodile being
present (calculated from the acoustic detection data) was
scaled by the total population size in the river using the
following equation:

p p pFHV T
T N

T

N
T= − − − −( )⎡⎣ ⎤⎦( ) = − −( )1 1 1 1 1 11 (3)

where pT is the probability of a tagged crocodile being
present, T is the total number of tagged crocodiles in the
river and N is the total crocodile population size in the river.

Results

Capture information

A total of 84 adult estuarine crocodiles (64 males and 20
females) greater than 2.5 m in total length were captured in
all 20 of the set traps (Table 1). The sex ratio of male to
female crocodiles captured was similar to that captured in
other Australian C. porosus population studies (Fukuda
et al., 2013). Crocodiles were captured and tagged up to
10 km upstream and 40 km upstream and downstream of
the human-visitation site and only three crocodiles were
captured within 1 km of the monitored site. In each capture
year, a proportion of crocodiles that had been captured on
previous years and implanted with transmitters were recap-
tured (Table 1).

Population estimation

Population estimates and 95% CIs were: 56 (39 104), 106
(51 332) and 73 (44 157) crocodiles for the 3 years that

recapture data were available (2010, 2012 and 2013). The
constant population model (AIC = 7.77) was a more parsi-
monious fit to the data than our non-constant population
model (AIC = 10.92). Therefore, probability estimates for
each year were undertaken using the constant population
model, 71 (52 108) crocodiles >2.5 m in length.

Crocodile presence at the monitored site

A total of 269 crocodile presence events were recorded
within the area of frequent human visitation over the 3-year
study. These events comprised 24 of the 84 tagged croco-
diles. Male (n = 19) and female (n = 5) tagged crocodiles
were detected moving through the shallow-water area and
details about these crossings for each year are shown in
Table 2. Prior to moving into the shallow water, the croco-
diles remained within adjacent deep water pools for
extended periods. These ranged from 18 min to 27 h and
averaged 9.9 ± 2.5 h and 9.5 ± 5.9 h for the upstream and
downstream pools, respectively. Once into the shallow
water, the crocodiles travelled fairly quickly, taking
14.0 ± 2.7 min to travel from the downstream pool to the
upstream pool and 10.8 ± 1.6 min to move in the down-
stream direction.

The results from our GLM showed that the timing of
tagged crocodile movement through the shallow water at
the monitored site differed significantly from what would be
expected if movements were random. Crocodile presence
around the monitored site was an order of magnitude
greater between September and December than at other
times of the year [P < 0.001, 95% CI (< 0.001, < 0.001);
Fig. 2a]. The majority of movements through the shallow-
water area were embarked upon and completed after sunset
and before sunrise [day|night coefficient (± se) = 1.02
(± 0.32); P = 0.009; 95% CI (0.007, 0.011)], with 13% of

Table 1 The capture data for Crocodylus porosus during four trapping episodes over 3 years

2010 2011 2012 2013

Total number of captures 28 15 17 19
Number of captured crocodiles present 16 21 25 27
Number of recaptures 8 0 4 7
Annual estimate of population size 56 (39 104) – 106 (51 332) 73 (44 157)

Population size was estimated for each year using the maximum likelihood ratio based upon the number of new captures, recaptures and the
number of previously captured animals present in the river during the trapping episode. The 95% confidence intervals for the population
estimates are shown in parentheses.

Table 2 The detection of acoustic tagged Crocodylus porosus movement through shallow water at the monitoring site

Year 1 Year 2 Year 3

Number of presence events detected 116 77 76
Predicted number of presence events 430 240 219
Number of tagged individuals detected 12 16 19
Predicted number of individuals 58 49 54
Time to cross shallow water (min) 33.9 ± 1.2 16.9 ± 0.9 23.1 ± 0.3
Time spent in deep water (h) 9.6 ± 2.5 9.5 ± 3.9 9.8 ± 2.1
Crocodile length 3.52 ± 0.60 3.38 ± 0.41 3.43 ± 0.34

Values for acoustic tagged crocodiles have been scaled to predict values for a fixed local population of 71 individuals greater than 2.5 m in length
(mean ± SE).
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shallow-water movements occurring during daylight
(Fig. 2b). Crocodile movement through the shallow water
was significantly increased when tidal height was high
(hours to high tide coefficient ± se = −0.27 ± 0.002;
P = 0.006; 95% CI [0.005, 0.007]; Fig. 2c).

The probability of any crocodile (tagged and untagged)
being present at the monitored site was calculated from
scaling up the acoustic detection data to the estimated local
population (78 individuals). This revealed that the actual
number of adult estuarine crocodiles moving through this
area was potentially three- to fourfold greater than those
tagged and detected (Table 2). Estimation of temporal pat-
terns in the probability of crocodile presence showed that
there was a very high probability of a crocodile being
present in the deep water pools between September and
December but low throughout the rest of the year (Table 3).
During this season, there was a high probability of a croco-
dile moving through the shallow water during darkness and
during periods around the high tide (Table 4).

Human survey

Our voluntary Internet survey was completed by 13% of the
Weipa township adult population (129 females, 180 males).
Out of those surveyed, 188 individuals (61%) regularly
visited the site monitored for crocodile presence in this study
(Table 5). Out of this group, a vast majority stated that
they would not enter the water if they saw a crocodile
either on the bank or in the water. Nevertheless, ∼80%
regularly waded in the shallow water with ∼30% engaging in
swimming activity. The majority of visitors would not
enter the water during darkness with ∼17% saying that
they had entered the water during darkness previously.

Month

S
ep

t
O

ct
N

ov
D

ec Ja
n

Fe
b

M
ar

A
pr

M
ay Ju
n

Ju
l

A
ug

N
um

be
r o

f c
ro

ss
in

gs

0

10

20

30

40

50

60 a

Time
  23:00:00   07:00:00   15:00:00   23:00:00

0

10

20

30

40

50
b

Hours from high tide

–6 –5 –4 –3 –2 –1 1 2 3 4 5 6

N
um

be
r o

f c
ro

ss
in

gs

0

5

10

15

20

25

30

35 c

Figure 2 The temporal distribution: (a) months of the year, (b) hours
of the diel cycle, (c) hours of the tidal cycle of estuarine crocodile
movements through the shallow-water study area. The bars are
separated into movements through the shallow water undertaken
in year 1 (black), year 2 (light grey) and year 3 (dark grey) of the
study.

Table 3 The seasonal and diel probability of Crocodylus porosus
presence within deep water at the study site

January–August Year 1 Year 2 Year 3

0600–1800 h 0.03 0.11 0.08
1800–0600 h 0.12 0.21 0.18

September–December

0600–1800 h 0.51 0.82 0.71
1800–0600 h 0.78 0.96 0.81

Table 4 The seasonal and diel probability of Crocodylus porosus
moving through shallow water at the study site

January–August Year 1 Year 2 Year 3

0600–1800 h <0.01 <0.01 <0.01
1800–0600 h <0.01 <0.01 <0.01
High tide (± 3 h) <0.01 <0.01 <0.01
Low tide (± 3 h) <0.01 <0.01 <0.01

September–December

0600–1800 h 0.02 0.09 0.06
1800–0600 h 0.96 0.98 0.96
High tide (± 3 h) 0.71 0.78 0.65
Low tide (± 3 h) 0.26 0.38 0.28

Predicting large carnivore occurrence H. A. Campbell et al.

Animal Conservation 18 (2015) 387–395 © 2014 The Zoological Society of London392



Approximately 70% of visitors did not consider that their
exposure to crocodile attack was altered by the season or the
stage of the tidal cycle. Less than 10% of those surveyed
allowed children to enter the water.

Discussion
The study revealed that from September to December, there
was almost a 100% probability that an estuarine crocodile,
greater than 2.5 m in length, was within deep water pools
adjacent to the shallow-water human entry zone. The croco-
diles moved out of these deep pools and into the shallow-
water zone with the onset of darkness or around the high
tide. Humans regularly entered the water September to
December, with the majority of visitors confining their
activity to shallow water during daylight hours. Humans did
not consider that crocodile presence was significantly
increased during September to December or around the
high tide. A small percentage of visitors had swum in the
deep water pools and entered the water during darkness.

Satellite tracking studies have shown that male and
female C. porosus increase activity and home-range size
from September through until late December (Kay, 2004;
Campbell et al., 2013), as they search for mates and nesting
sites (Webb, Messel & Magnusson, 1977; Webb & Manolis,
1989). We argue that these behaviours resulted in a high
number of crocodiles moving through the shallow-water
river crossing during these months. These movements pri-
marily occurred during darkness and periods around the
high tide. Crocodiles are generally more active during dark-
ness (Campbell et al., 2013), but we argue that the nighttime
bias in movement through the shallow water suggested a
general wariness towards the frequent presence of humans
in this area. The crocodile preference for moving during the
high tide may have simply been for ease of travel (Campbell
et al., 2010a). As a direct consequence of these behaviours,
however, crocodiles spent prolonged periods within deep-
water pools adjacent to the human entry zone. Crocodiles
can remain submerged for many hours (Campbell et al.,
2010b) and in contrast to the acoustic telemetry data, the

human-based survey reported that, crocodiles were not
regularly sighted by visitors to this area.

In Northern Australia, shallow-water river stretches gen-
erally receive a high number of human visitors. This is due
to the shallow water creating a riffle, which forms a natural
crossing point of the river. They are also considered scenic
areas and good fishing spots. Our surveyed locals regularly
visited the shallow-water riffle on the Wenlock River with
80.6% of them entering the water. Only 37.5% of visitors
remained vigilant for crocodiles, suggesting that most did
not consider that there was a high probability that an adult
crocodile was in close proximity. The human-based survey
supports a theory that humans consider these shallow-water
riffles ‘safe’ places to enter the water, particularly if they
remain in the shallow water and only enter during daylight
hours. To a large extent, this modification of human behav-
iour may be proficient because there have been no recorded
incidences of crocodile attack at this particular river stretch,
despite the high crocodile presence. However, archival data
from Australia over the past 40 years do exhibit parallels
with the findings of this study. These are; (1) incidences of
crocodile attack are highest between September and Decem-
ber; (2) the victims have predominantly been locals familiar
with the area; (3) the majority of attacks have occurred
during daylight; (4) victims are typically wading or swim-
ming (Caldicott et al., 2005; CrocBITE, 2013; Fukuda et al.,
2014). Moreover, 34% of participants in our human-based
survey had experienced a close encounter with an estuarine
crocodile during swimming, wading, fishing or participating
in boating activity. We therefore recommend that human
behaviour around waterways in crocodile country be further
modified, and suggest that this study be used as a framework
to provide guidance.

Promoting tolerance and coexistence is an important soci-
etal challenge in the conservation of large carnivores. Only by
reducing the incidence of attacks will there be continued
public support to preserve them. To prevent and mitigate
human–carnivore conflict, it is imperative that we first under-
stand when and where the probability of an attack is greatest
and, second, convey that message to the public so that they
may adjust their behaviour accordingly. Estimates of risk to
humans from large carnivores are commonly based upon
archival attack records (e.g. Caldicott et al., 2005; West,
2011). However, because attacks on humans by large carni-
vores are thankfully rare, it can be challenging to undertake
robust quantitative analysis on these data. The methodolo-
gies described in this study enable the probability of large
carnivore presence around a human frequented area to be
quantified over a range of spatial and temporal scales.
Further, we argue that the ‘probability of large carnivore
presence’ (% likelihood of a crocodile being present at a
particular point in space and time) is a comfortable approach
for communicating the risk of attack to the public.
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Allow dogs in water 28.4

Survey results were drawn from 188 adults who frequented the area
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