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Abstract. Effective species conservation requires the protection of all stages of its life-cycle. The Shark Reef Marine
Reserve (SRMR) in Fiji is a marine protected area where large numbers of adult bull sharks (Carcharhinus leucas)
congregate due to food provisioning. At the end of a calendar year bull sharks leave the area for reproductive activity, but
parturition sites are still unknown. Between February 2014 and January 2015, we interviewed local fishermen and

conducted a fishing survey, so as to assess presence and abundance of bull sharks in the Navua River near the SRMR.
In total 84%of fishermen reported either seeing or catching sharks up to 8 kmupriver from the rivermouth. They described
them as small sharks having a rounded snout and being grey–brown in colour with a white belly, morphological

characteristics that match juvenile bull sharks. During the fishing survey, a total of nine juvenile bull sharks were captured,
including two that were recaptured after 108 and 92 days at liberty. Our findings confirmed the presence of bull sharks
in the Navua River and provide a preliminary characterisation of a potential shark parturition or nursery area from a

data-poor region.
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Introduction

Globally, many shark species are threatened because of
overfishing and habitat degradation (Dulvy et al. 2014). Simple
fisheries governance tools such as marine protected areas

(MPAs) have proven not only to benefit sharks (Sandin et al.

2008; Goetze and Fullwood 2013), but, generally, to support
recovery of coral ecosystem resilience (MacNeil et al. 2015).
However, to offer adequate protection at the species level, the

protected area should include all, or at least the largemajority, of
the species long-term home range, including sites of reproduc-
tion and parturition (Halpern 2003; Abecasis et al. 2013).

The Shark Reef Marine Reserve (SRMR) on the southern
coast of Viti Levu, Fiji, is an entrepreneurial MPA (Brunnsch-
weiler 2010; de Groot and Bush 2010), being best known for the

large number of adult bull sharks (Carcharhinus leucas) that
aggregate at the site as a result of food provisioning (Brunnsch-
weiler et al. 2014). Studies usingmonitoring techniques ranging
from direct observation to acoustic and satellite telemetry have

shown that individual bull sharks have varying degrees of
feeding-site fidelity to the SRMR, and regularly leave the
protected waters around Shark Reef (Brunnschweiler 2010;

Brunnschweiler et al. 2010; Brunnschweiler and Barnett

2013). In particular, bull sharks leave the area for longer time

periods at the end of the calendar year to mate and give birth
(Brunnschweiler and Baensch 2011; Brunnschweiler and
Barnett 2013). However, the locations of these activities are

unknown.
Effective overall conservation of a species requires that all

stages of its life-cycle be protected (Kinney and Simpfendorfer
2009). Bull sharks are well known to use shallow coastal regions

and rivers as parturition sites and nursery grounds (Heithaus
et al. 2009; Froeschke et al. 2010). In Fiji, such sites have not yet
been identified and confirmed, but the results from an interview-

based survey suggested that small sharks can be found in all of
Fiji’s major rivers (Rasalato et al. 2010). In the case of bull
sharks encountered at the SRMR, the close-by Navua River,

from where shark sightings have been reported as far upriver as
38 km (Rasalato et al. 2010), could be used as parturition site or
nursery area. The oral description of the morphological char-
acteristics of the sharks from theNavuaRiver by local fishermen

matched juvenile bull sharks (Rasalato et al. 2010). By using a
combination of interviews and field sampling, the objective of
the present study was to verify the presence of bull sharks in the

Navua River and assess their abundance.
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Materials and methods

The Navua River originates at Mount Gordon and enters the
ocean at Vunibau Village 65 km downstream (Fig. 1). The
mouth of the Navua River is ,15 km east of the SRMR. All

fieldwork was conducted along the Navua River, including the
river mouth, and the Deuba River, a tributary of the Navua River
(Fig. 1). If not otherwise indicated, in the remainder of the text
the designationNavua River will include its tributary, the Deuba

River.

Interviews

In total, 87 local fishermen from five different villages along the
Navua River were interviewed from May to August 2014

(Fig. 1, Table 1). Vunibau and Nakavu villages were also
sampled by Rasalato et al. (2010); a third village on the Navua
River, previously not sampled but included in the present study,

was Calia 6 km upstream from the river mouth (Fig. 1). Infor-
mation was gathered by means of questionnaire-based inter-
views following the methods described in Rasalato et al. (2010)
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Fig. 1. Map of the Navua River and the Deuba River. Open circles denote villages where

interviews were conducted; grey dots denote fishing locations during the main survey; black dots

denote locations where bull sharks were caught during the pilot survey in 2010; dashed lines are

coral reefs. The insert shows the broader region, including the location of the Shark Reef Marine

Reserve (SRMR) in relation to the study area.

Table 1. Shark observations obtained from the interviews in the five villages situated at or near the Navua River and Deuba River

For each village, the number of people interviewed, the shark speciesmentioned during the interviews (HH, scalloped hammerhead shark; B, bull shark; T, tiger

shark; U, unknown;U*, identified as zebra shark and guitarfish by the authors), the usual andmaximumsize of the sharks the interviewees reported to have seen

or caught in the river, as well as the largest distance upstream from the river mouth where shark sightings were reported are given

River Village Distance from river

mouth (km)

Number of

interviewees

Species Usual/largest

shark seen (m)

Distance upstream

of shark sightings (km)

Deuba Deuba ,1 15 HH,T, B, U ,1/3 3

Deuba Sandro 2 12 HH, B, U ,1/2 5

Navua Vunibau 2 14 HH,T, B, U* ,1.5/6 20

Navua Calia 6 17 B, U 1/3 11

Navua Nakavu 15 29 HH, B, U ,2/7 21
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and Glaus et al. (2015). Briefly, as per village protocol, per-
mission was requested from village chiefs to interview fisher-

men in their respective villages. Chiefs would then designate
fishermen who could be interviewed. Several fishermen per
village were interviewed individually (Table 1). Interviews

were conducted by volunteers from Projects Abroad’s shark
conservation project in Fiji (www.projects-abroad.org, acces-
sed 23 April 2016), together with a youth representative from

the village in which interviews took place. Fijian collaborators
were fluent both in English and Fijian (Bauan dialect). Each
interview was started with an explanation about the main pur-
pose of the study. The specific questions were outlined in a

questionnaire (same questionnaire as used by Rasalato et al.

2010). Anecdotal evidence was collected when possible,
regarding anthropogenic impacts other than fishing.

Fishing survey

Building on the results from the interviews with local fishermen
along the Navua River that suggested that sharks could be found

in the river (Rasalato et al. 2010), a pilot shark-fishing survey
was conducted on 11 days in 2010 (5 days in February, 2 days in
June, 1 day in July, 3 days in September) in the lower reaches

of the Navua River (Fig. 1). A 10-m longline was set with
10 J-hooks baited with frozen or fresh bait (sardine, Sardinops
sagax; or Indian mackerel, Rastrelliger kanagurta). Soaking
time ranged from 1 to 4 h.Water temperaturewas recorded at the

longline. Shark-handling methods were similar to those in the
main survey (see following paragraph), with the exception that
sharks were not tagged.

The main shark-fishing survey was conducted in the Navua
River on 89 days between February 2014 and January 2015.
Sampling locations were selected on the basis of local fisher-

men’s advice and the results from the interview-based survey
(Rasalato et al. 2010; this study). Sampling sites were primarily
in the lower reaches of the Navua River (Fig. 1). Typically,
surveyswere conducted on 2 days eachweek at different times of

the day, mostly at dawn and dusk. Each survey was conducted
with two 60-m longlines set in the same section of the river,
,100m apart fromeach other. Longlineswere setwith 30 baited

circle hooks per line. Hooks were baited with frozen sardines,
fresh mullet (Cestraeus plicatilis), fresh Indian mackerel or live
tilapia (Oreochromis mossambicus). Live and fresh bait was

usedwhen available; 20%of the longlineswere setwith live bait.
Soaking times ranged from 2–8 h, depending on weather con-
ditions. Total soaking timewas 385 h. Lines were checked every

45 min.Water temperatures were recorded at every longline set.
Hooked sharks were brought on board and kept in a tub filled

with water. Sharks were measured using a tape measure (pre-
caudal length, PCL, fork length, FL, and total length, TL, all

straight-line), sexed and examined for open umbilical scar, and a
tissue sample was collected from the first dorsal fin for future
genetic analyses. In addition, captured sharkswere taggedwith a

personal integrated transponder (PIT) tags. All sharks were
released alive and in good condition.

Results and discussion

Both the interviews with local fishermen and the fishing surveys

confirmed the presence of young sharks, particularly in the

lower portion of the Navua River (Figs 1, 2, Table 1). In total
83% (n¼ 72) of the interviewees reported sharks, either as

sightings or as catch, from the river mouth to as far up-river as
21 km (Table 1). However, when asked about the frequency of
sightings or catches, fishermen answered ‘not often’. In total

43% (n¼ 37) reported having encountered sharks over 1 year
ago, and only 22% (n¼ 19) said that they saw or caught sharks in
the river less than 1 month ago. Fishermen reported shark

sightings or catches from all months of the year, but 46%
(n¼ 40) said that they saw or caught sharks only during the
months from October to April (austral summer). These reports
largely coincide with those from the previous survey conducted

in Fiji in 2009 (Rasalato et al. 2010).
Although some fishermen reported to have encountered large

sharks in the Navua River, the majority of animals they saw or

caught are between 60 and 100 cm (range¼ 40–700 cm;
Table 1). Interviewees generally had difficulties identifying
the sharks they saw or caught to the species level. Forty-five

interviewees (52%) described the general shape of the shark and
its coloration (e.g. grey, white belly, rounded snout, head like a
hammer). On the basis of these descriptions and pictures shown
to us by the interviewees, we were able to reliably identify the

following species: bull shark, scalloped hammerhead shark
(Sphyrna lewini), zebra shark (Stegostoma fasciatum), tiger
shark (Galeocerdo cuvier) and guitarfishes (Rhynchobatus

spp.) (Table 1). According to the interviewees, bull sharks and
scalloped hammerhead sharks were seen or captured most in the
Navua River. Juveniles of both these species are well known to

occur in estuarine and riverine habitats (Simpfendorfer et al.
2005; Snelson and Williams 1981).

The fishing surveys confirmed the presence of bull sharks in

the Navua River. In total, five juveniles were caught during the
pilot survey in 2010 (Table 2). All sharks were caught in
February up to 6 km upstream from the river mouth (Fig. 1).
During the main survey, nine bull sharks, including two recap-

tures (recapture rate¼ 28.6%; note that the two bull sharks
caught in February 2014 (Table 2) were not tagged; hence, the
recapture rate refers to seven tagged animals) were caught

between February and August 2014 (Table 2). Bull sharks
caught in February 2010 were on average smaller (mean�
s.d.¼ 80.6� 2.4 cm TL) than those caught between February

and August 2014 (mean� s.d.¼ 89.7� 13.2 cm TL) (Table 2).
In addition to bull sharks, two scalloped hammerhead sharks and
two sicklefin lemon sharks (Negaprion acutidens) were caught
in November and December 2014 near the river mouth (Fig. 2).

All sharks were caught in waters above 228C.
Shallow estuarine regions are important habitats for young

sharks (Simpfendorfer et al. 2005; Yeiser et al. 2008; Ubeda

et al. 2009; Kneebone et al. 2012; Drymon et al. 2014). Fiji’s
main rivers offer such habitat and our findings showed that the
Navua River is indeed used by various shark species, notably

bull sharks, although in low numbers. Studies from similar
habitats in Florida and on the eastern coast of Australia have
reported higher catch rates and juvenile bull shark abundance

(Simpfendorfer et al. 2005; Heupel and Simpfendorfer 2008;
Heithaus et al. 2009; Werry et al. 2011). Our findings that
suggested a generally low abundance of juvenile bull sharks in
the Navua River must be interpreted with caution. Bull sharks

are known to show microhabitat specificity, their distribution
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can be patchy within riverine or estuarine habitats, and they

respond to a variety of factors such as salinity, dissolved oxygen
and prey abundance (Simpfendorfer et al. 2005; Heithaus et al.
2009; Drymon et al. 2014), all being parameters that were not

measured in the present study. It is, therefore, possible that our
sampling efforts focused on areas in the Navua River at times of
the year when juvenile bull sharks preferred other microhabitats

(e.g. areas further up-river or outside of the river system).
Furthermore, other sampling methods such as using modified
longlines, drumlines or rod and line (Pillans et al. 2005; Yeiser

et al. 2008) may bemore effective for catching bull sharks in the
Navua River.

Both the interviews with local fishermen and the fishing

surveys suggested that parturition of bull sharks, sicklefin lemon
sharks and scalloped hammerhead sharks takes place during the
austral summer months. First, all three species are born at a size

of 43–80 cm (Compagno 2001; Cruz-Martı́nez et al. 2005).
Second, only one bull shark (caught in April 2014, TL¼ 66 cm)
had an open umbilical scar. The two scalloped hammerhead
sharks caught on 1December 2014 aswell as the sicklefin lemon

shark caught the day after had open umbilical scars (Table 1).
Third, bull sharks caught during the pilot survey in February
were, on average, smaller than those caught during the main

fishing survey in the months from February to August. The two
animals that were caught on 18 February 2014, at the beginning
of the main survey, were of similar size (TL¼ 77 and 82 cm) to

those caught in February 2010 (Table 2). All other bull sharks
caught during the main survey, with the exception of the one
animal caught on 14 April 2014, which was the smallest
individual (TL¼ 66 cm) caught in both surveys, were $90 cm

(TL). And finally, in the case of the bull shark, parturition
occurring in the austral summer months corresponds with
observations made in the nearby SRMRwhere pregnant females

Table 2. Summary statistics for Carcharhinus leucas caught during

the pilot and main surveys

Length (TL, total length) is mean� s.d. (range); weight is mean� s.d.

(range)

Pilot survey Main survey

Number of

Carcharhinus leucas

5 9

Months captured February February (n¼ 2)

April (n¼ 2)

May (n¼ 1)

June (n¼ 1)

August (n¼ 3)

Length (cm) 80.6� 2.4 (78–84) 89.7� 13.2 (66–111)

Weight (kg) 4.3� 0.5 (3.9–5) 6.7� 2 (5–11)

Sex ratio (F :M) 1 : 4 6 : 3
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Fig. 2. Black and grey triangles denote locationswhere recaptured bull sharkswere tagged during

the main survey; black and grey dots denote locations of recaptures; open squares denote capture

locations of other tagged juvenile bull sharks. Capture locations of juvenile hammerheads and

juvenile lemon sharks are denoted by an open circle and an open triangle respectively.
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return non-pregnant after being absent from the feeding site for
several weeks at the end of a calendar year (Brunnschweiler and

Baensch 2011).
Two bull sharks were recaptured in August 2014, 108 and

92 days after they were tagged in April and May. Growth

between initial capture and recapture was 12 and 5.5 cm PCL
respectively, which translates to average growth rates of 3.44
and 1.85 cm per month respectively. To the best of our

knowledge, these are the highest growth rates documented for
bull sharks (Cruz-Martı́nez et al. 2005; Simpfendorfer et al.
2005; Heupel and Simpfendorfer 2008; Drymon et al. 2014).
Such fast growth rates could be a consequence of high predator

abundance or high prey availability in the Navua River (Barker
et al. 2005; DiBattista et al. 2007).

Our study has provided a preliminary characterisation of a

potential shark parturition or nursery area from a data-poor
region. The Navua River and other shallow coastal regions and
rivers in Fiji warrant further exploration. Taking into account the

limitations of the study, future shark-fishing surveys in rivers
and estuaries in Fiji should ideally span multiple years, include
larger areas (e.g. areas further upriver) and the measurement of
environmental parameters, and consider acoustic tagging, so as

to generally assess the movements and distribution of juvenile
bull sharks in these important habitats.
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