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A B S T R A C T

Sharks are an important component of coastal fisheries. Accordingly, the impacts of small-scale shark fisheries
are likely significant, but data, including socio-economic drivers, are often scarce. Fiji features active but largely
unregulated and unmonitored artisanal fisheries. Data suggest that the country's small-scale shark fisheries have
the potential to become more targeted. This study considers the socio-economic value of shark fisheries across
stakeholder groups. In 2017, semi-structured interviews were conducted with 211 fishers throughout Fiji, out of
which 66.8% reported catching sharks of 11 species. Of those who caught sharks, 19.9% stated to release them
dead or alive, while 78.7% retained the sharks. Various reasons were cited for shark retention with the most
common explanation being to meet dietary needs. Only 19.8% of the participants who retained sharks sold them,
yet fishers who gain additional income from the sale of sharks had significantly higher mean maximum catch
rates compared to fishers who retained sharks for consumption. Fewer fishers reported selling shark fins com-
pared to a previous comparable survey. This study indicates a decreasing relevance of small-scale coastal shark
fisheries for income generation but an increasing utilisation of shark meat as a substitute for traditional food
fishes.

1. Introduction

The capture of sharks occurs worldwide in both oceanic [1] and
coastal [2] fisheries. In recent years, international efforts to amend
shark fisheries management have intensified and several countries have
adopted a National Plan of Action for the Management and Conserva-
tion of sharks [3]. Furthermore, several shark species are now subject to
trade restrictions under the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES) [4]. However, in-
ternational management strategies have focused primarily on the re-
duction of overfishing of a few oceanic species [5,6]. Sharks living
primarily in coastal and reef habitats are rarely subject to specific catch
limitations [7].

Small-scale fisheries operating in coastal waters throughout the
tropics are reportedly catching sharks in large numbers, both as tar-
geted and not-targeted catch [8–12]. The impacts of such fisheries are
likely significant. Nevertheless, small-scale fisheries remain often

overlooked [13,14] because they are remote, dispersed and with lim-
ited enforcement difficult to monitor, characterise, and manage [15].
Consequently, qualitative and quantitative data of, for example, catch
compositions, trends over time and socio-economic drivers are scarce.
Yet, such data are needed to manage coastal fisheries so that they do
not negatively impact the abundance, distribution and population
structure of vulnerable taxa [16], including coastal shark species.

In the Pacific Island countries, small-scale fisheries are an important
component of food security, employment and exports, in addition to
their recreational and social attributes [17]. To date, small-scale shark
fisheries in this region have been assessed by only a handful of studies
[18–22]. For Papua New Guinea, data indicate potentially unsustain-
able levels of shark fishing [21,23]. Fiji, the South Pacific's economic
centre features active but largely unregulated and unmonitored local
small-scale fin fish and shark fisheries. It incorporates 3000 subsistence
fishers [24] throughout the 300 plus islands, where 56 species of
elasmobranchs (sharks, skates, and rays) are reported from large-scale
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oceanic [1,25] and small-scale coastal fisheries [22,26]. Fiji is a
member of the Western and Central Pacific Fisheries Commission
(WCPFC), a signatory of CITES, and of the Convention on the Con-
servation of Migratory Species of Wild Animals (CMS). On a national
scale, a ban on shark lines came into effect in 2012 [25]. In the same
year the country decided, contrary to a number of other Pacific Island
countries [27], against a National Shark Sanctuary which would have
prohibited commercial shark fishing, import, export and sale of shark
products [28]. A draft National Plan of Action for sharks was developed
in 2013, but is yet to be ratified by the Fijian government (pers. comm.
Ian Campbell, WWF Shark and Ray Initiative Manager). Several coastal
shark species (e.g., bull shark Carcharhinus leucas, grey reef shark C.
amblyrhynchos) are included in Fiji's amended Endangered and Pro-
tected Species Act [29]. However, this act does not apply to subsistence
fisheries. The Fiji Fisheries Act (Laws of Fiji, Chapter 158) in turn ap-
plies to inshore fisheries and can empower the Ministry of Fisheries to
make regulations which, inter alia, either ban a particular species from
being harvested, demarcate an area where fishing is restricted, or reg-
ulate the ‘conservation, protection and maintenance of a stock of fish which
may be deemed requisite’. This provision was used in 2004 to create the
legally recognised Shark Reef Marine Reserve (SRMR), a no-take marine
protected area (MPA) located off the southern coast of Viti Levu
[30,31].

In the first and only such study available to date, Glaus et al. [22]
reported that 81.4% of all interviewed fishers on Fiji catch sharks, of
which 81.6% declared not to target sharks specifically but catch them
as bycatch. Those artisanal shark fisheries have the potential to become
more targeted. Reasons for this are that firstly, shark catch is not strictly
regulated. To date, regulations that apply to Fiji's inshore fisheries are
typically limited to no-take marine reserves. Secondly, regulatory ac-
tion is complicated by the socio-economic vulnerability of coastal island
communities. Remoteness and limited infrastructure can contribute to a
lack of income opportunities, and the socio-economic dependence on
marine resources is generally substantial [32]. Therefore, differ-
entiating between small-scale artisanal fishing (small commercial op-
erations fishing for food and profit), and subsistence fishing (fishing
only for food, no monetary incentive to capture and/or store excess
fish) is critical to design suited and targeted interventions that take into
account the socio-economic value of shark fisheries across stakeholder
groups. Also, an increased understanding of the present situation, in-
cluding attitudes (both cultural and individual) towards sharks, is key
to understanding the underlying motivation of individual fishers and to
manage data-poor fisheries [11].

This study was therefore designed to 1) identify socio-economic
drivers of Fiji's shark fisheries, and 2) assess fishers’ attitudes towards
the importance of sharks for food security and income generation. By
addressing these gaps, this study adds data to further characterise Fiji's
small-scale shark fisheries and could inform a more comprehensive
elasmobranch management strategy.

2. Material and methods

2.1. Study area and interviews

To obtain representative data useful to inform management deci-
sions, interviews were conducted from August to November 2017 in all
political divisions and all major geographic areas of the Fiji Islands (Fig.
S1A, B in Supplementary Information). Semi-structured, in-person in-
terviews [33] were conducted with female and male fishers using a pre-
categorised questionnaire (see Supplementary Information for a full list
of questions). The questionnaire covered topics related to shark fish-
eries, such as catch site, frequency, or line specifications, but also at-
titudes towards sharks such as intentions and perceptions of sharks (see
Table 1 for a full list of topics).

Sampling was performed opportunistically [34]. The number of
interviews at one site was determined on the one hand by availability of

interview partners, and on the other hand by topical saturation. When
similar themes kept recurring, and no new insights were given by ad-
ditional data sources, no more interviews were conducted [35,36].

All interviews were conducted by one of the investigators (KG) and
a local female collaborator fluent in English (the official language of
Fiji) and Fijian (Bauan dialect, which is commonly used throughout the
country). First, permission to interview fishers was requested from the
village headman (Turaga-ni-Koro) and/or the head of clans (Turaga-ni-
Yavusa). Headmen and/or chiefs then designated active fishers that
could be interviewed. Fishers were then asked to volunteer for inter-
views. They did not receive incentives for participating. Individual in-
terviews were held in places convenient for fishers [37].

Before the interview, participants received explanations about the
purpose of the survey in both Bauan dialect and English. During the
interview, fishers identified shark species they catch with the help of an
illustrative ID poster. To find out how many different shark species each
participant caught, fishers were asked to point at every shark species
they catch and each selection was counted. To account for juvenile
sharks, participants were asked to provide information on the habitat,
length and size of the sharks they caught. During the final section of the
interview, they were encouraged to openly talk about their attitudes
towards sharks and whether and how sharks were important to them on
a personal and/or cultural level. Participants were further asked about
their perception on shark and fish abundance. At the end of each in-
terview, additional fishers were identified using snowball sampling, in
which interview participants are invited to suggest individuals to par-
ticipate [38]. All responses were noted as they were encountered. Data
confidentiality and anonymity of each participant was assured by
omitting names and contact information of each respondent. No leading
questions and no a priori coding dictionary were used. Every effort was
made to maintain the meaning conveyed by participants. For example,
responses indicating that fishers captured sharks to protect themselves
and/or their catch, yet without the respective initial intention, were
noted as “defence”, whereas fishers, who caught sharks with the in-
tention to prevent attacks as a pre-cautionary approach by reducing the
amount of sharks in the area, were noted as “reducing risks of shark
attacks”.

Interviews were conducted under a research permit issued by Fiji
Immigration Department to KG and approved by The University of the
South Pacific and by Fiji Secretary of Education. All interview

Table 1
Number (#) of respondents and response rates (%) for each major interview
topic.

Topic # %

Fishing frequency 208 98.6
times per week
Fishing site 211 100
river, river mouth, coastline, reef, beyond reef
Fishing time 206 97.6
day time, night time
Fishing gear 211 100
net, handline, longline, fishing rod, speargun, spear, slingline
Line Specifications 109 51.7
hook size, line capacity (in pounds)
Target species 211 100
all edibles, bony fish, sea cucumber, turtle, octopus, shellfish,

crustacean, giant clam, ray, shark
Species Caught 211 100
all edibles, bony fish, sea cucumber, turtle, octopus, shellfish,

crustacean, giant clam, ray, shark
Intentions on catching shark 208 98.6
is shark catch intended? Why / why not?
Attitudes towards and importance of sharks 204 96.7
what do you think of sharks? Are sharks important to you? Why /

why not? How are they important to you?
Bycatch definition 43 20.4
accidental or unwanted catch, not fully utilised, not primary target
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procedures were approved under the “Human Ethics Committee” sec-
tion of the USP Research Committee and performed in accordance with
relevant guidelines and regulations.

2.2. Data handling and analysis

To analyse and visualise the responses, data were grouped ac-
cording to the four administrative divisions of Fiji (Eastern, Western,
Northern and Central division). These divisions provide, inter alia, the
basis for the implementation of fisheries management measurements
(pers. comm. Aisake Batibasaga, Director of Fiji Fisheries Department).
The number of interviews conducted in each division is summarised in
Table 2.

To categorise the handling of caught sharks, fishers’ responses to
catching sharks were categorised into “shark catch and release” and
“shark catch and retain” fishing activities. The latter was subdivided
into artisanal fishing activities where sharks can constitute a source of
financial income and are sold, and subsistence fishing activities where
sharks are consumed, but not sold. To illustrate regional differences in
catch compositions, species selected by fishers and numbers of re-
spondents were grouped according to the four administrative divisions.

To visualise attitudes and perceptions, responses representing si-
milar socio-economic drivers were grouped. For example, some in-
formants did not intend to catch sharks because they were afraid of
sharks while others responded that catching sharks could cause injuries
to the fishers. These responses were grouped as “sharks are dangerous”.
Answers indicating a positive reflection of sharks (i.e. “sharks are
good”, “they protect fishers”, “they are an indicator for the presence of
fish”) were grouped as “sharks are good animals”. Responses stating
that catching sharks was related to financial loss or a lack of financial
gain (i.e. “loss of gear”, “no market”, “no demand”) were grouped as
“doesn’t pay off”. Responses implicating a personal sympathy for sharks
(i.e. “I like looking at sharks”, “sharks are beautiful”) were grouped as
“emotional connection”.

To visualise and compare catch rates between artisanal and sub-
sistence fisheries, weekly catch rates were converted into monthly catch
rates. Four weeks were subtracted to prevent overestimations and to
account for bad weather conditions and family illness (SP unpublished
data). Weekly rates were converted to monthly rates by the following
calculation: weekly rate * 48 (weeks) / 12 (months). Respondents
catching few sharks provided monthly catch rates while respondents
catching many sharks provided weekly catch rates. P-values were cal-
culated with non-parametric t-test. Data were analysed and plotted
using R Version 3.2.5 [39], with packages maps [40], mapdata [41],
and mapproj [42].

3. Results

3.1. Characteristics of participants and response rates

Two-hundred and eleven fishers were interviewed at 124 study sites
(villages and fish markets) in all four administrative divisions of Fiji
(Table 2; Fig. S1A, B in Supplementary Information for a map of sites).
Interviewees differed in their age, gender and ethnicity (Fig. S1C, D, E
in Supplementary Information). Overall, however, the respondent

group was homogenous as 91.9% were native Fijians (iTaukei) and
80.1% were male. On average, male participants were 46.5 years old
(range: 19–76) and female participants were 49.2 years old (range:
32–77; Fig. S1C in Supplementary Information). Response rates to to-
pics varied between 20.4% and 100% (Table 1.).

3.2. Fisheries characteristics

Shark catch and shark retention were common practice among
fishers and both artisanal and subsistence fishing was observed. Of the
211 participants two thirds (n= 141) reported catching sharks (Fig. 1).
Of those, less than a quarter (n= 28) released sharks dead or alive
while the majority (n=111) retained their catch. Of the 111 inter-
viewees retaining sharks, 79.3% (n=88) utilised sharks as food source
and/or for cultural purposes and 19.8% (n=22) sold shark products
which is indicative of subsistence and artisanal fisheries, respectively
(Fig. 1). Of the 22 artisanal fishers, 12 sold sharks to community
members or members from other villages, 4 sold sharks to seafood
companies while 6 participants did not provide a response. Of the 211
participants, 16 fishers reported that they used to sell shark products
but stopped the practice. Of those 16, 9 used to sell shark products to
seafood companies while 1 participant used to sell sharks to community
members or members associated to other villages.

Artisanal fisheries were most common in the Western division, with
10 of the 22 respondents falling into this category. In relation to the
number of the respondents per division, subsistence fisheries were most
common in the Eastern division, with 23 persons of the 38 participants
from this division falling into this category.

Artisanal fishers caught substantially more sharks than subsistence
fishers. Of the 88 and 22 fishers who retained sharks for consumption or
retained sharks as a source of income, 45 (51.1%) and 19 (86.4%),
respectively, provided information on maximum catch rates. Catch
rates were significantly higher if respondents caught sharks for profit
(between 2 and 87 sharks per month) than when they caught sharks for
subsistence purpose only (between 1 and 65 sharks per month; Fig. 2).

3.3. Catch composition

At least 11 shark and 2 ray species were caught of which 6 are
vulnerable, endangered or critically endangered according to the IUCN
Red List Status [43] (Fig. 3). Adult and juvenile bull sharks (C. leucas)
(17.5%), whitetip reef shark (Triaenodon obesus) (17%) and blacktip

Table 2
Numbers (#) of fishers interviewed and study sites visited by political division,
and percentages (%) of total, respectively.

Division # fishers % # study sites %

Central division 48 22.8 30 24.2
Northern division 60 28.4 33 26.6
Western division 65 30.8 32 25.8
Eastern division 38 18.0 29 23.4

Fig. 1. Number of respondents involved in different types of shark fishing ac-
tivities.
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reef shark (C. melanopterus) (12.2%) were the three species most com-
monly caught. Additionally, Fig. 3a demonstrates the relative number
of IUCN listed species that were caught. Thirty-six interviewees (17.1%)
indicated that at least in some cases they cannot identify the species
they catch.

Overall, the diversity of species caught was similar between divi-
sions (Fig. 3B). Sawfishes were absent from the Central and Eastern
divisions. Juvenile tiger, hammerhead and blacktip shark were not re-
ported from the Eastern division, and the sicklefin lemon shark was not
reported from the Northern division. The remaining species were re-
ported to be caught in all areas surveyed.

Differences between divisions were identified regarding how fre-
quently certain species were reported, whether juveniles were part of
the catch and whether respondents can identify the species. For ex-
ample, hammerhead sharks including juveniles were a relevant com-
ponent of the catch in the Central and Northern divisions but not in the
Eastern division. Juvenile bull sharks were a relevant catch component
in the Northern and Central divisions and less commonly caught in the
Western and Eastern divisions. Silvertip sharks were more frequently
reported from the Eastern division compared to the three other divi-
sions. Almost a quarter of all selections from the Northern division were
“Species Unknown” (Fig. 3B).

3.4. Intentions and socio-economic drivers

Release versus retain practices as well as intentions and socio-eco-
nomic drivers differed between the divisions. Sharks were most fre-
quently retained by respondents from the Eastern division which is also
where shark catch was most often intentional (Fig. 4A, B). In the
Central division, almost half of respondents indicated that they would
release sharks if caught, while less than 10% of respondents would
release a shark in the Eastern division (Fig. 4A). Defence was a common

topic in the Western and Eastern divisions but less important in the
Central and Northern divisions (Fig. 4B). Source of food and source of
income were the main drivers for intended shark catches, but also to
substitute a perceived decline of bony fish (Fig. 4C). Reasons why
sharks were not targeted were diverse and ranged from negative con-
notations (avoidance of a dangerous animal) to positive connotations
(emotional or cultural significance) to economic considerations (no
reasonable revenue; Fig. 4D).

3.5. Attitudes towards sharks and stock changes

The attitudes of participants on sharks were highly divergent. Of the
204 interviewees who communicated their attitudes towards sharks, 67
(32.8%) classified sharks as “dangerous animals” while 54 (26.5%)
stated that sharks are “good animals”. Noteworthy, considering sharks
as “good animals” includes different conceptualisations, including the
cultural relevance of sharks (e.g. sharks protect fishers) as well as their
ecological relevance (e.g. sharks are indicators for the presence of fish).
Sharks were viewed by 33 (16.2%) participants as “just another fish”,
and 16 (7.8%) considered sharks as “nuisance or competitor” during
their fishing activities.

Similarly, opinions regarding the importance of sharks varied
among interviewees. Of 208 participants who communicated their
opinion regarding the importance of sharks, 78 (37.5%) stated that
sharks were not important while 48 (23.1%) valued sharks as an im-
portant additional food source. The cultural relevance of sharks to Fiji
was highlighted by 35 (16.8%) of the participants. Sharks were an
important source of income to 13 (6.3%) of the participants, and 9
(4.3%) mentioned that sharks have an important ecological function,
without specifying the function any further.

Two thirds of participants had the impression that local bony fish
stocks are in decline while sharks have become more abundant. Of 114
fishers who communicated their experience regarding changes in the
abundance, 71 (62.3%) mentioned that bony fish stocks decreased and
42 (36.8%) stated that bony fish stocks increased or remained constant.
Of the 71 respondents who stated that fish stocks decreased, 22 (31%)
mentioned that shark stocks are in decline. Of 130 participants who
provided an answer concerning the abundance of sharks, 42 (32.3%)
perceived shark stocks as depleting while 79 (60.8%) reported an in-
crease in the number of sharks. Of the 79 respondents who observed an
increase in shark stocks, 49 (62%) fishers utilised sharks as food source,
while 12 (15.2%) respondents sold shark products.

4. Discussion

4.1. Socio-economic drivers and fishers’ attitudes

This study is the first focused exploration of socio-economic drivers
and fishers’ attitudes towards sharks in Fiji's small-scale shark fisheries.
Shark fishing occurred throughout Fiji. In a previous study, sharks were
predominantly reported to be taken as bycatch and not directly targeted
[22]. However, if what is reported as bycatch is in fact accidental catch,
bycatch is often difficult to elucidate and can change on a daily basis
[11]. Hence, this survey focused on whether fishers catch sharks and if
they do so, what do the fishers do with the catch. This allows for dis-
tinguishing between artisanal fishing for food and profit, and sub-
sistence fishing only for food, with no monetary incentive to capture
and/or store excess fish.

The main driver for Fiji's small-scale coastal shark fisheries is to
meet dietary needs. Approximately one third of fishers considered
sharks as not important and dangerous animals, whereas a quarter of
the respondents had a positive attitude and valued them as important
additional food source. Overall, comparably fewer fishers reportedly
caught sharks than previously documented (66.8% this study vs. 81.4%
[22]), indicating a possible decline in Fiji's small-scale shark fisheries.
However, it is important to note that both study sites and interviewed

Fig. 2. Boxplots comparing catch rates. Artisanal fishers catch significantly
more sharks than subsistence fishers (p < 0.002). Black bars correspond to the
median of all maximum catch rates given.
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fishers did not overlap in the two surveys, so it remains unknown if
indeed fishers from the previous survey stopped targeting or taking
sharks.

Sharks were previously not considered an important source of food
in many parts of Fiji mainly due to traditional taboos, availability of
bony fish [18] and dislike of the meat [22]. Today, shark meat is widely

consumed due to its comparably low cost (5 FJD (2.4 USD) per kg of
meat or for a small shark). Data in the current study supports the notion
of an increased importance of shark meat as a food source with fishers
recently finding new ways to prepare shark meat (which was previously
considered low-quality and non-tasty). More fishers reported selling
shark products than previously documented [22]. The meat is primarily

Fig. 3. Catch composition in Fiji and in the four administrative divisions. Number of respondents (n) and number of times a species was identified and selected by the
respondents (s).
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sold to community members, at local markets or at market stalls along
the roadside, indicating that there is existing domestic demand.
Exploited fish stocks [18] and the perceived increase in shark numbers
may be increasing the use of sharks to meet dietary and financial needs.
Systematic surveys of major fish markets in Fiji (e.g., Labasa, Ba, Lau-
toka) could help to assess the actual volume and origin of sharks sold.
Additionally, collecting data on-board small-scale fishing vessels in
different locations would be the next logical step to help frame the
importance of sharks compared to fin fishes into a reliable perspective.

Whereas a previous survey of Fiji's coastal shark fisheries docu-
mented anecdotal evidence that interest in shark fins increased in re-
cent years [22], this was not confirmed in the present study. A possible

reason for the observed change in Fiji's shark fin trade, which is linked
to the bêche-de-mer trade, may be that in 2017 the closure of the latter
fishery was initiated [43]. Consequently, middlemen who used to en-
courage shark targeting do not visit villages on the same regular basis.
Fishers now appear to sell shark fins directly to seafood companies from
where they are distributed to local restaurants. Hence, the shark fin
trade has likely shifted from a previously export oriented market [22]
to one currently dominated by domestic outlets (e.g., Asian restaurants).
Similarly, Vieira, Kinch, White and Yaman [19] observed a fall in shark
fin production after the closure of the bêche-de-mer fishery in Papua
New Guinea. The results from this study could indicate that Fiji might
follow the same pattern. But as shark fins remain a highly priced item,

Fig. 4. Shark utilisation, intentions and socio-economic drivers for shark catches.
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domestic trade in shark fins could be expected to continue, creating a
risk that small-scale fisheries may eventually deplete shark populations
significantly [44].

4.2. Regional differences

Levels of artisanal and subsistence shark fisheries differed between
political divisions. Fiji's capital Suva is located in the Central division
and represents the country's economic centre. Also, the shark diving
industry mainly operates in the Central division. Access to education,
employment options and the availability of alternative income oppor-
tunities at the community level may explain why comparably fewer
respondents stated to catch and retain sharks in this part of Fiji. By
contrast, the Eastern division consists of rural areas and remote islands
where markets and income opportunities are not readily accessible or
available. Also, tourism is comparably less developed. Therefore, de-
pendence on marine resources for subsistence is typically high and it is
not surprising that more fishers reportedly catch sharks intentionally in
the Eastern division compared to other divisions. But certain regions
within the Eastern division (e.g., Lau Group) were under-sampled,
hampering a comprehensive analysis of the whole division.

The diverse Western division consists of both remote villages and
economic relevant regions for tourism and international trade. The
Western division appeared as a potential hotspot for artisanal shark
fisheries, a pattern which was also observed in a previous survey [22].
Data from the current study indicate that proximity to markets in Viti
Levu's north-west facilitates the sale of shark products, and selling shark
carcasses along the roadside is common practice among villagers (KG
personal observation). In the Northern division, artisanal shark catches
and utilisation occur more commonly than in the Central and less than
in the Western divisions. This division is home to the traditional wor-
ship of the shark god Dakuwaqa. It was previously assumed that due to
traditional beliefs, catching sharks was taboo (i.e., fishing not allowed).
Although some primarily older fishers respect the traditional taboo,
assuming that cultural beliefs nowadays still prevent a marine resource
from being utilised is misleading.

4.3. Catch composition

With the exception of the shortfin mako (Isurus oxyrinchus), all the
other shark species reported in a previous survey [22] were confirmed
in this study. In addition, this study confirmed that the blacktip shark is
caught in Fiji's shark fisheries. Whitetip reef, blacktip reef and bull
sharks numerically dominated fishers’ reports. Compared to a previous
survey, fewer fishers reported to catch blacktip reef sharks (34.3% this
study vs. 54.4% [22]). Given that this shark is easy to identify and a
common inshore and fairly resilient species [45], as fewer fishers in the
current study reported catching this species, this ad hoc information
may indicate stock depletion. However in this survey, study sites were
different and more fishers associated to villages along major rivers were
interviewed than in the previous study. The latter may also explain the
prevalence of bull and hammerhead sharks in the Central and Northern
division. The bull shark uses, like numerous other carcharhinids,
shallow coastal areas including estuaries and riverine systems as nur-
sery habitat [46–51]. Fiji's largest such system, the Rewa River (Central
division) is confirmed to offer such habitats [52] and the Dreketi River
(Northern division) likely does so as well. Although the Western divi-
sion has a large riverine system, the Sigatoka River, juvenile sharks
were less common in catches reported from there. Fishers along this
river stated that its topography has heavily changed due to landfalls,
dredging and mining activities. While for example bull sharks were
common 10–15 years ago, encounters and catches of these species along
the Sigatoka River are reportedly rare nowadays. Crucially, given the
present context, it is important to take into account the various stressors
impacting different shark species and populations when devising
management measures.

Availability of reliable data such as correct species identification is
key to management measures. In a previous such survey, the majority of
interviewed fishers identified species correctly [22]. Reports of wed-
gefishes (family Rhinidae) and sawfishes (family Pristidae) have been of
special interest. The presence of Rhynchobatus australiae was confirmed
from Fiji's inshore waters [22]. Seeto and Baldwin [53] reported green
sawfish (Pristis zijsron) and Pristis spp. from Fiji based on the prove-
nance of specimens held in several Australian ichthyology collections.
Due to the lack of contemporary reports, Pristis spp. were deleted from
the Fiji faunal record [54]. With the caveat that specimens identified by
fishers as being sawfishes could not be confirmed with DNA barcoding,
if indeed species from this family are caught in Fiji, this would re-
present a 3000 km eastwards range extension [55,56]. Given the spe-
cies’ conservation status, follow-up studies concerning the occurrence
of sawfishes in Fiji are recommended.

4.4. Management implications

This study shows that elasmobranchs, including species with an
IUCN conservation status ranging from Vulnerable to Critically
Endangered and Appendix II CITES listed species are a common part of
Fiji's artisanal and subsistence fisheries. In this study, CITES listing of
sharks is not an effective tool for this fishery particularly when fishers
sell shark products domestically. The focus on species specific mitiga-
tion measures (that allow elasmobranchs which face an elevated risk of
extinction) to recover is paramount. A first step would require an
amendment of the Fiji Fisheries Act (Laws of Fiji, Chapter 158) to ban
sawfishes, wedgefishes, hammerhead, zebra, tawny nurse and silvertip
sharks from being harvested. However, achieving a management-in-
duced reduction in catch is reactive only and far from simple [57].
Management is ultimately about regulating the action of people, and
associated human reactions have to be understood. In this study, fishers
seemed to be largely unaware of sharks’ vulnerability to over-
exploitation, the implications of CITES listing (which only prevents
sharks from being internationally exported) and they blamed foreign
high-seas fleets for depleted shark and undersized fish stocks. In addi-
tion, sharks were seen as dangerous animals or simply as important
additional food source and were of little importance to many fishers.
Together with the low socio-economic status of some fishing commu-
nities, these attitudes can pose a serious dilemma for management and/
or lead to ignorance of measures.

The capture of juvenile sharks reported in this study is of special
concern. Many elasmobranch species display long-term site fidelity
including philopatric behaviour to shallow estuarine regions [49,58,59]
where small-scale fishing pressure can be high. Monitoring catches of
juvenile elasmobranchs around the main Fijian rivers should therefore
be a priority. Furthermore, a strict enforcement of the existing gillnet
ban in rivers and estuaries is strongly recommended. The most pro-
mising management approach to reduce the fishing mortality of juve-
niles is, however, to give critical habitats a protected area status in-
cluding core zones where fishing is not allowed. Core zones should be
monitored strictly to prevent illegal fishing and information about
prohibitions, protections and enforcement has to be sent to community
leaders as otherwise measures will not result in any protection for
elasmobranch populations. To avoid negative consequences on the li-
velihood of those that fish for subsistence, uses of offshore resources
could help maintain future food security [60] while fishers could also
be trained and employed temporarily as inshore fish wardens through
more efficient use of public funds. One limitation of protecting critical
habitats is that sharks might only indirectly benefit from this measure.
Therefore, any reactive prohibition needs to be developed with a
proactive national recovery plan.

5. Conclusions

This study identified socio-economic drivers and fishers’ attitudes
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towards sharks in Fiji's small-scale shark fisheries. It highlighted the
opportunistic nature of the fisheries that affect multiple endangered
inshore shark species and underpinned the fact that socio-economic
factors must be analysed to fully understand shark fisheries. The re-
search described here does not attempt to cover all aspects of Fiji's
small-scale fisheries but rather focuses on a more detailed character-
isation of the country's shark fisheries. The method used in this study is
simple and enables an understanding of the drivers and attitudes to
elasmobranch utilisation under a variety of circumstances. This meth-
odology can be further applied to other Pacific Island countries to un-
derstand shark catches in small-scale fisheries in a Pacific-wide context.
Additional scrutiny especially in biological data, species composition,
CPUE and market surveys would assist the overall description of the
system and complement the previous work describing Fiji's small-scale
shark fisheries. Despite the inherent complexity of fishing communities,
exploring alternative pathways for fishers to reach economic in-
dependence could help reduce market driven exploitation of a limited
resource. In the present scenario, and coupled with Fiji's voluntary
commitment during the 2017 United Nations Ocean Conference to the
conservation of all elasmobranchs within its territorial waters by 2020,
the need for area closures, strict enforcement of the existing fisheries
policies and for improved national measures for elasmobranchs with an
elevated extinction risk is required.
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