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Abstract Degraded coral reef ecosystems yield limited
goods and services, which is expected to have signiWcant
socio-economic impacts on isolated tropical island commu-
nities with strong reliance on coral reefs. This study investi-
gates socio-economic changes, speciWcally in fresh Wsh
consumption and Wshing activities, associated with environ-
mental degradation at Wve Wshing grounds (qoliqoli) in the
Lau Islands (Fiji). Semi-structured interviews with Wshers
and senior household members revealed that the importance
of Wshing was low relative to other occupations, and con-
sumption of fresh Wsh has declined over the last decade.
Reduced Wshing and choice of fresh Wsh is largely attribut-
able to an increased need to derive income as well as new
income-generating opportunities. A possible consequence of
reduced reliance on marine resources was limited awareness
of recent environmental degradation caused by climate-
induced coral bleaching and outbreaks of coral-feeding
crown-of-thorns starWsh. Limited use and reduced aware-

ness of the local marine environment in the short term may
erode social memory and local ecological knowledge, reduc-
ing opportunities to fall back on marine resources. This may
also compromise long-term economic and social stability.
Conversely, low reliance on marine resources may confer
greater Xexibility to adapt to future ecological change in the
marine environment. Importantly, changes in Wsh consump-
tion and exploitation of marine resources were linked to
socio-economic factors rather than a consequence of recent
degradation of marine environments. Greater knowledge of
the dynamics driving change in marine resource use is nec-
essary to understand how societies respond to ecological and
socio-economic change, and to identify opportunities for
adaptive sustainable ecosystem management.
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Introduction

Understanding the way people interact with the local envi-
ronment is one of the greatest challenges for environmental
management, and essential for developing adaptive man-
agement frameworks. However, the complexity of social-
ecological systems makes predicting speciWc eVects and
social consequences of environmental change extremely
diYcult (Holling 2001; Olsson and Folke 2001; Walker
et al. 2002). It is commonly contended that for societies to
respond to change, they must be aVected by and perceive
the change, and have means of building appropriate frame-
works to address it (Olsson et al. 2004; Hughes et al. 2005).
Human use of environmental goods and services can be
greatly inXuenced by changes in both the natural environment
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Coral Reefs
and in socio-economic systems, for example through changes
in the availability of resources, the value attributed to them,
and the means to exploit them. If social and economic inXu-
ences are paramount, then scope for environmental man-
agement may be limited, as adaptation to meet desired
socio-economic goals does not necessarily result in desir-
able ecological states (Walker et al. 2006). Successful
ecosystem management requires understanding of the con-
textual factors that drive change in resource-use patterns
and inXuence societal capacity to adapt (Armitage 2005;
Hughes et al. 2005). This requires an understanding of the
knowledge, perceptions and motivations of resource users
in order to identify factors that inXuence their behaviour.

The sea provides some of the most relevant contexts for
investigating the strength of environment-people relation-
ships because a traditional association with the sea, where
there is heavy reliance on natural resource systems, still
exists in many societies (Costanza 1999). Approximately
half the world’s population lives in coastal zones and this is
predicted to increase to 75% by 2020 (IPCC 2001, cited in
Allison et al. 2005). Furthermore, approximately 200 mil-
lion Wshery-dependent people currently dwell in areas and
are reliant on resources that are vulnerable to human-
induced climate change (Allison et al. 2005). In this con-
text, subsistence and artisanal Wshers are highly signiWcant
in social, economic and environmental terms (Pauly et al.
2002). Coral reefs are an important focus because they

support productive Wsheries, and are subject to degradation
worldwide (Moberg and Folke 1999; PandolW et al. 2003).
In traditional societies on small remote islands, dependence
on marine ecosystems, including reefs, is expected to be
high due to the historical importance of Wsh as a reliable
source of protein. In Fiji, as elsewhere in the South PaciWc,
systems of customary marine tenure (CMT) and a body of
traditional ecological knowledge (TEK) are associated with
high dependence on marine resources (Ruddle et al. 1992;
Veitayaki 1997). Fiji’s coral reefs support high levels of
marine biodiversity, and the Fiji marine ecoregion contains
areas of global signiWcance (WWF 2003), yet these are
increasingly subject to anthropogenic and natural threats
(Wilkinson 2004). This paper focuses on the knowledge
and perceptions of coastal resource users, particularly Wsh-
ers, in a South PaciWc island society.

The Lau Islands in Fiji’s Eastern Division (Fig. 1) are
ideally located to investigate changes in social and ecologi-
cal systems because they are some of the most remote
islands of the Fijian archipelago, separated by open ocean,
and with limited land area and transport networks. Thus
communities on these islands are expected to have a high
dependence on marine resources. The Lau Island coral reefs
are subject to few anthropogenic inXuences except Wshing,
with no industrial development or major source of pollution
within 150 km radius (Dulvy et al. 2004a). Furthermore,
lack of refrigeration facilities combined with infrequent

Fig. 1 Map of Fiji Islands, 
showing qoliqoli and villages 
studied (adapted from Fiji 
MapServer 2006)
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inter-island transportation limit storage and trade. Fishing is
almost exclusively for subsistence purposes; hence, Wshing
pressure is low and based on a range of relatively labour-
intensive and habitat non-destructive techniques such as
spearing and hook-and-line (Jennings and Polunin 1995a,
b). CMT regimes exist, each of the islands having a sepa-
rate qoliqoli (Wshing ground, extending to the seaward limit
of the outer reef), and social units of adjacent villages hold
exclusive Wshing rights (Cooke et al. 2000). Traditional
leaders have the autonomy to implement locally appropri-
ate and Xexible management measures, and can potentially
respond rapidly to any change in ecosystem dynamics or
socio-economic systems. However, institutions focusing
on a narrow locality are susceptible to the inXuence of
large-scale external drivers (Hughes et al. 2005). The Lau
Islands, considered a particularly traditional region of Fiji
partly on account of their remote location and cultural
homogeneity, are increasingly subject to both ecological
and socio-economic drivers. Major bleaching events were
documented in Fiji in 2000 and 2002, and outbreaks of
crown-of-thorns starWsh have also aVected coral reefs
(Cumming et al. 2002; Dulvy et al. 2004a; Wilkinson
2004). Rapid socio-economic change has also taken place
in PaciWc island countries as a result of increasing develop-
ment of markets, and changes in trade and communication.
The capacity of CMT and TEK systems to respond to these
challenges is debated (Johannes 1978; Polunin 1984; Jen-
nings and Polunin 1996; Veitayaki 1997; Matthews et al.
1998).

Previous Lau Island studies have focused on reef ecol-
ogy and Wshing (Jennings and Polunin 1996, 1997; Dulvy
et al. 2002, 2004a, b; Dulvy and Polunin 2004), yet greater
emphasis on the livelihood context should help to develop a
deeper understanding of socio-economic drivers of change
in resource use (Allison and Ellis 2001). This paper aims to
establish whether changes in Wshing practices in selected
Lau islands might be inXuenced by changes in the reef eco-
systems, the speciWc questions being as follows:

1. Are there relationships between changes in marine
resource use and degradation of coral reef habitats?

2. What is the importance of Wshing relative to other live-
lihood activities, and what temporal socio-economic
changes have occurred and are predicted to occur?

3. To what extent do resource users detect and understand
changes (and the eVects of changes) in reef ecosystems,
and what are the limitations of this knowledge?

Materials and methods

Socio-economic surveys were conducted to complement
ecological surveys of coral reef environments at Wve islands

in the Lau province of Fiji in June-July 2006 (Fig. 1). This
study does not present any data on ecological changes in
local marine environments; suYce to say that coral bleach-
ing, and outbreaks of crown-of-thorns have had widespread
impacts (Cummings et al. 2002; Dulvy et al. 2004a). Two
of the islands, Vuaqava and Tavunasici, are uninhabited,
with tenure to these qoliqoli held by the villages of Naike-
leyaga and Lomati, respectively, on the island of Kabara.
Four villages were therefore surveyed with respect to the
Wve qoliqoli, with 2–4 days spent in each village (Table 1).
The villages selected were either paramount villages of the
island (home to the island’s paramount chief) or primary
Wshing villages of the qoliqoli; as these sites were not ran-
domly selected, they cannot statistically be considered as
representative of the region. Research questions were
addressed through two sets of semi-structured interviews,
one with Wshers, the other with senior household members.
Semi-structured interviews enabled a set of key discussion
points to be covered in each interview, allowing later com-
parison of responses, but provided Xexibility for intervie-
wees to raise other issues of perceived importance. These
were complemented by group discussions, key informant
interviews and oral histories, following Bunce et al. (2000).
Interviews lasted 20–40 min and were conducted in the
Lauan dialect or in English, according to respondents’ pref-
erences. Questions concerning temporal change referred to
the past 6–10 years, a period chosen to encompass bleach-
ing events of 2000 and 2002 (Cumming et al. 2002), and
previous ecological surveys of the coral reefs in 1999/2000
that coincided with an outbreak of crown-of-thorns starWsh
at Kabara (Dulvy et al. 2004a).

Interviews with Wshers

To obtain information on Wshing practices and perceptions
of ecological change a total of 25 semi-structured inter-
views were conducted face-to-face with Wshers. Purposive
sampling was used to target experienced Wshers with
detailed knowledge of the qoliqoli. Experienced Wshers
have Wrst-hand knowledge and are regarded as acceptable
information sources on historical change where long-term
data are absent (Johannes et al. 2000; Aswani and Hamilton
2004). Respondents were chosen based on a combination
of recommendations by the village headman, and snow-
ball sampling, whereby respondents recommended further
potential interviewees (Bunce et al. 2000). Interviews with
Wshers gathered information on current Wshing practices
and changes in Wshing behaviour (including WnWsh species
targeted, and the relative importance of gears used and
locations Wshed), and on Wshers’ awareness of ecological
change in the qoliqoli. Three aspects of awareness were
considered: (1) change in live coral cover, presence of coral
bleaching and crown-of-thorns starWsh, and awareness of
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the ecological impacts of any change observed, as indicated
voluntarily or in response to questions; (2) factors thought
to aVect abundance of WnWsh within the qoliqoli; and (3)
observations of changes in target WnWsh communities,
including changes in size, abundance and composition of
catches. Fishers’ observations of environmental changes
were used to assess the relationship of ecological change to
patterns in Wshing practices. A three-point scale whereby
Wshers were asked if response variables had increased,
decreased or stayed the same over the period considered
was used to elicit qualitative information on temporal
changes. A concluding group discussion with 5–6 Wshers in
each village provided an opportunity to discuss points of
disagreement and clarify areas of confusion arising during
interviews. Key informant interviews with village headmen
provided information on local management of the Wshery
and numbers of Wshers, boats and diVerent types of gear.

Household surveys

Semi-structured interviews were conducted with members
of 53 households to assess economic activity and the inXu-

ence of socio-economic factors on Wshing practices. Due
to the small population of each village (see Table 1) and
limited time available, interviews were conducted oppor-
tunistically. Short-term residents (primarily government or
church employees on 3–5 year contracts) comprised a
relatively small proportion of the population, and were
excluded if: (1) questions referring to temporal changes
were not applicable, and (2) oYcial access rights to the
qoliqoli were not held. Where possible the head of the
household (customarily male) was interviewed, but if they
were unavailable another senior member of the household
was interviewed.

Information was gathered on the portfolio of occupations
in each household to assess the relative importance of, and
dependence on, Wshing. An occupation was deWned as any
activity bringing money and/or food or other goods into the
household. The relative importance of Wshing was assessed
by asking respondents to rank occupations in order of
importance. It was emphasised that “importance” could be
attributed to an activity for any reason as determined by the
respondent, and did not necessarily refer to economic
importance. Respondents were not asked to discuss their

Table 1 Demographic characteristics and Wshing practices in villages surveyed

a Number of Wshers may be overestimated by household survey as the total number of households includes some government contract workers
that are not permanent residents and therefore do not have formal access rights to qoliqoli. Household survey estimate is also likely to include all
Wshers, including those who Wsh infrequently. For comparison, Wgures in parentheses refer to local estimates (determined from interviews) of the
number of regular Wshers
b Estimates of the overall number of regular Wshers (obtained from key informants and triangulated using information from group discussions)
suggested that approximately two thirds were male and one third female
c  Figures in parentheses indicate percentage of respondents ranking category as primary gear/location (those unaccounted for ranked gears/loca-
tions as being of equal importance)
d  Uninhabited islands where Wshing takes place 

Island
Village
Access rights to qoliqoli

Kabara
Lomati
Kabara, Tavunasici

Kabara
Naikeleyaga
Kabara, Vuaqava

Totoya
Udu
Totoya

Matuku
Yaroi
Matuku

Village population 52 107 180 131

Number of households 11 30 30 30

Households surveyed 7 (64%) 22 (73%) 8 (27%) 15 (50%)

Estimated number of Wshersa 22 (12) 60 (32) 75 (50) 43 (35)

% of population Wshinga 42% (23%) 56% (30%) 42% (28%) 33% (27%)

Number of Wshers interviewedb 3 (3M) 9 (5M, 4F) 7 (5M, 2F) 6 (5M, 1F)

% Wshers intervieweda 14% (25%) 15% (28%) 9% (14%) 14% (17%)

Average number of trips/month/Wsher 21.0 Total (18.1 Kabara, 
2.9 Tavunasicid)

7.7 Total (4.5 Kabara, 
3.2 Vuaqavad)

11.4 14.4

Number of boats (with engines) 5 (4) 3 (3) 5 (4) 10 (10)

% using handlinec 100 (67) 56 (56) 57 (57) 100 (67)

% using spear/speargun/Hawaiian slingc 100 (33) 33 (22) 71 (43) 50 (33)

% using netsc 33 (0) 22 (22) 14 (0) 33 (0)

% Wshing in lagoonc 100 (50) 100 (44) 100 (100) 100 (33)

% Wshing reef slope (and oVshore)c 50 (0) 78 (44) 57 (0) 100 (0)
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rankings, but any comments made were recorded. The
number of diVerent occupations and regular sources of
expenditure in each household was recorded, and respon-
dents were asked to estimate their consumption of fresh Wsh
on the basis of the number of days per week Wsh was con-
sumed. Only one individual was involved in the sale of Wsh
outside of villages with access to the qoliqoli (and this was
an irregular event); therefore, as Wsh is primarily consumed
locally, estimates of household Wsh consumption also serve
as an approximate estimate of total Wshing pressure. This
measure was used to assess relationships between Wshing
pressure and socio-economic variables.

Temporal changes were assessed through respondents’
perceptions of changes in the past 10 years and likely
change in the future 10 years (Harkes and Novaczek 2002).
Temporal changes in livelihood strategies were elicited
through open-ended questions on changes that had occurred
in household occupations relative to chosen time markers.
Respondents were also asked whether Wsh consumption had
increased or decreased over the period considered, and
were subsequently asked to estimate former/future Wsh con-
sumption; the primary intention was to obtain respondents’
perceptions of change, rather than historically accurate
data. A 10-year period was chosen to standardise responses
and allow comparison between respondents. Oral histories
conducted with village elders provided further information
on changes in resource use activities in the village over the
past 50–60 years, setting the context of historical change in
the village and providing a source of triangulation for infor-
mation from interviews.

Statistical analysis

Quantitative data was analysed using SPSS. Engagement
in occupations across diVerent villages, and perceptions of
ecological change by qoliqoli and gender were compared
using Pearson’s �2 homogeneity tests. The Kruskal–Wallis
test, a non-parametric analysis of variance, was used to
compare the number of occupations, annual income, and
Wsh consumption per household in diVerent villages, as well
as the relationship between respondents’ Wshing experience
(years) and their perceptions of ecological change. The
Mann–Whitney U test was used as a post hoc test following
Kruskal–Wallis to identify the location of any diVerences; a
Bonferroni correction was applied to multiple tests to mini-
mise the risk of Type 1 error. Kendall’s tau-b was used to
test whether Wsh consumption (past, present and future) was
correlated with socio-economic variables such as the num-
ber of occupations and annual income per household. A
Wilcoxon signed-ranks test for related samples was used to
analyse temporal change in Wsh consumption. The statisti-
cal power to detect diVerences in the data was low because
sample sizes were small, particularly in the case of Wsher

interviews, as these were greatly constrained by the small
populations of the villages studied and the focus on experi-
enced Wshers. A statistical signiWcance of p < 0.1 was
accepted in some cases due to the exploratory nature of the
study, and a Wnite population correction factor was used to
calculate error in quantitative variables (following Cinner
et al. 2006). Noteworthy is that each interviewee from
Kabara provided information on two qoliqoli, therefore
responses were not independent, but given the limited num-
ber of Wshers it was not possible to obtain separate samples
of adequate size. Data from all sites were pooled to identify
overall trends and to make non-spatial comparisons.

Results

Importance of Wshing relative to other livelihood activities

Despite their remoteness and considerable access to the
marine environment, dependence on Wshing was very low
throughout the four Lauan villages. Although 80–100% of
households in each village were engaged in Wshing, only
7% (n = 3) ranked Wshing as the primary household occupa-
tion (Fig. 2), and in all these cases Wshing was ranked
jointly alongside other activities. No signiWcant diVerence
was detected in the engagement in, or prioritisation of, Wsh-
ing among villages, although there were notable diVerences
in their involvement in other occupations. Carving of
wooden bowls (tanoa) from local vesi trees (Intisia bijuga)
is a traditional occupation and the major source of income
on Kabara. Tanoa have been a primary source of income in
Naikeleyaga (and to a lesser extent in Lomati) since the
early 1990s, but a dramatic increase in the price paid for
tanoa in 2005 has led to increased production and much
greater time devoted to carving. In Totoya and Matuka,
copra production from coconuts (Cocos nucifera) is a major
income generating occupation. In all villages there were
several households (17%) with occupants involved in for-
mal employment (e.g. teachers, doctors and government
employees).

Semi-structured interviews with 25 Wshers provided
equivocal information on changes in overall time spent
Wshing, and there was no evidence that this had declined
over the last 6–10 years. Similarly, very few respondents in
household surveys (6/52 respondents) speciWcally men-
tioned changes in the relative importance of Wshing during
the past 10 years, though Wve (of these six) said that Wshing
was more important in the past, and would continue to
decline because many of the Wshers were elderly. It was
clear however, that income-generating activities had
increased in importance over the last 10 years relative to
Wshing activities. Changes relating to occupations other
than Wshing over the past 10 years included an increase in
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the importance of formal employment, animal husbandry
and tanoa production on Kabara. There was a correspond-
ing decline in the importance of crop farming and copra
production, which generate less income. The increasing
importance of income-earning activities was corroborated
by the oral histories of village elders.

Increasing involvement in income-generating activities
has not completely replaced Wshing. Most Lauan house-
holds are involved in a multitude of occupations, and con-
tinue to Wsh even though their primary occupation might
be farming. The mean number of diVerent occupations
per household (4.7 § 0.4, 95% CI) varied among villages
(Kruskal–Wallis �2 = 22.231, df = 3, p < 0.001), with Yaroi
having a greater number of occupations per household (5.9)

than Lomati (4.9) and Udu (4.1), which were greater than
Naikeleyaga (3.7). Mean annual income was USD4687 §
1027 (95% CI, 1.7FJD:1USD) but this diVered greatly
among villages (Kruskal–Wallis �2 = 12.221, df = 3,
p = 0.007). The highest mean annual income was found
in Naikeleyaga, followed by Lomati, Yaroi and Udu
(USD 6170, 5680, 3065 and 2582, respectively, 1.7FJD:
1USD).

Reliance on fresh Wsh

Consumption of fresh Wsh was declining throughout the
Lauan villages. Currently, fresh WnWsh (or shellWsh) was
being consumed an average of 3 days/week, signiWcantly
lower than estimates of past consumption (Z = ¡3.774,
p < 0.001), with greatest declines occurring in Naikeleyaga
(Fig. 3). Declines in Wsh consumption related to social and
economic factors, and to personal circumstances and pref-
erences (Table 2). In Naikeleyaga, key informants believed
that increased uptake of tanoa-carving had led to limited
time available for Wshing, as well as a greater disposable
income to purchase alternative food. Only one individual
(in Yaroi) mentioned ecological changes, stating that Wsh
consumption had declined because of reduced Wsh abun-
dance; this was attributed to poaching rather than to any
change in the coral reef habitat.

Present and future estimates of Wsh consumption were
correlated positively with occupational diversity (Kendall’s
tau_b = 0.232, p = 0.034, and Kendall’s tau_b = 0.383,
p = 0.001) and negatively with annual household income
(Kendall’s tau_b = ¡0.170, p = 0.097, and Kendall’s tau_b
= ¡0.290, p = 0.009). The highest median present/future
Wsh consumption (Udu) corresponded to the lowest mean
household income, while the lowest present/future Wsh con-
sumption corresponded to the highest mean income (Naike-
leyaga). In addition, greater decline in Wsh consumption
was associated with high mean household income (Fig. 4).

Fig. 2 Total length of bars shows number of households engaged in
each selected occupations (data from all villages pooled). Divisions
represent proportion ranking each occupation as primary (black), sec-
ondary (dark grey), or lower-ranked (light grey) occupation within the
household
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Fig. 3 Comparison of median 
values of past (dark grey), 
present (mid grey) and predicted 
future (light grey) household Wsh 
consumption at each village. 
Annotations above bars 
represent statistically similar 
groups, based on Mann–
Whitney U tests. Boxplots show 
median value (solid bar), 
inter-quartile range (shaded 
area), values within 1.5 box 
lengths of upper/lower quartile 
(lines) and outlying values 
(triangles)
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The lowest estimates of current and future Wsh consump-
tion, in Naikeleyaga, also corresponded to the lowest mean
number of occupations per household, and the lowest level
of decline in Wsh consumption was found where occupa-
tional multiplicity was high.

Fishing practices

Despite increased time devoted to income-generating activ-
ities, Wshing remained an important activity for residents at
the four Lauan villages (Table 1). Fishing was primarily for
subsistence purposes, the principle exception being Yaroi,
where Wsh was commonly sold within the village and to
other villages of Matuku. Fishers targeted mainly Lethrini-
dae and Serranidae using handlines, and Scaridae and
Acanthuridae, which were caught mostly by netting or
spearing. Gear use did not diVer by qoliqoli, but there were
important gender-related diVerences in Wshing methods
(Pearson’s �2 = 17.237, df = 3, p < 0.001). Eighty percent
of men ranked Hawaiian slings, spears or spear guns as
their most important gear, while women prioritised hand
lines (71%) or nets (29%). Fishing practices and catch com-
position appeared to be constant among seasons, but varied

daily according to wind and wave height, as well as avail-
ability of boats and fuel.

Interviews with key informants in each village indicated
that local management and conservation was limited to
banning of derris root (Derris trifoliata, used as Wsh poi-
son), and prohibiting access to qoliqoli by non-villagers
without permission/licence. There was little mention of
tabu (closed) areas, and these were mostly associated with
incidence of ciguatera poisoning, rather than temporary or
permanent closure to Wshing. However, these regulations
were not used in all qoliqoli, and in some areas manage-
ment appeared to be based solely on international and
national regulations.

Awareness of environmental change

Over 50% of Wshers volunteered information in response to
an open-ended question concerning changes in coral reef
habitats (Table 3). Over 70% of respondents had observed
areas where coral had turned white (presumably indicating
bleaching), although none were aware of causes of coral
bleaching. There was no diVerence among qoliqoli in
awareness of change in live coral cover or bleaching, how-
ever there were diVerences in observations relating to infes-
tations of crown-of-thorns starWsh (Pearson’s �2 = 10.359,
df = 4, p = 0.022), with many more respondents aware
of increased densities of starWsh at Kabara and Matuku
(100% of respondents, n = 11 and n = 6, respectively), than
at Vuaqava and Tavunasici (67%, n = 6 and 33%, n = 1,
respectively). A high proportion of respondents were
unaware of potential devastation caused by infestations
of crown-of-thorns starWsh, but this varied among villages
(Pearson’s �2 = 30.565, df = 12, p = 0.003), with awareness
being greatest at Matuku (83%, n = 5, aware of eVects on
coral and/or Wsh).

Fishers that had observed changes in live coral cover and
bleaching had more Wshing experience (n = 24, mean
years = 20 and n = 29, mean years = 19, respectively) than
those that had not (n = 9, mean years = 11 and n = 9, mean
years = 13, respectively) (Kruskal-Wallis �2 = 7.195, df = 2,
p = 0.027 and Kruskal-Wallis �2 = 5.605, df = 2, p = 0.061
for responses concerning change in coral cover and bleach-
ing, respectively). Those with greater awareness of eVects
of changes in live coral cover and bleaching on Wsh also
had signiWcantly more Wshing experience (n = 10, mean
years = 20 and n = 5, mean years = 23, respectively) than
those who were unaware (n = 23, mean years = 17 and
n = 30, mean years = 17, respectively) (Kruskal–Wallis
�2 = 7.058, df = 3, p = 0.029, and Kruskal–Wallis �2 =
5.363, df = 2, p = 0.068 for responses concerning change in
coral cover and bleaching, respectively).

Approximately half of the Wshers interviewed perceived
a change in Wsh numbers over time, however there was no

Table 2 Explanations of change in Wsh consumption

Explanation Respondents

Dependent on other family 
members Wshing or people selling Wsh

18 (35%)

Increased consumption of purchased food 8 (15%)

Less time Wshing because of age/health 5 (10%)

No change 3 (6%)

May move away for children’s education 3 (6%)

Less Wshing due to broken gear 1 (2%)

More time to Wsh – fewer commitments 1 (2%)

Less Wsh in qoliqoli due to poaching 1 (2%)

Plan to eat more Wsh - preference 1 (2%)

More/less depends on boat ownership 2 (4%)

Fig. 4 Relationship between decline in Wsh consumption (measured
as diVerence between median values of past and future Wsh consump-
tion estimates, days per week) (bars) and mean annual household in-
come (USD) (lines)
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consensus on whether numbers had increased or decreased
(Table 4). Fishers who had changed gear or location were
less likely to perceive ecological changes, suggesting
change in Wshing practices was not a response to perceived
ecological changes. Fishers who had increased or decreased
time spent Wshing correspondingly perceived an increase or
decrease in the number of Wsh caught, which may simply
reXect that those who Wsh less, catch less.

Discussion

This study makes a number of important observations on
Wshing, alternative livelihoods and perceptions of Wsheries
resources and the reef environment in the Lau Islands com-
munity. Notably, reduced reliance on fresh Wsh and Wshing
appears to be attributable to socio-economic factors, not
environmental changes.

Dependence on Wshing

Dependence on Wshing was surprisingly low given the iso-
lation and limited trade opportunities on the islands studied.
Terrestrial resources were in fact prioritised over marine
resources despite the limited land area. This is a stark con-
trast to other similarly isolated small island communities.
For example, at Ahus Island (Papua New Guinea), >96%
of households were engaged in Wsheries and >76% listed
Wshing as a primary occupation, a far higher level of
dependence than in the Lau Islands (Cinner et al. 2005a).
Assumptions about close relationships between coastal

dwellers and the marine environment have often been based
on expected high marine-resource dependence on small
remote islands (e.g. Johannes 1978). However, there is a
tendency towards land-based livelihoods as a more secure
source of food in Melanesia, and dependence on marine
resources is variable compared to the pervasive role of crop
farming (Polunin 1984).

Fish remains an important source of dietary protein, but
data suggest that fresh Wsh consumption is declining,
replaced largely by purchased food such as tinned Wsh and
meat. Although respondents rarely mentioned speciWc
changes in the importance of Wshing, decline in consump-
tion of freshly caught Wsh combined with the increasing
importance of income generating activities (e.g. formal
employment, animal husbandry and emerging industries
such as tanoa production) implies that Wshing and reliance
on marine resources is in decline. These trends are observed
in many small island developing states and can generate
increased disposable income to buy food where subsistence
Wshing cannot earn extra income. On mainland Viti Levu,
fresh Wsh consumption has declined with increased pur-
chasing power and availability of purchased food (Ravuva
1988, cited in Jennings and Polunin 1996). In other remote
Fijian islands, however, villagers retained a traditional diet
high in Wsh in Ko Ono, despite rises in purchasing power
from a developing cash economy (Jennings and Polunin
1996), and at Ono-i-Lau, consumption of tinned Wsh repre-
sented only 5% of all seafood consumption, despite a dou-
bling of income over 20 years (Kuster et al. 2005).

Occupational multiplicity was high, with a mean 4.7
occupations per household, compared for example to a
mean of 3.2 found across 14 coastal communities of Papua
New Guinea (J. E. Cinner, unpublished data, cited in Cin-
ner et al. 2005a). Both the lowest occupational multiplicity
and greatest decline in Wsh consumption were found on
Kabara, where mean income was highest due to a high con-
centration of eVort towards tanoa-carving. Uptake of alter-
native occupations may help to avoid exceeding ecological
thresholds in the marine environment, although increased
specialisation and reliance on commodities may have
implications for future economic stability (Adger 2000;
Allison and Ellis 2001; Walker et al. 2002; Armitage

Table 4 Perceptions of speciWc changes in target species of coral reef
WnWsh (Pooled data, Vuaqava and Kabara treated as independent sam-
ples)

% of Wshers perceiving change in

Fish on reefs Fish caught Time spent Wshing

Increase 25 (n=9) 42 (n=15) 42 (n=15)

Decrease 28 (n=10) 22 (n=8) 28 (n=10)

No Change 47 (n=17) 36 (n=13) 30 (n=11)

Table 3 Awareness of ecologi-
cal change (Pooled data, Vuaq-
ava and Kabara treated as 
independent samples)

Live coral 
cover

Bleaching Crown-of-thorns 
starWsh

Information in response 
to open-ended question

53% (17) 3% (1) Not recorded

Positive response to direct question 21% (7) 69% (25) 83% (29)

Negative response to direct question 27% (9) 28% (10) 17% (6)

Unaware of eVect of change on Wsh 58% (14) 78% (18) 70% (16)

Aware of eVect of change on coral n/a n/a 22% (5)

Aware of eVect of change on Wsh 42% (10) 22% (5) 9% (2)
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2005). Demand for income was reXected in sources of
expenditure, which included purchase of food and other
necessities, education, and village fundraising commit-
ments. Education was commonly prioritised, and forms a
signiWcant source of expenditure as the reputation of Lau-
ans as well educated confers strong social expectations.
Children are regularly sent to Suva for secondary and ter-
tiary education, contributing to the population decline in
Lau. Similarly, Crona (2006) found that formal schooling
was a priority in Kenya, with Wshing treated as a ‘social
cushion’ that was only pursued if alternative employment
was not found.

Jennings and Polunin (1996) note recognition of Wsh as a
valuable resource on Fijian islands with closer proximity to
markets, suggesting that future infrastructure development
and the expansion of markets in Lau could put pressure on
resources if occupation mobility is high and people are
keen to take advantage of new economic opportunities.
Low dependence on Wshing and existence of diverse liveli-
hood strategies may provide scope to develop adaptive
frameworks for management should development of Wsher-
ies and infrastructure occur. However, the dynamics of
livelihood activities can be complex. For example, it has
been widely presumed that the development of seaweed
farming as an alternative livelihood strategy in Indonesia
would relieve pressure on over-exploited inshore Wsheries,
yet this is not necessarily the case: one study found that
while some households had reduced Wshing since becoming
seaweed farmers, others had not, and some had even used
income from seaweed farming to invest in Wshing boats and
gear (Sievanen et al. 2005). This illustrates the complex set
of socio-economic dynamics inXuencing resource use,
highlighting the need for further understanding of these fac-
tors in Lau.

Level of dependence on marine resources is important in
considering capacity to adapt to future change. Where
dependence on Wsheries is high, or where there are strong
economic incentives to over-exploit resources, opportuni-
ties to adapt to change are limited by the short-term conse-
quences for food and economic security. For example, in
the Philippines, where over 50% of the population rely on
marine resources (Sievanen et al. 2005), declining catches
and income caused by reef degradation contributed to pov-
erty on Apo Island, and Wshers consequently continued to
use eYcient, yet destructive techniques. Conservation
eVorts to halt degradation there have required active devel-
opment of alternative income sources such as tourism and
handicrafts (White and Vogt 2000). Similarly, in Indonesia
high economic gain from blast Wshing limits options to
reduce such activities, necessitating strong enforcement
(Pet-Soede et al. 1999). In comparison, low reliance on
marine resources in Lau may prove advantageous should
further ecological or socio-economic change require com-

munities to adapt, as it may confer a greater degree of Xexi-
bility to lessen marine resource exploitation.

Awareness of ecological change

Some Wshers recognised certain reef-environment changes
that had occurred, such as changes in Wsh and crown-of-
thorns starWsh abundances and coral bleaching, but this
knowledge was variable among islands and there was little
awareness of potential consequences of these disturbances
on Wsheries yield. Heterogeneous perceptions among Wsh-
ers using diVerent locations and gear, and the relationship
between length of Wshing experience and perceptions of
ecological change suggest that Wshers’ knowledge was
localised and based predominantly on direct observation
and experience. Similar Wndings have been documented
elsewhere; for instance, Crona (2006) suggested that eco-
logical knowledge in Gazi Bay (Kenya) was geared
towards resource exploitation, indicated by a link between
gear use, target species and knowledge held.

In Gazi Bay loss of TEK may have contributed to a frag-
mented understanding of ecological connections (Crona
2006). In Lau, this may also be the case; it cannot be deter-
mined whether dependence on Wshing was previously
higher, or knowledge previously more extensive, but as
Wshing is almost exclusively for local consumption it is
likely that Wshing pressure has declined at all sites due to
human population decline over at least the past 20 years
(Anonymous 1998; Lau Provincial Council, unpublished
data). In addition, there has been minimal change in tech-
nology since the introduction of spearguns, masks, snorkels
and underwater torches in the 1970s/80s. Low Wshing pres-
sure may have facilitated the maintenance of the coral reef
resource base and sustained resource exploitation despite
ecological changes. This may in part explain why aware-
ness of ecological change and its eVects appeared to be low
among Wshers.

There is little evidence that changes in Wshing practices
have resulted as a response to ecological change in the
qoliqoli. If the impact of ecological change is insuYcient to
elicit a response, and change in Wshing practices is instead
inXuenced primarily by socio-economic drivers, the reten-
tion of experiences of interpreting and responding to
change may be limited (Olsson et al. 2004; Folke 2006;
Walker et al. 2006). Human population decline as a result
of temporary or permanent migration away from Lau also
has implications for social memory and adaptive capacity
with respect to knowledge of ecological dynamics, which
takes time to build up (Olsson et al. 2004; Crona and Bödin
2006). Movement away from the islands for long periods of
time may disrupt social transmission of ecological knowl-
edge, recognised as the principal method of TEK transmis-
sion in PaciWc islands (Ruddle 2000).
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Where marine resource dependency is greater, studies
have identiWed high awareness of the factors causing coral
reef degradation. For example, at Bunaken Island (Philip-
pines), Wshers were aware that destructive techniques such
as cyanide and blast Wshing had degraded coral reefs and
lowered productivity (White and Vogt 2000). However, in
this instance local conservation initiatives had involved a
strong element of environmental education, which is likely
to have contributed to elevated awareness. Similar aware-
ness-raising initiatives may be required in Lau should
future ecological or socio-economic change require adapta-
tion. It is widely contended that to achieve eVective, adap-
tive ecosystem management, resource users/communities
must understand ecosystem processes and dynamics at an
appropriate scale, and have the ability to detect, interpret
and respond to change (Ruttan 1998; Olsson et al. 2004;
Hughes et al. 2005; McClanahan et al. 2006).

Marine resource management

High dependence on marine resources has been associated
not only with greater environmental awareness, but also
with strong marine tenure, high levels of participation in
common property management regimes and high aware-
ness of management initiatives (Polunin 1984; Ruttan
1998; Cinner 2005; Middlebrook and Williamson 2006).
Correspondingly, the low dependence on marine resources
herein is reXected by a lack of local management measures
in the qoliqoli visited, despite the continued existence of
CMT. Awareness of and compliance with national regula-
tions, such as the ban on turtle capture, was also limited, as
found elsewhere in the region (Jennings and Polunin 1996;
Cinner and McClanahan 2006).

Lack of local Wsheries management measures may reXect
the tendency for traditional management to be motivated by
social and cultural needs rather than an intention to conserve
ecosystems (Polunin 1984; Ruttan 1998; Harkes and Nova-
czek 2002; Cinner et al. 2005b). A conservation ethic is less
likely to exist where resource limits are not reached (Ruddle
et al. 1992). Conversely, where sustainable exploitation lev-
els are exceeded, measures may be implemented to maintain
the resource base (although the purpose of these may not be
synonymous with Western objectives of “conservation”).
For instance, in Papua New Guinea, village chiefs used their
understanding of ecosystem dynamics to interpret indicators
such as the distance a Wsher could approach a Wsh before it
Xed; periodic closures were implemented and lifted based on
observed changes in these indicators (Cinner et al. 2006).
Whether or not similar management measures would be
implemented in Lau study sites should Wshing pressure
increase in the future is uncertain. A study of marine sasi
(traditional management practices) in Indonesia found that
villages where sasi arrangements were in place (and even

where they had been lost) had more non-sasi rules govern-
ing Wsheries than villages that had never had sasi, suggesting
that the existence of traditional management systems has a
positive inXuence on the development of modern marine
management (Harkes and Novaczek 2002). The documenta-
tion of similar traditional practice of tabu areas and CMT
institutions in Fiji may therefore confer beneWts to future
development of marine resource management in response to
socio-economic or ecological change.

This research sought to investigate whether changes in
Wshing in the Lau Islands are driven by, or independent of,
ecological change in the coral reef ecosystem. Through spa-
tial comparison and assessment of temporal change, Wshing
was seen to be of comparatively low importance in liveli-
hood strategies, and awareness of ecological changes and
their eVects found to be low and heterogeneous. Fresh Wsh
consumption had declined, and was inversely correlated
with household income. Notably, few recent changes in
Wshing practices and marine resources were attributed to
environmental change, and were instead linked to socio-
economic factors. Where communities are not required to
respond to change, either because ecological change does
not signiWcantly impact target species, or because socio-
economic changes mean that successful resource exploita-
tion can continue despite ecological change, social memory
and local ecological knowledge may be compromised.
However, low dependence on marine resources may confer
a greater degree of Xexibility to respond and adapt to future
ecological or socio-economic change. It is important to
keep in mind the fact that these Wndings are based on a
small, non-random sample drawn from a limited area of
Fiji; hence, it may be questionable to generalise aspects of
the results. Despite this caveat, the research makes it clear
that greater knowledge of the dynamics driving change in
marine resource use is necessary to understand how socie-
ties respond to ecological and socio-economic change, and
to identify opportunities to develop adaptive sustainable
ecosystem management.
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