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ABSTRACT: No-take marine protected areas (MPAs) are commonly applied in community-based
management schemes to sustain and enhance coral-reef fisheries. However, many MPAs in Fiji
and the South Pacific are relatively small (€1 km?), and few data exist regarding the effects of
these MPAs on populations of exploited species. We used hook-and-line fishing surveys to assess
whether 4 relatively small (<1 km?) community-based MPAs in Fiji (3 current, 1 former) were pro-
viding any commonly sought benefits to exploited reef-fish stocks. All of the MPAs had main-
tained no-take status for over 4 yr, although the former MPA was opened to fishing 4 mo before
this study. The current MPAs exhibited significantly greater catch and biomass per unit effort,
individual fish biomass, and/or percentage of reproductive-size fish than paired, adjacent fished
areas, while this was not the case with the former MPA. Sites with intact MPAs also exhibited
greater catch diversity than the former MPA site. Additionally, tag and recapture data from the 17
recaptured of 2650 tagged fish suggest site fidelity of these fishes, although fishes initially cap-
tured in the MPA at all 4 sites were later caught in fished areas, indicating that there is movement
of fishes from the MPAs to fished areas. While the combination of these findings supports the util-
ity of even relatively small MPAs as effective tools for the conservation of certain target species, it
also suggests that MPA benefits may be quickly depleted and that even closures of extended
duration may be insufficient for long-term fisheries management if the MPAs are not maintained.
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INTRODUCTION

The overexploitation of coral-reef fisheries threatens
the food security and livelihoods of coastal peoples
(Jackson et al. 2001). This is especially problematic in
developing countries, such as the island nations of the
South Pacific, where it is estimated that 80 % of the
fisheries catch is for subsistence purposes, and limited
resources are available for management (Dalzell et al.
1996). The ability of these fisheries to support future
nutritional and economic demands is uncertain, as
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population and socio-economic growth continue to
negatively impact these fisheries (Kronen et al. 2010).
Because coral-reef fisheries are expected to remain
the primary source of subsistence protein in most Pa-
cific Island countries for the foreseeable future (Dal-
zell & Adams 1994), there has been increasing recog-
nition of the need to develop effective approaches to
protecting, maintaining, and restoring these critical
marine resources (Lubchenco et al. 2003).

No-take marine protected areas (MPAs) have
gained considerable attention as an effective ecosys-
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tem-based tool for coral-reef fisheries management
(Roberts & Hawkins 2000, Lester & Halpern 2008,
Francini-Filho & Moura 2008, Lester et al. 2009). An
abundance of case studies from around the world
demonstrate how species abundance, biomass, size,
species richness, reproductive potential, and commu-
nity structure have benefited from protection (Hal-
pern & Warner 2002, Gell & Roberts 2003, Halpern &
Warner 2003, Claudet et al. 2008, Lester et al. 2009).
Such findings contribute to the increasing number of
MPAs being established in community-based man-
agement regimes throughout island nations of the
South Pacific, in an attempt to enhance these critical
fisheries and promote their sustainability (Govan
2009). Arguably no island nation has shown more
progress toward establishment of these types of clo-
sures than Fiji, where there are more than 217 locally
managed marine areas covering over 10800 km? of
116 traditional Fijian fishing grounds, with nearly
600 km? of the managed area included in no-take
MPAs (Govan 2009). Many communities with MPAs
follow the traditional tabu concept, in which an area
is closed to fishing for some duration of time and then
opened and harvested (Govan 2009). In contrast, few
communities establish permanent no-take MPAs
(Govan 2009) aimed to obtain benefits from the pro-
tection of reproductive stock and potential spillover
of larvae and/or adult fish from the MPA to the fished
area. While studies of other community-based man-
agement regimes in the region suggest that closures
which allow periodic openings of limited duration
may be equally, if not more, suitable for maintaining
or enhancing stocks than permanently closed MPAs,
the applicability and extent of these measures is cau-
tioned (McClanahan et al. 2006, Bartlett et al. 2009)
and remains controversial (Williams et al. 2006). In-
deed, some question the traditional tabu system's
ability to prevent depletion and inevitable recruit-
ment failure of subsistence and commercial fisheries
in Melanesia due to the temporary nature of most
reserves (Foale & Manele 2004).

Although locally managed MPA initiatives in Fiji
are being embraced by many communities and
received coordinated support from a national net-
work of non-governmental and government organi-
zations, most of the established MPAs are relatively
small (median size of 1 km? mean 2.6 km?), and few
data have been collected regarding their efficacy
(Govan 2009). Moreover, in Fiji, like many other
Pacific island countries, socio-economic factors (e.g.
enforcement potential, access to fishing grounds)
often take precedence over ecological factors (e.g.
size, habitat inclusion) when communities select lo-

cations for MPAs (Aalbersberg et al. 2005). Because
MPA effects may exhibit substantial time lags (Bab-
cock et al. 2010) and be spatially idiosyncratic
(Guidetti & Sala 2007) and diverse in direction and
magnitude (Halpern & Warner 2002, Claudet et al.
2008), depending on the MPA location, size, habitat
quality, closure duration, and species under consid-
eration (Jennings 2000, Claudet et al. 2008, Lester et
al. 2009, Claudet et al. 2010), the spatial and tempo-
ral aspects of Fijian MPAs undoubtedly impact their
performance. Given the widespread application of
these relatively small MPAs in Fiji and other South
Pacific communities, it is important to determine
what, if any, benefits these MPAs might offer to
exploited reef fish populations.

We examined if any commonly sought benefits for
exploited fish stocks are provided by 4 relatively small
(<1 km?), community-based MPAs on Fiji's Coral
Coast that have been established for over 4 yr. The
principal reason that the communities established
these MPAs was to protect exploited stocks of target
species to sustain and enhance local fisheries (Tawake
et al. 2002, Waqairagata 2010), a goal many commu-
nity members perceive to have been successfully
achieved (V. Bonito unpubl. data). One of the 4 MPAs
examined had been opened to fishing 4 mo before the
start of our study after more than 4 yr of closure and
was sampled to determine if any differences could be
found between this former MPA and the adjacent
unprotected fished area. Specifically, we assessed
whether the MPAs exhibited greater catch per unit
effort (as a proxy for fish abundance), fish biomass per
unit effort, and/or percentage of potentially reproduc-
tive fish in the sampled population than paired, adja-
cent fished areas. Additionally, we examined the po-
tential for movement of fish from the MPAs to the
fished areas based on fish tagging and recapture.

MATERIALS AND METHODS

Research was carried out in the 2 traditional Fijian
fishing grounds of the Komave and Korolevu-i-wai
districts, which cover 4.89 and 9 km?2 of coral reef
habitat respectively. The study area is situated along
the southwestern coast of Viti Levu, Fiji, which is
known as the Coral Coast. The Coral Coast is charac-
terized by fringing reefs with shallow intertidal plat-
forms up to 700 m wide that are separated by a series
of deep-water channels located at the discharge
points of rivers. The reefs are composed of coral, rub-
ble, sand, and algal flats interspersed with moats and
tidal channels.
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Hook and line fishing was used to

Table 1. Summary of sampling effort. MPA: no-take marine protected area

sample 4 sites, 2 in the traditional

fishing ground of Korolevu-i-wai and Site Area Hours of  Daysof Number Number
2 in Komave. These districts exhibit sampling ~ sampling  of fish of fish
some of the most densely populated caught  tagged
rural coastal areas in Fiji (Fong 2006), Komave Former MPA 266 7 367 355
with populations ranging from 200 to Fished area 148 4 463 429
300 people in each traditional village Namatakula MPA 207 5 589 534
and a total population of 7787 (Fiji Fished area 137 3 105 36
Islands Bureau of Statistics 2007). Namada MPA 209 8 407 390
Many residents of the districts prac- Fished area 145 4 257 252
tice a mixed income/subsistence life- Votua MPA 126 10 370 354
style due to the burgeoning tourism Fished area 61 # 92 29
industry (Fong 2006). At each site, Total 1299 48 2650 2379

sampling was conducted in the relati-

vely small community-based MPA (Namada ~0.5 km?,
Votua ~0.8 km? Komave ~0.5 km? Namatakula
~0.8 km?) as well as in the paired adjacent unpro-
tected fished areas utilized by each respective com-
munity (Fig. 1). The MPAs in Namatakula, Votua,
and Namada had been closed to fishing for over 4, 5,
and 6 yr respectively at the time sampling com-
menced. The fished areas were geographically adja-
cent to the sampled MPAs, though sampling took
place at least 200 m outside the boundaries of the
MPAs, while sampling within the MPAs occurred at
least 200 m inside the boundaries. The fourth MPA
(in Komave) was opened to fishing 4 mo prior to the
commencement of sampling after over 4 yr of closure.
MPA study sites were selected to represent areas that
were in close proximity to one another, encompassed
similar habitat, and had minimal amounts of poach-
ing observed.

Sampling was conducted during 48 fishing expedi-
tions over an 8 mo period from March through May
and August through December 2009. Sampling effort
at each MPA and paired fished area was between 61
and 266 person-hours (total hours spent fishing by all
fisher persons) (Table 1), with effort focused in the
MPAs to allow a large number of fish to be tagged

Namada

O MPA

Former MPA

W Coral reef
Viti Levu

x Sampling area

210 2 4 6

km

Fig. 1. Location of the 4 study sites and sampling locations

at each site on Viti Levu, Fiji. Sampling was conducted

within 150 m of the marked areas. MPA: no-take marine
protected area

within the MPA boundaries for the tag-and-recap-
ture component of this study. Data recorded during
each fishing expedition include the species and fork
length (cm) of each fish caught, along with the total
number of fishers and time spent fishing each day.
Most fish were also tagged with color-coated, num-
bered T-bar tags (Floy Tag & Manufacturing) and
released (Table 1). Any additional information, such
as fish death due to deep hooking (i.e. the hook
lodged in either the throat or gut) was also recorded.
During the 8 mo period when sampling occurred and
for 6 mo following the completion of sampling, com-
munity members reported the date and location of
capture for any tagged fish that was recaptured.
Local fisher women from the village adjacent to
each MPA conducted the sampling because they
commonly hook-and-line fish and had detailed
knowledge of their respective fishing grounds. The
women fished at various locations both within the
MPAs and adjacent fished areas using common baits,
such as hermit crabs, octopus, and occasionally
canned mackerel. The sampling locations were se-
lected by the local women because the locations are,
or were, traditionally fished locations. Attempts were
made to restrict fishing to days (calm and generally
sunny) and tides (approximately 1 to 3 h before or
after low tide) when the women considered the
weather was optimal for fishing at a given location.
Summary statistics of the catch composition were
calculated for the MPA and fished area at each site.
Family-level catch data were used to calculate the
Shannon-Wiener diversity index for the MPA and
fished area at each site. Because sample size was
unequal among locations, a linear regression was
conducted to determine if diversity was correlated
with sample size. A similarity matrix of the Shannon-
Wiener diversity based on normalized Euclidean dis-
tance was created and used in a multi-dimensional
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scaling (MDS) ordination plot to elucidate trends in
similarity in catch diversity.

Catch per unit effort (CPUE) was calculated for
each of the 48 fishing excursions using the formula
CPUE = n/f, where n is the number of fish caught on
an excursion, and f is the total person-hours spent
fishing on a given day. Biomass per unit effort (BPUE)
was determined for each of the 48 fishing excursions
by first obtaining the weight (W) of each fish using
the equation W= alL? where L is the recorded length,
a is the intercept, and b is the slope of the fitted rela-
tionship. Length-weight relationships and subse-
quent Wvalues were obtained from FishBase (Froese
& Pauly 2010) for 41 of the 55 species caught in this
study, which amounted to 78.2% of the species
caught or 98.5% of the total individual fish caught
(Appendix I). In cases where multiple a and b metrics
for a given species were found, priority was given to
those studies with the greatest number of fish (n)
analyzed and those conducted in the geographical
locale closest to Fiji. For those species where no
length-weight metrics were available using fork
length, a and b length-length metrics were used to
convert the fork length of individuals to the appropri-
ate length type. This involved substituting the rele-
vant values into 1 of 2 equations: TL = a + bFL or SL =
(FL — a)/b, where FL is the fork length, TL is the total
length, SL is the standard length, a is the intercept,
and bis the slope of the fitted linear relationship. The
BPUE for each fishing excursion was then calculated
using the formula BPUE = Y W/f.

CPUE and BPUE data for the total catch at each
MPA and paired fished area were checked for nor-
mality using a Shapiro-Wilk test (p = 0.05). Due to
non-normal data, Wilcoxon rank-sum pair-wise com-
parisons were used to detect differences in CPUE
and BPUE between the MPA and paired fished area
at each site. Wilcoxon rank-sum pair-wise compar-
isons of the mean biomass of individual epinephelids
(the most abundant fish caught) were also conducted
to detect differences between the MPA and fished
areas at each site.

FishBase and the scientific literature were refer-
enced to determine the maturity size (L,,) of as many
species as possible. The length at which 50 % of the
population is estimated to be mature, Ly, was used in
most cases. However, Lsy, was substituted for higher
metrics (i.e. Lgg) if available. In cases where more
than 1 L, was identified, priority was given to studies
with the greatest number of fish analyzed or the
study conducted in the geographical locale closest to
Fiji. Data regarding the size at sexual maturity were
summarized for each site and sampling area, and the

Percentage of catch

total from the 3 currently intact MPAs (Namada,
Namatakula, and Votua) was compared to the 5
fished locations using a f-test (data were normally
distributed) to determine whether there was a differ-
ence in the percentage of reproductive-size fish
caught in MPAs versus the fished areas.

The approximate location where each fish was
tagged was recorded during fishing surveys, and the
location of recaptured fish was determined by having
fishers identify the recapture location on a map. The
linear distance between the recapture locations and
their respective tagging locations was determined
using the measuring-ruler function on Google Earth
(www.google.com/earth).

RESULTS

The overall catch included 2650 fishes representing
55 species; most of the catch comprised of epineph-
elids (67.9%) and lethrinids (14.2%). Epinephelids
comprised the greatest proportion of the catch at all
sites (45.5 to 89.6 %), with lethrinids generally com-
prising the second-largest proportion of the catch (1.9
to 26.5%) except in the fished areas of Namatakula
and Votua, where more labrids were caught than
lethrinids (Fig. 2). The Shannon-Wiener diversity
based on family-level catch data ranged from 0.485 to
1.395, with the lowest diversity recorded from Ko-
mave's fished area and the former MPA, while the
highest diversity was recorded from Namatakula's
MPA and Namada's fished area (Fig. 2). Catch diver-

Epinephelids [_]Lethrinids [ Labrids
[ Balistids |l Lutjanids [ Other species
0.485 0.593 1.014 1.260 1.395 1.071 0.851 1.112

100 -
80
60 1
40 A
20 1
0 %7 463 407 257 589 105 370 92
Former Fished MPA Fished MPA Fished MPA Fished
MPA
Komave Namada Namatakula Votua

Fig. 2. Composition of catch by site and area. Numbers under

the bars indicate the total number of fish caught while num-

bers over the bars indicate the Shannon-Wiener diversity

index value of each catch based on family level analyses.
MPA: no-take marine protected area
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sity was not correlated with sample size (r> = 0.0097,
p = 0.82). At all sites except Namatakula, the fished
area had higher catch diversity than the MPA. An
MDS ordination plot of the diversity at each sampling
location illustrates that the Komave former MPA and
fished area had similar diversity to each other (lowest
catch diversity), while the fished areas in Votua and
Namatakula and the Namada MPA (intermediate
catch diversity) were also similar to each other
(Fig. 3). Epinephelids comprised most of the catch at
sites exhibiting low catch diversity.

Significant differences in CPUE between the MPA
and fished area were observed at Votua (z = —2.586,
p < 0.01) and Namada (z = -2.123, p = 0.03), with
greater mean CPUE found in the MPAs (Fig. 4a).
While the MPA at Namatakula also had a greater
mean CPUE than the fished area, this difference was
not significant (z = —-1.789, p = 0.07). In contrast, the
fished area in Komave had a greater mean CPUE
than the former MPA, though this difference was also
not significant (z=1.795, p = 0.07).

Significant differences in BPUE between the MPA
and fished areas were observed at all sites, with
greater BPUE in the MPA at Namada (z=-2.552, p =
0.01), Namatakula (z = -2.087, p = 0.04), and Votua
(z=-2.489, p = 0.01) (Fig. 4b). However, at Komave,
the BPUE was greater in the fished area than in the
MPA (z=1.984, p < 0.05) (Fig. 4b). When compared to
the Komave sites, the 3 maintained MPAs had mean
BPUESs ranging from 1.7 to 3.2 times greater than
Komave's fished area and 2.7 to 5.1 times greater
than Komave's opened MPA.

Individual epinephelid mean biomass was signifi-
cantly greater in all 3 MPAs and the former MPA than
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Fig. 3. Multi-dimensional scaling plot of the Shannon-
Wiener diversity index value of each catch based on family
level analyses from each location sampled. Sites are repre-
sented by shapes—Komave (A), Namada (V), Namatakula
(O), Votua (O) —and areas by colors (dark gray = MPA; light
gray = fished area). MPA: no-take marine protected area
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Fig. 4. Mean (a) CPUE, (b) BPUE, and (c) biomass of individ-

ual Epinephelus spp. +1 SE. Asterisks indicate significant

differences for pair-wise Wilcoxon rank-sum tests (*p < 0.05,

**p < 0.01). Numbers below the bars indicate number of

sampling days (a & b) and number of fish sampled (c); CPUE:

catch per unit effort; BPUE: biomass per unit effort. MPA:
no-take marine protected area

in the adjacent fished areas of Namada (z = —12.699,
p < 0.0001), Namatakula (z = -4.338, p < 0.0001), Vo-
tua (z = -3.470, p < 0.001), and Komave (z = -2.533,
p = 0.01) (Fig. 4c). Epinephelids had 89.8, 44.3, 33.1,
and 11.3% greater individual mean biomass in the
MPA than in the fished area at Namada, Namatakula,
Votua, and Komave respectively.

A review of the literature yielded values of the size
at sexual maturity (SSM) for 33 of the 55 species, or
approximately 60.0% of all species caught. This
translated to 97.5% of all individual fish caught in
this study. The intact MPA catches consisted of 43.5
to 81.5% of fishes with sizes > SSM, while the compa-
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rable fraction in the adjacent fished areas and former
MPA ranged from 25.7 to 36.8 % (Fig. 5). Differences
in the percentage of fishes that were > SSM between
the MPA and fished areas ranged from 17.4% at
Namatakula to as great as 45.9 % at Namada (Fig. 5).
Combined, the 3 intact MPAs in Namada, Nama-
takula, and Votua had double the percentage of
fishes caught within their respective boundaries that
were = SSM (mean 61.2 + 11.1 SE) compared to their
adjacent fished areas and the former MPA and fished
area in Komave (mean 30.8 + 2.3 SE), a difference
that was significant (f = 3.5200, p = 0.01).

Of the 2379 fish tagged with external FLOY T-bar
tags, 17 were recaptured by community fishers

0SSM unknown ©0<SSM m>SSM

100 9 =4 — e
=
% 80 -
¢}
—
O 60
[0}
o
©
€ 40 A
[0}
o
20
0,
367 463 407 257 589 105 370 92
Former Fished MPA Fished MPA Fished MPA Fished
MPA
Komave Namada Namatakula Votua

Fig. 5. Percentage of the fish caught that were greater than or

equal to size at sexual maturity (SSM) by site and area. Num-

bers below the bars represent total number of fish caught.
MPA: no-take marine protected area

(Table 2). Of the 17 recaptures, 5 were fish that were
initially caught in an MPA or former MPA area that
were later recaptured in a continuously fished area.
All but 2 of the fishes recaptured were caught at the
same site or a nearby fishing spot <1 km away from
their initial capture site. Only 1 fish, an Epinephelus
merra, was recaptured at a completely different site
approximately 8.5 km from the site of its initial
capture.

DISCUSSION

Though relatively small, the 3 intact community-
based MPAs in Namada, Namatakula, and Votua
appear to promote the recovery of exploited fish spe-
cies, as indicated by greater CPUE, BPUE, epineph-
elid biomass, and percentage of reproductive-sized
fishes found in these areas. These findings suggest
that the MPAs harbor higher-density fish assem-
blages that consist of larger and more potentially
reproductive individuals. Thus, these MPAs have the
potential to contribute disproportionately more in
terms of reproductive output per area than the fished
areas and are likely important for sustaining local
fisheries. Additionally, movement of fishes from the
MPAs to the fished areas occurred at all sites, indi-
cating that fishers do occasionally catch fish that
benefit from MPA protection and habitat. However, it
appears that any benefits to exploited species exam-
ined in this study obtained by the establishment of
these MPAs may be quickly removed, as indicated by
the results from the former MPA in Komave. In con-

Table 2. Tag-recapture information, including fish species, tagging location, recapture location, and approximate distance
between tagging and recapture location (km). MPA: no-take marine protected area

Fish species Tagging location

Namada fished area
Namada fished area
Namada fished area
Namada fished area
Namada fished area
Namada fished area
Namada MPA

Votua MPA

Komave fished area
Komave fished area
Komave former MPA
Komave former MPA
Komave fished area
Komave fished area
Komave fished area
Komave former MPA
Namatakula MPA

Lethrinus harak
Epinephelus merra
Epinephelus hexagonatus
Epinephelus merra
Cheilinus trilobatus
Lethrinus harak
Epinephelus merra
Epinephelus merra
Lethrinus harak

Lethrinus harak
Sphyraena jello
Epinephelus merra
Epinephelus merra
Epinephelus merra
Epinephelus merra
Epinephelus hexagonatus
Epinephelus hexagonatus

Recapture location Approximate distance
traveled (km)
Namada fished area <0.2
Namada fished area <0.2
Namada fished area <0.2
Namada fished area 0.6
Namada fished area 0.6
Namada fished area 0.6
Namada fished area 1.5
Namada fished area 8.5
Komave fished area <0.2
Komave fished area <0.2
Komave fished area 0.4
Komave fished area 0.4
Komave fished area <0.2
Komave fished area <0.2
Komave fished area 0.3
Komave former MPA 0.3
Namatakula fished area 0.6
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trast to other MPAs, the former MPA in Komave had
lower CPUE and BPUE and did not harbor a greater
proportion of reproductive-size fishes than the adja-
cent fished area. It did, however, still harbor epi-
nephelids with significantly greater biomass, though
the difference between the 2 areas was less pro-
nounced than at the 3 sites that had maintained their
MPAs.

Catch composition data from the 4 sites indicate
that sites with maintained MPAs harbor more diverse
assemblages of hook-and-line-catchable fish both
inside and outside the MPAs, suggesting further ben-
efits may result from maintaining the MPAs. Because
only 1 former MPA was sampled, it is possible that
the difference in catch diversity may be due to other
factors, such as differences in habitat. However, our
in situ observations along with benthic data pre- and
post-MPA-establishment (Coral Cay Conservation
2005a,b, V. Bonito unpubl. data) indicate no major
habitat differences between Komave and the other 3
sites sampled upon commencement of management
efforts by the community. We attribute the more-
homogenized catch composition at Komave com-
pared to other sites to the lack of protection from
fishing pressure, as observed in other studies (Mc-
Clanahan et al. 2010). Shifts in multispecies commu-
nity structure are expected following exploitation,
with increases of small and/or early maturing species
and decreases of large and/or slow maturing species
(Jennings et al. 2001). The catch at Komave consisted
almost entirely of epinephelid species (>80 %), which
exhibit a relatively high growth rate (Pothin et al.
2004) and have a size at sexual maturity amongst the
lowest of any species commonly caught in our study.
Due to these life-history characteristics, epinephelids
are highly resistant to fishing pressure, with a mini-
mum population doubling time of less than 15 mo for
the most prevalent epinephelid caught, Epinephelus
merra (Froese & Pauly 2010). Additionally, while
fishes susceptible to fishery-dependent methods (i.e.
gear selectivity and fish behavior) have the potential
to bias catch composition, fishes known to exhibit
aggressive or competitively dominant behavior, such
as certain species of balistids (McClanahan 2000),
comprise a small proportion of the catch composition
at all site areas, even less than that of known subor-
dinate species of labrids (McClanahan 2000). Fur-
thermore, catch composition may underestimate the
degree of site separation and differences in fish com-
munities due to limitations of fishery-dependent
methods. Thus, even modest differences in catch
composition may reflect larger ecological impacts
(McClanahan et al. 2010).

As with all survey method biases, those inherent
in CPUE have the potential to confound our results
(Harley et al. 2001) and differ depending on spe-
cies' characteristics (i.e. physical traits and behav-
ior) (Haggarty & King 2006). Several studies have
highlighted the effect of fishing pressure on fish
behavior, noting that the flight distance of some
fish species (Kulbicki 1998) and/or families (Janu-
chowski-Hartley et al. 2011) may increase with
fishing pressure and that some fish exhibit shorter
flight distances within protected areas than in
neighboring fished areas (Feary et al. 2010). How-
ever, these biases are not consistent among
habitats or species (Bohnsack & Bannerot 1986)
and may be influenced by the gear used or target-
status of specific fish (Jennings & Polunin 1995,
Feary et al. 2010, Januchowski-Hartley et al.
2011). Januchowski-Hartley et al. (2011) found
that serranids and lutjanids, which are primarily
caught via hook and line rather than spear gun at
our study sites, showed no significant changes in
flight distance between different fishing pressures.
For epinephelids, which comprised the majority of
the catch at all our sites, any difference in flight
response between the MPA and fished area is
expected to be well within the effective range of
hand-line methods, as is the case with the less-
commonly caught lutjanids (Januchowski-Hartley
et al. 2011), and thus unlikely to have greatly
influenced our results.

As in other studies that have used CPUE as a proxy
for fish densities (Attwood 2000, Kaunda-Arara &
Rose 2004, Haggarty & King 2006), we found that
CPUE indicated that the intact MPAs in Votua and
Namada harbored significantly greater densities of
fish than the adjacent fished areas. Sampling at
Namatakula also indicated greater densities of fish in
the MPA, though this result was not statistically sig-
nificant. With CPUE in the MPA more than 3-fold
greater than in the fished area, this lack of signifi-
cance is likely the result of low statistical power due
to the low number of replicate days of fishing. Con-
versely, we recorded nearly double the CPUE in the
fished area in Komave than in the former MPA.
Because fishing pressure in Komave was directed
towards the MPA when it was opened, the adjacent
fished area was likely subjected to less fishing pres-
sure, perhaps allowing catchable stocks an opportu-
nity to recover, thus producing a greater (though not
significantly so) CPUE from the fished area com-
pared to the former MPA. While the CPUE in the
fished area in Komave was comparable to the intact
MPAs at other sites, BPUE data add perspective;
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although numerous, the fishes caught at Komave
were relatively small.

The BPUE values observed for all our study sites
are lower than those previously documented in Fiji.
In Fiji's remote Lau island group, Kuster et al. (2006)
documented a mean BPUE for hand-line fishing per
fisher of 1.4 + 0.3 kg h~!, which is substantially lower
than the mean per-fisher rate of 2.3 kg h™" recorded a
decade earlier by Dalzell et al. (1996). While differ-
ences in location and target species make drawing
any conclusions regarding temporal declines inap-
propriate, the BPUE rates observed in our study sug-
gest that fishing pressure is relatively high at our
study sites and indicate that MPAs probably serve as
important refuges for exploited species.

Increases in fish density and size in MPAs are ex-
pected to translate into increased reproductive poten-
tial, thus providing fisheries benefits through en-
hanced recruitment (Gell & Roberts 2003, Palumbi
2004). Studies of various fish species have docu-
mented a relationship between increased size in
spawning females and reproductive performance, in-
cluding larger eggs (Hislop 1988, Marteinsdottir &
Steinarsson 1998), increased egg production (Bohn-
sack 1990), and faster-growing larvae that are more
resistant to starvation (Berkeley et al. 2004). Addition-
ally, female egg production can increase exponentially
with body size (Bohnsack 1990, Evans et al. 2008).
The intact MPA catches had percentages of fish equal
to or greater than the size at sexual maturity that were
1.5 to 2.3-fold greater than in the adjacent fished ar-
eas. Considering that CPUE was also 2.4 to 3.9-fold
greater in the maintained MPAs, the potential benefits
obtained from these MPAs through enhanced repro-
ductive output is likely to be considerable and impor-
tant for ensuring the sustainability of the fishery. In-
deed, enhanced reproductive output from the MPAs
is a possible explanation for the significant increases
in the abundance of serranids, lethrinids, and lutjanids
documented (using underwater visual censuses) be-
tween 2004 and 2007 across both MPA and fished ar-
eas of the Korolevu-i-wai fishing ground that includes
our Namada and Votua sites (Simpson 2011). Simi-
larly, lower levels of reproductive stock, such as those
documented in Komave, could contribute to the sig-
nificant decrease in targeted fish documented be-
tween 2004 and 2009 across 3 sites in the Komave
fishing ground (including our Komave site) where
MPAs were not maintained and/or rotated over the
study period (Bonito et al. 2011).

Recaptures of tagged fishes, though few, indicate a
great deal of site fidelity in the fishes caught during
this study but also indicate that there is indeed move-

ment of fish between the MPAs and fished areas.
These results are consistent with acoustic tagging da-
ta obtained from Lethrinus spp. acoustically tracked
in and around Votua's MPA (Grober-Dunsmore et al.
2009), which showed occasional movement of fishes
into and out of the MPA and provide further evidence
that fishers do have opportunities to catch fishes that
benefit from the MPA. Furthermore, the Epinephelus
merra recaptured more than 8 km down the coast
from its initial capture site indicates that there is some
longer-distance movement of the fish species that we
tagged. This was especially surprising, given that
E. merra is expected to exhibit high site fidelity
(Heemstra & Randall 1993). The low percentage of re-
captured fishes from this study may be attributed to
subsequent mortality of tagged fishes, low tag-reten-
tion rates, or a lack of reporting by fishers or may be
indicative of large population sizes of catchable
fishes. Because tagged fishes have been incidentally
observed in maintained MPA sites over 20 mo after
tagging began, we do not believe that high mortality
due to tagging or low tag retention led to the low re-
capture rate but rather that the low recapture rate is
likely reflective of the population size and general site
fidelity of tagged fishes. A similar tagging study car-
ried out in MPAs of Fiji's Kubulau district yielded
comparable recapture results, with only 3 fishes, out
of 549, recaptured during the 18 mo following tagging
(Egli et al. 2010). Additionally, the active participation
of community members and their interest in this study
conducted in their fishing ground decreased the prob-
ability that recovered tags were not reported.
Modeling efforts suggest that while permanent
reserves will offer the greatest benefits, rotational or
periodic harvests in marine reserves may still pro-
duce positive benefits for the biomass and abun-
dance of target species depending on their life his-
tory characteristics (Gerber et al. 2003, Lester &
Halpern 2008). This has been supported by empirical
evidence from other community-based MPAs in the
Pacific, such as in Papua New Guinea (McClanahan
et al. 2006) and Vanuatu (Bartlett et al. 2009), and
most often in areas with low populations, low market
connectivity, and high social capital. However, MPA
managers should consider the frequency, intensity,
and scope of harvest events involved with periodic
closures (Bartlett et al. 2009) in relation to MPA
stakeholder objectives. Some MPA regimes involv-
ing short, infrequent harvests may be fairly benign in
their effects on certain exploited stocks and, at the
same time, capable of accomplishing community
goals (i.e. stockpiling resources to be harvested for a
particular event) (McClanahan et al. 2006, Bartlett et
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al. 2009). However, other studies, such as our own,
found that former reserves that have been opened to
fishing often experience an immediate post-harvest
depletion of resources (Russ & Alcala 1998, Ferraris
et al. 2005) and may prove ineffective if fishes are
harvested to a degree that prevents long-term
improvement (Williams et al. 2006).

Our study demonstrates that measurable contribu-
tions to the recovery of exploited fish stocks can be
obtained through even relatively small MPAs if they
are maintained, and reiterates the effectiveness of
community-based management initiatives for achie-
ving common fisheries-management objectives (Cin-
ner & Aswani 2007). However, data from Komave,
where an MPA maintained for over 4 yr was recently
opened, indicate that even extended closures do not
prevent rapid depletion of the protected area stock
within a relatively short time period. Our study cor-
roborates the findings of other studies, indicating
that fishes can be removed with alarming efficiency
(Foale & Day 1997), and impermanent closures may
result in slipping baselines (Foale & Manele 2004,
Knowlton & Jackson 2008), even when the closures
are for a considerable duration.
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Appendix 1. Table Al. Biological measures of maturity, length, and weight data used for all species caught during the study. Lm:
length at maturity; Lm metric: percentage at sexual maturity; L type: type of length measurement; FL: fork length; TL: total length;
SL: standard length; a: the y-intercept; b: the slope of the fitted linear relationship; n/a: not available or unknown. All data are

from FishBase except those with superscripts

Species Lm Lm Ltype Length-Length Converted Length-Weight L type

metric a b Lm a b
Abudefduf sexfasciatus n/a n/a n/a n/a n/a n/a 0.0213 3.152 FL
Balistapus undulatus 13.8° L50 n/a 0.000*  1.000° n/a 0.0058 3.554 TL
Caranx melampygus 35¢ L50 SL 0.150*  1.076* 37.810 0.0235 2.920 FL
Caranx papuensis n/a n/a n/a n/a n/a n/a 0.0249 2.910 FL
Cephalopholis argus n/a n/a n/a n/a n/a n/a 0.0093 3.181 FL
Cephalopholis urodeta n/a n/a n/a n/a n/a n/a n/a n/a n/a
Cheilinus chlorourus 19.8° L50 n/a n/a n/a n/a n/a n/a n/a
Cheilio inermis 21.7° L50 n/a n/a n/a n/a 0.0035 3.082 FL
Cheilinus trilobatus 19.8° L50 n/a n/a n/a n/a n/a n/a n/a
Coris gaimard n/a n/a n/a n/a n/a n/a n/a n/a n/a
Dascyllus trimaculatus n/a n/a n/a n/a n/a n/a 0.0313 3.043 FL
Epinephelus bleekeri 304 n/a 0.000*  1.000¢ 0.0183 2.891 TL
Epinephelus hexagonatus 19¢ L50 TL 0.000*  1.000° 19.000 0.0177 2.930 TL
Epinephelus lanceolatus 105 L50 n/a 0.000*  1.000° 0.0173 3.000 TL
Epinephelus merra 14.2P L50 FL n/a n/a n/a 0.0158 2.966 FL
Epinephelus spilotoceps 24 n/a n/a n/a n/a n/a 0.0041 3.346 FL
Epinephelus tauvina 61.1° L50 TL 0.000*  1.015% 60.197 0.0156 2.930 TL
Halichoeres hortulanus 12.8° L50 TL 0.000*  1.000¢ 12.800 0.0119 3.064 TL
Halichoeres trimaculatus 12.6° L50 n/a n/a n/a n/a 0.0275 2.736
Lethrinus amboiensis 29.2° L50 n/a n/a n/a n/a 0.0201 2.964 n/a
Lethrinus harak 21.1¢ L90 FL n/a n/a n/a 0.017 3.043 FL
Lethrinus lentjan 20 L50 n/a n/a n/a n/a 0.0197 2.986 FL
Lethrinus obsoletus 25.7¢ L60 FL n/a n/a n/a 0.0173 3.026 FL
Lethrinus ornatus 20°¢ L90 FL n/a n/a n/a 0.0201 2.964 n/a
Lethrinus xanthochilus 29.9° L50 n/a n/a n/a n/a 0.0201 2.964 FL
Lutjanus argentimaculatus 51.9° L50 TL 0.000*  1.018° 50.982 0.0336 2.792 TL
Lutjanus bohar 26.8° L50 n/a n/a n/a n/a 0.017 3.035 FL
Lutjanus ehrenbergii 15.8P L50 n/a 0.000*  1.032° n/a 0.0026 3.335 TL
Lutjanus fulvus 17.8P L50 n/a n/a n/a n/a 0.0243 2.928 FL
Lutjanus kasmira 13.9° L50 n/a n/a n/a n/a 0.0117 3.136 FL
Lutjanus monostigma 24.1° L50 n/a n/a n/a n/a 0.0222 2.913 FL
Lutjanus quinquelineatus 17° L50 n/a n/a n/a n/a 0.0296 2.851 FL
Lutjanus semicinctus n/a n/a n/a n/a n/a n/a 0.0224 3.002 FL
Mulloidichthys pflugeri n/a n/a n/a n/a n/a n/a n/a n/a n/a
Monotaxis grandoculis 25.5P L50 n/a n/a n/a n/a 0.023 3.022 FL
Novaculichthys taeniourus 13.8° L50 n/a n/a n/a n/a n/a n/a n/a
Parapercis hexophthalma n/a n/a n/a n/a n/a n/a 0.0068 3.157 FL
Parapercis millipunctata n/a n/a n/a n/a n/a n/a n/a n/a n/a
Parupeneus indicus n/a n/a n/a n/a n/a n/a 0.0142 3.114 FL
Parupeneus multifasciatus 13.8° L50 n/a n/a n/a n/a 0.0114 3.211 FL
Parupeneus spilurus n/a n/a n/a n/a n/a n/a 0.0192 3.022 FL
Rhinecanthus aculeatus 142 L50 TL 0.000*  1.000% 14.000 0.0522 2.641 FL
Scarus frenatus n/a n/a n/a n/a n/a n/a n/a n/a n/a
Scarus spinus n/a n/a n/a 0.000*  0.920° n/a 0.0279 3.06 SL
Siderea picta n/a n/a n/a n/a n/a n/a n/a n/a n/a
Sphyraena jello 55.4P L50 n/a n/a n/a n/a 0.014 2.81 FL
Synodus dermatogenys n/a n/a n/a n/a n/a n/a 0.0046 3.346 FL
Terapon jarbua 13¢ L50 n/a n/a n/a n/a 0.0154 3.082 FL
Thalassoma hardwicke 8.5% L50 n/a n/a n/a n/a 0.0178 2.978 FL
Tylosurus crocodilus n/a n/a n/a n/a n/a n/a 0.0008 3.205 FL
Zenarchopterus dispar n/a n/a n/a n/a n/a n/a n/a n/a n/a
aFroese & Pauly (2010), PMay & Robinson (2004), “Ebisawa (2006), Sadovy (1999)
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