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Abstract Protection from fishing generally results in an
increase in the abundance and biomass of species targeted
by fisheries within marine reserve boundaries. Natural
refuges such as depth may also protect such species, yet
few studies in the Indo Pacific have investigated the effects
of depth concomitant with marine reserves. We studied the
effects of artisanal fishing and depth on reef fish assem-
blages in the Kubulau District of Vanua Levu Island, Fiji,
using baited remote underwater stereo-video systems.
Video samples were collected from shallow (5-8 m) and
deep (25-30 m) sites inside and outside of a large
old marine reserve (60.6 km?, 13 years old) and a small
new marine reserve (4.25 km?, 4 years old). Species rich-
ness tended to be greater in the shallow waters of the large
old reserve when compared to fished areas. In the deeper
waters, species richness appeared to be comparable. The
difference in shallow waters was driven by species targeted
by fisheries, indicative of a depth refuge effect. In contrast,
differences in the abundance composition of the fish
assemblage existed between protected and fished areas for
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deep sites, but not shallow. Fish species targeted by local
fisheries were 89% more abundant inside the large old
reserve than surrounding fished areas, while non-targeted
species were comparable. We observed no difference in the
species richness or abundance of species targeted by fish-
eries inside and outside of the small new reserve. This
study suggests that artisanal fishing impacts on the abun-
dance and species richness of coral reef fish assemblages
and effects of protection are more apparent with large
reserves that have been established for a long period of
time. Observed effects of protection also vary with depth,
highlighting the importance of explicitly incorporating
multiple depth strata in studies of marine reserves.

Keywords Artisanal fishing - Depth refuge -
Baited video - Marine reserves - Relative abundance -
Fijian reef fish

Introduction

Exploitation of the marine environment is decreasing the
ocean’s biodiversity and increasingly impairing the ocean’s
capacity to provide food for human consumption (Worm
et al. 2006). Pauly (2007) predicts that the present
exploitation patterns are unsustainable. Evidence available
for tropical marine ecosystems demonstrates that an
increase in fishing pressure can cause shifts in species
composition (Jennings and Polunin 1996; Dulvy et al.
2004; Jones et al. 2004), a decline in species richness
(Dulvy et al. 2004; McClanahan and Mangi 2004),
depletion of carnivorous species, and an increase in the
dominance of fish from lower trophic levels (Jennings and
Polunin 1997; Russ and Alcala 1998). Such effects have
been shown to occur not only within highly fished
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ecosystems, but also in areas subject to relatively low
artisanal fishing activity (Jennings and Polunin 1996;
McClanahan and Arthur 2001; Dulvy et al. 2004; Campbell
and Pardede 2006). This suggests artisanal fishing may be
having a greater impact than first predicted.

Most small communities in the Indo Pacific lack infor-
mation on fisheries yields or in situ fish abundance (Pauly
et al. 1998; Pet-Soede et al. 2001; Jones et al. 2009). Arti-
sanal fishers target many more species and employ a greater
variety of catching techniques than commercial fishers
(Cinner and McClanahan 2006). They are also being
increasingly recognized as a potential threat to coastal fish
stocks (Pet-Soede et al. 2001; McClanahan and Mangi 2004;
Mangi and Roberts 2006; Jones et al. 2009). Depletion of
fish stocks may impact heavily on artisanal communities in
the Indo Pacific, as fisheries resources are generally essential
for nutrition and employment (Pet-Soede et al. 2001;
McClanahan and Mangi 2004; Jones et al. 2009).

The implementation of no-take reserves can be an
efficient and inexpensive method to maintain fisheries and
preserve the biodiversity and abundance of biota contained
within them (Allison et al. 1998; Bohnsack 1998; Adams
et al. 2010). Reviews of empirical studies suggest that
no-take reserves generally enhance biodiversity and
increase the abundance, biomass and size of fish species
targeted by fisheries (herein, referred to as targeted spe-
cies), which may lead to increased recruitment and spill-
over of adult species into neighbouring areas (Trexler and
Travis 2000; Russ 2002; Halpern 2003; Russ and Alcala
2004; Claudet et al. 2008; Lester et al. 2009).

The composition of fish assemblages has been shown to
change over depth gradients of hundreds to thousands of
metres (McGehee 1994; Friedlander and Parrish 1998;
Brokovich et al. 2006, 2008). A number of studies have also
investigated changes in fish assemblage structure in shallow
waters (<20 m) (Bell 1983; Suarez et al. 2004; Tyler et al.
2009; Friedlander et al. 2010; Electronic Supplemental
Material, ESM Appendix 1). However, few studies have
investigated how fish assemblages change between shallow
(<20 m) and deep (>20 m) waters, in part due to limitations
of conventional SCUBA below 20 m. This has also limited
the number of studies that have looked at the effect of depth
concomitant with the effect of protection on reef fish
assemblages, with only ~35% of empirical studies on pro-
tected areas in the Indo Pacific incorporating multiple depth
strata (ESM Appendix 1). Studies that have investigated
depth and protection have mostly found a greater effect of
protection in shallow waters than in deep, attributing this
finding to an increased fishing pressure in shallow waters
(Polunin and Roberts 1993; Ashworth and Ormond 2005;
Tyler et al. 2009). Only four studies on marine reserves in the
Indo Pacific have incorporated depths greater than 15 m
(Galal et al. 2002; Alcala et al. 2005; Aswani et al. 2007,
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Friedlander et al. 2010, ESM Appendix 1) and only one
greater than 20 m (Friedlander et al. 2007, ESM Appendix
1). This leaves a gap in the knowledge on the effectiveness of
tropical marine reserves at depths greater than 20 m.

In Kubulau District, Fiji, the majority of fishing effort is
artisanal using nets, fishing lines, spearguns and handspears
(Adams et al. 2010). As fishing with SCUBA is prohibited,
and dive fins are rarely used by local fishermen, the impact
from spear and snorkel fishing is limited to a depth of
around 15 m. Nets used in the area are predominantly
“hand”, “cast”, or “wading”, also limiting them to shal-
low waters (Adams et al. 2010). This is expected to restrict
the effects of fishing on targeted species to shallow habitats
from O to 15 m. Fishing lines can easily access depth
beyond 15 m, but are mostly used in fine weather condi-
tions (Adams et al. 2010). Upon capture, fish in Kubulau
District are sold to the local fish market in Savusavu, with
unsold fish kept for local consumption. In Kubulau District,
84% of households in coastal villages reported fishing as a
source of income, making the resource essential to the
economic viability of the community (WCS 2009). The fish
species targeted and sold by the villagers are separated into
three grades with different values: high (FJD~3.50),
medium (FJD ~ 3.00) and low (FJD ~2.00) per kilogram.

Our study examined the effects of artisanal fishing and
depth on the coral reef fish assemblages of the Kubulau
goligoli, a fishing ground with multiple marine reserves in
Fiji. We tested the hypotheses that (1) there will be a dif-
ferent fish assemblage structure in protected areas with a
greater abundance of targeted species and greater species
richness than in fished areas, (2) there will be differences in
the fish assemblage between deep (25-30 m) and shallow
(5-8 m) sites and (3) there will be an interaction between
depth and protection with a greater abundance of targeted
species and greater species richness in shallow protected
areas compared with fished areas and no difference
between deep sites, suggesting a depth refuge effect.

Materials and methods
Study area

The survey was carried out at the “Kubulau qoligoli”, Vanua
Levu, Fiji, from the 4th—28th July 2009. The total area of
Kubulau’s qoligoli is 262 km? and contains a network of 17
community-managed marine protected areas and three per-
manent no-take marine reserves, totalling approximately
80 km? or 30% of the qoligoli (Fig. 1). The largest no-take
marine reserve is Namena (herein, referred to as the large old
reserve) which was established in 1997 with a total area of
60.6 km?. The Namuri reserve (herein, referred to as the
small new reserve) is considerably smaller at 4.25 km?* and
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Fig. 1 Map of the Kubulau qoliqoli off Vanua Levu, Fiji. The dark
grey shading shows the no-take marine reserves. Squares represent
sampling sites inside and out of the large old (Namena) reserve, and
circles represent sites inside and out of the small new (Namuri)
reserve. Filled symbols represent shallow (5-8 m) sampling sites, and
open symbols represent deep (25-30 m) sites

was established in 2005 (Clarke and Jupiter 2010). Each of
these reserves is strictly no take, prohibiting the removal of
any living organisms from within their boundaries. Com-
pliance is self-enforced by the local communities.

Experimental design

The two reserves, large old and small new, were separated
in the design due to their contrasting size and age. The
sampling design consisted of three factors: Status (two
levels, fixed: protected versus fished), Depth (two levels,

fixed: shallow, 5-8 m and deep, 25-30 m) and Site
(random, nested in Status x Depth, 4 sites at each depth).
Fished sites were placed in areas adjacent to the reserves
where high levels of fishing are known to occur (Adams
et al. 2010). All deployments were randomly stratified over
coral reef habitat along the exposed reef edge. Due to a
lack of comparable coral reef habitat directly adjacent to
the eastern side of the large old reserve, suitable fished sites
were selected as close as possible (Fig. 1).

Sampling technique

Baited remote underwater stereo-video systems (stereo
BRUYVs) have emerged as a useful technique for surveying
fish assemblages in deeper waters (>20 m) and provide a
permanent record of the fish observed (Cappo et al. 2003).
Stereo BRUVs have also been found to be cost-efficient
compared to other video-based methods (Langlois et al.
2010).We used stereo BRUVs to sample the coral reef fish
assemblages inside and outside of the reserves in the
Kubulau qoliqoli. Information on the design and calibration
of the stereo BRUVs can be found elsewhere (Harvey and
Shortis 1996, 1998; Harvey et al. 2001, 2002). Stereo-video
imagery was calibrated using CAL V1.33.1 (http://www.
seagis.com.au/bundle.html). Our systems used two SONY
HC 15E handy-cams with 0.6 wide angle lenses in under-
water housings. The housings and cameras were separated
on a base bar by 0.7 m and inwardly converged to provide
an overlapping field of view from approximately 0.5 m in
front of the cameras. Importantly, the use of stereo-video
allows accurate estimates of distance (Harvey et al. 2004).
The standardized field of view sampled by the stereo
BRUYV system in this study was from 0.5 to 8 m. Six stereo
BRUYVs were deployed by boat at each site and left to film
for 60 min on the seafloor. Bait consisted of 800 g of
pilchards (Sardinops sp.) in a plastic-coated wire mesh
basket that was suspended 1.2 m in front of the two cameras.
The pilchards were crushed to promote dispersal of the
fish oil and flesh. Adjacent deployments were separated
by 250—400 m to reduce the likelihood of fish moving
between replicates within the sampling period (see Cappo
et al. 2001).

Image analysis

All video footage was captured using Adobe Premiere Pro
2 in an avi (Audio Video Interleaved) format. We used
the right hand video of each stereo-pair to determine the
relative abundance of the fish seen on video. The right hand
avi file was imported into EventMeasure (http://www.
seagis.com.au/event.html). EventMeasure is a program
used for logging and reporting events occurring in digital
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video imagery. It is specifically designed to allow fast,
efficient analysis of movie sequences when recording
biological information and animal behaviour in underwater
movie sequences. This software enabled us to manage data
collected from the field operations and video, to record the
timing of events and capture reference images of the sea-
floor and fish in the field of view. We used the stereo-
photocomparator software PhotoMeasure (http://www.
seagis.com.au/photo.html) to analyse the stereo-video
imagery for the range of fish from the cameras.

Data collection and measurements
Visual habitat classification

The habitat observed in each camera deployment was ini-
tially classified into three benthic categories: the top of
coral outcrops, the bottom of coral outcrops, or sand
inundated reef. Next, the major biotic classification
described the growth forms of coral which made up the
highest percentage of the benthos and was classified as
massive, rubble, branching or tabulate coral or sand.
Finally, the minor biotic classification was the coral type
which made up the next highest percentage of the benthos
and was classified using the same categories. An estimate
of the field of view was made for each deployment. Sites
where benthos obscured over 35% of the view were
removed from the analysis. Water visibility was consis-
tently good at all sites and greater than 8 m. These mea-
sures were obtained to ensure that stereo BRUV
deployments were done in comparable habitats and to
ensure that there were no systematic differences in habitat
between reserve and fished locations.

Species richness and abundance

Species richness was measured as the total number of species
observed per 60 min stereo BRUV deployment. Species that
could not be distinguished from similar species were
grouped together at the genus level. Identification and
abundance estimates of species were made by reviewing
captured footage in the laboratory. The maximum number of
individuals for each species viewed at any one time (MaxN;
Priede et al. 1994) was recorded from viewing 60 min of
footage and used as a measure of relative abundance. The use
of this ‘MaxN’ as an estimator of relative abundance has
been reviewed in detail by Cappo et al. (2003). Interrogation
of each tape was conducted by a single experienced analyst.

Data analysis

Permutational multivariate analysis of variance (PERMA-
NOVA with 4999 permutations) was used to examine
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differences in the habitat, species richness and abundance
of fish species using the PERMANOVA 4 add on
(Anderson et al. 2008) to PRIMER (Plymouth Routines in
Multivariate Ecological Research; PRIMER-E 2009). Each
dataset was appropriately transformed and analysed for all
factors including interactions. Where main effects or
interactions were significant, a posteriori comparisons were
explored (Anderson 2001). As many species within the
pelagic genus Pterocaesio could not be distinguished,
formed very large schools and appeared to mask the pat-
terns of other demersal species, this group was removed
from all analyses.

Habitat

To weight the occurrence of the habitat data, the minor
biota category was given a value of 0.5 compared with 1
for the benthos and major biota. To test for any consistent
differences in the habitat between reserve and fished areas,
a PERMANOVA analysis using a Bray—Curtis similarity
matrix was used. The Bray—Curtis similarity matrix was
chosen as it does not count joint absences as similarities
making it more ecologically relevant for habitat data
(Anderson et al. 2008).

Multivariate analysis

A Log 2 Modified Gower dissimilarity matrix was used
for the analysis of the multivariate fish abundance dataset
as it is more appropriate for dealing with multivariate
heterogeneity of variance than the Bray—Curtis measure
(Anderson et al. 2006).

A principle coordinate analysis (PCO) was done to show
the unconstrained grouping of sites and helped to visualize
any broad patterns in the abundance data. A constrained
canonical analysis of principal coordinates (CAP) was used
to investigate significant factors from the PERMANOVA
analysis and to identify the species primarily responsible
for causing these differences (Anderson and Robinson
2003; Anderson and Willis 2003). The square of the first
canonical correlation (6°) provided an indication of the
strength of the observed differences among sites in the
dataset in relation to an axis. The number of axes (m) was
chosen by plotting the residual sum of squares and
choosing the first significant drop in relation to the other
values. This results in a minimum misclassification error
(see Anderson and Willis 2003). Pearson’s product
moment correlations of the complete dataset and CAP
ordinations were used to determine the species that were
linearly correlated with the canonical axis and contributing
to the observed dissimilarity between sampling units
(Anderson and Willis 2003). A Pearson’s correlation value
of 0.6 was chosen for the abundance data to show only the
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dominant species that were driving the patterns as there
were many species with a high correlation with the
canonical axis.

Univariate analysis

A PERMANOVA using dissimilarity matrices constructed
with Euclidean distance was performed on measures of
species richness and of abundance for the targeted species
of the food fish grades high, medium and low and non-
targeted species. Sites were pooled when a P(perm) value
greater than 0.25 was found, and the factors Starus and
Depth were not already significantly different (Underwood
1997). Sites were left un-pooled if the factors Starus and
Depth did not become significantly different because of
the pooling. To indicate which species were primarily
responsible for any observed differences in species richness
inside and outside of reserves, a CAP on presence absence
data was done, using Pearson’s correlations (Irl > 0.4).

Results

We observed a total of 11,722 individuals from 341 species
and 44 families. The number of species seen per stereo
BRUYV deployment varied from 8 to 83. Of the 341 species,
124 (36%) were considered targeted according to the food
fish grades of the Kubulau District. There were 46 species
observed from the high value grade, making up 13% of the
total number of individuals, 23 species from medium grade
making up 7% and 55 in low grade making up 16% (ESM
Appendix 2). The remaining 217 species accounting for
64% of the total number of individuals were classified as
non-targeted species.

Habitat
Habitat did not vary greatly between the different sites

sampled as all stereo BRUVs were deployed on the exposed
edge of outer barrier fore reefs dominated by coral. Habitat

did not differ between fished and protected areas for both
reserves (both P > 0.05). However, there was a significant
difference in habitat between shallow and deep sites in the
large old (Pseudo-F = 6.076, P = 0.005) and in the small
new reserve (Pseudo-F = 4.293, P = 0.015). It was more
common for drops to land on top of coral outcrops at shallow
sites, while in the deep sites, drops tended to land at the
bottom of coral outcrops or on flat ground.

Species richness

Overall, the species richness in the large old reserve was
significantly greater than surrounding fished areas with an
average of 8 more species per deployment (Table 1). There
was no significant interaction of Status and Depth; however,
there was on average 13 more species per deployment in the
large old reserve than fished areas for the shallow sites and
only 3 more than fished areas for the deep sites (Table 1;
Fig. 2). Although not significant, this result suggests an
interaction between Status and Depth which is indicative of a
depth refuge effect. In addition, a CAP on the presence
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Fig. 2 The mean (+1 SE) number of species per 60 min stereo
BRUYV deployment for deep and shallow sites inside and outside of
the large old and the small new reserves. Any significant term in the
model is displayed on the plot with an asterisk next to its name e.g.,
(Status*)

Table 1 Results of three-factor PERMANOV A examining the species richness in response to factors Status (St), Depth (De) and Site in the large

old and small new reserves

Source Large old reserve Small new reserve
df MS Pseudo-F P(perm) daf MS Pseudo-F P(perm)

Status 1 1,637.6 5.371 0.042 1 13.82 0.191 0.681
Depth 1 147.51 0.484 0.493 1 49.32 0.682 0.433
StxDe 1 420.54 1.379 0.257 1 102.9 1.423 0.261
Site (StxDe) 12 306.3 1.989 0.035 10 71.65 0.724 0.694
Residual 76 154 64 99.04

Total 91 77

Bold value indicates a significant P > 0.05
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Table 2 PERMANOVA based on Modified Gower Log 2 dissimilarities of the relative abundances of 341 fish species for the large old and
small new reserves in response to Status (St), Depth (De), Sites and their interactions

Source Large old reserve Small new reserve
df MS Pseudo-F P(perm) df MS Pseudo-F P(perm)
Status 1 2.336 1.914 0.013 1 1.197 1.058 0.391
Depth 1 7.804 6.393 <0.001 1 6.003 5.31 <0.001
StxDe 1 2.09 1.712 0.017 1 1.11 0.982 0.473
Site (StxDe) 12 1.223 1.312 <0.001 10 1.137 1.313 <0.001
Residual 76 0.932 64 0.866
Total 91 77
Bold value indicates a significant P > 0.05
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Fig. 3 a, c Principle coordinate ordination (PCO) and (b, d) Canon-
ical analysis of principal coordinates (CAP) ordination based on
Modified Gower Log 10 dissimilarities for Status (shaded versus
unshaded symbols) and Depth (black squares versus grey triangles)
for the large old and young new reserves. Species correlations with

absence data found 10 species to be highly correlated
(I > 0.4) with shallow water protected areas (ESM
Appendix 2), whilst no species were correlated with fished
areas. Seven out of these 10 species were targeted, suggest-
ing that the difference in species richness was driven by the
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Correlation with CAP axis 1 32=0.849

the canonical axis are represented as vectors for species with Pearson
R value greater than 0.6; e.g. Cephalopholis microprion is positively
correlated with deep protected sites. Choice of m = 6 for the large old
reserve and m = 12 for the small new reserve

depletion of these species from shallow fished areas, again
supporting the depth refuge hypothesis (ESM Appendix 2).
For the small new reserve, there was no significant difference
in species richness inside and outside of the reserve or
between deep and shallow sites (Table 1; Fig. 2).
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Table 3 PERMANOVA for the total abundance of food fish grades high, medium, low and non-targeted species in response to Status (St),

Depth (De) and Site for the large old reserve

Source df Large old reserve

High grade Medium grade

MS Pseudo-F P(perm) MS Pseudo-F P(perm)
Status 1 382.73 6.594 0.001 415.26 6.057 0.019
Depth 1 66.636 1.148 0.331 62.487 0911 0.389
StxDe 1 19.97 0.344 0.622 34.563 0.504 0.543
Site (StxDe) 12 58.008 0.94 0.503 68.923 2.399 0.014
Res 76 61.714 28.73
Total 91
Source df Low grade Non-targeted

MS Pseudo-F P(perm) MS Pseudo-F P(perm)
Status 1 1,070.1 4.336 0.049 244.57 0.08 0.936
Depth 1 801.04 3.246 0.085 9,814 3.21 0.018
StxDe 1 993.52 4.026 0.062 8.47 0.002 0.991
Site (StxDe)* 12 245.72 0.679 0.834 32,096 0.677
Res 76 361.71 3,116.8
Pooled® 88 - - - 3,056.5
Total 91

Bold value indicates a significant P > 0.05

* Pooled mean squares used when P > 0.25 and results not already significant (see Underwood 1997)
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Fig. 4 The mean abundance (41 SE) for each food fish grade (high,
medium, low and non-targeted species) for deep and shallow sites
inside and outside the large old reserve. Any significant term in the
model is displayed on the plot with an asterisk next to its name e.g.,
(Status*)

Assemblage composition

For the large old reserve, a significant interaction was found
between the factors Status and Depth (Table 2), and pairwise
tests found a difference between protected and fished
assemblages at deep sites (¢ = 1.48, P = 0.02), but not

shallow. Further pairwise tests found a significant difference
in the assemblage between deep and shallow sites in both
protected (t = 1.954, P = 0.018) and fished areas (r = 2.08,
P = 0.028). Inside and outside the large old reserve, there
was high variability in the fish assemblage structure between
sites shown by the significant Site term in the model
(Table 2). A PCO and CAP analysis of fish assemblages
inside and outside the large old reserve showed evidence of
the interaction between Status and Depth (CAP analysis:
6% = 0.847; total correct 70/92 = 76.087% using m = 6,
Fig. 3a, b). The protected and fished sites in the deep were
separated into groups indicating a difference in the structure
of the assemblage. For the large old reserve, numerous spe-
cies of fish contributed to the observed difference in
assemblage structure, as indicated by Pearson’s correlations
with the canonical axis. Species highly correlated with the
canonical axis of Status (Irl > 0.6) are displayed as vectors
on Fig. 3b. The species Lethrinus erythracanthus and
Cephalopholis microprion correlated positively with deep
protected sites. They are both high-grade food fish, and
therefore highly targeted (ESM Appendix 2). All species
positively correlated with fished deep sites were non-tar-
geted with the exception of Lethrinus harak.

Inside and outside the small new reserve, there was a
significant difference in the structure of the fish
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Table 4 PERMANOVA for the total abundance of food fish grades high, medium, low and non-targeted species in response to Status (St),

Depth (De) and Site for the small new reserve

Source df Small new reserve
High grade Medium grade
MS Pseudo-F P(perm) MS Pseudo-F P(perm)
Status 1 37.951 1.477 0.281 2.632 0.217 0.679
Depth 1 10.803 0.42 0.615 0.101 0.008 0.939
StxDe 1 43.923 1.71 0.229 0.079 0.007 0.941
Site (StxDe) 10 25912 1.505 0.118 12.115 0.938 0.508
Res 64 17.223 12.912
Total 77
Source df Low grade Non-targeted
MS Pseudo-F P(perm) MS Pseudo-F P(perm)
Status 1 57.446 0.571 0.468 124 0.076 0.781
Depth 1 158.67 1.578 0.237 16.867 0.01 0.924
StxDe 1 2.204 0.021 0.882 2,040.9 1.256 0.278
Site (StxDe) 10 101.55 1.645 0.105 1,775.7 1.84 0.069
Res 64 61.743 893.82
Total 77
w 701me Small New Reserve Food fish grades
2 DO Fished
é 60 | | Protected Inside the large old reserve, significantly greater abun-
S 504 dances of high-, medium- and low-grade species were
% 40 4 observed, when compared to fished areas for both shallow
g and deep sites (Table 3; Fig. 4). High value species were
g 801 on average 84.2% more abundant inside protected areas
g 20 - than fished areas, medium value species 238.8%, low value
3 104 species 64.8%, and all grades combined 89.9% (Fig. 4).
= However, for medium value species, there was significant
°1 site-to-site variability (Table 3). Non-targeted species
Shallow| Deep [Shallow| Deep [Shallow] Deep [Shallow| Deep .. .
showed no significant difference between protected and
High Non-targeted fished areas for the large old reserve (Table 3; Fig. 4).

Fig. 5 The mean abundance (41 SE) for each food fish grade (high,
medium, low and non-targeted species) for deep and shallow sites
inside and outside the small new reserve. The absence of any symbols
indicates no significant terms in the model

assemblage between deep and shallow sites (Table 2).
However, no significant differences were found between
the assemblages inside the small new reserve and com-
parable fished sites (Table 2). There was, however, high
variability in the fish assemblage structure between sites
shown by the significant Sife term in the model (Table 2).
The PCO and CAP analysis for the small new reserve
displayed a strong distinction between deep and shallow
sites (52=0.849; total correct 68/75 = 90.67% using
m = 12, Fig. 3c, d).

@ Springer

There was a significant difference in the abundance of non-
targeted species with depth, with a greater abundance in the
shallow sites (Table 3; Fig. 4).

Within the small new reserve, there was no significant
difference with the abundance of high-, medium- and
low-grade species or non-targeted species between deep
and shallow or protected and fished sites (Table 4; Fig. 5).

Discussion

We observed differences in the composition of coral reef
fish assemblage structure between protected and fished
areas in a large old reserve. Protected areas had a greater
species richness and abundance of targeted species
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compared to nearby areas open to fishing. This suggests
that the artisanal fishing practices in Kubulau District are
impacting the fish assemblages and supports the hypothe-
sis that artisanal fishing techniques are capable of
decreasing both the species richness and abundance of fish
species they target (Jennings and Polunin 1996, 1997;
Dulvy et al. 2004; McClanahan and Mangi 2004). These
results are also consistent with the shallow water, diver-
based studies, conducted in 2007 and 2009, which found
that the total reef fish biomass was higher at sites within
the large old reserve compared to fished areas (Jupiter and
Egli 2011). A number of other studies support these results
by documenting the effects of protection on the abundance
of targeted species within artisanal areas, including marine
reserves in New Caledonia (Chateau and Wantiez 2005),
the Philippines (Russ and Alcala 2003; Alcala et al. 2005;
Russ et al. 2005), Papua New Guinea (Jones et al. 2004;
McClanahan et al. 2006) and the Solomon Islands (Aswani
et al. 2007).

In contrast, there was no significant difference in the
composition of fish assemblages inside and outside the small
new reserve, which does not support our original artisanal
fishing hypothesis. This likely relates to the young age
(4 years) and small size (4.25 km?) of this reserve compared
with the large old reserve (13 years, 60.6 km?). The lack of
an observable effect of protection for the small new reserve
is consistent with the results found by Claudet et al. (2008) in
the Mediterranean, who found that a greater size and age of
marine reserves will lead to an increase in diversity and
abundance of targeted species within their boundaries.
However, the number of reserves that were sampled in this
study is not sufficient to draw any generalized conclusions as
to the effect of the size and age of marine reserves around
Fiji. In the same small new reserve, Jupiter and Egli (2011)
found a greater biomass of reef fishes when compared to
fished areas in 2007 and 2008. However, in 2009, they found
the pattern was reversed and suggested that this was caused
by an increase in poaching resulting from a presentation to
local communities in 2008, highlighting the increase in fish
biomass within this reserve (Jupiter and Egli 2011). This
pattern of inconsistent differences over time is possibly
attributed to the reserve being more susceptible to the effects
of poaching given its small size.

The exposed reef fronts of Kubulau District were found
to be extremely rich in species, with the large old reserve
having on average 8 more species per deployment than the
surrounding fished areas. Species richness tended to be
greater in protected areas than fished areas for the shallow
sites, but appeared to be similar between the deep sites of
the large old reserve. The majority of species driving the
greater species richness in the shallow protected areas were
targeted species. This result is indicative of a depth refuge
effect, which may have been caused by the limitation of

artisanal fishing techniques (such as spearing) to fish at
depths greater than 15 m and supports our depth refuge
hypothesis (Adams et al. 2010). These fishing techniques
may have removed rarer species targeted by fisheries from
shallow fished sites and had little effect on these species in
the deep. These results are supported by Tyler et al. (2009)
who found evidence of a depth refuge in fished areas, also
indicated by greater species richness with increasing depth.

In contrast, differences in the abundance composition
between protected and fished areas were observed in deep
sites, but not in shallow sites. This contradicts both our
original depth refuge hypothesis and our species richness
results but suggests that marine reserves in the area are
effectively protecting fish assemblages at greater depths
(25-30 m) than first predicted. Overall, these contradict-
ing results suggest that shallow water artisanal fishing
techniques may reduce species richness by removing rare
targeted species from the shallows, but have little effect on
the abundance composition of reef fishes. It may also be
that the line fishing techniques used in Kubulau District are
having a greater effect on the more common targeted
species than first predicted, resulting in the differences
found in deep water between protected and fished areas.
Information on the frequency and depth range for each of
the artisanal fishing techniques is needed to further inves-
tigate the existence of any depth refuge effect on the
abundance of these fish assemblages.

There were significant changes in the fish community
with depth changes (> 20 m) supporting our original depth
hypothesis. These changes were driven by species such
as Thalassoma hardwicke, Chaetodon baronessa and
Anampses neoguinaicus which were associated with shal-
low sites and Lethrinus harak, Cephalopholis microprion
and Choerodon jordani which were associated with deep
sites. A number of studies has documented changes in fish
assemblages over such small depth scales supporting our
results (Bell 1983; Polunin and Roberts 1993; Ashworth
and Ormond 2005; Watson et al. 2007, 2009; Tyler et al.
2009; Friedlander et al. 2010).

In Kubulau District, villages such as Navatu are depen-
dent on the sale of fish as a major source of income (WCS
2009). Thus, the food fish grades that set the prices for fish
species in the area should reflect the species targeted by the
Kubulau District. The species within food fish grades high,
medium and low were all more abundant within the large
old reserve than fished areas, supporting our hypothesis that
there would be a greater abundance of targeted species
within protected areas. In contrast, there was no difference
in the abundance of any of the three grades between the
small new reserve and comparable fished areas. Two of the
main families which make up the high-grade category
Lethrinidae and Serranidae were also found to be the major
contributors to the differences described by Jennings and
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Polunin (1996) in a study of highly and rarely fished areas in
Fiji. The current study found that species from the families
Siganidae and Scombridae (high grade), Carangidae, Lut-
janidae and Haemulidae (medium grade) and Labridae,
Mullidae, Acanthuridae, Scaridae and Sphyraenidae (low
grade) may also be affected by artisanal fishing with a sig-
nificant decrease in their abundance in fished areas com-
pared to the large old reserve.

The present study found that artisanal fishing in Kubulau
District has reduced the species richness and abundance of
targeted species in fished areas. The higher species richness
and abundance of targeted species within the large old
reserve, but not the small new reserve, suggests that large
no-take marine reserves are more effective at protecting
these species from fishing given sufficient time and are less
likely to be susceptible to the effects of poaching. The lack
of data from before the implementation of these marine
reserves makes it difficult to distinguish the effects of
artisanal fishing from other factors influencing the fish
assemblage. However, our study controlled for differences
in habitat and found significant results consistent with the
effects of fishing, reducing the likelihood of other factors
influencing the results. This highlights the importance of
obtaining baseline data in areas where marine reserves are
proposed. Given that an effect of protection on the abun-
dance structure of fish assemblages was found in the deep
and not the shallow, sampling methods not restricted by
depth, such as the stereo BRUVs, may be important to
complement conventional UVC techniques which are
limited by depth. Future monitoring of the no-take marine
reserves within Kubulau District will provide insight into
any temporal patterns with protection and will help to
distinguish the effects of artisanal fishing from any natural
changes in the fish community. The further establishment
of large no-take marine reserves will be important for
ensuring the economic and nutritional well-being of arti-
sanal communities by protecting representative populations
of the fish species they target.

Acknowledgments This study was conducted with funding from
the Wildlife Conservation Society and financial assistance from the
University of Western Australia (UWA) Marine Science Honours
program. The authors would like to thank Philip Munday, Sean
Wilson and three anonymous reviewers for their helpful comments,
Peter Barnes for statistical assistance and James Seager for technical
assistance. Thank you to the people of the Navatu village, Wayne
Moy and Apimeleki Sautu for assistance in the field.

References

Adams VA, Mills M, Jupiter SD, Pressey RL (2010) Improving social
acceptability of marine protected area networks: a method for
estimating opportunity costs to multiple gear types in both fished
and currently unfished areas. Biol Conserv 144:350-361

@ Springer

Alcala AC, Russ GR, Maypa AP, Calumpong HP (2005) A long-term,
spatially replicated experimental test of the effect of marine
reserves on local fish yields. Can J Fish Aquat Sci 62:98-108

Allison GW, Lubchenco J, Carr MH (1998) Marine reserves are
necessary but not sufficient for marine conservation. Ecol Appl
8:79-92

Anderson MJ (2001) Permutation tests for univariate or multivariate
analysis of variance and regression. Can J Fish Aquat Sci 58:626

Anderson MJ, Robinson J (2003) Generalized discriminant analysis
based on distances. Aust New Zeal J Stat 45:301-318

Anderson MJ, Willis TJ (2003) Canonical analysis of principal
coordinates: a useful method of constrained ordination for
ecology. Ecology 84:511-525

Anderson MJ, Ellingsen KE, McArdle BH (2006) Multivariate
dispersion as a measure of beta diversity. Ecol Lett 9:683-693

Anderson MJ, Gorley RN, Clarke KR (2008) PERMANOVA + for
PRIMER: guide to software and statistical methods. PRIMER-E,
Plymouth

Ashworth JS, Ormond RFG (2005) Effects of fishing pressure and
trophic group on abundance and spillover across boundaries of a
no-take zone. Biol Conserv 121:333-344

Aswani S, Albert S, Sabetian A, Furusawa T (2007) Customary
management as precautionary and adaptive principles for
protecting coral reefs in Oceania. Coral Reefs 26:1009-1021

Bell JD (1983) Effects of depth and marine reserve fishing restrictions
on the structure of a rocky reef fish assemblage in the north-
western Mediterranean Sea. J Appl Ecol 20:357-369

Bohnsack JA (1998) Application of marine reserves to reef fisheries
management. Austral Ecol 23:298-304

Brokovich E, Baranes A, Goren M (2006) Habitat structure
determines coral reef fish assemblages at the northern tip of
the Red Sea. Ecol Indicat 6:494-507

Brokovich E, Einbinder S, Shashar N, Kiflawi M, Kark S (2008)
Descending to the twilight-zone: changes in coral reef fish
assemblages along a depth gradient down to 65 m. Mar Ecol Prog
Ser 371:253-262

Campbell SJ, Pardede ST (2006) Reef fish structure and cascading
effects in response to artisanal fishing pressure. Fish Res 79:75-83

Cappo M, Speare P, Wassenberg TJ, Harvey ES, Rees M, Heyward A,
Pitcher R (2001) Use of baited remote underwater video stations
(BRUVS) to survey demersal fish—how deep and meaningful?
In: Harvey ES, Cappo M (eds) Direct sensing of the size
frequency and abundance of target and non-target fauna in
Australian Fisheries. Fisheries Research and Development
Corporation, Rottnest Island, pp 63-71

Cappo M, Harvey E, Malcolm H, Speare P (2003) Potential of video
techniques to monitor diversity, abundance and size of fish in
studies of marine protected areas. Aquatic protected areas—what
works best and how do we know? In: Proceedings of the world
congress on aquatic protected areas, pp 455-464

Chateau O, Wantiez L (2005) Comparison of coral reef fish
communities between two fished and one protected reefs in
New Caledonia South Lagoon Marine Park. Cybium 29:159-174

Cinner JE, McClanahan TR (2006) Socioeconomic factors that lead to
overfishing in small-scale coral reef fisheries of Papua New
Guinea. Environ Conserv 33:73-80

Clarke P, Jupiter SD (2010) Law, custom and community-based
natural resource management in Kubulau District (Fiji). Environ
Conserv 37:98-106

Claudet J, Osenberg CW, Benedetti-Cecchi L, Domenici P, Garcia-
Charton JA, Perez-Ruzafa A, Badalamenti F, Bayle-Sempere J,
Brito A, Bulleri F (2008) Marine reserves: size and age do
matter. Ecol Lett 11:481-489

Dulvy NK, Freckleton RP, Polunin NVC (2004) Coral reef cascades
and the indirect effects of predator removal by exploitation. Ecol
Lett 7:410-416



Coral Reefs (2011) 30:507-517

517

Friedlander AM, Parrish JD (1998) Habitat characteristics affecting
fish assemblages on a Hawaiian coral reef. J] Exp Mar Biol Ecol
224:1-30

Friedlander AM, Brown EK, Monaco ME (2007) Defining reef fish
habitat utilization patterns in Hawaii: comparisons between
marine protected areas and areas open to fishing. Mar Ecol Prog
Ser 351:221-233

Friedlander AM, Sandin SA, DeMartini EE, Sala E (2010) Spatial
patterns of the structure of reef fish assemblages at a pristine
atoll in the central Pacific. Mar Ecol Prog Ser 410:219-231

Galal N, Ormond RFG, Hassan O (2002) Effect of a network of no-
take reserves in increasing catch per unit effort and stocks of
exploited reef fish at Nabq, South Sinai, Egypt. Mar Freshw Res
53:199-205

Halpern BS (2003) The impact of marine reserves: do reserves work
and does reserve size matter? Ecol Appl 13:117-137

Harvey ES, Shortis M (1996) A system for stereo-video measurement
of sub-tidal organisms. Mar Tech Soc J 29:10-22

Harvey ES, Shortis M (1998) Calibration stability of an underwater
stereo-video system: implications for measurement accuracy and
precision. Mar Tech Soc J 32:3-17

Harvey ES, Fletcher D, Shortis M (2001) Improving the statistical
power of visual length estimates of reef fish: a comparison of
estimates determined visually by divers with estimates produced
by a stereo-video system. Fish Bull 99:72-80

Harvey ES, Shortis M, Stadler M, Cappo M (2002) A comparison of
the accuracy and precision of measurements from single and
stereo-video systems. Mar Tech Soc J 36:38—49

Harvey ES, Fletcher D, Shortis MR, Kendrick GA (2004) A
comparison of underwater visual distance estimates made by
scuba divers and a stereo-video system: Implications for under-
water visual census of reef fish abundance. Mar Freshw Res
55:573-580

Jennings S, Polunin NVC (1996) Effects of fishing effort and catch
rate upon the structure and biomass of Fijian reef fish commu-
nities. J Appl Ecol 33:400-412

Jennings S, Polunin NVC (1997) Impacts of predator depletion by
fishing on the biomass and diversity of non-target reef fish
communities. Coral Reefs 16:71-82

Jones GP, McCormick MI, Srinivasan M, Eagle JV (2004) Coral
decline threatens fish biodiversity in marine reserves. Proc Natl
Acad Sci USA 101:8251-8253

Jones E, Gray T, Umponstira C (2009) The impact of artisanal fishing
on coral reef fish health in Hat Thai Mueang, Phang-nga
Province, Southern Thailand. Mar Policy 33:544-552

Jupiter SD, Egli DP (2011) Ecosystem-based management in Fiji:
successes and challenges after five years of implementation. Mar
Biol. doi:10.1155/2011/940765

Langlois TJ, Harvey ES, Fitzpatrick B, Meeuwig JJ, Shedrawi G,
Watson DL (2010) Cost-efficient sampling of fish assemblages:
comparison of baited video stations and diver video transects.
Aquat Biol 9:155-168

Lester SE, Halpern BS, Grorud-Colvert K, Lubchenco J, Ruttenberg
BI, Gaines SD, Airamé S, Warner RR (2009) Biological effects
within no-take marine reserves: a global synthesis. Mar Ecol
Prog Ser 384:33-46

Mangi SC, Roberts CM (2006) Quantifying the environmental
impacts of artisanal fishing gear on Kenya’s coral reef ecosys-
tems. Mar Pollut Bull 52:1646-1660

McClanahan TR, Arthur R (2001) The effect of marine reserves and
habitat on populations of East African coral reef fishes. Ecol
Appl 11:559-569

McClanahan T, Mangi SC (2004) Gear based management of a
tropical artisanal fishery based on species selectivity and capture
size. Fish Manag Ecol 11:51-60

McClanahan TR, Marnane MJ, Cinner JE, Kiene WE (2006) A
comparison of marine protected areas and alternative approaches
to coral-reef management. Curr Biol 16:1408-1413

McGehee MA (1994) Correspondence between assemblages of coral
reef fishes and gradients of water motion, depth, and substrate
size off Puerto Rico. Mar Ecol Prog Ser 105:243

Pauly D (2007) The sea around us project: documenting and
communicating global fisheries impacts on marine ecosystems.
Ambio 36:290-295

Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F Jr (1998)
Fishing down marine food webs. Science 279:860

Pet-Soede C, van Densen WLT, Pet JS, Machiels MAM (2001)
Impact of Indonesian coral reef fisheries on fish community
structure and the resultant catch composition. Fish Res 51:35-51

Polunin NVC, Roberts CM (1993) Greater biomass and value of
target coral-reef fishes in two small Caribbean marine reserves.
Mar Ecol Prog Ser 100:167

Priede IG, Bagley PM, Smith A, Creasey S, Merrett NR (1994)
Scavenging deep demersal fishes of the Porcupine Seabight,
North-east Atlantic: observations by baited camera, trap and
trawl. J Mar Biol Assoc UK 74:481-498

PRIMER-E (2009) PRIMER 6 and PERMANOVA+

Russ GR (2002) Yet another review of marine reserves as reef fishery
management tools. In: Sale PF (ed) Coral reef fishes: dynamics
and diversity in a complex ecosystem. Academic Press, San
Diego, pp 421-443

Russ GR, Alcala AC (1998) Natural fishing experiments in marine
reserves 1983-1993: roles of life history and fishing intensity in
family responses. Coral Reefs 17:399-416

Russ GR, Alcala AC (2003) Marine reserves: rates and patterns of
recovery and decline of predatory fish, 1983-2000. Ecol Appl
13:1553-1565

Russ GR, Alcala AC (2004) Marine reserves: long-term protection is
required for full recovery of predatory fish populations. Oeco-
logia 138:622-627

Russ GR, Stockwell B, Alcala AC (2005) Inferring versus measuring
rates of recovery in no-take marine reserves. Mar Ecol Prog Ser
292:1-12

Suarez YR, Petrere M, Catella AC (2004) Factors regulating diversity
and abundance of fish communities in Pantanal lagoons, Brazil.
Fish Manag Ecol 11:45-50

Trexler JC, Travis J (2000) Can marine protected areas restore and
conserve stock attributes of reef fishes? Bull Mar Sci 66:853-873

Tyler EHM, Speight MR, Henderson P, Manica A (2009) Evidence
for a depth refuge effect in artisanal coral reef fisheries. Biol
Conserv 142:652-667

Underwood AJ (1997) Experiments in ecology: their logical design
and interpretation using analysis of variance. Cambridge
University Press, Cambridge

Watson DL, Harvey ES, Kendrick GA, Nardi K, Anderson MJ (2007)
Protection from fishing alters the species composition of fish
assemblages in a temperate-tropical transition zone. Mar Biol
152:1197-1206

Watson DL, Anderson MJ, Kendrick GA, Nardi K, Harvey ES (2009)
Effects of protection from fishing on the lengths of targeted and
non-targeted fish species at the Houtman Abrolhos Islands,
Western Australia. Mar Ecol Prog Ser 384:241-249

WCS (2009) Ecosystem-based management plan: Kubulau District,
Vanua Levu, Fiji. Wildlife Conservation Society, Suva

Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS,
Jackson JBC, Lotze HK, Micheli F, Palumbi SR (2006) Impacts
of biodiversity loss on ocean ecosystem services. Science
314:787-790

@ Springer


http://dx.doi.org/10.1155/2011/940765

	Evidence of artisanal fishing impacts and depth refuge in assemblages of Fijian reef fish
	Abstract
	Introduction
	Materials and methods
	Study area
	Experimental design
	Sampling technique
	Image analysis
	Data collection and measurements
	Visual habitat classification
	Species richness and abundance

	Data analysis
	Habitat
	Multivariate analysis
	Univariate analysis


	Results
	Habitat
	Species richness
	Assemblage composition
	Food fish grades

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


