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INTRODUCTION

Reef fishes are an important component of marine bio-
diversity and include species that provide both top-down
control of reef ecosystems through trophic cascades
(Babcock et al. 1999) and the biomass of recreational and
commercial fisheries (Henry & Lyle 2003). Understand-
ing the distribution of reef fish assemblages at a range of
spatial scales is a critical step towards identifying impor-
tant underlying ecological factors and processes (Under-

wood et al. 2000). This knowledge is also necessary for
the selection and design of marine protected areas
(MPAs) that aim to be comprehensive, adequate and
representative (CAR) in their conservation of reef fishes
(Lubchenco et al. 2003, Gladstone 2007).

Application of the CAR principles relies on suitable
data being available on the distribution and abun-
dance of biodiversity. However, the majority of our
understanding of spatial variation in reef fish assem-
blages is based on either diver-based underwater
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visual census (UVC) surveys in shallow water (<15 m)
(Barrett 1995, Edgar & Barrett 1999, Anderson & Millar
2004) or capture methods such as trapping (Cappo &
Brown 1996). The relative paucity of studies at depths
>15 m is a result of logistical constraints (such as those
associated with no-decompression diving limits),
selective constraints due to fishing gear biases, or sam-
pling constraints such as topographically complex
environments that make trawl sampling impractical.

The use of baited remote underwater video stations
(BRUVS) (Cappo et al. 2003, 2004) provides a logisti-
cally feasible alternative or complementary method
to UVC that can be used at various depths and in
topographically complex habitats. Similar to sampling
methods used to capture reef fishes, such as angling
and trapping, BRUVS are biased toward species at-
tracted to baits (Willis et al. 2000). However, this bias
may be advantageous for conservation and fisheries
management purposes as it provides information on
species that are targeted or caught as by-catch with
baits. In particular, BRUVS are able to detect rarer large
predatory fish and shy cryptic species with less sam-
pling effort than diver transects or unbaited video sta-
tions (Watson et al. 2005). Baited video techniques have
been successfully used for a variety of applications
along the continental shelf, such as monitoring the re-
covery of fishes in MPAs (Westera et al. 2003, Willis et
al. 2003), indexing abundance of commercially impor-
tant juvenile fish compared to long line catch per unit
effort (Ellis & DeMartini 1995), comparing fish assem-
blages over large spatial scales (Stobart et al. 2007) and
as a non-destructive alternative for describing spatial
groupings of fish assemblages on commercial trawl
grounds (Cappo et al. 2004). The non-destructive
nature of BRUVS is especially important for studies
located in MPAs, where conservation is the priority.

Conservation planning in MPAs occurs at a hierarchy
of nested spatial scales (Margules & Pressey 2000, Fer-
rier 2002). For example, the selection of several large
MPAs that aim to conserve biodiversity across several
bioregions requires information at a spatial scale of
100s of kilometres. The zoning of individual multiple-
use MPAs (e.g. into areas where extraction is allowed
or prohibited) requires biodiversity data at scales of
kilometres to 10s of kilometres, or smaller (ANZECC
TFMPA 1998). Given their previously mentioned ad-
vantages, BRUVS have significant potential as a sam-
pling technique to compare reef fish assemblages for
conservation planning at multiple scales. However,
comparing samples from single points in time can po-
tentially lead to erroneous conclusions due to differ-
ences associated with temporal variability (Stobart et
al. 2007). The stability of assemblage patterns over
years has not been reported in previous BRUVS studies
in the literature and therefore requires examination.

The broad aim of the present study was to compare
reef fish assemblages using BRUVS below depths suit-
able for UVC methods, at scales useful to marine park
planning, and to examine the potential for these pat-
terns to persist over years. The specific objectives
were: (1) to assess the assemblage of scavengers and
other species of reef fishes sampled by this technique
on rocky reefs in depths of 15 to 30 m, (2) to describe
the spatial structure of reef fish assemblages by com-
paring reef fish assemblages between 3 marine parks
(separated by 100s of kilometres) and between sites
within each park (separated by kilometres), and (3) to
test the temporal stability of fish assemblages over 5 yr
at 1 marine park using these methods.

In New South Wales (NSW), on the eastern coast of
Australia, a network of MPAs has been established
across 3 of the 5 bioregions that span the NSW coast-
line (NSW Marine Parks Authority 2006). Given that
bioregions delineate areas with different ecological
characteristics (ANZECC TFMPA 1999), differences in
reef fish assemblages between marine parks were
expected at this scale. We also expected that species
richness of fishes would decline southward given the
latitudinal gradient of Australia’s east coast (Jablonski
& Sepkoski 1996).

MATERIALS AND METHODS

Study areas and sampling design. Six large multi-
ple-use marine parks have been established as part of
a network of MPAs in NSW. This includes Solitary
Islands Marine Park (SIMP), Port Stephens-Great
Lakes Marine Park (PSGLMP) and Jervis Bay Marine
Park (JBMP), which are spaced over 5° of latitude
(Fig. 1). Each of these marine parks is separated by at
least 300 km and is judged to be in a different bio-
region (ANZECC TFMPA 1999).

Sampling occurred in these 3 marine parks, at 4 sites
within each park that were separated by 2 to 20 km
(Fig. 1). Eight replicate BRUVS were set in each site
(i.e. n = 32 replicates park–1). Within each site we hap-
hazardly sampled rocky reef in depths of 15 to 30 m.
Multiple (3 or 4) BRUVS were deployed within 5 to
10 min of each other. With limited knowledge of the re-
sponse of a broad suite of species to a bait plume, a
minimum distance of 200 m was kept between repli-
cates to attempt to maintain a level of independence.
Each video was deployed for 30 min, and only those
with a full field of view were retained for analysis.
Colour depth sounders were used to select reef habitat
in the required depth range, and the distances between
replicates were determined with global positioning
systems (GPS). The JBMP sites were sampled in 2005;
PSGLMP, in 2006; and SIMP sites, in 2002 to 2006. Sam-
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pling at each park was conducted between July and
November (austral winter to spring), with sampling
conducted in SIMP during July to August for all 5 yr.
Two of the sites in SIMP were within a ‘sanctuary zone’
where fishing is not permitted; this zoning was estab-
lished in 2002.

The BRUVS system. Each BRUVS consisted of a
video-camera in an underwater housing, an attach-
ment frame, a bait-pole with bait, and a rope and float
system linking the BRUVS to the surface. We used
pilchard Sardinops neopilchardus baits to attract fish
to a viewing area in front of each camera. The baits
were mashed into a plastic mesh bait bag and attached
to the end of a bait-pole at a distance of 1.5 m from
each camera. The cameras were all similar digital
handycams with wide-angle lenses. The housings
were made from high-density polyethylene pipe with
flat acrylic end-ports. Each housing and bait-pole was
bolted to the steel frame so that fish could be viewed in
a horizontal orientation to the benthos. Our field of
view was standardised to a distance of approximately
2 m estimated behind the bait, to minimise the effects
of water visibility on our measure of relative abun-
dance. This field of view represents a volume of 9.4 m3

(M. Coram & W. Gladstone unpubl. data). As the
counts reflect relative abundance and not density, the
data were expected to be robust to variability between
observers in estimating this field of view.

Analysis of video-tapes. Video-tapes were reviewed
on a standard television screen connected to a video

camera. The identity of each fish species and an index
of its relative abundance (MaxN) were recorded.
MaxN was the maximum number of individual fish of
each species in the frame at any 1 time during the
30 min video record. This eliminated the chance of
recounting the same fish. Species accumulation curves
for each park were used to determine sampling ade-
quacy (EstimateS software, Colwell 2005).

Multivariate analyses. Non-metric multidimensional
scaling (nMDS) ordination, based on a Bray-Curtis dis-
similarity matrix of fourth-root transformed data, was
used to visually depict variation in assemblage structure
(Clarke 1993) (PRIMER software, Plymouth Marine Lab-
oratories). Centroids of the assemblage at each site were
displayed on the nMDS ordination because of the large
number of replicate samples (Anderson 2001), and deter-
mined using PCO software (Anderson 2003). Distance-
based permutational multivariate analysis of variance
(PERMANOVA) was used to test the null hypothesis of
no difference in assemblage structure between parks
and between sites nested within parks using PER-
MANOVA software (Anderson 2005). The factor Park
was analysed as an orthogonal, fixed factor with 3 levels
(SIMP, PSGLMP, JBMP), while the factor Site was
analysed as a random factor with 4 levels nested in each
park. The PERMANOVA test for differences in assem-
blage structure between years and sites in SIMP treated
years as an orthogonal, fixed factor with 5 levels (2002 to
2006) and sites as a random factor with 4 levels.

Species responsible for dissimilarity in the assem-
blage structure of fishes were determined with the
similarity percentages routine (SIMPER) in PRIMER.
We considered that large values (i.e. >1) of the ratio of
–δi/SD(

–δi) for a species (where 
–δi is the average contribu-

tion of the i th species to the overall dissimilarity [
–δ]

between 2 groups and SD is standard deviation) indi-
cated the species was consistently important to dissim-
ilarity in all pairwise comparisons of samples in 2
groups (Clarke 1993).We considered species with %

–δi >
3% and with 

–δi/SD(
–δi) > 1 as being important contribu-

tors to dissimilarity between parks (Terlizzi et al. 2005).
Univariate analyses. The null hypothesis of no dif-

ference in abundance between parks and between
sites (parks) was tested with 2-factor analysis of vari-
ance (ANOVA) (GMAV software, Institute of Marine
Ecology, University of Sydney). The variables tested
were relative abundance (mean MaxN) for those spe-
cies determined by SIMPER analysis as being impor-
tant contributors to differences between parks in
assemblage structure. Prior to ANOVA analysis, the
assumption of homogeneity of variance was tested by
Cochran’s test (Underwood 1981). Where necessary,
data were ln(x + 1) transformed to homogenise vari-
ances. When this transformation was unsuccessful, the
raw data were analysed, as ANOVA is robust to depar-
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Fig. 1. Marine parks in New South Wales (NSW), Australia,
showing sampling sites (1 to 4) at the Solitary Islands Marine
Park (SIMP), Port Stephens-Great Lakes Marine Park (PS-
GLMP) and Jervis Bay Marine Park (JBMP). Other marine parks
in NSW are: Cape Byron Marine Park (CBMP), Lord Howe Is-
land Marine Park (LHIMP) and Batemans Marine Park (BMP)
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tures from this assumption for the sample sizes used in
our study (Underwood 1997).

A 2-factor ANOVA was used to examine potential
differences between years and sites within SIMP for
any species determined by SIMPER analysis as being
important contributors to differences (i.e. %

–δi > 3%
and 

–δi/SD(
–δi) > 1). Potential differences between years

and sites in SIMP due to marine park zoning were also
explored for Pagrus auratus, given the findings of other
studies for this species (Willis et al. 2003).

RESULTS

Reef fish assemblage

A total of 101 species (44 families) were observed
from SIMP (2006 data), PSGLMP and JBMP combined,
representing 11 species (9 families) of Chondrichthyes
and 90 species (35 families) of Osteichthyes, from vari-
ous trophic groups including predators, herbivores and
planktivores (Appendix 1). The fish family that was
most speciose in our samples was Labridae (19 spe-
cies). The Chondrichthyes sampled included 8 species
of sharks and 3 species of rays. Species were accumu-
lated at a similar rate, with increasing replication in
each park, although accumulation curves did not reach
an asymptote for any park (Fig. 2).

A total of 5874 individual fish was observed by com-
bining MaxN data from all sets. The most abundant
species were the schooling planktivores Atypichthys
strigatus (Scorpididae, 1280 ind.), Scorpis lineolata
(Scorpididae, 1137 ind.), Trachurus novaezelandiae
(Carangidae, 971 ind.) and the predator Ophthalmo-
lepis lineolatus (Labridae, 323 ind.). Twenty-seven
species were observed only as single ind. (SIMP 9
species, PSGLMP 8 species, JBMP 10 species).

Spatial variation in assemblages between and within
parks

Separation of parks on the nMDS ordination was
consistent with their latitudinal distribution (Fig. 3).
The fish assemblages of each park were significantly
different (Table 1). The greatest dissimilarity in assem-
blage structure occurred between the most northern
(SIMP) and southern (JBMP) parks. PSGLMP, located
approximately midway between SIMP and JBMP, was
equally dissimilar to both (Table 1). Fish assemblages
also differed significantly between most sites within
each park (Fig. 3, Table 1).
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Fig. 2. Mean species accumulation curves for each park based
on 1000 random selections (without replacement) of replicate 

samples. Park abbreviations: see Fig. 1

Table 1. Summary of results of permutational multivariate
analysis of variance (PERMANOVA) showing the significance
of differences in assemblage structure between parks and be-
tween sites (parks), average dissimilarity between parks and
post hoc pairwise comparisons of parks. Park abbreviations: 

see Fig. 1

PERMANOVA results parks
Source of variation df MS F p

Park 2 22245.64 6.17 0.0008
Site (Park) 9 3603.20 3.21 0.0002
Residual 84 1121.23

Average dissimilarity within/between parks
Park SIMP PSGLMP JBMP

SIMP 29.86
PSGLMP 43.16 24.20
JBMP 51.41 40.04 33.51

Post hoc comparison of parks
Comparison t p

SIMP vs. PSGLMP 2.61 0.03
SIMP vs. JBMP 2.72 0.03
PSGLMP vs. JBMP 2.06 0.03

Stress: 0.12

Fig. 3. nMDS plot, based on centroids of 4 sites within each
park (m: Solitary Islands Marine Park, 2006; jh: Port Stephens-
Great Lakes Marine Park; d: Jervis Bay Marine Park) and pre-
vious yearly data for SIMP (+: 2002; ×: 2003; e: 2004; n: 2005)
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Similar numbers of total species were recorded in
SIMP (56 species), PSGLMP (60 species) and JBMP
(60 species). More sharks and rays were recorded in
PSGLMP (10 species) than in either SIMP in 2006
(5 species) or JBMP (5 species), or even SIMP over 5 yr
(9 species). More species of Labridae were recorded in
SIMP (14 species) than JBMP (10 species) or PSGLMP
(4 species). More species of Monacanthidae were
recorded in PSGLMP (8 species) and JBMP (7 species)
than in SIMP (2 species).

SIMPER identified 13 species as being influential in
differentiating the fish assemblages of the 3 parks
(Table 2). Variation in the abundance of the common
schooling species Atypichthys strigatus and Scorpis
lineolata meant that they were consistently influential.
Another common schooling species, Trachurus
novaezelandiae, was an important contributor to all
pairwise differences in assemblage structure and
occurred in greatest numbers in PSGLMP. The girdled
parma Parma unifasciata (Pomacentridae) was abun-
dant only in SIMP, whereas the Port Jackson shark
Heterodontus portusjacksoni (Heterodontidae) was
not recorded in SIMP and differed in abundance
between PSGLMP (average MaxN = 1.28) and JBMP
(0.72). The snapper Pagrus auratus (Sparidae) was pre-
sent, but varied in abundance in all parks (SIMP mean
MaxN = 1.53, PSGLMP = 2.19, JBMP = 0.41).

Spatial variation in species between and within parks

Seven of the 13 species identified as being influen-
tial in differentiating the assemblages, differed at the
park level, but not the site level (Fig. 4, Table 3). The
relative abundance (mean MaxN) of Scorpaena cardi-
nalis (Scorpaenidae) and Parma unifasciata decreased
strongly with increasing latitude, with the latter not re-
corded at JBMP. Parma microlepis was only recorded

at the southern parks, and found at both of these in
similar abundances. The average number of Hetero-
dontus portusjacksoni (Heterodontidae), Nemadacty-
lus douglasii (Cheilodactylidae) and Meuschenia frey-
cineti (Monacanthidae) differed between all 3 parks;
all were found in greatest numbers at PSGLMP,
followed by JBMP, then SIMP.
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Table 2. Overall dissimilarity (
–δ) in fish assemblages between parks (SIMPER). Species regarded as being important contributors

to the assemblage dissimilarity are shown in bold. Values shown for each park in the pairwise comparisons are the average MaxN 
for the species. Park abbreviations: see Fig. 1

Taxon SIMP vs. PSGLMP SIMP vs. JBMP PSGLMP vs. JBMP–δi %
–δi

–δi/SD(
–δi)

–δi %
–δi

–δi/SD(
–δi)

–δi %
–δi

–δi/SD(
–δi)

Atypichthys strigatus 3.30 5.60 1.23 4.04 5.86 1.43 3.28 5.53 1.37
Parma unifasciata 2.84 4.82 2.51 3.54 5.13 2.50 0.10 0.17 0.18
Trachurus novaezelandiae 2.79 4.73 0.89 3.37 4.89 1.05 3.50 5.90 1.13
Meuschenia freycineti 2.40 4.07 1.77 1.09 1.58 0.66 2.08 3.50 1.26
Scorpis lineolata 2.26 3.84 1.27 2.65 3.84 1.11 2.09 3.53 1.12
Nemadactylus douglasii 2.24 3.81 1.75 1.85 2.69 1.06 1.58 2.67 0.95
Heterodontus portusjacksoni 2.13 3.61 1.32 1.84 2.68 0.89 1.90 3.20 1.13
Parma microlepis 1.85 3.14 1.26 1.77 2.57 1.03 1.64 2.76 1.02
Aulopus purpurissatus 1.83 3.11 1.22 1.33 1.94 0.77 2.11 3.56 1.30
Pagrus auratus 1.82 3.08 1.13 2.42 3.51 1.16 2.66 4.48 1.49
Parupeneus spilurus 1.79 3.04 1.08 0.60 0.88 0.46 1.94 3.28 1.06
Scorpaena cardinalis 0.77 1.31 0.75 3.30 4.79 1.80 2.60 4.38 1.68
Notolabrus gymnogenis 0.52 0.88 0.63 2.83 4.11 1.48 2.52 4.26 1.54
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The relative abundances of 4 species varied signifi-
cantly among sites, but did not differ among parks
(Fig. 5A to D, Table 3). These included the 3 most-
abundant species, Trachurus novaezelandiae, Scorpis
lineolata and Atypichthys strigatus. These schooling
planktivores, along with Pagrus auratus, showed
strong site differences at all parks, the exception of S.
lineolata at PSGLMP. Two species, Notolabrus gymno-
genis (Labridae) and Aulopus purpurissatus (Aulo-
pidae), differed at both the park and site levels
(Fig. 5E,F, Table 3).

Temporal stability of fish assemblages in SIMP

A total of 88 species were recorded from 180 repli-
cates in the SIMP from 2002 to 2006 (n = 36 replicates
yr–1). The total number of species recorded in each
year was similar, with the average number of species
per site per year ranging from 30.7 (±2.1 SE ) to 32.5
(±1.3 SE). Individually, sites were more variable
through time, with 1 site having a range of 9 species
over the course of the study (Site 3: 25 species in 2004,
34 in 2006). The overall range from all sites for all
years was 25 to 37 species. The number of additional
species recorded in each subsequent year decreased
from 13 in 2003 to 6 in 2006. The most speciose family
recorded was Labridae. The number of labrid species
was similar in all years (13 or 14 species), except for
2005 (9 species).
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Table 3. Summary of results of 2-factor ANOVA testing for
differences in MaxN of 13 species between parks and 

between sites within parks. *Cochran’s test p > 0.05

Source df MS F p

Meuschenia freycineti a

Park 2 3.81 79.45 <0.001
Site (Park) 3 0.05 0.41 0.93
Residual 84 0.12

Parupeneus spilurusb

Park 2 14.07 64.33 <0.001
Site (Park) 9 0.22 0.20 0.99
Residual 84 1.07

Parma unifasciatab

Park 2 29.29 55.50 <0.001
Site (Park) 9 0.53 0.96 0.48
Residual 84 0.55

Scorpaena cardinalisa

Park 2 6.55 47.99 <0.001
Site (Park) 9 0.14 1.06 0.40
Residual 84 0.13

Nemadactylus douglasi c

Park 2 5.70 26.05 <0.001
Site (Park) 9 0.22 0.67 0.73
Residual 84 0.33

Notolabrus gymnogenisa

Park 2 5.07 23.36 <0.001
Site (Park) 9 0.23 2.84 0.006
Residual 84 0.08

Parma microlepis c

Park 2 5.47 21.00 <0.001
Site (Park) 9 0.26 0.89 0.54
Residual 84 0.29

Heterodontus portusjacksonia

Park 2 3.59 17.49 0.001
Site (Park) 9 0.21 1.09 0.38
Residual 84 0.19

Aulopus purpurissatus c

Park 2 5.79 4.69 0.04
Site (Park) 9 1.24 4.11 <0.001
Residual 84 0.30

Trachurus novaezelandiaea

Park 2 8.80 0.73 0.51
Site (Park) 9 12.04 13.70 <0.001
Residual 84 0.88

Pagrus auratusa

Park 2 4.76 4.19 0.05
Site (Park) 9 1.14 4.48 <0.001
Residual 84 0.25

Scorpis lineolateb

Park 2 135.88 0.13 0.88
Site (Park) 9 1059.31 4.46 <0.001
Residual 84 237.63

Atypichthys strigatusa

Park 2 2.34 0.40 0.68
Site (Park) 9 5.88 3.51 0.001
Residual 84 1.67

aln(x + 1) transformed, variances homogeneous*
bUntransformed, variances heterogeneous*
cUntransformed, variances homogeneous*

Trachurus novaezelandiae Pagrus auratus

Atypichthys strigatus Scorpis lineolata

Aulopus purpurissatus Notolabrus gymnogenis
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Eight species of Osteichthyes were recorded at all 4
sites in all 5 yr (Appendix 1). These included Noto-
labrus gymnogenis and Ophthalmolepis lineolatus
(Labridae), Gymnothorax prasinus (Muraenidae),
Parma unifasciata (Pomacentridae), Hypoplectrodes
maccullochi (Serranidae), Scorpaena cardinalis (Scor-
paenidae) and Pagrus auratus (Sparidae). Three spe-
cies, O. lineolatus, N. gymnogenis and P. unifasciata,
were recorded in 90, 87 and 83% of replicate sets,
respectively. A number of other species were present
at most sites in most years, including 2 Chon-
drichthyans, the blind shark Brachaelurus waddi
(Brachaeluridae) and the ornate wobbegong Orec-
tolobus ornatus (Orectolobidae). The 2 species that
were numerically dominant, Scorpis lineolata and
Atypichthys strigatus, were recorded at most sites in
each year, but were patchy in their abundance
between replicate sets within a site. Overall, there was
a relatively stable assemblage of about 30 species
within the total of 88 species observed. The remaining
species included 17 that were incidentally recorded
once, and 7 only that were recorded twice.

There was temporal stability in assemblages at the
broad geographic or latitudinal scale, as SIMP was
separated from the other parks on the nMDS ordina-
tion over the 5 yr studied, including years when sur-
veys were undertaken in the other parks (Fig. 3). There
were changes over time at the within-park scale, and
these were not consistent by site. The assemblage
structure changed significantly between successive

years at all sites except Site 4, as shown by the signifi-
cant Year × Site interaction (Table 4). Assemblages at
Sites 1 to 3 changed dramatically in 2005 compared
with previous years and 2006, as shown by the dis-
placement of sample points for these sites to the right
of the ordination plot (Fig. 6).

The SIMPER analysis found that no individual spe-
cies contributed >3% to the average dissimilarity of
any pairwise comparisons between either years or
sites. A combination of 3 to 5 species together con-
tributed 3% average dissimilarity for both. In compar-
isons between years this group included the midwater
schooling species, Atypichthys strigatus, Trachurus
novaezelandiae and Prionurus microlepidotus (Acan-
thuridae) and Pseudocaranx dentex (Carangidae), and
the small benthic schooling hulafish Trachinops tae-
niatus (Plesiopidae). In 7 out of 10 pairwise compar-
isons, A. strigatus contributed the highest percentage
to this dissimilarity. However, overall >35 species
contributed >1% dissimilarity for all yearly pairwise
comparisons; therefore, univariate analyses were not
conducted to examine individual dissimilarity contri-
bution.

Pagrus auratus was examined individually to explore
potential underlying reasons for the year by site inter-
action, as 2 of the sites where there was an obvious
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Table 4. Summary of results of permutational multivariate
analysis of variance (PERMANOVA) comparing assemblages
of fishes over 5 yr (2002 to 2006) at 4 sites in SIMP, and post
hoc pairwise comparisons of years at each site. *p < 0.05, 

**p < 0.01, ***p < 0.001

PERMANOVA
Source df MS F p

Year 4 5146.26 2.67 0.0004
Site 3 9478.69 7.72 0.0002
Year × Site 12 1928.78 1.57 0.0004
Residual 140 1227.55

Post hoc comparison of years and sites (t, p)
Comparison Site 1 Site 2 Site 3 Site 4

2002 vs. 2003 0.92 1.50 1.09 1.05
2002 vs. 2004 1.49 1.48 1.37 1.11
2002 vs. 2005 2.12** 1.73* 1.49 0.91
2002 vs. 2006 1.07 1.42 1.10 1.00
2003 vs. 2004 1.64 1.18 1.11 0.61
2003 vs. 2005 1.92** 2.31** 1.97** 1.05
2003 vs. 2006 0.99 1.74* 1.09 1.23
2004 vs. 2005 2.57** 2.49*** 1.98** 1.08
2004 vs. 2006 1.59* 1.64* 1.21 1.05
2005 vs. 2006 1.65* 2.11** 2.07** 1.06

2005

Fig. 6. nMDS plot, based on centroids of 4 sites in the Solitary
Islands Marine Park, for each year from 2002 to 2006. Stress = 

0.13 (Sites: d = 1; y = 2; h = 3; F = 4)

Table 5. Two-factor ANOVA testing for differences in MaxN
of Pagrus auratus, between years and sites in SIMP; ln(x + 1)
transformed, variance homogeneous (Cochran’s test p >0.05) 

following transformation

Source df MS F p

Year 4 7.71 28.12 0.000
Site (Year) 15 0.96 3.55 0.000
Residual 160 0.27
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change in assemblage in 2005 were in sanctuary zones
(Sites 1 and 2). MaxN for P. auratus showed a slight
increase at Sites 1 and 2 from 2002 to 2004, increased
considerably at Sites 1 to 3 in 2005, and then declined
in 2006, but remained higher at Sites 1 and 2 in com-
parison to at Sites 3 and 4. This reflects the overall pat-
tern detected by PERMANOVA (Table 5, Fig. 7).

DISCUSSION

As we observed significantly different fish assem-
blages in all parks, all 3 marine parks are necessary to
representatively reserve samples of the reef fish biodi-
versity in NSW. While the degree of difference in fish
assemblages between parks was consistent with the
latitudinal gradient, species richness for particular
families did not follow any general latitudinal pattern.
For instance, Labridae were more diverse in the north,
but still diverse with different species in the south,
while the Monacanthidae were more strongly repre-
sented in the 2 most southern parks. We also found
strong temporal stability, over a 5 yr period at SIMP, in
the assemblage of reef fish relative to our broader geo-
graphic observations.

BRUVS as a technique for sampling reef fish 
assemblages

BRUVS is a useful method for comparing and assess-
ing reef fish assemblages on coastal rocky reefs (15 to
30 m depth) across a range of spatial and temporal
scales. With our BRUVS we detected the expected
bioregional differences in assemblage structure be-
tween 3 widely spaced marine parks, as well as varia-
tion at the scale of 2 to 20 km. These scales of spatial
variation are similar to those detected by UVC tech-
niques (Curley et al. 2002, Anderson & Millar 2004)
on shallower rocky reef. The significance of spatial
variation in the abundance of schooling planktivores

for differentiating assemblages detected by our study
has also been reported for assemblages of reef fishes
described by UVC (Curley et al. 2002).

Although fish bait was used to attract predators and
scavengers, a cross-section of the overall reef fish com-
munity was sampled, representing a range of trophic
guilds including herbivores and planktivores (Appen-
dix 1). This agrees with other BRUVS surveys, where
fish attracted to bait or commotion, as well as those
passing through or residing in the immediate vicinity,
were observed (Cappo et al. 2004, Watson et al. 2005,
Stobart et al. 2007). The taxonomic composition of the
fish fauna was also similar to that reported from diver
surveys from comparable locations in eastern Aus-
tralia, with Labridae and Monacanthidae being the
most speciose families (Parker 1999, Barrett et al. 2006,
Gladstone 2007).

BRUVS is a powerful technique for detecting cryptic
scavengers. For example, green moray eels Gym-
nothorax prasinus appear to be more widespread and
abundant in the study area than UVC surveys have
previously indicated (Curley et al. 2002, Barrett et al.
2006, Gladstone 2007). Although this may be due to
UVC surveys being conducted in shallower depths,
shallower BRUVS surveys in JBMP suggest this is not
the case (J. Wraith unpubl. data). Differences in meth-
ods may be more pronounced for cryptic scavengers/
predators that generally reside within the reef matrix,
and are unavailable for counting by divers, than for
those that rely on camouflage. In SIMP, for example,
the cryptic G. prasinus and blindshark Brachaelurus
waddi were not recorded from UVC in 10 to 15 m
depth, whereas the well-camouflaged wobbegong
shark Orectolobus ornatus was recorded from 14% of
transects (H. Malcolm unpubl. data). By comparison,
the same species were recorded in 61, 26 and 33%,
respectively, of BRUVS replicates, although in slightly
deeper water. Benthic sharks and rays are generally
poorly sampled by UVC techniques. Our study
recorded 12 species (9 families) of Chondrichthyans. In
contrast, an intensive UVC survey of a section of the
NSW coast near PSGLMP recorded only 3 species of
Chondrichthyans (Gladstone 2007). Trophic transfer
through these scavengers/predators on reefs in NSW is
poorly understood, but they are likely to be highly
important given their abundance and the even distrib-
ution revealed in our surveys.

There are a variety of potential issues with the use of
BRUVS to describe fish assemblages, which include
the sampling requirements to reach species accumula-
tion asymptotes and the influence of factors that vary
on a small time scale. Based on our species accumula-
tion curves not reaching asymptote, and from addi-
tional species being recorded each year in SIMP, fur-
ther sampling will detect more species. Fourteen
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species of labrids were recorded over 5 yr of BRUVS
surveys in SIMP (Appendix 1). However, a total of 75
species of labrids have been recorded in SIMP (Rule et
al. 2007). BRUVS may detect only a proportion of the
available labrid diversity, as sets are haphazardly
dropped within the small territories of these fish. It is
for this reason that, in addition to BRUVS, diver sur-
veys are still warranted to give a more complete pic-
ture of reef fish diversity, especially in complex habi-
tats (Watson et al. 2005). Other factors that may bias
estimates of abundance include lack of information on
the extent of the bait plume and the influence of intra-
and inter-specific behavioural interactions between
fish at the bait. For example, small bits of pilchard dis-
persed by sharks aggressively feeding on the bait
increased the activity of other fishes (authors’ pers.
obs.), which, in turn, may attract more fish into the
viewing area. This inter-specific interaction, regard-
less of the mechanism involved, may bias samples that
contain aggressive feeders, and is an important ques-
tion for future research. There has been compensation
for bait dispersal in other studies by the use of efferves-
cent dissolving baits (Stobart et al. 2007), but pilchards
have logistical and comparative advantages in Aus-
tralia as they are a common bait used in local fisheries
and have been used in a number of different studies.
Despite these potential issues, this study has shown
that when the BRUVS technique is applied in a consis-
tent manner it is able to produce an index that can
detect variation in overall fish assemblages.

Spatial variation and latitudinal influences

Significant variation in assemblages at a range of
spatial scales is typical of reef fishes (Curley et al. 2002,
Anderson & Millar 2004, Garcia-Charton et al. 2004,
Gladstone 2007). Spatial variation in assemblage struc-
ture at large spatial scales may reflect various influ-
ences, including biogeography (Edgar et al. 2004), lat-
itude (Bouchon-Navaro et al. 2005), geology (Guidetti
et al. 2004), depth, temperature and productivity
(Leathwick et al. 2006). At the scale of our NSW marine
parks study, the greatest dissimilarity in assemblage
structure occurred between the most northern (SIMP)
and southern (JBMP) parks, which were separated by
603 km. The middle park, PSGLMP, located halfway
between the others, was equally dissimilar to both.

A change in species composition and number was
also expected along this latitudinal gradient (Gray
2000); however, similar numbers of total species were
recorded in each park (56 to 60 species). There were
also differences in higher taxon composition between
the parks that did not relate to a latitudinal gradient.
For example, twice as many shark and ray species

were recorded in PSGLMP than in either SIMP or
JBMP, and more species of Monacanthidae were
recorded at JBMP and PSGLMP than at SIMP. The
species richness of Labridae was bimodal, with peaks
at the most northern and southern parks. Combina-
tions of biogeographic, oceanographic and environ-
mental factors are probably responsible for these pat-
terns. For example, the restricted biogeographic
distributions for some of the Chondrichthyes endemic
to eastern Australia (Last & Stevens 1994) have influ-
enced the greater species richness observed for this
fauna at PSGLMP, by overlapping of subtropical and
temperate endemic species (Appendix 1). This overlap
may also be reflected in observed family richness,
which was greatest in PSGLMP (36) versus SIMP and
JBMP (30 and 32, respectively). Australia has more
species of Monocanthidae than any other region of the
world, with many confined to temperate waters (Ran-
dall et al. 1997), and again this biogeographic pattern
was reflected in this study. Fish species with a tropi-
cal/sub-tropical distribution recorded in SIMP were
important in terms of increasing species richness in
particular families, and for individual species repre-
sentation. However, they were less influential than
was expected (Meekan & Choat 1997) in distinguish-
ing the SIMP assemblage from the other parks using
this method. Given that the species most important in
differentiating between these parks are abundant, and
have a distribution that includes all parks (Kuiter
2000), it is possible that assemblage differences could
be attributable to large-scale environmental differ-
ences that affect populations of many species (Williams
1991).

Significant spatial variation in fish assemblages
occurred between sites inside each marine park, i.e. at
the scale of kilometres. Spatial variation in assemblage
structure of fishes at relatively small spatial scales
(100s to 1000s of metres) may relate to combinations of
variation in habitat structure (Connell & Jones 1991,
Willis & Anderson 2003), recruitment (Connell & Jones
1991, Lincoln Smith et al. 1991), local hydrodynamics
(Warner et al. 2000), or other influences. Although
variation at these scales was less than at the between-
park scale, it indicated some sites (within a park) were
more similar than others, and these similarities/differ-
ences appeared to be independent of the distance
between them, as has been found in other studies
(Gladstone 2007).

Temporal variation and stability in patterns

From the 5 yr of data from SIMP, we consistently
sampled a relatively stable fish assemblage of about 30
species with many of the other 58 species rarely
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recorded. This is consistent with the findings of other
studies where a large number of the species constitute
a small percentage of the number of individuals sam-
pled, and most species are relatively rare (Jones et
al. 2002).

The fish assemblage over time was less stable at the
site scale, and there was a consistent shift at most of
the sites in 2005. Differences between years and sites
within SIMP were, like most of our park-wide varia-
tion, driven by schooling planktivores, especially
Atypichthys strigatus. The difference in 2005 could be
due to a range of factors, including environmental con-
ditions, influencing that particular year, or causing
short-term variability at a temporal scale not exam-
ined, such as weeks. For instance, there was a heavy
swell in the weeks preceding sampling in 2005 that
may have influenced the assemblage at each site.
However, the sampling at Site 1 was repeated 3 wk
later with similar results (H. Malcolm unpubl. data).
Sea temperature logger records (Malcolm 2007) did
not indicate any major differences that would separate
2005 from other years in SIMP, but, given the greatest
dissimilarity was due to schooling mid-water plankti-
vores, changes in plankton associated with food re-
sources could have had an influence. If so, this may
have been due to localised influences rather than
wider processes associated with the El Niño weather
pattern. The Southern Oscillation Index (SOI) was
close to zero at the time of sampling in 2005, and had
generally been in a weak El Niño pattern since mid-
2004 (NOAA 2007).

There was a distinct increase in abundance of
Pagrus auratus at 3 sites in 2005, with changes in other
years that closely reflected the overall PERMANOVA
pattern. Therefore, the processes that underpinned
this increase in P. auratus may have also influenced
other species. This could have included good recruit-
ment in previous years, as strong inter-annual pulses in
snapper recruitment have been demonstrated (Fowler
& Jennings 2003, Hamer & Jenkins 2004). Marine Park
zoning may have also influenced these results as both
MaxN and the proportion of sets containing P. auratus
remained higher at 2 sites in 2006, where fishing has
been prohibited since 2002. Again, this is not unex-
pected as strong benefits of sanctuary zones to snapper
populations have been previously demonstrated (Willis
et al. 2003, Denny & Babcock 2004). However, varia-
tion in abundance of species such as P. auratus can
occur within and between years (Willis et al. 2003), and
caution is needed in attributing the extent that marine
park management has influenced these results. To
adequately answer the question of sanctuary zone
effectiveness, which was not an aim of the present
study, further sampling over a longer time frame is
required.

CONCLUSIONS

Overall, the information provided by BRUVS indi-
cates that the 3 marine parks include different assem-
blages of fishes on rocky reef at 15 to 30 m depth.
Incorporating natural patterns of variability in assem-
blages of reef fishes should be a goal of a representa-
tive network of marine parks (Lubchenco et al. 2003,
Gladstone 2007), and these 3 marine parks contribute
towards that goal. Our results also support the exis-
tence of bioregions for the fish fauna of shallow coastal
reefs in NSW and their use as a basis for MPA plan-
ning. However, rocky reef extends down to at least
120 m depth in NSW, and the spatial patterns of reef
fish assemblages below 30 m are unknown. This study
therefore encourages the further application of BRUVS
as a technique to investigate the assemblages of fishes
in deeper coastal reefs, both inside and outside of
marine parks to further examine representation.

BRUVS is also useful for indicating which marine
parks are important for representing particular fami-
lies when used in combination with other methods. As
an example of higher taxon representation in marine
parks, SIMP may be particularly valuable to conserva-
tion of the diversity of Labridae and the southern parks
of JBMP and PSGLMP may be important for conserva-
tion of the diversity of Monacanthidae. The PSGLMP
may also be of importance for conserving the diversity
of Chondrichthyes, as this particular rich and abundant
chondrichthyan fauna, with a high level of endemism,
is unique to rocky reefs in south-eastern Australia (Last
& Stevens 1994).

The present study has demonstrated that BRUVS is a
repeatable method that can be used to detect patterns
over time at both assemblage and species levels. It,
therefore, has application as a monitoring tool, provid-
ing sampling is undertaken at suitable multiple tempo-
ral and spatial scales that will enable environmental
and management influences to be partitioned.
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