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ABSTRACT

Despite the long history of the development offiaiéil structures in NSW estuaries there are nalistithat
provide any comprehensive scientific evaluationpost-deployment goals. We assessed the effectivenfes
estuarine artificial reefs as a fisheries enhancenmitiative; described the diversity and abundao€ species
associated with them, and detailed the patterrloiization and community development associatigd an
artificial reef deployment in Lake Macquarie, aglarcoastal barrier lagoon on the southeast coasustialia.

Six artificial reefs (one artificial reef group)prestructed from artificial reef units (Reef Balls@)ere deployed

in December 2005 and sampled six times per seagentwo years using baited remote underwater video
(BRUV). Colonization of the artificial reef groupas relatively rapid with the majority of speciesritified over

the two-year study period observed within the firsér post-deployment. Overall, 27 species fronfatfilies
were identified. Key colonising species includedates sexlineatus (Terapontidae)Acanthopagrus australis
(Sparidae)Pagrus auratus (Sparidae) an&habdosargus sarba (Sparidae). Species richness showed evidence of
potential seasonal fluctuations, being higher immwvavater months (Summer/Autumn), and lower in thisler
water months (Winter/Spring), while species diugrsncreased significantly with reef age. Fish asiskage
composition remained relatively stable after thestfiyear of sampling, with few discernible patterins
assemblage structure evident after the first y@tinct separation in reef age groupings was ewidering the
second year of sampling; a pattern primarily dribgra decrease in abundancePoBexlineatus, a result of the
isolated nature of the artificial reefs and theirglated effects of density dependence and predati

Resuwmo

A despeito da longa histéria do desenvolvimentceskeuturas artificiais nos estuarios de NSW, néetex
estudos que apresentem uma avaliagéo global seketeibos obtidos com o estabelecimento dessasiests.

No presente trabalho abordamos a efetividade difeseartificiais estuarinos como iniciativa patarento da
pesca; descrevemos a diversidade e abundanciasgésies a eles associadas; descrevemos os padroes d
colonizag&o e o desenvolvimento das comunidadesiadss a um recife artificial colocado no Lago Nlaire,
extensa lagoa de barreira situada na costa suttegtastralia. Seis recifes artificiais (formando Gmico grupo),
construidos a partir de unidades artificiais (Realls®), foram lancados em Dezembro de 2005 e aaurst

seis vezes a cada estagdo do ano, durante dojsusitivando video subaquatico remoto (BRUV). Aaukzagéo
dentro do grupo de recifes ocorreu de maneiraivataente rapida, sendo que a maioria das espécies
identificadas nos dois anos de estudo foi obserdaglante o primeiro ano de amostragem. Um totaPde
espécies pertencentes a 17 familias foram ideadiéis. As espécies chave do processo de colonifagio
Pelates sexlineatus (Teraponidae), Acanthopagrus australis (Sparidae), Pagrus auratus (Sparidae) and
Rhabdosargus sarba (Sparidea). A riqueza de espécies mostrou evidédei sazonalidade, enquanto a
diversidade aumentou significativamente com o atonda idade do recife. A composi¢do da assembigia d
peixes permaneceu relativamente estavel apés eipoi@no de amostragem, com poucos padrdes idévedis
relativos a estrutura. Durante o segundo ano teseoevidente a formacdo de grupos por idade, padrdo
primariamente ocasionado pelo decréscimo na abuizddeP. sexlineatus; por sua vez este decréscimo mostrou
ser resultado da natureza isolada do recife aatificdos efeitos interdependentes de abundanmiedacao.

Descriptors: Artificial reef, Estuary, Fish, Colaation, Community developmentPelates sexlineatus,
Acanthopagrus australis.
Descritores: Recifes artificias, Estudrio, Peixgsionizacédo, Desenvolvimento da IctiofauRe ates sexlineatus,
Acanthopagrus australis.

(*) Paper presented at th& @ARAH — International Conference on Artificial Reeand Related Aquatic Habitats on 8-13 Novemberitiba,
PR, Brazil.
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INTRODUCTION marinas’ seawalls and wharves (BURCHMORE et al.,
1985; CHAPMAN; BULLERI, 2003; CHAPMAN;
The use of specially designed prefabricated YNICK, 2006; CLYNICK et al., 2008). The lack of
reef structures is now common-place in mManWetailed scientific assessment and the relativelgr p
countries such as Japan and Korea (KIM, 200%nderstanding of 'design specific’ artificial reefs
SUTTON; BUSHNELL, 2007), although the potential|ocated within estuarine systems highlight the nfeed
ecological benefits of artificial reefs and thebildy to 5 petter understanding of the interaction between

enhance production continue to be debategytificial reefs and their estuarine fish commuesti
(PICKERING; WHITMARSH, 1997; BORTONE, (CLYNICK et al., 2008).

1998; LINDBERG, 1997; OSENBERG et al., 2002). The development of artificial reef use in

The colonization and development of fishaystralia has been previously documented and
communities associated with artificial structuress h reyviewed in detail (BRANDEN et al., 1994; KERR,
been described by several previous studie$gg2: COUTIN, 2001; POLLARD, 1989; POLLARD:;
(CUMMINGS, 1994; BOHNSACK; TALBOT, 1980; MATTHEWS, 1985). While these reviews have been
ALEVIZON; GORHAM, 1989; BURCHMORE et mostly descriptive assessments of materials and
al., 1985; LAUFLE; PAULEY, 1985, MATTHEWS, developments through time, they have collectively
1985; PERKOL-FINKEL et al., 2006; PERKOL- highlighted the lack of detailed, post-deployment
FINKEL; BENAYAHU, 2007; DEMARTINI et al., scientific assessment of artificial reef prograriae
1989; GORHAM; ALEVIZON, 1989; HAUGHTON; trajectory of artificial reef development within eth

AIKEN, 1989; HUECKEL et al., 1989). However, pystralian state of New South Wales (NSW) has
very few artificial reefs have been constructed ifgjiowed a similar pattern to the evolution of ficial

shallow nearshore areas at depths of less than G@ef projects worldwide, with initial deployments
(CUMMINGS, 1994; BOHNSACK; TALBOT, 1980; ysing 'materials of opportunity’, with little or no

HAUGHTON; AIKEN, 1989), with even fewer built monjtoring program to enable assessment of pre-
in estuaries  (MARTIN;  BORTONE, 1997; deployment objectives. Our project represents itisé f
BORNTRAGER; FARRELL, 1992; BURTON et al., yse of design specific materials for the constanctf
2002; MANDERSON, 2003; BORTONE et al., estuarine artificial reefs in Australia and hasviated
1994; FOSTER etal., 1994). . an opportunity to: (1) assess the effectiveness of
As a fisheries enhancement initiative, design specific’ estuarine artificial reefs for eth
estuarine artificial reefs provide particular ade@y®s enhancement of recreational fisheries; and (2)riesc
for people inhabiting near shore coastal areagjversity and abundance; and the patterns of

providing proximal and economical access to fig®ri colonization and community development associated
resources when weather or seasonal conditions m@)th such structures.

not permit access to offshore waters (BORTONE et
al., 1994). Recreational anglers are often the most

vocal proponents of artificial reef developments dol MaTeRIALS AND METHODS

perceived improvements in fishing quality associate Study Area and Deployment of Estuarine
with artificial structures. Increased catch rategkdd Artificial Reef Structures
to the deployment of artificial structures (BORTONE, The study was carried out in Lake

1998; GROSSMAN et al., 1997) have contributed {Qacquarie, a coastal saltwater barrier lagoon tmtat
the ongoing debate amongst fisheries biologists ang southeast Australia (335'S, 15£36'E) (Fig. 1).
managers as to whether artificial reefs are acing | axe Macquarie is the largest of at least severinear
enhance production of the fishery or attractindy fis yominated lagoons along the 1900 km NSW coast
from the surrounding area, thus making them MOrBJANNAN; WILLIAMS, 1998). The lake is 24 km
vulnergble to sources of fishing mortality (i.e.eth long with a catchment area of approximately 706 km
attraction production debate) (BOHNSACK, 1989;3nq a waterway area of 120 kriwater temperatures
PICKERING; WHITMARSH, 1997). _ within the lake range from around 13°C during winter

~ While it is clear that developments in thets 28°C during summer (EYRE; FERGUSON, 2002).
design of artificial reefs have resulted in art#lc The permanently open entrance channel (Swansea
habitats that are closely aligned with the habitaghannel) that connects the lake to the ocean is
requirements of the target species, research aveter 4pproximately 5 km long and varies in width fron010
with the ecological function of artificial reefsgafar 5 400 m and in depth from two to five metres
behind design and construction (PICKERING;TRNSKI, 2002). Tidal flushing is estimated to
WHITMARSH, 1997; LINDBERG et al., 2006; exchange only 1% of the lake’s volume during each

MILLER, 2002). The majority of published studies onjqq) cycle with lake tidal ranges of less than ten
artificial estuarine habitats in Australia havedived (SPENCER, 1959). Circulation within the lake is

assessments of non-design specific structures asich yrimarily driven by wind, while average and
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maximum depths in the lake are 6.7 m and 11 nsoutheast portion of the lake (Fig. 1). The siteswa
respectively (ROY et al, 2001; KING, 1986; selected due to its lack of seagrass or naturdl ree
SPENCER, 1959). The catchment supports a wideabitat and the presence of coarse sandy sediments;
range of land uses from high density urbarthe latter of which provides a stable base for the
development, standard residential to agriculturalartificial reef units. Each reef was located
industrial, mining and conservation areas. The iale approximately 180m from the next with approximately
declared Recreational Fishing Haven with commercigd00 m between AR1 and ARG6. Large artificial reefs
fishing effort prohibited as from 2002, and recieaal AR1, AR3 and AR5 were constructed from 50
fishing methods the only extractive fishing methodsrtificial reef units, while small artificial reefAR2,
allowed. AR4 and AR6 were constructed from ten units. The

Between the % and §' December 2005, a large and small reefs occupied a ‘footprint’ of
total of 180 artificial reef units (Mini-Bay Reef B3l approximately 22 fand 4 m, respectively, and total
modules) were deployed by barge to create 6 separaeef volume (i.e. all reefs combined) was
artificial reefs along the 5 m depth contour in theapproximately 36 m
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Fig. 1. Map indicating location of study site.
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Data Collection - Baited Remote Underwater VideR(B/)  within a sampling day was transformed to the

Data collection using baited remoteproportion relative to the total count (all species
underwater video (BRUV) was conducted fromcombined) for that day. A similarity matrix was the

January 2006 (mid-summer) to November 2007 (earlyqonstructed usi_ng '_che Bray-Curtis similarity measure
summer), spanning a total sampling period of alr@ost and patterns in fish assemblage_s among r_eef-age
years (699 days) following reef deployment. Thdsee groupings th_en wsuall)_/ explored using non-pararoetr
were sampled in random order by single BRUV unitsmultldlmensmnal scaling (nMDS) ordination plots
deployed for a 30 minute period between 8am anECLARKE; WARWICK, 2901)' S
4pm two sampling days per month. One-way analysis-of-similarities (ANOSIM)
Three identical BRUV  units were Was used to test for significant differences irhfis
constructed based on the design of Cappo et 04§20 assemblages among reef-age groupings, with the main

The BRUV unit consisted of a simple stainless stegiP€Cies contributing to similarities among grouing
frame constructed as a mount for the camera arfiftermined using similarity-percentages (SIMPER)

underwater housing. A bait arm (20 mm plalstiCanalyses. The ratio of the average similarity among

conduit) extending 1 m from the face of the cameréeef.'age grsogpings (Sim) and t?ehassociate_aﬂatdn h
housing supported a plastic bait container, coirtgin ev'a,tt')on, ( )f's a measure of how cpnsmtent; e
standardized bait (ground chickpea, water and tur@ntribution of a given species s to the

: ; ; ; terization of similarities within reef age
oil), which was replenished prior to every deployne charac . - : . . o
Initial trials indicated that the standardized rapet 9rOUPINGS. Species displaying a high Sim/SD rat (

provided a constant dispersal over the 30 miR 1) and similarity contribution percentage can be

deployment period under a variety of conditionsctEa considered good key discriminating  species

camera was set on 'short play’ (SP) mode and thrEARKE, WARWICK, 1994). Relative abundance
focus set to ‘manual infinity’. indices for each of the key discriminating species

Analysis of video recordings was carried outVere diSp'?‘yef’ by sgpgrimposing bupble plots on the
using the BRUVS tape reading interface 2 fMMDS ordination to indicate the relative contrilouti

(Australian Institute of Marine Science, 2006). ForOf those species to any discemible patterns in the

each species seen, the time of first sighting, ted nMDS plot.

maximum number seen together, known as the 'Max One-way ANOVA (Kruskal-Wallis test) was
N, and the time of the Max N event was recordedjsed to test for significant differences among-gagdf

CAPPO et al., 2004). groupings with respect to species richness, species

( ) ) diversity (Shannon-Wiener index), and the relative
Data Analysis abundance estimates for each of the key discriimigat
Colonization Species.

Data were stratified by: (1) reef age (0-6, ResuLt

7-12, 13-18 and_19-24 month_s), _and (2) sightiqg Colonization

frequency groupings, where sighting frequency is . .

defined as the proportion (i.e. %) of the total slap A total of 27 species belonging to 17

which each species was identified. Sighting freqgyen families was identified in BRUV samples during the
was then categorized into four reef residency gsoup©99 day post-deployment perioBelates sexlineatus
permanent species (>75%), frequent species (74.glerapontidae),Acanthopagrus australis (Sparidae),
30%), scarce (29.9-10%) and rare species (<9.99Rdrus auratus (Sparidae) andrhabdosargus sarba
(TESSIER et al., 2005). (Sparidae)were found to be either permanent or
Species richness was calculated as the totlequent reef residents, with sighting freupies
number of species observed during each sample ddf, 76-4%, 82.8%, 81.7% and 70.8%, respectively
Cumulative species richness was calculated as thie to(Table 1). All four species were recorded from fint
accumulation of species numbers over the total 6992y Of sampling (i.e. reef age of 26 days).
day sampling period. Diversity was calculated using P. sexlineatus was by far the most abundant

the Shannon-Wiener index for each sampling day ovéPecies identified, making up 64% of total.(a8
the sampling period. species combined) abundance over the sampling

) period. In contrast,A. Australis made up 11%P.
Community development auratus 7% and R. sarba 7%. Of the remaining 23
Non-metric multivariate analysis was used toSPecies identified, 5 were found to be scarceh W&
investigate the effect of reef age on fish communitSP€cies only found rarely in the reef group, with
assemblages and was done using PRIMER v.Gighting frequencies ranging from 0.4% to 25.5%
(CLARKE; WARWICK, 2001). To standardize data (Table 1). The combined abundance of these 23
among sampling days, the count for each species
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species only accounted for 6% of the total abungland..22 respectively. The nMDS ordination plot
recorded in the artificial reef group. illustrates some separation between reef age gngapi
Colonization to the artificial reef group was (Fig. 3a). The key discriminating species showed
relatively rapid during the first year of samplingith  differences in their relative abundance among aggef-
cumulative species richness increasing to 13 specigroupings (Fig. 3b-e) P. sexlineatus had higher
within the first three months and 21 species byath@ relative abundances during the first 12 months post
of the first year, which accounted for over 778&lb  reef deployment with larger circles representirghbr
species indentified during the 699 day sampling@bundances (Fig 3b), while in contraét, australis
period (Fig. 2a). Colonization by new species dfter and R sarba has higher abundances overlaying the
first year remained low and sporadic (Fig. 2b). Ago older reef age groupings (Fig. 3c,e). The resaltf
sampling days, species richness ranged betweed 4 aauratus were less distinct, with a relatively consistent
15 species, with diversity indices ranging betweemelative abundance across the reef age groupirigs (F
0.52 and 1.99. 3d).
. There were no significant differences in
Community Development species richness among reef age groupings (ANOVA,
Results from the one-way ANOSIM showedP>0.05; Fig. 4a). In contrast, there was a sigaific
significant differences between artificial reef ageincrease in species diversity with increasing 1agdé
groupings (R = 0.206) (Table 2), while results from(ANOVA, P>0.05; Fig. 4b). There were significantly
the SIMPER analysis showed that similarity betweefiewer P. sexlineatus with increasing reef age
reef age groupings was primarily driven by(ANOVA, P<0.05; Fig. 5a), while significantly more
interactions among the permanent and frequeml. australis with increasing reef age (ANOVA,
artificial reef residents. sexlineatus andP. auratus  P<0.001; Fig. 5b). No significant variation in timean
(Table 3). Both species had a consistently highelative abundance d®. auratus and R. sarba was
Sim/SD of >1.0 within each of the fourefeage detectedwith reef age (ANOVA, P>0.05; Fig. 5c-d).
groupings, ranging between 5.3 and 1.17, and 464 a

Table 1.All species identified by BRUV from January 2008November 2008 including family, total counts, meannts and
standard error (SE). Each speciesléssified according to category of occurrencer(erent, frequent, scarce and rare).

Family Species Total Mean Standard Frequency  Residency
Count (Max N) Error (%)
Sparidae Acanthopagrus australis 975 441176 0.238151 82.772 permanent
Apogonidae Apogon fasciatus 151 5.03333 0.971411 11.236 scarce
Scorpididae Atypichthys strigatus 1 1 0 0.375 rare
Diodontidae Dicotylichthys punctulatus 12 1 0 4.494 rare
Enolopsidae Enoplosus armatus 1 1 1 0.375 rare
Gerreidae Gerres subfasciatus 66 3.47368 0.859649 7.116 rare
Muraenidae Gymnothorax prasinus 1 1 0 0.375 rare
Mugilidae Liza argentea 1 1 0 0.375 rare
Monacanthidae ~ Meuschenia fieycineti 30 1.30435 0.116517 8.614 rare
Monacanthidae ~ Meuschenia trachylepis 115 1.69118 0.120828 25.468 scarce
Scorpididae Microcanthus strigatus 71 1.775 0.194434 14.981 scarce
Monacanthidae ~ Monacanthus chinensis 47 1.27027 0.092095 13.858 scarce
Monodactylidae ~ Monodactylus argenteus 4 1 0 1.498 rare
Mugilidae Mugil cephalus 2 1 0 0.749 rare
Ophichthidae Ophisurus serpens 1 1 0 0.375 rare
Sparidae Pagrus auratus 615 2.8211 0.139609 81.648 permanent
Teraponidae Pelates sexlineatus 5659 27.7402 1.652202 76.404 permanent
Platycephalidae  Platycephalus fuscus 1 1 0 0.375 rare
Carangidae Pseudocaranx dentex 15 1.66667 0.372678 3.371 rare
Sparidae Rhabdosargus sarba 599 3.16931 0.173742 70.787 frequent
Carangidae Seriola dumerili 15 1.66667 0.235702 3.371 rare
Carangidae Seriola lalandi 8 2 0.707107 1.498 rare
Siganidae Siganus fuscescens 4 4 0 0.375 rare
Sillanginidae Sillago ciliata 7 1:75 0.478714 1.498 rare
Carangidae Trachurus novaezelandiae 398 5.60563 0.691564 26.592 scarce
Belonidae Tylosurus gavialoides 3 1 0 1.124 rare
Mullidae Upeneus tragula 2 1 0 0.749 rare
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Fig. 2. (a) Species accumulation curve
(broken vertical lines denote the reef
age groupings); and (b) bar chart
depicting new species identification on
the artificial reef set by BRUV over the

699 day sample period. Day 0 is 05
H H H H HH H HH December 2005 and day 700 is 10

November 200°

26 69 76 110 139 160 207 230 258 282 314 355 402 436 444 475 530 536 571 580 627 664 685

Reef Age (Days)

Table 2. Results of one-way ANOSIM (R values amphigicance levels) for
relative total abundance of species sampled fror\BRn the artificial reef
set and Pairwise tests between reef age groupingglicates significant
result (P=<0.05), ** indicates highly significasult (P=<0.001).

Global R =0.206 Significance: <0.001*

Pairwise Tests

Reef Age Groupings R - stat. Significance
0-6 months, 7-12 months 0.028 n/s
0-6 months, 13-18 months 0.27 P=<0.001*
0-6 months, 19-24 months 0.319 P=<0.05*
7-12 months, 13-18 months 0.117 P=<0.05*
7-12 months, 19-24 months 0.277 P=<0.05%*
13-18 months, 19-24 months 0.179 P=<0.05%

Number of permutations: 999
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Table 3. Results of SIMPER analysis for relativiat@bundance of&nbsp; species

sampled from BRUV on the artificial reef set. Sinily ratio (Sim/SD) indicate the
consistency with which each species contributesatdss similarity within reef age

groupings, with larger values (&gt;1.0) indicatingreater consistency as a

discriminating speci

es.

Reef Age Grouping

61

Species
0-6 month: Average similarity 80.26
Av. Rel. Abund. Sim/SD Contrib%
Pelates sexlineatus 72.05 53 81.58
Pagrus auratus 6.17 4.64 5.99
Rhabdosargus sarba 5.78 2.36 4.95
7-12 months Average similarity 74.88
Pelates sexlineatus 66.46 3.92 76.12
Pagrus auratus 10.81 2.08 9.48
Acanthopagrus australis 8.99 1.81 7.47
13-18 months Average similarity 70.58
Pelates sexlineatus 54.38 1.77 61.81
Acanthopagrus australis 20.21 2.93 19.28
Pagrus auratus 5.48 3.83 6.5
Rhabdosargus sarba 6.85 1.92 5.76
19-24 months Average similarity 56.44
Pelates sexlineatus 38.75 1.17 38.36
Acanthopagrus australis 23.65 1.31 26.57
Rhabdosargus sarba 14.88 1.5 17.16
Pagrus auratus 10.39 1.22 11.18
(a) 2D Stress: 0.07 R (b) Pelates sexlineatus o
* o . o o °
= L R [
L] o
" . M . o ¢}
m = " " ‘% o ©
EEN o
[ ]
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(c) Acanthopagrus australis ° (d) Pagrus auratus Q
© o . Qe O
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@ o % §oo o
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Fig. 3. (&) Non-metric multidimensional @) e
scale (nMDS) ordination plot of total
relative abundance (standardised) anc) rhabdosargus sarba
reef age groupings (month) from the @
artificial ref set sampled by BRUV for O o é
all species. Fig. b, ¢, d &amp; e are O o
species identified as key colonising Q @ o
species (permanent and frequent and O 9) ]
are ranked by % contribution to| o
similarity between reef age groups and @) °
represented by superimposed

“bubbles”. Bubbles of increasing size

represent increasing abundance.
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Fig. 4.Mean (a) species richnes3 @nd (b) diversity )

by reef age (month) (+/-SEM) for relative abundance
estimates recorded by BRUV. Results of Kruskal-Wall
tests (at P = 0.05) for significant interactionsreéf age

(month) are written above graphs (n/s = no sigaifae)
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DISCUSSION DYBDAHL, 1975; SALE; DYBDAHL, 1978). While
models based on island biogeography may provide
some of the uniform guiding concepts associatet wit
fthe colonization and community development,
estuarine species (27 species in total) involving aunderstanding patterns of recruitment and sucwessi
initial rapid increase recruitment during the figggar ©f fisSh communities associated with an estuarine
post-deployment followed by a relatively moderate?'tificial system requires assessment of physieal a
increase during the following year is a patterrPiological aspects of the environment and the
consistent with other similar, non-estuarine stsdie@SSociated fish assemblage. e ,
(CUMM'NGS, 1994: GOLANI: DIAMANT, 1999, The rapld colonization of artificial reefs is
MANDERSON: ABLE, 2003, BOHNSACK:; often hypothesized to be due to a 'draw-down’ dffec
TALBOT, 1980; MATTHEWS, 1985; MARKEVICH, of pOSt-Sett'ement individuals being attracted he t

2005; WALSH, 1985; HAUGHTON; AIKEN, 1989). newly constructed reef structure from nearby natura
For example, two separate artificial reefs, onateg habitats  (BOHNSACK; = SUTHERLAND, = 1985;

in northern tropical Australian waters (Great Barrie MATTHEWS, 1985; ALEVIZON; GORHAM, 1989,

Reef) and the other in Florida, showed thaf!UYECKEL et al, 1989; GOLANI; DIAMANT,
colonization reached saturation within 1-2 months 01999)- The number and type of species attracteleto

deployment, with a total of 88 species identifiatio N€W!y deployed structure will be mediated by fastor
32 months in Australia, and 89 species identifiedro SUCh as the time of deployment (seasonality) aed th
39 months off Florida (BOHNSACK: TALBOT proximity of the structure in relatlon_ to othe_r sCRS
1980). A similar study of near-shore boulder aigi  ©f recruitment (SALE, 1980).Variation in the
reefs (CUMMINGS, 1994) recorded the first ONtogeneticphysical and behavioral aspects of species
colonizers within hours of its construction, with 3 (P1ZZOLON et al., 2008), the proximity and degrée o
species recorded within the first two months pesfr connectivity among suitable habitat patches intiaia
deployment. In the Red Sea, 94 species colonizegt@ the artificial reef, as well as the resiliendetioe
newly deployed artificial reef over a 728 day sanpl developing community to rgspond to post settlement
period, with maximum species richness reached mithiPrOceSSes such as .predatlon (FERNANDEZ et al.,
the first seven months of the reef's constructior?omv WALSH, 1985; HERR_ERA etal., 2002b) ha_v_e
(GOLANI; DIAMANT 1999). What is consistent also been demonstrated to influence the composition
among all these studies regardless of the locaiae, of fish communities associated with artificial
material or time of deployment, is that colonizatigf ~ Structures. o .
the artificial reef was initially rapid, followedyba The rate of colonization and community
leveling off, and in some cases a reduction, in thdevelopment of the Lake Macquarie artificial reisfs
number of species being recorded. directly related to the position of the artificiaef in
The colonization and community relation to existing habitats. The four key coldmigz
development associated with artificial reefs hasnbe SPECies identified here - P. sexlineatus, and paeids
defined by several theories, the most widely a@mbpt A australis, P. auratus and R. sarba - remained
being the concept of island biogeograph)freq“emly or permanently associated with the reef
(MACARTHUR: WILSON, 1967). Classic island structure and were probably all recruited from arefa
biogeographical principles predict that colonizatio 2diacent natural habitat, which they are known to
will be a result of the rate of movement of thelNhabit as post-settlement juveniles, sub-adults or

colonizing species, the distance from the source Gdults ~ (MISKIEWICZ, 1987, = HANNAN;
new recruits and the size of the area being cotahiz W/LLIAMS, 1998). This rapid colonization of these
(WALSH, 1985). Previous studies have shown that ofPecies to the artificial reefs is thought to resalt of
patch reef habitats, fish richness declined witih€ ability of individuals (or schools) to move
increasing distance from larger 'source’ reefs trat relatively Iarge_ distances over sand_habltats mazy_
species richness increased with increasing pateh rePr€Sent a barrier for other less mobile reef assedi
area (MOLLES JR, 1978). At a much larger SpatieﬁspeuesSOme species are capable of moving over bare
scale, reef species richness has been shown teadecr Sand for feeding (AMBROSE; ANDERSON, 1990),

with increasing distance from sources of histori¥hile others are reluctant to cross it (CHAPMAN;
biodiversity (STEHLI; WELLS, 1971; MORA et al., KRAMER, 2000, COLL etal, 1998, FERNANDEZ

2003). Studies designed to test the principlesiand €t @l 2007) with extensive sand patches percenged
biogeography at more local scales determined thharriers c_nf variable permeak_)lllty in relation tetkize
there was no consistent pattern in the respongeeof 2nd vagility of each species (COLL et al., 1998;
community to disturbance and concluded that thBELL; WESTOBY, 1986; STAMPS et al., 1987).
species composition of such a small assemblage wiidium-sized mobile fish are least influenced byfre
almost entirely a matter of chance (SALE;lsoIatlon or low habitat connectivity (AULT;

The recruitment of a diverse range o
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JOHNSON, 1998; MCCLANAHAN; MANGI, 2000; responsible for controlling the structure of acii
FERNANDEZ et al., 2007). Sparids have been foundeef fish assemblages (HERRERA et al., 2002a).
to be key colonizing species on isolated patcliiciei ~ Given the lack of resident piscivores, it is likahat
reefs due to their ability to cross relatively karg these transient predators could have a significaliet
expanses of sand where little protection fromin the reduction in the relative abundance Rf
predation is found (FERNANDEZ et al., 2007). sexlineatus, as they are known to be opportunistic
While the potential of species to colonize thefeeders consuming a range of small fish, crustacean
reef structure may be mediated by behavior andditabi and squid (KAILOLA et al., 1993).
connectivity, the development of the reef fish The reduction in relative abundance Rf
assemblage over time is influenced by a suite @$tp sexlineatus after the first year of sampling may have
settlement’ processes. Predation has been idehtifie potentially presented an opportunity for new spetie
one of the most significant processes in structurinrecruit to the reef or for existing reef speciestsasA.
natural reef communities with inverse relationshipsustralis to recruit in significantly higher numbers.
identified between local abundances of prey speciddowever, when interpreting these results, we were
and resident piscivores in natural rocky and cogaf  careful to note that although a significant deceeias
areas (SHULMAN, 1985; SHULMAN et al., 1983; numbers of P. sexlineatus was detected, any
HIXON, 1991; HIXON; BEETS, 1993, corresponding increase in other species (&g.
OVERHOLTZER-MCLEOD, 2006; JOHNSON, australis) may potentially be an artefact of inherent
2006). The effect of predation in structuring &i#l  biases associated with the use of BRUV systems. The
reef communities remains poorly understood and momensity saturation effect of species, with a lowetito
recent studies indicate significantly higher vigda first feeding and high relative abundance (Max N)
rates and a greater diversity of larger predatenseh value, and the feeding behavior of some specieggbei
been identified as factors responsible for higlaées simply outcompeted to the bait by other more
of mortality of prey species on artificial reefsath abundant or aggressive species, has been fourelao b
comparable natural reefs (OVERHOLTZER;KAREN, possible cause of bias for BRUV systems resulting in
2004) and that artificial reefs may contribute toconservative relative abundance estimates of more
increases in the natural mortality of juvenile $pedy mobile species such aA. australis (LOWRY, in
facilitating predator prey interactions (LEITAO a@t, press).
2008). The number of species identified on a
The observation that predation is stronglydeveloping estuarine artificial reef is expected to
influenced by prey abundance has been identified byincrease with reef age (BORTONE et al., 1994). This
variety of studies. Predatory fish species are mieee  increase reflects the different colonization patseof
likely to respond to larger aggregations of pregcips  different fish species (PIZZOLON et al., 2008). Som
(CONNELL, 2002; STEWART; JONES, 2001), studies have found that an equilibrium in species
which may result in an increase in the proportionatliversity can be reached within months of an aitfi
mortality of aggregated prey, since the predatoay m reef's deployment (CUMMINGS, 1994), while other
feed at a greater rate (CONNELL, 2002; CONNELL,studies have found that species diversity contlpual
2000). Numbers oP. sexlineatus, a highly abundant increases during the first two years post reef-
schooling species were found to decrease signtfican deployment (PIZZOLON et al., 2008; HAUGHTON;
with increasing reef ag€. sexlineatus were initially ~ AIKEN, 1989) - a pattern similar to that found here
identified around the artificial reef in large nuens, The mean number of species observed during this
with mean relative abundance estimates of grelager t study increased rapidly during the first six monplost
150 individuals which decreased to less than 7@eef deployment but slowed and almost leveled sff a
individuals over the sampling period. Scars andhe reef aged, with no significant increase in gmsec
injuries (e.g. bites and partial removal of finsgrey richness found. This suggests that although the
regularly observed on individuals of this speciesdevelopment of the reef was not complete, the
during analysis of BRUV data. Two importantcolonization process was potentially reaching apoi
transient predators -efola dumerili and Seriola  of climax where no new species from surrounding
lalandi were not observed on the naturally occurringnatural habitats were likely to colonize the reef i
reefs within the lake (unpublished data), but ragul large numbers. Species diversity significantly
identified by diver observations and on BRUVS tape#ncreased with reef age and no clear equilibrium in
in the vicinity of the artificial reef complex. Tee species diversity was found during this study.
species (particularlg. dumerili) are more commonly Consistent with other studies (GOLANI; DIAMANT,
associated with inshore and coastal shelf wateds ar1999), it is thought that this finding may be tlesult
are not usually encountered in the upper reaches of a decrease in one or more highly abundant key
coastal estuaries (KAILOLA et al.,, 1993). Specificcolonizing species.
predator species have also been observed to biéychie
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mitigation success of an artificial reef deployed i
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