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Non-Technical Summary

NON-TECHNICAL SUMMARY
In 2004, I&I NSW (formerly NSW DPI) were successful in gaining funding from the Recreational
Fishing Trust for deployment and monitoring of artificial reefs in a number of NSW estuaries.
Initial constraint mapping identified potential areas that would be suitable for the deployment of a
series of artificial reefs. Following an extensive period of consultation with relevant local
government and community groups Lake Macquarie was chosen as the site for the construction of a
number of small multi-component artificial reefs.
A combination of Baited Remote Underwater Video (BRUV) and dive surveys was used to monitor
the recruitment and succession of the fish and epibenthic community associated with the Lake
Macquarie artificial reef complex. Complementary surveys of naturally occurring reef systems
were used to compare changes in the structure of fish assemblages between the artificial structures
and natural reefs in the immediate area. A photographic survey documented the recruitment and
succession of the algal and invertebrate community associated with the artificial reefs. Independent
angler surveys were also carried out to provide a comparison of catch and effort between artificial
and naturally occurring reefs.
The results of this study have provided a clearer understanding of the type of fish and epibenthic
assemblages that result from the deployment of an estuarine artificial reef. It is the first study to
demonstrate that structures specifically designed as artificial reefs can be effective at extending the
habitats of a variety of fish species in temperate estuarine systems in southeast Australia. We found
that the Lake Macquarie artificial reefs were rapidly colonised by a diverse fish community with
fifty-one species observed at artificial reef sites over the two year study period with the majority of
the species observed within the first year post-deployment. Resident or ‘permanent’ species,
identified on over 75% of observations on artificial reefs include popular recreational species such
as yellowfin bream, snapper and tarwhine. Recruitment of epibenthic species was also relatively
rapid, however, unlike the fish community was characterised by low diversity with only three
species groups (filamentous turfing algae, polychaetes and echinoderms) recorded.
Comparisons between artificial and naturally occurring reefs indicated differences in both species
diversity and relative abundance. Artificial reefs recorded a higher number of species (28)
compared to natural reefs (21). Of the nineteen species observed on both artificial and natural reefs
fourteen recorded greater mean relative abundance on artificial reefs. Species contributing most to
the differences between groups were striped trumpeter, yellowfin bream and snapper. Striped
trumpeter and snapper were, on average, three times more abundant on artificial reefs than on
natural reefs. Yellowfin bream however, were approximately twice as abundant on natural reefs.
Other species making significant contributions were tarwhine and yellowtail scad, both with higher
average abundances on the artificial reefs.
An independent angling survey demonstrated the utility of artificial reefs as a possible means of
enhancing recreational fisheries. Tarwhine, snapper and sand whiting were the species landed in
the greatest numbers at both artificial and natural reefs accounting for between 70 – 75% of the
total catch at each location. Total mean catch rates of 5.5 fish per hour on the artificial reefs
compared with 3.6 – 4.3 fish per hour at the natural reef sites. Analysis of fish length and fish
weight data indicated a variable response between locations and species. Artificial reefs did
however record the highest mean weight and length for tarwhine and sand whiting.
Although similarities between artificial and naturally occurring reefs were evident, some
differences in relative abundances and species diversity of the fish communities was observed. It is
unclear whether these differences were a factor of the structural differences of the reef themselves
or a result of species succession as the artificial reefs evolve to stable ‘climax community’.
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A review of similar studies indicates that fish and epibenthic communities may continue to change
over an extended period (5 – 10 years) and recommend long term monitoring to obtain a
comprehensive understanding of the dynamics of fish and epibenthic communities associated with
artificial structures.
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1.

INTRODUCTION

1.1.

Development of artificial reef technology

Sutton and Bushnell (2007) define artificial reefs as “any material purposely placed in the marine
environment to influence physical, biological, or socio-economic processes related to living marine
organisms”. The European Artificial Reef Research Network (EARRN) however, defines artificial
reefs as “any deliberately placed structure on the seabed that mimics some characteristics of natural
reefs,” (Baine 2001, Boaventura et al. 2006). These definitions can be extended to include
materials that are not intentionally placed on the sea floor yet perform similar ecological roles as
deliberately placed materials (Chapman & Clynick 2006).
Artificial structures have been deployed worldwide for many purposes including coastal protection,
trawling deterrents, habitat loss mitigation, fishery resource enhancement and recreational diving
opportunities (White et al. 1990, Svane & Petersen 2001). Artificial reefs constructed to provide
additional habitat as part of a fisheries enhancement initiative are designed to mimic the structural
habitat requirements for specific species and encourage colonisation of primary producers that
eventually support new reef communities in otherwise barren areas (White et al. 1990, Fowler et al.
1999, Lukens et al. 2004, Bruno et al. 2005, Boaventura et al. 2006).

Figure 1.

‘Materials of opportunity’ such as tyres have historically been the material of
choice in artificial reef construction.

Traditionally, artificial reefs were constructed from a wide variety of materials including car tyres
(Figure 1), scuttled ships, obsolete oil rig platforms, car bodies, pulverised ash blocks, fibreglass,
bamboo and general waste material (D'Itri 1986, Reggio 1987, White et al. 1990, Pickering 1996,
Svane & Petersen 2001, Walker et al. 2002, Jan et al. 2003, Brickhill et al. 2005, Chapman &
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Clynick 2006, Einbinder et al. 2006, Krohling et al. 2006). These ‘materials of opportunity’ were
often cheap, readily available and considered a novel method of utilising waste materials for
environmental benefit (Sherman & Gilliam 1999, Chapman & Clynick 2006). The dubious
environmental quality of early artificial reef construction materials, a lack of pre-established
objectives and ineffective monitoring frameworks resulted in a series of artificial reef deployments
with no clear purpose and undefined outcomes. As a result, many of the earlier artificial reef
deployments did not met expectations due to poor design and lack of understanding of the factors
responsible for the development of successful artificial habitats (Seaman 2000, Svane & Petersen
2001).
In the last 50 years however, concerted scientific efforts have been made to better understand how
the construction and design of artificial reefs influences recruitment and succession of the fish and
epibiotic communities associated with them and the impact that these structures have on the
ecological processes of their surrounding environments (Butler & Connolly 1996, Carr & Hixon
1997, Pitcher & Seaman 2000). The evidence based approach to the construction and design of
artificial reef materials coincided with more stringent legislative requirements resulting in a
transition away from materials of opportunity to materials designed and fabricated specifically for
use in the construction of artificial reefs (Sherman & Gilliam 1999, Sutton & Bushnell 2007, Su et
al. 2008). These ‘design specific’ structures have been demonstrated to provide benefits in terms of
biological effectiveness, long-term cost effectiveness, and general performance of the reef system
(Sherman et al. 2002). Concrete Reef Ball® modules (Figure 2) are an example of design specific
materials and have become a popular artificial reef construction method in recent years, deployed
in approximately 3,500 projects in over 70 countries worldwide (Sayer et al. 2005).

Figure 2.

Side view and top down view of ‘Mini Bay’ Reef Ball.

Japan and Korea are leaders in the research and development of purpose built, large-scale artificial
reefs for fisheries enhancement. In 2001, Korea planned to invest over $2 billion (US) in coastal
fisheries enhancement projects over a 6 year period (2002 – 2008). Many of the world’s largest
reefs have been deployed in Japan, as part of the national fisheries program for enhancement of
commercial fish stocks. They include both shallow water reefs targeting shellfish and deeper water
reefs for finfish (Figure 3).
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(a)

(b)

Figure 3.

Examples of ‘design specific’ artificial reef units (a) individual concrete cubes for
deployment in deeper water (20 – 40m) (b) steel reefs designed for abalone
production at shallower depths (10 – 20m).
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Artificial reefs in Australia

There have been at least four detailed reviews of artificial reefs in Australia (Pollard & Matthews
1985, Kerr 1992, Branden et al. 1994, Coutin 2001). Collectively these reviews detail the
development of Australian artificial reef design, construction, deployment and monitoring from
1965 to 2001. Historically, the trajectory of artificial reef development in Australia is similar, albeit
on a smaller scale to reef deployment world-wide with initial deployment of reefs constructed of
waste material with little thought given to pre-deployment objectives or post-deployment
assessment of the reefs performance.

Figure 4.

Initial deployment of artificial reefs in Lake Macquarie constructed from tyres.

In NSW, the use of artificial reefs began in 1966, with the deployment of a series of artificial reefs
in Lake Macquarie using car bodies and tyres (Figure 4) (Pollard 1989). Augmentation of these
reefs continued in the 1970’s with additional reefs constructed in Batemans Bay, Port Stephens and
Port Hacking using car tyres (Coutin 2001). In addition to these tyre and car body reefs, up to
twelve vessels were scuttled beginning in the mid 1970’s to create single-component artificial reefs
in NSW coastal waters (Pollard & Matthews 1985, Pollard 1989). More recently a number of exnaval vessels have also been scuttled in Australian waters for the purpose of creating artificial reefs
for recreational SCUBA diving, including the former-HMAS Swan and -HMAS Perth (WA), the
former-HMAS Hobart (South Australia) and the former-HMAS Brisbane (Queensland). In NSW,
there are plans to scuttle the former-HMAS Adelaide offshore from Terrigal, (Central Coast,
NSW).
In January 2000, the Premier of NSW and the Minister for Fisheries released the ‘Sustaining our
Fisheries’ consultation paper, which suggested that funds generated from the sale of the general
recreational fishing licence could be used to, among other things, construct artificial reefs in NSW.
Specifically, the paper stated, “artificial reefs could be constructed in estuarine, inshore and
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offshore waters to enhance recreational fishing. The effectiveness of these structures will be
evaluated through scientific research programs”.
In May 2002, 30 areas along the NSW coast were designated as fishing havens resulting in the
closure of 24% of the States estuarine waters to commercial fishing. In 2004, I&I NSW (formerly
NSW DPI) were successful in gaining funding for the deployment and monitoring of design
specific Reef Ball artificial reefs within selected fishing havens. Initial constraint mapping
identified potential areas that would be suitable for the deployment. Following an extensive period
of consultation with relevant local government and community groups an artificial reef system was
constructed in the Galgabba Point area of Lake Macquarie.

1.3.

Need and objectives

Lake Macquarie is a Recreational Fishing Haven. Recreational fishing is an important leisure
activity for approximately 17 % of the NSW population (approximately 1 million people) and
provides significant social and economic benefits (Henry & Lyle 2003). The central objective of
the Artificial Reef Program is to enhance existing recreational fisheries and is consistent with
statutory objectives and Departmental strategy “to promote quality recreational fishing
opportunities”, and “to provide quality recreational fishing…..” The purpose of the research
program is to assess the response of fish communities to the introduction of artificial structures,
consistent with the Departmental Strategies to apply scientific knowledge to ensure fisheries are
sustainably harvested by commercial and recreational fishers. Project objectives that relate
specifically to the Lake Macquarie deployment are as follows;
•

Determine differences in the number, size and species composition of fish assemblages
among large and small artificial reefs, and naturally occurring reefs.

•

Relate differences in the variables measured (number, size and species composition of fish)
to changes in physical variables such as temperature, current speed/direction, turbidity and
salinity.

•

Evaluate the effectiveness of Baited Remote Underwater Video (BRUV) techniques for
assessing fish populations around artificial reefs within estuaries.

•

Transfer knowledge regarding construction, deployment and monitoring of artificial reefs
in other suitable locations.

Artificial Reefs in Lake Macquarie
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2.

MATERIALS AND METHODS

2.1.

Site selection

11

An initial constraint mapping exercise was used to identify areas within Lake Macquarie where
artificial reefs would either be logistically impractical to deploy due to physical constrains (depth,
sediment type, seagrass beds, protected areas) or interference with existing activities or planned
developments (navigation channels, anchorages, marinas). Verification of potential sites identified
by constraint mapping was followed up with sediment sampling and in-situ inspections to ensure
correlation with existing information regarding the distribution of sensitive and protected benthic
communities. The site-selection process was combined with extensive consultation involving
community groups and relevant local government authorities. An area in southern Lake Macquarie
adjacent to Galgabba Point (Figure 5) was selected for the initial deployment of six artificial reefs.
2.2.

Reef construction and design

Reefs were constructed using artificial reef modules (Mini-Bay Reef Balls®) individually cast from
pH balanced micro-silica concrete, within fibreglass moulds and are treated to create a rough
surface texture, in order to promote settling by marine organisms. The Reef Ball units are open at
the top and have a large central void space created by a central bladder that is inflated for casting
then deflated and removed after the concrete has hardened (see Figure 2). Reefs units were
deployed individually using a commercial barge and hydraulic crane. All reefs were located on a
uniform sandy bottom and the position of each reef was determined using GPS.
2.3.

Study area

A total of 180 artificial reef modules (Mini-Bay Reef Balls®) were deployed in six locations (AR1
– AR6) at Galgabba Point along the 5m depth contour in December 2005 (Figure 6). Each of the
reef groups were located approximately 180m from the next with approximately 900m between
AR1 and AR6. Reefs AR1, AR3 and AR5 were constructed from 50 reef balls and reefs AR2, AR4
and AR6 were constructed from 10 reef balls. All reefs were located on a uniform sandy bottom
and larger and small reefs occupied a “footprint” of approximately 22m2 and 4m2 respectively.
Areas of naturally occurring reef “reef control” locations” (RC1 – RC3) were also surveyed to
provide a comparison of fish assemblages between artificial and naturally occurring reef systems.

Lowry et al.
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Figure 5.
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Map of southern Lake Macquarie indicating general location of the artificial reef
complex.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

Figure 6.

Lowry et al.

13

Map indicating the location of the six artificial reef units (AR1 – AR6) which
define the Lake Macquarie artificial reef complex and natural or ‘control reef” sites
(RC1 – RC3).
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Finfish community

Artificial reefs were surveyed using a combination of Baited Remote Underwater Video (BRUV)
and direct (diver based) Underwater Visual Census (UVC) over a period of two years post
deployment. Surveys were carried out on six randomly selected days per season. BRUV units were
deployed for a period of 30 minutes at each site (artificial reefs and control locations) on each
sample day. UVC observations were carried out every second season on artificial reefs only. The
information obtained from the direct UVC observations was used as a means of evaluating the
effectiveness of baited underwater video techniques for assessing fish populations around artificial
reefs within estuaries.
2.4.1.

Baited Remote Underwater Video (BRUV)

Three BRUV systems were built based on the design of Cappo et al. (2004) (Figure 7). A stainless
steel frame was constructed to provide a platform for the camera housing. Video cameras each
mounted inside a submersible housing were secured to the frame. A bait arm extending a distance
of 1m from the face of the camera housing supported a plastic bait container. Units were baited
using standardised bait that was replenished prior to every deployment. BRUV systems were
deployed randomly at artificial reef (AR1 – AR6) and control locations (RC1 – RC3) for a period
of 30 minutes. Analysis of BRUV tapes was carried out using the BRUVS tape reading interface
2.1. Information recorded from the tapes included the time to first sighting and, Max N (the
maximum number of individuals of each species observed in one frame over the sampling period)
and time of Max N for all species observed. See Cappo et al. (2006) for a detailed review of Max N
as an estimator of relative abundance.

Figure 7.

2.4.2.

Baited Remote Underwater Video (BRUV) used to estimate relative abundance
(Max N) between artificial reef and control locations.

Underwater Visual Census (UVC)

Diver census was carried out by means of two counts, a five minute stationary count to identify all
immediately visible species and a five minute roaming count to record the heavily reef-associated
and cryptic species residing within the reef structure itself. When monospecific groups of more
than fifty fish were observed, sets of individuals were used by the diver to estimate the total
population. For schools of mixed species, the number was estimated for the entire school and an
approximation made of the proportion of each species comprising the school.
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Independent angler survey

Independent angler surveys were conducted to detect differences in catch rate and species diversity
between artificial reefs (AR1 – AR6) and natural occurring reefs (C1 – C4). Surveys were carried
out over two sampling periods (25/8/2006 – 7/10/2006) and (8/1/2007 – 23/2/2007) with 7 survey
days randomly allocated to each sampling period. Sampling was carried out using standardised
recreational methods (hook and line) each site was randomly selected and sampled for 1 hour with
all sites sampled on each sample day. Information collected included location of capture, species
identification, total length (TL), fork length (FL) and weight (g). Catch per unit effort (CPUE) rate
was interpreted as the number of fish caught per hour at each location. All fish were handled in a
manner designed to minimise stress and reduce mortality (Broadhurst et al. 2005) and returned at
the point of capture as soon as possible.
2.5.

Epibenthic community

Succession of the epibenthic community associated with the artificial reefs was monitored as part
of the UVC. Six random replicate photo-quadrats representing approximately 0.5m2 of the reef’s
exterior surface were taken at each artificial reef site (AR1 – AR6) by SCUBA divers using a
digital camera fitted with a waterproof housing (Figure 8). Monitoring began approximately nine
months (267 days) post-deployment with each of the reefs photographed 24 times over the 14
month sampling period. Material was collected and preserved directly from the reef or images were
enhanced and forwarded to experts for positive identification when necessary. Samples were
identified to the lowest taxonomic level when possible and were also categorised as functional
groups based on morphology (Fowler-Walker & Connell 2002). Sampling and analysis of the
epibenthic community was only done for artificial reef sites.

Figure 8.

Lowry et al.

Photographic surveys were used to document the growth of the epibenthic
community associated with the artificial reefs.
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2.6.

Data analysis

2.6.1.

Fish community

Each of the species was classified on the basis of their vertical distribution inside the water column
and their position relative to the reef, collectively defined as ecological groups (Nakamura 1985)
(Figure 9). The first group (Type A) included species that tend to have direct contact with the reef
structure itself, and often occupy crevices, holes or gaps within the reef. The second group (Type
B) included species found in the immediate vicinity, but not coming into direct contact with the
reef. The third group (Type C) included more transient species that did not demonstrate any site
associated attachment to the reef but were observed to move through the reef area.
Percent sighting frequency was defined as the percentage of all survey days in which the particular
species or family was recorded by each method (UVC and BRUV). The percentage occurrence of
each species was categorised into four groups; permanent species (>75%), frequent species (75 –
30%), scarce species (30 – 10%) and rare species (<10%) (Tessier et al. 2005). To identify trends
in the development of the fish assemblage, time post deployment was categorised into four periods
(0 – 6, 7 – 12, 13 – 18 and 19 – 24 months). Multivariate analysis (MDS) was used to identify
relationships between UVC counts and relative abundance estimates generated by BRUV on
artificial reefs. A combination of multivariate (MDS) and univariate (ANOVA) techniques were
used to analyse differences in estimates of relative abundance (Max N) between artificial and
control locations and changes in species composition associated with artificial reefs over time. The
ratio of the average similarity and standard deviation (Sim/SD) (SIMPER) for artificial reef age
groupings is given as a measure of how consistent a given species contributes to the
characterisation of species within each reef age group. Species displaying a high average
similarity/standard deviation ratio (>1.0) were regarded as ‘key species’ associated with each reef
age grouping.
2.6.2.

Epibenthic community

Photo-quadrats were analysed in the laboratory using the image analysis computer program Coral
Point Count (Kohler & Gill 2006). One hundred random points were superimposed over each
photo-quadrat image and each point was assigned to the taxa located beneath it (Bohnsack 1979,
Clynick et al. 2007, Walker et al. 2007). Point count data provided the basis for the calculation of
percentage cover of each taxa identified on each artificial reef (AR1 – AR6).
Multivariate analysis (MDS) was used to identify differences in assemblage structure between
reefs. The relationship between time (days post-deployment) and mean abundance (% cover) of
taxa indentified was further investigated using CHAID analysis (Chi squared automatic interaction
detector) (Kass 1980). CHAID is an exploratory method used to study the relationship between a
dependent variable, in this case days post-deployment and a series of predictor variables
(percentage cover of each taxon).
2.6.3.

Angler survey data

Catch per unit effort (CPUE) were expressed as the number of each species captured per angler
hour. Kruskal Wallace tests were used to identify significant differences in CPUE and the weight
(g) and fork lengths (cm) of the primary species captured at each location.
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Figure 9.
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Species identified were classified as type A, B or C depending on the level of
association with the reef structure.
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3.

RESULTS

3.1.

Fish community (artificial reefs)

Fifty-one species belonging to 27 families were observed during analysis of BRUV information or
directly during diver surveys associated with artificial reefs. Categorisation by ecological grouping
identified the majority of species as either closely associated within the reef structure (Type A:
41%) or species found in the immediate vicinity of the reef (Type B: 49%) with a minority (10%)
of transient or Type C species observed. Five species (yellowfin bream, snapper, tarwhine, striped
trumpeter and cardinal fish) were classified as permanent (>75% of observations), however the
majority of species (86%) identified were classified as scarce or rare (see Appendix 1).
Recruitment to the artificial reefs was relatively rapid with 77% of all species recorded identified
within the first year (Figure 11). Key colonising species included striped trumpeter, snapper and
tarwhine; all species with the exception of striped trumpeter are targeted by the recreational angling
community. Following the initial colonisation of the artificial reef group, recruitment of new
species remained relatively rapid and within 6 months cumulative species richness had doubled to
sixteen species.
Sighting frequency values for species identified by BRUV and UVC indexed by ecological
groupings indicated a relationship between observation method and ecological group. UVC
identified a greater proportion of rare Type A species which represented 35% of all species
identified by this method, compared to 12% identified by BRUV (Figure 10).

Figure 10.

Underwater Visual Census (UVC) was particularly important for the detection of
the more cryptic ‘Type A’ species most often found within the structure of the reef.
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Fanbelly Leatherjacket

Timeline indicating the appearance of each species against time (number of days) post deployment.

Artificial Reefs in Lake Macquarie (Lowry et al.)

Page 19

700

20

Industry & Investment NSW

Significant differences in the structure of the fish assemblage with the time post-deployment (reef
age) was observed. Relative abundance of striped trumpeter was significantly greater during the
initial twelve month period post-deployment. In contrast, significantly higher abundance estimates
of yellowfin bream and tarwhine were associated with the older reef age groupings. The results for
snapper were not as well defined, with varying estimates of relative abundance across the reef age
groupings (Figure 12).
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3.2.

Mean relative abundance (Max N ± SE) by reef age categories for key colonising
species.

Comparison between artificial and natural reefs

BRUV sampling identified a total of twenty-seven species on artificial reefs compared to twentyone species on naturally occurring reefs (see Appendix 2). Nine species (yellowtail kingfish,
diamondfish, stout longtom, bartail goatfish, mado, serpent eel, old wife, dusky flathead and moray
eel) were identified on artificial reefs only. Two species, the large-toothed flounder and the striped
scat were observed on natural reefs only. Of the nineteen species observed on both artificial and
natural reefs, fourteen species recorded greater mean abundance (Max N) on artificial reefs than
naturally occurring reef locations.
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Analysis of mean abundance estimates identified significant differences in species assemblages
between reef types. Species contributing most to the differences between groups were striped
trumpeter, yellowfin bream, snapper and tarwhine. Striped trumpeter and snapper were on average,
three times more abundant on artificial reefs than on natural reefs. Yellowfin bream however, were
approximately twice as abundant on natural reefs. Other species making significant contributions
were tarwhine and yellowtail scad both with higher average abundances on the artificial reefs
(Figure 13).

Mean Relative Abundance (Max N ± SE)

25
Artificial Reef
Natural Reef

20
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10

5

0
Striped Trumpeter YellowfinBream

Figure 13.

3.3.

Snapper

Tarwhine

Yellowtail Scad

Species identified to contribute most to differences in mean relative abundance
(Max N ± SE) between artificial and natural reefs.

Angler survey

A total of 295 fish were captured, resulting in the identification of thirteen species. The number of
species identified varied from a high of ten at the artificial reef to a low of eight at two of the
control locations (C1 and C3). Tarwhine, snapper and sand whiting accounted for between 70%
and 75% of the total catch on both artificial and natural reefs. Two species, the three-barred
porcupine fish and the silver biddy were captured on artificial reefs but not captured at any of the
control locations. A further four species (rough leatherjacket, fanbelly leatherjacket, tailor and
yellowtail scad) were identified on natural reef but not captured on artificial reefs.
Total catch rates varied between locations from a high of 5.5 (±0.9) fish per hour at the artificial
reef with remaining control locations ranging between 4.3 (±0.6) at C1 to 3.6 (±0.4) at C4 (Figure
14), however, there were no significant differences in total catch rates between artificial reefs and
control locations. No significant differences in catch rates between artificial reefs and natural reefs
for individual species were identified; however, catch rates for both snapper and tarwhine were on
average 35% and 28% greater respectively on artificial reefs, whereas catch rates of sand whiting
were marginally greater on natural reefs (Figure 15).
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Mean catch per unit effort (CPUE) (±SE) for artificial reef (AR) and control
locations (C1 – C4).
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Comparison of mean catch per unit effort (CPUE) (±SE) for primary species
between artificial and natural reefs.
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Analysis of fish length and fish weight data for the three most abundant species (tarwhine, snapper
and sand whiting) indicated a variable response between species and locations (Figure 16).
Artificial reefs did however record the highest mean weight and length for tarwhine and sand
whiting.

Figure 16.

Comparison of mean total length (cm) and weight (g) (±SE) for tarwhine, snapper
and sand whiting between artificial (AR) and control locations (C1 – C4).
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Epibenthic community

Recruitment of the epibenthic community was relatively rapid with all taxa identified within the
first year post deployment. The community associated with the artificial reefs was characterised by
low diversity with only one algal species (Spyridia filamentosa) and three species groups
(filamentous turfing algae, polychaetes and echinoderms) recorded. There were no significant
differences identified in the percentage cover between artificial reefs. Filamentous turfing algae
(FTA) and Spyridia filamentosa were the dominant taxa recorded on all reefs with a mean
percentage cover for the entire study period of 76.8% and 22.3% respectively.

Figure 17.

Extensive growth on artificial reef (AR5) 23 months after deployment.

Analysis of the percentage cover information with reef age (days post-deployment) identified a
significant reduction in the abundance of FTA with an increase in reef age. An increase in the
coverage of FTA was linked to the proportional coverage of polychaete species. Conversely a
reduction in the coverage of FTA with an increase in reef age was identified with variation in the
coverage of Spyridia filamentosa and low abundance of polychaetes.
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Recruitment and succession of fish
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The development of the fish community associated with the artificial reef was characterised by an
initial rapid increase in recruitment of species over the first year post-deployment, followed by a
moderate decline and levelling off over the remainder of the two year sampling period. The
observed pattern of recruitment is consistent with a range of studies which have identified a similar
response from a diverse range of species as a result of artificial structures deployed in a variety of
locations worldwide (Bohnsack & Talbot 1980, Bohnsack & Sutherland 1985, Matthews 1985,
Walsh 1985, Haughton & Aiken 1989, Cummings 1994, Golani & Diamant 1999, Manderson &
Able 2003, Markevich 2005). What is consistent between all these studies, regardless of the
artificial reef material, location, size, or time of deployment, is the rapid initial recruitment,
followed by a levelling off and in some cases a reduction in the number of fish species identified.
The colonisation and subsequent changes in the structure of fish communities associated with
artificial reefs has been defined by several theories, the most widely accepted being the theory of
island biogeography (MacArthur & Wilson 1967). Classic island biographic principles indicate that
the pattern of succession will be a result of the rate of movement of the colonising species, the
distance from the source of new recruits and the size of the area being colonised (Walsh 1985).
While models based on the concepts of island biogeography provide some of the guiding concepts
associated with recruitment and community development, understanding the complexities of fish
communities associated with artificial reef systems requires a more detailed assessment of physical
and biological aspects of the environment and the associated fish assemblage.
The rapid colonisation to artificial reefs is often hypothesised to be due to a ‘draw-down’ effect of
post-settlement individuals being attracted to the newly constructed reef structure from nearby
natural habitats (Bohnsack & Sutherland 1985, Matthews 1985, Alevizon & Gorham 1989,
Hueckel et al. 1989, Golani & Diamant 1999). Sale (1980) hypothesised that the resultant
community structure of artificial reefs is primarily influenced by opportunistic recruitment
determined by factors such as the time of deployment (seasonality) and the proximity of the
deployment site in relation to other sources of recruitment. Variation in the ontogenetic, physical
and behavioural parameters of species (Pizzolon et al. 2008) as well as the proximity and degree of
connectivity among suitable habitat patches in relation to the artificial reef, have also been
demonstrated as factors that will influence the rate of colonisation and the resilience of the
developing community to respond to post settlement processes such as competition and predation
(Walsh 1985, Herrera et al. 2002, Fernandez et al. 2007).
While some reef species are capable of moving over bare sand for feeding (Ambrose & Anderson
1990), others are reluctant to cross it (Coll et al. 1998, Chapman & Kramer 2000, Fernandez et al.
2007). Medium sized mobile fish are least influenced by reef isolation or low habitat connectivity
(Ault & Johnson 1998, McClanahan & Mangi 2000, Fernandez et al. 2007) with extensive sand
patches perceived as barriers of variable permeability in relation to the size and vagility of fish
species (Bell & Westoby 1986, Stamps et al. 1987, Coll et al. 1998). Striped trumpeter, yellowfin
bream, snapper and tarwhine were all species identified as being either frequently or permanently
associated with artificial reefs and were probably recruited from areas of adjacent natural habitat
where they were known to inhabit as post-settlement juveniles, sub-adults or adults (Miskiewicz
1987, Hannan & Williams 1998). The rapid colonisation of these species to the artificial reefs is a
result of the ability of these species to move relatively large distances over a variety of habitat
types that act as a barrier for other less mobile reef associated species.
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While the potential of species to colonise the reef structure may be mediated by behaviour and
habitat connectivity, the development of the reef fish assemblage over time is influenced by a suite
of ‘post-settlement’ processes. Predation has been identified as a one of the most significant
processes in structuring natural reef communities with inverse relationships identified between
local abundances of prey species and resident piscivores in natural rocky and coral reef areas
(Shulman et al. 1983, Shulman 1985, Hixon & Beets 1991, Hixon 1993, Overholtzer & Karen
2004). While the effect of predation in structuring artificial reef communities remains poorly
understood, more recent studies indicate significantly higher visitation rates and a greater diversity
of larger predators as factors responsible for higher rates of mortality of prey species on artificial
reefs than comparable natural reefs (Overholtzer & Karen 2004) and that artificial reefs may
contribute to increases in the natural mortality of juvenile species by facilitating predator-prey
interactions (Leitão et al. 2008).
The observation that predation is strongly influenced by prey abundance has been identified by a
variety of studies. Predatory fish species are more likely to respond to larger aggregations of prey
species (Stewart & Jones 2001, Connell 2002) which may result in an increase in the proportional
mortality of aggregated prey, since the predators may feed at a greater rate (Connell 2000, Connell
2002). Numbers of striped trumpeters, a highly abundant schooling species were found to decrease
significantly with increasing reef age. Striped trumpeter were initially identified around artificial
reefs in large numbers, with mean relative abundance estimates of greater than 150 which
decreased to less than 70 over the sampling period. Scars and injuries (e.g. bites and partial
removal of fins) were regularly observed on individuals during analysis of BRUV data. Herrera
(2002) observed that specific predator species were chiefly responsible for controlling the structure
of artificial reef fish assemblages. Two important transient predators – the greater amberjack and
yellowtail kingfish were regularly identified by diver observations and on BRUV tapes in the
vicinity of the Lake Macquarie artificial reef complex. These species are more commonly
associated with inshore and coastal shelf waters (particularly greater amberjacks), not usually
encountered in the upper reaches of coastal estuaries (Kailola et al. 1993) and either not identified
(yellowtail kingfish) or encountered less frequently (greater amberjack) at the natural reef
locations. Given the lack of resident piscivores, it is likely that these transient predators could have
a significant role in the reduction in the relative abundance of striped trumpeter, as they are known
to be opportunistic feeders consuming a range of small fish, crustaceans and squid (Kailola et al.
1993).
The reduction in relative abundance of striped trumpeter may have potentially presented an
opportunity for new species to recruit to the reef or existing reef species such as yellowfin bream in
significantly higher numbers. However, when interpreting these results, we were careful to note
that although a significant decrease in numbers of striped trumpeter was detected, any
corresponding increase in other species (e.g. yellowfin bream) may potentially be an artefact of
inherent bias associated with the use of BRUV systems. The ‘density saturation effect’ of species
such as striped trumpeter which appear in large numbers as soon as the BRUV system arrives on
the sea floor has been demonstrated to under represent species such as yellowfin bream, snapper
and tarwhine particularly in the initial phase post-deployment when numbers of striped trumpeter
were highest.
4.2.

Comparison between artificial and natural reefs

Evaluation of the relationship between natural and artificial structures is critical in developing an
understanding of the dynamics associated with the development of artificial reefs and the
importance that natural structures play in the development of fish communities associated with
artificial structures. The results of this study support previous findings which demonstrate that
artificial reefs are rapidly colonised and usually develop fish communities with comparable or
higher abundance and diversity than surrounding natural reefs (Bohnsack et al. 1994, Stephens Jr et
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al. 1994, Pickering & Whitmarsh 1997, Rilov & Benayahu 2000, Pondella et al. 2002). Although
similarities between artificial reefs and naturally occurring reefs were evident, variation in relative
abundances and species diversity were observed. It is unclear whether this is a result of inherent
structural differences between the artificial and naturally occurring reefs or that the results
represent an initial phase in the succession of the artificial reef assemblage as it moves to a “climax
community”.
Variation in fish communities between natural and artificial reefs are often explained by differences
in reef size and age, however many artificial reefs are either to small or not monitored for long
enough periods to provide an adequate comparison. More recent studies (Burt et al. 2009) that have
compared large (>400,000 m3) artificial reefs with similar areas of natural reef have identified that
at least for coral reef systems, significant differences in fish assemblage persist between natural and
artificial systems, even over extensive periods of time (>25 years). More detailed information
regarding the movement patterns of fish within the artificial reef system and between artificial reefs
and other naturally occurring habitat is required to evaluate the contribution of artificial structures
to the productivity of environments in which they are deployed.
4.3.

Recreational fisheries enhancement

The information collected by the independent angling component of the study represents a
“snapshot” obtained at a relatively early stage (between 8 and 15 months) post deployment. The
survey work represents a starting point in developing a more comprehensive understanding of how
artificial structures can act to enhance recreational fisheries within estuarine systems. Higher total
catch rates and increased catch rates of the more mobile species such as snapper and tarwhine
support the findings of previous similar studies (Buckley & Hueckel 1985, Matthews 1985) and the
more general findings of long-term monitoring which consistently identified higher number of
species and higher mean catch rates on artificial reefs compared to control locations (D'Anna et al.
1994, Fabi & Fiorentini 1994, Bombace et al. 2000, Zalmon et al. 2002, Santos & Monteiro 2007).
Anglers support for artificial reef programs is based on the expectation that the deployment of
artificial reefs will result in an improvement in ‘fishing quality’. Understanding how indices of
fishing quality such as catch rates and the number and type of species that can be retained are
influenced by the deployment of artificial reefs is central to the assessment of artificial reef
programs that have fisheries enhancement as one of the primary objectives. While the ability of
artificial reefs to enhance recreational fisheries through increased production remains an open
question, it is evident that artificial reefs have the ability to provide habitat to a broad range of
species and that catch rates for the majority of key recreational species are not significantly
different to natural reefs. Comparison with previous ‘access point’ surveys of recreational anglers
within Lake Macquarie (Steffe & Chapman 2005) identify similar patterns in diversity and relative
proportions of species harvested, however direct comparisons of catch rates and size information
are limited difficulties in comparing catch information collected independently compared to harvest
estimates which are ultimately constrained by current bag and size limits.
Survey work carried out as part of the broader study (UVC and BRUVs) was limited in its ability
to provide accurate size information of the fish assemblage associated with artificial reefs. It is
recommended that future surveys incorporate methods such as stereo photogrammetry that will
provide accurate size frequency information to enable the integration of this information with
management measures such as size and bag limits. Further recommendations include angler survey
designs which enable assessments of effort directed to artificial reefs in order to better understand
the patterns of use and the potential social and economic benefits associate with the development of
artificial reef deployments.
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Epibenthic assemblage

Studies of epibenthic communities associated with sub-tidal artificial structures in NSW estuaries
have been limited to assessments of non design-specific structures including marina seawalls and
wharves (Glasby 1999, Glasby & Connell 1999, Chapman & Clynick 2006, Clynick et al. 2007).
The results of these studies and other similar studies have established that benthic assemblages on
hard reef surfaces (natural or artificial) are strongly influenced by a wide range of environmental
variables which include water depth (Moura et al. 2007, Rule & Smith 2007), orientation in
relation to prevailing currents (Baynes & Szmant 1989, Abelson 1994), orientation of surfaces
(Glasby & Connell 2001, Knott et al. 2004), complexity of surfaces and structure (Edwards &
Smith 2005, Moura et al. 2007) and are linked to the establishment of migratory and stationary fish
assemblages (Aburto-Oropeza & Balart 2001, Edwards & Smith 2005, Chapman & Clynick 2006,
Clynick et al. 2007, Redman & Szedlmayer 2009).
Factors that are particularly important in the early stages of development of the epibenthic
communities associated with artificial structures are the proximity to other forms of habitat and the
speed and direction of currents. Isolated artificial structures are considered to be closed or semiclosed systems, the distance from natural reef or other artificial substrata which act as a source of
supply of juvenile settling larvae or spores is critical in determining the patterns of epibenthic
succession (Connell & Slatyer 1977, Bellan & Bellan-Santini 1991, Bombace et al. 1994). Flow
rates determine to a large extent how far these propagules and larvae will travel (Denny 1985,
Butler 1991, Judge & Craig 1997, Hurd 2000, England et al. 2008). Water motion will also affect
epibiotic community development by determining the rate at which inorganic nutrients and carbon
dioxide (CO2) are consumed by epibiotic species (Denny 1985). Low water movement reduces the
rate at which this metabolic process takes place and therefore inhibits growth whereas increased
water motion facilitates the metabolic process to enhance growth (Denny 1985, Judge & Craig
1997).
Lake Macquarie is classified as a ‘wave dominated’ estuary constricted by a single narrow opening
to the sea resulting in low tidal and fluvial flow rates. The remote location of Lake Macquarie’s
artificial reefs in relation to any extensive areas of naturally occurring reef and the low levels of
water movement associated with this estuary explain the relatively low diversity and slow
development of the epibenthic assemblage associated with the artificial reef complex. The low flow
conditions and the relative high sediment loads associated with the Lake Macquarie system have
also influenced the development of the community. The ability of filamentous turfing algae to trap
sediments enables them to thrive in environments with high sediment loads (Connell 2003, Connell
2005). Our results are in agreement with previous descriptive and experimental studies that
document the dominance of filamentous taxa in subtidal areas subjected to high rates of
sedimentation (Airoldi 1998, Irving & Connell 2002, Gorgula & Connell 2004, Balata et al. 2005).
The majority of estuarine systems in south eastern Australia are similar to Lake Macquarie i.e. low
energy, wave-dominated estuaries. Additional deployments of artificial reefs in these areas will
therefore most likely result in the development of epibenthic communities characterised by low
diversity. Priorities for future work include ongoing monitoring of epibiotic communities
associated with estuarine artificial reefs with a more detailed assessment of the interior of these
structures, combined with an integrated fish monitoring program to better understand the longerterm relationship between epibiotic communities and fish assemblages associated with artificial
structures.
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Evaluation of methodology

Results indicate that BRUV is an effective method for recording species associated with artificial
reefs with the exception of cryptic species that are located within the reef structure itself. The
results of this study underline previous findings (Connell & Kingsford 1998, Willis et al. 2000,
Cappo et al. 2004) which emphasise the importance of using complementary methods to obtain
accurate estimates of species diversity and abundance. UVC methods are essential for the
collection of baseline data i.e. the number and type of species associated with artificial structures to
provide a comprehensive understanding of how artificial structures differ from natural areas of reef,
and how the assemblages associated with these structures vary in space and time.
BRUV techniques complement UVC by providing increased coverage of species known to be diver
averse as well as providing important information regarding behaviour of the species identified.
Given the limitation of each method, it is recommended that monitoring plans for artificial
structures should adopt a multi-method approach utilising BRUV and UVC where possible. This
will aid in establishing a comprehensive picture of spatial and temporal variation in the structure of
species assemblages and enable ‘calibration’ of the bias associated with each method. The
allocation of resources to each method will largely depend on logistical considerations and the
objectives of the program.
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CONCLUSIONS

On the basis of the above findings, the following conclusions and recommendations are made:
1. This study has provided a clearer understanding of the type of fish and epibenthic
assemblages that result from the deployment of an estuarine artificial reef and is the first
study to demonstrate that ‘design specific’ artificial structures can be effective at extending
the habitats of a variety of fish species in temperate estuarine systems in southeast
Australia. Results show a rapid recruitment of a diverse range of fish species over the first
year post-deployment, followed by a moderate decline and levelling off over the remainder
of the two year sampling period.
2. Factors that may be influencing the rate and composition of the fish assemblage include the
proximity of the artificial reef complex to naturally occurring habitat and the ability of
species to move between existing habitat and the artificial structures. Post-settlement
processes, particularly predation is believed to play an important role in the observed
changes in the fish community associated with the artificial structures over time.
3. Results indicate that BRUV is an effective method for recording species associated with
artificial reefs with the exception of cryptic species that are located within the reef structure
itself. Given the limitation of each method, it is recommended that monitoring plans for
artificial structures should adopt a multi-method approach utilising BRUV and UVC where
possible.
4. A critical element in understanding how artificial reefs can be integrated into a more
general marine resource management framework is an ability to evaluate their
performance. Priorities for future work include ongoing monitoring of epibiotic
communities associated with estuarine artificial reefs combined with an integrated fish
monitoring program to better understand the longer-term relationship between epibiotic
communities and fish assemblages.
5. It is recommended that observations using non-destructive photogrammetric techniques
such as stereo-video are incorporated into future monitoring programs to provide accurate
size frequency information of species associated with the artificial reefs and determine how
compatible this fishery enhancement initiative is with existing management input controls
such as bag and size limits.
6. While the ability of artificial reefs to enhance recreational fisheries through increased
production remains an open question, it is evident that artificial reefs have the ability to
provide habitat to a broad range of species and that catch rates for the majority of key
recreational species are not significantly different to natural reefs.
7. A more detailed assessment of movement patterns of fish within the artificial reef complex
and between the artificial reef and other natural habitat is required to better understand the
role that artificial reef systems play in influencing the ecology of areas in which they are
deployed. A more comprehensive understanding of movement and residency times of the
species associated with artificial structures will enable an assessment of the competency of
artificial structures as habitat and a better understanding of their contribution to fisheries
production.
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APPENDICIES

Appendix 1.

Mean diver counts (UVC) and Max N (BRUVS) values ± standard error (SE), ‘ecological class’ (A, B, C) and residency class (permanent,
frequent and scarce) for each species identified on artificial reefs (AR1 – AR6) only.

Common Name

Species

Striped Cardinalfish
Striped Trumpeter
Snapper
Yellowfin Bream
Tarwhine
Leatherjacket (Fanbelly)
Stripey
Leatherjacket (Yellowfin)
Silver Biddy
Leatherjacket (Yellowtail)
Trumpeter Whiting
Yellowtail Scad
Fortescue
Moray Eel
Diamondfish
Porcupine Fish
Blue-lined Goatfish
Silver Trevally
Eeltail Catfish
Longfin Bannerfish
Rabbitfish
Gloomy Octopus
Amberjack

Apogon fasciatus
Pelates sexlineatus
Pagrus auratus
Acanthopagrus australis
Rhabdosargus sarba
Monacanthus chinensis
Microcanthus strigatus
Meuschenia trachylepis
Gerres subfasciatus
Meuschenia flavolineata
Sillago maculata
Trachurus novaezelandiae
Centropogon australis
Gymnothorax prasinus
Monodactylus argenteus
Dicotylichthys punctulatus
Upeneichthys lineatus
Pseudocaranx dentex
Cnidoglanis macrocephalus
Heniochus acuminatus
Siganus nebulosus
Octopus tetricus
Seriola dumerili

Artificial Reefs in Lake Macquarie (Lowry et al.)

Class

Residency

DIVER
(UVC)

A
B
B
B
B
A
A
B
B
B
B
B
A
B
B
B
A
B
A
B
B
A
C

Permanent
Permanent
Permanent
Frequent
Frequent
Frequent
Frequent
Scarce
Scarce
Scarce
Scarce
Scarce
Scarce
Scarce
Scarce
Scarce
Rare
Rare
Rare
Rare
Rare
Rare
Rare

208.090
97.521
4.667
4.292
4.076
1.854
1.583
0.535
2.944
0.569
0.903
4.139
0.313
0.188
0.188
0.174
0.146
0.326
0.118
0.063
0.306
0.063
0.153

± se

Residency

17.062
11.552
0.457
0.579
0.491
0.174
0.193
0.107
0.915
0.106
0.291
1.076
0.092
0.042
0.046
0.042
0.085
0.132
0.065
0.020
0.203
0.023
0.095

Scarce
Permanent
Permanent
Permanent
Permanent
Scarce
Scarce
Frequent
Rare
~
~
Scarce
~
Rare
Rare
Rare
~
Rare
~
~
Rare
Rare
Rare

BRUV
(Max N)
0.53
19.47
2.75
4.48
2.83
0.24
0.36
0.61
0.20
~
~
1.94
~
0.01
0.02
0.04
~
0.05
~
~
0.03
0.01
0.11

± se
0.18
2.02
0.19
0.36
0.24
0.05
0.08
0.10
0.11
~
~
0.39
~
0.01
0.01
0.02
~
0.03
~
~
0.03
0.01
0.04
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Continued

Common Name
Leatherjacket (Six-spine)
Silver Sweep
Mado
Maori Wrasse
Magpie Morwong
Bartail Goatfish
Gobies
Tailor
Sand Whiting
Luderick
Dusky Flathead
Crested Morwong
Pineapple Fish
Old Wife
Ocellate Butterflyfish
Red Rockcod
Stout Longtom
Giant Trevally
Scats
Longsnout Flounder
Rays
Leatherjacket (Mosaic)
Ocean Jacket
Serpent Eel
Spotted Grubfish
Batfishes
Flattail Mullet
Sea Mullet

Species
Meuschenia freycineti
Scorpis lineolata
Atypichthys strigatus
Ophthalmolepis lineolatus
Cheilodactylus gibbosus
Upeneus tragula
Gobiidae sp.
Plotosus lineatus
Sillago ciliata
Girella tricuspidata
Platycephalus fuscus
Cheilodactylus vestitus
Cleidopus gloriamaris
Enoplosus armatus
Parachaetodon ocellatus
Scorpaena cardinalis
Tylosurus gavialoides
Caranx ignobilis
Scatophagidae sp
Ammotretis rostratus
Dasyatidae sp.
Eubalichthys mosaicus
Nelusetta ayraudi
Ophisurus serpens
Parapercis ramsayi
Platax sp.
Liza argentea
Mugil cephalus
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Class
B
B
A
A
A
A
B
A
B
B
A
A
A
B
A
A
C
C
B
A
B
B
C
A
A
A
B
C

Residency
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
Rare
~
~

DIVER
(UVC)
0.097
0.139
0.056
0.056
0.042
0.174
0.069
2.083
0.208
0.069
0.042
0.021
0.021
0.014
0.014
0.014
0.007
0.028
0.021
0.007
0.007
0.007
0.007
0.007
0.007
0.007
~
~

± se
0.058
0.087
0.026
0.024
0.017
0.127
0.050
1.194
0.175
0.047
0.026
0.012
0.015
0.010
0.010
0.010
0.083
0.028
0.021
0.007
0.007
0.007
0.007
0.007
0.007
0.007
~
~

Residency
Scarce
Rare
~
~
Rare
~
~
Rare
~
~
~
~
Rare
~
~
Rare
~
~
~
~
~
~
~
~
~
Rare
Rare

BRUV
(Max N)
0.16
0.01
~
~
0.01
~
~
0.04
~
~
~
~
0.01
~
~
0.02
~
~
~
~
~
~
~
~
~
0.01
0.01

± se
0.04
0.01
~
~
0.01
~
~
0.02
~
~
~
~
0.01
~
~
0.01
~
~
~
~
~
~
~
~
~
0.01
0.01

Page 32

Appendix 2.

Mean Max N and percentage frequency results for species identified on artificial and naturally occurring reefs.
ARTIFICIAL

Common Name

Species Name

Striped Trumpeter

NATURAL

MAX (N)

% frequency

MAX (N)

% frequency

Pelates sexlineatus

21.195

76.4

7.126

61.6

Yellowfin Bream

Acanthopagrus australis

3.652

82.8

7.042

72.0

Snapper

Pagrus auratus

2.303

81.6

0.765

36.8

Tarwhine

Rhabdosargus sarba

2.243

70.8

1.622

44.0

Yellowtail Scad

Trachurus novaezelandiae

1.491

26.6

0.050

3.2

Striped Cardinalfish

Apogon fasciatus

0.566

11.2

0.017

1.6

Leatherjacket (Yellowfin)

Meuschenia trachylepis

0.431

25.5

0.252

12.8

Stripey

Microcanthus strigatus

0.266

15.0

0.050

4.0

Silver Biddy

Gerres subfasciatus

0.247

7.1

0.160

10.4

Leatherjacket (Fan-bellied)

Monacanthus chinensis

0.176

13.9

0.168

14.4

Leatherjacket (Six-spine)

Meuschenia freycineti

0.112

8.6

0.067

4.8

Silver Trevally

Pseudocaranx dentex

0.056

3.4

0.151

2.4

Greater Amberjack

Seriola dumerili

0.056

3.4

0.008

0.8

Three-bar Porcupinefish

Dicotylichthys punctulatus

0.045

4.5

0.017

1.6

Yellowtail Kingfish

Seriola lalandi

0.030

1.5

~

~

Sand Whiting

Sillago ciliata

0.026

1.5

0.017

0.8

Diamond Fish

Monodactylus argenteus

0.015

1.5

~

~

Black Spinefoot

Siganus fuscescens

0.015

0.4

0.008

0.8

Gloomy Octopus

Octopus tetricus

0.011

1.1

0.8

0.011

Stout Longtom

Tylosurus gavialoides

0.011

1.1

~

~

Sea Mullet

Mugil cephalus

0.007

0.7

0.185

6.4

Bartail Goatfish

Upeneus tragula

0.007

0.7

~

~
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Appendix 2.

Continued
ARTIFICIAL

Common Name

Species Name

Mado

NATURAL

MAX (N)

% frequency

MAX (N)

% frequency

Atypichthys strigatus

0.004

0.4

~

~

Old Wife

Enoplosus armatus

0.004

0.4

~

~

Green Moray

Gymnothorax prasinus

0.004

0.4

~

~

Flat-tail Mullet

Liza argentea

0.004

0.4

0.160

4.8

Serpent Eel

Ophisurus serpens

0.004

0.4

~

~

Dusky Flathead

Platycephalus fuscus

0.004

0.4

~

~

Large-toothed Flounder

Pseudorhombus arsius

~

~

0.008

0.8

Striped Scat

Selenotoca multifasciata

~

~

0.008

0.8

Artificial Reefs in Lake Macquarie (Lowry et al.)

Page 34

Industry & Investment NSW

7.

35

REFERENCES

Abelson, A. 1994. Hydrodynamic impediments to settlement of marine propagules, and adhesivefilament solutions. Limnology and Oceanography 39: 164–169.
Aburto-Oropeza, O. & Balart, E.F. 2001. Community structure of reef fish in several habitats of a
rocky reef in the Gulf of California. Marine Ecology 22: 283–305.
Airoldi, L. 1998. Roles of disturbance, sediment stress, and substratum retention on spatial
dominance in algal turf. Ecology 79: 2759–2770.
Alevizon, W.S. & Gorham, J.C. 1989. Effects of artificial reef deployment on nearby resident
fishes. Bulletin of Marine Science 44: 646–661.
Ambrose, R.F. & Anderson, T.W. 1990. Influence of an artificial reef on the surrounding infaunal
community. Marine Biology 107: 41–52.
Ault, T.R. & Johnson, C.R. 1998. Spatially and temporally predictable fish communities on coral
reefs. Ecological Monographs 68: 25–50.
Baine, M. 2001. Artificial reefs: a review of their design, application, management and
performance. Ocean & Coastal Management 44: 241–259.
Balata, D., Piazzi, L., Cecchi, E. & Cinelli, F. 2005. Variability of Mediterranean coralligenous
assemblages subject to local variation in sediment deposition. Marine Environmental
Research 60: 403–421.
Baynes, T.W. & Szmant, A.M. 1989. Effect of current on the sessile benthic community structure
of an artificial reef. Bulletin of Marine Science 44: 545–566.
Bell, J.D. & Westoby, M. 1986. Variation in seagrass height and density over a wide spatial scale:
effects on common fish and decapods. Journal of Experimental Marine Biology and
Ecology 104: 275–295.
Bellan, G. & Bellan-Santini, D. 1991. Polychaetous annelids (excluding serpulidae) from artificial
reefs in the Marseille area (French Mediterranean coast). Ophelia 5: 433–442.
Boaventura, D., Moura, A., Leitao, F., Carvalho, S., Curdia, J., Pereira, P., Fonseca, L., Santos,
M.N. & Monteiro, C.C. 2006. Macrobenthic colonisation of patricidal reefs on the
southern coast of Portugal (Ancao, Algarve). Hydrobiologia 555: 335–343.
Bohnsack, J.A. 1979. Photographic quantitative sampling of hard-bottom benthic communities.
Bulletin of Marine Science 29: 242–252.
Bohnsack, J.A., Harper, D.E., McClellan, D.B. & Hulsbeck, M. 1994. Effects of reef size on
colonization and assemblage structure of fishes at artificial reefs off southeastern Florida,
USA. Bulletin of Marine Science 55: 796–823.
Bohnsack, J.A. & Sutherland, D.L. 1985. Artificial reef research: a review with recommendations
for future priorities. Bulletin of Marine Science 37: 11–39.
Bohnsack, J.A. & Talbot, F.H. 1980. Species-packing by reef fishes on Australian and Caribbean
reefs: an experimental approach. Bulletin of Marine Science 30: 710–723.

Lowry et al.

Artificial Reefs in Lake Macquarie

36

Industry & Investment NSW

Bombace, G., Fabi, G. & Fiorentini, L. 2000. Artificial reefs in the Adriatic Sea. pp. 31. In: A.
Jensen, J.J. Collins & A.P.M. Lockwood (ed.) Artificial reefs in European seas., Kluwer
Academic, Dordrecht, The Netherlands.
Bombace, G., Fabi, G., Fiorentini, L. & Speranza, S. 1994. Analysis of the efficacy of artificial
reefs located in five different areas of the Adriatic Sea. Bulletin of Marine Science, 2:
559–580.
Branden, K.L., Pollard, D.A. & Reimers, H.A. 1994. A review of recent artificial reef
developments in Australia. Bulletin of Marine Science, 55(2): 982–994.
Brickhill, M.J., Lee, S.Y. & Connolly, R.M. 2005. Fishes associated with artificial reefs: attributing
changes to attraction or production using novel approaches. Journal of Fish Biology 67:
53–71.
Broadhurst, M.K., Gray, C.A., Reid, D.D., Wooden, M.E.L., Young, D.J., Haddy, J.A. & Damiano,
C. 2005. Mortality of key fish species released by recreational anglers in an Australian
estuary. Journal of Experimental Marine Biology and Ecology 321: 171–179.
Bruno, J.F., Boyer, K.E., Duffy, J.E., Lee, S.C. & Kertesz, J.S. 2005. Effects of macroalgal species
identity and richness on primary production in benthic marine communities. Ecology
Letters 8: 1165–1174.
Buckley, R.M. & Hueckel, G.J. 1985. Biological processes and ecological development on an
artificial reef in Puget Sound, Washington. Bulletin of Marine Science 37: 50–69.
Burt, J., Bartholomew, A., Usseglio, P., Bauman, A. & Sale, P. 2009. Are artificial reefs surrogates
of natural habitats for corals and fish in Dubai, United Arab Emirates? Coral Reefs 28:
663–675.
Butler, A.J. 1991. Effect of patch size on communities of sessile invertebrates in Gulf St Vincent,
South Australia. Journal of Experimental Marine Biology and Ecology 153: 255–280.
Butler, A.J. & Connolly, R.M. 1996. Development and long term dynamics of a fouling
assemblage of sessile marine invertebrates. Biofouling 9: 187–209.
Cappo, M., Harvey, E.S. & Shortis, M.R. 2006. Counting and measuring fish with baited video
techniques – an overview. pp. 101–114. In: J.M. Lyle, D.M. Furlani & C.D. Buxton (ed.)
AFSB Conference and Workshop "Cutting-edge technologies in fish and fisheries
science". Australian Society for Fish Biology Workshop Proceedings, Hobart, Tasmania.
Cappo, M., Speare, P. & De'ath, G. 2004. Comparison of baited remote underwater video stations
(BRUVS) and prawn (shrimp) trawls for assessments of fish biodiversity in inter-reefal
areas of the Great Barrier Reef Marine Park. Journal of Experimental Marine Biology and
Ecology 302: 123–152.
Carr, M.H. & Hixon, M.A. 1997. Artificial Reefs: The importance of comparisons with natural
reefs. Fisheries 22: 28–33.
Chapman, M.G. & Clynick, B.G. 2006. Experiments testing the use of waste material in estuaries
as habitat for subtidal organisms. Journal of Experimental Marine Biology and Ecology
338: 164–178.
Chapman, M.R. & Kramer, D.L. 2000. Movements of fishes within and among fringing coral reefs
in Barbados. Environmental Biology of Fishes 57: 11–24.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

37

Clynick, B.G., Chapman, M.G. & Underwood, A.J. 2007. Effects of epibiota on assemblages of
fish associated with urban structures. Marine Ecology Progress Series 332: 201–210.
Coll, J., Moranta, J., Renones, O., Garcia-Rubies, A. & Moreno, I. 1998. Influence of substrate and
deployment time on fish assemblages on an artificial reef at Formentera Island (Balearic
Islands, western Mediterranean). Hydrobiologia 385: 139–152.
Connell, J.H. & Slatyer, R.O. 1977. Mechanisms of succession in natural communities and their
role in community stability and organization. American Naturalist 111: 1119–1144.
Connell, S.D. 2000. Is there safety-in-numbers for prey? Oikos: 527–532.
Connell, S.D. 2002. Effects of a predator and prey on a foraging reef fish: implications for
understanding density-dependent growth. Journal of Fish Biology 60: 1551–1561.
Connell, S.D. 2003. The monopolization of understorey habitat by subtidal encrusting coralline
algae: a test of the combined effects of canopy-mediated light and sedimentation. Marine
Biology 142: 1065–1071.
Connell, S.D. 2005. Assembly and maintenance of subtidal habitat heterogeneity: synergistic
effects of light penetration and sedimentation. Marine Ecology Progress Series 289: 53–
61.
Connell, S.D. & Kingsford, M.J. 1998. Spatial, temporal and habitat-related variation in the
abundance of large predatory fish at One Tree Reef, Australia. Coral Reefs 17: 49–57.
Coutin, P.C. 2001. Artificial reefs: applications in Victoria from a literature review. Marine and
Freshwater Resources Institute Report No 31.
Cummings, S.L. 1994. Colonization of a nearshore artificial reef at Boca Raton (Palm Beach
County), Florida. Bulletin of Marine Science 55: 1193–1215.
D'Anna, C., Badalamenti, F., Gristina, M. & Pipitone, C. 1994. Influence of artificial reefs on
coastal nekton assemblages of the Gulf of Castellammare (Northwest Sicily). Bulletin of
Marine Science, 55(2): 418–433.
D'Itri, F.M. 1986. Artificial Reefs; marine and freshwater applications. Lewis Publishers Inc.,
Chelsea.
Denny, M.W. 1985. Water motion. pp. 7–32. In: M.M. Littler & D.S. Littler (ed.) Handbook of
Phycological Methods, Cambridge University Press, New York.
Edwards, R.A. & Smith, S.D.A. 2005. Subtidal assemblages associated with a geotextile reef in
south-east Queensland, Australia. Marine and Freshwater Research 56: 133–142.
Einbinder, S., Perelberg, A., Ben-Shaprut, O., Foucart, M.H. & Shashar, N. 2006. Effects of
artificial reefs on fish grazing in their vicinity: Evidence from algae presentation
experiments. Marine Environmental Research 61: 110–119.
England, P.R., Phillips, J., Waring, J.R., Symonds, G. & Babcock, R. 2008. Modelling waveinduced disturbance in highly biodiverse marine macroalgal communities: support for the
intermediate disturbance hypothesis. Marine and Freshwater Research 59: 515–520.
Fabi, G. & Fiorentini, L. 1994. Comparison between an artificial reef and a control site in the
Adriatic Sea: analysis of four years of monitoring. Bulletin of Marine Science, 55(2):
538–558.

Lowry et al.

Artificial Reefs in Lake Macquarie

38

Industry & Investment NSW

Fernandez, T.V., D'Anna, G., Badalamenti, F. & Pérez-Ruzafa, A. 2007. Habitat connectivity as a
factor affecting fish assemblages in temperate reefs. Aquatic Biology 1: 239–248.
Fowler-Walker, M.J. & Connell, S.D. 2002. Opposing states of subtidal habitat across temperate
Australia: consistency and predictability in kelp canopy-benthic associations. Marine
Ecology Progress Series 240: 49–56.
Fowler, A.J., Jensen, A.C., Collins, K.J. & Smith, I.P. 1999. Age structure and diel activity of
pouting on the Poole Bay artificial reef. Journal of Fish Biology 54: 944–954.
Glasby, T.M. 1999. Effects of shading on subtidal epibiotic assemblages. Journal of Experimental
Marine Biology and Ecology 234: 275–290.
Glasby, T.M. & Connell, S.D. 1999. Urban structures as marine habitats. Ambio 28: 595–598.
Glasby, T.M. & Connell, S.D. 2001. Orientation and position of substrata have large effects on
epibiotic assemblages. Marine Ecology Progress Series 214: 127–135.
Golani, D. & Diamant, A. 1999. Fish Colonization of an Artificial Reef in the Gulf of Elat,
Northern Red Sea. Environmental Biology of Fishes 54: 275–282.
Gorgula, S.K. & Connell, S.D. 2004. Expansive covers of turf-forming algae on human-dominated
coast: the relative effects of increasing nutrient and sediment loads. Marine Biology 145:
613–619.
Hannan, J.C. & Williams, R.J. 1998. Recruitment of juvenile marine fishes to seagrass habitat in a
temperature Australian estuary. Estuaries and Coasts 21: 29–51.
Haughton, M.O. & Aiken, K.A. 1989. Biological notes on artificial reefs in Jamaican waters.
Bulletin of Marine Science 44: 1033–1037.
Henry, G.W. & Lyle, J.M. (ed.). 2003. The National Recreational and Indigenous Fishing Survey.
Fisheries Research and Development Corporation, Canberra (Australia). 44 pp.
Herrera, R., Espino, F., Garrido, M. & Haroun, R.J. 2002. Short communication Observations on
fish colonization and predation on two artificial reefs in the Canary Islands. ICES Journal
of Marine Science 59: S69–S73.
Hixon, M.A. 1993. Predation, prey refuges, and the structure of coral-reef fish assemblages.
Ecological Monographs: 77–101.
Hixon, M.A. & Beets, J.P. 1991. Predation as a process structuring coral reef fish communities.
Ecological Monographs 63: 77–101.
Hueckel, G.J., Buckley, R.M. & Benson, B.L. 1989. Mitigating rocky habitat loss using artificial
reefs. Bulletin of Marine Science 44: 913–922.
Hurd, C.L. 2000. Water motion, marine macroalgal physiology, and production. Journal of
Phycology 36: 453–472.
Irving, A.D. & Connell, S.D. 2002. Interactive effects of sedimentation and microtopography on
the abundance of subtidal turf-forming algae. Phycologia 41: 517–522.
Jan, R.Q., Liu, Y.H., Chen, C.Y., Wang, M.C., Song, G.S. Lin, H.C. & Shao, K.T. 2003. Effects of
pile size of artificial reefs on the standing stocks of fishes. Fisheries Research 63: 327–
337.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

39

Judge, M.L. & Craig, S.F. 1997. Positive flow dependence in the initial colonization of a fouling
community: results from in situ water current manipulations. Journal of Experimental
Marine Biology and Ecology 210: 209–222.
Kailola, P.J., Williams, M.J., Stewart, P.C., Reichelt, R.E., McNee, A. & Grieve, C. 1993.
Australian fisheries resources. Bureau of resource sciences and the fisheries research and
development corporation, Brisbane. AU.
Kass, G.V. 1980. An exploratory technique for investigating large quantities of categorical data.
Journal of the Royal Statistical Society. Series C (Applied Statistics) 29: 119–127.
Kerr, S. 1992. Artificial reefs in Australia. Their construction, location and function. Bureau of
Rural Resources. Canberra (Australia).
Knott, N.A., Underwood, A.J., Chapman, M.G. & Glasby, T.M. 2004. Epibiota on vertical and on
horizontal surfaces on natural reefs and on artificial structures. Journal of the Marine
Biological Association of the UK 84: 1117–1130.
Kohler, K.E. & Gill, S.M. 2006. Coral Point Count with Excel extensions (CPCe): A Visual Basic
program for the determination of coral and substrate coverage using random point count
methodology. Computers & Geosciences 32: 1259–1269.
Krohling, W., Brotto, D.S. & Zalmon, I.R. 2006. Functional role of fouling community on an
artificial reef at the northern coast of Rio De Janeiro State, Brazil. Brazilian Journal of
Oceanography 54: 183–191.
Leitão, F., Santos, M., Erzini, K. & Monteiro, C. 2008. The effect of predation on artificial reef
juvenile demersal fish species. Marine Biology 153: 1233–1244.
Lukens, R.R., Bell, M., Buchanan, M., Culbertson, J., Dodrill, J., Kasprzak, R. & Tatum, W. 2004.
Guidelines for marine artificial reef materials (second edition). pp. 198, U.S. Fish and
Wildlife Service., Technical Coordinating Committee Gulf States Marine Fisheries
Commission.
MacArthur, R.H. & Wilson, E.O. 1967. The theory of island biogeography. Princeton University
Press (Pinceton New Jersey).
Manderson, J. & Able, K.W. 2003. A characterization of juvenile fish assemblages around manmade structures in the New York–New Jersey Harbor Estuary, USA. Bulletin of Marine
Science 72: 877–889.
Markevich, A.I. 2005. Dynamics of fish colonization of an experimental artificial reef in Peter the
Great Bay, Sea of Japan. Russian Journal of Marine Biology 31: 221–224.
Matthews, K.R. 1985. Species similarity and movement of fishes on natural and artificial reefs in
Monterey Bay, California. Bulletin of Marine Science 37: 252–270.
McClanahan, T.R. & Mangi, S. 2000. Spillover of exploitable fishes from a marine park and its
effect on the adjacent fishery. Ecological Applications 10: 1792–1805.
Miskiewicz, A.G. 1987. Taxonomy and ecology of fish larvae in Lake Macquarie and New South
Wales coastal waters, University of New South Wales, Sydney
Moura, A., Boaventura, D., Cúrdia, J., Carvalho, S., Cancela da Fonseca, L. Leitão, F. Santos, M.
& Monteiro, C. 2007. Effect of depth and reef structure on early macrobenthic
communities of the Algarve artificial reefs (southern Portugal). pp. 173–180 Biodiversity
in Enclosed Seas and Artificial Marine Habitats.

Lowry et al.

Artificial Reefs in Lake Macquarie

40

Industry & Investment NSW

Nakamura, M. 1985. Evolution of artificial fishing reef concepts in Japan. Bulletin of Marine
Science 37: 271–278.
Overholtzer, M. & Karen, L. 2004. Variance in reef spatial structure masks density dependence in
coral-reef fish populations on natural versus artificial reefs. Inter-Research, Oldendorf,
Allemange. 12 pp.
Pickering, H. 1996. Artificial reefs of bulk waste materials: a scientific and legal review of the
suitability of using the cement stabilised by-products of coal-fired power stations. Marine
Policy 20: 483–497.
Pickering, H. & Whitmarsh, D. 1997. Artificial reefs and fisheries exploitation: a review of the
"attraction versus production" debate, the influence of design and its significance for
policy. Fisheries Research 31: 39–59.
Pitcher, T.J. & Seaman, W. 2000. Petrarch's Principle: how protected human-made reefs can help
the reconstruction of fisheries and marine ecosystems. Fish and Fisheries 1: 73–81.
Pizzolon, M., Cenci, E. & Mazzoldi, C. 2008. The onset of fish colonization in a coastal defence
structure (Chioggia, Northern Adriatic Sea). Estuarine, Coastal and Shelf Science 78:
166–178.
Pollard, D.A. 1989. Artificial habitats for fisheries enhancement in the Australian region. Marine
and Freshwater Research 51: 11–26.
Pollard, D.A. & Matthews, J. 1985. Experience in the construction and siting of artificial reefs and
fish aggregation devices in Australian waters, with notes on and a bibliography of
Australian studies. Bulletin of Marine Science 37: 299–304.
Pondella, D.J., Stephens, J.S. & Craig, M.T. 2002. Fish production of a temperate artificial reef
based on the density of embiotocids (Teleostei: Perciformes). ICES Journal of Marine
Science 59: S88-93-S88-93.
Redman, R.A. & Szedlmayer, S.T. 2009. The effects of epibenthic communities on reef fishes in
the northern Gulf of Mexico. Fisheries Management and Ecology 16: 360–367.
Reggio, V.C. 1987. Petroleum structures as artificial reefs: a compendium Fourth International
Conference on Artificial Habitats for Fisheries, Rigs-to-Reefs Special Session, U. S.
Department of the Interior Minerals Management Service, Florida.
Rilov, G. & Benayahu, Y. 2000. Fish assemblage on natural versus vertical artificial reefs: the
rehabilitation perspective. Marine Biology 136: 931–942.
Rule, M.J. & Smith, S.D.A. 2007. Depth-associated patterns in the development of benthic
assemblages on artificial substrata deployed on shallow, subtropical reefs. Journal of
Experimental Marine Biology and Ecology 345: 38–51.
Sale, P.F. 1980. Assemblages of fish on patch reefs – predictable or unpredictable? Environmental
Biology of Fishes 5: 243–249.
Santos, M. & Monteiro, C. 2007. A fourteen-year overview of the fish assemblages and yield of the
two oldest Algarve artificial reefs (southern Portugal). Hydrobiologia 580: 225–231.
Sayer, M.D.J., Magill, S.H., Pitcher, T.J., Morissette, L. & Ainsworth, C. 2005. Simulation-based
investigations of fishery changes as affected by the scale and design of artificial habitats.
Journal of Fish Biology 67: 218–243.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

41

Seaman, W. 2000. Artificial reef evaluation with application to natural marine habitats. Taylor &
Francis, Boca Raton.
Sherman, R.L. & Gilliam, D.S. 1999. A preliminary examination of depth associated spatial
variation in fish assemblages on small artificial reefs. Journal of Applied Ichthyology 15:
116–121.
Sherman, R.L., Gilliam, D.S. & Spieler, R.E. 2002. Artificial reef design: void space, complexity,
and attractants. ICES Journal of Marine Science 59: 196–200.
Shulman, M.J. 1985. Recruitment of coral reef fishes: effects of distribution of predators and
shelter. Ecology 66: 1056–1066.
Shulman, M.J., Ogden, J.C., Ebersole, J.P., McFarland, W.N., Miller, S.L. & Wolf, N.G. 1983.
Priority effects in the recruitment of juvenile coral reef fishes. Ecology 64: 1508–1513.
Stamps, J.A., Buechner, M. & Krishnan, V.V. 1987. The effects of edge permeability and habitat
geometry on emigration from patches of habitat. The American Naturalist 129: 533–552.
Steffe, A. & Chapman, D.J. 2005. A survey of daytime recreational fishing during the annual
period march 1999 to February 2000, in Lake Macquarie, New South Wales. pp. 124
Fisheries Final Report Series NSW Department of Primary Industries, Cronulla.
Stephens Jr, J.S., Morris, P.A., Pondella, D.J., Koonce, T.A. & Jordan, G.A. 1994. Overview of the
dynamics of an urban artificial reef fish assemblage at King Harbor, California, USA,
19741991: A recruitment driven system. Bulletin of Marine Science 55: 1224–1239.
Stewart, B.D. & Jones., G.P. 2001. Associations between the abundance of piscivorous fishes and
their prey on coral reefs: implications for prey-fish mortality. Marine Biology 138: 383–
397.
Su, D.T., Lui, T.L. & Ou, C.H. 2008. Numerical investigation into effects of seabed topography on
flows in and around artificial reefs. Fisheries Science 74: 236–254.
Sutton, S.G. & Bushnell, S.L. 2007. Socio-economic aspects of artificial reefs: Considerations for
the Great Barrier Reef Marine Park. Ocean and Coastal Management 50: 829–846.
Svane, I. & Petersen, J.K. 2001. On the Problems of Epibioses, Fouling and Artificial Reefs, a
Review. Marine Ecology 22: 169–188.
Tessier, E., Chabanet, P., Pothin, K., Soria, M. & Lasserre, G. 2005. Visual censuses of tropical
fish aggregations on artificial reefs: slate versus video recording techniques. Journal of
Experimental Marine Biology and Ecology 315: 17–30.
Walker, B.K., Henderson, B. & Spieler, R.E. 2002. Fish assemblages associated with artificial reefs
of concrete aggregates or quarry stone offshore Miami Beach, Florida, USA. Aquatic
Living Resources 15: 95–105.
Walker, S.J., Schlacher, T.A. & Schlacher-Hoenlinger, M.A. 2007. Spatial heterogeneity of
epibenthos on artificial reefs: fouling communities in the early stages of colonization on
an east Australian shipwreck. Marine Ecology 28: 435–445.
Walsh, W.J. 1985. Reef fish community dynamics on small artificial reefs: the influence of
isolation, habitat structure, and biogeography. Bulletin of Marine Science 36: 357–376.

Lowry et al.

Artificial Reefs in Lake Macquarie

42

Industry & Investment NSW

White, A.T., Ming, C.L., De Silva, M.W.R.N. & Guarin, F.Y. 1990. Artificial reefs for marine
habitat enhancement. International Center for Living Aquatic Resources Management,
Manila.
Willis, T.J., Millar, R.B. & Babcock, R.C. 2000. Detection of spatial variability in relative density
of fishes: Comparison of visual census, angling, and baited underwater video. Marine
Ecology Progress Series 198: 249–260.
Zalmon, I.R., Novelli, R., Gomes, M.P. & Faria, V.V. 2002. Experimental results of an artificial
reef programme on the Brazilian coast north of Rio de Janeiro. ICES Journal of Marine
Science 59: 83–87.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

43

Other titles in this series:
ISSN 1440-3544 (NSW Fisheries Final Report Series)
No. 1

Andrew, N.L., Graham, K.J., Hodgson, K.E. and Gordon, G.N.G., 1998. Changes after 20 years in relative
abundance and size composition of commercial fishes caught during fishery independent surveys on SEF
trawl grounds.

No. 2

Virgona, J.L., Deguara, K.L., Sullings, D.J., Halliday, I. and Kelly, K., 1998. Assessment of the stocks of sea
mullet in New South Wales and Queensland waters.

No. 3

Stewart, J., Ferrell, D.J. and Andrew, N.L., 1998. Ageing Yellowtail (Trachurus novaezelandiae) and Blue
Mackerel (Scomber australasicus) in New South Wales.

No. 4

Pethebridge, R., Lugg, A. and Harris, J., 1998. Obstructions to fish passage in New South Wales South Coast
streams. 70pp.

No. 5

Kennelly, S.J. and Broadhurst, M.K., 1998. Development of by-catch reducing prawn-trawls and fishing
practices in NSW's prawn-trawl fisheries (and incorporating an assessment of the effect of increasing mesh
size in fish trawl gear). 18pp + appendices.

No. 6

Allan, G.L. and Rowland, S.J., 1998. Fish meal replacement in aquaculture feeds for silver perch. 237pp +
appendices.

No. 7

Allan, G.L., 1998. Fish meal replacement in aquaculture feeds: subprogram administration. 54pp +
appendices.

No. 8

Heasman, M.P., O'Connor, W.A. and O'Connor, S.J., 1998. Enhancement and farming of scallops in NSW
using hatchery produced seedstock. 146pp.

No. 9

Nell, J.A., McMahon, G.A. and Hand, R.E., 1998. Tetraploidy induction in Sydney rock oysters. 25pp.

No. 10

Nell, J.A. and Maguire, G.B., 1998. Commercialisation of triploid Sydney rock and Pacific oysters. Part 1:
Sydney rock oysters. 122pp.

No. 11

Watford, F.A. and Williams, R.J., 1998. Inventory of estuarine vegetation in Botany Bay, with special
reference to changes in the distribution of seagrass. 51pp.

No. 12

Andrew, N.L., Worthington D.G., Brett, P.A. and Bentley N., 1998. Interactions between the abalone fishery
and sea urchins in New South Wales.

No. 13

Jackson, K.L. and Ogburn, D.M., 1999. Review of depuration and its role in shellfish quality assurance.
77pp.

No. 14

Fielder, D.S., Bardsley, W.J. and Allan, G.L., 1999. Enhancement of Mulloway (Argyrosomus japonicus) in
intermittently opening lagoons. 50pp + appendices.

No. 15

Otway, N.M. and Macbeth, W.G., 1999. The physical effects of hauling on seagrass beds. 86pp.

No. 16

Gibbs, P., McVea, T. and Louden, B., 1999. Utilisation of restored wetlands by fish and invertebrates. 142pp.

No. 17

Ogburn, D. and Ruello, N., 1999. Waterproof labelling and identification systems suitable for shellfish and
other seafood and aquaculture products. Whose oyster is that? 50pp.

No. 18

Gray, C.A., Pease, B.C., Stringfellow, S.L., Raines, L.P. and Walford, T.R., 2000. Sampling estuarine fish
species for stock assessment. Includes appendices by D.J. Ferrell, B.C. Pease, T.R. Walford, G.N.G. Gordon,
C.A. Gray and G.W. Liggins. 194pp.

No. 19

Otway, N.M. and Parker, P.C., 2000. The biology, ecology, distribution, abundance and identification of
marine protected areas for the conservation of threatened Grey Nurse Sharks in south east Australian waters.
101pp.

No. 20

Allan, G.L. and Rowland, S.J., 2000. Consumer sensory evaluation of silver perch cultured in ponds on meat
meal based diets. 21pp + appendices.

No. 21

Kennelly, S.J. and Scandol, J. P., 2000. Relative abundances of spanner crabs and the development of a
population model for managing the NSW spanner crab fishery. 43pp + appendices.

No. 22

Williams, R.J., Watford, F.A. and Balashov, V., 2000. Kooragang Wetland Rehabilitation Project: History of
changes to estuarine wetlands of the lower Hunter River. 82pp.

No. 23

Survey Development Working Group, 2000. Development of the National Recreational and Indigenous
Fishing Survey. Final Report to Fisheries Research and Development Corporation. (Volume 1 – 36pp +
Volume 2 – attachments).

No.24

Rowling, K.R and Raines, L.P., 2000. Description of the biology and an assessment of the fishery of Silver
Trevally Pseudocaranx dentex off New South Wales. 69pp.

No. 25

Allan, G.L., Jantrarotai, W., Rowland, S., Kosuturak, P. and Booth, M., 2000. Replacing fishmeal in
aquaculture diets. 13pp.

Lowry et al.

Artificial Reefs in Lake Macquarie

44

Industry & Investment NSW

No. 26

Gehrke, P.C., Gilligan, D.M. and Barwick, M., 2001. Fish communities and migration in the Shoalhaven
River – Before construction of a fishway. 126pp.

No. 27

Rowling, K.R. and Makin, D.L., 2001. Monitoring of the fishery for Gemfish Rexea solandri, 1996 to 2000.
44pp.

No. 28

Otway, N.M., 1999. Identification of candidate sites for declaration of aquatic reserves for the conservation
of rocky intertidal communities in the Hawkesbury Shelf and Batemans Shelf Bioregions. 88pp.

No. 29

Heasman, M.P., Goard, L., Diemar, J. and Callinan, R., 2000. Improved Early Survival of Molluscs: Sydney
Rock Oyster (Saccostrea glomerata). 63pp.

No. 30

Allan, G.L., Dignam, A and Fielder, S., 2001. Developing Commercial Inland Saline Aquaculture in
Australia: Part 1. R&D Plan.

No. 31

Allan, G.L., Banens, B. and Fielder, S., 2001. Developing Commercial Inland Saline Aquaculture in
Australia: Part 2. Resource Inventory and Assessment. 33pp.

No. 32

Bruce, A., Growns, I. and Gehrke, P., 2001. Woronora River Macquarie Perch Survey. 116pp.

No. 33

Morris, S.A., Pollard, D.A., Gehrke, P.C. and Pogonoski, J.J., 2001. Threatened and Potentially Threatened
Freshwater Fishes of Coastal New South Wales and the Murray-Darling Basin. 177pp.

No. 34

Heasman, M.P., Sushames, T.M., Diemar, J.A., O’Connor, W.A. and Foulkes, L.A., 2001. Production of
Micro-algal Concentrates for Aquaculture Part 2: Development and Evaluation of Harvesting, Preservation,
Storage and Feeding Technology. 150pp + appendices.

No. 35

Stewart, J. and Ferrell, D.J., 2001. Mesh selectivity in the NSW demersal trap fishery. 86pp.

No. 36

Stewart, J., Ferrell, D.J., van der Walt, B., Johnson, D. and Lowry, M., 2001. Assessment of length and age
composition of commercial kingfish landings. 49pp.

No. 37

Gray, C.A. and Kennelly, S.J., 2001. Development of discard-reducing gears and practices in the estuarine
prawn and fish haul fisheries of NSW. 151pp.

No. 38

Murphy, J.J., Lowry, M.B., Henry, G.W. and Chapman, D., 2002. The Gamefish Tournament Monitoring
Program – 1993 to 2000. 93pp.

No. 39

Kennelly, S.J. and McVea, T.A. (Ed), 2002. Scientific reports on the recovery of the Richmond and Macleay
Rivers following fish kills in February and March 2001. 325pp.

No. 40

Pollard, D.A. and Pethebridge, R.L., 2002. Report on Port of Botany Bay Introduced Marine Pest Species
Survey. 69pp.

No. 41

Pollard, D.A. and Pethebridge, R.L., 2002. Report on Port Kembla Introduced Marine Pest Species Survey.
72pp.

No. 42

O’Connor, W.A, Lawler, N.F. and Heasman, M.P., 2003. Trial farming the akoya pearl oyster, Pinctada
imbricata, in Port Stephens, NSW. 170pp.

No. 43

Fielder, D.S. and Allan, G.L., 2003. Improving fingerling production and evaluating inland saline water
culture of snapper, Pagrus auratus. 62pp.

No. 44

Astles, K.L., Winstanley, R.K., Harris, J.H. and Gehrke, P.C., 2003. Experimental study of the effects of cold
water pollution on native fish. 55pp.

No. 45

Gilligan, D.M., Harris, J.H. and Mallen-Cooper, M., 2003. Monitoring changes in the Crawford River fish
community following replacement of an effective fishway with a vertical-slot fishway design: Results of an
eight year monitoring program. 80pp.

No. 46

Pollard, D.A. and Rankin, B.K., 2003. Port of Eden Introduced Marine Pest Species Survey. 67pp.

No. 47

Otway, N.M., Burke, A.L., Morrison, NS. and Parker, P.C., 2003. Monitoring and identification of NSW
Critical Habitat Sites for conservation of Grey Nurse Sharks. 62pp.

No. 48

Henry, G.W. and Lyle, J.M. (Ed), 2003. The National Recreational and Indigenous Fishing Survey. 188 pp.

No. 49

Nell, J.A., 2003. Selective breeding for disease resistance and fast growth in Sydney rock oysters. 44pp.
(Also available – a CD-Rom published in March 2004 containing a collection of selected manuscripts
published over the last decade in peer-reviewed journals).

No. 50

Gilligan, D. and Schiller, S., 2003. Downstream transport of larval and juvenile fish. 66pp.

No. 51

Liggins, G.W., Scandol, J.P. and Kennelly, S.J., 2003. Recruitment of Population Dynamacist. 44pp.

No. 52

Steffe, A.S. and Chapman, J.P., 2003. A survey of daytime recreational fishing during the annual period,
March 1999 to February 2000, in Lake Macquarie, New South Wales. 124pp.

No. 53

Barker, D. and Otway, N., 2003. Environmental assessment of zinc coated wire mesh sea cages in Botany
Bay NSW. 36pp.

No. 54

Growns, I., Astles, A. and Gehrke, P., 2003. Spatial and temporal variation in composition of riverine fish
communities. 24pp.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

45

No. 55

Gray, C. A., Johnson, D.D., Young, D.J. and Broadhurst, M. K., 2003. Bycatch assessment of the Estuarine
Commercial Gill Net Fishery in NSW. 58pp.

No. 56

Worthington, D.G. and Blount, C., 2003. Research to develop and manage the sea urchin fisheries of NSW
and eastern Victoria. 182pp.

No. 57

Baumgartner, L.J., 2003. Fish passage through a Deelder lock on the Murrumbidgee River, Australia. 34pp.

No. 58

Allan, G.L., Booth, M.A., David A.J. Stone, D.A.J. and Anderson, A.J., 2004. Aquaculture Diet
Development Subprogram: Ingredient Evaluation. 171pp.

No. 59

Smith, D.M., Allan, G.L. and Booth, M.A., 2004. Aquaculture Diet Development Subprogram: Nutrient
Requirements of Aquaculture Species. 220pp.

No. 60

Barlow, C.G., Allan, G.L., Williams, K.C., Rowland, S.J. and Smith, D.M., 2004. Aquaculture Diet
Development Subprogram: Diet Validation and Feeding Strategies. 197pp.

No. 61

Heasman, M.H., 2004. Sydney Rock Oyster Hatchery Workshop 8 – 9 August 2002, Port Stephens, NSW.
115pp.

No. 62

Heasman, M., Chick, R., Savva, N., Worthington, D., Brand, C., Gibson, P. and Diemar, J., 2004.
Enhancement of populations of abalone in NSW using hatchery-produced seed. 269pp.

No. 63

Otway, N.M. and Burke, A.L., 2004. Mark-recapture population estimate and movements of Grey Nurse
Sharks. 53pp.

No. 64

Creese, R.G., Davis, A.R. and Glasby, T.M., 2004. Eradicating and preventing the spread of the invasive alga
Caulerpa taxifolia in NSW. 110pp.

No. 65

Baumgartner, L.J., 2004. The effects of Balranald Weir on spatial and temporal distributions of lower
Murrumbidgee River fish assemblages. 30pp.

No. 66

Heasman, M., Diggles, B.K., Hurwood, D., Mather, P., Pirozzi, I. and Dworjanyn, S., 2004. Paving the way
for continued rapid development of the flat (angasi) oyster (Ostrea angasi) farming in New South Wales.
40pp.

ISSN 1449-9967 (NSW Department of Primary Industries – Fisheries Final Report Series)
No. 67

Kroon, F.J., Bruce, A.M., Housefield, G.P. and Creese, R.G., 2004. Coastal floodplain management in
eastern Australia: barriers to fish and invertebrate recruitment in acid sulphate soil catchments. 212pp.

No. 68

Walsh, S., Copeland, C. and Westlake, M., 2004. Major fish kills in the northern rivers of NSW in 2001:
Causes, Impacts & Responses. 55pp.

No. 69

Pease, B.C. (Ed), 2004. Description of the biology and an assessment of the fishery for adult longfinned eels
in NSW. 168pp.

No. 70

West, G., Williams, R.J. and Laird, R., 2004. Distribution of estuarine vegetation in the Parramatta River and
Sydney Harbour, 2000. 37pp.

No. 71

Broadhurst, M.K., Macbeth, W.G. and Wooden, M.E.L., 2005. Reducing the discarding of small prawns in
NSW's commercial and recreational prawn fisheries. 202pp.

No. 72.

Graham, K.J., Lowry, M.B. and Walford, T.R., 2005. Carp in NSW: Assessment of distribution, fishery and
fishing methods. 88pp.

No. 73

Stewart, J., Hughes, J.M., Gray, C.A. and Walsh, C., 2005. Life history, reproductive biology, habitat use and
fishery status of eastern sea garfish (Hyporhamphus australis) and river garfish (H. regularis ardelio) in
NSW waters. 180pp.

No. 74

Growns, I. and Gehrke, P., 2005. Integrated Monitoring of Environmental Flows: Assessment of predictive
modelling for river flows and fish. 33pp.

No. 75

Gilligan, D., 2005. Fish communities of the Murrumbidgee catchment: Status and trends. 138pp.

No. 76

Ferrell, D.J., 2005. Biological information for appropriate management of endemic fish species at Lord Howe
Island. 18 pp.

No. 77

Gilligan, D., Gehrke, P. and Schiller, C., 2005. Testing methods and ecological consequences of large-scale
removal of common carp. 46pp.

No. 78

Boys, C.A., Esslemont, G. and Thoms, M.C., 2005. Fish habitat and protection in the Barwon-Darling and
Paroo Rivers. 118pp.

No. 79

Steffe, A.S., Murphy, J.J., Chapman, D.J. and Gray, C.C., 2005. An assessment of changes in the daytime
recreational fishery of Lake Macquarie following the establishment of a ‘Recreational Fishing Haven’.
103pp.

No. 80

Gannassin, C. and Gibbs, P., 2005. Broad-Scale Interactions Between Fishing and Mammals, Reptiles and
Birds in NSW Marine Waters. 171pp.

Lowry et al.

Artificial Reefs in Lake Macquarie

46

Industry & Investment NSW

No. 81

Steffe, A.S., Murphy, J.J., Chapman, D.J., Barrett, G.P. and Gray, C.A., 2005. An assessment of changes in
the daytime, boat-based, recreational fishery of the Tuross Lake estuary following the establishment of a
'Recreational Fishing Haven'. 70pp.

No. 82

Silberschnieder, V. and Gray, C.A., 2005. Arresting the decline of the commercial and recreational fisheries
for mulloway (Argyrosomus japonicus). 71pp.

No. 83

Gilligan, D., 2005. Fish communities of the Lower Murray-Darling catchment: Status and trends. 106pp.

No. 84

Baumgartner, L.J., Reynoldson, N., Cameron, L. and Stanger, J., 2006. Assessment of a Dual-frequency
Identification Sonar (DIDSON) for application in fish migration studies. 33pp.

No. 85

Park, T., 2006. FishCare Volunteer Program Angling Survey: Summary of data collected and
recommendations. 41pp.

No. 86

Baumgartner, T., 2006. A preliminary assessment of fish passage through a Denil fishway on the Edward
River, Australia. 23pp.

No. 87

Stewart, J., 2007. Observer study in the Estuary General sea garfish haul net fishery in NSW. 23pp.

No. 88

Faragher, R.A., Pogonoski, J.J., Cameron, L., Baumgartner, L. and van der Walt, B., 2007. Assessment of a
stocking program: Findings and recommendations for the Snowy Lakes Trout Strategy. 46pp.

No. 89

Gilligan, D., Rolls, R., Merrick, J., Lintermans, M., Duncan, P. and Kohen, J., 2007. Scoping knowledge
requirements for Murray crayfish (Euastacus armatus). Final report to the Murray Darling Basin
Commission for Project No. 05/1066 NSW 103pp.

No. 90

Kelleway, J., Williams. R.J. and Allen, C.B., 2007. An assessment of the saltmarsh of the Parramatta River
and Sydney Harbour. 100pp.

No. 91

Williams, R.J. and Thiebaud, I., 2007. An analysis of changes to aquatic habitats and adjacent land-use in the
downstream portion of the Hawkesbury Nepean River over the past sixty years. 97pp.

No. 92

Baumgartner, L., Reynoldson, N., Cameron, L. and Stanger, J. The effects of selected irrigation practices on
fish of the Murray-Darling Basin. 90pp.

No. 93

Rowland, S.J., Landos, M., Callinan, R.B., Allan, G.L., Read, P., Mifsud, C., Nixon, M., Boyd, P. and Tally,
P., 2007. Development of a health management strategy for the Silver Perch Aquaculture Industry. 219pp.

No. 94

Park, T., 2007. NSW Gamefish Tournament Monitoring – Angling Research Monitoring Program. Final
report to the NSW Recreational Fishing Trust. 142pp.

No. 95

Heasman, M.P., Liu, W., Goodsell, P.J., Hurwood D.A. and Allan, G.L., 2007. Development and delivery of
technology for production, enhancement and aquaculture of blacklip abalone (Haliotis rubra) in New South
Wales. 226pp.

No. 96

Ganassin, C. and Gibbs, P.J., 2007. A review of seagrass planting as a means of habitat compensation
following loss of seagrass meadow. 41pp.

No. 97

Stewart, J. and Hughes, J., 2008. Determining appropriate harvest size at harvest for species shared by the
commercial trap and recreational fisheries in New South Wales. 282pp.

No. 98

West, G. and Williams, R.J., 2008. A preliminary assessment of the historical, current and future cover of
seagrass in the estuary of the Parramatta River. 61pp.

No. 99

Williams, D.L. and Scandol, J.P., 2008. Review of NSW recreational fishing tournament-based monitoring
methods and datasets. 83pp.

No. 100

Allan, G.L., Heasman, H. and Bennison, S., 2008. Development of industrial-scale inland saline aquaculture:
Coordination and communication of R&D in Australia. 245pp.

No. 101

Gray, C.A and Barnes, L.M., 2008. Reproduction and growth of dusky flathead (Platycephalus fuscus) in
NSW estuaries. 26pp.

No. 102

Graham, K.J., 2008. The Sydney inshore trawl-whiting fishery: codend selectivity and fishery characteristics.
153pp.

No. 103

Macbeth, W.G., Johnson, D.D. and Gray, C.A., 2008. Assessment of a 35-mm square-mesh codend and
composite square-mesh panel configuration in the ocean prawn-trawl fishery of northern New South Wales.
104pp.

No. 104

O’Connor, W.A., Dove, M. and Finn, B., 2008. Sydney rock oysters: Overcoming constraints to commercial
scale hatchery and nursery production. 119pp.

No. 105

Glasby, T.M. and Lobb, K., 2008. Assessing the likelihoods of marine pest introductions in Sydney estuaries:
A transport vector approach. 84pp.

No. 106

Rotherham, D., Gray, C.A., Underwood, A.J., Chapman, M.G. and Johnson, D.D., 2008. Developing fisheryindependent surveys for the adaptive management of NSW’s estuarine fisheries. 135pp.

No. 107

Broadhurst, M., 2008. Maximising the survival of bycatch discarded from commercial estuarine fishing gears
in NSW. 192pp.

Artificial Reefs in Lake Macquarie

Lowry et al.

Industry & Investment NSW

47

No. 108

Gilligan, D., McLean, A. and Lugg, A., 2009. Murray Wetlands and Water Recovery Initiatives: Rapid
assessment of fisheries values of wetlands prioritised for water recovery. 69pp.

No. 109

Williams, R.J. and Thiebaud, I., 2009. Occurrence of freshwater macrophytes in the catchments of the
Parramatta River, Lane Cove River and Middle Harbour Creek, 2007 – 2008. 75pp.

No. 110

Gilligan, D., Vey, A. and Asmus, M., 2009. Identifying drought refuges in the Wakool system and assessing
status of fish populations and water quality before, during and after the provision of environmental, stock and
domestic flows. 56pp.

ISSN 1837-2112 (Industry & Investment NSW – Fisheries Final Report Series)
No. 111

Gray, C.A., Scandol. J.P., Steffe, A.S. and Ferrell, D.J., 2009. Australian Society for Fish Biology Annual
Conference & Workshop 2008: Assessing Recreational Fisheries; Current and Future Challenges. 54pp.

No. 112

Otway, N.M. Storrie, M.T., Louden, B.M. and Gilligan, J.J., 2009. Documentation of depth-related migratory
movements, localised movements at critical habitat sites and the effects of scuba diving for the east coast
grey nurse shark population. 90pp.

No. 113

Creese, R.G., Glasby, T.M., West, G. and Gallen, C., 2009. Mapping the habitats of NSW estuaries. 95pp.

No. 114

Macbeth, W.G., Geraghty, P.T., Peddemors, V.M. and Gray, C.A., 2009. Observer-based study of targeted
commercial fishing for large shark species in waters off northern New South Wales. 82pp.

No. 115

Scandol, J.P., Ives, M.C. and Lockett, M.M., 2009. Development of national guidelines to improve the
application of risk-based methods in the scope, implementation and interpretation of stock assessments for
data-poor species. 186pp.

No. 116

Baumgartner, L., Bettanin, M., McPherson, J., Jones, M., Zampatti, B. and Kathleen Beyer., 2009.
Assessment of an infrared fish counter (Vaki Riverwatcher) to quantify fish migrations in the Murray-Darling
Basin. 47pp.

No. 117

Astles, K., West, G., and Creese, R.G., 2010. Estuarine habitat mapping and geomorphic characterisation of
the Lower Hawkesbury river and Pittwater estuaries. 229pp.

No. 118

Gilligan, D., Jess, L., McLean, G., Asmus, M., Wooden, I., Hartwell, D., McGregor, C., Stuart, I., Vey, A.,
Jefferies, M., Lewis, B. and Bell, K., 2010. Identifying and implementing targeted carp control options for
the Lower Lachlan Catchment. 126pp.

No. 119

Montgomery, S.S., Walsh, C.T., Kesby, C.L and Johnson, D.D., 2010. Studies on the growth and mortality of
school prawns. 90pp.

No. 120

Liggins, G.W. and Upston, J., 2010. Investigating and managing the Perkinsus-related mortality of blacklip
abalone in NSW. 182pp.

No. 121

Knight, J., 2010. The feasibility of excluding alien redfin perch from Macquarie perch habitat in the
Hawkesbury-Nepean Catchment. 53pp.

No. 122

Ghosn, D., Steffe, A., Murphy, J., 2010. An assessment of the effort and catch of shore and boat-based
recreational fishers in the Sydney Harbour estuary over the 2007/08 summer period. 60pp.

No. 123

Rourke, M. and Gilligan, D., 2010. Population genetic structure of freshwater catfish (Tandanus tandanus) in
the Murray-Darling Basin and coastal catchments of New South Wales: Implications for future re-stocking
programs. 74pp.

No. 124

Tynan, R., Bunter, K. and O’Connor, W., 2010. Industry Management and Commercialisation of the Sydney
Rock Oyster Breeding Program. 21pp.

No. 125

Lowry, M., Folpp, H., Gregson, M. and McKenzie, R., 2010. Assessment of artificial reefs in Lake
Macquarie NSW. 47pp.

Lowry et al.

Artificial Reefs in Lake Macquarie

