
Artificial structures have been used to create or rehabilitate marine habitats and enhance fisheries 
in a variety of temperate and tropical settings.  These artificial structures may take the form of 
Fish Aggregating Devices (FADs), wrecks, or purpose-built objects such as Reefballs®.  
In Victorian waters, concrete reefballs were used to create artificial reefs in eastern Port Phillip Bay 
at three locations (Rec Reef, Yakka Reef and Tedesco Reef) at depths of approximately 11 m1.  
In addition, smaller artificial reefs have been installed closer to jetties to accommodate shore-based 
fishers. 
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2.  http://www.premier.vic.gov.au/media-centre/media-releases/3292-arti�cial-reefs-bring-new-life-to-victorian-waters.html

http://www.reefballaustralia.com.au/port_phillip_bay_arti�cial_reef_infosheet_vic_dpi.pdf
http://www.dpi.vic.gov.au/�sheries/about-�sheries/newsletters-and-updates/angler-diary-newsletter/issue-2

1. DPI (2009).  Port Phillip Bay Recreational Fishing Reefs.  http://www.reefballaustralia.com.au/port_phillip_bay_arti�cial_reef_infosheet_vic_dpi.pdf

Sources:

Monitoring of the Port Phillip Bay artificial reefs principally used an angler diary program and was 
focussed towards snapper (Pagrus auratus).  The monitoring indicated that recreational fish landings 
were enhanced at reef locations.  The Victorian Government has announced plans for the construction of 
additional artificial reefs in 2014 at sites offshore of Torquay and Anglesea2.  The scuttled  ex-HMAS 
Canberra3, offshore from Barwon Heads in the same region of southwestern Victoria, also represents an 
artificial reef that requires ecosystem monitoring to meet requirements of a Sea Dumping Permit. 

Arti�cial reefs in eastern Port Phillip Bay were installed in 2009 by Department of Primary Industries under the 
Enhanced Recreational Fishing Program, funded by recreational �shing licence revenue.

Bioacoustics
Bioacoustics is an established fish surveying method that utilises the principals of sound propagation 
through water.  The technique is generally understood by recreational fishers, who use fish-finders based
on the same principle. Recent advancements in scientific transducer technology and software have 
resulted in the development of high-resolution systems that are well suited to small vessels and shallow 
water environments (<200 m).  The method can estimate abundance and biomass over large areas that 
would otherwise be logistically impractical or cost-prohibitive to survey using traditional methods.  
Bioacoustic techniques are not succeptible to bias from gear selectivity and catchability associated with 
fishing surveys, or issues of visibility and attractability associated with camera surveys.  
Critically, bioacoustics can be used in behavioural studies (e.g. daily patterns, vertical distribution of 
biomass etc.). 

Method
On 20 March 2014, Fathom Pacific Pty Ltd surveyed transects at Yakka Reef using a SIMRAD EK15 
system deployed from a 5.6 m recreational vessel.  Transects approximately 500 m in length and 10 m 
apart were sampled outside and inside the reef area.  A summary of the relevant system parameters is 
provided below.  Acoustic data were analysed using Sonar-5 Pro® software. A drop-video camera, 
configured to achieve a horizontal field of view, was deployed at spot locations to provide visual 
confirmation of bioacoustic results. 

Coverage
Approximately 4000 meters of transect was completed in 40 minutes, with an average vessel speed of 
~1.5 m/sec.  At 11 m water depth, the area of seafloor ensonified was ~ 19.6 m2 per ping, resulting in a 
sampled seafloor area of approximately 78,400 m2.  The area of water column ensonified is depth-
dependent. 

Results

Data Acquisition
Artifical reef structures, single fish targets and fish schools were clearly identified by the system.

Frequency

200 kHz 46 0.16 21

Power (W) Pulse Width (ms) Ping Rate (per sec)

Echogram showing individual �sh targets and �sh schools. 
Trailing arcs in the echogram indicate �sh schools rising
from near bottom to shallower water, a behaviour that was
con�rmed by video observations

Single demersal �sh target resolved from the seabed 
(black line)

School of tommy
rough (Arripis 
georgianus) among
reef structures

Bluespotted goat�sh
(Upeneichthys 
vlamingii) on 
reef structures with 
tommy rough school

Snapper (Pagrus 
auratus) observed 
among reef 
structures

3.  http://parkweb.vic.gov.au/explore/parks/ex-hmas-canberra-recreation-reserve

Monitoring of artificial reefs is potentially costly. The costs and challenges of obtaining standardised 
fisheries-independent data increase when reefs are placed in exposed or deep locations.

Objectives
We aim to develop robust and efficient monitoring techniques for artifical reefs.  A trial bioacoustic and 
drop-camera survey was completed at Yakka Reef to :
•  Investigate the ability for the system to detect reef structures and associated pelagic and benthic fishes;
•  Examine the feasibility of rapidly surveying large areas, from a small vessel;
•  Make a preliminary assessment of reef versus non-reef fish abundance; 
•  Investigate the feasibility of linking bioaoustic records with species identification by drop-camera.
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Data Processing
Thresholding of the bottom return signal indicated that a strong return from dense substructure of the
seabed.  Reefball structures that could be resolved from lower return epibenthic surfaces such as 
soft mud or algae.  A threshold of -32 dB was selected for automated bottom detection.  The results of
automated seabed detection were verified by visual inspection at randomly chosen locations.   

Echogram (threshold -32 dB) showing arti�cial reef structures
(horizontally distorted at this scale).  At this threshold, �sh
targets are not visible. Low acoustic energy returns from
epibenthic muds and algae are also screened out to reveal 
only strong return features.  Black line is the software-
detected sea�oor based on the selected threshold and a 
number of other �ltering and image analysis steps.

Echogram (threshold -60 dB) showing the detected seabed 
(black line) and all other targets with lower acoustic energy.
(horizontally distorted at this scale).  Fishes, growth on arti�cial
reef structures and other epibenthic features are resolved from 
the seabed.  Inset shows close-up of epibenthic growth on 
reef structures.

At Yakka Reef, acoustic returns were dominated by fish schools.  These were observed by drop-camera 
to be schools of Arripis georgianus.  Distant from the reef, single demersal fish targets were detected.  
Drop video observations confirmed the presence of snapper (Pagrus auratus) in close proximity to the 
artifical reef.  Other species included goatfish and sand flathead.  For this trial, the analysis was focussed 
on large-area assessment.  Therefore, single echoes were integrated by sampled volume and area.  
This allowed calculation of abundance on the basis of acoustic energy, as a proxy for fish abundance.  

Transect intersecting arti�cial reef in Segment 3, 
with �sh schools over arti�cial reef structures
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Survey transects with 
red highlighted transect
visible in echogram 
window

Biomass control
dialogue

Biomass results windows
Target strength (dB) frequency
distribution for selected Segment 3 
of transect

Analysis
Aggregations of Arripis georgianus extended from the seabed to a depth of approximately 5 m.  
Single fish targets, including those within the size range of Pagrus auratus, were generally observed 
within 2-3 m of the seabed and artificial reef structures.  Dominant target strength integrated across all 
fish targets at the artificial reef (Segment 3) was the -45 to -48 dB range.  

The number of single echo detections, mean volume backscattering strength (SV, an index for biomass)
and area scattering coefficient (sA) were all higher in the artificial reef zone (Segment 3) than 
neighbouring non-reef segments.   

1.  This trial demonstrated that the bioacoustic and drop camera method recorded fish and habitat 
successfully and large areas were sampled efficiently.  The location and depth distribution and habitat 
association of demersal and pelagic fishes over artificial reefs were determined.  Epibenthic growth could 
be measured acoustically.  2.  Quantitative estimates of fish biomass were obtained and measurements of 
fish length can be made.  Additional surveys will build a database of species-specific target strength and 
size distribution.  3.  Bioacoustic methods can equally be applied in marine and freshwater, shallow and 
deep water, clear and turbid water, and during the day or night. The method enables efficient and 
consistent comparisons between areas that may not be possible to sample by fishing, such as marine 
protected areas.  Sites unsafe for divers can be effectively sampled.  4.  Because bioacoustics is based on 
the same principle as echo sounders, the method and results are easily communicated to stakeholders.

Representation of backscatter across the full survery area.  
Warmer colours indicate  higher acoustic target strength.  
Two major aggregations located over arti�cial reefs extend 
~6 m vertically

Target strength distribution for the �sh aggregation
recorded over the arti�cial reef (Segment 3)

Conclusions

Number of single echo detections, mean volume backscattering strength and area cattering coe�cient (left to right) in each of 
the four transect segments.  Segment 3 = arti�cial reef.
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