DEVELOPMENT CORPORATION

Habitat Enhancement
Structures in Western Australia

The applications, needs, costs, benefits and cost-effective
monitoring methods

Florisson, J.H.Rowland, A.J., Matthews, A.C., Tweedley, J.R. and Campbell, L.L

December 2018

FRDC Project No 2014/005

Decembel018


http://frdc.com.au/research/info_for_curr_researchers/Pages/frdc_logos.aspx

Photographs: School of Samson fish (Seriola hippos) chasing a Baited Remote Underwater Video system
(BRUVs) on the Dunsborough Artificial Reef (Top) and the growth of sessile organisms on the Bunbury Atrtificial
Reef (Bottom) after four years of ecological development.




Photographs: Samson fish (S.hippos, Top Left) and longsnout boarfish (Pentaceropsis recurvirostris, Top Right) at
the Bunbury Artificial Reef. Max Moore with a samson fish (S.hippos) caught on the South West Artificial Reefs
(Middle). The Bunbury Reef Vision Team (Bottom Left) and one of the custom designed Baited Remote Underwater
Video systems ready for deployment in Esperance (Bottom Right).



© Year Fisheries Research and Development Corporation.
All rights reserved.

ISBN 978-1-921877-23-0

The application, needs, costs and benefits of Habitat Enhancement Structures in Western Australia and cost-
effective monitoring methods

2014/005

2018

Ownership of Intellectual property rights
Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication is owned by the
Fisheries Research and Development Corporation.

This publication (and any information sourced from it) should be attributed to Florisson, J.H., Rowland, A.J.,
Matthews, A.C., Tweedley, J.R. and Campbell, L.L. 2018. The application, needs, costs and benefits of Habitat
Enhancement Structures in Western Australia and cost-effective monitoring methods. Recfishwest,
December 2018.

Creative Commons licence
All material in this publication is licensed under a Creative Commons Attribution 3.0 Australia Licence, save for
content supplied by third parties, logos and the Commonwealth Coat of Arms.

Creative Commons Attribution 3.0 Australia Licence is a standard form licence
® agreement that allows you to copy, distribute, transmit and adapt this publication
provided you attribute the work. A summary of the licence terms is available from
creativecommons.org/licenses/by/3.0/au/deed.en. The full licence terms are available

from creativecommons.org/licenses/by/3.0/au/legalcode.

Inquiries regarding the licence and any use of this document should be sent to: frdc@frdc.com.au

Disclaimer

The authors do not warrant that the information in this document is free from errors or omissions. The authors do not
accept any form of liability, be it contractual, tortious, or otherwise, for the contents of this document or for any
consequences arising from its use or any reliance placed upon it. The information, opinions and advice contained in
this document may not relate, or be relevant, to a readers particular circumstances. Opinions expressed by the
authors are the individual opinions expressed by those persons and are not necessarily those of the publisher,
research provider or the FRDC.

The Fisheries Research and Development Corporation plans, invests in and manages fisheries research and
development throughout Australia. It is a statutory authority within the portfolio of the federal Minister for Agriculture,
Fisheries and Forestry, jointly funded by the Australian Government and the fishing industry.

Researcher Contact Details FRDC Contact Details
Name: James Florisson Address: 25 Geils Court
Address: Recfishwest Deakin ACT 2600

Suite 3, 45 Northside Drive, Hillarys Phone: 02 6285 0400

Western Australia, 6025 Fax: 02 6285 0499
Phone: 08 9246 3366 Email: frdc@frdc.com.au
Fax: - Web: www.frdc.com.au
Email: James@recfishwest.org.au


mailto:frdc@frdc.com.au

Contents

(070] 01 (=] 01 K- ST PPPPPPPPPPP v
ACKNOWIEAGMENTS.......oiiiiiiiiiiiieeee et eeee sttt et e e et e et e e e b e nr e e e e e eaaeeaaaaaaaaaaaans XV
F Y o] o (oA = 11 (] 1 PP PPPRPPPR PRI XVi
EXECULIVE SUMIMIATY.......otiiiiiiiiiiiiiitiitiimreeeeeeeeeeeeeeeaaaeeaaetesaaaaernsrannnaanasaansaann s m——raeeeeeeeeeeeeeeeeess Xvii
[T g0 [T 1o o [P PR 1
(@] oTT=Tot (Y T PP 3
Chapter One: Habitat Enhancement Structure Types from around the World......................... 4
SUMIMIAIY .o e e et ettt e et et e e e et e e e e emmna s a e s s e e s s e e s s e e e s e e e s s e e e e e 6
Bibliographic Analyses of Scientific Literature on Habitat Enhancement Structures.......... 8

1] 0o [ o 1o o RSOOSR PPPPPPR 8
Materials and MEtNOAS. ........ooiiiiiiiiiiii e e e e e e e e e as 8
RESUILS AN DISCUSSIQN....ciiiiiiiiiiiiiiiiit ettt e e e e e s s st e sree e e e e e e e e s s s st e s e e e e e sneeeeeaaeeeas 9
Trends in Artificial ReéConstruction, Design and Management in Australia..................... 13

1] 0o [ o (o o OSSP 13
Materials and MEtNOAS. ........ooii it e e eeeeeeeaeeeas 14
RESUILS AN DISCUSSIQN....ciiiiiiiiiiiiiiiiet ettt et e e e e e e s et eereeeeeeeee e e e e s s nnre et e e e e e snenreeeaeeeas 18
(@] o 11 ] T o PSSP U POPR 24

(O =T o1 (=T Q2N o] 1= o Lo D aF PP 25

Habitat Enhancement Structures (HES): A Review of Design, Application and Deploymée

1] 0o [ o o o RO 29

The History of Habitat Enhancement StIIELS............cccoooiieiiiiiiiiccceeeeeeeeeeeeeeeeeeeee e eeen 29

Types of Habitat Enhancement Structurédaterials..........cccooeeeeiiiiiiiiiiccceeeiieeeeeeeeeeeee, 30
Geographical Evolutin of Habitat Enhancement Structures..................oo o, 33

The Benefits and Purposes of Habitat Enhancement Structures................o.ceeeevnnnes 37
Habitat Enhancement Strwece Design and Construction................oooooiriieeeviinvvevvinnnnnnd 40

The Desigh and Management PrOCESS. ........uuuuuueriieiiiieee e ee e e e e e e e e e e e e e eeeeeeeneaes 46
Examples of Habitat Enhancement Structures...............oooiiiieeeiiiii e 48
Assessment of Existing Habitat Enhancement Structures..............o.oooveeeciiiiiiiiiiennns 55

] (=] (=] o= PSP EPPPPPPPR 60

Chapter Two: Habitat Enhancement Structure Application in the Western Australian

Y= L= 10T T ST = ! (o ] PSSP 70
Habitat Enhancement Structure Benefits for the WA Seafood Sector..........ccccccovvvceeennnns 71
Existing Application in WA Commercial FISNEIES...........ciiiiiiiiiieeeriieecccee e eeee 12
Potential Application in WA Commercial Fisheries............ccccccccvvvieeeciccciccciieieeee e eevveeennn A4

Chapter Three: Effective Communty Monitoring Methods for Habitat Enhancement

SETUCTUIES . ettt ettt oo eere oo e et ettt bt oo e e e e e et anmmeeeeeetbbn e e e e e eeeesbbnn e e nna s 80
T U 1] 1= T Y P 82

Tk (0o U103 110 o FO 83



Community MONITOMNNG THAIS......eeiiiiieiiiie e mnneeeas 85

LOGDOOKS. ...ttt e e nen e e e e e e e e e e eneren s 87
Manual ODbSErvation SHAN ..............oooiiiiiiii e nrreeeeeeeas 90
Automatic ODServation StatiQl..............euuueiiicce e 92
[ E= o] o] 0T TP PO PPRPRPPPRSPPP 94
Baited Rema UNderwater VIOEO...........uuiuieiiiiiiiiiiiineeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeennenneeennnennnnsne 96
DESKIOP STUIES. ... .eetieieieeee e eeee et e e e e e e e e e e e e s e e e n e e e e e e e e e e aannes a6
L 0] o o 1113 o o 99
A Citizen Science Program for Monitoring the Fish Faunas of Artificial Reefs using Baited
Remote UNAerWater VIOBQ. ... ...uuuuuueeiiiiime et ee e ee e e et e ettt e e eeaneea s s ss e s s e s s s e e s e e e e s s smmmeeeeeees 100
T (o To [T 1 o] o 100
Materials and MENOUS.........uuuiiiiiiiii e e eeeees 101
S 100 1S (=PRSS 101
(0] 174=T o IS Tl =T g [of TN o (0o | =Y o o IS 102
Sampling MethOdOIOgY.........cooeiiii e e e e e e e e e e e e e e e e e e e e e seenreaanes 105
Data EXIFACHON.........ceiiiiiiiieiiieieees e eeee e mmme e e e e e e e e e e e e e eeees 106
Statistical ANAIYSIS ... e 106
S08K TIME ANAIYSES.....oiiieiiiiiiiiiiiiiiirrmr e e e e e e e e e e e e e e e e e e e e eeees b mmnreeeeeeees 106
Differences in Fish Fauna between Artificial Reefs and Seasons...........cccccccvveeeenn. 107
ST U 1 108
Citizen Science Data ColleCHON.............ooiiiiiiiii e 108
Fish Faunal COMPOSHN .......uuuuuieiiiiiiiiiiimme e e e ee e e e e e e e e e e e e e e eeeesess e e s s s s e e s e e e s e e e e s smmmees 108
S08K TIME ANAIYSE.....oeiiiiiiiiiiiiiiit i rrrr e e e e e e e e e e e e e e e e e e e e e e eeee b e aaaa e mmnreeeeeeees 110
Differences in Fish Fauna between Artificial Reefs and Seasons...........ccccccvvveeeennnn. 113
ST ol U 11T o] PO PR 117
Participant INVOIVEMENL............oooiiiiiii e e e eeee e 117
S08K TIME ANAIYSES....coiieiiiiiiiiiiiiitiirrer e e e e e e e e e e e e e e e e e e eeeea b e aaammnreeeeeeees 118
Differences in Fish Fauna among Artificial Reefs &8hsons............ccccovvvvvvvvvieeeeeeennn. 118
Effectiveness of the Monitoring Program and Recommendations.............c.cccvueeee.n.. 119
(070 o [od 111510 o 1P PUUPPR 120
R Y (=T (=T (o =TRSOOSR 121

Chapter Four: A Guide to Assist Organisations Aiming to Invest in Habitat Enhancement

Y UL 10 SRR 129
1Yo o [8ox 1 o] o D TSP P PP PPRPPP 131
HIStOry and DEVEIOPIMENL. .......euiiiiiiiiiiiireeie et e e e e e e e e e s ee e e e e eees 133
(00] 01510 [=] = 11 0] o[- ST T U UPPPPPPPPPPPTPPR 137
Habitat ENNANCEMENT PrOCESS......cciiiiiiiiiiiiiieeeite e e e e eeeee s 143
Artificial Reef Developmat Pamphlet..........coooiiiiiiieee e 154
RETEIEINCES. ... et sme et e e e e 158

(O] 001 (1] (0] o PP PPPPTPRRTPT 159

1] o] o= T i LSS PPPPPPP 160

(R LETol0] 0 a1 aT=T 4T F= 140 E TP 161



FUrther BeVEIOPMENL........ooii e e e e e e e 163

(ST =T Fs o] p =T g To AN [o] ] 1 T0] o WSS 164
PrOJECT COVEIAGE ... .eiiiieeiiiiittte et eeet ettt e e e e e enenr e et e e e e e e s s bbb e e s amer e e e e e e e e e e e nnnnnnees 166
Project Materials DEVEIOPEM. ..........vvuiiiiiiiiiiiiieerr e 169
Y o] 01T T Lo =T 174
INVOIVE PEISONNEL.....cciii et 174
INEEIECTUAI PTOPEILY. ... eeiiiieieiiiit et e e e e e e e e e s emrr e e e e e e e s e aannnes 175
ATEBCIIMEINTS. ...ttt e e e e e e e s bbb e et e emmmr e e e e e e e e e e e e nnnne e e e e e e ean 175
References (INTrOUCTION)........uviiiieeeiiiiree et re e e e e e e e s e e e 176
[ [=To [ = o Lo PSP PP PP PPPTPPPI 178
MeEdIA EXAMPIES.....ceeiiiiiiii ittt e e e e e erer e e e e e e e 182
FRDC FINAL R EPORT CHECKLIST ...ttt sr e ee s 203

Vii



Tables

Table 1: Project objectives and relative ChapLersS......... .. e it 3

Table 2: The percentage contributiomahe by research workers in different countries to documents with
Artificial Reefs (AR), Habiiat Enhancement Structure (HES) or Fish Aggregating Devices (FADS) in the
title, abstract and/or keywords. Countries making a large contribution (>~5%) are higghlighgrey.
Note that for brevity, only the countries that produced the ten greatest tagee@ontributions for each
keyword in each database have been included in the Table..........ccccooie e, 11

Table 3: CQassification and descriptionf omaterials used in the construction of artificial reefs.
Photographs of each of the various types of artificial reefs are provided in Figures 5.and.6....... 15

Table4: Each of the 121 artificial reefs in Australian waters identified during this study and its location,
year of deployment, construction materials, primary purpose, who it was deployed by and a reference for
the source infor@tion. Reefs ordered chronitialvithin each state/territory. NSW = New South Wales;

NT = Northern Territory; QLD = Queensland; SA = South Australia; TAS= Tasmania; VIC = Victoria
anNd WA = WeSEErN AUSTIAlA. ........ooiiiiiiieeeee e s e e aeeseaesrree e e e e eeeeaeaeeeas 25

Table 5: Materials used for construction of artificial reefs, degradation lifespan and suitability for use as
an artificial reef (adapted from Yip, 1998 and Brown, 2014)..........cccuuiiiiiiieemeieeeeee e 32

Table 6: The advantagesddisadvantages of the two most recommended and common HES materials
(adapted from: London Convention and Protocol/lUNEP, 2009;-BRAFDEC, 2010; FAO, 2015)..50

Table 7: Cost scales assignedeBch HES reVIEWE.............euviviiiiiiiiiimn e 55
Table 8: Matrix used to evaluate reeffpemance of case StUdIeS.............ccuvvviiiiiicerieeieeee e 56
Table 9: Scale of HES materidlased upon aesthetics and environmental attributes.................... Y4
Table 10: Average rankings of the main materials utilised in HES as summarised..................... 57

Table 11: Heamap highlighting the various characteristics of HES, their effectiveness and applicability.
Table 12: Suitability of HES to current developed commercial fiskéni&VA. Colour gradient indicates
ST =0 1)Y= =TSP 75

Table 13: Total counts of vessels using the Bunbury Artificial Reef, from the Bunbury Observation
)= 11T o TP 91

Table 14: Materials utilised in the automatic observation station for determining usage of the
DUNsborough ArtifiCial REET.........o e rmmee e 92

Table 15: Monitoring methadand variations evaluated in the desktop studies............cccvvvvvieeen... 97
Table 16: Heat map of the effectiveness of each monitoring method against a variety of criteria (adapted

from Walker, 2016) Note: TOWV=Twed Video, ROVs=Remotely Operated Underwat&ed and E
DNA=ENVvIronmental DNA @NalYSiS..........uuuuuiiriiiiiiiiimmneeeeeeeeeeeeeeaaeeeee et e s sees e smmmeeeeees 98

viii



Table 17: The effectiveness of HES monitoring methods trialled. Methods included Baemote
Undemwater Video systems (BRUVS), Logbooks, Manual Observation Posts (MOP), Automated
Observation Posts (AOP) and MapPing-.......cueeeeeiiiiiurimeeiiiieieeee e e e e s s eeesss e e e e e e e s s annneeeeeeees 99

Table 18: The total number of videos (> 1 h in length) received freaf Rision volunteers for each of
the Bunbury and Dunsborough artificial reefs in each month between October 2015 and September 2016.

Table 19: Mean MaxN abundance (N), standard erroi),($&centage contribution (%), cumulative
percentage contribution (C%) of each species from the 24 videos recorB&dUMs on the Bunbury and
Dunsborough artificial reefs between October 2015 and September 2016. The number of videos in which
each speciewas recorded (F) and the frequency of occurrence (%F) are also provided, as it is the family
to which each species lbags. Species representing > 5 % in terms of % (Abundance) or %F
(Occurrence) are highlighted in grey. * denotes that a species isthlgetecreational fishers....... 109

Table 20:Mean squares (MS), percentage of the MS to the total (%0MS), pse(ie) and significant

level (P) for tweway PERMANOVAs tests on the (a) numbersop e ci e s , (b) total Ma :
diversity index and the (d) fish faunal composition of the twofieidl reefs in the two seasons.
Significant differences are highlighted in bold. df = degrees of freedom...........cccvvvvvieeeeeiinnin. 113

Table 21: Approximge cost (AUD$) of running the Reef Vision program with 12 volunteers (6 per
artificial reef) compared to the estimated cost of a science equivalent program run by an Australian
university. The science equivaterost is based on a team of two researcls&@sgs using a boat and four
BRUVs to collect four videos from each artificial reef once a month for a year. Note that neither budget
includes the cost of video processing and data extraction and analysésshdutd be comparable for

oTo1i gl o] (0 T0 | =11 0 F- TR 119

Table 22: Advantages and disadvantages of HES materials; concrete and.metal..................... 138

Table 23: Organisations that need to be informed (top) and consulted (bottom) when developing HES
projects (note that this list will vary between jurisdictions and while with sdme® hes e gr oups i

legal requirement to consult, others it istjoeneficial to inform and gain support from)................ 147
Table24: Engagement tool analytics used by the social media pages for the project................ 166
JLIE= L] (SR 0 VT o= TS 178
TabIE 26: 2015 MEAIA.. ... . uueuueeiieiiiieimr ettt e ettt ettt ee e e e et e s s st s e e e e e eaaaaaaaaeeeeamamssesssssseennnrnnnnrnnnes 178
TabIE 27: 2016 MEIA..... .. uueeneeii ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e eaaeaaeeeenennennnrennnrnnne 179
LIz o1 (ST S 2 0 A /1o L= PO 181
Figures

Figure 1: One of 140 ont®nne concrete cubes deployed in three sites around Koh Tao, Thailand by the
Department of Marine and Coastal Resources and the Prince of Songkla University. Photo Andreas
IS (LS =1 o USSP RTR PR 4

Figure 2: A fish aggregation device deployed in the Aldabra atoll (Seychelle$d. Piomas Peschald



Figure 3: Number of documents listed in the Scopus and Web of Science databases in each year using the
words; fish aggregating device (top), habitat enhancement seuchitdle) and artificial reef (bottom).

Figure 4: Stacked histogram of the percentage contribution of documents in the various field of research
categories used by Web of Scienblete, for clarity only fields making a sufficiently large contribution

were included as categories. The contributions made by those 68 other fields were combined into the
(oI O B o T T o R o0 U0 A =T o B o 1 Y AP P PP OP PP 12

Figure5: Examples of artificial reefs constructed from various materials of opportunity (see Tallé 3).
Figure 6: Examples of various purpdsailt artificial reefs (see Table 3).......ccccccceviiiiiiiiemniiiiine, 17

Figure 7: Geographical distribution of artificial reefs in Australian waters. Colour coding reflects the
number of artificial reefs in a given area. The numbers of artificial reefs in the waters cta@chnd

territory are givenn brackets after the name of that state/territory............oovvvvvevviceeeeeeeeeee. 18

Figure 8: The contribution of artificial reefs constructed from pursle material, MOP or both broad

types of material to the total number of artificial reefs in each state and territory and to Australia as a
Figure 9: The number of artificial reefs in Australia constructed frifferdnt materials..................... 20

Figure 10: The number of artificial reefs deployed between 1965 and 2015, and the state or territory in
WhICh they WEre dePIOYEM..... ... et ee e e s e e s s e e e e e e e e e e aaeens 21

Figure 11: The number of artificial reefs in each state and territory and the materials used to construct
Figure 12: The number of artificial reefs deygd in each year between 1965 and 2015 and the materials
USEd 10 CONSIIUCT TNEMIL......eiiiiiiiie e e e e e e e e e s s m e e eeeeeeeeeaannnen 23

Figure 13: Histogram on the number of artificial reefs categorised by their primary purpose (noting that
many have multiple purposes) and the group that deployed the reef. The number tinegasean the x

axis refers to the total count of artificial reefs constructed for that primary purpase..................... 24

Figure 14:Recycled car tyres at Osborne Reef, Florida. The reef has broken up and dispersedef_ukens
Aliy 2004) .o e e et oo e oo e e e e a bttt ettt e e e e e e an bt nannn b r e e e e eee s 31

Figure 15: The Eurogen exampl e; a OReef Vrankan @essidtali 2015t36e Fr e
Figure 16: Reef Ball' deployed in the mamie enViroNMENL............cccveiiiiiiirieeree e eiene 38

Figure 17: H¥epdolas $RedigAwesthl.D. Q. X ..cccooveiiieeeiieiieieee e, 39

Figure 18: Subcon concrete modules used to date, the Reef™ dtaét), Abitat’™™ (middle) and
Apollo™ (right) modules (RECHISNWEST)..........ccueiiiiiiiii ettt eteete et re e 39

Figure 19: Reef Pyramilf (left) and Fish Towerd' (right), steel modules constructed and deployed by
SUDCON (RECTISNWESE)......ciiiii e e e emmr e e e e e e e e e ans 39



Figure 20: Diagram ilistrating the factors influencing HES design. A combination of biological and
physical characteristics of the site and target spetieg avith engineering and soe@onomic concerns
will determine the siting, size and type of HES deployed..............cccuiiiiieeciiiieiie e 45

Figure 21: MARS (I&) and Ecoreef ceramic modules (Fighh)..........ccooeeeiiiiiiiiicccre e 52

Figure 22: Harvesting Greenlip Abalonda(iotis laevigatd from concreteartificial reef modules at the
abalone ranch in Augusta, Western Australia (Sourced from Ocean Grown Abalane)................ 70

Figure 2336 Nur sey Hi de Habitatsodo (| ef avglopea (FRDCH2015/028)inst r u c
WA £0 €NNANCE MAITON STOCKS. ... itttieteiet ettt s eeemta e es e s eeereertea s eenmtaareesareeaseessessn s anmrreenrerrnss 73

Figure 24: Different artificial reef modules for sea cucumbers (images: Qiang Xu and Chenggang Lin).

Could these be UtiliSed iN AWBIIA?.......ocoiiiiiiieiie e rne e 74
Figure 25: Reef Vision volunteer deploying a Baited Remote Underwater Video system............ 380
Figure 26: Bunbury Reef Vigh volunteers With BRUVS........cooiiiiiiiiiii i eeee 81
Figure 27: Monitoring MatriX fOr HES...........oooiiiiiiiie et 85
Figure 28: The South West Atrtificial Reefs, the locattbmonitoring for Reef Vision (Image courtesy of
the Department Of FISNEIES WA ... ettt e e e e e 386
Figure 29: The Reef Vision logo which was designed for the project with the aim to createranity
owned and valued 6e.nt.i.t.y.b. . f.or..t.he..pr.aj.ec.t.....=387
Figure 30: The Department of Fisheries Research Angler Program loghaak.............cc.coeeeeiinld 88

Figure 3. The metadata and catch data recorded in the Research Angler Program logbook, included the
comments field in which sxial data on artificial reef utilisation will be collected.............cc.cccveeoe. 88

Figure 32 Total boats observed between Oct 15 and Oct 16 (left) and total number of observations on the
reefs between Oct 15 and OCt 16 (HGhD).......cooooiiiiii e e e e e e e e e e e e e eeeas 90

Figure 33: The Bunbury Artificial Reef site inclugj the viewing direction of the observation past.91

Figure 34: Numbeof boats recorded on the Bunbury Artificial Reef from the observation station during

2016 and 2017 SAMPIING FEGIMES......iiiiiiiieiieeie e ettt e e e e e s rmme e e e e bbb e et e e e e e e s s ammne e s e aanaes 92
Figure 35 GoPro Hero4 Camera attached vi a-60k6®mns adary
Spotting Scope. The CambDo Time Lapse I nterval ome
which was programmed to take three pictures, one minute apart..........ccccccceeeccceeeriieiiieeieeeeeeeee, a3

Figure 36: Image of boat centrally sited above Dunsborough Artificial Reef viewed through Redfield
0 Ra mp a-§0x@mn2 $pding Scope at approximately eight kilometres from Quindalup Sea Rescue
elevated 0DSErVAtiON POST.......ccoiiii i e e e e e e e e e e e e e e e e e e e ana— i ————————— 93

Figure 37: Examples of bottom hardness (left) and vegetation (right). Maps were geusirageldsight
Genesis (http://www.gofreemarine.Com/INSHPBINESIS)........vvrvrrririiiiiiiiiiiierre e e e eeeeeeeeeeaeeeeeeeeseeeseannns 94

Xi



Figure 38: Sounder mapping details of Dunsborough Artificial Reef (note modules on.right)......95

Figure 39: Map showing the location of the Bunbury and Dunsborough artificial reefs in Geographe Bay
and the configuration of their 30 concrete FishBox modules into six clusters. Grey square ognioisst d

the locaion of Geographe Bay in WA., purposebuilt concrete reef; [ Isunken ship artificial reef;],

boat ramp. Map modified from the Department of Primary Industries and Regional Developmeii2

Figure 40: Reef Vision training workshop for monitoring the Dunsborough and Bunbury artificial reefs
20 ) SRR 103

Figure 41: The package supplied to volunteers at the workshop including theé BRt, promotional
material, data storage devices and metadata collection materials.............coovvcccvieeviieeieeeeeennee, 103

Figure 42: Photographs of (a) the BRUMgpplied to Reef Vision participants and (b) a screenshot of
footage collected from the Dunsborough Artificial Reef using the BRUV in (a). Footage in b shows 10
Coris auricularis 10 Neatypus obliguys2 Pseudocaranx spp., Rentaceropsis recurvirostrisl
Glaucosoma hebraicuand IMyliobatis QUSTIAlIS...........occuiiiiiiiiiee i 105

Figure 43: Three of the most common species which comprised 77% of the lagsenitcluding
Pseudocaranx spiN, obliquusandC. QUICUIANIS ..........iiiiiiiiieie e rrre e e e e e 108

Figure 44: Rarefaction curves for the (a) mean number ®fcsp e s (b) tot al Ma x N
diversity index from consecutive five minute intervals of BRUV footage recorded from the Bunbury and
Dunsborough artificial reefs betweent®oer 2015 and September 2016. Vertical dashed line denotes 45
01T T = PP 110

Figure 45: Cluster dendrogram (a) and nMDS ordination plot (b), derivedaf®rayCurtis resemblance

matrix, congructed from the dispersianeighted and squamot transformed and averaged MaxN
abundances of each species recorded from consecutive five minute intervals of BRUV footage recorded
from the Bunbury and Dunsboroughtificial reefs between October 2015 darSeptember 2016.
Horizontal dashed line denotes a Bfawrtis similarity of 95%...............oooooeei i, 111

Figure 46: Shade plot, constructed from the dispersimighted, squareoot transformed and averaged
MaxN abundances of each species recorded from consecutive five minute intervals of BRUV footage
recorded from the Bunbury and Dunsborough artificial reefs betetober 2015 and September 2016.

Vertical dashed line denotes 45 MINUIES........uu e et ee e e e e e eaas 112
Figure 47: (a, b) Mean number of species, (c, t)dol MaxN and (e, f) Simpsonbd
between reefs and seasons. Error bars represent + 95% confidence intervals.............cccccce...... 114

Figure 48: (a) nMDS ordination plot, derived from a Bwyrtis resemblance matrix, constructed from

the dispersiofweighted and squam®ot transformed and averaged MaxN abundances of each species
recorded from té Bunbury and Dunsborough artificisdefs between October 2015 and September 2016.

(b) Centroid nMDS ordination plot, derived from a distance among centroids matrix, constructed from the
above BrayCurtis reSembIanCe MAatriX............uuuviiiiiiiiiiie e rmee e 115

Figure 49: Shade plots constructed from the dispemsmighted and squam®ot transformed MaxN
abundances of each species recorded from the Bunbury and Dunsborough artificial reefs betvbeen Oc
2015 and Septemb@016. MaxN abundances averaged for the (a) two seasons and (b) artificial reefs.
Note only species that contributed 02.5% to the

Xii



Figure 50: A recreational fisher with a nice sized Pimlafgper caught on the Dunsborough Atrtificial
q=T=] o [T o] [0} Y7=To I o W2 0 PRt 129

Figure 51. Members of the Esperance Deep Sea Angling Sluth East Coast Recreational Fishing
Council and Recfishwest CEO Andrew Rowland, using the HES guide to assist in a constraints mapping
workshop for the placement of the Esperance Artificial Reef............covviiiiiieeeee e 130

Figure 52: A previously bare surfaced module from the South West Artificial Reef Trial in WA.131

Figure 53: The broadcale process for developing HES...............oveiiiiiiieeeeeeeeeee e 132

Figure 54:Materials of opportunity, from left to right; the Tangalooma Wrecks (www.queensland.com),

tyre reef at Moreton Bay, QLD (www.divingthegoldcoast.com) and disused oil rig (www.nytimes.com).

Figure 55: Purposbuilt artificial reefs, from left to right; Abalone habitat reef, a Fish Boand the
Sydney OAR (http://hagjo0.COML).......cooiiii e e e e aeees e 134

Figure 58:0y st er Reef trial in Al bany (|l eft) (i mage
(fISNINGWOITA.COM) (FIGNT)c et rena e e e e e e e enensb e e e e e e e e e e aanas 136

Figure 59:Potentialtarget species: Samson Fish (top left), Baldchin Groper (top right, other tuskfish
species in states other than WA), Mulloway (bottom left) and Pink Snapper (bottom right) observed
through the soutivest Reef ViSiON Progranml...........cooooiiiiiiii i ccecmmmr e 137

Figure 60: Different concrete artificial reef module designs for different purposes and target species
(NP /W . SUDCON.COMY et eeer e e e e e e e e e e e e e e e e e e e e e e e eeeet bbb mmme e e e e e eeeeeeeeeeeees 139

Figure 61: Artificial reef module being tested in a university flume tank (Subcon Pty.Ltd).......... 140
Figure 62: An example of i nter s tMmodulad(Lesnpna20El)y a s
Figure 63: An indepth flowchart of HES development process from establishing an initial purpose to
extension activies in local communities following deployment............cc.eevvviiiiiecce e, 143

Figure 64: The main components to site selection including biological/ecdlogie/sio
chemical/environmental and social/anthropogenic factors. These will differ depending on the HES design
=Y o o 10 0T 1] Y 145

Figure 65: The final reef sites that were chosen after a consultation period in Geographe Bay, Western
Australia (top). Progress of the artificial reefs after three years after deployment (bottom)....... 146

Figure 66: Crane and barge deployment of concrete artificial reef modules in Western Australizl9
Figure 67: Tug boattowing 6 Fi s™6 Troowdewr!l e t o it s..f.i.n.al...dd®l oy men

Figure 68: Large snag being installed on the Murray River (Source: Fish Habitat Network)......150

Xiii



Figure 69: The Reef Vision Team fdret South West Artificial Reef Trial in Western Australia.....151
Figure 70: A Dhufish, an iconic WA species observed in voluritedage on the artificial reefs......152

Figure 71: Number of media items covered by web, magazine and newspaper articles, radio snterview
television appearances and media releases for eachfytha project..............cccovvvvviviiieeeiiiiieeennn, 167

Figure 72: Number of mediitems covered by industry, government and the media throughout the
AUration Of the PrOJECL......eeiiieeee e mmmr e e e e e e e e e e e e e e e e e e e eees 168

Figure 73: The proportion of défent types of media (left) and the proportion of different organisations
that covered the media (right) during the pProjech.........ccccueiiiiiie e, 168

Figure 74:Examples of species recorded on South West Artificial Reef Trial. The type category refers to

the Nakamura ecological classification (Florisson, 2QL5)............uuiiiiiiiiieeeeeeieeeeeeeceee e eeeeeeaes 172
Figure 75: Snapshot of the Artifad Reefs WA Facebook Page...........ccccveeeeiiiicccei i 182
Figure 76: The Recfishwest €gbook Page with HES content.............ooovvviiiiiicee e, 182

Figure 77:The closed Faceboatoup for Reef Vision volunteers to share content and communit@ge.

Figure 78: The Reef Vision webpage de tRecfishwest website, one of many pages on HES, accessible

at: NIPS://TECTISNMEST.ONGLAUL . ....eeiiiiii ettt e e eeeemr e e e e e e e e e e anes 183
Figure 79: An example of a HESdé@o from the Recfishwest YouTube channel.......................... 184
Figure 80: An example of a HE&Jeo produced and shared by a Reef Vision volunteer............. 184

Figure 81An exampl e of a HES article .0on..Recf.i.sl8west ds

Figure 82: Television coverage of HES developments in WA ... 186
Figure 83: Exampl es of project coverage in indus
(left) publicaton and Scite h6s Particle (right). An article 1in
=LY o = 1 = Tod 1T o 187

Figure 84: Examples of traditi@l print media coverage of the development &SHn WA, from the
Coastal Times (left) and Esperance EXpress (Mght)...........ooooriiiiiieeeoiiiiii e 187

Figure85: One of the many pamphlets used for recruiting Reef Vision volunteers. These were available
from tackle sbres, displayed on Facebook and advertised in local newspapers...........cccceeveee.. 188

Figure 86: Project manager penting on the HES guide at the 8th WRFC in Canada, 2017 (top) and one
of the keystone speeebt (middle). Reef Vision presentation at the National Recreational Fishing
Conference in Darwin, 2017 (DOttOM)...........cooiiiiiiiii e e e e reeseeeas 201

Figure 87: Participants includina project manager at the 11th ConferepopeArtificial Reefs and

Related Aquatic Habitat in Malaysia 2017 (top and middle) and Chinese and Australian members for the
2016 delegation to China for an International HES Forum (bottam).............coooeviiieeeiiiiiiiinnnnnn. 202

Xiv



Acknowledgments

Particular nention must first be given to tf&uth West community of Western Australiacinding local
businesses, as well as, past and present Reef Vision volunteers including: Miclad¢hribMaunder,
Chris Daou, Clive Tanner, Garry Dyer, Kevin Moore, Paul Tanrid Sieradzki, Jaxon Sieradzki, Cody
Langridge, Darren Brindley, Lesley Landge, Damien Langridge, Phil Baker, Jarrad Baker, Errol
Jackson, Ben White, Jackie White, Torry GalbdNathan Larsen, Howard George, Dave Cole and
Damian Lane. These volunteeand participants invested their personal time and resources into the
project,resulting in a world first, citizen science artificial reef monitoring method. A particular ttank y
must also be extended to Mark Pagano and Paul Lewis from the Westernlizwudb@partment of
Primary Industries and Regional Development (DPIRD) Fiskebivision for sharing their knowledge
with regards to regulations and research around Habitatrigminent Structures in WA.

Dr Howard Gill is thanked for his efforts in thiest project that explored the idea of using recreational
fishers to monitor ES in 2014, which provided the opportunity for this project and the physical trials of
monitoring meéhods to commence. The hard work of the Honours students including Tom Baaechan
Tim Walker, as well as Dr Chris Surman from Halfmoon Biosciences, pmvideast amount of
information for the project on all aspects of HES locally, nationally and irtenadly is also
commended. This information was utilised in the formatiothefHES guide. Supervisors of the students,
including Dr James Tweedley and Dennifer Chaplin efforts are appreciated.

Gratitude is also extended to all the staff at Recfistv@ their assistance throughout the project,
particularly Matthew Gillett,;Tim Grose, Vanessa Abbott, Bronte Nardi, Michael Tropjadatie Green

and Stephanie WattsSThe Fisheries Research and Development Corporation is greatly thanked and
appreciatedvith their assistance throughout the project and financial contributionkequroject. The
Recreational Fishing Initiatives Fund (supported by Recfishwest and DPNR@DYoch University,
Dunsborough Outdoor Sportz an dviddHunding and resourcesc k | e

XV

al



Abbreviations

BRUVsT Baited Remoté&Jnderwater Video system

DIDSON - DuaHrequency IDentification SON

DOV 1 Diver Operated Vido

DPIRDT Department of Primary Industries aRdgional Development
FADs1 Fish Aggreagtion Devices

GIS1 Geographic Information Systems

GPSIi Global Positioning Sstem

HEST Habitat Enhancement Structure

LWD i Large Woody Debris

LAR T Living Artificial R eef

Max-N - Maximum number of individuals of a species observed
MOP1 Materialsof Oppatunity

OGA' Ocean Grown Abalone Limited

RAPsi Research Angler Program

RFIF1 Recreational Fishing Initiatives Fund

TOW-V i TOWed Video systems

XVi



Executive Summary

This report investigated the apgdition, needs, costs, monitoring methods and benefitsladitat
Enhancement Structys (HES) in Western AustraligWA). The projet designed, validated and
established a world first monitoring method using recreational fishexsrvey artificial reefs with &ted
Remote Underwater Video systefBRUVS). It also produced a guide to assist industry, researchers,
managers and the comnity with the HES development process.

Peerreviewed and grey literature on HES from aroundwtioeld was reviewed and used teadate the
benefits for recreational and commercitiheiies, aquaculture industries and the environment.
Consultation was wertaken with stakeholders and beneficiaries, particularly within the seafood industry
to identfy the most effective HES desigragplication and locations, however, this had ladiiptake by

the commercial fishing sectar WA. Various monitoring methaiwere explored through a deskgipdy

to evaluate costffectiveness, and some of the moresitdla options the subject gfysial trials. All of

the investigated aspects of HE#re then combined into the HES guide for business, industry and
communitygroups that have a desire to invest in HES developments.

Monitoring methods were tested on tBeuth West Artificial Reef Trial i(e. the Dunsborough and
Bunbury Artificial Reefs)in Geographe Bay from October 2002017. During this period the range of
communitybased monitoring methods tested included logbooks, manual and automatic obsergijon po
benthic mapping, and Baited Rete Underwater Video (BRUV). Each of these mdthimvolved
members of the public playing a role in collecting data. TR&JY component of Reef Vision was
determined to be extremely effective and has gone on to bett@mgrimary monitoring method now
being expanded to other HES developments stéde.

The HES guide is a tool thptovides direction t@ range of stakeholdeand decision makers looking
undertake new HES projects. It has been promoted around WA @stdalia and has already been an
essential component in the development of five HiizSallations that will be deployed 2018020. The
guide provides a bagkound to the different types of HES, considerations for HES development
(including purpose, taget species, stakeholder engagemapiprovals, design, locationprfiguration
costbenefit analysis and many more) and the sestep habitat enhancement pess designed in this
project which includes purpose, constraints mapping, finalisation ofsiteefconsultation, approvals,
installation (procurement, construction and deployhearid posideployment activities (monitoring,
reporting and extension).

Background

Over the last two decades, HES have grown in popularity around Australia becausg pfaben
functionality. Deploymerst of HES have been increasing in WA, with over,0Q0n? of artificial reef
area (with purposbuilt habitat installed) andver seven million dollars invested in recreational fishing
artificial reefs 2012017. While tlese reefs have been deployed fa furpose of enhancing recreational
fishing opporunities, there is also a largpotential applicatiorfor commercial fishaes, aquaculture,
environmental organisations and community groigen the opportunities thesgpes of developments
presentthereis a need to develop clear pathways and guiglioragroups who aim to install and monitor
HES projects.

The cost prohibive nature of professional scientific monitoring could potentially make HES projects
unfeasible The development of cosfffective nonitoring using local communities, and the peoamn of a

HES guide will give these projects the best chance of achievangdésired outcomes. With the rate of
installatiors increasing, there is a need to create gigeein the field and develop loczdpacity.
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Objectives
The objectivesof this piojectwere to

1. Identify what HES are currently available throughout the evarid what benefits each type may
have for recreational and commercial fishiag well as idetifying the benefits for aquaculture
and the environment

2. ldentify how various HES dggns might provide benefit to the WA seafood sector and
community and deterine applications and locations for the most effective return on investments.

3. Determine coseffective methods to monitor HES develogmis using easily available materials
and datacollection by community and industry groups.

4. Investigate coseffective reg site selection, approvals, construction, deployment and monitoring
strategies for businegsidustry and community groups wantimginvest in HES.

Methodology

1 Objectivel: To identify the various types of HES available from around the world, and what
benefits and dravack each provides, several literature reviews were undertaken. These studies
collated the citations of over 3,50Gtiales and processed a vast amount of natiamal
international information on HES.

1 Objective2: Consultdon occurredwith industry,communityand governmertb determine where
and how HES types could provide thest return on investment in WAistorical uses of HES in
the WA commercial sectowere reviewedand international HES practises were assessed for
applicationin WA commercial fisheries.

1 Objective 3: To increase this return on investment, eg&tctive monitoring methods were
trialled 20151 2017 on the South West Artificial Reef Trial Geographe Bay to meet the third
aim. Over 50 volunteers were recruitenddrialled different techniques and methods including
BRUVs, observation posts, logbooks angpming to collect social and ecologiciata.

9 Objective4: All of this informationwas reviewed and collated from the above three aims to
create the HES guida the fourth objective. The guide was developed in further workshops with
other groups.

Resuls

9 Obijectivel: Literature reviews idetified the main types of HES from Australia draround the
world including artificial reefs, Fish Aggregation Devices, diving Artificial Reefs (including
the addition of woody debris, shellfish reefs and transiocaf seagrass or coral species).

9 Objective 2: Consultation with industry foundhdt there was little knowledge of HES
developments in WA in the early stagafsthe project, except for abalone ranching on concrete
artificial reefs inAugusta. Discesionswith other sectorslid reveal aigh level of engagement
and interest in future gabilities irrespective of the knowledge gagnsultation occurred with
a range of groupswvhich assisted in the completion of the othmutcomes of this project
paticularly theproduction of the HE§uide.
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1 Objective 3: The most effective monitoringnethod tested was the BRUV component of Reef
Vision, which, is still ongoingwith eightyfour species now recorded on the Bunbury and
Dunsboroughartificial reefs. While the manual observation post and mapping detiwere
somewhat effectivethe automaed observation station and logbooks weret found to be
effectiveunder tle circumstances tested dioethe complex technology and minimal engagement
with volunteers

1 Objective4: Information from all aspects dfie project was compiled to create asye@-follow
guide, atwenty-four-pagedocument which outlines the backgraymonsiderations and process
for HES developments. The HES guide has been promoted latatignally and internationally
and has alreadglayed a large role to assist in sevati#lS developmentsA shorterfour-page
pamphlet was also produced.

Implications

1 This project filled knowledge gaps associated with HES desigm3$jgurations instalation
methods and monitoring techniquasd patricularly the development process.

1 The gude will assist industry, community argbvernment groupthat aim to deployHES is a
valuable tool that will increase the social, ecological and economic succdstuid HES
developments.

9 Costeffective monitoringtrials resulted inthe establishment oReef Vision. The BRUV
componentf this citizen science programas extremly successful in providing cosgfffective
data collection and fostering community involvemand ownership. This world first technique
using BRUVs deployed byrecreational fishergor monitoring can be used on HES toprove
costefficiencies.

1 The projed has developed capacity within the recreational fishing sector through a significant
increase in expertise related to all aspectd&$ projects.

Recommendations
Habitat Enhancenent Structure Development

1 Any community or industry group that aims to dmphn artificial reef should consider using the
HES guide.The guidenot only outlines the types and benefits of HES, but also dessrithe
process for a HES development rfroan ideg right throughto post deployment extension
activities

1 The purpose o& HES installation should be clearly defined andepted by stakeholders and all
regulators prior to any other @nsiderations in the@rocess.A costbenefit analysis shoulte
undetaken to ensure that the anticipated ecological, social and economidtbefed HES
projectoutweigh the investment in infrastructure and subsequent miogjtor

1 Concretessteelmetal and integrated reef@ve been the most effective globallydsshoul be
deployed over materials of opportunity in future HES deployments.

1 Whendeploying Fsh AggregationDevices, consideration needs to be given to depthyaling
currens and distribution of the target species to ensure thegffective.

1 Consutation needs to includinforming affected stakeholders (such as local shires,nconity
groups, tackle stores and dive shops) @masultingwith regulators and appval providers (such
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as environmental regulatorsp@monwealth andtate/Territory Governnents, port authorities
and the navy). Local, state and national approval processesto followed.

Cost of longterm effective monitoring of HES (particularly sttural) should be included in the
initial funding amount for an instation.

Habitat EnhacementStructure developments should include a communications and extension
plan for the project to inform and engage the community with relation to the locatiquogeur

and performance of the installation. This assists in creatingeiship, fosteringtewardsip,
managing expectations and growing community wide support for futajects.

Habitat Enhancement Structure Monitoring

T

The use of citizen science or commity monitoring is a coseffective method to collect a large
amountof spatial and tempal data on HES installations. It also engages the community and has
various socihbenefits such as improved scientific literacy, community involvement, project
owneship and stewardship of aquatic resources.

BRUVs with small action agaeras were found tbe the most coskffective method to collect
footage of installations by volunteerThe units should be cheap, durable, compact and easy to
use by the volunteer.

Clea, concise and consistent instructions and simplified monitoringogots will decrease
volunteer attrition rates as well as spatial and temporal biases. This incrbasasctiracy and
quality of the footage.

Volunteer management can be optimised by aaleq and consistentommunication and
engagement with the volunteers.

Positive engagemémill increase volunteer attendance and interest, foststagardship and
ownesship of the reefs for the volunteers and local community.

Keywords

Artificial Reefs Baited Remote Underwater Video systa@itizen sciencgFish Aggregtion Devices,
fish faunalassemblageéHabitat Enhancement Structurespnitoring,Reef Vision.
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Introduction

Habitat Enhacemeat Structures (HES)are purposeébuilt structures or materials, straiealy
positioned in an aquatic environment, for the purpose of creating, restoring or enhancing a habitat for
fish, fishing and recreational activities in general (Department sifdfes, 2012). These stures
create new habitat and provide serviceanaquatic environment suck the provision of food,
colonisng surfaces and shelter for marine organisms (Baid@l;2Svane and Peterson, 2001; Sutton
and Bushne]l2007; Diplok, 2011) and, in turn, mvide a source of recreation and/or income to end
users (Brock, 1994; Gallawast al, 2009; Cole and Abh012. Habitat Enhancement Structures
also boost economiefirough the creation of jobs, utilisation and tourism (Adahsl, 2006 and
Gallawayet d, 2009). Habitat Enhancement Structyrasd thebenefits they provide, will continue
to develop and evolvén the future around WA, Australia and the world providbenefits to the
community individual end usersaquatic orgaisims ad the environment.

Habitat Enhancement Structurean be broadly cagorised into artificial reefs,i$h Aggregation
Devices (FADs) andiving artificial reefs (restoration or enhancemef shellfish, seagrass, coral
etc). An artificial reef is anynarrmade or altered mat@l placed into an aquatic environment to
mimic certain characteristics of a natural reef, by creating additional habitat, food sources and
colonising surfaces as weds varying hydrological effects such as current, temperahdeshae
availability (Skeman et al, 2002; Diplock, 2011). Artificial resf vary greatly in type, structure,
purpose and function. Examples of these reefs include species specific reefas(alaione, sea
cucumber, lobster and octopus reefs), largeahstiuctures, (up to 35rhigh deployed in Japan and
Korea) aimed at factiating the propagation of pelagic species, and a range of different concrete
structures deployed all ov8puthEag Asia, Europe and the United States designed to create varying
habitats for a myriad of dférent species (Ino, 19748arnabe and Barnal@uet, 2000; Jiansan and
Jiaxin, 2001; Jiaxin, 2003; Spanigral, 2011; Ulaet al, 2011; Tessieet al, 2015.

Globdly, HES have an extensive history. In the Mediterranean, fishecemulated ballast stonde
enhance fishing grounds between tuna seasor&icily, and Greek temple stones were disposed
during harbour construction creating reefs as early,@80BC (Riggio et al, 2000). Indigenous
cultures have used reefs to hanagtatic food supplies fothousands of years, including Australian
aborigirals using reefs as far back a®@BC (Carstairs, 1988Kerr, 1992). These early reefs,
however, have mainly beeconstructed using materials of opportunity such as woody debris
including bamboo, rocks drrubble and sunken vessels (such as ancient §ighdats). In 1952, the
Japanese Government started to subsidise artificial reefs, triggering a huge phase of reef
development. Japan now have over 130 different reef module déaigeting an array of ffierent
species such as oysters, octopus, squghealabalone, sea urchins and demersal and pelagic fish
(such as Carangidae) (Thierry, 1988; Polovina and S&&f;1Barnabe and Barnai@et, 2000;
Surman 2015). Since the subsistheme, Japan, KoreahiRppines and Taiwan have been at the
forefront ofartificial reef and FAD developmerd increase commercial fishing harvests.

Habitat Enhancement Structuteswe been deployeth more tharb0 countries around the world for
many different purposes inclding snorkelling, SCUBA, surfing, energy productictaetourism,
erosion mitigation, aquaculture, research, infrastructure and conservation (E394kBhine, 201;
Diplock, 2010 Ng et al, 2014. However, in the majority of cas¢HES araised forthe enhancement

of commercial, recreational and artishfigheries. The first purpodeuilt artificial reef in Australia

was deployed in €D in 1971 and was clety followed by a reef installed in Western Austradiigso

in 1971 to studyWestern Rock Lobgr (Chittleborough, 1973Pollard 1989). While there we

many reefs deployed using materials of opportunity in the earlier period, the next known purpose
built reef with modules designed to target specific species in WA, was undebyak#ean Grown
Abalone (OGA) in 2011. OGA deployedoO different module degns off the coast of Augusta as an



abalone ranching trial. These different modulesiainin-situ and are used for the production of
abalone flelville-Smithet al, 2013.

As of 2015, at least 120 dificial reefs have been deployed in Australian watei#h the vast
majority being constructed for the purpose of enhancing recreational fishing (Batemiag015).
These eef structurediave beerbuilt out of a range of materialsuchas reinforcedconcete or
limestone, plastics and fibreglass, steelamics, polypropylene and other recycled and repurposed
materials (also known as materials of opportynigfthough the most common and recommended
materiat to use for artificiateek arereinforced cancrete and/or steel.

WesternAustraliahas been athe forefront of recent HES development in Australia, with large
investment from both industry and the acoomity. The first purposéuilt artificial reefs used to
enhance recreatiah fishing in WA wee deloyed in April 2013. These artificial reefs each
comprised of thirty 10 tonne concrete modules arranged in clusters of five and were deployed off the
coastsof Bunbury and Dunsborough in 17 and 27m depthpectively(Florissonet al, 2018) The
moduleswere specifically designed to promote upwellingdsiving nutrients up the water column,
provide shelter and food sources and to increase variation inlbgth@ and environmental effects

to increase habitat such as vertical peodnd habitat comlexity, light and temperature.

Since 2012, over sevemillion dollars had been invested into purptselt HES for recreational

fishing in WA alone, with dur reefs haing been deployedh@bitat spread ovet20,000n?), with

three moreartificial reefs ad astatewide FADs projectrecentlyreceiving fundinglnstalled reefs

include concrete reefs off the coasts of Dunsborough, Bunbury and Mandurah, as wellstesetw

6Fi sh ™poweorust h of Rottnest | s loen5000 médolesif0HG0r v has
planned)for abalone sea ranchiimg Augusta ands expandindurther,as well as trialling modulest

sites neaEsperance.

Habitat Enhancement Structgrare continually evolving in terms of their structure, function and

purpcse in Australia andaraund the globe, with innovative new prototypes andhods ever

increasing the efficiencies and services that HES provide. While interest and deploymenbsé purp
built HES has expanded, it 6s i dnipea and that\degin,t h a't d
corfiguration, type, approvals, construction, ifisttgon and monitoring are all carefully planned and
considered (Baine, 2001; Becladral, 2018; Florissoret al, 2018).

Given the rapid increase and interest in HES developmem&\ and Australiathere is a need for a

better understanding of the cuntdechnology and methodologies available and how they could best
be applied. There is also a need to @easet of tools to gain a better understanding of regulations,
facilitate costeffective depbyment and monitoring, assess infrastructure and ensoal,
ecological and economic benefits are provided. Thus, this project aims to assist industry and the
community in determining the optimum HES designs, figamations site sedction deployment
methods and post installation monitoring and extensemtimiquegfor specific objectives seEable

1).



Objectives

Table 1: Projectobjectivesand relative chapters

Number

Obijective

Chapter

Identify whatHES are currently ailable
throughout the world and what benefits eaclety
may have for recreational and commercial fishif
as well as identifying the benefits for aquacultu

andthe environment.

Identify how various HES design might provide

beneft to the WA seafoodedor and community

and determine applications andadions for the
most effective return on investments.

1,2

Determine coseffective methods to monitor FHE
developments using easily available materials g
data collection by comunity and industrgroups.

Investigate coseffective reef, site set#ion,
approvals, construction, deployment and
monitoring strategies for business, industry an
community goups wanting to invest in HES.




Chapter One: Habitat Enhancement
Structure Types from around the World

James Florissofc, James Tweedlgy®, Jennifer Chaplifi ¢ Chris Surmaf and Thomas
Batemar? ¢,

aRecfishwest, 3/45 Northside Dr, HillaxyWestern Australia, 6025, Australia

b Centre for Sustainable Aquatic Bystems, Harry Buttelnstitute Murdoch University, 90 South St, Murdoch,
Western Australia, 6150, Australia

¢ School of Veterinary and Life Sciences, Murdoch University, 90 Soytkli®8toch, Western Australia, 6150,
Australia

dHalfmoon Biosciences, 45d4dther Road, OceareBd, Western Australia, 6333, Australia

Figure 1: One of 1400ne tonne concrete cubes deployed in three sites around Koh Tao, Thiylahe
Department of Marine and Coastal Resources and the Prince di&bimgversity. PhotdAndreasFiskeseth.



Foreword

This chapter addrees objective one by identifying whatbitat Enhanement Structures (HE are
currently available throughout the world and what benefits ggehprovide for a range of purposes,
including recreational and commercial fishing. To heskrstand the varios types of HES and their
benefits, several comprehensive literature reviews were undertaken. The first review included a
bibliographic analyis to decipher what research had alyehden completed on HES. This was
followed by a reviewof HES types and hi®ry in Australia. Finally, a global review of HES design,
application and deployment was undertakeabitht Enhancement Structutgpes wereclassified
according to size, constrien material, function, depth, hydrological conditipussteffectiveness
installation techniques, target species, purpose and benefactors locally, nationally and internationally.

Figure 2: A fish aggregation device deployadthe Aldabra atoll (Seychelles). Photo Thomas Peschak



Summary

Habitat Enhancementtictures(HES) have been used for over 3,000 years for a range of purposes
and have been deployed in over 50 countriearatahe world. A literature search dfe Scopus and

Web of Science databases was conductedtise termsdabitat enhancement structdréartificial
reebanddish aggregation deviéand >3,500 citations thamployed these terms were exported and
the citations presented. Bibliographicayses indicated that among these three terms, aatifeef

was tle mostwidely used in the literature comprising ~76% of all references. The fact that this term
is the most widely used reflects the fact that itsviiest used in 1968 and thus well bedofish
aggregation device (1975) and habitat enhanoérseucture 1982). The use of all terms, and
particularly that for fish aggregation device, has increased markedly post 2000, reflecting the
increased levels ointerest and research in this fieldegearchers from the USA were the most
prolific publishes, together vith those from Australia, UK and, to a lesser extent, France and
Canada. In fagtmore tlan 96% of all documents found in the two databases wertgewrin English,

which may explain theelatively low contribution by researchers from Jap&hjna and South
Korea, all of which have long histories of research and development in this area. In terms of the
research areas, the majority of docursemere tcused on the biology and ecology ofural
communitiesIn contrast, documents focusing o tesign of these gictures and of their social and
economic implications received little attention.

Although the first modern habitat enhancement structuredeloyed in Australian waters in 1965,

the total count of artificial reefstoodat 121in 2015. The prevalence ofud structures varies
between states, with relatively large numbersViotoria (VIC) (28), South Australia SA) (26),
Queensland QLD) (22) and New SouthWales (NSW) (21), with lower numbers in Western
Australia (WA) (11), Northern Teritory (NT) (9) ard Tasmania TAS) (4). Unsurprisingly, the
highest concentrations of artificial reefs are found close to major cities and/or within sheltered bays,
such as the Gulf of St Vinceli8A) and Moreton Bay(QLD). The rates of deployment of these
structureshave tianged overtime, with the trés also differing amongtates, however, it is relevant

that 29 of the 121 reefs (24%) have been deployed since 2010 reflecting a change in government
policy anddemand from particular public sectors. To date, 65% ofi@at reefs in Australia are
compesed from materials of qortunity (.e. cheap and easily accessible waste items), with
decommissioned steel vessels and used tyres the most commahbyexinconstuents. However,

there has been a clear shift in materiase to construct artificial resfin Australia over th&0

years. For example, most reefs constructed between 1965 and 1978, were comprised of used tyres,
with this material of oppounity beingused less frequently compared to scuttled steel vessels
between1982 and 1994Whereas, sinc001 almost althe arificial reefs deployed around the
country were constructed from purpdsdlt prefabricated concrete and steel modules. While
artificial reefs in countries such as Japan and South Korea have depboyed to enhance
commercal fisheries and most of those France used to prevent illegal trawling, the vast majority of
reefs in Australia were deployed for recreational activifldaus, 96 ofthe 121 artificial reefs were
constructed for the primamyurpce of enhancing fishing actiigés, with a further 1&nd 2designed

to facilitate SCUBA diver and generate waves for surfers, respectively.

Recently,as a result primarily from ovishing pressures, some nations have implemented regulated
and systmatic installation of HES to increasthe availabilityof both recreational and commercial
fishes. In the past 40 years, millions of cubic metres of Gidifreefs have been installefl.wide
variety of materials and designs have begiised with a shit recently (due to community conaes)

from materialsof convenienceife. tyres, building rubble, cars, ships, telegraph potespurpose
designed and built structures. In Japan a$tl@80 different ref modules have been designed with
favoured onstructionmaterialsincluding concete and steelThe purposes of artificial reefs are
manyfold: Principally they are used @mhance fisheriefor either commercial or more recently
recreaional purposes; reefs also are playing an increasingly impaowbmnin tairism associated with
reaeational diving. ldwever the construction oartificial reefsaround the globe adhere to a few



main outcomespreservation or protection of coastline, antement of fisheries, conservation of
marine flora and faunar @reventionof trawling in sensitivareas.

The literature indicateseveral consistent requirements in the design and deploymenntifafial
reefs. These include the use dhlslematerialsnoni toxic material complexity of structure rugosity
(roughress of suidce) and the provision cdhelter, refuge, settlement areas and fepdireas all
increase the biodiversityf @nd therefore success of HB8uch has been written of whether such
structures actually increase fish production, or merely act aactitin deice thereby making fish
extraction easier for users. The careful dasand implementation of guidelines for aamtificial
reefs can lead to a welbalanced design that incorptesall biotic trophic levels thereby increasing
feeding opportaities notonly for predatoryithesbut for grazing animalshe use ofrtificial reefs

is generally an>gensive process however the socieconomic benefits of a wedlesigned reefal
sysemwill in the longer termcontribute to the community.



Bibliographic Analyses of Scientific Literature on Habitat
Enhancement Structures

Introduction

HabitatEnhancemen$tructures (HES) are thought to have been employed for stt3g®0 years to
help increase catches of target fish specieggi® 20M), with the first documeerd creation of a
dedicated artificial reef in Japan in 1795 using mksn vessel. After elevated catches of fish were
recorded during the next summer,ndeds more artificial reefs were developed over the next 10
years using suattled vessels and otheraterials of opportunity (Ino, 1974). Such was the success of
these strotures that, by 1930, the Japanese Government began subsidising the research and
dewelopment of artificial reefs and designing purpdmselt structues in 1953 Thierry 1988, Grovet

al., 1994). Regulations stipulating that only those HES which pasgestt design protocols to
ensure longevity were passed and, as of 2000, there Wi@HE:S sites in Japanese waters, which
cumulatively covered anr@a of ~20million m® (1,800km?) (Sheehy, 1982; Barnabe and Barnabe
Quet, 2000).

During the last 60 yearthere has been a marked increase in the number of HES around the world,
with more tlan 50 countries hang deployed these structures (Fabial, 2011). For &ample, there

is approximgely 1 million m3 of artificial reef habitat in the USA along, with 0\ue500 artificial

reefs in Florida alone (Barnabe and Barn@aeet, 2000; Sutton a@anBudnell, 2007) and South
Korea has invested almost AUSillion in HES wer the last 40 years,aating 2,070 kihof artificial

reef habitat (DoF2010).

Despite the suwess of HES around the world, the first artificial reef was not deployed in Aastrali
waters until 1965 and, to date, only 121 reefs have beenrootesl usig thewide range of avéble
materials (both materials of opportunity and purposiét modules; Batemaret al, 2015). However,
the use of HES in Australia is gaining popularitth 29 reefs comprising such structurée.(24%

of all Austrdian artificial reefs) being depl@d since 2010 and with many more in the planning
process. Moreover, aficy shift by theWA Government towards facilitating the deployment &3H
has cread the needo understand whgbeerreviewed research has beemdocted onHES ard
where the worlhastakenplace.

In light of the above, the aim of this bibfjraphic study was to search major databases of scientific
publications for publicadns that usd key words relating to HES and i) describe broad trends in the
usage of tese term in the scientific literature and ii) compile a reference lists of documesing
these terms that can be used by scientists and managers to find relesamatioh quckly and
easily.

Materials and Methods

Habitat Enhancement Stiuweces (HES$ comprie a wide range of structures and materials placed
deliberately in the aquatienvironment. As this term is designed to encompass a range of structures,
including artificial reefsand Fish Aggregation Devices (FADeach of the above tregerms wa

used incontent analysis. Scientific publications containing any of these termgher the title,
abstract or list of keywords were identified using search furgtiotwo laige databases of scientific
documents, namely Scopus and Web defee (Wo$. Scopughttp://www.scopus.com/) contains
22,000 documents (55 million recordsjlating back to 1966 and Web of Science
(http://wokinfo.com/) contains more than 50,0000ks, 12,00 journals and 160,000 conference

8



proceedings (90 million recordsThese dtabasesvere employed in this study because unlike some
others,e.g. Google Schiar, they are able to analyses and export large quantities of bibliographic
information,including te citations for each document (year or publication, type ofrdentj jounal

title), location and institution of the lead author, research area and tgngua

Trends in the bibliographic data for year of publication, location and researctvereealcubted
and graphed using Microsoft Excel. The resultant bibliogcaphformation, together with the
abstract for each publication, from each database was edpaxdenbined and used to create a
separate Endnote library for i) habitat enhancementctatey ii) artificial reef and iii) fish
aggregation device. Duplicateeaords wee identifed by the Endnote X7.4 and deleted, visual
analysesvere also employed to diete records that were similar and highly likely to be recorded of
the same publicatiorhut whose character strings for each field were not idengaglSmith, A.B
versusAlan B. Snith. A reference list for each of the libieshas been published in this tep Note
that, while the individual publications recorded have been reported in atcansit &éout put 0
information in the records has not beeterdd tocorrect any aors e.g. erroneous capitals and
incorrect use of italics.

Results and Discussion

The total number of documents recorded in the Scopus agt@dtabases using anyeof the terms
HES, artificial reefsor FADs was 2,475 and 2,541espectiely. Of those dcuments, 83% were
journal articles and 13% conference proceedings, while the remaindebeaetrade publications
and reports. Among the three ternastificial reefs (i.e. 1,896 and 1,949 in Scopus and WoS,
respectively) was thenost reorded, compaceto 390 and 370, respectively for HES and 189 and
222, respectively, for FA®

While the first document ctaining thephrasecartificial reef$ was published in 18, it was not
until 1975 and 1982, respectively, that the terms EADBd HES were employedn the scientific
literature. The use of all terms, and particularly BABas increased markedly post 2000. As implied
abo\e, for each search term, the number @fuinents published per year has tended to progressively
increase edctyear #er the dateri whichthat term was first usedrigure 3. There are, however,
noticeable peaks in the number of documents produced inyartyears, most notably in the cage o
artificial reefs(Figure 3 botton). These peak yearse. 1985,1989, 194 and 2002, dacided with
international conferences on artificial habitats and reefs and thus special issues of the Bulletin of
Marine Science and ICE®wurnal of Marine Scienogere published comprising papers presented at
those meetings. Thislsm exphins why thesdwo journals ranked first and third in terms of the
highest number of papers on artificial redfs.(L85 and 68, respectively; data nbbwn).

st
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The lead authorsfanuch of the research artificial reefs(i.e. 25 and 35% in Scopuand Wo$
respectively and HES (38 and 45%) and, to a lesser extent, HADsnd 18%) were based in the
USA (Table 3. Australian authors have been productive in each offtheetaregsproducing the
secondhighestnumber of documents oartificial reds and fifth and sixthon HES and FADs,
respectively. The relatively small number of documents produced by workers from several Asian
countries with a strong history in habitat enhanceregntilapan, China and South KoreBaple 2

may reflect the fact &t both $opus and WoPredominately search databases containing records of
documents written in English and thus undoubtedly would have underestimated the contribution
made by research wiers fom these countries. For example, 1,800 of the 1#&%6cial reefs
documents fouth by Scopus were written in English, with only 26 and 14 written in Chinese and
Japanese, respectively and the same was true for HES (387 out of 390) an(L82aQut of 192).

These treds are mirrored by the work of Baine (2001)onevieweal 249 abstrastfrom six volumes

of published papers on global artificial reef research (usually those associated with special editions of
journals following international confemees) and found thatltaough acknowledged as a world
leader in arficial reef research, rticularly in terms of HES design, only 29 of the 249 papers (12%)
were written by Japanese authors.

Table 2: The percentage contribution deby research workerg different countries to documents with
Artificial Reefs (AR), Habtat Enhancement Structure (HES) or Fish Aggregating Devices gFifiDhe title,
abstract and/or keywords. Countries making a large contribution (>~5%) are highliglgrey. Note that fo
brevity, only the countries #t producedthe ten geatest percdage contributions for each keyword in each
database have been included inTiable

AR HES FAD
Database Scopus WoS Scopus WoS Scopus WoS
Number of documents 1,896 1,949 390 370 189 222
Country
Australia 10.34 11.65 3.3 487 4.36 4.67
Belgium 2.01
Brazil 2.77
Canada 3.28 5.49 8.92
China 3.94 2.42
Finland 2.20 3.51
France 2.72 4.46 2.86 21.14 19.51
Germany 3.14 2.20
Ireland 2.97
Israeé 3.59
Italy 3.78 5.70 2.86 4.05 5.03 4.67
Japan 5.70 5.64 3.52 514 3.69 4.40
Netherlands 2.97
Philippines 2.01 2.20
Portugal 3.23
Reunion Island 2.20
Seychelles 8.39 7.14
South Africa 2.35 2.20
Spain 2.8 3.18 2.97 7.05 6.87
United Kingdom 6.29 4.87 9.67 12.16
USA 25.20 35.40 38.02 4487 16.78 18.68
Other 33.30 18.98 27.47 757 27.18 27.47
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While the geographic distribution of documents was similaiaftficial reefsandHES, i.e. mainly
produced by workergdm USA,UK, Australia and Jaan, thecountries respnsible for much of the
research into FADs differed. Specifically, many of the 'BAIDcuments’ werproduced by workers

from France (principally the Institut de Recthe pour le Développement and thstitut Francais de
Recherchepour I'Exploitation dela Mer rather than Universities), Italy, the Seychelles and Spain.
Interestingly, researchers from Canada produced more documents in the HES area than all other
counties except the USA andK, but rardy published onartificial rees or FADs. Such a trend

likely reflects the fact their research has focused on habitat modifications that enhancing salmonid
fisheries in freshwater rivers and lakes.

In terms of the reseeln areas of documents amtificial reefs HES and FADB, the majoity were
focused on théiology and ecology of faunal commueisi Figure 4. For example, between 8 and
32% of the documents that used each term were classified as belonging to Maringh&akae
Biology or Environmental Science areas. The percentageilmation of documentsn the Fisheries
area varied among terms, representing 8 and 11% for HES&radnclal reefs respectively, but 30%
for FADs. This presumably reflects the fact tha&[Ps are usually employed for the sole purpose of
attracting fish, ather tha the often mutipurpose nature of artificial reefs atdES. Documents
focusing on the Engineering aftificial reds, HES and FAB made up only a small proportion of the
total number of documents (<~4%). Little attention was also given to tlealsand economic
reseach.

While, at a broad level, the percentage contribution of documents producatifioial reefs and

HES were similar, there were a few subtle differences. Famgea documents on Oceanography
were far more prevalent itificial reefsthan HES (17 ersis 6%, espectively) whereas the reverse
was true for Biodiversity Conservation (<é&rgws 5%, respectively), which again reflects the purpose
of the structures. Tus, whle artificial reef may have been deployed for a numbegeadons, @me of

which do not riate tofisheries or faunal communities, these structures may be deployed to protect
eroding coastlines and/or create favourable surfing conditions.
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Figure 4: Stacked histogram of the percentage tébation of documents in the arious field of research
categories used by Web of Science. Note, for clarity only fields making a sufficiently large contribution were
included as categorieghe catributions made by those 68 other fields were combined int hhee r660tc at egor y
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Trends in Artificial Reef Construction, Design and Management in
Australia

Introduction

There has and will always be a need for food and the realisation thagpdépats into waterbodies
attracted fish, and other potential tbsourcesresulted in the créian the first HabitatEnhancement
Structures (HES). In the Mediterranean Sea, the use of such structures dates back 3,000 years, with
the disposal of ancienBreek emple stones during harbour construction (Riggioal, 2000).
Furthermore, Sicilian tunfishemen cut ballast stones free from their nets at the end of the fishing
season, which, over time, provided fish habitat and thus stocks for the fishteregbit (Riggio et

al., 2000). In Australia, however, thereaschaeolgical evidence that @igenows groups employed
artificial reefs much earlier from about 2,0 to 200 years ago to grow both marine and freshwater
food (Carstairs 1988), with sonw# those structures still present in some sewstern Australia

estuaris today (Dix and Medger,1976; Dortch, 1997).

Initially HES were used to attract fishes for commercial exploitation and, such was the success of
these structures that, by 1930, fiaparese Government was subsidising the development of artificia
reefs (Thierry, 1988). The alest reefs were made from natural, locally abundant materials, such as
rocks, |l ogs and bamboo, referr,d@5HHaoiseaad, 1PMNMat er i al
By 1954, Japan had established a national progoanmderake research and ddepmenton HES

and specifically purposhkuilt designs (Nakamae, 1991; Groseal, 1994; Jensen, 2002; Bortoee

al., 2011). The increase in functionally arhgeof purposebuilt designs led to the realisation that
HES ould not aly increase commerai fishery yields, but could also enhance recreational fisheries
and provide opportunities for aquaculture and sea ranching (Nakaf@tdeGroveet al, 1994 Fabi

and Fiorentinj 1996) and tourism, particularly SCUBA divir@randenet al, 1994). Moreower,

these suctures could aid in species conservation (Pickednh@l, 1999 Claudet and Pelletier
2004), the provision of additional specific types of kath{Sanierand AlimogShtayer1992), illegal

fishing mitigation (RamosEspla et al, 2000), haéitat restordabn (Clark and Edwardsl994) and
habitat protection (Jensg2002).

Despite the proliferation of HES around the world, the first modern artifeéiwas not deployed in
Australian waters until 1965 (Kerr, ¥2). Sincethen more reefs haveeen deployed @hreviews
undertaken by Pollard and Matthews (1985), Kerr (1992), Braatah (1994) and Coutin (2001)
have provided information on trends eary reef developments. However, unlike countries like
Japan ad South Krea, which deploy smifically desiged prefabricated HES, as of 2001, the
majority of artificial reefs within Australia were stithade up of material of opportunity such as gyre
(37%) or ships (22%) with only a small portion made from cotei(%; Caitin, 2001). In recen
times, statesuch alNSW andWA have developed policy statements and guidelines on the design,
location and use, environmental impaatsl anonitoring (Deparhent of FisheriesWA, 2012;NSW
Government 2015). Moreove a number of atificial reef programs have been developed, aimed at
improving the quality and management of artificial reefs and which have resulieel deployment

of numerous HES (Department BisheriesWA, 2015 Fishaies VIC, 2015; NSW Department of
Primary Industies, 2015).

In light of the above, the aim of this study is to undertake a literature search tifyittemds in
artificial reef construction within Australia, since the deplogingf thefirst artificial reef in 1965 to

the present day. Thénapter coriders where and when artificial reefs were deployed, what the reefs
were constructed fronand theirprimary purpose. lidentifies trends in artificial reef design, location
and rpose, ad assesses how tlepatterns have changed over thd pasyears

13



Materials and Methods

This work builds directly on to earlier analyses of artificial reefs in valist conducted by Pollard &
Matthews (1985), Kerr (1992), Brandehal, (1994 and Coun (2001). It thus embines the data
presented in thosdocumentswith those obtained during contemporary literature searches. These
searches were conducted in seaubines €.g.Google and Google Scholar) and documents indexed
in scientific déabases €.g. Scopus and WebfdScience). Keywords employed asasgh terms
included artificial reefs and habitat enhancement structures, with additional words such asaAustrali
and the names of the various states and territories. Once a habitat enhasteicter was detected

in the literature, information for theoflowing metrics,i.e. location, year of deployment, materials of
construction, primary purpose and builderlanwere obtained and stored in a database.

To allow comparison of different rein different spatial locadins (states and territories) andeov

time, the information was condensed into several broad categories. For example, the materials of
constructimwer e cat egor i s Bateriadssf Ogpiotriteurni b ¢ i6bn o MEUR )l todr
and then subdivided fuher based on the materialeésTalde 3). Similarly, the data for the reef
purpose and the builder/funder for that structure were also categorised.

Note that the literature search was limited to purpoeptdged benthic artifial reefs ad thus both

accidenal shipwrecks or floating Fish AgggationDevices (FAD) have been excluded from this
metaanalysis.
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Table 3: Classificdion and description of materials used in the construction of artificias.rééfotograph of each of the vaus types of artificial reefs aggrovided in

Figures 5 and 6.

Materials of Opportunity (MOP)

Category

Description

Tyres

Steel vessels

Used vehicles tyresf any size Figure 5.
Steel hulled ships and other steelseds that hae been purposelycattled for the creation of an artfal reef
(Figure 5.

Rubble Quarry rock and concrete rubble/wadteg(re 5.
Mixed MOP Combination of two omoreMOP at a single reef.

Purposebuilt
Category Description

Concrée modules
Steel modules
Geotextilebags

Mixed

Concrete modules of any size built specifically for us¢hie @nstruction of an artificial reef.g.concreteFish
BoxesM and Reef Ball8’ (Figure 6.

Steel modules of any size built specifically for use in the constructicanddrtificial reé, e.g.steelFish CavesM
(Figure 8.

Geotextile bags, which can be filled with material such as sand, that have been specifically designed for use

artificial reef constructionRigure 6.
Mixture of materials bopportunity and prposebuilt modules at a single reef. Generathis accurs when a reef is
addedto over multipleyears.
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Figure 5: Examplesof artificial reefs constructed from various materials of opportusiée{able 3.

B
Osborne Tyre Reef, USA. Photos from http://
: e

. :‘..—'l E \t ~‘
Deploying a rubble reef, USA. Tiwi Pearl, part of the Harry Atkinson artificial reef in Queensland
Photo from http://www.mymanatee.org/ Photos_from http://www.nprsr.qld.gov.au/parks/moreton-bay/zoning/trial artificial reef program html
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Figure 6: Examples of vaous purposebuilt artificial reefs (sedable 3.

Concrete fish boxes made by Hae Joo. Boxes are 4 nr’ and weigh 144 T.
Photos from http://haejoo.com.aw/'qld-moreton-bay-artificial-reef-programy/’ and http-/Awww.nprsr.qld sov.au'parks/moreton-bay/zoning'trial artificial reef prosram html

.'jf g

Reef Ball Steel fish cave made by Hae Joo, 11mtall & 144 T.
Photos from hitp-/www .reefball org Photos from http-//haejoo.com aw/qld-moreton-bay-artificial- Photos from http://www.elcorock.com’ and
reef-program’ and https://secure.1fal com/geo/articles/0610 upl reef html
JHwwnw. voutube. com/watchMv=63xSeBS oG
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Results and Discussion

In 2015, 121 artificial reefs were found this study to have been depéd in Australian waters
(Figure 7). While artificial reds were present in each state and territory watircoadine (i.e.
excluding theACT), the numbers recorded in each location differed maykeldbr example,
relatively large numbers of artificial reefs were found I€\28), SA (26), QLD (22) andNSW (21),
while lower numbers are present WA (11), NT (9) and TAS (4). Ursurprisingly, the highest
densities of artificial reefs are found close to major citia¥/@rwithin sheltered bays, such as the
Gulf of St Vincent and Moreton Bay. bontrast, remote coastlines, such as those in the Kimberley in
WA ard the Great Australian Bight, do not contain artificial reefs and there is only one in theiGul
Carpentaria.

No. of artificial reefs

1 ® i S O,
G

6-10 ,{ .
210 @ Pa

NT (9)

WA (11)

Figure 7: Geographical distribution of artifidiaeefs in Australian waters. Colour coding reflects the number of
artificial reefs in a given area. The numbers of artificial reefs in the waters of eachndt&eitory are given in
brackets after the name of that state/territory.

Currently, 65% of dificial reefs in Australia are composed fravtOP (seeTable3 for a ddinition).

Indeed, for some locations, such @& and theNT, all artificial reefs deployed to date have been
constructed fronMOP (Figure8). Victoria is the only location where thegportion of purposéuilt

reefs is greatethan thoseconstructed rom MOP, although the ratio bet we:q
almost gual inQLD.
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Figure 8: The contribution of artificial reefs constructed from purpbadt mateial, MOP or both broad types
of matrial to the total number of dficial reefs in each state and territory and to Austradia whole.

Among the purposbuilt artificial reefs in Australia, the vast majority (34 out of 43) are constructed
from concretemodules, with only two and one reafomprishg steel modules andegtextle bag,
respectively Figure 9). The constituencyf reefs constructed frorMOP was more diverse and
included scuttled steel vessels (32), such as old warships, used tyres (Bdxeahanaterials (13).
While rubblehas been used, it has only besnspaingly, with only five reefs constructed from this
MOP.
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Figure 9: The number of artificial reefs in Australia constructed from different materials.

Since the first artificial reef was @ployed in MC in 1965, anothel20 redés have been constructed
(Figure10). In eachof almost all the last 50 years at least one artificial reef has been depliyed,
relatively largenumberof reefs (28) beingdefdoyed in some periodsge. 1968-1973, 19821991 and
20092015. Whik the onstruction of artificial reefs in some stateach as \C, NSWandWA, was
spread out across the last 50 year§Amand theNT construction occurikin distinct periodsKigure
10). In the case 0BA deployment occurred almst exclusively betwee1969and 1973 and between
1983 and 1991, whereas construction inNffeoccurred between9B2 and 1991The activity inSA
was mainly focused around deploying tyre reefs for recreatfistedrs led by eécreational fishing
clubs and the state fisheriespdirtmat following the results of initial tyre reef trials and the first
placanent of a tyre @ef in Grange in 19¥(Pollard, 1983 Construction of reefs in thRT in the
1980s was typied by the use of steel vessels. This activity was the result ofdtessing ppularity

in the fishing ofwrecks left from the dmbing of Darwinand Cyclone Tracyhy recreational fishers
for species such as black jewfigbulius, 2018). Due to the swess of these structures in holding
recreational target species, lbgacraational fishing groups witlgovernment assistance scatll
derelict vessels to create adaital artificial reefs.
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Figure 10: The number of artificial refs deployed between 1965 and 2015, and the state or territorydh wh
they were deployed.

The materials used to construct theiwas artificial reefs found in Ausdlian waters differ among

states ad territories Figure11). Tyres, for example, are thpgimary constituent of artificial reefs in
SA, representing 18 outf 26 reefs, but were not used to construct anghefartificial reefs in th&NT

or TAS and only comprised a limited number of reefs iI€CVQLD andWA. Instead, these last three
states mployed a mixture of reef materials, most notably concrete modutksted vessels.

30 q
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OFubble
W Mixed MOP
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Figure 11: The number of artificial reefs in each state and territory and theialatesed to construct them.
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There has been a clear shiftnmaterials used to construct artificial reefs in Australia overSthe

yeas . The 0 eal9651%8) weeeenfost cofhmonly constructed frbf®P predominantly

used tyresKigure 12). The tend of usingMOPal so extended i nti@1982he O mi d
1994). During thesgears the relative proportion of reefenstrut¢ed from tyres decreased, albei

they were still heavily used, and there was a switch to primarily the sinking of stsells:. As with

the early period, very few purpcbailt reds were deployed, howevar,hi s changed i n th
period (.e. 200X 2015), where the majority of &s were constructed from purpebailt concrete

and steel module$gurel2).

In terms & the individual materials used to construct artificial sgdfres were widely usedom
1966 through to 1991. This likely tetts he availability of this materiband the view that utilising
this material as &HES constituted recycling, which would s benefit fish and invertebrate
communities. Howeverin many cases around the world, tyre reefs have broken up with tyre(s)
moving acoss the sea floor destroyinglditat and/or washing ashore after storms (Sko@@07
Ferrer 2015). These environmaitimpacts led France to commence removal of 25,063 tyrthe
Mediterranean in 2015, while in Florida US$3.4 million is spemtualy in an effort to remove the
tyres that wash up from a nearby reef (Ferrer, 2015).

From the midl970s onwards, steel \seds became a popular construction material, with itls¢ f
steel vessel being sunk to form a reef in 1976. This material cestiobe used, with the last reef of
this type deployed in Australian waters in 2011 (HMAS Adelaide). These types of reefpaar

with SCUBA divers and provide tourism opporttias and, as such, have been funded by diving
clubs. For example, EMMAS Brisbane has generated revenue of AB3$million since its scuttling
four years ago off the Sunshine Coast (Sundstrom, 2015E&#MAS Adelaide, after costing
AU$5.8 million to prepareand deployin 2011, currently generates an estimated AU$4.5 millibn o
dive revenue per year (Cole and AbB812). Due to legalisation, such as the London Convention on
the prevention of marine potion by dumping of wastes and other m&k and statepational and
international guidelines pertaining to the construciad d@loyment of artificial reefs e methods

for deploying them has changed significantly since the 1970s. Thus, therevamaare stringent
clean up and safety regements for scuihg of decommission vessels as HES (see Worley Parsons,
2009 for irformation pertaining to the preparati@nd environmental considerations for the sinking
of ExX-HMAS Adelaide as a SCUBA divinggef).

Although the first reef built from pposebuilt concete modules was deployed in Australian waters
in 1971, it was not uil the 2000s, and partidarly post D10, that this typeof material was been
widely used. Today it constitutes the dominamstouction for contemporary artificial reeéind is
more wickly used than other purpebeilt materials, such as steel modules geoéxtile bags. Such

a trend reflets the awareness of the artificial reef technology.(Department of Fisherieg/A,
2010), the research and devel@nof state policies on HES aadificial reefs €.g.Department of
FisheriesWA, 2012; NSW Goverrment 2015) and the availability of funds collected through
recreational fishing licares fees. As such, it is not surprisinghattthe majority of these reefs have
been deployed to impve recreational fishing experiences
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Figure 12 The number of artificial reefs deployed in each year between 1965 and 20ttt analterials used
to constructhem.

The vast majority of artificial reefs currently deployed in Aakan watersi(e. 96 out of 121) have
been constructed for therimary pupose of enhancing fishing activiti€gigure 13). While these
structures havbeen deployed by a wide rangeonfjanisations, including community groups, fishing
and diving clubsmost were installed by state (or territory) fisheries departgndtie nextmost
common purpose for artificial reef deployment was for SCUBA divers, ¥@teuch reefs present in
Austraia. Many of these were organised by diving clubs themselves or sthésyf departments.
Small numbers of reefs were also deployedstigntistsand industrial partners for research (4) and
two reefs where also deployed farrfing purposes.

The provisiorof artificial reefs in Australia, for recreational purposes mirrbeg bf the USA, where
most of the reefs are utilised for reciieat fishing and SCUBA diving (Boshnaek al., 1991; Kerr
1992; Grossmant al, 1997; lukenset al, 2004). However, b is in marked contrast to Japan and
South Korea where such structsirbave the sole purpoge enhance commercial fish and
invertebraes cathes (Thierry 1988; Kinet al, 1994). Trends of artificial reef usage are afiint
again in Europe wheren France, many HES designs are based upon the principle of a weighty
structure/base with devices for snagging nets and 80% of the amedeploya to prevent illegal
trawling of sensitive seagrass beds and other fish nuinsdxiyats (Charbonneit al, 2011, Tessieret

al., 2015).

23



==}
=
I

B Community Group

70 1 ODiving Club

60 - mFishing Club
- OIndustry
L]
3350 - O Other
= B EResearch Group
=40 - B State Fisheries
é 30
-

20 A

10 -

0 A T [ 1 . T -
Fizhing (96 SCUBA diving (19) Research (4) Surfing (2)

Primary purpose

Figure 13: Histogram on the number of artificial reefs categorised by theirayipurpose(noting that many
have multiple purposes) and the group that deployed theTieefnumber in parenthesesthe x axis refers to
the total count of artificial reefs constructed foat primary purpose.

Conclusion

Whil st Aust rrefldevebpnentsahave préviously meén behind those of other countries,
the past 10 yearBas seen a surge in interéstthe use of modern purpobeilt artificial reefs
(Pitcher and Seama00Q Coutin, 2001 Diplock, 2010). These purpodauilt reef malules offer
significant benefits oveMOPs and the availability of additional funds thghurecreatiaal fishing
licence fees has been successfully usedSihV, VIC, andWA to fund artificialreef programs and
reduce presse on natural reefand could poteiully be utilised by other states in the future. Ag th
vastmajor t y of Australiab6s artificial reefs have
recreational fishing, reefeave been deployed close to magities and generally within popula
fishing regions. Although this makes the reefs gaailcessibleit also creates the potential for
overfishing of target species. Future research should also aim to incorporate theceaomic
impacts of these stetures and factors, such as reefitaigon levels and catch rates, which have not
been dscussed in etail within this review. With the number of artificial reefs in Australia set to
increase over the coming years, dedidatenagement and monitoring bése structures is essential
(Carr ad Hixon, 1997; Pickering and Whitmarsh, 1997).
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Chapter Appendix

Table 4: Each of the 121 artificial reefs in Australian waters identified during this studysatatétion, yeaof deploymentconstruction materials, primary pwge, wio it

was deployed by and a reference for therse infomation. Reefs ordered chronically within each state/territory. NSW = New South Wales; NT = Northern Territory; QLD =

Queensdnd; SA = South Australia; TASTasmania; VIC = Victoria and WA = Vgtern Australia.

Beef# | State | Year D';I:;h Specific construction materials Materials Purpose Deployed by Reference
1 NEW | 1966 8 250 tyres Tyres Eesearch | Research Group Kerr 1992
2 NSW | 1970 10 4,660 tyres Tyres Fishing State Fisheries Kerr 1992
3 N3W | 1976 23 Tyres Fizshing Diving Club Kerr 1992
4 NEW | 1976 43 Sydney Harbour Ferry and 11 other vessels Steel vessel Fizhing State Fizheries Eerr 1992
3 NSW | 1977 23 Tyres Diving State Fisheries Kerr 1992
6 NSW | 1978 12 Tyres Fizhing State Fisheries Kerr 1092
7 N8W | 1986 33 Steel vessel Fizhing State Fisheries Kerr 1092
Community
8 NEW @ 1987 20 Steel vessel Fizhing Group Eerr 1992
Community
9 NEW | 1982 20 Steel vessel Fizhing Group Eerr 1992
10 NEW | 1988 20 Steel vessel Fizhing Group Kerr 1992
11 NSW | 1990 200 Steel vessel Fishing Other Kerr 1992
12 NSW | 1991 43 Eubble Diving Other Kerr 1992
13 NEW | 1991 30 Steel vessel Diving | Research Group Eerr 1992
14 NIW | 2003 3 Reef Balls Conerete modules | Fishing State Fisheries State Fizheries
15 NSW : 2006 10 180 Eeef Balls Conerete modules | Fishing State Fisheries State Fizheries
16 NSW 2007 2 210 Reef Balls Conerete modules | Fishing State Fisheries State Fisheries
17 N8W | 2008 3 400 Reef Balls Conecrete modules | Fishing State Fisheries State Fisheries
18 NSW | 2008 5 400 Reef Balls Concrete modules | Fishing State Fisheries State Fisheries
Fizh Cave, 12 by 13 metres in length, has two 12 metre high masts and
19 NEW | 2011 38 iz anchored at each corner by a chain and a 60 tonne concrete block Steel modules Fizhing State Fizheries State Fizheries
20 NEW | 2011 32 Navy ship Steel vessel Diving State Fisheriez State Fisheries
21 NEW | 2013 30 20 concrete modules Concrete moduoles | Fishing State Fisheries State Fisheries
2 NT 1982 12 Steel vessel Fizhing Fizhing Club Kerr 1092
23 NT 1982 16 Steel vessel Fizhing Fishing Club Kerr 1992
24 NT 1987 23 Mhitxed MOP Fizhing State Fisheries NT Fisheries
23 NT 1938 18 Steel vessel Diving Diving Club Eerr 1992
26 NT 1988 20 Steel vessel Fizshing State Fisheries Kerr 1992
T NT 1991 13 Steel vessel Fizhing Fishing Club Kerr 1092
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Beef# | State | Year (m) Specific construction materials Materials Purpose Deploved by Reference
28 HT 7 15591 20 Floeed RIOT Drang Ctate Fashenies Elarr 1507
25 NT | 2011 1= Stesl vazzals, comcrata kioeed MOP Fishing State Fizheries State Fishanes
30 WT | 2012 Steal vaszals, concrate Mooed MOP Fizhing State Fisheries State Fishanes
3l QLD | 1568 18 Car bodies, fyTes, conerate rubble Moged MOP Fishing Fishing Club Earr 1592
32 QLD | 1568 20 Car bodies, fyTes, concrate rubble hioeed MOP Fasearch | Fezearch Group Earr 1592
33 QLD ¢ 1571 3 28 Conerate modules Concrete modules | Fishing State Fizheres Earr 1592
34 QLD | 1872 5 Conerete sheltars Tyras Fishing State Fizhenes Earr 1592
33 QLD | 1573 3 Tyraz Tryras Fizshing Fishing Cl o [00 7

) Commumty

36 QLD | 1578 g Mhioged MOP Fishing Crroup Earr 1592
37 QLD | 15E3 22 Steal vasza] Steal vazzal Fishing Industry Earr 1592
38 QLD | 1SEf id] Stesl vazzal Steal vazzal Fishing State Fizheres Earr 1592

Conmrmmty
g QLD | 1SE8 g Car bodies hioead MOP Fishing Crroup Earr 1592

Conmrmmty
40 QLD | 1591 5 Concrete pipes and rubbla Eubhble Fishing Crroup Earr 1592
41 QLD | 2000 3 Geotesthle bazs filled with zand Geotaxtile bags Surfing Cthar State Fishanes
42 QLD | 2003 JE Formear warship Steal vaszzal Drng State Fizheres State Fishanes
43 QLD | 2006 13 Steal vazzalz and concrete pipes, some concrete and steel modules Mied Dirvne State Fichenes State Fichanes
44 QLD | 2010 10 117 Beef Ball= Conerste modules | Fizhing State Fizheres State Fizhanes
45 QLD | 2011 15 78 Feaf Ball= Concrate modules | Fishing State Fizhenes State Fishanes
46 QLD | 2011 14 25 Fizh Bomas Conerste modules | Fishing State Fishenes State Fishanes
47 QLD | 2011 12 20 Fizh Boomaz Concrate modules | Fishing Etate Fishenes State Fishanes
48 QLD 2011 33 3 Steel Fizsh Cavas Steel modulesz Fishing State Fizheres State Fishanes
45 QLD | 2014 21 1973-2014 hioeed MOP Fishing State Fizheres State Fishanes
30 QLD . 2015 la 30 reef temple modules Conerate modules | Fishing State Fizhenes State Fishanes
3l QLD | 2013 10 30 reef temple modules Concrate modules | Fizshing State Fisheries State Ficharnes
32 QLD | 2013 6 cluster of concrate modules Concrate modules | Fishing State Fizhenes State Fishanes
33 54 1 1569 10 Car bodies hioeed MOP Fishing Fishing Cluk Earr 1592
34 sA 1870 10 13000 tyres Tyras Fishing State Fishenes Eearr 1592
33 SA 1 1871 10 3000 tyres Tyrasz Fishing State Fizheries Karr 1592
.3 SA 18T 3 2000 tyTes Tyras Fishing Fishing Cluk Harr 1007
37 SA 1872 Veszel: and tyras Tryrasz Fizshing State Fizheries Karr 1592
38 SA 11673 10 Tyrasz Tryras Fishing Fishing Club Earr 1592
35 B4 1873 18 23000 tyTas Tyrasz Fishing State Fizheries Karr 1592
60 SA ¢ 1583 15 30 tormeaz of tyras, 10 tomes of concrete pipes Mhioged MOP Fishing Fishmg Club Earr 1592
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Feef# | State | Year () Specific construction materials Materials Purpose Deployed by Reference
) SA 1 I5ES 13,000 tyres TyTasz Fizhing Fizshung Club Eerr IS5
62 SA 1 194 10 1,000 tyzas Tyras Fizhing Fishing Club Eerr 1952
63 SA 1 IS5H4 20 Steal vezzal Fizhing State Fizhenas Eerr 1552
fid SA 1 IS5H4 20 Steal vezzal Fizhing State Fizhenas Eerr 1552
63 SA 1 I5H4 18 Tyrasz Tyrasz Fizhing State Fizhenas Eerr 1552
66 SA 1 19B5 18 Tyras Tyras Fizhmgz State Fizhenes Eerr 1552
67 aA 0 19ED 20 Tyra= Tyras Fizhmg Siate Fizhenes Ko 1550
68 SA | 19Ba 18 Tyras Tyras Fizhmz State Fizhenes Eerr 1552
6% SA | 19Ba 1 1,200 tyzas Tyras Fizhmg State Fizhenes Eerr 1552
70 SA | ISBA 18 400 tyrez Tyrasz Fizhing State Fizhenag Eerr 1552
71 SA | ISBA 18 1,000 tyres Tyrasz Fizhing State Fizhenag Eerr 1552
72 5A 1 1SBA 18 1,000 tyrez Tyrasz Fizhing State Fizhenag Eerr 1552
73 SA 11890 15 Steal veszal Fizhinz Fishing Club Eerr 1952
74 SA 11891 9 Tyras Fizhmgz State Fizhenes Eerr 1952
75 SA 11891 15 Tyras Fizhmgz State Fizhenes Eerr 1952
76 SA ) 198 20 Steal veszal Diving Drving Club o e
77 SA 1 2002 20 Fizshing boat Steal vezzal Drving Dirving Cluk State Fizhariaz
78 SA ) 2002 30 Wavy ship Steal vezzal Dirving State Fizhenas Stata Fizheriaz
EE] TAS | 1987 2> Steel vezzal Fizhing Industry Eerr IS5
3 TAS @ 1530 17 Loadmg facility hiead MOF Fizhing Industry Eerr 1552
8l TAS 2001 20 30 Feaf Ballz Conerets modules | Fizhing Dirving Cluk State Fizheriaz
a2 TAS 2007 27 33 m hopper barge Steal vezzal Fizhing State Fizhenas Stata Fizheriaz
83 VIC | 1963 20 440 tommes of concrets pipes and fwo vessels hiixad MIOF Fizhing State Fizheriag Eerr 1552
ad VIC | 1973 10 2000 tyres Tyras Divinz Drving Club Eerr 1952
85 VIC | 1973 10 Chary rock, steel frames, cube modules and tyres Moced Fizhmg State Fizhenes Eerr 1552
86 VIC | 1973 10 Chary rock, steel frames, cube modules and tyres Moced Fizhmg State Fizhenes Eerr 1952
a7 VIC 1573 10 Cary rock, steel frames, cube modulss and tyres hirced Fizhing State Fizhenasg KEerr 1552
38 VIC | 1574 20 74 m bucket dredge Steal vezzal Fizhing State Fizhenag Eerr 1552
2% VIC ¢ 1580 12 Steal vezzal Dirving Dirving Cluk KEerr 1552
a0 VIC | 1580 24 Steal vezzal Diving Dirving Cluk Eerr 1552
al VIC ¢ 1580 20 Fubhble Faszaarch Industry KEerr 1552
92 VIC | 1591 22 Steal vezzal Dirving Dirving Cluk Eerr 1552

150 tetrahedron shaped units with a base of @ tyres (3 x 3) bound )
a3 VIC @ 15592 20 cTImps Mieoed Fizhing State Fizheriag Coutin 2001
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Depth

Reef# | State | Year (m) Specific construction materials Materials Purpose Deploved by Reference
130 tetrahedron shaped umts with a base of 9 tyres (3 x 3) bound
togather with industrial straps that were fastened with stainlass steal
94 VIC | 1893 20 crimps Mlixed Fishing | State Fisheries Coutm 2001
83 VIC | 2009 11 100 E.eef Balls Concrete modules | Fishing | State Fishenes State Fisheries
o6 VIC | 2008 11 100 B.eef Balls Concrete modules | Fishing : State Fishenes State Fishenes
a7 VIC &+ 2002 11 100 B.eef Balls Concrete modules | Fishing | State Fishenes State Fisheries
o3 VIC | 2009 28 Navy ship Steel vessel Diving State Fisheries State Fisheries
a9 VIC @ 2012 4 09 concrete dome modules Concrete modules | Fishing | State Fisheries State Fizheries
100 VIC ¢ 2012 4 09 concrete dome modulas Concrete modules | Fishing | State Fishenes State Fizhernes
101 VIC | 2012 4 00 concrete dome modules Conerete modules | Fizshing State Fisheriez State Fizheries
102 VIC | 2014 3 Feef Balls, 8 small reefs all together, made from 15 modules Conerete modules | Fishing State Fisheries State Fisheries
103 VIC @ 2014 3 Eeef Balls,  small reefs all together, made from 13 modules Concrete modules | Fishing | State Fisheries State Fisheries
104 VIC ¢ 2014 5 Eeef Balls,  small reefs all together, made from 13 modules Concrete modules | Fishing | State Fishenes State Fizhernes
103 VIC | 2014 3 Feef Balls, £ small reefs all together, made from 15 modules Conerete modules | Fizshing State Fisheriez State Fizheries
106 VIC | 2014 3 Feef Balls, 8 small reefs all together, made from 15 modules Conerete modules | Fishing State Fisheries State Fisheries
107 VIC @ 2014 3 Eeef Balls,  small reefs all together, made from 13 modules Concrete modules | Fishing | State Fisheries State Fisheries
108 VIC ¢ 2014 5 Eeef Balls,  small reefs all together, made from 13 modules Concrete modules | Fishing | State Fishenes State Fizhernes
109 VIC | 2014 3 Feef Balls, £ small reefs all together, made from 15 modules Conerete modules | Fizshing State Fisheriez State Fizheries
110 VIC | 2015 25 25 Fizsh Box modules Conerete modules | Fishing State Fisheries State Fisheries
111 Wa ¢ 1971 4.5 2 concrete module reefs Concrete modules | Fishing | State Fisheries Kerr 1952
112 WA 1971 80 tyres Tyres Fishing | State Fishenes Kemr 1902
Commumity
113 WA | 1887 20 Tyres Fishing Group Kemr 1592
114 WA | 18987 20 Eubble Fishing Industry Kemr 1592
113 WA | 1989 50 Steel vessel Diving Drving Club Kerr 1582
Commumity

116 WA | 1897 30 Wawy ship Steel vessel Diving Group State Fisheries
117 WA | 1888 4 Fock Eubble Surfing Other State Fisheries
118 WA 2001 33 Nawy ship Steel vessel Diving State Fishenes State Fishenes
119 Wa 1 2011 19 700 concrate units Concrete modules | Fesearch Industry State Fizheries
120 Wa o 2013 Y 30 ten-tonne concrete modules Conecrete modules | Fishing State Fisheries State Fisheries
121 Wa | 2013 17 30 ten-tonne concrete modules Conerete modules | Fishing State Fisheries State Fisheries
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Habitat Enhancement Structures (HES): A Review of Design,
Application and Deployment

Introduction

Habitat Enhancement Structures (HES) encompass a wide drstructures and materialkaped

deliberately in the aquatic einonment for various purposes, but usually associatétl increasing

fishing success. More widely referred to amsificial reefs HES have been crudely defined as the
development of anyproductive habitat in an otherse unproductive dcation (Brock, 185).
However,this has been further refined by the &peanArtificial Reef Research Network (EARRN)
asfisubmerged structures pl aced on t he substrat
characteristics of a natural rée (Jensen 1998Baine, 200 Howe\er, to incorporate a broader

range of uses, Sutton aBdishrell, 2007 defined HE@sfione or more objects of
origin deployed purposefully on the seafloor to influence iphysbiological or socioeconoit

processes related to living marinesouc e s 0

HES come in many forms, ranging from wegsdr surplus materials to sophisticated, specifically
designed préabricated units ranging from old rcayres, shopping trolleyshuilding rubble and
decommissioneail and gas infrastructurép plasic reinforced concrete or moulded ceramic reef
modules Similarly, the purposes and acceptance of HES and their construction material has evolved
from one of the creation of fish habithrough the disposal of waste t@dals to the development of
artificial red modules capable of mimicking natural ecosygserlhe aim of thisstudy wado review

the types and uses of HES both within Australia and around the world with the aim of prariding
overview and guide that mayjd in the decision process when dBpingthe concept of a new HES

or AR.

The History of Habitat Enhancement Structures

Indigenous cultures have used artificial reefs for thousands of years to harvest both marine and
freshwater food supplies (Kerr, 129 In the Mediterranean, ancient tufishemen from Sicily cut

ballast stones free fronmeir nets, the accumulation dfese ballast stones provided fish habitat for

the fishermen to exploit between tuna seasons, andualignthey added to the sitegtiv wrecks.
Similarly, the disposal foancient Greek temple stones during harbour constactreated new
artificial reefsabout 3008C (Riggio, 2000).

Elsewhere, particularly Japan, ad hoc use of artificial fishing reefstrtwted of trees, rocks and
sandfilled straw sacks were commonlysed inthe 17th century (Sato, 1985). However, sfieci
documented creation of an ifidial reef in Japan occurred in 1795 when a local fisherman noted
elevated fish catches over a sumkessel. When the vessel daieated, the local fishing community
constructed gabion baskets of bamboo and rocks ireffort to replicate the effectsf the vessel.
Elevated catches were recorded during the next summer, and hundreds more such reefs were
developed over the next 10&s (Ino, 1974).

Japan became the dtrnation to systematically develop HES for increasstieries production. By

193Q the Japanese Government was subsidising the development of artificial reefs through the
ministry of Agriculture and Forestry, and bw34 regulation on the design and maent ofHES

was in place (Thierry, 1988).
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HES orartificial reef development has increased rapidiythe past 40 years. Thénited States of

Americg Taiwan, Korea and Europe started depmg artificial reefsprogransi n t he early 1
and the firstAustralian artificial reefswere placed in 19655heely, 1982 Kerr, 1992 Kim et al,

1994. However, unlike Japan, most other countries initially coistd artificial reefs with waste

materials, or Materials of Oppimnity (MOP), such as tyres, car besl, culert pipes and building

rubble. Led by Japamad t he USA, by the 198006s mofabticatélES wer
concrete. Todaynore ttan 50 countries have deployed HE§j(ifk, 2012).

Types of Habitat Enhancement Structures i Materials.

Habitat EnhancemerStructuredall into two main @ategories of construction, those constructed from
MOP and those that angurposebuilt to task. The types of cstruction material utibed since HES
became more widpread has evolved in line with bo#xperiece and environmental, community

and design aacerns. More recently however, materials have become more sophisticated as tolerance
for waste materials declise Manufactured reef rdolles can range in shape, sifenction and
materials, with mostanstruced of reinforced concrete often stabilisegbtovide a neutral surface.

Materials of Opportunity

Early HES were principally constructed of readily availafiaterials that couldédused to create
bulk whilst atthe same time disposing of unwantedste naterial. Common materials used to
generate manreefs worldwide included tyre®wning et al, 1985 Campos and Gambp&989
Kerr, 1992 Ferrer 2015 Tessier et al., 20)5car wdies Fitzhardinge and BaileBrock 1989 Kerr,
1992 Barnabeet d., 200Q Brown, 2014, concrete rubble (Kerrl992) ad vessels (dos Sanfos
2012 MMCS, 2012) and discarded oil and gas platforms (Jorgeesah 2002). However, a nmiad

of materialshasbeen utilised to create riseeither for recreational fishing diving and range from
shopping trolleys (QLD Govt. ®5), trolley cars (Luken®t al, 2004 Urbina 2008), tanks,
armoured personnel carriers, drones and aircraft (Lukeas, 2004) white goods (Brown2014)
and téegraph poles (Chuarg al, 2008)

Whilst someMOP such as scuttled vessels have prosedcessful both environmentally and secio
economically Brock 1994 Cole and Abbs2012), otherdiave provided both important lessanghe

design and application &fES in the marine environment. Fexample environmenta€oncern of the
impacts that tyes may have on the marine environment has led France to commence removal of 25,
000 tyres in theMediterranean. Part of the issue foaterials such as car tyres &t whilst readily
available, theymay leat toxins in to the environment (Colliret al, 2002), move across the sea
floor destroying habitat3herman and Spiele200G Ferrer, 2015 and ae not suiable substrate for

many benthic species due to the fibitity of the rulber (Fitzharding1989, Barnabeet al, 2000).

Tyre reefs in many casdwmve broken up and washadhoreafter storms, or weighted tyres have
fragmented, depositing rubbeafmments onto beacheSkploff, 2007, Ferrer, 201k

In Florida, at Osborne Reef, nearlyvo million tyres were dumped at sea in a community effort to
create an artificial reef{Figure 14) After the reef broke up and dispersed, and tyres repeatedly
washed aslhre, the state government d#ed to remove the reef. Currgntthe government
contributesUS$3.4 million annually in an effort to remove the tyrééss estimated that there are 200
reefs worldwide constructed of tyres with at least 20 millidrohartificial reef(Ferrer, 2015).
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It is beyond the scope of thgudy to detail each type of HES ated byMOP. However, it does
appear that the costssciated with this type of habitat creation in the meenvironment presents
long-term socioeconomicissues, includig costs to lodastate or federal governmeint cleanups,
damage and loss of niae habiat or leaching of material into the sea.

Figure 14: Recycled car tyres at Osborne Reefrigla. The reef has broken wmnd dispersed (lkenset al,
2004).

Whilst scuttledvesselsnug alsobe cleanedandpreparedextersively prior to deployment, it appears
that the costsnvolved may be offset by increased annual returns, especially from telozissal
activities, and especiallyidng (Brock, 1994 dos %ntos 20129. In Hawaii a vessl! that cost $US1
million to prepareand scttle currently generates revenues in excds$8omillion a year for three
operators, including an annual profit (after costs) of $filion (Brock, 1994. The scenario is
similar in Australia. The HMAS Brisbanhas generated revenue of $AUD18llion since its
scuttling four years ago (Sundstrpg015). The HMAS Adelaide after costing $AUD5.8 million to
prepare and deploy, currently generates an estih§s#te/D4.5 million of diverevenue per year (Cole
and Abbs2012).

Some often overlooked enwimmentalimpacts fom MOP are entrapment. Fish anchdertles are
known to have died as a result of disorientation in newly deployed vessels and aircraft BAthe U
due to inadequate plaimg and escape hatches (Lukehal., 2004).

The convenience andvailability of many MOP no longer exists. Internat@marine Pollution laws
prohibit dumping of certain products at sea, requiring the cleaning and removalo¢dmbns from
car bodiegrior to deployment. Scrap nasials previously available to be e as M@s for artificial
reef projects are often ngdded. For exampletyre recycling rates in the USA have increased from 10
70% in the past 15 years (Lukesisal, 2004). Yip (1998) Iisted the longevity and suitdiby of MOP

for artificial reefs andconclude that many materials do not last as longpesviously expected
(Tableb).
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Table 5: Materials used for construction of artificial reefs, detation lifespan and suitability for use an
artificial reef (adapted frorivip, 1998and Brown, 2014).

Type Life time (years) Recanmended

Cars and buses <8 No, they are subject to
corrosion

Wooden materials <1-6 No, they collapse even soone

from wave surge adh
destruction by marine borer

Household appliances <6 No, polluing

Tyres Indefinite No, difficult to keep in plae

Concrete/rock rubble Indefinite Yes, but transport costs
excessive

Boxcars 2-14 Debateable, breakup quickly

Subway cars 2530 Yes

Tanks >30 Yes, bu preparation expensive

Aircraft >15 Yes, hut preparation expensivi

Vessels (Navy shipdparges, >30 Yes, preparation expensive

ferryos)

Purpose-built

The goals or objectives of many HES are noréase the producttyi of specific target fishes,
principally fish with intrinsic commeeial or recreational value. The effectiveness of HE&easing
productivity of any particular target species largely depends upon the design of the reef structure to
beused (Pickering ahWhitmarsh, 1997).

The devebpment of prefabricated reef structas or HES has largely been driven by a renewed focus

upon clear HES objectives and target species. The need to design HES that target particular species
has been extsively developed in @n, where over 130 differeméef module designs targeting
particdar spe@es have been constructed since 1952 (Thid988 Polovina and Sakai989). Many

authors have agreed that to achieve the desired objectives from thatiostaif an HES, ingrating

specific biological equirements of target species with émeeringcomponents will often lead to a

more succe$sl outcome Sheehy 1982 Satq 1985 Seamaret al, 1989 Seaman2008 Guneret

al., 2009 Diplock, 201Q Fabiet al, 2011, Koecketal., 2014).

Japan has beea the forefront of the development girefabricated HES, with reef modules
specifically dsigned for increasing the production of pelagic and demersal fishabakne
(Okamotq 2002), sea cucumber, sea urchittopus (Palvina and Sakail989), marie agae

culture, oysters and squid (Babe ad BarnabeQuet 2000). Extensive biologicalna engineering

studies conducted by the Japanese, reflected in specifically designed reef material, allow for greater
certainty that thereef will stay in place angrovide the proper conditions for thmarticular species

desired (Stonel982 Thierry, 1983).

In Japan, Korea, Taiwan and some states of the USA there are various government regulations

stipulating the types of matais as wk as the design and duralliof new HES Thierry, 1988
Murray, 1994 Chuanget al,, 2008 Diplock, 201Q Lindberg anl Seaman2011).
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Purposebuilt HES take many forms, and may be constructed of;
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Some HES maytili se a combination of the aboweterials in a composite design. Fexample the

Shell Nurse utilises discarded oystersoallop shells embedded within a steel framework creating a
Anur-lsieke¢gd0 HES that recr uit stimesfasewrthdn stgndardrcaneretet e b r at
(JF Group, 2008). Each material or comptes hasits benefits to allow the exact fabricationda
manufacture of the engineered designs.

To date the most practicable material found to meet the growing requirements of HgtEstehigth
marinegrade concretel he advantages of concredesthat it can bemanufactured in a wide range of
shapes andizes to suit specific requirements of individual reefs, and that they aréoxion pH
balanced and may be altered to provide msuéable surface textures to ena@ge benthic
settlement (Baine2001; Lukenset al, 2004 PerkolFinkel and Sella2014).An added benefit is that

the material is universal and easily applied by community groups in developing countries wishing to
utilise designs such as Reef Bdlts (Red Balls, 2015). The Reef Ball Fountan esimates Reef
Ball™ life expectancy to be 500 yesaor more. Steel, however, is used in-fadericated units for
high-profile type reefsvhere weight precludes the usetr@nsportabn of concrete equalents.

Governmenset manufacturing standards Japa have allowed the development of far more
sophéticatel, longerlasting designed HES. Japanese Government approved designed units must meet
specific criteria, including wrability/stability (minimum of30y ear s 6 ser vi ce, abili
handing/plaement rigors, resistant to burial/movement); epaf (nontoxic, handling safety);
functionality/biological effectiveness (proven and tested record of fish aggregation,
attraction/poduction of targetedpecies, creation of desired habitat, biotivetsity); and economy

(Grove and Sonu985).

Geographical Evolution of Habitat Enhancement Structures

Habitat Enhancement Structures, in the form of artificial reefs, have been utlisedny centuris.
However, more recently many countries have dddpa rgulated approach to installing HES, and
consequetly there is an increase in the sophistication of design and deployment of these structures,
which then equates to more effectiveesisof materials red a more productive output. The
development of HE has ocurred principally in regions where fisherieoguction is paramourit

either economically or socially. Hence it is no surprise that Japan leads in both the deployment and
design h HES in the wod, followed closely by Taiwan, Korea and the USAefollowing sections

outline the history of the use of HESeach of these regions.
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Japan

Habitat Enhancement Structareave been installedn Japanfor several hundred years. Thesti
records date to 1@&however regular usef intensive bamboo struces 17831801 was initiated
after artisanal fishamoticed increased fish catches over old wrecks, (1954). Fishes had placed
over 2000 cubic feet of stones creating two reefishFcatches where largéran expected fod-5
years after deployment. B¥906, the first disused naval vessel was scuttled deditely as an
artificial reef. In 1930 the Japanese Ministry for Agriculture and Forestry had commenced
subsidizing the constation of artificial ree$ (Ino, 1974). Sine 1952 construction has intesified

with estimates that the Japanese Governmenttmbdsons of dollars into enhancing fishing in both
shallow and deep waters (Stori©82). Japan is almost unique in that HES are developed to
erharce not only fifish, but also commercial algalbsters, sea cucumbers, octopus and sea
urchins.

The first generation of prefabricated artificial reef units were deployed in 1950, and were simple
concrete cubes/boxes with windewvoids) which could bstacked to increasthe height of reefs.

By 1954 the Japanes&overnment had regulations stipulatingattronly designed units could be
deployed, and more recently that fabricated units or reefs must pass stringent designqmistof
longevity (Sheby, 1982). There aré400 HES sites and approxiragt 20 million n# (1800 kn?) of
artificial reefs in Japa(Barnabe and Barnaiguet 2000).

United States of America

The first use of reefs in the USA were small log huts (1.2m m}lithmersed to attra¢abe fish in

Car ol i na durLukengetdl. 2@04).IVOS] &tdicdal r¢efs in the USA were canged of

rocks, logs, ships or tyres, using waste material disposal as a secondary objective of the use of
artificial reefs (Skehy 1982). However,he costeffectiveness of such materials \{fes clegoer to

dispose of such materials in land fill) and énént issues with tyres scouring bottom, and dislodging

and becoming washed onto beaches, prompted both California and Ebdviaiatheir use (Lukesret
al.,2004) . Si nce |t teedevkloptnénbdlims beem fed by ldpanésa inspired design. A
set of three study reefs as early as 1960 compared four materials, including street cars, vehicles,
building rubble and prefalzated Japanese modslé the results found that both streetcarsl a
vehicles lasted only 3 years whilst the rubble and prefahits lasted greater than 15 years (Sheehy
1982). In the USAapproximately 1 million rhof reef exists, much of this aloniget Florida coastline

where over 1500 artificial reefs have been bsed (Barnabe and Barnakguet 200Q Sutton and
Bushnel] 2007).

Philippines

Thousands of small reef modules have been deployed as part of aid programs sponsored by the
federal governmeén and through Japanesed USA aid programs. Between 1977 afh€95, an
estimated 70,541 reef modules were deployed, each marhrgrising either bamboo pyramids,
clusters of four tyres, or a single concrete block (Munro and Bal§8%).

Since 1991, 174rtificial reefs havébeen deployed in 75 sites in Negros OrigintCenta Visayas,
Philippines (Munro and Balgp4995). It wa estimated that the annual harvest from these artificial
reefs is 3.0 kg.Awhich can be about 150 times higher than the Yfieloh natural coral res. In this
area, and elsewhere in the IRhpines artificial reefs are popular because they attract eatgr
abundance of fish and enalishers to reduce fishing effort. However, it appears that they can
contribute severely to ovishing if the catchesexceed the maximum potentiamlew productn
(Waltemath andSchirm 1995).
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Korea

The government started Issidisingand coordinating the placemeuit artificial reefs in 1971 using
prefabricated concrete struods, which by 2011 hagecome &55 million ayear project (Kimet al,
1994 DoF, 2010) Appraximately $885 million has been spent on developing thettS Korean
artificial reef program over the past 40 years (P2610). The total area drtificial rees now
installed exceds 207,000 &

The Souh Korean Government applies a strict approvalsg® which takes 23 years. During the
approvals procss, each design is assessed on the basis of cost, economic efficiency and quality. A
HES design has to demonstrate to be theivedent or greater agererating productivity and
effectiveness than grsurrounding natural reef systems.

There are two basigpes of HES deployed in South Korea, reinforced concrete structures designed
for shellfish, crustacean and seaweed cultivaiiorshallow waters andalger concrete or steel
structures used for firdin production in deeper waters (Kiet al, 1994 DoF, 2010).

Taiwan

The first reef sets were small 1woncrete blocks installed in 1957 (Chuaetgal, 2008). Whilst a
more recent @rticipant in artificid reefs, the Taiwan Government commenced a coatetin
approach in 1974 (Sheehy982 Chuanget al, 200§ as part of their national fishery policy. By
1996 reefs designed to promote abalone, lobsters and fish had been installed wsiriety of
materids including fly ash, tyres, ships and concreten(ind Wang 2006). By 2008, an estimated 88
artificial reefsites containing 18000 modules and creating 2.2 millior? of reef had been deployed
(Chuanget al, 2008).

Europe

Thefirst reefs are thoughib have been deployed 3000 years ago when figheitgywere left amugst

boulders to enhance fish catchiasthe next season (Riggigt al, 2000). In the last 40 years HES
development has increased rapidly. Egamplejin Franceu p unt i | relwvere 3)@BED 6 s t he
of reefs installed compared tolatist 900 n? at 33sites presently. Europe, unlike etHocations,

has developed prefabricated modules to restrict illegal trawling and protect adjaceats l{ghliet

al., 2011).

The design of many Eapean artificial reefs has @erimented with a e varietyof forms of
modules. These include Bonna xfn rectangular concrete matrixes), Alveolar Pyramids
(2.5x2.5x2.9m concrete/steel pyramids), CominX2.3m soccer ball likeoncrete frames), various

cubic reefs (hollow cube concrete with variouswdows), Fakir elecic piles (7 concrete pillars 1.6m

on a concrete base), Floating ropes suspended in a cube frame 6x6m, the very strange prefabricated
Kheops (concrete moduleshidh Thalame (Iglodike conaete structures 1x3m(Tessieret al, 2015

Figure 15).

In additian, several structures have been deptbgpecifically to prevent trawling to protect habitats
Theseinclude concrete Tripods, Negris (three large columns orcieie base), Fakir electrgles
and hexapods constructed of electricitglgs (Tessiert al, 2015). The designs are based upon
weighty structires with devices for snaggimgts, thereby providing a disincentive to illegal tiagl

in the region. Often, they are deployed in setand adjacent sensitive seagrass beds (Chadbehn
al., 2011 Tessieretal., 2015).
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The French no lorgy utilise MOP, and have moved to prefabricated and designed structures almost
exclusively manufactureddm concrete. In @dition, over the pdsten yeas most HES have been
planned,designed andubjectad to environmental impact assessments and morgtoxinth few
negative impacts now being observed.

Eighty percent (80%) of reefs in France have the primary objective odéqinog artisanal fisheries,
but also the protection dfabitat from illegakrawling. Habitat Enhancement Structuredules must

be gableand have design attributes to providetadie habitat for a variety of organisms, not just
fish. The European use dReef Village$ is extensie, where reefs systems are composed of a
desigred arrargement containing different reef modules with cectivity between each areBabiet

al., 2011, Tessieret al, 2015. This type of reef increases the structural complevsgrall in order

to suit alarger variety of organisms in a sustainablenne.

In contrast to both the USA and Australia, over lvdlthe artificial reefs in France prohibit fishing,
anchoring, dredging, trawling and diving.
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252 m?x 13 10 m*x 28

-
[ :
o

STEEL BASKET
187 m'x 4

< >
\\l e

\
"~-~--...X

- 300 m " FAKIR REEF
ROCKS 82m’x3

160 m*x 5

Each ‘village’ is composed by 6 types of ARs.

Figure 15: The European exapte; aReef Villagéin the French MediterranegTessieret al, 2015).

Australia

In Australia, aborigials utilised artificial reefs as far back as 2BQ0(Carstairs 1988 in Kery

1992). Nonindigenous development of artii@t reefs in Australia didhot commence until the
196006s. Of evievied in Ke2r (189R)e20 wererconstructed of recycladtygres and 22 of
vessels. Interestingly, at the same time that Japan was heavily regulating the use of artificiadl reefs an
had moved away from dwbc materials, Australia continued to deploy tpasal reefs. Similarly, by

1982 several North Americanasés had banned the use of tyres due to pollution concerns (Sheehy
1982) and in the Mediterranean France have begun tovestyie reefs (Ferre2015).

More recent artificial reefs include sevemirfing reefs (Rocks€able Stations and Geotextile
Narrowneck Reef, Frijlink2012), several Redall-based reefs in QLD (Moreton Bay) and NSW
(Botany Bay), and several largede prefabricated concretéishBox™ (Haejoo Pty Ltd, Geographe
Bay, W.A.T7 DoF, 2013) and steel Fish CaV (Haejoo Pty Ltd) units (Sydry, NSWi Frijlink,
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2012). Unlike European and Asian HES, Australian installations are primarily focussed upon
recreatonal activities such as fiskgror diving, rather thamrtisanal or commeral fisheries.

The Benefits and Purposes of Habitat Enhancement Structures

Habitat Enhancement Structures may be defined by their functionality according to the outcomes that
each HES aims to achieve. OriginalWES principally in the form of artificial eefs composed of

MOP (tyres i.e. Philippines Munro and Balgs, 1995) or of more durable pfabricated concrete
structures €.g. Japan, Korea Thierry, 188 Kim et al, 1994, had tte sole purpose to enhance
commercial firfish catches. In contrast, dog the early development of HES in the USA and
Australia, exénsive use of waste tyres, vehicles (cars, buses, railway carriages, tanks) or building
rubble was primarily aimed tm¢rease benefits for recreatialfishers andSCUBA divers Boshnack

et al, 1991, Kerr. 1992 Grossmaret al, 1997 Lukenset al, 2004).

More recently, HES take many physical forms, ranging from small, plastic artificial seagrass units
(100cn¥) to masire rock breakwaters (@ 0 0 G) §Virmstein and Currari986 Bartholomew 20(;
Dyson 2009. There may be physical (coastal processeastad defence) biological (conservation,
enhancement, protection) or soeiconomic (recreational fishing, surfing camliving) fadors in
determining bth the siting and structural attribute§ HES. They maye designed to mitigate for
loss of fish habitaduring the construction of marinas (Davi®984), to rehabilitate or stabilise
habitat br fish and dolphins (Mikdsenet al., 2013), to attract oencourage commercial fish species
(Nakamura, 1985), to pratct sensitive marine areas from trawling (Texsst al, 2015), to develop a
commercial tourism industry (Brock994), to prevent coastal erosion (Kliucininkaded Ahrendt
2011) for surfing (Dmlinson et al, 2007) or habitat rehalftion after coralmining (Clark and
Edwards 1994).

Thebroadprimary purposes of HES may be categorised as;

Conservation
Recreation
Restoration
Prevention
Attraction

=A =4 =4 -8 =9

This list @n be epanded to include speciffurposes of HES;

1 Restoration of habitatehabilitae 1 Increase fishery catcheattradion of
habitat perceived to have been commercial fish species to ditial
impacted by somerpcessi(e. reefs
trawling, fishing, storms). 1 Createspawning groundscreation of

1 Creation ofprotectionzonesi install designed micraiches suablefor
HES to create a barrier to entry to a breeding.
area. 1 Createrecreationafishing grounds

1 Reduce fishing on stock utilisation of artificial reefs targeting

1 Prevention of trawling’ install HES favouredtablefish species.
to preven fishingtrawlers damaging 1 Creatediving areas- design of
habitat. aesthetically pleasingfructures or

1 Control of erosiori install HES to vessels to attract marine life.
deflect waves, accrete sand, and 1 Forscientific research experimental
protect coasts. assessment of HES.

1 Creation of breakwatershelter 1 Formariculturei Designed HES for
harbours dissipates was. abalone, oyster, lobster culture.
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Habita Enhancement Structigein Japanhave been almost exclusively designed émhance
commercial fisheries productionh@re are numerous dgss of structures that have beapproved
by the government, ranging from smsatlale modules developed for abalofail{ivar Base Kaiyo
Doboky 2010) octopus (Octopus HomeKaiyo Doboky 2010), and Shell Nurses (JF Grquz008)
to promote the spawningf@nd settlement of fish and cephalopods. Rectangular, modulgridile
concrete units have been developed to erage algal growth (Kanakura Blo&leef JAFRA, 2011),
which in turn enhares production of crustaceans, molluscs arghdis. In contrastarge, mult
faceted steel or concrete, higlofile reefs have been specifically designed to provide habitat for
berthic fishes but also create upwet andfavourable current profiles foretegic fishes (.e. the
30m tall Unitower Seies, the trianguiaJUMBO Reef, or the pyramidal Truss Reef, JAFRA11).

A large range of cubic concrete modules are also producéchwhay be arranged together if
necessary(i.e. the Tetra Reef TR3, Fish Raise Reef, JAFRA2011) which are very sintar to the
Haejoo @signed Fish BA¥' reef module deployed recently WA (DoF, 2013).

The Norwegiardesigned SeaCult Habitat (SeaCu$,2015), comprises eentrd concrete cylinder
filled with stones and suwurded by numerous polyethylemépes creating fisthabitat and seabed
stability. This unit provides 300hof growing surfaces and the equivalent of 10ssrof rock in a

unit weighing only 7.50nnes(SeaCult AS, 2015).At a much smaller scale, Diplo¢R011) reviewed
numerous structureand constructiotechniques designed to retrofit microhabitat for fishes along
defensive structures (such as riverside rock revetments), belotegms or jetties in mienas or
anchored between jetty pylons or securegyions. One particular module callé-ishHab are mad

from recycled plastic (including old fishing line), which provides a durable and environmentally
friendly structure. The prefmicated slats join tagher toform cratelike modules of 1.87 that
provide additional fish habitat (Barwickt al, 2004).

Reef BallsM (Figure 16)are one of the most extensively wédd designed HES, with over 5000
deployed. The designs range rfrokg-5,000kg, and can benanufacured on site using moulds
provided by theRed Ball foundation Lennon, 2003 Reef Balls 2015). They are comprised of a
roughtextured hollow concrete dome with numerous holes.

Figure 16: ReefBdls™ deployed in the marinenvironment

In WA, there has been a rangedifferent purposéuilt modules deployed tdate These modules
include a range of different sizes, shapes and voids, creating complex habitat and influencing
productivity to enhace recreationafishing. All modules have beeconstructed out of concrete
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reinforced with fibre orsteel Ninetytwo modules (for the enhancement of recreational &sk9
have been deployed since February 2@ilith an additional 286 planned to be ded before Jyl
2019. Five different purpodeauilt artificial reef moduksdesgns (including concrete and steel) have
been used for the purpose of neationalfishing in WA, built by two organisations, Haejoo and
Subcon(Figures 1719).

Figure 18 Subconconcrete modules useddate, the Reef Domi¥ (left), Abitat™ (middle) and Apollé"
(right) modules (Recfishwest).

Figure 19. Reef Pyrami& (left) and Fish Towerd' (right), steel mdules consucted andleployed by Subcon
(Recfishwest).
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Habitat Enhancement Structure Design and Construction

Prior to the adoption of Japandgsspired designed structures, many &l reefs deployed from the
196006s t o t hredohlptBedabadabilt af cheadp daterials ad a site to dump them.
More recatly, HES design focussed on structural integrity and stability (Bohnsaek, 1994
Brickhill et al, 2005). Howeve current consensus is that the design process must comasideray
of factorsin order tobetter meethe objectives of any HES (Barraland Barnab@®uet 2000
Spieleret al, 2001 Baine and Side2003 Chuanget al, 2008 Dyson 2009 Kliucininkaite and
Ahrendt 2011). The architecture of any HES should considedogical, phygcal factorsand socie
economic and engineering concerns dyiime design stagea-{gure 20). Thorough assessment and
community stakeholder consultation will increase thelillood of a successful outcome.

Reef Design and Complexity

Many authors have rawed the ifluence upa HESdesignand its effectivenesat meeting the reefs
objectives. For example, in Europe, and patrticularly in Spain and France, some reef designs
predoninately aimed at reducing the levels of illegal tlag in shallow watersn order toprotect
important fisheries nursery ground$ Posidonia oceanic§Bombace 1989 Barnabeet al, 200Q
Charbonnel and Bache201Q Fabi et al, 2011). Such édgns utlise heavy, concretbased
structures with protuberancéisat may catch odestroy netsin Malaysa, the use of ReeBalls™

was in partto reduce bycatch of turtles by trawlers, which reduced from 100 to 2Bgtia2004).
These reefs are lessfeftive at providing new habitat complexity for colonisation byfefient
specieshowever preide both pragction (from trawlers) at the sameng as providing habitat for
fishes.

As many HESand artificialreefsare focused upon the enhancement or ragosiecommercially or
recreationally important fishes, their design is orientatedhis end.Of the 72 artificial reefs
reviewed by Kerr (1992), 61 (85%) were placedetthance fisheriesMost of these reefs were
constructed of tyres, and had little habiconplexity. However, more recently, HES have multiple
objectives that must beet. An assesmen of theimportance of the structural complexity of HES
was undertaken in 200t a newillageb style HES placed in shallow water sifioreof Marseille
France(Rouanetet al., 2015). The relationship between habitat complexity and speafiversityhas
been demostrated Rilov and Benayahul998 Mouraet al, 2007 Charbonnekt al., 2012, Diplock,
2011; PerketFinkel and Sella2011, Le Direachet al, 2015).Sgeleretal. (2001) review of artificial
reefs concluded that there is andplist of design attribugs, i.e. tructure, texture, colour, substrate
composition, leaching toxins, chemistr.e. wettability), that should be considered before
construction. Dsign dements such as vertical profiles and shelter to reduce predaticim@edse
sdtlement as wik as increase diversity will all impact upon the numbers and diversity of species
atracted to any structure, and ultimately to its overriding ecologigzges.

Biological Considerations

The design of any HES must include dateassessm@ of the biobgical attributes of the target
species or community, as well as the existing enwe@mt. Milon (1989) summarised the biological
objectives of HES as:

Attraction effects- the recruitment and concentration of species from anirgistock
Productivity efects- an increase in the number and density of halliilgited species due to
greaterfood resources, reproductive habitat, and/or protection from prsdat

9 Diversity effects- the attraction or development of new species itipdar area

il
il
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One of the entrd arguments surrounding HES is whether they simply aggregate fish from
surrounagng waters or other natural reefs (a FAD effect) or whether they bctairibute to the
production of target species and biomass in a potgntesourcelimited ecosgtem.Many authors
have discussed the ability of HES, particulaiificial reefsto attract ishes, and particularly pelagic
fishes Koecket al, 2014 Powes et al, 2003 Bohnsack 1989 Poloving 1989 Grossmaret al,
1997 Pitcher ad Seaman200Q Brickhill et al, 2005. In fact, the potential for increased catches of
fish encouraged the early\ddopment of the first artificial reefs by the Japsa atisanal fishers in

t he 17 0QIDM4s Newly plaxed HES are ofteapidly cobnised by aduland juvenile fishes,
and are often characterised by higher diversity and biomass when compareacenadptural reef
systems Bohnsacket al, 1994 Charbomd et al, 2002 Gratwicke and Speigh2005 Willis et al,
2005 Folpp et al, 2017). Howeve, there is scant data on tirether HES actually contribute to the
production of biomass.

Pickering and Whimarsh (1997) outlined four main pathwaysifareaein production;

9 Increase in growth through prey availability at HieS

1 Reducton in mortaliy through refuges provided ltge HES

9 Increase in recruitment of larval/juveniles by provision ofatilésetlement habitat
1 Reduction of harvesting prasg onadjacent natural reefs

Very few papers have been able to demorstracruitmen of fishes though production, although
Fegernbauret al (1989) recorded spawning and recruitment of juvenile fishraetin Chesapeake
Bay effectively demonstratg praduction within that site. In a study baseih assessing the
production versis attaction debate, @ssoret al (2014) assessedophic relationships on the largest
artificial reefinstalled offshore of Makslle, France. Their results found two patys, onebased on

the consumption of organic matter of pelagic origin dahd benthicpathway based onotal
production. The reef stmm at Marseille was shown to increase the amount of organic matter
produced wich in turn led to an increase in secondaigmass poduction, perhaps representing that
artificial reef can enhancéhe biomasof commercial fisks outside of the influence of attractio
(Cressoret al, 2014).

Habitat EnhancementStructures may represent an effective management tool byeasirg fish
productivity at the HES whilst redirecting potentially harmful hanaativities away fromnatural

reefs (Ambrose and Swarbrick989 Osenberget al, 2002). Howevermost studies on artificial
reefs have focused monitoring at the HES rather dnamearby natural reefs or habitats. Osenbetrg

al. (2002) argues that whil atificial reefs aml HES present apparently attractive cals for
declining recreational fishakes, or increased recreational fishing effort, the risks are that HES may
simpy redistribute fishes away from natural habitats to the HES, and if exgodighing effort,
increased catch rates (which are perceived as successful outcomes for HESjualhy laad to
longer term declines in fish stockBghnsack1989 Milon, 1989 Brock, 1994).

Attraction versus Production

It is widely accepted that mginfish species rapidlolonise HES within the first months of
deployment (Charbonnelt al, 2002, Terashimaet al, 2007 Cressoret al, 2014. However, does
attraction and moduwction interact through density dependence (the provision of new habitat) or
simply redistribute gisting fishes? Some argue that it is possible that attraction of adults and
juveniles (particularly of benthic species) away from natural reefs redueedetty of these
species at those reefs, thereby providing settlement opitoetu for larval fiskes (Wilsonet al,

2001, Osenberget al, 2002). Howeverthese arguments sugiehat HES present similattributes

to existing habitat, when many HES ametalled over sea beds largely devoid of reefs.
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In summary the attraction dbae suggests that h@roduction will not increase but that fish will
aggregate towards either timatural reef or artificial reef depending upon the quality of the t
habitats thus if the HES installed presents as preferred habitat, recruitment téBBeavill be seen

as areduction in the density of the same species at nearby natural reefs. Tingiprodebate argues
that any neighbouring natural reefs will be unaffectediBys as larval fishes that could not settle or
recruit on existing reefs du® competition for spce, could do so at the HES, thereby increasing
production (Polovina and SakdaB89 Osenberget al, 2002).

Brock (1994) suggests thatrtificial reefs may agregate thelast remaining fishes in a local
population and make them morelnerable to explogtion from fishing, contributing to their decline

or collapse from fishing. Similarly, Milor(1989) suggests that developing HES in support of
commercial fishey may lead ¢ a reduction in catches through congestion at sites, gesarfisbstake
exceedingoroduction or recruitment rates leading to declining returns to the fishery. This argument
can equally be applied to HES development to encourage recrediibirzg.

When assessing the objectives of any HE8on (1989) suggestsonisdering several kefactors;

1 What idarethe target speci@s

1 What are the expected harvest levels?

1 What potential impcts can be expected to background stocks?

1 What expected imps are there onrgy nonrusers of the proposed HES?

Prior to the deploymeror design of any sutstructure, planners of HES should consider the levels

of activity of potential users in the aréafore the HES are installed. This can then be assessed
compmred to post deplgment activity levels and an assessment of-beskefitsbe made. Coupled

with this, during the consultation and through to the design stage, the focus user groups or
stakeholdes should be consulted to determine what the preferred tgpgees are and akign the

HES to enhance the availability of these specie

In Hong Kong, Wilsa et al (2002) found that whilst theartificial reef installed had rapid
recruitment of both adult fish andtdement of small fry, careful management ohfigy effort would
be requireddr theartificial reefto be successful improving habitat, phygally prevening bottom
trawling, and enhameg nursery areas

Biological orecological requirements to be considered prior todésign of any HES include

What speies are being target&d

What are the habitaequirements of targspecies pelagic/bethic, temperature, visibility)
What are the food requirements?

What are the shelter requiremensfijges, surfaces, lighting)

Whatis the life-history trais of thetarget species?

Seasonality timing of larvd settlement of preyrdhabitat speciese. weed, coral,
crustaceans)

=A =8 =4 -8 -8 4

Life History

All life forms that potentially may be targeted for any HES exhibit vastly different ity traits.

For example pelagt fishes are likely to be attracted to higiofile reefs that gemate favourable

water currents, whereas demersal species will be more dependent upon the structure and
corfiguration ofa HES. Incorporating micro habitatdthin a highprofile red may helpattract both,

and in some areas artificiabafs are comprisedf metworks of differat structures designed for
different target specie®éarnabe and Barnakiguet 200Q Tessieret al,, 2015).
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Seasonality

There are semnal differences in the tributionand abundance of larvae of marine faund & the
presence of wbile adult pelagic gecies. The sequence of larval settlement upon new HES may
impact upon the later colonisation of higher trophic levels (Spatlat, 2001) impacting upon tget
specis. Assessing seasonal trends at the cheggermay facilitate reruitment to the HES.

Shelter and Habitat

Different species require different depth, light and temperature regimes, with some requiring
shadowed areas fahelter. Some coral spesi recruitbest to vertical surfaces, and others like
gorgonia require darkverhangs.Similarly, the complexity of the habitat and the range of shelter
provided will ultimately determine what species of demersal fishes are afledessfully recruit to

the HES.

Physical Characteristics
The physical attribtes ofa HES that wil contribute to itslesign and function include;

Surface texture, colour and chemistry
Reef profile

Shelterand shading

Reef size and cdiguration

Stabiity

Substrate

1 Hydrodynamis (currentsyaves, tides)

= =4 =4 =4 -8 =9

Benthic assemblages (algard invertebrates) arnore abundant andiveerse on textured surfaces,
and texture increases the diversity of grazing fish. The impact of this upon the ability of different
speies to colonis@a HES will impact uporiarger, predatory species of fishes theg often the target

of recreational fishrs (Spieleret al, 2001). As concrete is able to be manipulated to produce a
desirable rugosity, and with the addition of micro sike@ have a neutral pit,has a promient role

in design of HES (Frijlink2012 ReefBall, 2015).

Once a HES is immerskit&s surface will rapidly acquira biofilm. Studies have demonstrated that
the type of biofilm will influence the succession of epibjatad in turn inflence higher trehic
levels, including fishes (Fitzhardingench BaileyBrock, 1989). Incorporatingdesign features that
include the provision of shelter or refuges of different types will also influence settlemena onto
HES. Some fish spezs prefer blineended holes, otihe operended void spaces that are shaded. A
variety of vad spaces or refugesitwinfluence the ability of both small fishes or different seages

of fishes to settle om HES. One study observed that increases in laojeé spaces uced the
number ofsmaller fish species likely due to predatipressure Hlixon and Beets1989) Habitat
complexity too increases diversity and biomass in fishes on HES. For exddgihe (2001,
Charbonnekt al (2002 and Shermaet al (2002) foundthat increasing theumber of small void
spaces by adding concreteotks nto Reef Balls™ provided increased habitat for small fishes,
crustaceans and other taxihis appeared to have the added benefit of providing prey for larger
fishes that usd the eef. These physical @ibutes provide a feeback loop into the engieeing
considerations for HE8uring the development stage and will likely influence the end design.
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Engineering Characteristics

Engineering considerations for HES include htites ofthe structure, quaiitof the construction
material as well as the ghiutes included in the desigto facilitate recruitment (Dyser2009).
Depending upon the purpose of the HES, engineering considerations will vary. For exartpg
with the sole pupose of attracting $h for fishers will not need to consider any wal or aesthetic
qualities likeone that is designed for both attracting fishers and recrehtiowers.

The most important attributéapart from those design elements discusd®u/g, areto provide an
eoconomical structure that is readily manufactured smadgorted to site that Wialso remainin situ
without impacting the environment under a range of sea condifitws, it is essential that a design
will not subside or sinknto the substrate (Chuargy al., 2008), or be dispersed by storm events like
tyrereefs or aircraft rée (Lukenset al, 2004 Ferrer 2015).

Hydrodynamic features of the site also influence the construction and design, with many reef
modules currently inuse designed to producepwelling effects to encourage fish attractiai (
Group, 2008 Kaiyo Doboky 201Q JAFRA, 2011).

Figure 20 (following page)shows a flow diagram illustrating the factors influencing HES design. A

combination of biological and physicaharacterists of the site and target species along with
engineering andccio-economic cacernswill determine the siting, size and type of HES deployed.
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Figure 20: Diagram illustrating the faots influencig HES asgn. A combination of biological and physical chaeaistics of the &e andtarget species along with
engineering and socieconomic concerns will determine the siting, size and type of HES deployed.
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The Design and Management Process

I n B a(206lektensive review of 249 reefs, over half failed teequhtely meet thebjectves
originally set out for each HES. Most of the issues encountered revolved around poor planning and
management in the early stages (1269 8 0 6 s  dJapan3 of thaeplanhent of artificial reefs.

Issues arose through;

1 Poor e selection

Size stabiity and structure of HES
Cost of the development

Poor monitoring

lllegal fishing/take

1 Impacts of local climatic factors

=A =4 =4 =4

Baine alsofound that there was ngingle approach tmanaging aHES, but that it was dependent
upon historich social, economicrad political factors unique to the site and objectives, all of which
benefit from extensive planning and stakeholder consultation. Of the most critical farctoes
consideredluring the process of managihtES are soci@conomics, eanamic evaluationpotental
assessment of conflict, locationtbe HES, and design.

Need/Objectives/Goals

Before the development of any HES the need to identify the objectivese tfolfilled by ay
installation needs to be established (Dys@009). Isthe HES necessary aride most appropriate
solution for the objectives and goals set?

As discussed above, there are many reasons or demands foamtxS artificial reefs The
dewelopment of HES in theofm of artificid reefs in Australia has primarydassed upon the demand
created from recreatnal fishing or diving groups (Kerl992). However, when considering any
HES, the managers of such deployments must consider the itiguigcaf production orggregation

of various species on existing managempulicies (Guneret al, 2009), as well as aomplex array
of reef variables in order to produce the most -effgctive outcome for the user group being
targeted.

Site Identification

Perhaps the mostggificant contritutor to the failure of HES is poaite selection (Baine2001;
Lowry et al, 2010). Selection of an appropriate site must consider ecological characteristics as well
as physical and soctaconomic factors.

Site séection must consider egs with approprisg sea bed charactertstito defy a HES Figure

20) whilst at the samertie considering the proximity of sablesites for end users of the HES. Folpp
and Lowry (2013) recommend the developmentmfstraing mapping, where limitingddors such

as wser conflict, environmental consiings or engineering cornsiints pose poteral limitations on the
potential location for any HES. Constramnapping was used extensively in Bahrain to select
suitablesites for atificial reefs (Edwardsaind Arora 2013).
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FarinaFrancoet al (2013) cosidered the following asggrts to increase thaiccess of a new mussel
reef;

Targeted species historically knowiorh the area populations historically existed
Sea bed characterissiare adequate for theoposed HES

Natural recruitment is likely to occur

Hydrodynamics of the sitsuitablefor biological and engineering considerations
9 Iltis protected from human activities

= =4 =4 =

Each of these factors is equally important for any target &#@ough there may smme community
resistance to limiting access to eotal HES.

Material Selection

The develpment of modern HES has moved away from the use of materials of opportunity that were
often utilised in the past. The increased cost disirtg purposebuilt structures is lilely to be more
costeffective as deghed HES may be

1 Engineeed to suit spedif objectives such as target specific species, user groups and fishing
gear

1 Manufactured to suit a chosen location in terms of depth, ogeaphic conditions and
stbstratum tpe

1 Designed to maximise the duratiayrability and compatibity of the stricture to avoid
problems associated with material toxicity

1 Considered to yield comparatively greater dushefits than the use of materiafs o
opportunity

1 Improved &ility to assess reef performance against set tigsc

Reef Design i Layout

The struatire and layout or site plan of any HES will determine the effectiveness of the HES to meet
its objectives as well as the type and diversitgmécies utilising the HE(Folpp and Lowry, 2013).

The principal factors he been discussed abovayt include bdlogical (habitat availability, habitat
complexity, refuge availability, texture), physical (reef profile, module layout, size stability and
strength) and socieconamic (commutity use, economic benefits, social bdtsefo perceived end
usergroups or steeholders).

Environmental Impact Assessment

Prior to the deployment of any reef, once a design has been agreed upon through the aboge process
and community consudtion has &ken place, an Environmental Impact Asseent (EIA) should be
undertaken. An EIA wil assess the impacts to the existing environn{erd. scouring around
structures from changes to existing habitat and commupitdaswell as social impacts d the
community including existing user groupschascommercial or recre@minal fishers
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Evaluation of Effectiveness/Monitoring

The success of any HES can only be assessed through a managed monitoring program designed with
the oiginal objectives in mid. This is coveed more broadly in Chapter Three.

Examples of Habitat Enhancement Structures
Concrete

The most practicde artificial reef material is high strength marigexde concrete. Concrete reefs are
advantageous as purpdsailt reefs because comte moulds can be altered to create achtange 6
different sized reef miules with different shapes, voids and stuoes. They are also pH balanced,
norttoxic, built with universal material that is easily applied by a rangdiféérent groups from
Industry to community and can provide morgtablesurface textures to prommtenthic settlement
(Baine, 2001; Lukenstal., 2004; Perkolfinkel and Sella, 2014).

There are many different concrete module designs that are use@rathewlobe. Designs mafor
different environments, depths arat flifferent species and are aly® changing in shape, size, and
weight as wellas internal and external surface sizes. In Japan and Kaeenercial fishers and
aquaculturists harvest ditial reefs that aregecifically used for sea cucumbers, abalosieellfish,
squid, octopus, lobsrs and finfish. Although most concrete acidil reefs in Australia are utilised
by the recreational sector to enhance finfish fisheries, reefs arenusedSouth West of WA b sea
ranch abalone and there are trial3 &S for lobster reefs

Although used for a suite of different marine oligars, most concrete artificial reefs worldwide and

in Australia are deployed to enhance finfish fisheries. Vianain module desigrallows reefs to
mimic different natural rdeprofiles and varying habitat omplexity. Knowing the target species
desired or the reef will greatly aid in design choice with respect to environmental conditions. Larger
modules with largeopenings and higkertical profile would better suit large cednd grouersas

well as pelagi species as they can swim through the moduiede smaller modules with lots of
habitat complexity may favour cryptic species and concentrate higher nuoftsangller fish. Map

reefs mix differently shaped and sized mied to hae alarger species almdance and diversity and

to resemble naturalbstrate.

The different concrete artificial reef modules already deployed in WA have been a huge success with
fish and human commuigs alike These reefsare also utilised bylarge amouts o anglers,
partiaularly in holiday periods catching big numbefsSamson Fish, Pink Snapper and Flathead. The
MandurahArtificial Reef recorded21 different specietn only five months since deplment and

fishers have been catching Ri8napper, Scla Sharks, Flatheadnal Flounder on these reefs.

Artificial reefs consisting of concrete modules have not just been successful for the enhancement of
recreational fisheries in WA,ub have also been ggt innovations in other sectors. Therién Bay

Artifi cial Reef snorkelling anddive trail has been a massive draw carchwitt our i st s and r
alike visiting the trail and contributing to the local economy and has had 51 sjpleciged on the

reef. The Coogee Maritime Trail will also be @awcard or tourigs and residentseing consisted of

33 concrete modules asivas two art sculptures and the Omeo shipwreck which dates back to 1905.
Modules have also been used in abaltarmingin WA.
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Metal/Steel

Metal materials play a largeleoin artficial reef components aumd the world. ManyMOP such as

military vehicles, cars, carriages, white goods and sunken vessels are all constructed of various
metals. Inshore and offele infrastructure suchsabil rigs, ports,beacons, windfarms, jetties and
wharfs @so have subsuré& metal components ahsupport an array of colonising organisms and
ecological communities that utilise the structures. Metal is also used with othenafsain the
various costructed components artificial reefs. For exanlg, many concrete artificil reefs are
ferroconcete structures meaning they are built with concrete internally reinforced with steel, usually
rebar (also known as reinforcing barreinforcement steel).

Steel components amso sometimes built into corete modles to create liish aggregation aresa

or as reinforcement bars to act as an-fisiiing reefs to stop trawling in some countries. Metal slag
is also used in the consttion of some artificialeefs. Slag is praged once a desired metal has
been sméed or separateftom its ore and is algss like byproduct. The slag is a wagpeoduct;
however it can be used to produce concrete for artificial reefs, particulaggl and blast furnace
slag (Huang et al, 2016) Biorock® reefs and similaelectroeposition reefs lao use welded
conductive metal frames constructed of rebar or steel mesh as artificial reefs (Biorock.org).
Additionally, metal is also used in many roakd shell reefs as gab®ar cages. This allogvmore
efficient transport ad instalation of these @efs and stops contentsch as limestone rock or oyster
shells dispersing, forming mounds or being washed away from water movement such as tides, storm
suges, wave energy and @tg currents. In someases,steel gabions are puwsely dsigned to
corrodewith time giving the reefenough time to establish.

While metal is an important component in many different types ofcatifreefs, this sectiowmill

focus on large purpodwruilt metal artificial reés that are mainly composed steeland/or cast iron
Along with concrete, weled steel is the preferred material for artificial reef construdfidiplock,
2011).

These reefs are generalirger ttan concete modules and ameployed in smaller mabers. The
structures have a laeganount of surface r@a and vertical profile ith structures as tall as 35m
deployedin Japan. The large vertical profile allows substantial amounts of habitat in different areas
of the water column benefitinbenthic or bottom dwkng species, epbentic species d free
ranging lagic species. Many of ¢lse reefs are specifically designed to congregate smaller baitfish.
This is done by providing a large surface area in whagbrising organisms such asgo algae are

a sourceof food for smaller imertebrates Wich are then aolbd source for baitfish.

Metal panels protruding from the structures create upwelling, again providing food sources and the
steel lattice like structeralso provides shelter andfe areas for the baish to congregate. A cent

study onthe Sydney Offsbtre Artificial Reef foundhat the reef provided enough habitat and refuge

to support around 130kg of Mado on the reef that fuels fish productionelolynfe on zooplankton

supply (Champioret al, 2015).

Steel also has a diffiag colonising communy than concrete, with sorm&pecies such as marine
borersshowing preference faroncrete over steel until the steel has corrotiegdvever other species
suchas corals can prefenetal, with a study in Hawaiieportingthe highest aral recruitment to be
on meal over concrete (Fitzhardingg98). Largescale metal artificial reefs are generally used for
commercial fish production units in Japan and Koreaugh are used for rezational fisheries
enhancement elsewhere
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Concrete versus Metal/Steel

Table 6: The advantagesd disadvantages of the two most recommended and common HES materials (adapted

from: London Convention and Praim/UNEP, 2009; FRASEAFDEC, 2010 FAO, 2015).

Material Advantages Disadvartages

Concrete Compatble with the marine Concretebs wei
environment necessitates ¢huse of heavy
Durable, sableand readily equipmat to manipulate it. This
available. increases theahd and mane
Readily formed into any shape transport costs.
for the deployment of Thedeployment of large concret
prefabricated units. blocks or predbricated units
Provides adagpte surfaces and requires the use of heavy sea
habtats for the settlement and equipment, which is not only
growth of organisms, whib in costly but also dangerous.
turn provide a suirate, food anc The weight @ concrete increase:
places of refuge for other the possibility of it sinking into
invertebrates and fish. the maine sedimers.
Universal and easily applied by
community groups.

Metal/Steel Steel s easy to work, can be Reduced design life in shallow ¢

made in accordance to spieci
environments and species.
Steel is high strength, has a
stablequality and is durable
Possibility of deeloping large
prefabrcaed units of very high
relief and unmatchedomplexity.
Steel is free frm harmful
material and quickly colonised
by organismand thus produces
effects fast.

highly oxygenated water bodies
(i.e.rough exposed coastlines).
High relief of large singular
modules may caesstbility
issues requirig increased
anchoring considerations of unit
resuling in increased reef costs.
Unit size may need specialised
largescaledeployment
equipment which wilincrease
project costs.

Fish Aggregation Devices

The purpose of &ish AggregationDevice (FADs) is to enhancésheries For recreational fishg,

this can be achieved by creating new fishing opportunities, boosting fishing experience and
diversifying types of fishing and ethods. Fishing FADs may also decrease pressan other
surrounding fismg area. For commercial fisherieg§ADs enhance ¢eh andCatch Per Unit Effort
(CPUB through concentrating schooling pelagic species as well as indiypdeddtors and bycatch

for harvest. For aquaculture, FADs may be usecblect troodstock such agellowtail Kingfish, or
collecting juvenile fish gch as Southern Bluefin Tuna for sea ranching.

FADs are broadly categorised into three main groups: suréatesurface or midvate and drifting

and can consist of many differte maerials. Drifting FADs consist of any drifting material not
attached to dastrate. There can be natural drifting FADs such as rraged clumps, palm fronds or
logs, accidental mamade drifting FADs sucles lost equipment or material from shipping o
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purposebuilt manmade drting FADs. Purposéuilt drifting FADs are primaly used by
commercial fisheries and feature GPS locators and sonar allowing them to be tracked and allowing
fishers to detect fismumbers congregating around the FADaktroet al, 2002 Bateman, 2016

FADs aggregate fish by providing baitfish withopection from predators, which increases the
amount of target species such as tuna aiming to prey on thersigebaitfish. FADs aralso thought

to aggregate fish by creatirmgsouce offood (colonisingsurface), by increasing the survivability of
eggsand juvenile species and by fish schooling behaviour.

Due to the environmental consequencesirdting FADs and @mmonwealth restriions on FAD

use for purse seine fisheriesifting FADs will not be cosidered further in this document. Both sub
surfa@ and surface FADs remain in the same location as they are moored to an anchoring mechanism
on the sea flooiBoth these FADs can beade in a variety of different materials demlingon coss,
availability and environmental regulations in different areBgsigns can vary from a simple
spherical buoy to a solid fibre reinforced plastic complex shaped floatsFoa attached to chain
and/or rope joined to an anchor mechanismd aanfeatue additional meshnd flashers on the rope

to aggregate larger numars of fish species. Anchoring mechanisms can vary from materials of
opportunity to custom cast concrete d{e or purposely fabrited anchor systems, depending on
logistical and regllatory restrictions. Tie anchor and attachment mechanisms must bet@ldeep

the float attached throughout all weather events for the given life of the FAD.

The biggest loss of ADs in WA is due to shiollisions and extreme weahevents. The subsade
FAD therefoe provides a further benefit in being gended much deeper below the water surface.
Current Recfishwest Subsurface FADs are 20m below the sea surface. Depentagkilhlevel of
fishers, subsurface FADs may berlar to locate withousin indicatoron the suface.

Subsurface andurface FADs are currently only deployed in the Perth metropolitan area, although
therehavebeen recreational trials in Kalbarri, Cantes and Jurien Bay, W& commercial FADs
hawe been historically used anod the state. There isurrently plans for a statgide FAD projectin

WA (similar to those in the eastern stajédsnded through the Recreational Fishing Initiatives Fund
which will see a large numbeif #ADs deployed in regital areas in the near fueur

Ceramic-based Reef Modules

Several relatively sall sized, lowprofile reef modules have been produced in using a ceflaasied
material. EcoReef (Ecoree2015) and AlexG o a dviddular Artificial Reef Structure (MARST

Goad, 2015) use novel, smadicde interlocking ceramianodules to create HE@igure 21) The

benefit of both the MAR and EcoReefs are thatettmodules are made from ceramic, an ideal
material because it is pHeatral, nortoxic and tiemically inert in seaater. The modules function to
creae sutable settlanent or transplanting optie for coral reefs and other epibenthos, as well as
creating matrices of interlocking interstitial spacesatléto a range of ma@ne fauna. Ecoreefs hia

been utilised to rebilitate reef areas damagby dyramite fishing inthe Caribbean (Pappagallo
2012). Costhenefits of Ecoreef is that it is estimated that the cost per organism settled was estimated
at $2 compared with tyreefs at $32.
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Figure 21. MARS (left) and Ecoreeeramc modulegright).

Geotextile

Geotextiles are oftenonstructed as large sausages or bags that may be deployed anid Sited
with local materials such as sand. Laggetextile reefs are beniial as they are relatively easo
deploy, utiliselocal sand as fill, ad if used as recreational reefs, yide a soft substrate to reduce
potential injury from users.

Several multipurpose reefs have been established using xjéese Two, one at Naowneck Reef

QLD, and another imndia were both dégnedto act as coastalrotection reefs to reduce erosioh

the shoreline, but also as recreational surfing reefs. In both cases, the deployment has proven very
successful in termof coastal erosion @vention, and somewhat successitiproviding regudr suf
breaks(Jacksonet al, 2007 Tomlinsonet al, 2007). The Narrowneck (QLD), Boscombe (UK),
Kovalam (India) and Mount (NZ) reefs have all experienced extensive colonigstiepifauna. In

the cas of the NarrowneclReef, its roleas a multifunction red includes divefiails and as a popular

fishing spot. Bth the fishing and diving activities do not conflict with the reefs surfing role as a large
swell precludes the formactivities Kurian, 19%; Edwards and Smitl2005.

There tave been few rdg dewloped principall for surfing, however nearly all sufférom cost
blowouts. The Boscombe Artificial Reef in Bournemouth, UK cost nearly £3 million and currently
does not prduce any surfdue to por planning and knowledge gaf8loxham 2010). A sirfing reef
installed n California as compensation for the l@$ssurfing amenity through the construction of a
nearby rock groyne by Chevron, resulted in poor surf conditiogeliadue to poor planng and the
size of geotextile bags gwyed. The bgs wee removed in 2008fter 24 years (Fontain2008). A
succesful surfing reef, designed by ASEmited at Mount Maunganui in New Zealand, utilised long
geotextile bags in an fkame shape. The projeleas been successful in meeting its primeciyeas

a surfing reef [ttp://www.asrltd.com/media/projectpdf/mountmaunganui.pdf Similarly, at
Kovalam, India a multi-purpose reef was designed to direct thee g i owedus wayesoto break
offshare, thereby minimizing the erosive effects of thases on the beach. The outcomes included
rapid restoration of the beach width as well as a consistefihgueef, again consicted of
geotextile sandilled bags.
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Rigs-to-Reefs (Decommissioned Oil and Gas Infrastructure)

Decommissioned offshore oilnd gas production platforms (rigs) are known to attract large and
diverse fish communities (Seamanal, 1989 Love et al, 1994 Rookeret al, 1997). Rigsto-Reefs
(RTR) are tle practice of convertinglecommissioned offshore rigs platforms so that it @amtinue

to support marine life as an artificial reef. Through this decommissioning process, thelod wel
capped and the upp25m of the platform is towed, toppled in placar removed. The platform
structure is removed at the expense of the oil compl@aving the remaining structure in place so
that is can continue to support marine life. The oil canypthen donates the demwater platform to
the state to manage as anifasial reef. Twomey 200; Rig2Reef 201k Ajemian et al (2015)
surveyed 15artificial reefs in the Gulf of Mexico ranging from vessels to-@ffitoil rigs. Their
findings were thaiambient water depth fluenced fish assemblages, and that verticakcshes
situated in 50m ofwvater were best suited for both fisheries enhancemedtrecreational diving
opportunities. They also observed that a reefed platform deck provided mouetjwednaterial for
fish communities, although environmental considerst could precude leaving rigdecks in place
due to the risk of hydrocarbons.

Shell/Shell Bags

Several artificial reefs utilise waste bivalve shells as either a part of a compaditanit (see
ShellNurse) oras stanealone material for a lowrofile reef Bivalve dells incorporaté into
concrete or steel structures assist in ti®eanent of algae and other epibenthNsgtlerodeet al,
2007 JF Group 2008 FarifiasFrancoet al, 2013). In Ireland, sever@xperimental artificial reefs
constructed D16 tomes d bagged scallopsvere very successful at-establishing the existg
benthic community (Farifiagrancoet al, 2013).

Rock and Rubble

Natural quarried rocks or rubbléom construction have beewidely used to create HES.
Aggregations of rockwere usedn the 17th ceniry in Japan to encourage kelp growth (Nakame
1991), and ballast rocks from tuna nets were known to be functional fish attractifsgimethe
Mediterranean (Riggicet al, 2000).Large rock seawalls, revetments and breakwaergegulaly
used as coaat defensive structuresnd are also known to provide laggsurface areas and refuge
spaces between rocks that encourage fish settleehh$ack and Sberland 1985 Lukenset al,
2004; Bulleri and Chapmar010. Pastoetal. (2013)reported that om coastal defence structure in
the south of France hadvenile fish densities 3009 times greater than adjacent natural habitats. A
Californian study omparing reef substrates fountkit whilst prefabricated concrete sheltevere
more siccessful in atacting fish, quarried rocks were the material of choioe tthe availability, cost
and ease of handling and deployment when compared to other matétieter(et al, 1969).
However the use of quarried rock and associated gt anl deployment costs ost be shown to
be significantly more costffective than prposebuilt designed concrete structures.

Recently, Mikkelseret al. (2013) reported on a gexrt where 10@00 tonnes of bdders quarried
from a harbour area were egaloyedto create atablereef system to prevent further erosion, create
cavernous rdc areas and restethe original vertical profile of the reeThe key targetvas to re
estabish habitat for commeially important species such as Atlantic c@@adus morhug and
Atlantic lobster(Homaus gammaru3 and increase the use of the area by porpoles project was
successful, increasing the frequency of porpoises feeding in thevareame.
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Electrodeposition

Electrodgosition uses a lowoltage currentto encouragehe ceposition of calwm carbonate
(aragonite) on the cathode to produce a bai very similar in composition to natural coral skeletal
material (Hilbertz 1977 Goreay, 2012). The use of creating coralefe utilising electrolysis has
proven to be successf in providing a fable substrate for transplanting coral nubbins and
encourafng epibenthos growth (van Treek and Schumach@®8). In experiments conducted in
Coarsica, within 2 months of deploymeapproximately 510mm of aragonite wadeposited upon
experimental mds Elsewhere it was found that corals and other benthic isrgamnspontaneously
settle upon the produced substrate (Schumacher and Schd@4k) The advantages to the system
were found to be

Littl e arkquesh material 1is

N acessary & trangpt large amounts of material

Can creat e aanpybendiagrahodef f ounda

Substrate produced is |ike natur al cor al rock
Ma t cam be ee¢yded

Too To To o To

Many projects are cuertly using the process in Indonegf@oreat 2014), where power suppdis are
fed directly to developing reef areas close to shorelé/the process is limited due to the nature of
the power supply, the survival aiihsplanted coral and the speed of glownto the substrate are far
greate than on convernthal substrates.

Artificial Seagrass

Artificial seagrass has been used exteglgivn seagrass community research, as the artificial beds
can be placed next to tomal meadows and easily sampled withdamaging the natural seagrass
(Virnstein and Currari986 Bartholomav, 2002. Artificial seagrass has also been widely used as a
soft engineering method to protect shorelines from erosion and as an alternatiae fbalarious
marine organisms (Shahdin et al,. 2011). Artificial seagass beds can beade from a rangefo
materials and customized to mimic the target seagrassespeci

Studies by Virnstein and Curran (1986) on artificial seagrass made from grgpropglene ribbons
designed to mimicThalassia testudinunfTurtle Grass) sbwed extremely aid cdonisation by
seagrassissociated epifauna. The colonisation of artifigdaagrass by epifauna was remarkably
quick, with experiments showing peaks in abum@aand species diversity aftgist 4-8 days.The
growth of bacterial or idtom film on the seagrass bladesaw very rapid with evidence of
colonisation within hoursof deployment (Virnstein and Currai986). In another experiment,
Shahbudiret al (2011 constructed seagrass beds of 3vith seagrass manufactured from rubber.
They recordd over490 fishes arouhthe installed modulegdlustrating the effectivenesd artificial
seagrasses as a habitat and refuge.

Most artificial seagrass beds are smald thus susceptible to being dispkhdsy storm events.
However the incusion of seagss habitat adjacento larger HES perhaps as part of a multi
functional HES hbitat could significantly increase the diversity of fauna.
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Assessment of Existing Habitat Enhancement Structures

Scales fo each category assessed with enodgta are cumulative, that is the higher the score the
less effetive or attractive the HES is perceived to be basedhe materials sed, @ployment
techniques, outcomes achievendampacts to the environment. Evergre has been made when
compiling his data, however it must be understood that there are overltpsdrecategories. Three
categories were able to beosed

A Cost
A cBass
A Materials used

Cost

An arbitrary cosiscalewas assignetb standardise infonation from numerous sources whefep

no cost is documented. Costs include the acquisition térias (MOP, purposéuilt, community
manufactured)iransport (terrdsial and marine), deployment platform (sma#tsgel, large barge,
large barge with mane) and labour source (volunteer @ups, government agencies, private
contractors). After considierg the range of published costs for particular prgjésee Appendig), a
scde was developed where 1 = cheapesivkm method of installing reef, and 10 -ost expensive
documented reef (appx. severmillion Euros).

Table 7: Cost gdes assigned to each HES reviewed.

Scale Description
1 Very inexpensive, use of recycled or natumaaterials of opportunity, volunte
_°>’ groups,simple deployment.
% 2 Mediumsized volunteedriven reefs using MOP, very small research reefg
E’- 3 Large volunteer driven MOP reefs, smatlale HESnodules ie. FishHab
- modules)under jettiesor ReefBall type projects in developing countries.
4 Smallscaledesigned HES or largeicale ReeBall type project in developing
59 cowntries
*g '% 5 Smalli medium scale designed HES(ReefBalls™), commercal
3 < construcion, government funded emall vessels.
= 6 Medium scale designed HES (compeseefs) funded bgovernment
7 Designed HES or MOR.¢€. tanks, trams, aircra#ir oil rigs) cleaned and
modified for deploymentjeployed via barge i crane.
® 8 Sophisticate designed quarried rock on a medium to largeale governmen
% run with barge and cre.
g 9 Sophisticated design, méarge scale HES or large -exilitary vessels, cleane
w & deployed with contract labound barges with cranes.
10 Sophisicated desig, largescak HES deployed with contract labour and lar
bargesand cranes.
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Success

The success of any HES is whether it meets the original objectivésrgae HES. In many early
cases of artificial rde using materials obpportunitythere is little evidencef whether a reef was
successful or not. In these egsa neutral value isssignedSuccess scores are based on a scale
outlined in Chuangt al (2008).

Table 8: Matrix used to evaluate reeEformanceof case studies.

Scale | Reef Performance

1 The reef has successfulhet al of its objedives. There are no social or
ecological concerns; researctatceptale and conclusive; the management
considered verwell so it does natequire agy change.
2 The reef hasucceeded in meeting its objectives. It also shoveitipe effects
over tre local environment or sea users. Research is fair enough and can
and has good management but still néagsovemant.
3 The reef hasmly succeded in meeting its objects with limited success.
Beneficial effects are regnizable. Research iaif enough to determine their
performance; management has been gooaérded to be improved.

4 The reef has haaninappropriate lod#on, but itexhibits some achievemieof
objectives and also other beneficial effects imteof the local erivonment or
sea users. Some research has been done but is poor andchegizen

Sucaesgul

Neutral

5 The r eef 6sintprmgofite objp@es is mcoklusive. Some
positive @pects are identifiable but the overall success ofdbkis
indeterminake. The reef has had poor management.

6 The reef has haaninappropriatedcation; It does not exhibit any achieveme
of objectives nor angffect in termf the local environmnt or sea users;
poor or none research has been done.

7 The reef has f&d in its objectives and has negatively impacted the local
environment or seusers.

Unsucasdul
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Materials

A scale basedipon the material useldas been assigd to each reef basagon aesthetics and
environmental attributes for each maal. Thereforepurposebuilt designs score better (lower score)
than materials of opportugi Some MOP score better than othexg(waste quarry stones geo
better than sed tyres).

Table 9: Scale of HES materialsased upon aesthetics andiesnmental attributes

Scale | Material

1 Purposebuilt i Ceramic modules
Puposebuilt 7 Plastic/rubbeseagrass modat or waste shell reef
Purposebuilt T Prefabricatedconcrete modules
Purposebuilt i Steel frames, geotextile bags, compos#tefs
Materials of Opportunity Wase quarry rock
Materials of Oppounity i Building rubble, concrete rubble
Materials of Opportunjti Ships (stripped and cleaned)
Materials of Opportunity Dismantledoil platforms
Materials of Opportuity i Car bodies, white goods
Materids of Opportunity- Tyres

OO (N[OOI IW|IN

[N
o

Table 10: Average rankings dhe main materials ilised in HES as summarised.

HES Types Type N Material Cost Success Total
Purposebuilt - Bagged Shell B 1 2.0 4.0 2.0 8.0
Purposebuilt - Concrete C 48 3.2 5.0 3.3 11.4
Purposebuilt - Geotextile G 5 4.0 7.6 4.4 16.0
Purposebuilt - Mixed MPB 22 3.8 6.1 29 12.8
Purposebuilt - Steel [ 1 4.0 9.0 4.0 17.0
Purpsebuilt - Rocks R 8 5.5 6.0 3.4 149
Purposebuilt - Seagrass SG 2 2.0 1.0 2.0 5.0
Purposebuilt - Natural N 1 1 1 2 4

Total 88 3.5 5.4 3.2 12.1
Materid of Opportunity- Mix ed MW 23 8.8 3.4 3.5 15.7
Material of Opportunity- Oil Rigs @) 13 8.0 7.0 3.0 18.0
Material ofOpportunity- Vessels S 51 6.1 4.6 3.1 13.8
Material of Opportunity- Tyres T 35 10.0 2.8 3.6 16.4
Material ofOpportunity- Vehicles Y 14 8.1 5.5 41 17.6
Total 136 7.9 4.2 3.4 156

224

The results of assarg 224 HES from around éhworld arepresented iTable10 above. In general,
purposebuilt HES performed bettehén those using materials of opportunity ihaategories except
cost. MOP were on average ranked &fdr costs (this would be lower ifevexcluded disused oll
rigs, the prepation of oil rigs is considerably morgmensive than the acquiring of wastaterials)
compared with 5.4 for purposmriilt HES. Howevey purpcsebuilt HES outperformed MOP HES in
both material ranks and success. Matdr utilised in the construction ofupposebuilt HES are
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invariably higher quisty, designed for purpose and comstted of nortoxic materials. MOP
generallystill have some rislof being toxic, or polluting the envonment through degradation.
Whilst there is little difference in the randuccess of both HES types, this is laygdle to the
paucity of data assesg the ability of HES to meet their originabjectives in full orin part.
Appendix 1 has an extensiassessment of the 224 reefs, butheise 94 (41.9%) do not include any
guditative or quantitative assessment of uccess of the deployment.

Also misgng from the assessment of HES, are resofitthe deployment ofHES in Japan. Whilst
there arenumeras brochues and some referencesJapanesalevelopmenof artificial rees and
HES, nonecontaned detaileddescrptions of deployed reefsA heatmap (Table 11) is presented
showing a coloucoded scaling of the vaous characteristics of each typetES reviewal. Codes
were assigned based upon scores as outlined in the tatdes, wherethe more desirable HES for a
partiaular factor will be bright geen, a midrangeHES will be pale blue and highly undesirable
HES will be bright red.
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Table 11: Heatmap highlighting the variaicharacterists of HES theireffectiveness and applicability

HES

Site

Fishing

Tourism

Environmental

Cost

Legislative

Estuarine

Nearshore

Offshore

Commercial | Recreational | Aquaculture

Surfing

Diving

Ecotourism |  Pollution

Sediment Anti-traw!

Design

Materials

Deployment

Maintainance:

Materials

Permits

Materials of Opportunity

Tyres

Vessels

Oil and Gas Rigs
Vehicles
Building Rubble
Quarried Rock

Purpose-built Structures

Ceramic Modules

Recycled Plastic Modules
Low Profile Concrete Modules
High Profile Concrete Modules
Steel/Concrete Modules

High Profile Steel Structures
Multi-purpose multi module
Geotextiles

FAD

Electrodeposition

Artificial Seagrass

Key: The likelihood that HES will be suitable for a particular suite of situations.

Very Suitable

Suitable

Neutral

Unsuitable

Very Unsuitable
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Figure 22: HarvestingGreenlipAbalone Haliotis laevigatd from concrete artificial reef modules at the
abalone ranch in Augusta, Western Australia (Souitwad Ocean Grown Abalone).

Foreword

To identify how varioudHabitat Enhancement Structure(B)HS) desigrs may provide benefit to the

WA seafood sector and communitgonsultation was undertaken with a range of different
organisationsand stakeholdersCaonsultation with most sectors was ceessful and findings
contributed to the other chaptearsthis report However, consultation with the WA seafood sector
indicatedthatHES are a somewhat low priority or have ldiwect commercial relevance to industry
outsidea very fewoperatos, particdarly abalone randhg. As suchthis chapter brieflexamines the
existing and historic uses of HES in the commercial sector in WA as well as potential uses in
developed fisheries (if the returns justified the investinéfith relatively low intereswithin the
commercial sector, and lacK historical and current use in WA, this chapter has been minimised
with the project instead emphasising on the other objectives.
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Habitat Enhancement Structure Benefits for the WA Seafood Sector

Consultation with th&VA seafood sector and community began in 2015 with various organisations
(see below list). The purpose of the consultation was to identify potential direct and indirect benefits
HES may provide in the future. This inctied constraints mapping and investiigg other competing

needs of the general marine environment, as well as the possible localised benefits of HES. This
activity assisted in determining applications and potential lataithere HES would provide the

beg social benefits, cosdffectively. Investigations into potential benefits of HES focussed on
purpose, design type, previous successes and future opportunities.

Consulted groups

I Environmental sector Fishing clubs
9 Artificial reef designers and University researchers
manufacturers Peak bodies

Marina devéopers
Government agencies
Tourism operators

Local community groups
Conservation groups

Reference groups
Ecological consultancies
Abalone ranchers
Tackle stores
Hatcheries

= =4 =4 =4 =
= =4 4 -8 -4 -4 -4 -9

Consultation with most sectoend organisations was successfullydertaken, and learnings were
applied in the construction of the HES Guide (Chapter 4). Consultation protocols were developed for
HES developments throughout WA during the reporting agoerto ensure HES benefits were
optimised in relation to deployment moses to ensure the best value for investment. These
consultation protocols were also incorporated into community and regulator consultation, constraints
mapping, site selection, designd the approvals process.

Conslutation with the WA seafood sector mdenstratedthat members hatittle understanding or
appreciation for the ecological benefdad adirect commercial relevance tbe industry, It was
noted that, specifically in the i@ stages of the project, venyttlie was known about the science and
sucesses of HES particularly around design, productivity and function other than what was
reported in mainstream media. To date, HES uptake by the WA seafood irfthst®een minimal
with the exception of abalonenehing operationausing purpose designed concrete modules on the
south coast of WADiscussions with these organisations failed to identify HES opportunities and
directapplicability to the seafood industity WA. This consultation occurred in the firstgge of this
project (2A4/15). Thusi t 6 s a r e c o mnpeoject that itheo WA sedfoodt sbctorsis-re
engaged in HES discussions as the science, desigmlatir understanding of possible applicagion
for the use of HES in commercial fisheries hageased and developedrohg the timeframe iWA,
Australia and globally.
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Existing Application in WA Commercial Fisheries

The first trial of HES for commercial fisheries in WA took place in 139872. Corcretemodules

were deployedand seeded witllagged Western Rockobster(Panulirus Cygnuy by the CSIRO
Division of Fsheries, offshore of Cliff Head, however when resurveyed there were no lolestentpr
(Chittleborough, 1973Pollard, 1989). The previousxampe was the only found HES trial dhis
species ofobster and it asunsuccessful. However, this could be due to location, design, predation
fishing pressureand seasonality. Other lobster species of the same family (Palinuridae) have been
successfully harvested frospedally designedartificial reefs to great effect, particularly in keo,

Cuba and Japan (Spandadral, 2011) Concrete modules designed for lobsters may be placed in areas
with sparse natural habitat to create new lobster fishaneas, even if lowelief. Habitat
EnhancemeanStructureswill need to have niches, crevicasd complexity to reduce natural mortality

of rock lobster during the dato increase overall abundance

The firstknown useof Fish AggregationDevices (FADs) for commercial fisheesin WA occurred
betwea Esperance and Hopetoun in 19881 with three FADs beg deployed between 12200m
deep (Pollard, 1989). SoutheBiuefin, Bigeye andSkipjack tunasas well as sharkeere caught
using the poling method on the FADsith these strucires catributing D at least 34% of the total
tuna catchin the area (Starlimy 1983; Pollard, 1989). Further FADs were then trialled in the same
areaand also inAlbany, Cape Naturaliste, Cape Leeuwin and Exmouth Gulf with varying levels of
success.

Themostsuccessful cmmercial use of HES to date has been on abalone. Abalan@ized seafood
delicacy and is farmed and harvested in the wild around the world. The aquaculture of abalone has
increased since farms first began in the 1950s and 1960pam Jal China with5,357 tonne
harvested in legal wild capture fisheries at&),080 tonne farmed around the world in 2017/18
(compared to 19,720 tonne and 50 tonne respectively in) 1800k, 2016 2018). There have been

many studies into the potentiadeiofHES for abalae in Australia and around the worldifose et

al, 2002 Jameset al, 2007 Tanget al, 2015). Some of this research was also funded through the
FRDC (Adams, 2013) resulting in the first successful harvested use of HES (ranchinglldoeab
Australia.

Ranching involvestockng juvenile abalon@n anartificial substrate. Interestinglgbalone ranching

in Japan has actually used as a tool to recover stocks, with abalone being stocked on natural and
artificial reefs, with fishers oglbeing &le to havest those specimens that were found on a#ific

reefs (Tanaka, 1988). Abalone ranching in $oathWest of WA has proven that HES are extremely
beneficial in abalone fisheries and aquaculture. HES enhance abalone fisheries bpgpmegides

and conplex habitat to reduce mortality through predagtrap drift algaeand increaséod sources

through the growth of algae on the structure and to create a colonising surface for the recruitment of
future stocks. Reefs can be used fanahing seded abahe species as well as wild harvest any
abalonenaturally recruited to reefs.

Reef modules in Augusta were first trialled in 2011 with the original modulesnssitu. There are

now 10,000 modules deployed in Augusta, with 400 degaldyn Esprance angbending results of

these trial another,800 tobe deployed in Esperance. Each module will be able to yield an average
of 60 abalone at 130mm or 20kg per module per year once modules are in a steaggrstatar(m

OGA, 2017). With deach piie of AUD$43.81 (for wild caught) per kilogram for 2015/X8aghan

and Santoro, 2018) in WA, there is a clear economic benefit for operators and local economies. There
are also benefits to the environment and community with relaxed pressurddostaeks, arge
amounts of finfish recruitment recorded on the rawdind accessibility for recreatial fishers to
capture finfish on these reefs.
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There has also been research into the use of HES in the aquaculture process of some crustaceans in
WA. In the concurent FRDC project (2015/028), project managers are triglthe use of HES in
enhancing marron stocks (mainly for recreational and aquaculture purposes). Two main types of HES

are being triall ed, | aNurgeeyHibeHabd k #&#jtse@8).(Thewseeds a n d
brick structures is hoped tirive natural productivity by actively promoting diatom and zooplankton
growthas wel | as reduce predation (not yet measur e

provide for naturahndstockeduvenile marron from birds and fish, particulaRgdfin Perch.

Figure23: 6 Nur sey Hi de Habi t at sight]beiegfdevéloped{FRDG2015/028) imWAr uct ur e
to enhance marron stocks.
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Potential Application in WA Commercial Fisheries

The commerciadpplicationsof HES were researched from around the wd@ihapter One)o assist

in growing statebased capacity and capability. To investigate whether HES may benefit the WA
seafood sector (by deloping andenhanang current commercial fisheries and potential agliace
practises), a heat map was produced looking at hotatdeHES are to the current 32 developed
commercial fisheries in WAt determined that 29 of 32.90% could potentialljusesome fom of

HES to enhance their fishery. Howeyénere needs tde further research done in the future to
investigate whether some of these HES developments in developed fisheries would be worth the
investment.

It should be noted that this heat maps based df preliminary results and literature reviews on
global appications of HES. This is an indicative heatmap only. Desiefit analyses and further
research should be undertaken as the costs of implementing some enhancement structures (while
benditing stock may not necessarily increase yields or incorfer examge, sea cucumbers are
ranchedon a range of different HES desigrisigure 24) in China and SoutlEast Asia. Habitat
EnhancementStructures protect broodstock and their larvae against pinedators, ncreae the
availability of natural feed like benthic @gand accumulating organic debris and improve the
habitat for aestivation (dormancy) and hibernation (Jiansan and Jiaxity, R&%in, 2003) As such,
the Bechedemer/sea cucumber issted in thefollowing chart below as being sablefor HES use.
However,the 2016 harvest for the fisheny the Northern Bioregion of WAvas only 93tonnes
contributing to less thaAUD$1 million to the Gross Value of Produ¢Gaughan and Santoro, 2018)
Thus, this fishery may not benefit due to the cost of HES without fighexpansion, which is
dependent on external drivers such as abundance, accessibility and market value.

Figure 24: Different artificial red modulesfor seacucumbers (images: Qiang Xu and Chenggang. l[Gojld
these be utilised in Australia?
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Table 12: Suitability of HES to current developed commercial fisheries in G#our gradent indicatesffectiveness

Fishery

HES Type

Purpose

West Coast Rock Lobster Fishery

Artificial Reefs

There has been varying success with Western Rock Lobster (Panulirus cygnus) enhancement by artificial reefs in WA, however
more research is needed. Other species of the family Palinuridae (Spiny Lobsters) fisheries are enhanced around the world.
Mexico, Cuba and Japan have been using artificial reefs for commercial fishing since the 1950s (Bortone et ai, 2001). Niches,
crevices and complex habitats are created on artificial reefs to reduce natural mortality of lobster during the day to increase overall
abundance. Artificial reef design also assists with harvesting. Artificial Seaweed Collectors are used to measure puerulus
settlement of P. cygnus in Western Australia.

Roe's Abalone Fishery

Artificial Reefs

While extremely site dependant, other species of abalone have successful been cultured and harvested by seeding spat on artificial
reefs in Western Australia. Roe Abalone (Haliotis roei) can be found up to 5m deep so could potentially be seeded on shallow
water artificial reef systems. The reefs would enhance the fishery by providing crevices and complex habitat to reduce mortality
through predation, increase food sources through the growth of algae on the structure and create a colonising surface for
recruitment of future stocks.

Abrolhos Islands and Mid West, South West
Trawl Managed Fisheries and South Coast
Trawl Fishery

None

This fishery mainly targets Saucer Scallops (Amusium balleti). While this species can be enhanced by stocking (Scoones and
MecGowan, 2002), since its preferred habitat is sand, habitat enhancement would likely not benefit this fishery. Grow-out cages
may stop natural predation of stocked species, though this will not be included in this project. A marginal component of this
fisheries targets prawns, this may be enhanced through prawn fishery enhancement methods below.

West Coast Blue Swimmer Crab Fishery

Artificial Seagrass, Seagrass
Translocation or Rehabilitation

Crustacean abundance is increased and natural mortality decreased by the presence of seagrass (or seagrass like habitat),
particularly in certain life stages. This habitat can provide food sources, shelter and act as a nursery.

West Coast Nearshore and Estuarine Finfish
Resources

Artificial Reefs

Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, this has been used to rebuild and
enhance fisheries around the world (Bortone et al, 2011). The reefs achieve this by increase the abundance and diversity of
marine life within an area by creating additional shelter, food sources and a colenising surface for marine organisms (Florisson,
2015).

West Coast Purse Seine Fishery

FADs and Artificial Reefs

This fishery could be greatly enhanced by the use of FADs. However, it is lllegal to commercially purse seine around FADs in
Australia. Artificial reefs could be used to create upwellings to concentrate these species, however it would have to be on a large
scale to benefit this fishery which would not be cost effective.

West Coast Demersal Scalefish Resource

Artificial Reefs

Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, this has been used to rebuild and
enhance fisheries around the world (Bortone et al, 2011). The reefs achieve this by increase the abundance and diversity of
marine life within an area by creating additional shelter, food sources and a colenising surface for marine organisms (Florisson,
2015). 3 out of 5 indicator species are commonly observed on the South West Artificial Reef Trial.

Octopus Fishery Status

Artificial Reefs

Octopus fisheries are can be enhanced by artificial reefs as octopuses are heavily habitat dependant. Artificial reefs can provide
prey and shelter for these species and artificial reefs designed for the purpose of octopus nests have been successful in Turkey (Ula
etal, 2011). Octopus tetricushas been observed on the South West Artificial Reef Trial in WA,

Shark Bay Prawn and Scallop Managed
Fisheries

Artificial Seagrass, Seagrass
Translocation or Rehabilitation
{Prawns)

Crustacean abundance is increased and natural mortzlity decreased by the presence of seagrass (or seagrass like habitat),
particularly in certain life stages. This habitat can provide food sources, shelter and act as a nursery.

10

Exmouth Gulf Prawn Managed Fishery

Artificial Seagrass, Seagrass
Translocation or Rehabilitation

Crustacean abundance is increased and natural mortality decreased by the presence of seagrass (or seagrass like habitat),
particularly in certain life stages. This habitat can provide food sources, shelter and act as a nursery.

11

‘West Coast Deep Sea Crustacean Managed
Fishery

Mone

There is limited infermation on the habitat preferences and biology of the deep water crabs involved in this study. Given they are
mostly caught on mud-like sediment on the edge of the continental shelf, it's unlikely habitat enhancement structures could
feasibly enhance this fishery.

12

Gascoyne Demersal Scalefish Fishery

Artificial Reefs

Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, particularly demersal species that
favour medium to high profile reef. This has been used to rebuild and enhance fisheries around the world {Bortone et al, 2011).
The reefs achieve this by increase the abundance and diversity of marine life within an area by creating additional shelter, food
sources and a colonising surface for marine organisms (Florisson, 2015).
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13 Inner Shark Bay Scalefish Fishery Artificial Reefs Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, this has been used to rebuild and
enhance fisheries around the world (Bortone et al, 2011). The reefs achieve this by increase the abundance and diversity of
marine life within an area by creating additicnal shelter, food sources and a celonising surface for marine erganisms (Florisson,
2015).

14 Shark Bay Blue Swimmer Crab Fishery Artificial Seagrass, Seagrass Crustacean abundance is increased and natural mortality decreased by the presence of seagrass (or seagrass like habitat),

Translocation or Rehabilitation particularly in certain life stages. This habitat can provide foed sources, shelter and act as a nursery.
15 MNorth Coast Prawn Managed Fisheries Artificial Seagrass, Seagrass Crustacean abundance is increased and natural mortality decreased by the presence of seagrass [or seagrass like habitat),
Translocation or Rehabilitation particularly in certain life stages. This habitat can provide food sources, shelter and act as a nursery.
16 North Coast Nearshore and Estuarine Fishery | Artificial Reefs, Habitat Restoration and | Artificial reefs can enhance the fishery by increasing the abundance and diversity of marine life within an area by creating
Enhancement, Mangrove additional shelter, food sources and a colonising surface for marine organisms (Florisson, 2015). However, since the main species
Translocation,/Rehabilitation caught in this fisheries are Threadfin Salmen and Barramundi, this fishery may be further improved by other types of habitat
enhancement. Habitat translocation and restoration including mangroves would increase nurseries and habitat for these species,
as well as increase food sources.

17 North Coast Demersal Fisheries Artificial Reefs Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, particularly demersal species that
favour medium to high profile reef. This has been used to rebuild and enhance fisheries around the world (Bortone et al, 2011).
The reefs achieve this by increase the abundance and diversity of marine life within an area by creating additional shelter, food
sources and a colonising surface for marine organisms (Florisson, 2015).

= L E TR T e Pelagic mackerel species are known to hunt around natural and artificial reefs systems as well as target baitfish schooling areund
FADs, thus HES could increase mackerel abundance to enhance this fishery. Mackerel have anecdotaly been observed and caught
on and around FADs and Artificial Reefs in Western Australia.

19 Pearl Oyster Managed Fishery Artificial or Shellfish Reef This species may be enhanced by intreducing and seeding hard structure to bare areas of sea floor. However, with current
harvesting techniques, seeding these species onto hard artificial substrate would be less effident.

20 Beche-de-mer Fishery Artificial Reefs Beche-de-mer are ranched in China and Scuth East Asia. Artificial Reefs can protect broodstock and their larvae against the
predators, increase the availability of natural feed like benthic algae and accumulating organic debris and improve the habitat for
aestivation and hibernation (Jiansan and liaxin, 2001 and Jliaxin, 2003).

7.a Morth Coast Crab Fishery Artificial Seagrass, Seagrass or Crustacean abundance is increased and natural mortality decreased by the presence of mangrove and/or seagrass (or seagrass like

Mangrove Translocation/Rehabilitation | habitat), particularly in certain life stages. This habitat can provide food sources, shelter and act as a nursery.

22 South Coast Crustacean Fisheries Artificial Reefs (Rock Lobster) . . . e
This fishery harvests deep sea crab and rock lobster. Artificial reefs effects on the crabs would be minimal, however, artificial reefs
are known to support various life history stages of rock lebster (Coutin, 2001). Internationally artificial reefs are also used to
protect migrating lobsters from predators and the success of the reef is governed by the niche sizes (Svane and Peterson, 2001).
More than 60%: of this fishery’s catch is Southern Rock Lobster (Jasus edwardsii), there are currently artificial reef trials for this
species in Tasmania.

23 Greenlip/Brownlip Abalone Fishery Artificial Reefs Greenlip Abalone (Haliotis loevigata) is currently being ranched on artificial reefs off Augusta in Western Australia. The technigue
is proving successful and is expanding. There is many opportunities for this fishery to be improved by Habitat Enhancement
Structures.

24 South Coast Nearshore and Estuarine Finfish | Artificial Reefs, Habitat Restoration and . ) ) ) i i . i

Fisimaes Enhancement, Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species. The reefs achieve this by increase
the abundance and diversity of marine life within an area by creating additional shelter, foed sources and a colonising surface for
marine organisms [Florisson, 2015). Abundances of species harvested in this fishery could also be increased by seagrass
restoration/translocation.

25 South Coast Purse Seine Fishery FADs and Artificial Reefs This fishery could be greatly enhanced by the use of FADs. However, it is lllegal to commercially purse seine around FADs in

Australia. Artificial reefs could be used to create upwellings to concentrate these species, howewver it would have to be on a large
scale to benefit this fishery which would not be cost effective.
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26

Temperate Demersal Gillnet and Demersal
Longline Fisheries

Artificial Reefs

Artificial reefs can enhance the fishery by increasing the abundance and types of finfish species, particularly demersal species that
favour medium to high profile reef. This has been used to rebuild and enhance fisheries around the world (Bortone et al, 2011).
The reefs achieve this by increase the abundance and diversity of marine life within an area by creating additional shelter, food
sources and a colonising surface for marine organisms (Florisson, 2015).

27 Lake Argyle Silver Cobbler Fishery Artificial Reefs, Habitat Restoration and | Habitat Restoration/Enhancement through adding woody debris, replant bank riparian vegetation, restructuring course flow, fish
Enhancement, ladders/ways (Bain et al 1988, Nicol et al 2004 and Baumgartner et al 2010). Artificial reefs could also potentially be used in this
fishery.

28 Licensed South-West Recreational Artificial Reefs, Habitat Restoration and | Habitat Restoration/Enhancement through adding woody debris, replant bank riparian vegetation, restructuring course flow, fish

Freshwater Angling Fishery Enhancement ladders/ways (Bain et al 1988, Nicol et o 2004 and Baumgartner et af 2010). Artificial Reef and/or woody debris would be largely
beneficial in dams with little to no current benthic habitat.

29 Licensed Recreational Marren Fishery Habitat Restoration and Enhancement | Habitat enhancement through a range of materials can improve a marron fishery. Marron are found to utilise many types of new
habitat (rapidly in aguatic systems with minimal habitat), at different parts of its life history depending on habitat complexity, the
habitat also decreased rates of teleost predation on Marron (Melony and Bird, 2005).

30 Marine Aquarium Fish Managed Fishery Artificial Reef This fishery could be enhanced by artificial reefs providing foed, shelter and a colenising surface for marine organisms (Florissen,
2015). This fishery could benefit by large amounts of small shallow artificial reef medules producing new assemblages of these fish
feeding on colonising sessile biota and microfauna such as copepods and annelids.

31 Specimen Shell Managed Fishery Depending on the biology of different species of specimen shells, they could potentially be seeded onto artificial reefs in the

Artificial Reef future.

32 Hermit Crab Fishery Mangrove Restoration and

Enhancement

This fishery harvests a terrestrial species of hermit crab (Coenobita variabilis). The fishery maybe enhanced through mangrove
restoration, though this may have little effect. As this is not a true aguatic species it will not be included in this project.

Unlikely HES Use

Potentially HES Use Suitable HES Use
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Figure 25: Reef Vision volunteedepbying a Baited Remote Undeeter Videosystem.
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For eword

ChapterThree explores the testing and development of differadtitat Enhancement Struct(si

(HES) monitoring techniges to determine effective methods using easily available materials. It also
highlights the use of the camunity in data collectbn in the form of citizen science. Physical trials of

HES monitoring methods were undertaken on the Dunsborough and Bunbiicjahreefs in the

SouthWest of Western Australi@VA). Logbooks, manual and automatic observation pospping

and Bdted Remote Underwater Video systems (BRUVs) were all tested and further developed
through a community research program entitled Reeb¥igDther techniques which were identified

as having a considerable amount of literature on theireus&geanalysedhrough v ar i ous d&édes
studi esb6. The success of one particular monito
expectation in theommunity commitment, social values and quality of data obtained. As such, the
second half of this clpger povides aproof of concept study on this world first monitoring method

using citizen scientists to deploy BRUVs on artificial reefs. The seconibrseidt this chapter has

since been peer reviewed and is now available in the Journal of FisheriescRg8erissonet al,

2018).

Figure 26: Bunbury Reef Vision volunteers with BRUVs.
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Summary

There has been a marked in@em the number of artificial reefs being deployed around the world,
many of which are designed to reasecatches brecreationally-targeted fish species. As artificial

reef deployments should be accompanied by clear and measurable goals and subsequent
ervironmental impact monitoring and performance evaluation, there is a need to develop cost
effective nonitoring progams.

To develop effective communifyased monitoring methods, five specific techniques were trialled on

the Bunbury and Dunsborough artifal reefs in Geographe Bay, sowtlestern AustraliaThese reefs

were chosen as they were close torehtad high evels ¢ usage, in a populous aresnd had several

years to socially and ecologically establish since they were deployed in 2013. Twacreat 6 e nt i t y 6
and provide the community with ownership over the project (and thus increase engagethent
decrease viunteerattrition), the trials were encapsulated under one citizen science research program
entitled OReef Vi sifaentGechniques werh teiallqd induglingsBaitedd Remoge d i f
Underwater Video systems (BRUVSs), logbooks,ppiag, manual @®servaibn posts and automatic
observation posts. The techniques were tested and collected data was analysed. The BRUVs were the
most effetive method with high community value and quality spatial and temporal data being
collected. The manli@bsevation st wasthe next most effective method followed by mapping the
artificial reef area. The automatic observation post and logbooks werediveffin this trial,

however the study was limited by time and technology, and similar methods baweshce

succesful dsewhere. The high level of success in the BRUVs trial led to a further investigation into
their applicability as a HES monitoringethod.

The secondcomponentof this chaptemprovides proof of concept for a citizen science approach t
monitoring the fish faunas of artificial reefsising BRUVs. Recreational fishers were recruited to
collect video smples using baited remote underwater video systems and submit the resultant footage
for analysis and interpretation by professional scisii he volunteers wee able to collect enough

data of sufficient quality to monitor thetificial reefs Data weresxtracted from the footage and used

in robust univariate and multivariate analyses, which determined that a soak time of 45 minutes was
suficient to capure 9%% of the number of species, abundance, diversity and community composition
of the fish fauna. fie potential for these data to detect differences in the characteristics of the fish
fauna between reefs and seasons was also investigatgdcmfirmed. With the continuing
deployment of artificial reefs around the world, the use of similar-effsttive citizen science
monitoring approaches can help determine the effectiveness these structures in achieving their aims
and goals and providealuable data br resarchers, managers and decision makers. Projects such as
Reef Vision can also benefit volunteeaed communities by enhancing social values, creating
ownership over research projects and fosteriegyatdship of aquatic resources.
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Introduction

Habitat Enhancement Structys) (HES are monitored all over the world for a range of purposes,
however theoverarchingreason for monoring is to ensuring there are no adverse environmental
outcomes fronthe HES Monitoring of HES in Austalia can begenerally classified asmeasuring
impacts on the ecosystem, structural integrity and stability, and the level of use by targetedsend user
While monitoring objectives and needs vary globally, therecdgar monitoringrequirements in
Austraia assciated vith HES approvals processThe fundamental legislation covering the
deployment of HES in Australia he CommonwealthEnvironment Potection (Sea Dumping) Act
1981 Eachstate orterritory also have their respective environmental praiedegislationthat may

apply depending on the HES type and location.

Most state andterritory governments in Australia manage the entire HES prdeess funding
through to approvals and managing tenders to design construct and deploy the structpees and
deploymentmonitoring. Ih WA however a different model is employed. The WA Government while
providing base fundingncouragsthe leveraging ofunding to get the best value from each proposed
reef. Under this modelgovernment takes a mordands-off approach allowing the recreational
fishing sector, led by Recfishwesb develop and deliver HES projects throughout the State. This has
proven successful with more recent HES projects securing leveraged funding from the resources
sector.

In its asessmet of appications to install artificial reefainder theEnvironmental Protection (Sea
Dumping) Act 1981the Commonwealth has indicatetia is unlikely to provide approval to nen
government organisations due to liability concerns over the lifeeftificial reef. Tocontinue to

allow community driven artificial reef proposafhe WA Governmenthas developed a policy of
taking ownershp and liability for artificial reefs once they are deployed. To ensure that due diligence
is carried out befa the State Goernmentaccepts that ownership and liability, proponents are
required to obtain approval under the State Governméists Resource Management Act 1994
(FRMA). The WA Government in consultation with key stakeholders produced Fisheries
ManagmentPaper No2 56 iRy on Habitat Enhancement Struc
assist proponent applications and to provide guidancesssssanent of those applications. The
outcome of this process is that when HES projects are approved unddRNte and succesully
deployed, ownership and liability of the HES moves to the State Government. The FRMA will soon
be replaced by thAquaticResources Management Act (ARMA) 20468VA. Under the ARMA the
process will be followed guided by thabitatenhancement structurgslicy.

Under theEnvironmental Protection (Sea Dumping) Act 198dgorousand comprehensiveroposal
asessment has to be completddis includes an environmental monitoring plan that evaluates the
structure and its &fcts onthe surrounding ecosysts. The structural integrity, design, materials,
surrounding environment, target species, usage fiod and outcomes must all be considered during
design and site selection to ensure that HES objectives are met whit@simig risks as set out in the

policy.

There are many different types of monitoring that are used to inform ecodyaseh manageme
approaches to help conserve biodiversity and functior@igigtenseret al, 1999 and these can be
broadly categorisednto extactive or norextractive monitoring approaches. One of the most
frequently employed method of n@xtractive monitoring irthe marine environment involves the use
of underwater video systems. The use of underwater video systems for researchmaritiee
environment has becomadreasingly popular since it was first employed in the 19Bésck, 1953.
There are many reasoner fthis popularity including: the limited amount of damage done to the
surrounding habitat and target organisms, the faat thotagge can be permanently cuived and
replayed/reused and the increasing quality of the footage and decreasing purchasinof) thests
equipment Villis et al, 2000; Tessieret al, 2005; Mallet and Pelletier, 20L4Underwater video
systems vary in siicture and purpose, and can lmategorised into four main groupsg.) Baited

83



Remote Underwater Video systems (BRUVS), ii) Remdtelerwater Video systems (RUVS), iii)
Diver Operated Video systems (DOVs) and iv) Towed Video (TOWYV). Other types edxt@active
monitoring techniques #it couldalsobe utilised on HES can include, but are not limited to: photo
guadrats, settlement éd surveys, observations, environmental DNA (eDNRgmotely Operated
underwater VehicldROVs) (ROVs can collect underwater video, howevare not limitel to this
method of samptig), logbooks, mapping, taggira;nd acastic research.

Ongoing monitoring can be expensive and tooasuming if conducted through regulatory
organisations or canlting companies employing professional scientists (Conrad alotidyi, 2011).

The effectiveness of monitoring by regulatargansations have decreased in some countries due to
cutbacks in funding and staffing, however the monitoring data is still ddededecisionmaking
processes (Conrad and Daoust, 2008; ConnadHalchey, 2011), given HES are generally deployed
for the purposs of community recreation. One mechanism to reduce costs, would be to use citizen
science to collect monitoring data.

In recent years, there has been a marked increase in the use of meiihergeneral public to assist

in scientific research {yerton, 2009; Baltais, 2013; Lambert, 2014). This type of approach is called
‘citizen science' (Kruger and Shannon, 2000). Citiggdance potentially provides a cesffective
method for data ctgction and monitoring, as well as a range of other beneiittough there are also
some potentially significant limitations (Silverton, 2009; Dickingtral, 2010; Rotmaret al, 2012;
Baltais, 2013). Citizen science has the ability to reduce fundiry labour costs to research
organisations and increase gexleostefficiency, whilst also providing social benefits to volunteers
and the opportunity for the collection of spatially and gerally large data sets and samples
(Dickinsonet al, 2010; Tullot et al, 2013; Wilson and Godinho, 2013).

Citizen sciencavas usedo trial different techniques tdetermine cosgffective methods to monitor

HES developments using easily available materand data collection by community and industry
groups To invesigate the effectiveness of these methods there were dimaimsof the study: i) to
investigate the effectiveness of commusbgsed techniques, and ii) test and develop monitoring
method. These aims were achieved by physically testing five differecttirtiques on the Bunbury

and Dunsborough artificial reefa the South West of WA. These monitoring methods were each
trialled with the first section of this chapter detailthg methods, results and impacts of each of these
techniquesAdditionally, literature was also reviewed on other monitonmgthodsnot included on

the physical trials. The second section of this chapter uses a more concentrated scientific approach to
expore the most effective method that was trialled on the artificial reefs.
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Community Monitoring Trials

To determire costeffective method4o monitor HES developments, a range of monitoring methods
were tested, developed and reviewed. To firstiglerstand various existing monitoring techniques,
several monitoring studies weeundertaken. This provided an insight imonitoling types, purpses,
strengths, limitations and costs. Rsbiivest in consultation with Ecotone Consultimgurdoch
Universty researchers and community members, developed a Monitoring Mat014, whch
helped identify novel and costfective monitoring methods whiclwere considered valuable, and
therefore worth further investigatidifigure 27) The matrix included biolagal, ecological, social,
environmental and structural methods and includedifspeéechniques such as acoustic recording,
sonar ad sidescan mapimg, visual observation, log books, underwater video, and radar.

@toring Matrix for Habitat Enhancement StructurD
( Social )( Environmental )( Structural >

Biologicall/Ecological

Aquaculture

Recreational Fishing

Coastal Protection

Fun/Amenity
Value

Commercial/Enterprise

Seagrass and Coral

2 Health and
Trans-location

Well-being

Species/Life Stage Specific grow out

Frequency of Use
and research d Y

T t Speci
General Research s e

Instigate Ecological Change {peciEpeienc:
Safety/Distance from

Provide Ecosystem Services (Water Boat Ramp

Purpose cleaning, carbon dioxide
absorption/oxygen production etc) Social Perception
Colonization/Increase Surface Area Community
Revegetation Stewardsiip
Touri Offset (Production of a
ouusm Social Amenity)
Induce Trophic Change [herensed
Shelter and Food Production Opporilnity
2 g k I
Micro-Flora/Benthic Organisms :;:eir;igﬁ;
Species Richness/abundance
Habitat Corridors/Refuge
UVC (Underwater
Visual Census) Radar

Video Footage Collection Log Books

Catch (Log Books and Boat Ramp Tag On-Sea Rescue

Surveys) 5 i :
Social and Traditional Media
Monitori Phone survey with local fishers

m’:’ 7 Visual Census

Socio-econoomic Survey with local

Bussinesses Public and Stakeholder

Meeting

Monitor percentage cover

(possibly from diver photos) Hydrophone Survey

Economic, Health and

Temporal and Spatial 3
Well-Being Surveys

Variation

Figure 27: Monitoring Matrix for HES.
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Surveys with Fishers
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Certification
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Structural Integrity and
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Hydrology, Sedimentation
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Structural Scan Sonar
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Snagged)

Satisfaction Surveys

Stakeholder Meeting
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Several forms of community monitoring were tested anetid@ed on the South West Artificial Reef

Trial in Gengraphe BayWA. To consolidate efforts, promote the project and to increaseiparit
ownership of the project, the various monitoring techniques were amalgamated into one program
called Reef Vision. Bef Vision is a citizen sciee progam and involves monitoring s@tiand
biological/ecological utiliation of the reef through obsetion posts, logbooks and underwater
monitoring usingBRUVs. The ability to monitor structural stability was also exptbtierough the use

of sidescan sonar.

The South West AtrtificiaReef Trial (Figure 28 for locations) was used as a sample site to test
community monitoring techniques to evaluate their potential applicability to future HES developments
in WA. These sitesansist of two artificial reef off the coasts of Bunbury and Dunsbogh in
Geographe Bay, WAEach reef was constructed using 30 purgmsé, 3n?¥ 10 tonne reinforced
concrete modules in cluster formations to increase habitats.

The reefs were deployed April 2013andwere fundedoy recrationalfishing license fees ahthe
State Government for theurpose of enhancing fishing opportunities, particularly for target species
such as Pink SnapperCiirysophrys auratys Samson Fish Seriola hippoy and Trewally
(Pseudocaranx sp.Thetime sirce deployment, site charactdigs, current legislative regq@iments

for monitoring in WA their proximity to towns and cities and the environmental conditions of
Geographe Bayave made these artificial reefs atahe site to testhe effectivemess ofdifferent
community monitoringnethods on HES.

Dunsborough artificial reef site
115° 9.980" E, 33° 33.962' S
27 metres depth

Bunbury artificial reef site
115° 35.900’ E, 33° 18.500° S
17 metres depth

3FN0S
1

116"100°E 1 5‘4wlh g
i 1

Figure 28: The SouthWestArtificial Reefs, the location of monitoring for Reef Vision (Image courtesy of the
Department of Fisheries WA).

To be$ manage community volunteessd techiquest h Reefd/isiorbcitizen science programas
created; one overarchiqpgogram for all monitoring method§&igure29). Reef Vision tested BRUVS,
logbooks, manual and automatic observation posts and mappirig/iRea also provided voluntes
andthe fishing community with a s@f social values which assisted in reducimunteer attrition.
These values included increased scientific literacy, provision of a communication network for
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volunteers, provided a Higlevel of engagemengnd two-way dssemination of information. This
increased voluntesi and the overall communidy,sownership and stewardship of the project,
artificial reefs and marine environment.

Figure 29: The Reef Vifon logo which was designed fohe poject with the aim to createc@mmunity owned
and valued 6éentitydéd for the project

Logbooks

Thirty volunteers that commonly fished in the Geographe Bay area were rgiseational angling
logbooks to monitotheir catches orthe artificial ree$. Logbaks can monitor HES by collengy data

on catch effort, level of use by fishersdagcological monitoring by presence/absence of recreational
target species caught on the reef. Volunteers were recruited using a padiggisted at tackle
stores ad throwghlocal fishing groups on Fabeok. An advertisement was also displayed indod
newspapersAdditional volunteers were also recruited through social media and thcongimunity
presentations in thBouthWest of WA on atrtificial reefs

To increase ostefficiency, emance partnships and to utilis existing information and sepés, the
Reef Vision logbook program joined an existing logbook program run byWhAeDepartment of
Fisheries, called the Research Andbeogram (RAR) (Figures 3Q 31). Fishers were asked to record
specfic artificial reef informationin the comments field on the log sheets. Recreational Fishing
Logbooks are successfully used as a research and monitoring tool all over the world fgothg ma
of aguatic sysems and habitats including artificial reefdphens and MacCall, 2004; Leathy et

al, 2006 Bastardieet al, 2010.

The RAPs data assists in analysing trends and fluctuations in the abundance of species, faunal
composition size growth rate, age b maturity and many other parameters that calp festablish
whether specieer habitats are under pressure aodrrent management arrangements are adequate.
The Department of Fisheries uses logbooks to record details of catchéss,spemberdengthand
healthon releasavhich is used to help mdor fish abundance and disity as indicators of fish and
ecosystem health. In addition to this, fishers on the artificial reefs were asked to record location
specific catch data such apecies andize, toassist with the ecological monitoring of theifecial

reefs. The numbeaf boats fishing the reef was alemberecorded to monitor social use of the HES.
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Figure 30: The Department of Fisheriee&earchAngler Programlogbook

Angler’s Daily Log Sheet — Ocean Edition 741230

DATE: T use 24 hour time
= . L3
BOAT or SHORE (circle) E g E 4 | e » §
Zero fish caught today (tick) E :;: ".c= _’c.; : z|e § " ‘E’E 32 gg
Location g g E 8 g 5 g .g Species SE t.g’:'. &'é

Figure 31 The mebadata and catch data recorded inResearb AnglerProgramiogbook, nduded the
comments field in which sodidata on artificial reef utiligtion will be collected.
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The Reef Vision Lgbook trial fowever, was not effective. Although logbooks are usyadl
successful data collection technique, the Reef Vision Logbookwaalineffective with no logbooks
returned to the Department of Fisheries Research Angler Pragitam the 6nonth esting period
Feedbak (including quotes) from participants demaattd a number of potential causes to why the
logbooks were ineffeste including:

1 Complexity oflogbook format was unnecessary for the needs of artificial reef monitoring and
thus were nb  O-fiienck Ir y 6volunteersé f The compl ex natmakesea of t h
hobby become a responsibility or a task?o

1 Thepotentiallength of time it takes to receive the feedback and results on research conducted
from completing the logboofif the logbak was complid).

1 Fear of losing fishing access because of fisteeri@nagement alterations due to results of
data collected aswelsh ear of gi ving away information on

1T Dondét want to record cat cWwaveragé @layifashemed)n when f
1T Dondt see the vtardeuspeciesn r eporting non

Although this trial yielded no discernible datahas provided value in further developing artificial
reef monitoringusing logbooks This was achieved through establishmget of reeommenddbns
which could be considered when using logke&for monitoring artificial reefs in the future, supported
by feedack from fishers who took part in the trial. Recommendations include:

1 Digitalizing the | ogb phore apfawdhogbmk wouldibA meh mp | e
easier to use, it could alsogvide personal results such as the amount of a species caught or
hours fished, it would be simpler and much more popular meaning more information could be
collectedo ¢é

1 Reduce the completyi by limiting data ollection fields.

1 Minimize different research ariables to focus on specific data collection type (such as
biological monitoring through the presence/absence or recreationally important species).

1 Increase the usability for end users.
1 Extend the terporal range for the project.

The Reef Visiorlogbook tral was shown to be an ineffective artificial reef monitoring tegteni Of

the original 30volunteers 10 individuals left the program due to personal reasons, mainly including
difficulti es with boatswork and leaving the area and the other volunteedsrdit submit any data.
This trial had a limited number of volunteers that waseed to collect information over a short
period.However,volunteers did colleclimited catch and social formation onrecordirg sheets for

the BRUV component of Reef Visiofseparate trial) Logbooks used by Reef Vision BRUV
volunteers measured boasiation between October 2015 and October 2016. Volunteers counted 177
boats on the reef in 113 hours avenggout to 1.2boats fshing the DunsborougArtificial Reef and

1.7 boats fishing the Bunburrtificial Reef per hourFigure32 shows a summary of data collected
through logbooks on boat usage on tBeuthest artificial reefs. This demonstrates thawhyying the
format, nformation can be collected by using logbookstlee artificial reefs, particularly in relation

to social usage of the structures.
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Figure 32 Total boats observed between Oct 15 and Oct 16 (left) anchtotdder of obsrvatiors on the reefs
between Oct 15 and Oct 16 (right

Manual Observation Station

To quantify visitation by boaters as well as trial the ability of comity-based social monitoring, a
manual longrange observation post was establishedttaly the Bubury Artificial Reef. A well
engaged volunteer was raded through the already established Reef Vision network following
citizen science recommendationsHorisson (201k The volunteer had to be particularly engaged as
the study requiredbservation bthe reefs three times daily over a medium temporalesof 24 days.

It was also imperative that they reside in a building high enough above sea lepiniize the
viewing rangeDue to the success of the initial trial, this was theeatgd the fdbwing year.

The selected vol umimately 4&kmsoutheesti ofitkenBanpuryrtificiab Regf r

and 24m above sea level. The objectives weeeby logging observations of boats on the artificial

reefs. Observations were taken\bewing theartificia | reef on a spottimeg scop
2060x60mMmdé on a tripod that al |l owe-80x magtificagidn | ev el
and has a field of view of 34.7 15.5m at 1000m. This spotting scope was also usandiy and

allowed theuser to focus, and record boats at the digtasfche artificial reef (approximately 4km)

from the current observation post. TWEA Easter School holiday§/4/201630/4/2016¢ were chosen

to record the vessels and this wapeatd on thesame dates, the following year. These times were

chosen for th observation period so that the data collected could:

1 Assist in future soci@cononic analysis of the artificial reefs from tourism.
1 Compare future visitation between the Bunbury, ansughand future reefs.

1 Compare results agnst observations from aabdine data set from a normal weekly
period to see the social effects of the hgfidariod on the reefs.

The reefs are in a fodrectare area, so to improve accuracy, the scope wéy g@aning in on a
boat anchored at the centre point of the reef. Odeg was in contact with the person setting up the
scope. Once the boat was in theatre of the field of view, it travelled to the extremities of the
artificial reef area perimeterp tensurethe northeast, northwest and soutwest clusters are also
included in the field of viewRigure33). This activity ensured the entire artificerea was observed.
Once the scope was calibratéue feet of the scope were taped to the floor thecedwith chalk. All
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screws on the tripod were locked and tapedtaedpower selector ring and focus adjustments were
taped, as precautionary measuresase the observation post is accidently bumped or moved.

Bunbury artificial reef site
115° 35.900° E, 33° 18.500’ S

17 metres depth

Figure 33: The BunburyAtrtificial Reef site including the viewing direction of thesalvation post.

Boat visitation was recorded three times a day at the times of Tad@ain and 2pm. These times
were decided after consultation with local fishers for the fishing t{gtesngwinds in the afternoon
in the location at that time of yearstdct temporal effort). At the time of recording, the volunteer
counted the numberf @bservable boats in the field ofew, then repeated the count fimgnutes
later. The lowest courof bods in the two observations was recorded for that time periptbtade a
conservative number by mitigating any boats that were travelling thrbegiréa. Results were then
recorded.

These results were analysed to look at temporal variationage usiduding time of the daynd day

of the week. During 2016 and ZD1he observations station monitored use of the reef o¢érday
period with 138 idividual counts taking place. This identified at least 58 different boat usages of the
reef. While B0 boatswere counted on the reef in total, only the largest courthéoday was included

in this analysis to remove the chance of any repeat countsatf fighing the reef at multiple times
during the same day. This information could potentially bieepawith surveys to perform socio
economic analyses of artificial reefAn example of how the information can be used is seen on the
following Table13 and Figure34.

Table 13: Total countof vessels using the Bunbury ArtificiReef,from the Bunbury Observation Station.

Year Total Boats Counted Minimum Unique Boat Usages
2016 83 33
2017 47 25
Total 130 58
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Figure 34: Number of boats recorded on the Bunbury Artificial Reef from the observation station during 2016
and 2017 sampling gémes.

This technique was identified as an effectivetrod fa monitoring HES, requiring minimal
volunteer effort, technolggand simple methodology needed to create a large and practical dataset on
HES social usage that could be applied to various relsa@gplications. The method is not restricted

to a stéionary position, but similar techniques could involve counts by regot@an uses such as
fisheries compliance, commercial fishers, ferries, pleasure craft, sea rescue, spotter planes, fishing
chartes and others.

Automatic Observation Station

To gathe information on usage on the Dunsborouwgttificial Reef, an automatiobservation station

was set up at the Quindalup Sea Rescue building due to its height above sea level. Evidenced based
longrange photographic recording techniques were revidwand teted, fccusing on utili;ng

affordable, offthe-shelf visual surveillace equipment suwable to capture time lapse images at
predetermined interval s. A GoPro HéRampaS§ebveenod
60x60mm Spotting Scope using PhoneSkigmsesadaptors Figure 35). A programmable CamDo

Time Lapse Intendameter was then attached via the camera serial port, recording and data transfer

was with MicreSD cards. To use the CamDo pragraable scheduler, the GoPro HERO4 camera
requireda firmwaremo di f i cati on downl oad e dvhichallowedsoneefthe o mpany
factory settings to be oveirdden. Power supply was provided with a mini USB cable and generic 5V

i 230-250V power pek. Equipment utilised for the study can be seendfdtiowing Table14.

Table 14: Materials utilsed in the automatic observation stafiondetermining usage of the Dunsborough
Artificial Reef.

GoPro Hero4 O0Silverbd C3113112 5851473

Re d f Rammdy edB0x@0hm Spotting Scope (Part number 67600)

CambDo Solubns Time Lapse Intervalometer PS004 Programmable Scheduler
(180104)

PhoneSkope GoPro Hero 4/3+ Adapter Plate PS AP 22387

PhoneC3 Optic Adapter (Part number GB54A)

USB Cable 10 foot mintUSB male (USB-10FT 18063)

USB 5V /230250v power pack Generic
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With co-operation from melwmers of the Quindalup Volunteer Sea Rescue, therange camera was

installed in an elevated observation post within the club rooms which had clear line of sight over the

area aboveheartifi c i a l reef cluster. F o c u s iiewed bytvdiuateexsa me r a ¢
positioning a rescue boat directly about the centre modulgare35). The programmable scheduler

was set to take three pictures, one minute apart at four pradetditimes during the day/.00am,

10.30am, 12.00pm and 3.30pm. Pho#pipic analysisvould be conducted manually, where all boats

in the image wuld be counted and time of the day not&dis monitoring method waseffective

Figure 35 GoPro Hero4 Camera attached via lens adaptorsRoead f i e | d  6-60&66mpna Spettig 2 0
Scope. The CamDo Time Lapse Intervalometer can been paggy backed onto the camera which was
programmed to take three pictures, one minutatap

Figure 36: Image of boat centrally siaied above Dunsborough Artificial Reef viewed through Redfield

6 Ra mp a-§0x6dmn2 Spotting Scope at approximately eight kilometres from Quindalup Sea Rescue elevated
observation post.
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Althoudh a small data set was available close tocdssation of thetudy, the triafailed due to the
complexity and lack of synchronicity between involved technological components and the timing and
amount of data produced for analysess lnticipded by project managers that the main difficulties

were caused in thenitial phases of establishing a functioning automatic observation post. However,
since the trial other research with similar equipment (sudW@zd et al, 2019 have been completed
andshown that this technique may provide important HES monitoring datlaeriuture. This method

may also be applicable to other research areas, particularly as optical technology and automation
continues to develop and evolve.

Mapping

Mapping technology asteded as a monitoring method to look at the potential effects tdfceal

reef modules on substrate, as well as to assess the structural integrity and position of modules.
Hydrographic and Bathymetric surveys are commonly used as a method to nobaitges to the
substrate and analyse aquatic vegetation, sedimentateord other important water quality
characteristics over time. Investigators examined clmgkd software and GIS automation based
Social Mapping technologies that were available, whighedidentify underwater areas using High
Resolution bottom composin sonar imaging and vegetation mapping. This powerful ebased
software processemundingsgcreates reports and layered maps from community generated sonar data
logs. Thesedata carhelp chart and analyse trends of sedimentary sand drifts, vegetdtéorges and

is used as a spatial analysis (Polygon) tools. Each sonar log that is uploaded also automatically
records weather, temperature and barometéssure readings taken whiletieeris on the water.

.—L i "'*

Figure 37: Examplesf bottom hardness (left) and vegetation (right). Maps were generated using Insight Genesis
(http://ww.gofreemarine.com/insiglgenesis).
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Sophisticated Global Positioning Systems 8soupled with extremely aceate High Definition

(HD) multi-frequeng sonar data loggers are now affordable and readily available to boat owners.
These onboard systems continually measuagklogphysical environmental information such ageva
temperatue, depth and substrate hardneatsregular intervals for each locatiorhis information can

be stored for future reference by the user. This monitoring method was trialled as there has been a
large increase of advanced atubteffectivesounding equipnré amongst the fishing and diving, and

boating community. This couldssist in habitat mapping used in HES site selection, measuring sessile
organism growth and variation in sedimentation to create an effective monitoring method.
Manufactuers and othethird-pary pr ovi der s support these expbri sh f i
and upload these large data files to be processed into detailed aquatic vegetation and substrate maps.
These bathymetric maps can then be shared and compared online via operoiseuipscription

software. Over time these social maps can be comarghysical changes in both the artificial reef
positionsand the immediate surrounding areas. Movement or changes in localized sedimentation
around the HES can be documented. Dgnaid distribution of sedentary seagrasses could for
example be meased by community groups.

fon )

© @® Track | Contours | Layers | Clear Sonar0001.s12 B

02/12/2016 06:32:56

200 kHz

® 455/800 kHz

* Click anywhere on the red trip line to view sonar in that area
** | ayers will not display if speeds, when logging, surpass what is listed below:

Figure 38 Sounder mapping details of Dunsborough Artificial Reef (note modules on right).

Volunteers from the Dunsborough Reef Visiprogram provided sonar and structusean logging

data files using Larance HDS Gen3 chart plotters. Analysis of these files were provided via Insight
Genesis® GoFree subscription software to t8oale map any structural changes to the reef modules
(an xkamge of this can be seen iRigure38). This was found to be a poteily effective monitoring
method. Fishers already involved in the BRUV component provided data through their sounder
storage cards of the depth and hardness of the substrate arowhSIsites. This can be used to
compare sediment shifts and biomassngh both spatially and temporally. The applicability of this
method is continually increasing with improved data sharing and storage services, and cost and
technological abilities of naernsounders, and chart plotters.
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Baited Remote Underwater Video

The final monitoring technique that was tested on the South West Artificial Reef Trial involved the
use ofBRUVs. Twelve volunteers were supplied wishecialised BRU¥ and asked to depjothe
cameras for at least one hour on their allocated artificial ¢egier Bunbury or Dunsborough) to
collect footage of the fish assemblages. They were also asked to collect observations and social
information such as the number of other boats ushegreefs

The BRUV component of Reef Vision was successful beyon@aapon.Since the Reef Vision
BRUV trial commenced in 2015, over 250 hours of footage has been collected identifying over 80
species on th8outh WestArtificial Reefs Not only did thevolunteers collect a large amount of high
quality spatial and tempdrdata, but it also created real community ownership over the project and a
set of social benefits to volunteers. Local businesses invesgedrces into the research and the
project ha a large amount of adoption by volunteers, media and the community.

Due to the unexpected quality of social and ecological data collected and the community values
associated with the project, the BRUV compdnenhReef Vision was further investigated arsd
incorporated in the second half of this chapfBhis further invetigation undertook a heightened
scientific approach to provide a proof of concept around the monitoring techRigekVision using
BRUVs hasnhow been expanded to three other artificeeefsin WA and is being trialled on Oyster
Reefs in WA and Victoria. The methodology has been requested by interested parties nationally and
internationally and the study has been present&hitada, SouttEast Asia and in Australia. Itas

been acceptd as an effective monitoring technique by the Commonwealth Departofent
Environmentand Energys well as the academic world.

Desktop Studies

Community monitoring methods were also analysedlie s kt op st udi esd due to
existingliterature on these methodsince these methods had already been triatietifierent studies

around the world, project managers decided to not conduct physical trials ®uth&VestArtificial

Reefs, instead opting to perform desktop studidsesestudies were undertaken bgsearcherfrom

Murdoch University.Differing variations of monitoring methods were analys@akies 15; 16) to

evaluate the effectiveness of the techniglieheat map ofthe effectiveness of each monitoring
method againsa varety d criteria is provided on the following page, to assess the efficiehthyese
community monitoring methods is included below. For more information on these different
monitoring methodsparticularly strengths, limitations and applicatigriease sethess byFlorisson

(2015) and Walker (2016).
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Table 15: Monitoring methods and variations evaluated in the desktop studies.

Categories of fauna and their monitoring Variations
methods
Sessilefsedentary fauna
Settlement tiles Direct attachmant
Raisad racks
Wisual quadrats Transect
Random
Fhoto quadrats Transect
Random
FPhaoto

Pgint monitoring

Mobile fauna
Stationary visual census Mested sampling
Rapid visual technigque

DIDS0OM acoustic survey

Sessilefsedentary and mobile fauna

Wisual transecis Paint intercept
Line intercept
Video transects

Manta tow

Taowed video Seabed tow
Mid-water tow
Towed diver video

Remotely operated underwater video Linked
Autonomous

Environmental DMA analysis

Extractive methods Fish trap
Trawls
lcthyocides
Hook and line

Fisher surveys Cnsite surveys
Ciffsite surveys
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Table 16: Heatmap of the effectiveness of each monitoringhnd agansta variety of criteria (adapted from Walker, 2016) Note: TOWV=Towed Vi&&dVs=Remotely

Operated Underwater Video andCBNA=Environmental DNA analysis.

Artifidal Reef Type Scale

Data

Evaluative Criteria

Shallow |DEE|J |Artifi{:iaISeagrass Broad |r'.-'Edium

(Cuantitative

|FinE

Deployment |SpE{:iE5 Diversity Acosracy |Abundance Acouracy |PrEd5iDn |TimE

|C{Jst

Sessile/Sedentary Fauna
SettlementTiles
isual Quadrat
Photo Quadrat
Transect

Video Transect
Manta Tow
TOWV

ROVs

E-DNA
Extractive
Fisher Survey
Mobile Fauna

Stationary Visual Census
Rapid Visual Technigue
DIDSON Acoustic Survey
Visual Transect
VideoTransect

Manta Tow

TOWY

ROVs

E-DNA

Extractive

Fisher Survey

Effective

Neutral

- Very Effective

Ineffective - Very Ineffective
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Conclusion

The physical trials of thed8ES monitoring techniques embodied in the Reesiidfi prgect evaluated

the effectiveness of these methddsmeet the Sea Dumping Aatonitoring requirementsn the
Bunbury and Dunsborough artificial regfBable 17) The Reef Vision BRUVs component wdeet
most successful for biological/ecological mmmning and can also be used for social, environmental
andto some degree, positi@tuctural monitoring methods. The manual observation post was the
most effective method for social usage monitorMébnile the mapping had potential application, for
various reasos oth the automated observation post and logbook trials were ineffectiviconmog
methods in this projecalthough they have been used effectively elsewhge¢hl of these methods
could havepatential application with increasing technologli@dvaicemen anduserfriendly formats

Table 17: The effetiveness of HES monitoring methods trialled. Methods include Baited Remote Underwater
Video systems (BRUVs), Logbooks, Maah Observation Posts (MOP), Automated ObservaRost§AOP)
and Mapping.

Trial Purpose Effectiveness
BRUVs Biological/Ecological Social, Structural and Very High
Environmental
Logbooks Social, Biological/Ecological Low
MOP Social High
AOP Social Low
Mapping Biological/Ecological, Structural @ Medium
Environmenal

Desktop studies were ed to review monitoring methodghich large amounts of existing literatuoe

that were unabléo be included in the physical trial{such as icthyocides)A range of different
methods were analysed includiegtractve and nonextractive techniques. The effectiveness of these
methods had aidh level of variability, however most could be utilised on HES. The individual
suitability of these methodwas highly dependent on scale, HES depth and type and evaluat
criteria.
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A Citizen Science Program for Monitoring the Fish Faunas of
Artificial Reefs using Baited Remote Underwater Video

Introduction

Artificial reefs are widely deployed around the world and iareasingly becoming a part of the
seascape inoastalenvironments, including in Australia (Diplock, 2010; Fabial, 2015). Thderm
‘artificial reef' is variously used (Seaman and Jensen, 2000), however, most usage falls within the
broad definitionof Sutton and Bushnell (2007)e.i o n e  oabjectaaf na@ral or human origin
deployed purposefully on the seafloor to influerghysical, biological or socioeconomic processes
related to living marine resources". One of the most common applicasi@ssa tool in fisheries
management to improvieshing (Seama, 2007; Fabet al, 2015; Beckeet al, 2017) and, in regions

such @ Australia and the United States of America, particularly recreational fishing (Seaman and
Jensen, 2000; Lowrgt al, 20M4). These installations are popular with reci@adl fishersas they

can enhance fishing experiences and catch rates by providiegsato target species and, in the
longer term, stimulatén situ production, thereby increasing total fish stocks (Bohiksa®89;
Brickhill et al, 2005; Cressoat al,, 2014; 3nith et al., 2016).

The artificial reefs used in fisheries enhancement ireld@ed countries are now typically purpose
built, rather than constructed from materiafsopportunity (Diplock, 2010; Lowy et al, 2014),
ideally with considerable plawing directedtowards ensuring that the reef design,figuration and
location is sited to its designated purpose (Diplock, 2010; Felil, 2015). Post deployment of the
structures, it is crucial to assthe extent to which a reef is achieving theendedourpo® (Seaman
and Jensen, 2000; dos Santos and Zalmon, 2015; Betcikr2017), and to determine the type and
magnitude of any environmental impacts (Department of Fisheries, 2012; Departmém of
Environment, 2016international Maritime Qganizaton, 2A.6). Without such an assessment, there is
a risk of repeatedlyeusingsuboptimal or even undesirable reef materials and designs, and incurring
large costs in the process (Diplock, 2010). Famie, the size, adiguration and location of eeef

is known to influence the density, biomass, and composition of the fish fauthahe longierm
productivity of a reef, as well as fishing effort (Bohnsatlal, 1991; Jordaet al, 2005; Fabet al.,
2015). However, how these interactions manifestil poorly understood (Diplock, 2010; Lowngt

al., 2014). Information on thspatial and temporal variability of the fish fauna on an artificial reef
can be used to put in place actions that maximegans from the fish resources on the reef (dos
Santosand Zdmon, 2015), to understand ecosystiewel responses of fishes to treef (Scottet al,
2015) and to integrate the reef into a broader management framework (toalr\?014; Fabgt al,
2015). Thus, longterm monitoring of the fish assélagesassocated with artificial reefs for
fisheries enhancement is essential (Bmntos and Zalmon, 2015; Becket al, 2017). This
requirement can, however, add considerable costs to an artificiprogedt (Fabiet al., 2015).

The financial costef monitoring the fish faunas of an artificial reef could potentially be reduced by
involving citizen scientists. Citizen science describes an approach where members of the public,
usually norexperts or noprofessionals, participate in scientific resgaror maitoring on a
voluntary basis (Chase and Levine, 2016; McKirgewl, 2017) This approach has been applied in

a variety of settings (Dickinsoet al, 2012; Ciglianoet al, 2015; Follett and Strew, 2015;
McKinley et al, 2017) and is being éneasindy used in natural resource monitoring (Boaketsal,

2016; Chase and Levine016). Although the use of citizen science in marine research and
monitoring has recently started to gain tractieng(Farclough et al, 2014; Thielet al, 2014;
Andersonetal., 2017), Cigliancet al (2015) have pointed out that there is considerpbtential to
expand in this area. Citizen science monitoring can be aeffestive method of data collection,
whilst dso increasing stakeholder engagement andibickinsonet al., 2010; Fairclougtet al,
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2014; AcevesBuenoet al, 2015; McKinle et al, 2017). However, if the program is poorly designed

and managed, it can result in unsystematic data collectiahnteto uncertainty about the efficacy of

the daa (Dickinsonet al, 2010; Boake®t al, 2016). It is also important to consideeth 6 hi d d e n
costsoOo of administering <citizen science progra
volunteers (Thieet al, 2014; McKinleyet al, 2017). Ultimats, the costsand benefits of using

citizen science in natural resource monitoring eontext dependent (see Chase and Levine, 2016;
McKinley et al, 2017). Success or failure will depend on the outcombedhteractions between a

range of key variablessuch a thetype and goals of the monitoring, the tasks and levels of
responsibiliy given to the member of the public and how the project is administered (Chase and
Levine, 2016).

The overall objective ofhis study was to provide a proof of conceptaofitizen scientist program
(called Reef Vision), where recreational fishers usedeaRemote Underwater Video systems
(BRUVs) to monitor the fish fauna of two artificial reefs. These purbosk reefs wee recently
deployed in a marine embayment (Gegane B&) on southwestern coast of Australia, with the aim

of enhancing recreatiohfishing opportunities and experiences. A BRUV monitoring method was
chosen because it is caxffective (Cappoet al, 2003); relatively robust to user skills and bias
(Thompsorand Mapstone, 1997); unaffected by depth and time limitations unlike, ongbe, diver
surveys (Williset al, 2000); actively attracts fish to the camera, thereby increasing the chances of
observing more fish (Stobaret al, 2015); and has beesuccesfully used by scientists to study the

fish fauna of artificial reefse(g. Folpp et al, 2013; Scotet al, 2015; Beckeet al, 2017). BRUVs

also provide a permanent record of the data, which mtkandish identifications and counts can be
dore laterand clecked for accuracy by qualified scientists, thus removing a poteotiedes of error

from the data set (Cappma al, 2003; Whitmarslet al, 2017). The specific aims of the study were to

(i) elucidate whether sufficient quantities of vidéootage could be collected to constitute an
effective monitoring regime; (ii) determe quantitatively the duration of a video that needs to be
examined before there is no significant change in the chasicterof the fish fauna; and (iii)
investigate vaether @ta ofsufficient quality can be extracted from the video footage to enabiest
univariate and multivariate analysis of any spatial and/or temporal changes in fish faunal
composition.

Materials and Methods

Study Site

The citizen scientists mowoited twoartificial reefs in Geographe Bay, a shallow, open embayment in
southwesten Australia Figure 39). This region experiences a Mediterranean climate, with hot dry
summers and cool wet winters (Gelnfill971; Beldaet al, 2014). Geographe Bay veell flushed

with ocean water and the salinity is arount-strengthseawater thraghout the year (Fahrner and
Pattiaratchi, 1995). Water temperatures range from a minimum ofG 18 winter to maximum of

~26 °C in summer (Australian Institute of Marirgeience 2017. Tides are serdiurnal with a low
range (usually < 1 m,e. microtidal; Tweedleyet al, 2016b) and water movement is predominantly
wind-driven (Fahrner and Pattiaratchi, 1995; Duet al, 2014). The substrate consists of
unconsolidatededimend overclay and limestone formations, which are exposed in some areas, and
seagrass coverage (predominantly Posidonia sinuosa), is extensive throughout much of the bay
(McMahon et al, 1997; Van Nielet al.,, 2009). Recreational fishing is a populactivity in
Geographe Bay (Geographe Catchment Council, 2008).
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Figure 39: Map showing the location of the Bunbury and Dunsborough artifioid$ ia Geographe Bay and the
configuraion of their 30 concrete FishBox modules irdia clusers.Grey square on inset denotes the location
of Geographe Bay iWA. A, puposebuilt concrete reefp  sunken ship artificial reef; , boat ramp. Map
modified from the Department ofifhary Industries and Regional Development.

Each of the two artificial reefs compeis  Bish BaX™6 mo d kigure 42b), (placed in six
clusters of five units and deployed over a foimectare areaF{gure 39). Each module, which
measured 3fand weighedlO tonneswas constructed from steadinforced concrete with curved
cross braces designed to promote upwelling. Both reefs were deployguilir2013, creating the
South West Artificial Reef Trial Project (Tweedlest al, 2016a). The reefs were placéd
Geographe Bay in the vicinity of two urban centiiess,Bunbury and Dunsborougfrigure 39), and
within 5 km of boat ramps to allow for @aboatbased access by recreational fishers. The Bunbury
reef lies at a depth of ~17m, whereas the Dunsborowgjlsrat ~27m Figure39). These reefs were
designed to increase the abundance of recreatiengtlgrtant fish species, such as the sparid
Chrysophorus auratus and the carangids Pseudocaranx spp.Setibla hipposand thus improve
recreational fishing@pportunities.

Citizen Science Program

Citizen scientists were recruited and managed through a branded citizen science program called '‘Reef
Vision' (Recfishwest, 2017). Recreational fishers who lived in close proximity to one of the reefs and
fished reguldy were recruited through a targeted print, radio and social media campaign. Applicants
were interviewed to ensure their suitability foe firoject, i.e. they owned a stableboat and safety
equipment, held a valid skipper's licence and fished regulailly the six most st@ble participants
recruited to monitor each reef (note this number was selected solely based on the cost of the
equipnent provided to each participant). Each participant attended a short (2 hour) training workshop
held locally in Otober 2015, where the aims and importance of the research, as well as instructions
on how to use the camera equipment, were presehigdré 40). At the workshop, each volunteer
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was provided with a BRUV Figure 42a), waterproof log book, data storage desj prepaid
envelopes, bait vouchers, training manuals and the contact numbers of project staff able to help with
any issuesKigure41i matrals supplied).

Figure 41: The package supplied to volunteers at the workshop includefgRRJV unit, promotional material,
data storage devices and metadata collection materials.
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To facilitate retention, all participants were invited to join a cldsaxbook page, which provided a
platform for volunteers to interact with each other andqutagaff. The amount and timing of any
monitoring done by a participant was at the discretion of the participant, although it was
recommended that each person sthguonitor one of the artificial reefs for at least dd@minute
period each per month, gossble, over the course of a year (October 2015 to September 2016).
While this flexibility had the potential to impact on the number of videos collected, it nsfsrpd

to a more regimented approach, which has been shown to result in low recruitdes#ation rates

in other citizen science projects (Dickinsetral, 2010).

The BRUVS Figure 423) employed in Reef Vision were designed by Ecotone Consulting and
constructed from readily available materials to increase-effettiveness and ease of ubg
volunteers (Florisson, 2015; Tweedley al, 2016a). Each BRUV frame was constructed from
Polyvinyl Chloride (PVC) irrigation pipe (rated to 891 kPa) and PVCerenand coves an area of

~580 mm x 450 mmThe frame was connected to two stabilisingiskeach filled with four 680 g

lead weights to ensure the unit was negatively buoyant (5.5 kg total weight) and did not fall over
upon landing on the substratum.@oPro Hero 4 Silver Action Camera, which has an uliide

angle lens and the ability teaord video footage with resolution of 1080 p at 60 frames per second,
was mounted on the pipe using brackets. The camera was equipped with a waterproof housing rated
to 40 m. A bait arm, with a length of 600 mm from the BRUV central point, and a plasdichait

bag (180 mm x 100 mm) placed 500 mm from the camera, was suspended 150 mm above the
seafloor. These dimensions are consistent with those used in other BiRdi®s <.g. Ellis and
DeMartini, 1995; Willis and Babcock, 2000; Heagretyal, 2007). © aid BRUV deployment and
retrieval, a 35 m rope and float was attached to a tie point (stainless steel loop) in the central PVC
cross brace. Each of titwelve BRUVscost a total 0fAUD$685 to produce. The largest individual

cost was the labour required ¢onstruct the BRUV ($315), followed by the GoPro camera and SD
card ($254), with the material needed to build the frame and attachments (ropes, floats, boom and bait
bag) only costing $116 (17% of the total unit cost).
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(a)

Figure 42: Photographs of (a) thBRUVs supplied to Reef Vision participants and (b) a screenshot of footage
collected from the Dunsboroudtrtificial Reef using the BRUV in (a). Footage in b showsCHbis auricularis

10 Neatypus oliuus 2 Pseudocaranx spp.P&naceropsis recurvirostrisl Glaucosoma hebraicuiaind 1
Myliobatis australis

Sampling Methodology

Following training, participantsdgan to deploy BRUVs on the two artificial reefs in October 2015.
On each sampling trip tiveir assigned reef (eithBunbuy or Dunsborough), a volunteer was asked
to deploy the BRUV on one of the sblusters (chosen randomly) for at least 60 minutedidrout a

log book. The book contained the date and time the BRUV was deployed aedecktthe latitude
and longiude of the deployment, cluster number and any other observagon$¢w many people
were fishing and what fish they wght). Prior todeployment, 509 of Australian Sardin&ardinops
sagaxwas placed in the bait bag of tBRUV, as the soft oily flesbf this species is known to attract
fish. This fish is regarded as the most effective bait for BRUW (Watsonet al, 2010; Goetze

et al, 2011; Dormaret al, 2012; Mallet and Pelletier, 2014). Once baclshmre, participants
downloaded theideo fodageon to a USB drive and posted it, together with the corresponding log
book sheet, to project staff at Murdoch Univraising the prepaid envelope. Volunteers were
encouraged to watch their videasd couldshare footageRigure 42b) on sogal media,paricularly

the closed project Facebook page.
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Data Extraction

Prior to analysis, each video was examined to determegquility of the footage. Videos in which

the camera faced into the sediment or towardsstirface of the watgless tharb% of all videcs)

were excluded Excluded footage could be reduced byfadent camera mounting frames and
deployment methodologpnevideo was selected, at random, from each reef, in each month between
October 2015 andeptember 2016 for analysisg. 12 videos pr reef, total of 24). The MaxNie.

the maximum number of individuals of a particular species seen in any one videdFigune 42b;
Whitmarshet al, 2017), was recorded for each fimenute interval of eachideo from the moment

the BRUV taiched thesubstate until 60 minutes later. Taxa were identified to the lowest possible
taxonomic level, typically species.

Statistical Analysis

Soak Time Analyses

A suite of univariate and multivariate statistical anadysere employed to determine tlemdth of
videothat needed to be observed before the characteristics of the fish fauna exhibited no significant
change with increasgtime. The MaxN of each species in each{nmute interval of each of the 12
videos ctlected from each of the two reefigere subgctedto the DIVERSE routine in PRIMER v7
(Clarke and Gorley, 2015) to calculate the number of species, total Maxhhé¢ sum of the MaxN

val ues for individual speci estant288vdlueSe. Pdpideosn 6 s Di
[12 per re€ffx 12 five minute intervals) for each of the three univariate variables were then averaged
to provide a single value foraeh variable in each fiveinute interval at each reef and thus remove

any potentially cofounding influence of month. Ineases infte men for each of the three univariate
variables with increasing five minute time intervals were plotted as rarefactieesqUglancet al,

2003).

Changes in species composition over time on each reef \ger@xamined. In this case, the X\
valuesof eah species in each fivainute interval at each reef were firstly dispersion weighted, by
dividing the counts for eaddpecies by their mean index of dispersioa,the average of the variance
to mean rat in replicate videos (Clarket d., 2006).This pretreatment then ensures all species
have equivalent variability by dowmeighting the abundances of heawdighooing species, such as
the carangidlrachurus novaezelandiagzhose numbers are erratic oveplicate videos relative to
those speciesvhich return more consistent valuesg. the aracanidAnoplocapros amygdaloides
(Veale et al, 2014; Potteret al, 2016) These dispersioweighted data were then squao®t
transformed to balance the contrilton of relatively abundant spesi, compard tothose with lower
MaxN values (Clarkeet al, 2014a). The transformed data for each-fivaute interval were then
avaaged across the 12 replicates for each reef and used to construct-@uBtiayresemblace
matrix. This matrix was subjed to hiearchical agglomerative clustering (CLUSTER; Clareal.,
2014a)to determie t he ti me i nt er v artermstohtreit spegiesrcempdlifioh. % s i
The matrix was also used to construct a-nwiric Multi-Dimensional Scaling (nMDS) ordination
plot (Clarke, 1993), which provides a visual representation of the chan§isk faunal composition
over time for both reefs.

The dispersiofweighted and squam@ot transformed MaxN data for each time interval on each reef
were used to construct a shguet (Clarkeet al, 2014b). The shade plot is a visualization of the
avergjed data matrix, where a white space for a species demonstrates that the fish was not recorded,
while the depth and colour of shading, ranging from grey shades through the spectrum to black,
represents increasing values for the abundance of that spedlest ithme interval. The averaged
samples (x axis of the plot) are ordered from lowest to highest time interval for each reef. Species (y
axis of the plot) are order ed -parametocplly comglasng t h e
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their resemblares to the distance structure of a linear sequence and constrained by a cluster
dendrogram (Clarket al, 2014a).

Differences in Fish Fauna between Artificial Reefs and Seasons

On the basis of the above analysis, a video interval of 45 minutes was cg@rgutiate to provide

a robust determination of the fish fauna present on each of the artificial reefs (see Results). Thus, the
MaxN of each species after 45 minutes from each reef in each of the 12 months were extracted from
the above dispersieweightedand squareoot transformed data. These data were used by DIVERSE
to calcul ate the number o fdivessipymdek. €rior, to subpettingithe Ma x N
data for each variable to Permutational Multivariate Analysis of Variance (PERMANO¥Y@eraon

et al, 2008) in Primer v7, each variable was tested to ascertain if a transformation was required to
meet the test assumptions of homogeneity of variance and normality. This was achieved by plotting
the loge mean against the loge standard dewiatfoevery group of samples and determining the
slope of the relationship, comparing it to the criteria in Clatkal (2014a). This analysis indicated

that only total MaxN required transformation and was loge(X+1) transformed. The data for each of
the tiree dependent variables were used to construct a Euclidean distance matrix, which were, in turn,
subjected to a twavay PERMANOVA to determine if the values for that variable differed
significantly between Reef (2 levels; Bunbury and Dunsborough) andrSéadevels; Summer
[OctoberMarch] and Winter [AprdSeptember]). In these, and all subsequent tests, the null
hypothesis of no significant difference among a priori groups was rejected if the significance level
(P) was O0O0.05.

The dispersiofweighted andsquareroot transformed species composition data were used to
construct a Brayurtis resemblance matrix, which was subjected to the samewdwo
PERMANOVA design used above. In this analysis PERMVA was primarily used to test for the
presence of an iataction and a subsequent @y Analysis of Similarities (ANOSIM; Clarke and

Green, 1988) test used to determine the relative size of the overall Reef and Season effects on fish
faunal composition using the universally scaled R statistic @teid, 2011). An nMDS ordination

plot was constructedrdm the above resemblance matrix to show the extent to which fish faunal
composition differed between the reefs. To simplify and further illustrate the differences between
Reef and Season, a centroid nMDS plaswproduced using a distances among centroids matrix,
which creates a€ertagssspaceéedhef dBmatyhe six repli
season in each reef (Lek al, 2011). A shade plot was constructed from the transformed and
averageddata matrix to illustrate the trends exhibited by species with respect to Reef and Season.
Note that as 44 species were recorded, many of which only occurred in a few samples, the shade plot
was restricted to those 18 and 17 species that represented »2ihédotal fish abundance in a reef

and season, respectively.
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Results

Citizen Science Data Collection

Twelve main volunteers were utilised in the project, with six monitoring each of the two artificial

reefs, and a further 20 participants invahas crew members. Over the course of the-j@ag s

tudy

(October 2015 to September 2016) there was an attrition rate of 16%, with two of the 12 volunteers

leaving the project due to unrelated issues (eceiving employment in other parts WA an

health). These two volunteers were replaséti two new and trained personre ensure the quality

and quantity of footage collected was maintained.

Throughout the sampling period 59 and 52 individual videos were collected from the Baniur

dill

Dunsboroug artificial reefs, respectively, totalling ~DD0 minutesof footage Table 18). At least
four videos were recorded from each reef in each month with the exception of June and August in

Bunbury and June and September in Dunsborough. imardhs were datnot collected from each

reef. Typically, greater numbers of videos were collected in between November to Marehound

the austral summer, with fewer video collected in the austral winter (June and Atapist8).

Table 18: The total number of videos (> 1 h in length) received from Reef Vision volunteers for each of the

Bunbury and Dunsborough artificial reefs in each month between October 2015 and September 2016

Artificial R eef Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Bunbury 3 14 5 8 7 6 4 5 1 5 1 5 59
Dunsborough 5 4 7 8 6 6 4 5 2 5 4 1 52

Total 8§ 18 12 16 13 12 8 10 3 10 5 6 11

1

Fish Faunal Composition

A total of 44 species, representing 29 families were recorded from the 24 videustheo two

artificial reefs Table 19) . Five species, each of whi

ch

cont

comprised the majority of the assemblage (77% of all individuals). These comprised the pempherid

Parapriacanthus elongatuswvhich lives in close associah to the reefmodules, the epibenthic

kyphosid Neatypus obliquusand labrid Coris auricularis and the pelagic carangidgachurus

novaezelandiaand Pseudocaranx sppaplel9). This latter taxon, which was a target group for the
reefs, ranked third irerms of MaxN ad was recorded in 75% of all videos. Other recreationally
targeted species recorded includgeriola hippos Chrysophrys auratugboth also target species),

Glaucosoma hebraicurand Choerodon rubescengn addition to Pseudocaranx spp hestspecies

thatwere frequently recorded includ€d auricularisandA. amygdaloidegTable19).

Figure 43: Three of the most common species which comprised 77% of the assemblage, including
Pseudocaranx spfN, obliquusandC. auricularis.
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Table 19: Mean MaxN abundance (N), standard error (SE), percentage contribution (%), cumulative percentage
contribution (C%) of each species from the 24 videos recorded by BRUVs on the Bunbury and Dunsborough
artificial reefs betwee@®ctober 2015 and September 2016. The number of videos in which each species was
recorded (F) and the frequency of occurrence (%F) are also provided the ifamily to which each species
belongs. Species representing > 5 % in terms GAbtindancepr %F (Occurrencepre highlighted in grey. *

denotes that a species is targeted by recreational fishers.

Abundance Occurrence
Species Family N SE % C% F %F

Parapriacanthus elongatus Pempheridae 21.21 18.80 29.51 29.51 2 8.33
Neatypus bliquus Kyphosdae 9.46 2.31 13.16 42.67 15 62.50
Pseudocaranspp* Carangidae 8.75 2.98 12.17 54.84 18 75.00
Coris auricularis Labridae 8.17 127 11.36 66.20 22 91.67
Trachurus novaezelandiae Carangidae 8.00 6.92 11.13 77.33 2 8.33
Seriola hippos Carangidae 288 1.06 4.00 81.33 20 83.33
Parequula melbournensis  Gerreidae 1.83 042 255 83.88 15 62.50
Pempheris klunzingeri Pempheridae 1.71 101 238 86.26 3 12.50
Anoplocapros amygdaloides Aracanidae 1.83 0.34 255 88381 19 79.17
Austrolabris maculatus Labridae 1.13 0.33 157 90.38 10 41.67
Diodon nicthemerus Diodontidae 0.58 046 0.81 91.19 3 12.50
Chelmonops curiosus Chaetodontidae 0.67 0.17 093 9212 11 45.83
Parapercis haackei Pinguipedidae 0.46 0.12 0.64 9275 10 41.67
Myliobatus australis Myliobatidae 0.58 0.13 0.81 9357 12 50.00
Trygonorrhina fasciata Rhinobatidae 054 0.15 0.75 94.32 10 41.67
Pentaceropsis recurvirostris Pentacerotidae 0.33 0.14 046 94.78 5 20.83
Arripis truttaceus Arripidae 0.25 0.25 0.35 95.13 1 4,17
Cheilodacylus gibbosus Cheilodactylidae 0.29 0.11 041 9554 6 25.00
Glaucosoma hebraicum Glaucosomatidae 0.21 0.08 0.29 95.83 5 20.83
Choerodon rubescehs Labridae 0.25 0.09 0.35 96.17 6 25.00
Anoplocapros lenticularis Aracanidae 0.21 0.08 029 96.46 5 2083
Chromis westaustralis Pomacentridae 0.17 0.17 0.23 96.70 1 4.17
Monocanthidae spp. Monocanthidae 0.29 0.09 041 97.10 7 29.17
Suezichthys cyanolaemus  Labridae 0.21 0.08 0.29 97.39 5 20.83
Parapercis ramsayi Pinguipedidae 0.21 0.08 029 97.68 5 20.83
Dasyatis brevicaudata Dasyatidae 0.21 0.08 0.29 97.97 5 20.83
Chaetodon assarius Chaetodontidae 0.13 0.09 0.17 98.14 2 8.33
Notolabrus parilus Labridae 0.13 0.07 0.17 98.32 3 12.50
Tilodon sexfasciatus Kyphosidae 0.17 0.08 0.23 9855 4 16.67
Chrysophrysauratug Sparidae 0.17 0.12 0.23 98.78 2 8.33
Pempherididae spp. Pempherididae 0.08 0.08 0.12 98.90 1 4.17
Upeneichthys viamingii Mullidae 0.08 0.06 0.12 99.01 2 8.33
Trygonoptera mucosa Urolophidae 0.08 0.06 0.12 99.13 2 8.33
Platycepfalus longispini$ Platycephalidae 0.08 0.06 0.12 99.25 2 8.33
Aptychotrema vincentiana  Rhinobatidae 0.13 0.07 0.17 99.42 3 12.50
Trygonoptera personata Urolophidae 0.08 0.06 0.12 99.54 2 8.33
Eubalichthys mosaicus Monacanthidae 0.04 004 0.06 99.59 1 4.17
Apogon victoriae Apogonidae 0.04 0.04 0.06 99.65 1 4.17
Orectolobus maculatus Orectolobidae 0.04 0.04 0.06 99.71 1 4.17
Enoplosus armatus Enoplosidae 0.04 0.04 0.06 99.77 1 4.17
Notolabrus angustipes Labridae 0.04 0.04 0.06 9983 1 4.17
Aracana aurita Aracanidae 0.04 0.04 0.06 99.88 1 4.17
Mustelus antarcticus Triakidae 0.04 0.04 0.06 99.94 1 4.17
Achoerodus gouldii Labridae 0.04 0.04 0.06 100.00 1 4.17
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Soak Time Analyses

Rarefaction curves for each of the mean nundfespecies,dt a |

MaxN and Simpson

index for both the Bunbury and Dunsborouafttficial reefs reached an asymptoteoprio the60-
minute mark (Figure 44. Approximately 95% of maximum values for each univariate variable

recorded from the deos from eabr e e f

was ach

ieved after O45 minut

MaxN at Bunbury (92% and 95% at 45 and 50 minutes, respectively). Moreover, the timing at which
the asymptote occurred was similar among the two reefs, despite the vallneshfonber ofspecies
and total MaxN always being greater at Dunsborough, whereas the reverse was typically true for

Si mpsonos

Number of species

Total MaxN

Simpson's diversity index

Figure 44: Rarefaction curves for the (a) mean number of species, (bMatdN and (3 Si mps ond s
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A clear pattern bincreasingsimilarity in fish faunal composition among samples for each reef was
detected as the duration of the video increased. Thus, for both reefs, samples at 5 and 10 minutes
were the most distinct (~75% similarity), whereas those samples derivedvideo fooage at

between 40 and 60 mirag were all >95% similarfF{gure 4%). As with the univariate variables,

similar trends among times were detected for both reefs, despite the fish fauna of the two reefs having
a relatively low similarity (58%).1 other wordslarger differences in fish fauna composition were
detected between reefs, than among time intervals within a reef, with the same temporal pattern
occurring on both reefs. This is shown on the associated nMDS plot, where the samples irgpresent
the different time intervals are well separated for each reef, but show the same pattern of increasing
proximity to one andter with increasing time~gure 45b).
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Figure 45: Cluster dendrograrta) andnMDS ordination plo{b), derived fran a BrayCurtis resemblance

matrix, constructed from the dispersiaeighted and squam®ot transformed and averaged MaxN abundances

of each species recorded from consecutive five minute intervals of BRUV footage recorded from the Bunbury
andDunsborouglattificial reefs between October 2015 and September 2016. Horizontal dashed line denotes a
Bray-Curtis similarity of 95%.
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Achoerodus gouldii
Mustelus antarcticus
Eubalichthys mosaicus
Apogon victoriae
Pempherididae spp.
Chaetodon assarius

Coris auricularis
Anoplocapros amygdaloides
Neatypus obliquus
Parequula melboumnensis
Pseudocaranx spp.
Seriola hippos
Austrolabrus maculatus
Chelmonops curiosus
Parapercis haackei
Trygonorrhina fasciata
Myliobatus australis
Anoplocapros lenticularis
Monocanthidae spp.
Choerodon rubescens
Glaucosoma hebraicum
Pentaceropsis recurvirostris
Notolabrus parilus
Dasyatis brevicaudata
Cheilodactylus gibbosus
Parapercis ramsayi
Suezichthys cyanolaemus
Tilodon sexfasciatus
Trygonoptera personata
Pempbheris klunzingeri
Aptychotrema vincentiana
Diodon nicthemerus
Upeneichthys vlamingii
Platycephalus longispinis
Trygonoptera mucosa
Chrysophrys auratus
Trachurus novaezelandiae
Parapriacanthus elongatus
Arripis trutaceus
Enoplosus armatus
Orectolobus maculatus
Chromis westaustralis
Notolabrus angustipes
Aracana aurita
Parupeneus chrysopleuron
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Figure 46: Shade plot, constructed from the dispersigighted, squareoot transformedrad averaged MxN
abundances of each species recorded from consecutive five minute intervals of BRUV footage recorded from the

Bunbury and Dunsborough artificial reefs between October 2015 and September 2016. Vertical dashed line

denotes 45 minutes.

The shde plot illustrates that only the mullid&lpeneichthys vlamingiiBunbury) andParupeneus

chrysopleuron(Dunsborough) were recorded for this first time after 45 minutes, albeit their MaxN
values were very lowHjgure 4§. For most species, including abuntdanes suctasC. auricularis

Pseudocaranx spp. ahd obliquus their MaxN values changed little with increasing time. Moreover,
even for those species whose abundance on both reefs did change with increasiegytife,
amygdaloidesand the gerriedarequula melburnensis these values changed little after 45 minutes

(Figure 49.

The above

resul

ts

suggest

t hat

95 %

of

t he

diversity index, fish faunal composition and, to a lesser extent, total MaxN wahin 45 minutes
of video footage. Thus, in the case of the Bunbury and Dunsborough artificial reefs, faunal data
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extracted from 45 minutes of BRUV footage is sufficient to determine accurately the univariate and
multivariate characteristics of the Higauna.

Differences in Fish Fauna between Artificial Reefs and Seasons

Two-way PERMANOVA demonstrated that the number of species and total MaxN differed
significantly between reefs and seasons, buthoh e Reef i S eTalde@Ca,b).iTmet er act |
number of species was greater on the Dunsborough than Bunbury artificial reef and during summer
rather than winter (both ~13:xsts 9; Figure47a,b). Total MaxN values were more than four times

larger at Dmsbaough (118) than Bunbury (26) and almost three tigreater in samples collected in
summer (104) as opposed to winter (40). A signi
diversity index was detected only between re&th(e 20c), with valesin winter being higher than

those summer (0.80 ands8, respectivelyfigure 4&).

Table 20: Mean squares (MS), percentage of the MS to the total (%MS), pse(pfe and significant level (P)

for two-way PERMANOVAstestsonth(d number of species, (vbrgity indext a | Ma x N
and the(d) fish faunal composition of the two artificial reefs in the two seasons. Significant differences are

highlighted in bold. df = degrees of freedom.

(@) Number of pecies df MS %MS  pF P

Reef 1 96.00 50.63 6.80 0.026
Season 1 7350 3876 5.21 0.034
R e e $easbn 1 6.00 3.16 0.43 0.516
Residual 20 14.12 7.45

(b) MaxN d MS %MS pF P
Reef 1 10.07 65.88 22.76 0.001
Season 1 413 27.03 9.34 0.005
R e e $easbn 1 064 419 145 0.256
Residual 20 0.44 2.89

(c) Simpson's index df MS %MS pF P

Reef 1 0.13 6191 596 0.022
Season 1 0.06 2754 2.65 0.119
R e e $easbn 1 0.00 0.18 0.02 0.892
Residual 20 0.02 10.38

(d) Fauna compostion df MS  %MS  pF P
Reef 1 3560 24.23 195 0.036
Season 1 5955 40.53 3.26 0.003
R e e $easbn 1 3348 2279 1.83 0.065
Residual 20 1829 12.45

Fish faunal composition was shown by PERMANOVA to differ betweefsrand seasons @rhat

there was no interaction between these main eff@cblé 20d). The Y.statistic value for Season
(0.303) was larger than that for Reef (0.255), indicating that temporal rather than spatial effects were
slightly more influentialin structuring thefish assemblages of the artificial reefs. This is shown on
the nMDS plots where the points representing summer and winter typically form more discrete
groups than those fothe two artificial reefs Kigure 48§. Species such a€. auricuhris,
Pesudocaramaspp.,C. rubescenand G. hebraicumwere more abundant in summian winter,
whereas the revezswas true folA. amygdaloides, S. hippasd the labridAustrolabrus maculatus
(Figure 4%). Although both artificial reefs contained sugtal numbers ofC. auricularis and A.
amygdaloidesfish such ad\. obliquus Pseudocaranx spp. and the pinguipdeidapercis haackei

were more abundant #te DunsboroughArtificial Reef. In contrast, only the relatively uncommon
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aracanidAnoplocaprodenticularis was @mparatively more abundaoh theBunbury artificial reef
(Figure 49).
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Figure 48: (a) nMDS ordination plot, derived from a Br&urtis resemblance matrix, constructed from the
dispersiopweighted and squam®ot transformed and averaged MaxN abundanteach specieecorded from

the Bunburyand Dunsborough artificial reefs between October 2015 and September 2016. (b) Centroid nMDS
ordination plot, derived from a distance among centroids matrix, constructed from the abov@uBify
resemblance maxk.
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(a) Season
Summer Winter

Coris auricularis
Anaplocapros amygdaloides
Parequula melbournensis
Neatypus obliquus
Pseudocaranx spp.
Chelmonops curiosus
Myliobatus australis
Parapercis haackei
Trygonorrhina fasciata
Austrolabrus maculatus
Seriola hippos
Monaocanthidae spp.
Cheilodactylus gibbosus
Choerodon rubescens
Parapercis ramsayi
Glaucosoma hebraicum
Pentaceropsis recurvirostris

(b) Reef
Bunbury Dunsborough

Coris auricularis
Anoplocapros amygdaloides
Neatypus obliquus
Pseudocaranx spp.
Parequula melbournensis
Myliobatus australis
Chelmonops curiosus
Austrolabrus maculatus
Seriola hippos

Parapercis haackei

Trygonorrhina fasciata

Suezichthys cyanolaemus
Cheilodactylus gibbosus
Parapercis ramsayi
Choerodon rubescens
Monocanthidae spp.

Dasyatis brevicaudata
Anaplocapros lenticularis
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Figure 49: Shade plots constructed from the dispersiggighted and squam®ot transformed MaxN

abundances of each species recorded from the Bunbury and Dunsborough artificial reefs between October 2015

and September 20164axN abundances avaged for the (a) two seas and (b) artificial reefs. Note only
species that contributed 02.5% to the total number of
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Discussion

There has been a marked increase in the number of attiBeifs being deployed tmoostcatches of

key recreationallfargeted fish species and thus also act as a tool for fisheries and broader ecosystem
managemenby shifting fishing pressure and enhancing ecosystem seriBesse, 2001; Seaman,
2007; Diplod&, 2010). Any responsible artificial reef depment should have clear and measurable
performance goals, the successes of which are evaluated using a monitoring programetBacker
2017). However, given the fact that longer term monitoring progreeshose lasting several years,

are requiredo gain a sound understanding of the influence of these artificial structuge€dll et

al., 1998; Reliniet al, 2002; dos Santos and Zalmon, 2015), there is a need to develaffecsie
monitoring regmes. This study determined that citizen stigis using BRUVs could collect
sufficient quantities of adequate quality data to develop a robust monitoring program for two artificial
reefs in a marine embayment in secutbstern Australia. It follows that isymethodology could be
used to help to morat and determine the effectiveness of other artificial reefs in achieving their aims
and goals.

Participant Involvement

Each of the 12 main volunteers were asked to each collect a single video of at leasut®8 min
duration from their respective reef inah month of the study using the supplied BRUV equipment. If
completed successfully, this would provide six replicates from each reef in each month and thus
allow for robust statistical examination of the reanltdata. Throughout the sampling period,
volunteers were able to effectively collect data from both artificial reefs, amassing a total of 111
videos (averaging 4.9 and 4.3 per month from the Bunbury and Dunsborough reefs, respectively).
This success is oa@istent with other studies employing citizescience, which suggest that this
method can result in the collection of large quantities of data over broad spatial and temporal scales,
which could otherwise be ceptohibitive (Silvertown, 2009; Dickinsoet al., 2010; Peclet al,

2014). Moreover, dgite, due to financial limitations, only having six volunteers per reef, at least
four videos were collected from a reef in 19 of the 24 reef and month combinations. The months
when less than the targeted numbérsamples were obtained occurred eitheithat start of the
project, while participants were still being trained, or around the austral winter during prolonged
periods of poor weather and s&ate. This shows that our participants were actively engagbe

project, but also the value in haviag many volunteers as is practically and financially possible.
Note however, unlike many citizen science projects, where participants use their own equépgnent (

a smartphone) or are provided with online dnfad material (Johnson and Johnston, 20X3; &t

al., 2014; Jenkinst al, 2017; Tweedlet al, 2017), the current study had to supply volunteers with
relatively expensive equipment, which limited participant numbers.

All volunteers recruited to Re&fision were avid recreational fishers (20%re/ also SCUBA divers)

who lived in the vicinity of the reefs. Participants with these interests were sought out for the project,
due to them being frequent users of the artificial reefs and thus able to tepBRUVs regularly,

but also having extensvknowledge of the local conditions and commonly encountered fish species.
Recruiting these types of volunteers increased engagement, thus reducing attrition and helped ensure
the provision of regular videos atttht safety was not compromised

Although trere has often been stigma about quality of the data provided by citizen science, as it is hot
collected by experts (Conrad and Daoust, 2008; Dickiesah, 2010), the use of video prevents this
issue influenng the resultant data. Thus, unlike obsdoratounts €.g.underwater visual census)

and similarin situ data collection methods, video footage is able to be permanently archived and
analysed by experts (as in the case of the current study) and aagefasin be replayed and
reanalysed in the fute (Willis et al,, 2000; Tessieet al, 2005; Mallet and Pelletier, 2014).
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Soak Time Analyses

For a faunal monitoring regime to be successful, it must provide accurate data on abundance of each
species, whils at the same time, being relatively econoahi Although many studies have cited the
costeffectiveness of BRUVs in comparison to visual surveys, mainly due to the reduction fieldwork
time (e.g.Cappoet al, 2003; Watsort al, 2005; Langloigt al, 2010), the time required to extract

the data fom the video footage can be considerable (Franebat, 1999; Stobarét al, 2007). An

obvious way of reducing this cost is to decrease the soak time of the BRUV. However, Glatlstone

al. (2012) showed thareater improvements in precision occurfemm increasing soak time rather

than replication. In the current study, a soak time of 45 minutes was found to provide a statistically
robust estimation of the abundance, diversity and composition of theatish 6f the artificial reefs

in Geographe Bay

Whitmarshet al (2017) in a metanalysis of 161 BRUV studies found that cameras were deployed
between 15 minutes and 120 minutes, with peaks in frequency of 30, 60 and 90 minutes. While the
value of 45 minuwscalculated in the current study was simila that recorded for demersal species

in Hawaiian coastal waters (Misa al, 2016), it is substantially greater than that for natural and
artificial reefs in estuarine and marine watersN8W (Folpp et al, 2013; Harastiet al, 2015).
Differences irthe length of soak time required are likely due to the diversity of species present at a
site, with longer soak times needed in more diverse areas (James Tweedley, Murdoch University
unpublished dadeor in areas with very low and/or highly vable abundace of fish. This is the case

in pelagic environments, where 120 minutes of soak tinwdten used and, even then, can produce
zero inflated data (Santafizarconet al, 2014). While, comparativesfies on soak time are rare,
Harastiet al (2015), showe that on temperate reefs NSW, the MaxN for many reedissociated
species occurred within 12.5 minutes, with this value rising t@@@ninutes on similar habitats in

SA (Whitmarshet al, 2017). This variability higights the importance of determinirfigr any
monitoring regime, as in the current paper, the soak time required to generate statieticalyata.

Note that, in additional to elucidating how the number @fdgs and total MaxN change over time

(e.g. Stobartet al, 2007; Gladstonet al, 2012; Santanr&arconet al, 2014; Harastet al, 2015;

Misaet al, 2016) there is also value in, as in the current study, assessing how the faunal composition
changes oertime. Thisis because while many studiescfis on community rather than spediegel
changes in abundance.q. Wakefieldet al, 2013; Lowryet al, 2014), few demonstrate the effect
soak time has on faunal composition.

Differences in Fish Fauna among Artificial Reefs and Seasons

The results ounivariate and multivariate analysshowed that the number of species, total MaxN

and fish faunal composition differed significani
index changed between reefslthough not the main focus of this proof ooncept study, this
demonstrates #t the sampling methodology employed by the citizen scientists can generate data of
sufficient quality for use in statistical analyses. This was not the case with preliriadésyusing

cameras that provided a livedeb stream to the surface, where tlesolution and quality of that

video was too poor to adequately identify and count fish (Florisson, 2015; Twetdley2016a).

Although based on a relatively small sudkdata, the trends reported in the curremtg mirror

those found elsewhere,uh providing reassurance that the data generated are sound. For example,
both the number of species and total MaxN differed among seasons, being greater during summer and
winter, resulting in a change in species comfosi This is thought to reflect andrease in water
temperature in Geographe Bay during summer (McMakbnal, 1997). Such increases in
temperature have been shown to similarly influence the fish commuoitgsveral artificial reefs

around the worldBohnsacket al, 1994; Reliniet al, 1994; Millset al, 2017; Rosemonét al,

2018).
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When comparing between the two reefs, the numbe
index were all greater othe Dunsborough than Bunbury artificial re&ihile these data are
preliminary, tteir trends do match those obtained by Tweedtegl (2016a) and could be due to the
locations of the two reefs within Geographe Bay. The sttt edge of this embaymerdda high

level of reef connectivity, due tthe number of limestone and graniteefs occurring near Cape
Naturaliste. These natural reefs have been shown to significantly influence nearby fish communities
(Westeraet al, 2007) and have likely facilitade utilisation and colonisation of the neay
Dunsborough artificial reef by fiskelt is also noteworthy that data collected independently on the
Bunbury and Dunsborough artificial reefs using Diver Operated Video and BRUVs demonstrate that
the fish fauas of these two reefs are different (Paul liswDepartment of Primary Industriesd
Regional Development, unpublished data).

Effectiveness of the Monitoring Program and Recommendations

The effectiveness of the citizen science monitoring of the artifieefls in this study was facilitated
by the BRUV design. The frame was lightweighdurable and built to similar specifications as
BRUVs in other scientific studiese@. Ellis and DeMartini, 1995; Willis and Babcock, 2000;
Heagneyet al, 2007), yet consticted for approximately a quarter of the tof commercially
available equivales (Table 21). The total cost of the Reef Vision program, including the
development and production of 12 BRUVSs, training of volunteers and salary to fund tiienpart
employnent (0.2 FTE) of a volunteer manager was -12$27,000. The estimated costs of a
University-led equivalent program, involving the purchase of four commereatiylable BRUVs
and the travel and salary costs of undertaking one fieldtrip per month to aatleos from each
artificial reef, were almst 50% greater at ~AD$55,000 Table21). Thus, in the case of the current
study, employing a citizen science approach substantially reduced the cost of the project.

Table 21: Approximate cet (AUD$) of running the Reef Vision programith 12 volunteers (6 per artifidia

reef) compared to the estimated cost of a science equivalent program run by an Australian university. The
science equivalent cost is based on a team of two research asagtants boat and four BRUVSs to collect fou
videos from each artificiateef once a month for a year. Note that neither budget includes the cost of video
processing and data extraction and analyses, which should be comparable for both programs.

Costs ReefVision  Science equivalent
Operating
BRUV frame $4,156 $6,660
(12 units) (4 units)
BRUYV cameras $4,064 $1,016
(12 units) (4 units)
Bait $1,440 $1,440
Consumables $588 $2,400
Travel
Training workshop $610 $0
Fieldwork $0 $21,870
Salary
Volunteermanagement $16,000 $0
Fieldwork $0 $21,6@
Total $26,858 $54,986

The use of an easio-use and commordgwned small action camera, combined withparson

training made instances where volunteers required technical assistance minimal. Thier t@get

the high-resolutionvideo produced, hpbd maintain participant engagent and reduced attrition.
Engagement and management of volunteers was achieved via a closed group on Facebook containing
20 membersife. volunteers and project staff). On ghprivate page, participants could share videos

ard photographs from their 48| experiences, troubleshoot and engage with the project managers.
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Throughout the yearlong study, member s wrote
generated 526 commesnVo | unt eer s f el t t hecamerd wes p tormnofifishigpd a f
Several of them producedlhi gh!l i ght reelsdo from the footage
open Facebook groups that were typically related to recreational fishingnasdne cases also
YouTube. Participating in thReef Vision programwas seegb vol unt eer s as a way
the community and exponents of fishing, thus creating feelings of satisfaction, contentment, sense of
achievement, fulfilment, pride arithppness, whilst also increasing ownership atedvardship over

the artificialreefs.

While we consider that the citizen science approach (Reef Vision) detailed here could be used to
monitor the fauna of other artificial reefs, there are some ways irhvtheamethodology could be
improved. Firstly, darger pool ofsuitable volunteers is recommended as this reduces the risk of
limited data collection during periods of undesirable weather andtatsa Such a repository of
participants would also reducket inpact of any unforeseen volunteer attritibn.the case of the
current stdy, we consider that eight (rather than six) volunteers would be appropriate for monitoring
an artificial reef of the size of those in Geographe Bégufe 39.

Many studies orthe fish fauna of artificial reefs have focuseth the changes in community
composition that occurred pedeployment and, as such, contain no data on the faunal assemblage
prior to the deployment of the structure.d. Bohnsack and Talbot, 1980; DufAndersm et al,

2003; Burtet al, 2009; Folppet al., 2011; Beckeet al, 2017. This baseline data is vital if the
performance of the reef is to be measured against its aims and objectives. In the case of the current
study, this would require the engagarh d community during the planning stages bé tartificial

reef to ensure gpatially and temporally robust set of data are collected as a baseline. It is noteworthy
that both Diplock (2010) and Streieth al. (2017) recommend a BefeAdter-Controtimpact BACI)
monitoring approach be employed tdphelucidate the influence a wereef deployment has on local

fish assemblages. The choice of a control site is critical, however, as the results of several studies
have determined that the characteristicghaffish fauna associated with artificial reefan differ
markedly from thosef adjacent natural reefs (Thanretral, 2006; Burtet al, 2009; Folppet al,

2013).

Conclusions

This study has demonstrated that citizen science can be an effectivertaadriitoring the fish

faunas of artificial rels. The use of recreational fisis to collect BRUV video samples, but having

the resultant footage analysed and interpreted by professional scientists, lowers fieldwork costs,
circumvents some of the stigmeoard citizen science and increases communitgagement. Reef

Vision voluntees were able to collect enough data of sufficient quality to monitor the Bunbury and
Dunsborough artificial reefs in Geographe Bay, sautistern Australia. These data were ested

from the footage and used in robust uniater and multivariate analyses determine that a soak time

of 45 minutes was sufficient to capture 95% of the diversity and community composition of the fish
fauna and detect spatial and temporal differeimteisose fauna. With the continuing deploymeht
artificial reefs around thevorld, the use of citizen science in monitoring can provide valuable data
for researchers, managers and decision makers. Projects such as Reef Vision can also benefit
volunteersand communities by enhancing social valuegdaing ownership over researchojects

and fostering stewardship of aquatic resources.

120

1

t



References

AcevesBueno, E., Adeleye, A., Bradley, D., Tyler Brandt, W., Callery, P., Feraud, M., Garner, K.L.,
Gentry,R.,Huang, Y., McCullough, 1., Pearlman, I.,t8erland, S.A., Wilkinson, W.Yang,
Y., Zink, T., Anderson, S.E., Tague, C., 2015. Citizen science as an approach for overcoming
insufficient monitoring and inadequate stakeholderipuy adaptive manageme caiteria
and evidenceE=cosystem$8, 493 506.

Anderson, L.G., Chapman, J,Kescontrela, D., Gough, C.L.A., 2017. The role of conservation
volunteers in the detection, monitoring and management of invasive alien lionfish.
Management of Biological Inggons8, 589598.

Anderson, M.J., Gorley, R.NClarke, K.R., 2008. PERMANOVA#or PRIMER: guide to software
and statistical methods. PRIMHR Plymouth, UK.

Australian Institute of Marine Science, 2017. Sea Water Temperature Logger Datzgedihe
Bay, From26 Nov 2014 @ 19 Oct 2016.

Baine, M., 2001Artificial reefs: a review ofheir design, application, management and performance.
Ocean & Coastal Manageme#, 241259.

Baltais, S. 2013. Citizen Science, the benefits and challenges: How do youitizekescience both
fun and useful? 4th QueensthiCoastal Conference, TowndeilOctober 2013.

Bastardie, F., Rasmus Nielsen, J., Ulrich, C., Egekvist, J. and Degel, H. 2010. Detailed mapping of
fishing effort and landings by coupling fishing logbookshasaellite-recorded vessel geo
location. Fishdes Research. 106: 43.

Becke, K., Taylor, M.D., Lowry, M.B., 2017. Monitoring reef associated and pelagic fish
communities on Australia's first purpebailt offshore artificial reeflCES Journal of
Marine S@éence74, 277285.

Belda, M., Holtanova, EHalenka, T., Kalvova, J., 2@1Climate classification revisited: from
Koppen to Trewartha&Climate Research9, 1-13.

Beumer, J.P., Grant, A., Smith, D.C. (Eds.), Aquatic Protected Avbasworks best ahhowdo we
know? Australian Society of Fish Bagy, Cairns, Australia.

Boakes E.H., Gliozzo, G., Seymour, V., Harvey, M., Smith, C., Roy, D.B., Haklay, M., 2016.
Patterns of contribution to citizen science biodiversity projects increase understanding of
volunt eer s recordi ng ots& 8308l our . Scientific

Bohnsack, J.A.1989. Are high densities of fishes at artificial reefs the result of habitat limitation or
behavioral preference®ulletin of Marine Sciencé4, 631645.

Bohnsack, J.A., HarpeD.E., McClellan, D.B., Hulsbeck, M., 1994. Effts of reef size on
colonization and assemblage structure of fishes at artificial reefs off southeastern Florida,
U.S.A.Bulletin of Marine SciencB5, 796823.

Bohnsack, J.A., Johnson, D.L., Ambrose, R.B91LEcology of artificial reef habitats and ffiss, in:
Seaman, W. (Ed.), Aficial Habitats for Marine and Freshwater Fisheries. Academic Press,
San Diego, USA., pp. 6107.

Bohnsack, J.A., Talbot, F.H., 1980. Spedtaxking by Reef Fishes on AustraliandCaribbean
Reefs:An Experimental ApproacBulletin of Marine Scienc80,710-723.

121



Brickhill, M.J., Lee, S.Y., Connolly, R.M., 2005. Fishes associated with artificial reefs: Attributing
changes to attraction or production using novel approadbasal of Fish Biology67, 53
71.

Brock, V. 1954. Apreliminary report on a methauf estimating reef fish population. Journal of
Wildlife Management. 18, 29308.

Burt, J., Bartholomew, A., Usseglio, P., Bauman, A., Sale, P.F., 2009. Are artificial reefgassrr
of natural habitats for corals and fishDubai, Lhited Arab EmiratesCoral Reef228, 663
675.

Cappo, M.C., Harvey, E.S., Malcolm, H.A., Speare, P.J., 2003. Potential of video techniques to
monitor diversity, abundance and size of fish in studfe@saine protected areas, in:

Chase, S.K., Levig A., 2016. A framework forwaluation and designing citizen science programs
for natural resources monitoringonservation Biolog®g0, 456466.

Christensen, N., Bartuska, A., Brown, J., Carpenter, Stddan C., Francis, R., Franklin, J.,
MacMahonJ, Noss, R., Parsons, D., Peten, C., Turner, M. and Woodmansee, R. 1996.
The report of the ecological society of America committee on the scientific basis for
ecosystem management. Ecological Applicati@)665691.

Cigliano, J.A., Meyer, R., Ballardi.L., Freitag, A., PhillipsT.B., Wasser, A., 2015. Making marine
and coastal citizen science mattecean and Coastal Managemdrits, 7787.

Clarke, K.R., 1993. Noparametric multivariate analyses ofaciygesn community structure.
Australian Journabf Ecology18, 117143.

Clarke K.R., Chapman, M.G., Somerfield, P.J., Needham, H.R., 2006. Dispéssed weighting
of species counts in assemblage analygesine Ecology Progress Seri@20, 1127.

Clarke,K.R., Gorley, R.N., 2015. PRIMER v7: Useradual/Tutorial. PRIMERE, Plymauth.

Clarke, K.R., Gorley, R.N., Somerfield, P.J., Warwick, R.M., 2014a. Change in Marine
Communities: an Approach to Statistical Analysis and Interpretation, 3 ed. PREVER
Plymouth, UK.

Clarke, K.R., Green, R.H., 1988tatistical design and analgsior a 'biological effects' study.
Marine Ecology Progress Serid§, 213226.

Clarke, K.R., Tweedley, J.R., Valesini, F.J., 2014b. Simple shade plots aid betterionghoces
of data pretreatment in multivariate assefape studiesJournal of the Mene Biological
Association of the United Kingdodd, 1-16.

Coll, J., Moranta, J., Refiones, O., GaiRigies, A., Moreno, |., 1998. Influence of substrate and
deployment time o fish assemblages on an artificial reef at Femara Island (Balearic
Islands western Mediterranearblydrobiologia385, 139152.

Conrad, CT. and Hilchey, K. 2011. A review of citizen science and commtlraised environmental
monitoring: issues and opgurities. Environmental Monitoring and Assessm 176, 273
291.

Conrad, C.T..Daoust, T., 2008. CommuniBased Monitoring Frameworks: Increasing the
Effectiveness of Environmental StewardsHitpvironmental Managemedtil., 358366.

122



Cresson, P., Ruittorg., HarmelinVivien, M., 2014. Artificial reefdlo increase secondary biomass
production: mechanisms evidendegldableisotopesMarine Ecology Progress Seriég9,
15-26.

Department of Fisheries. 2012. Policy on habitat enhancement structures im\iestealia.
Fisheries Management Paper Numbes. Zsovernment of Western Auatia.

Dickinson, J.L., Shirk, J., Bonter, D., Bonney, R., Crain, R.L., Martin, J., Phillips, T., Purcell, K.,
2012. The current state of citizen science as a tool for ecologgmltch and public
engagemengrontiers in Eology and the EnvironmefO, 21-297.

Dickinson, J.L., Zuckerberg, B., Bonter, D.N., 2010. Citizen science as an ecological research tool:
Challenges and benefits. Annual Review of Ecology, Evolution, asté@ics 41, 149
172.

Diplock, J. 2010. Artifial reefs- design and monitang standards workshops. Final report to the
Fisheries Research and Development Corporation. Fisheries Research and Development
Corporation, Australia, 52 pp.

Dorman, S., Harve)E.,Newman, S., 2012. Bait effects in samplowgal reef fish assemblagestiwi
stereeBRUVs. PLoS ONE 7, e41538.

dos Santos, L.N., Zalmon, L.R., 2015. Lelegm changes of fish assemblages associated with
artificial reefs off the northern coast of Rie dariro, Brazil. Journal of Applied
Ichthyology 31, 1523.

Duffy-Anderson, J.., Manderson, J.P., Able, K.W., 2003. A characterization of juvenile fish
assemblages around marade structures in the New York&#8211;New Jersey Harbor
estuary, U.S.ABulletin of Marine Scienc&2, 877%889.

Dunn, R.J.K., Bic, S., Sheill, G.R., 2014. dtelling the disperson of treated wastewater in a
shallow winddriven environment, Geographe Bay, Western Australia: implications for
environmental management. Environmental Maing and Assessment 186, 6161725.

Ellis, D., DeMatrtini, E., 1995. Evaluain of a video camera technique for indexing abundances of
juvenile pink snapper, Pristipomoides filamentosus, and other Hawaiian insular shelf fishes.
Fishery Bulletind3, 6777.

Fal, G., Scarcella, G., Spagnolo, A., BortpSeA., Charbonnel, E., Goutaye.J., Haddad, N., Lok,
A., Trommelen, M., 2015. Practical Guidelines for the Use of Atrtificial Reefs in the
Mediterranean and Black Sea. . Food and Agriculture Organizdtitve Onited Nations,
Rome, Italy.

Fahrner, C.K.Pattiaratchi, C.B., 1995. Thghysical oceanography of Geographe Bay, Western
Australia, in: Lord, D.A. (Ed.), Geographe Bay Summary Report, Wastewater 2040 Strategy
for the SouthWest Region. Water Authdyi of Western Australia, , Perth, Western
Austrdia, pp. 312.

Fairclough, D.V, Brown, J.1., Carlish, B.J., Crisafulli, B.M., Keay, |.S., 2014. Breathing life into
fisheries stock assessment with citizen science. Scientific Reports 4, 7249.

Florisson, J.H 2015. Can recreational fishers provide aredif’e means of monitoring afitial
reefs? Murdoch University, Perth, Western Australia.

123



Follett, R., Strezov, V., 2015. An Analysis of Citizen Science Based Research: Usage and Publication
Patterns. PLOS RE 10 e0143687.

Folpp, H., Lowry, M., Gregsom., Suthers, .M., 2011. Colaration and community development
of fish assemblages associated with estuarine artificial i®®efzgilian Journal of
Oceanography9, 5567.

Folpp, H., Lowry, M., Gregson, MSuthes, I.M., 2013. Fish assemblages on eshgattificial
reefs: natural reky-reef mimics or discrete assemblages. PLoS ONE 8, e63505.

Francour, P., Liret, C., Harvey, E., 1999. Comparison of fish abundance estimates made by remote
underwater video ahvisual censusNaturalista SicilianaXXIll, 155-168.

Gentilli, J., 1971. Wod Survey of Climatology. Volume 13. Climate of Australia and New Zealand.
Elsevier Publishing Company., Amsterdam.

Gladstone, W., Lindfield, S., Coleman, M., Kelaher, B., 2@j&imisation of baited remote
underwater videoasrpling designs for estuarinesh assemblagedournal of Experimental
Marine Biology and Ecolog#29, 2835.

Goetze, J., Langlois, T., Egli, D., Harvey, E., 2011. Evidence of artisanal fishing impactspémd d
refuge in assemblages of Fijian reef fi€loral Reefs30, 1-11.

Harasti,D., Malcolm, H., Gallen, C., Coleman, M.A., Jordan, A., Knott, N.A., 2015. Appropriate set
times to represent patterns of rocky reef fishes using baited videmal of Expementa
Marine Biology and Ecolog#63, 173180.

Heagney, E.C., Lynch, T.P., Batick, R.C., Suthers, .M., 2007. Pelagic fish assemblages assessed
using midwater baited videostandardising fish counts using bait plumeN&éne Ecology
Progress Serie850, 25-266.

Hill, J. and Wilkinson, C. 2004. Mitds for Ecological Monitoringf Coral Reefs. Australian
Institute of Marine Science, Townsville, Australia, 117 p.

International Maritime Organization, 2016. Convention on the prevention of marine pobiytion
dumping of wastes and other matter.

JenkinsG.l., Tweedley, J.R., TrayleK.M., 2017. Reestablishing recreational prawning in the
SwanCanning Estuary. Western Australian Fish Foundation, Perth, Western Australia, p.
128.

Johnson, Z.1., Johnston,\l., 2013. Smartphones: Powerful Tools for Geescé Education. Eos,
Transactios American Geophysical Unid¥, 433434.

Jordan, K.B., Gilliam, D.S., Spieler, R.E., 2005. Reef fish assemblage structure affected by small
scale spacing and size variatiorisdificial patch reefsJournal of ExperimentaMarine
Biology and Ecolog26, 170186.

Kruger, L and Shannon, M. 2000. Getting to know ourselves and our places though participation in
civic social assessment. Society and Natural Resources. 1317451

Lambert, J. 2014. Citizen Science for Floral&auna Conservation: EnsuriBgiccess. IEST5004
Research Internship Final Report. University of New South Wales, Sydney, Australia, 31 pp.

124



Langlois, T.J., Harvey, E.S., Fitzpatrick, B., Meeuwig, J.J., Sked@&, Watson, D.L., 2010. Cost
efficient samphg of fish assemblages: Comjzan of baited video stations and diver video
transectsAquatic Biology9, 155168.

Leeworthy, V., Maher, T. and Stone, E. 2006. Can artificial reefs alter pressure on augdizaht
reefs? Bulletin of Marine Science. 78-37.

Lek, E., Fairclough, D.V Platell, M.E., Clarke, K.R., Tweedley, J.R., Potter, I.C., 2011. To what
extent are the dietary compositions of three abundasd¢ccorring labrid species different
and rel#ed b latitude, habitat, body size and seasdémi#nal of Fish Biologyr8, 19B-1943.

Lowry, M.B., Glasby, T.M., Boys, C.A., Folpp, H., Suthers, I., Gregson, M., 2014. Response of fish
communities to the deployment of estuarine artificial reefs for fisk@hancement.
Fisheries Management and Ecoja#l, 4256.

Mallet, D., Pelleier, D., 2014. Underwater video techniques for observing coastal marine
biodiversity; A review of sixty years of publications (198212).Fisheries Research54,
44-62.

McKinley, D.C., Miller-Rushing, A.J., Ballard, H.L., Boey, R., Brown, H., Coofattm, S.C.,
Evans, D.M., French, R.A., Parrish, J.K., Phillips, T.B., Ryan, S.F., Shanley, L.A., Shirk,
J.L., Stepenuck, K.F., Weltzin, J.F., Wiggins, A., Boyle, O.D., Briggs,,FCbgin, S.F.,
Hewitt, D.A., Preuss, P.W., Sou; M.A., 2017. Citizen sciencgan improve conservation
science, natural resource management, and environmental protBatiogical
Conservatior208, 1528.

McMahon, K., Young, E., Montgomery, S., Cosggpy, Wilshaw, J., Walker, D.I., 1997. Statuseo
shallow seagrass system,dgeaphe Bay, souttvestern AustraliaJournal of the Royal
Society of Western Austral@d, 155262.

Mills, K.A., Hamer, P.A., Quinn, G.P., 2017. Artificial reefs create distitsh assemblage®arine
Ecology Progress Sex$585, 155173.

Misa, W.F.X.E, Richards, B.L., DiNardo, G.T., Kelley, C.D., Moriwake, V.N., Drazen, J.C., 2016.
Evaluating the effect of soak time on bottomfish abundance and length data from stereo
video sirveys. Journal of Experimental Marine Biologyd Ecology479, 2034.

Pecl, G, Barry, Y., Brown, R., Frusher, S., Gartner, E., Pender, A., Robinson, L., Walsh, P-, Stuart
Smith, J., 2014. REDMAP: Ecological monitoring and community engagement through
citizenscienceThe Tasmanian Naturalidi36, 158164.

Potter, I.C., Veale, L.JTweedley, J.R., Clarke, K.R., 2016. Decadal changes in the ichthyofauna of
a eutrophic estuary following a remedial engineering modification and subsequent
environmental shiftEEsuarine, Coastal and Shelf Sciernt@l, 345363.

Recfishwest, 2017. Reef 8loni Artificial Reef Monitoring.

Relini, G., Relini, M., Torchia, G., Palandri, G., 2002. Ten years of censuses of fish fauna on the
Loano artificial reeflICES Journal of Mane Sience59, S1325137.

Relini, M., TorchiaG., Relini, G., 1994. Seasonariation of fish assemblages in the Loano

artificial reef (Ligurian Sea northwestehtediterranean)Bulletin of Marine Sciencg5,
401-417.

125



Rosemond, R.C., Paxton, A.B., Lemej HR., Fegley, S.R., Peterson, C.H., 2018hkise of reef
structures anddjacent sand flats: implications for selecting minimum buffer zones between
new artificial reefs and existing reefdarine Ecology Progress Serié87, 187199.

Rotman, D., Prece,J., Hammock, J., Procita, K., Hansen, GagPC., Lewis, D. and Jacohs,
2012. Dynamic changes in motivation in collaborative citizen science projects. Proceedings
of the ACM 2012 conference on Computer Supported Cooperative Work 2012. ACM, 217
226.

SantanaGarcon, J., Newman, S.J., Harvey, E2814. Development and valiilan of a midwater
baited sterewideo technique for investigating pelagic fish assemblalpesnal of
Experimental Marine Biology and Ec@yp 452, 8290.

Scott, M.E., SmithJ.A., Lowry, M.B., Taylor, M.D., Suthers, I.M2015. The influence of an
offshore artificial reef on the abundance of fish in the surrounding pelagic environment.
Marine and Freshwater Resear6, 429437.

Seaman, W., 2007. Artificial habitats and thstoedion of degraded marine ecosystems and
fisheries.Hydrobiologia580, 143155.

Seaman, W., Jensen, A.C., 2000. Purposes and practices of artificial reef evaluation, in: Seaman, W.
(Ed.), Artificial Reef Evaluation: With Application to Natural Marinebitats. CRC Press,
Boca Raton, U.S.A, pp-27.

Silvertown, J., 2009. A new dawfor citizen sciencelrends in Ecology & EvolutioB4, 467471.

Smith, J.A., Lowry, M.B., Champion, C., Suthers, .M., 2016. A designed artificial reef is among the
most prodative marine fish habitats: new metricstoaddfd@ pr oduct i onnder sus a
Marine Biology163, 188.

Stephens, A. and McCall, A. 2004. A multispecies approach to subsetting logbook data for the
purposes of estimating CPUE. Fisheries Research. BB 1D

Stobart, B., Diaz, D., F., A., Alonso, G., M., Goni, R., 2015. Perimance of baited underwater
video: does it underestimate abundance at high population densities. PLoS ONE 10,
e0127559.

Stobart, B., Garci€harton, J.A., Espejo, C., Rochel, Bofi, R., Refiones, O., Herrero, A.,
Crec'hrioy R., Polti, S., Marcos, C., &bes, S., PéreRuzafa, A., 2007. A baited underwater
video technique to assess shalwaater Mediterranean fish assemblages: Methodological
evaluationJournal of Experimentad¥larine Biology and Ecolog$45, 158174.

Streich M.K., Ajemian, M.J., Wetz, J., Shively, J.D., Shipley, J.B., Stunz, G.W., 2017. Effects of a
New Artificial Reef Complex on Red Snapper and the Associated Fish Community: an
Evaluation Using a Befoiéfter Cortroli Impact ApproachMarine and Coastal Bheries
9, 404418.

Sutton, S.G Bushnell, S.L., 2007. SocEconomic aspects of artificial reefs: Considerations for the
Great Barrier Reef Marine Pai®cean and Coastal Manageméift, 829846.

Tessier, E.Chaanet, P., Pothin, K., Soria, M., Lassef®eg,2005. Visual censuses obpical fish
aggregations on artificial reefs: slate versus video recording technigquesal of
Experimental Marine Biology and Ecolog$5, 1730.

126



Thanner, S.E., McIntosh,.IT, Blair, S.M., 2006. Development of benthicdHish assemblages on
artificial reef materials compared to adjacent natural reef assemblages inDéideni
County, FloridaBulletin of Marine Sciencé8, 5%70.

Thiel, M., Pennéiaz, M.A., G., L:J., Sala, S, Sellanes, J., Stotz, W., 2014. Citizerestists and
marine research:olunteer participants, their contributions and projection for the future.
Oceanography and Marine Biology: An Annual Review 52 -284.

Thompson, A.A., Mapstone, B.D., 1997. $8bve effects and training in underwater vissatveys
of reef fishesMarine Ecology Progress Serid$4, 5363.

Tulloch, A., Possingham, H., Joseph, L., Szabo, J. and Martin, T. 2013. Realising the full potential of
citizen science monitoring prograniiological Conservation. 165, 1238.

Tweedley J.R., Florisson, J.H., Batemal .A., Chaplin, J.A., Gill, H.S., 2016a. Can recreational
fishers provide a cosdffective means for monitoring artificial reefs? Murdoch University,
Perth, Western Australia, 208.

Tweedley, J.R., Loneragan, N.R., Cri§@., Poh, B., Broadley, A.DBennett, A.L., Hodson, K.P.,
Trayler, K.M., Jenkins, G.l., Chaplin, J.A., 2017. Stock enhancement of the Western School
Prawn (Metapenaeus dalli) in the Sw@anning Estuary;v@luding recruitment limitation,
environment adrelease strategies. Report fbe Fisheries Research and Development
Corporation, Murdoch University, Perth, Western Australia, p. 546.

Tweedley, J.R., Warwick, R.M., Potter, I.C., 2016b. The contrastiolpgy of temperate macrotidal
and microtidal esiaries. Oceanography and MaiBiology: An Annual Review 54, 7B71.

Ugland, K.I., Gray, J.S., Ellingsen, K.E., 2003. The sp&eaiesumulation curve and estimation of
species richnesdournal of Animal Eclogy 72, 888897.

Van Niel, K.P., Holmes, K.WRadford, B., 2009. Seagrass Mapg Geographe Bay 200£2007.
Report to the Southwest Catchment Council, Perth, Western Australia2pp. 1

Veale, L., Tweedley, J.R., Clarke, K.R., Hallett, C.S., Pott€r, B014. Characteristics of the
ichthyofauna ofitemperate microtidal estuawith a reverse salinity gradient, including
inter-decadal comparisondournal of Fish Biology5, 13201354.

Wakefield, C.B., Lewis, P.D., Coultts, T.B., Fairclough, D.V., UaiggT.J., 2013. Fish Assemblages
Associated wh Natural and AnthropogenicgHModified Habitats in a Marine Embayment:
Comparison of Baited Videos and Opétause Traps. PLOS ONE 8, e59959.

Walker, T. 2016. Characteristics of the fish faunas of arifigefs determined from video footage
collectedby recreational fishers. Honmithesis, Murdoch University.

Watson, D., Harvey, E., Fitzpatrick, B., Langlois, T., Shedrawi, G., 2010. Assessing reef fish
assemblage structure: how do different stesideotecmiques compare¥arine Biology
157, 12371250.

Watson, D.L., Harvey, E.SAnderson, M.J., Kendrick, G.A., 2005. A comparison of temperate reef
fish assemblages recorded by three underwater stateo techniquesviarine Biology148,
415425.

WesteraM.B., Barnes, P., Kendrick, G.A., Cambridge,, BD07. Establishing benchmarkf
seagrass communities and water quality in Geographe Bay, Western Australia. Annual report
to the South West Catchments Council., Perth, Australia, p. 67.

127



Whitmarsh, S.K., &irweather, P.G., Huveneers, C., 2017. WhatiggsBRUVver up to? Methods and
uses of baited underwater vidéReviews in Fish Biology and Fisheri2g, 5373.

Willis, T., Babcock, R.C., 2000. A baited underwater video system for the determinationigérelat
density of carnivorous reef fisMarine andFreshwater Researchil, 755763.

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 underiggerMarine Ecology
Progress Serie$98, 249260.

Wilson, C. and Godinho, L. 3. The benefits of engaging volunteers in urban bat research.
Victorian Naturalist. 130, 18287.

Wood, G., Lynch, T., Devine, C., Keller, K. aR@jueira, W. 2016. Higliesoltion photaomosaic
time-series imagery for momting human use of an artifidieeef. Ecology and Evolution. 6,
19.

128



Chapter Four: A Guide to Assist
Organisations Aiming to Invest in Habitat
Enhancement Structures

James Florissof) AndrewRowland 2

aRecfishwest, 3/45 Northside Dr, Hillys, Western Australia, 6028 ustralia

Figure 50: A recreational fisher with a nice siz€thk Snapper caught on the Dunsborough Atrtificial Reef,
deployed in 2013.
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Foreword

The fourth objective of this project involvedusimarizing the coseffective eef design site
selection, approvals, construction, deployment and monitoring strategies for business, industry and
community groups wanting to invest in HEB3. habitat enhanaeent guide and flyer were
constructed to providerganisations with this inforation in a user friendly and easy to follow
format. The findings from the first three objectives were combined to provide a clear set of options
and a framework for groups aingino undertake HES projects. This framework a@demany facets

of HES planning consultation, development, implementation and extension. Once developed the
guide was workshopped with project staff, an external creative agency, fishing clubs and redreation
fishers to enhance its user friendliness emtbsistency. The identificationf appropriate pathways

for organisations wishing to invest in HES will lead to future successful and effective installations,
resulting in a rangef benefits for the whole eomunity. An in-depth manual, the contents of which

are shown below, for orgardations and groups in the early stages of artificial reef planning entitled:
Artificial Reefs in Australia, A Guide to developing Aquatic Habitat Enhancement Strudiurepy

of a secad highly simplified and condensed versisralso provided, which aingeto provide groups

with the initial information for starting a habitat enhancement development process.

Figure 51: Members of the Esperance Deem2gling Club, South East Coast Recreational Figl@ouncil
and Recfishwest EO Andrew Rowland, using the HES guide to assist in a constraints mapping workshop for
the placement of the Esperance Artificial Reef.
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Introduction

Habitat Enhancement Strucgs) (HES) are purposebuilt constructions placedn the aquatic
environment(oceanic, estuarine, river or lake) for the purpose of creating, restoring or enhancing
habitat for fish, fishing and recreational activities generally. HES involve the usanfga ¢ objects

and materials to create new habitnd provide ecological seces in an aquatic environment. They
include artificial reefs, Fish Aggregation Devices (FADs) and materials of opportunity.

HabitatEnhancemen$tructureshave been created at least 50 countries around the world for many
varying purposes includingnsrkeling, SCUBA, surfing, energy production, etmurism, erosion
mitigation, aquaculture, research, infrastructure and conser&iook, 1994; Baine, 2001; Diplock,
2010;Ng et al, 2014) However, in the majority of casé$ES are used for commerciagcreational

and artisanal fishezs enhacementAn artificial reef is any mamade or altered material placed into

an aquatic environment to mimic certain characteristiesradturareef. Artificial reefs are often used

to create new fishing and divijnopportunities, and to shift prese from other popular locations. To

date, at least 150 artificial reefs have been deployed in Australian waters and they are one of the most
common ypes of aquatic infrastructure deployed fisheries enhancement.

Figure 52: A previously bare surfaced module from the South West Artificial Reef Trial in WA.
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