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Introduction

Shallow rockyreefhabitatsare key components tdmperatenarine ecosystemproviding

shelter feeding and breeding grounds &owide variety oforganismsincreasing abundance of

the longspinedea urchir{Centrostephanusodgersii), and associated denudation of algal
communitieshasseverelyimpacted the health albomereef habitatsn eastern Victoria

Overgrazing ofmacralgae(i.e. kelp) to the extent that kelp beds become deforesésailts in
theformation ofé u inbdirers 6, t hat contain greatly reduced
reef systems

In these ecosystems, urchimccur alongsidether species such abaloneand compete with

them forthe samdood source and spac&his impactauponthe abundance @baloneby

making the habitat less suitalaled by inhibiing the settlement afiew recruits to populations on
affected reefsThe range expansion of urcBiandthe increase in number and aredaifrensnot
only reduces reef biodiversity alsoweakengesilienceandlimits productivity ofcommercial
abalonestocksin theregion.This in turn reduces prospects for sustaining a viable Eastern Zone

Abalone Fishery.

In this projectfunded by the Department of Environment, Land, Water and Plaraiiagf
restoration strategy was implemensdthe Gunshot reethrough collaboratiobetween the
Victorian Fisheries Authority and commercial shellfish div&®®sersmade a extensive effort

to removeurchins from the vegetated arekearing them upo 100m from the current
weed/barrefqunctionin all directions Abalone and urchin abundance, along with video transects
wereundertaken before and after removal of urchinassess the effectiveness of reducing
urchin densityandpromotingsubsequertiabitat recoverySpatiotemporal @tternsin diver

culling effort were evaluated by geospatial analysis of vessel and diver GPS logger data.

Although the project isngoing initial findings indicated positive signs of habitat recoyand
an increase in the proportiontbie algalcommunitescovering the resfwas observedue tothe
considerable@edudion in urchin densitiesConsistent withdiver observations, data exploration
revealed that further effort will be required to engtedthe removal of urchins frofoarrens
and urchinpatchess maintainedespecially in boulder habitatghere it is difficult to find and

remove all urchinglueto juveniles inhabihg inaccessibleryptic spacesPersistence with
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culling will provide further opportunities for flora and fauna to recto@rotectthe biodiversity
of the reefandpreventbarrens from reforming sasto bettersustainthe Eastern Zone Abalone
Fisheryand improve the wellbeing of local rocky reef habitatd associated biodiversity
general

Needs and objectives

The Gunshoteefis an important reeffor Eastern Zone AbalonBshery with average annual
blacklip abalone Haliotis rubra) landings of 7.5that havean approximate value of $350,000.
However, abalone landings from the reef have declined from >18t in 2003 dwrdy the last
few years. The reef also supports other concrakfisheries (e.g. banded morwong, bluethroat
wrassepnd while the usage tfe area forecreational activities is unknown, thllacoota coast

is popular in general withothtourists andocal boating enthusiasts

The health of the Gunshot reef H@en in rapid decline with the amount of vegetated reef area
diminishing annuallyThe Eastern Zone Abalone Industry Associati&@ AlA) diver group has

been calling for action to address urchin barren expansion at the GResglioverthe past
decadébecause ofhe heightenedisk that thereef may be lost entirely due to the destructive

grazing behavior of sea urchir@entrostephanusodgersii in particular.n addition, being

surrounded by the Cape Howe Marine Park, the increasing abundance of urchins on the Gunshot
Reef could negatively impact reefs within the Marine Park due to emiggatatproviding a

source of large quantities karvae.

Minimal commercialurchin harvestingpccursin the area due to the poor quality of caeised

by highurchindensities in habitat that is deteriorating in qualjarrenMyers et al. 2020Q)
leaving cullingasthe only viable control method to achieve rapid positive restiliereforea
reef restoratioprogramwas funeéd by DELWP that aimeatl) remove urchisafrom the

middle of the vegetated area to prevent further habitat lo8segpand urchin culling outwards
up to 100 m from the current weed/barjenctionline or to a depth of 15 m (whichever occurs
first) in all directions 3) usevessel monitoring systeniSuccorfisi¥ units), depth sensorsiata
capture of culling rates/dive timésdetermine the spatial exteeffortand depth profile of
culling activities and 4) survey the area to determineeffect of culling activities on

urchin/abalone abundance and habitat.
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Methods

Project areaand survey design

Gunshot eef is located in eastern Victorreortheast ofzabo Islandand issurrounded by the
Cape Howe Marine PaifFigure 1and 3. The area of the reef is estimated to be about 16
hectares. It is considered as solatedplatform reef bordered by saniehwards {nshorg and
deep reefo seavard Anecdotal evidence from the EZAIA suggests #elp bed (an
underwater forest of vegdton dominated by large fucoid macroalghayeretracedin sizedue
to overgrazing in recent yeara/ith a risk that th&sunshotreef and potentially adjacent reefs

within the surrounding marine pankill becomecompletely denuded if intervention does not

occur
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Figure 1. Map of Gunshot reef and Gabo Island in eastern Victoria, surroundedby the

Cape Howe MarineNational Park.
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Figure 2. Map of the project area and survey sites in eastern Victoriazoomed over
Gunshot reef. Shaded relief of seafloor (LIDAR bathymetry at 5m spatial resolutiorand
depth contours are also shownas is an approximation of the vegetated area and 100m area
to be culled in the lower map
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Spatia) temporaland depth monitong of cullingactivities

Underthe Fisheries Regulations 2019, several commercial fisheries operating in Victorian

waters including abalonegre required to use vessel monitoring system (VMS) devices on their
vessels. These VM@&evicesprovide information on vessel position, bearing and speed. Abalone
and sea urchin fisheries are currently equipped IS loggerscalledéSuccorfis®6 umd t s a
these were allocated to vessels approximatelywaig through the current project.

Prior to the mandatory implementation of VMBostvessels involved in this project were
equipped with Succorfi§hdevices to provide locatiahinformation regarding vessel
movements whilst divers were engaged in urchin culling activtyere possible,iders were
alsoequipped wittZebratectPaua Divdoggers(Turtles) that recorcadiverds position while on
thesurface and depttplusdive timeoncetheydescend It should be noted that there were
insufficient dive Turtles for all divergndsometimewessels participated in the project without
a functional VMS.

Dive times were recorded for each diver along whinnumber of urchins culled in each dive
using a dive slate. In several instances, dive time and/or culling rates were not recorded: in these

instances, daily averages were used to interpolate the culling effort of the diver(s).

Spatial analysis tools iArcGIS software were used to generate hotspot and the minimum

convex polygon (MCP) maps wéssel localities (Succorfi8hafter removing outlier locations

such as localities outside of the treatment area and while vessels were travelling at speed. These
analyses were used ¢égtimatethe area of culling activities with the MCP map displaying the

smallest range or extent wéssel localities

Monitoring of fabitat, abalone and urchabundance

Prior to commencing urchin cirg, abalone and urchin abundance surveys were conducted on
the 26" August2018. Abalone and urchin were coungdng25 meterbelt transectsboth

inwards towards healthy habitat, and outwards towards the urchin hetemsy sites were
located on the weed/barren boundary at eddbur opposing directiongortheast, southwest,

southeast, northwestf the Gunshot reefAbalone were grouped intbree size categorie€40,

9®120anddl 20 mm maxi mum shell width) that align
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survey program. A sample of fifty urchins were collected during a timed collection and grouped

into three size categorie€50, 5¢ 100 anddL00mm test width).

The abovesurvey wasepeatedollowing the urchin reduction program on tHe April 2021 to

assesshanges irmbalone and urchin abundance.

To investigate changes in benthic habitat following the urchin redyategram,100m
weighted transedineswereradiatedfrom each survey site outwards onto the urchin barrens.
The GPS position at both ends of the transectiagrecordedduring theinitial survey sahat it
was able tde relaid inroughlythe same positiofor the postcull survey.A vertical video
recordingwasmadeusing aGoPro HERO 4 camei one meter above the substrateng the
length of the transect line starting at the vegetptatiof thereefand swimming outwards onto
the barren habitat
Another vdeosurvey wasecordedacross theegetategart of the reefith the diverbeing
towedby the vessdirom Site 2 toSite 3.Examples of typical habitats at survey site 3 before
commencing the urchin cull activigre presented in FiguB Thesesurveysareunsuitablefor
guantitative purposes so will not be discussed further herein, but are useful for descriptive
purposes and to extract video/photmgeryfor other purposes as the 100m vertical video is not
very visually appealing (i.e. its sole purpose was for dizive analysis of habitat recovery)
Vertical videos, beforé¢pre-cull) and after(postcull) urchin culing, were converted to images at
intervalsof two secondsA random sample d?5 images w&sused to classifpenthic habitat
(total 200 images apre-cull andpostcull stages). Images were then imported imt€ o r a | Poi nt
Countwi t h E x c e |(CP€esafteanes htts:Aceisd.nova.edu/cpce/index.html), and 25
points were overlaid onto each image (Figticel he underlying gsbstrate and biotat each point
were classified into one of the seven categarsesl in previous studi€éslamer et al. 2010,
Gorfine et al. 2012)

1 Encrusting and sessile invertebrates

Encrusting algae

1

1 Turf algae
1 Erect algae
1

Encrusting and articulate coralline
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1 Sand and silt matrix

9 Bare rock

Further details of each class @revidedin Tablel andthe various habitat types are depicted in
Figure5. After identifying the benthic classes, ttiata were automatically assembled and
exported to Microsoft Excel for further exploration astdtistical analysidMultivariate analysis
with nonmetric multidimensional scaling (nMDS) was used to idermtétterns of benthic cover
classes at each survey site during bothguttand postull stagesBenthiccoverage dateere
squareroot transformedanda Bray-Curtis dissimilarity matrix was set for nMD@Valker and
Gilliam 2013) To test for changes in the proportional coverage of each habitat classification
between the preand postcull surveysa oneway permutational multivariate analysis of
variance (PERMANOVA) was undertaken with Obr a
the analysis following Bragurtis dissimilarity transformation and 999 permutations were used.
All multivariate aralyses were performed using the vegackage withirthe R statistical

program(Oksanen et al. 2015)
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Figure 3. Typical habitat on the best parts of the reef inwards (inshore) at site 3 with
gutter containing abalone (A). Incipient barren within the inwards vegetated reef area at
site 3 (B). Outwards (offshore) barrens habitat starting in 10 m depth on all sides of the

reef at site 3, extending into the distance (C).
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Figure 4. Example of the CPCe window showing image processing for benthic hédi

classification.

Table I Summary of major benthic categories, taxa and category descriptions used in the

photo analysis.

Major categories Minor categories and descriptions

Encrusting and sessile invertebrates | Ascidiacea, Bryozoa, Porifer@nidarians, Bivalve molluscs
Crustacea, Polycheata

Encrusting algae Encrusting algae
Turf algae Green, red, brown algae, < 3 cm height above the substra
Erect algae Green, red, brown alga®3cm height above the substrate

with noticeable stripes

Encrusting and articulate coralline Smooth encrusting coralline, warty encrusting coralline ar
any articulate coralline

Sand and silt matrix Sand, aggregated combination of silt, sand, $imell and or
dead plant material forming a thin layer (generally <1 cm
thick) on the rock surface.

Bare rock Clean rockwith no observable algal/invertebrate growth.
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Figure 5. Example images of major benthic categories used for substrate abibta

classification.
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Results and discussion

Urchin abundance

Urchins were in higher quantities offshaieall survey sites, with numbers varying widely
between site@Figure6). Inwards at sites 2 and 4, urchin numbers were relatively low before the
cull commencegdpresumably because the habitat was relatively healthy at these sites before
urchin eradication begaifhis is also consistent with urchins seeking shelter from turbsén
conditionsthataremore prevalent in shallower than deeper habftassner 1980)There was a
drastic reduction in urchin abundance following the urchin removal program, with five or less
urchins observed at each of the sites with no appreciable difeetetweemwardsand

outwards
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Figure 6. Urchin abundance atinwards (inshore) and outwards (offshore) sides of the
survey sites at Gunshot reef at preull (A) and postcull (B) stages. Abundance values are

also shown.
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The length frequency sample during{mad postcull stagesalso indicated variability in the
number of urchins at different size classeross the survesjtes Smallerurchinsweremore
abundant at sites 1 and 3, whaslarger proportion of bigger urchins were presgsites 2 and
4 (Figure7). There was a notable change in the size frequbatyeerpre- and postull
surveyswith fewer small urchins present in thetéatsurvey(Figure 7) In addition, differences
in the number of urchins tectedper minute (i.e. CPUE) revealed that few urchins were left

after the cullatall survey sites (Figure 8)

Whenundertakng a program such as this, it is common to remove all observable urchins from
an area, only to retusometimdater and find the are@colonized. It is believed that this
represents emergence of younger urctiias were hidden ioryptic spacesThus, the lack of

small urchins late in the pestll survey is likely because juveniles have had a chance to emerge
several timedn lieu of a lack of competitionvith adults, only to be culled themselves. It appears
that eventually the majority of cryptic urchins have also been culled dudrtsubeessive
removal over several yedesavingvery few young urchingvailableto recolonizeThis is an
important consideration for future culling operations, i.e. a-aficeull may be able to remove

all visible urchins, but is unlikely to be successfuhchievingcomplete eradicatioas emerging
juveniles will soon occupy the niche left byetr older kin. Thus, repetitive culling is more likely
to have long term succegsarticularly in complex habitat
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Figure 7. Urchin abundance in three size classes at four surveyed sites based on LVF
survey at pre-cull (A) and postcull (B) stages.
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Figure 8. Urchin catch per unit effort (number of urchins cdlected per minute) for pre-
and postcull surveys.
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Abalone abundance

Abalonewere vastly more abundaintvardsatthe survey sites, which is not surprising given
that is where the habitat was better antivardswaslargely urchin barren (Figur®. Abalone

in the 90 120mm length category were the most abundant size class in almost all instances
again, this is unsprising giventhatvery small abalone are generally cryptic, and abalone
>120mm are above the legal minimum length and therefore subjected to.fiatengstingly
the proportion of abalone >120mm increased during thequiissurveys, especially on the
outwards ¢ffshoreg transects, which may be a result of the ZDmm size class moving out
onto the recently culled areas agrdwing througho the largeisizecategory during the project.
Growth of about 120mm pe@mnumis anticipated for abalone of this size in this reglarthis
respect, balone abundandenean + standard deviatioaih outwards transex;ffor the >120mm
size classincreased fron®.5+ 0.5abalone td0 * 5 abalon&ollowing the removal burchins

In comparisonabundancéor thesize classesf 90/ 120 mm and <90 mrman outwards transext

changedrom 3.2+3 to 7.5t7Andfrom 1+1.2 to 1+14 abaloneespectively
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Figure 9. Abalone abundance ainwards (inshore) and outwards (offshore) sides of the

survey sites at Gunshot reeét pre-cull (A) and postcull (B) stages

Urchin cullingctivity

Overall, in terms ofdiver efforfh about278dive hourswere required toemove aboub14,000

urchins duringhe project(seeTable2 for a breakdown of daily effort and Appendix 1 for a

detailed sptial breakdown ofdiving effort). Combined maps of vessel and diaetivity

indicatedthat divers generally stay close to the vesselargely because they weaachored

whereas dring most commercial divintp harvest abalornttev e s s el s ar e thiel i ved a
diversas they remove abalone from the seabechin abundance was so hitjfatthis wasoften

unnecessarguringthe culling undertakefor this project(Figure 10)
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Theminimum convex polygon (MCR)f Succorfisi¥ localitiesindicated thatiround 180

hectares of the reef areas treateqFigurel1). While culling effort occurred throughout the
areahotspot analysis indicated thatlling wasgreateron the west and southwest of the reef
(Figure12) where boulder habitat ®mmon,and urchins are more difficult to eradicate. More

effort was genetly applied to the barrens and margins, again where urgreresthe most
abundant. Sever al Ohot spotsdé also show up on
area that represent areas where insipient barrens had bdgum,tand considerableffert was

required to ensurthatthese were urchifree to facilitate recovery.

Table 2: Daily diving effort and the number of urchins eradicated.

Dive date Number of | Number | Dive time | Urchinsculled
vessels | of divers | (hours) (count)
19/04/2019 4 8 17 37500
20/04/2019 2 3 9 16000
24/04/2019 2 4 12 28100
22/05/2019 5 7 12 29500
23/05/2019 5 7 21 34500
24/05/2019 6 8 18 40000
25/05/2019 4 8 21 45500
5/07/2019 5 8 8 10200
7/07/2019 4 8 15 18000
17/12/2019 3 6 16 29600
28/03/2020 8 10 27 48720
30/03/2020 9 10 28 54100
31/03/2020 9 10 27 48900
1/04/2020 10 11 29 52450
28/11/2020 3 6 18 21300
Total 79 114 278 514370
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Figure 10. Combinedmaps showingdistribution patterns of vessel localities (Succorfish)
and diver localities (Turtle) respectivelyover 15 and 9 days of urchin culling effort at
Gunshot reef. Turtle localities were in access for 9 days so faand Turtle outlier locations
were not excluded from this mapMaps are overlaid overLiDAR -derived relief of seafloor.
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Figure 11. Minimum convex polygon (MCP) of vessel localities (Succorfi§éh showing the
boundaries of vessel activities combined over 15 days of urchin culliagtivity at Gunshot

reef. Maps are overlaid over LiDAR-derived relief of seafloor.
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Figure 12. Heat mapof vessel localities (Succorfist) generated from hotspot analysis
showingareas of low (light color) to high(dark color) vesselactivities, combined over15

days of urchin culling project at Gunshot reef.

Given that divers stayithin relatively closeproximity of the boaftheir surface supplyir hose
is generally 100m or lesshe heat map oBuccorfisif localities can be an indication of the
areas under concentratedlling effort. Intensity and size of hotspot clustehowed thatarger
patchesof urchinsoccurredon the western side of the reef wheweky boulder habitats were
common(Figure 12)

After removing vessautlier locations based on the speed of the lamatdepthvalues
extracted from LIDAR bathymetr§bm spatial resolution)t was found that urchin culling
occurred at depfranging from7 to 17m, andat about 10m on average (Figd:®. It should

also be mentioned that depth valoésained fromof the Turtlesinclude ascerand descen
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profiles, though these generalbpmprise only afew individual data pointso should not

corrupt the analysis or interpretation of the d@iteese depth ranges gdmowever be an

indication ofculling effort patternsconsidering the concentrated diving activity in the proximity
of the vesselThe Turtle data shows a similar pattern to that of the LiDAR derived depths, with

most culling effort occurring atepths o8 to 10 m.

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Day11 Day 12 Day 13 Day 14 Day 15

Depth (m)

120 - -
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Figure 13. Depth ranges (meanminimum and maxmum values) of urchin culling activity
based onSuccorfisH® and Turtle locationsat Gunshot reefon each dive dayTurtle data

were provided for 9 days.

It must be acknowledged that several factors influence the accuracy of the spatial information
provided in this report, mdgtresulting in an underamate of the amount of area that was

culled The compoundingffectof these factors meatisatthe areaculledis likely to be
considerably larger than is observable in the heat maps, but not necessarily larger than that

reported in théVICP. The abovemedioned factors include:
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1 Diver is not at the location of the VMSg.longerhose lengthor multiple divers at any
one time.Thiswould meanthat the culled areia an underestimate.
VMS wasonly used for 73% of the tintbatculling wasundertaken.
Turtles only provided start and elatatiors of each dive
Boats were anchored a lot of the time because urchin density was so high, meaning the
VMS track isoften morereflective of the boat yawing in the breeze than where diving
occurred Suface supply bse lengti{generally 100 m or lessljctates how far the diver
can be from the boat and during a three hour tieediver could be anywhere within a
thehose lengtés radii of the vessé position Again, this results in amnderestimatef
the area covered by the divélris possible to use models (e.g. Brownian bridge
movement models) that incorporate positional uncertanaddress this isspand these
would certainly have been utilized were data suitakbalable However, given th boat
is at anchor much of the time, the model would be estimating the uncertainty of the boat
location (i.e. based on its movement while at anchor) rather than the position of the diver.

This would introdue more not lessgerrorinto the spatial informtson.

It is very difficult to estimate where divers are all of the time. It requires divers to either tow a
buoy with a GPS, or very expensive equipment deployétkeiarea to triangulate their position

using sonarBoth of thes@ptionswere outside the scope of the current project: wearing a

floating buoy causes considerable problems when diving with surface air supply (i.e.
ertanglenen) and when the boat is not at anchor, the likelihood of entangling the buoy rope in
the engines intragtes unnecessary danger to the diver; the expense of the equipment required to
triangulate the divers is prohibitogkes considerable time to set up and calibeatdin

general ihighly impractical as it would not have been possible for so manysdivdre active at

once while maintaining their position within range.

As per diversodé6 observations, video surveys al
southwest of the reef) wepeedominantly comprised @ouldes whilst flat, slab reefhabitas
werepredominant asurvey sites 2 and 3 (east and northeast of the fide§)physicalreef
structuredifferencehad implications in terms of both culling effort, and habitat recovery

(described below): significantly more effort was applied to theemestide of the reef and the

recovery was less evident, at least in terms of erect algae. This pattern is similar to that observed
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previously[i.e. (Gorfine et al. 2012)in which it is considerably more difficult to find all of the
urchins in boulder habitat that contain a higher proportion of cryptic habitats. It also appears that
juvenile urchins, presumably hidden amongst boulders, rapidly colonize the newly available
habitat once their larger conspecifics have been removed. This means that boulder habitats need
to be treated several timesorder to reduce urchin densities to the point that habitat recovery
occurs. This is not the case on flat areas where it isvelateasy to locate and cull essentially

all the urchins, or at least sufficienft themto facilitate habitat recovery. On these habitats,

return trips are still often required, however, to identify areas that were missed during initial
efforts, which ocars because the urchins are often able-dase their test after being split

open Thismakesit difficult to identify thosehabitatsthat have already beanbjected to culling

in a given area, particularly when culling activities are undertaken aplaazard fashion as was

the case in the present study. Other studies have undertaken urchin culling in a more systematic
fashion, which has been shown to reduce urchin densities sufficiently to recover habitat in a
single treatmenfTracey et al. 2015)The disadvantage with thetterapproach is that it requires

a far greater amount of organization to set up plots to edakdes to efficiently navigate

underwateto ensure each plot thoroughlytreated. It also reduces culling rates as divers cannot
target areas of high density as they are observed, having to concentrate on their allocated plots.
As can be seen, both appches are effective, and both have their advantages and disadvantages.
It would perhaps be beneficial if a study were undertaken to determine which is the most cost
effective as both are able to achieve the ultimate goal of recovering habitat lostiio urch

overgrazing.

Changes in benthic communities due to urchin removal

The PERMANOVA indicates that there was a significant change in the proportions of each
habitat category between the pamd postcull surveygTable 3) Investigationof the proportion
of changes imndividual benthic communities generally showed an increase ipareentagef
algd communities, especiallyrf anderect algaefollowing urchin removal(Figure14 and15).
Survey site lhad a greater proportiaf reef coveedwith encrusting and sessile invertebrates
(41%)as well adare rock (19%) beforieeatment compared to the remaining sigsfts in
benthic communities were obsenadhis sitewith an increase in erect algiiem 3%at pre

cull stageto 18%at postcull stage as well as noticeable changes in the proporticoraliine

algalcommunities after urchin removalthough a high proportion of bare rock was still evident
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at this siteduring the final surveySite 2 displayed théargestincrease in erect algae from 5% at
pre-cull stage to 59% at postll stagewhich wasthe highesincreasen erect algaeoverage
observedluring this projecgtdespite lessulling effort at this sitePerhaps thisrasdue to the
topography in this region (i.e. relatively flat slab reef) being more eadilgd

Table 3. One-way PERMANOVA testing the effect of survey (i.e. preand postcull) on the

multivariate response (i.ehabitat classification).

Sum of p-
df squares R F  value
Survey 1 6.6 0.17 408 0.001
Residuals 198 324 0.82
Total 199 39.0 1.00

Site 3responded similarly to Site 2, with erect algagreasng from 14% to 42%again this was
despite relatively littleeulling effort in the areaAt site 4, a general progression from bare rock,
encrusting andgessileinvertebratesandencrustingalgaewas observed towards turfinfydm

3% to 13%, coralline (from 0.5% to 9%) aretectalgae(from 3% to 27%)Yominated

substrates

Overall,mean coverage of the benthic claskem the data combined acrossalrveyed sites
before and after urchin remowvabicateda considerable change in erect algae from 6% at pre
cull to 36% at postull, and dver video surveyslsoillustratedinitial signs of habitat recovery

with improvedgrowth ofalgd communitiesas shown irFigure 16.
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Figure 14. Proportion (%) of the benthic classes cover at each surveyed site befoRrdcull)
and after (Postcull) urchin removal at Gunshot Reef. Encrusting and Sessile Invertebrates
(ESI), Encrusting Algae (EnA), Turf Algae (TA), Erect Algae (ErA), Encrusting and
Articulate Coralline (EAC), Sand/Silt Matrix (SSM) and Bare Rock (BR).
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Figure 15. Mean coverage (%) of the benthic classésom the data combined across the
surveyed sites beforeRrecull) and after (Postcull) urchin removal. Encrusting and Sessile
Invertebrates (ESI), Encrusting Algae (EnA), Turf Algae (TA), Erect Algae (ErA),

Encrusting and Articulate Coralline (EAC), Sand/Silt Matrix (SSM) and Bare Rock (BR).

— Standard deviations-are-also shown for each class.
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Figure 16. Examples of algal growth and benthic habitat recovery following the removal of

sea urchins.

Multivariate analysis of nemetric multidimensional scaling (hMD$dicated patterns in
benthiccategoriestthe surveyed sitdsefore and after urchin remov@&igurel7?). In this case,
nMDS indicates that all four sites behaved similarly following urchin removal, showing a
progression from bare roc&ncrusting algae and sand/silt (left side of the nMDS) towards the
various algal categories on the right side of the nMDS plot.

Algae communitysuccessiomvasparticularlyevidentSites 2, 3and4 at the completion of the
study. At Site 1, however, bare rock had increased throughout the duration of the study, with a
reduction in encrusting sessile invertebrates and minimal change in the otig blasses. The
largestchange in erect algae community occurred at site 2 from around 5%otdrBfatively

similar changes in the patterns of erect algae community were observed at sites 3 and 4

Spatial patterns in the responses of these benthic coitiesuo urchin culling is likely to be
due to the function of the reef structure at each survey siteSikéthl and4 comprised of
bouldes whilst Sites 3 and especiallyite 2 weremostly compriseaf flat reef which affects
culling efficiency. As perthedivers 6bservations, data exploration revealed that further effort
will be required to ensure that the removal of urchins from barrenmeipéent barrenss
maintainedespecially in bouldeaind cryptichabitatsas illustrated in Figur#&8.
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Although thesearly signs ohabitatrecoveryare of considerable importaneect algae
communities havenly just started to recover, hence the proportional ceiteincrease through
time. This will allow the macroalgacommunitiego recruit and grovsufficiently to colonize

enough reef surfaces to produce the tandibleefis that are expected to become apparent in a
few yearsPrevious investigationsf urchin removaby Gorfine et al. (2012 eastern Victoria
indicatedthat it may take several years for the macroalgae community to resemble normal reef,
especially in the case &icklonia radiatawhich appears to grow more slowlgrevious attempts
atrecoveing canopyforming algaeon reefhabitas after removal of sea urchins in Tasmania

and other geographic areasso indicated gradual algegommunityrestoratiorin the longer term
(Ling et al. 2010, Piazzi and Ceccherelli 2019, Layton et al. 2@Hjtinued urchin culling

effort and allowinghe gravth of macroalgavill provide further opportunities for flora and

fauna to recover to protect the biodiversity of the reefs and prevent barrens from reforming so as
to better sustain thieastern Zone Abalone Fisheagpd the health of the Gunshot Reef more

generally
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Figure 17. Multivariate nMDS plot illustrating patterns in benthic classes across survey
sites before Precull) and after (Postcull) urchin removal. Encrusting and Sessile
Invertebrates (ESI), Encrusting Algae (EnA), Turf Algae(TA), Erect Algae (ErA),
Encrusting and Articulate Coralline (EAC), Sand and Silt Matrix (SSM) and Bare Rock
(BR). Ellipses are also showirndicating 95% confidence intervals fitted into the spatial

ordination.
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Figure 18 Example images ofhe vegetated edge (left panel) and barren edge (right panel)
of the surveyed transects at gunshot reef, illiiating boulder and flat slab reef
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Conclusions

1 A total of 114 diver daysf culling wasundertaken during the current project for a total

of 278 hours of bottom time.

An estimated 514,370 urchins were removed from the reef habitat.

The minimum convex polygon of diving effort indicates that a maximum of 180 hectares
wasculled though it is pssible, if not likely, that some areas within these bounds were
missed. It was not possible to determimoev much may have been misggden the
limitations of using vessel location as a proxy for diver location.

1 Considerably more effort was directed tod/éhe west of the reef as this area was
comprised of boulders akingit more difficult to find all of the urchins.

1 On boulder habitats, it was necessary to make several return trips to remove urchins that
had presumably emigrated out of crypsis to coltii® newly available habitat that their
conspecifics had previously inhabited.

1 On flat slab reef, on the north and east of the reef, less effort was necessdiry to
urchins fromthe reef.

1 Surveys indicate that urchin density was greatly reducedessulti of theculling and
abalone density increased at some sites.

1 Atall sites, urchin densities were reduced to the point that enabled habitat recovery and
given the spread of effort, this is likely to have been the case for the majority of the
Gunshot Ref within diving depths.

1 Theculling resulted in a large reduction in the proportion of bare rock, encrusting algae
and sand/silt with a progression towards the various algal categories, particularly erect,
coralline and turfing alga.

1 Despiteculling effort being disproportionately high in boulder habitats, recovery was less
evident in these areas, presumably because some unanemissed by divers due to
the complexity of this habitat and the cryptic nature of juveniles.

1 Iltis likely that the resultsrpsented herein represent an underestimate of the behefits
the current project has hadthé Gunshot Reef as the algae are relatively slow growing

and thus their proportional coverage will continue to increase for some time.
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Appendix 1: daily culling activit
19 April 2019: Day 1

This date was the first day of urchin @l at Gunshot reefA film crew wasengaged to obtain
therequiredvideofootage of the reef habitat and urchin mglactivities. Surface buoys were set

at all four sites and vessels warechored near a buoy. It was also ensthatall diversvore
turtles,andcolleciedand recordddata as directed. Clear water and calns peavided good

filming conditions although the cloud cover created low light conditions for most of the day.
Filming boats, divers, reef habitat, flora and fauna was undertaken by the film crevires per
specification for the media project. Divers generally worked close to their vestabaigh at
timestheyalso worked to the length of their hose behind the vessel in line with the tide. Vessels
were at anchor all day amdrely changed their anchoragegure D). All diversrecordedurchin
couns on dive ktesfor the entire duratio of the diveThe ailling rate was consistently

estimatedat more thar,000 urchins culled per diver for en®ur dive(Table4). Remarkable
amouns of urchins were observed encroaching pristine habitat and on healthy reef. Divers culled
extensive urchitbarrens taking over heavy reef. At site 4, the bottomprisedf bouldes and

creviceswith only a few patches of kelpoveramongst the extensive barrens.

Table4. Total amount of dive time and urchin culling rate on the first dageffrestoration

project at Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef (count)
169 90 10 30000 7500
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Figure19. Spatial distribution patterns of vessel localities (Succdtfiahd diver localities

(Turtle) on Day 1 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

20 April 2019: Day 2

On the second day of urchin dolj, surface buoys were setStes 1 to 4. One boat anchdren

the Site 1 buoy, and the other was at about 30 m northlofi s vessel 62). posi ti on
Vessels stayed on the same anchorage all day, and divers also tried to work within 30m of their
vessels. Diving was difficult due girongswell conditionsand thus diving shiftetom shallow

into deeper area¥he ®afloor habitat type was observed to be in the forabafulder structure.

In front of site 1 the bottom found to be mostly flat before turning bouldbgnworking back

towards Gabo Island. Che flat areas, large gutters of urchinfithe cracksn asimilar

mannerto the behavior of abalone on the healthy reef habitats. The urchins were extremely dense
and the divers concentrated their efforts gteaurchins fromthese gutters. Moreokedue to

difficulties with swell and sea conditiortke culling rate was not recorded on this daithough

an estimated rate was provided by the divers (Table
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Table5. Total amount of dive time and urchin culling rate on the second dagfofestoration

project at Gunshot reef. Note: cull rate is an estimated rate on this day.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) baren (count) reef (count)
9 95 5 16000 0

T o 5 i
20 April 2019 Day.2

Figure20. Spatial distribution patterns of vessel localities (Succdtfiahd diver localities
(Turtle) on Day 2 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

24 April 2019: Day 3

On the third day of urchin culling, one of the vessels worked along the weed/barren edge from
site 3 to site 2, changing anchor position a number of timespdihefdivers were on APiece

from a single umbilical air hose to the vesgéijch is the normal practice when working two

up. The second vessel started near site 1, workingdivbatthe divercouldfollow the

weed/barren edge to Site 2 (Fig@®.
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Dead urchins were found frometlprevious dags efforts and the culling effort was focused over
the missed areas. Many abalone were also spotted in this area especially near kelplpatches.
culling rate was high as treibstratevas mostly flat with high urchin density. Divers also
observed areas of weed surrounded by large numbers of ur€hmasulling rate was estimated

to be about 7000 urchins per 3 hours dinee (Table6).

Table6. Total amount of dive time and urchin culling rate on the third day of reef restoration

project & Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef(count)
12.3 90 10 28000 100

ol g Bl T ]
24 April 2019; Day.8

Figure21. Spatial distribution patterns of vessel localiti®adcorfisf¥) and diver localities
(Turtle) on Day 3 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

22 May 2019: Day 4
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On this day, divers started to focus on culling from the weed edge aiming to culbbh®®@the

barren (Figur®?2). Massive urchin patches were evidentlo@southern end of the reef
concentrated on areas with small amounts of wieaakrs focusean clearing urchins out othe
limited remaining abalone habitat as well as interconnecting sections between these areas and
other healthier yet denuded, abalone bottooulgers and gutteysDivers reported an culling
efficiency rateof 1 urchin per second f&0% ofthetime (Table7).

Table7. Total amount of dive time and urchin culling rate on the fourth dagedfrestoration

project at Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren(count) reef(count)
12 80 20 29000 500
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Figure22. Spatial distribution patterns of vessel localities (Succdtfiahd diver localities

(Turtle) on Day 4 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

23 May 2019: Day 5

Divers continued urchin culling on the fifth dayall sites (Figur@3). A video production team

also participated for day 2 of filming. Some divers had issues on using Turtle device such as

having wateingress the unitgendering thenunable to download data or recharge. The

visibility in water was good on this day which alsoyided great filming condition®©ne diver

started 100 meters from site 1 and moved straight out to sea (east) and observed massive urchin

patches with small amounts of weed. Many urchins in small sizes of about tenmisreadilso

found, and a good mtof urchin removal was reported on this day (T&ple

Table8. Total amount of dive time and urchin culling rate on the fifth dagef restoration

project at Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef(count)
21 95 5 33000 1500
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Figure23. Spatial distribution patterns of vessel localities (Succdtfiand diver localities
(Turtle) on Day 5 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

24 May 2019: Day 6

Divers continued culling from where thénished on the fifth dayandstaredto expandhe

culled area towards 15m depth rar{§eure24). Boats and divers had to move around on this

day to find fresh ground as areas already culled. Divers tried to concenttatgeoarchin
barrensSome parts of the re@feremostly flat with ledges that made the aujjrate very high

for the whole dive. Divers also reported an efficient effort of above one urchin cull per second in

some caseflable9).

Table9. Total amount of dive time and urchin culling rate on the siathofreef restoration

project at Gunshot reef.
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Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef (count)
18 95 5 40000 50

ol - o = ] [
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Figure24. Spatial distributiorpatterns of vessel localities (Succorfisland diver localities
(Turtle) on Day 6 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

25 May 2019: Day 7

On this day, divers aimed to find the weed edge and continue cullingsiiogaa expanding
area outwards around teast andautheastern side of the re@figure25). Divers reported vast
areas of urchins have been cleared and areas linking up todetaddition, boats and divers
had to keep moving and swimming in order
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project areavith great amount of effort (TablE). It was also planned to wait for a few weeks
for the dead urchins to be washedbg so that divers can more easily target what is left in the

future.

Table10. Total amount of dive time and urchin culling rate on the seventh daegiofestoration

project at Gunshot reef.

Total dive time | Time spent on Time spent omealthy| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef(count)
21 90 10 45000 500

25 ey 2019 Day

Figure25. Spatial distribution patterns of vessel localities (Succdifiahd diver localities
(Turtle) on Day 7 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.

05 July 2019: Day 8

On this part of the project, maintenance of cullbegnmencedand the effectiveness of previou
culling activitywas investigatedn addition, divers aimed to target areas of urchin patches
missed from previous culls as urchin abundance appeared to remain very high on some parts of
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the reefespecially on boulder structures at sites 1 and 4 (FRf)reSwell and wind caused a
very rough sea condition on this day, and culling efficiency was reduced by 50 % as divers
struggled with stability required to cull urchi(iBable11).

Table11. Total amount of dive time and urchin culling rate on the eighthofreef restoration

project at Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef (count)
8.5 95 5 10000 200

=]
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Figure26. Spatial distributiorpatterns of vessel localities (Succorfisland diver localities
(Turtle) on Day 8 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR

derivedrelief of seafloor.
07 July 2019: Day 9

On day 9, as per the previous day, divers focusezkpandinghe culled area to 15m depth
(Figure27). It was also aimed to assess the effectiveness of previous culling and to spend time
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removing patches that iédeen missed beforBettersea and weatheonditions were observed

compared taheprevious @y, allowing for effective exploration and culling effort.

Two divers spent the first hour of dive searching between sites 2 and 3, from 10 to 12m depth.
They reported that previous culling had been effective with only a few crevices of urchins
remaining though it appeared as if urchins hasletied into somerpferred sitesOtherboats
anchored between sites 3 and 4 culling out about 100m from the weed edge, and urchins were
very thick through this boulder and habitat. Another diver notecbth&ite 2, with flatter

ground and no boulders, it was easy towgkerethe reefhad been culled and continue culling

the remaining urchins that have moved back into the cracks and gutters. Divers also moved
between Site 3 and Site 4 knowing it to be more boulder and cryptic and therefore requiring
more urgent work. Thdivers also mentioned that the area where they culled looked as though
no culling effort has been made previously, and stated that more work required in this area and of
ground around 10rdepth On completion, moving in towards the healthy reef, abalorakigu
became present. Divers observations indicated algal growth within culledRireas. effort

information is given in TableZ2l

In general divers mentioned that more culling effort still required in this area and also between
site 4 and ;Lbeing moe cryptic in terms of seafloor structurdis concludes the culling effort

for year 1 of the project with all milestones having been completed and budget close to fully
expended.

Table12. Total amount of dive time and urchin culling rate on the niathafreef restoration

project at Gunshot reef.

Total dive time | Time spent on Time spent on health| Cull rate on Cull rate on healthy
(h) barren (%) reef (%) barren (count) reef (count)
15 95 5 18000 0
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Figure27. Spatial distribution patterns wéssel localities (Succorfi8hand diver localities
(Turtle) on Day 9 of urchin culling project at Gunshot reef. Maps are overlaid over LiDAR
derivedrelief of seafloor.
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17 Decembef019: Dayl0

This date was the commencement of the second year of urchin cull at Gunshot reef. Divers
focused their efforts within the areas where high densities of urchins have recently been observed
(Figure28). It was reported th& divers were active on this dayith an estimated culling rate of

around 29000 urchins.
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Figure28. Spatial distribution patterns of vessel localities (Succdtfish Day 10 of urchin
culling project at Gunshot reef. Maps are overlaid over LiBdeRved relief of seafloor.Turtle

localities have not been provided on this day.
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28 March2020 Day 11

Urchin culling effort was applied to several sections of the reef to clean up-amergence of
urchinson this day Boats were also spread out onsadles of the redfFigure 2). It was

observed that reef areas on the north, north east and eastern side that were previously cleared of
urchins remained relatively clear althousgimeurchins have emerged or moved into cracks and
crevasses. Divers mentiea that there is still scope to remove urchins further into greater depths,
particularly in the 13 to 15m depth ranpat have not yet been culleslubstantial abundance of
urchins remained or migrated to the south, south west and western edges getlieapa, and
therefore, major effort will be required to cull these urchins. In particular, the western (inside /
beach side edge) of the reef, still holds very high abundance of urchins in boualddnabitat.

It was reported thdtO divers were acti® on this dayand around 48000 urchins were culled
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Figure29. Spatial distribution patterns of vessel localities (Succdtfish Day 11 of urchin
culling project at Gunshot reef. Maps are overlaid over LiBdeRvedrelief of seafloor.Turtle
localities have not been provided on this day.
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30March202Q Day12

On the twelfth day, divers continued their culling activity acaiksides of the reefvith major
focus around the southern and western qiBegire30). Estimates indicated thatwdirs removed
around 54000 urchins on this day.
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Figure30. Spatial distribution patterns of vessel localities (Succdtfish Day 12 of urchin
culling project at Gunshot reef. Maps are overlaid over LiBdgRvedrelief of seafloor.Turtle

localities have not been provided on this day.
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31 March202Q Day 13

Divers continued their culling activity acroe areas left from the previous day (FigBig
Urchin cull rate reportetb be 48900 urchins arkd divers were active on this day.
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Figure31. Spatial distribution patterns of vessel localiti®adcorfisf¥) on Day 13 of urchin
culling project at Gunshot reef. Maps are overlaid over LiBdeRvedrelief of seafloor.Turtle
localities have not been provided on this day.

47| Page



01 April 2020 Day 14

Inside edge of the reef was targeted to cull urchmthe boulder habitat, especially on the
western side of the reef (Figu8@). It was decided to take a break from culling for a few months
to allow the dead urchins to be washed off the reef by the next large swell and to allow weed
growth to begin. Thisvill assist by allowing the dive team to target any patches of urchins
remaining.It was reported that 11 divers were active on thisaaey52000 urchins were also

removed

Figure32. Spatial distribution patterns of vessel localiti®adcorfis®) on Day 14 of urchin
culling project at Gunshot reef. Maps are overlaid over LiBdRvedrelief of seafloor.Turtle

localities have not been provided on this day.
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