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2 Executive Summary

Theblacklip abalondHaliotis rubra rubracontribute more than 8@ of the annual wild abalone harvest
across southern dstralia. Blacklip abalone typically inhabit cryptic sp@cg. beneath boulderg)ntil

they reach size at maturity at around five years of,ay&l in Tasmania are not fully emergent until sizes
greater than theLegaMinimum Length(LML) This key lifdistory trait createssignificant challenges in
identifying potential changeim stock levelsiue to interannual recruitment strengthThus recruitment
failure or poor year classes are not detectable until abalarecalready at a size enterthe fishey,

giving little warning of a potential reduction in fishable biomass. Monitoringygiticabalone(2+ to 4+
year class@however, provides an earlier warning of major change in cohort size, and offer the benefit

of having passed the early vulnerablespsettlement stage.

A simple Abalone Recruitment Module (ARMjlising a flat black polyethylene plateas designed at
IMAS the deployment systems and performance of ARMs across a range of habitats was tested in this
project. Adirectattachment mehod using stainless steel expansion inserted into a shallow 8mm
diameter hole drilled with a hydraulic impact dillas robust to significant wave energy conditions,
although the type of underlying rock (granite, sandstone, mudstone) was a sw@jtnibutor to the

ability of ARMs to survive storm events. Cost of ARM materials iatlev$50 per ARIMAnd all materials

are readily available across Australizstallation is relatively straight forward with up to 40 ARMs

installed in a single day lan experienced team.

The ARMs provided data on cryphiacklipabalone in a size rang&Qmm - 100 mm) that is poorly
captured by transect or quadrat based fishery independent sundysndance of abalone recruits on
the ARMs was reasonably stable &gdhe three year study period, but showed high levels of local
variation within sitesand among adjacent sites at each locatibiigh densities of abalone recruits were
consistentlyobserved under several individual ARMs at each sampling period sugpestiresite

choice when installing ARMs chave a substantiampacton the data obtained.

A samplesize of 20 replicate ARMs was used at each site in this study in order to address perceived high
levels of local scale variation. Effect Size and Minirbetectable Difference calculations suggest that

even with a relatively large sample size, power to detect chanigaited to a magnitude of 896 to 100

% changes in abundance. We recommérat sample sizes of at least 20 should be maintained to

accourt for high local scale variation in recruit abundance.

Density of juvenile abalone observed under ARMs was inversely related to habitat complexity. The most
plausible explanation for this pattern is that where there is an abundance of high quality nadibredt

for crypticabalone, the ARMs have a limited ability to attract recruitsm natural surroundingdn



addition to the high levels of locaktale variation in recruit abundance, this effect of habitat complexity
on recruit density observed undeiRMs gives demonstrable support for the argument that this type of
sampling should be considered in the context of relative change, and should not be used as the basis for

absolute estimates of abundance or biomass.

This project has demonstrated that ARK provide cosefficient high quality data on abundance of
juvenile abalone across the range of habitat types observed on commercially productive abalone reefs.
The suggested use of the ARM method is to monitor recruit abundance at key indicator thiaghe

fishery, but not as a state wide tool for monitoring overall recruit abundance.
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3 Introduction

Over the past three decades the Eastern Zone Abalone Fish&éasmanidasexperienced several large
fluctuations in catch and catch ratds addition to periods of intendaistoricalfishing, there have also

0SSy SYOGANRYYSyGlf LISNIdANDIGA2ya FyR OKFy3aSa 2y ¢
productivity. In particulartwo significantmarine heatwaveshas raised the concern that climate change

(Oliver et al. 201 7nay be bringing increased volatility in recruitmewith an already depleted stocKhis

concern around recruitment is reinforced by observatifnmosn commercial abalonéishers because the

downward trend in catch rates appears to be preceded by relatively few abalone below or at the minimum
legal length. Conversely, recovery in catch rates is alperceived as beingreceded by observations of

large numbers of abalon@pproaching the minimum legal length.

Being able to respond to climate change driven changes in recruitment is currently difficult because, in
¢CLayYryAry GKS fSy3adkK Fd gKAOK Folf2yS 06802YS wSyS
fishers igypically at about the same size as ttegalMinimum Length (LML) or around six to eight years

of age. Full emergeritehaviouris usually not evident until abalone have reached a size greater than the

LML (IMAS unpublished data). Thus recruitmfgilure or poor year classes are not detectable until

abalone have entered the Eastern Zone fishery, giving little warning of a potential reduction in fishable
biomass. As a result there's no opporturiity managemento consider aradjusiment of catchlimits

before aperiodof low recruitment enters the fishery.

When recruitment to the fishery fails, the fishery is reliant on existing oldergl@ases already in the
fishery, leading to a rapid decrease in fishable biomass. The capacity to measugnimiel variation in
subLMLyearclass strength would provide valuable prior warnindgpioimassdecline. Data obtained from

a prerecruit monitoring programhat captures interannual changes ipre-recruitabundance could
providevaluablefisheryindependent data to inform TAC settinghich is currently heavily reliant on fishery
dependent dataApplication of assessment and Management Strategy EvaluMiS8g models are both
limited due to the absence of data on early yetass abundance patterns, amndll be improved by access

to quantitative informationon prerecruits

Previous work on recruitment in Australia has focused on either the settlement Nash et al. 1995,
Mundy et al. 201Q)or on rolling boulders to find cryptic juvenile abalqfeince et al. 1987However,
processing of abalone larval collector samples is laliensive and early postettlement stages (@ 3
months) aretypically subject tdigh mortality ratesthus evenstrong biological recruitment events at
settlement may not progress tiarge cohorts withirthe fishery. Destructive sampling by rolling boulders is
also time consuming, and only feasiklbere the substrate can be moved to make the cryptic space

accessibleThisexclucesmany important reef systems from a potential survey programd may lead to



bias in recruitment estimates especially given blacklip ababdd@ighly spatiallydefinedpopulation
structure. Monitoring of intermediate size abalone 2+ to 4+ year classes however, prowdesiag of
major change in cohort sig@ior to being detected by industpand offer the benefit of having passed the

early vulnerable possettlement staye. It is thiryptic juvenilestage that is targeted in this project.

Artificial structures referred to as "Abalone Recruitment Modules" (ARM) for monitoring changes in the
abundance of abalone have been trialled with some success in Canada and @#lifavis 1995, DeFreitas
2003, RogerBennett et al. 2004, Bouma et al. 2Q1 addition, arange of ARM designs have been tested

by IMAS staff over the past decade which has églidentify an optimum collector design for monitoring
juvenile2+ to 4+ blacklipHaliotis rubrarubra) abalone (20 mm to 80mm shel length). This design
developmentrequiredtesting in different habitats and improvements to the method of deployment on

reef substrates. Work is also required to establish a network of these that is effective in terms of statistical

power and operational feasibility.






4 Objectives

1. Optimise colletor module design for quantifying abundance of juvenile abalone across a range of
habitat types

2. Determine links between juvenile abundance observed on modules and abalone in surrounding
habitat

A % 4 A x

natural mortality data and known abundance.






5 Methods

5.1 Abalone Recruitment Module Design

Between 2002 and 2012 the IMAS abalone research group trialled a range of alternative Abalone
Recruitment Module (ARM) designs¢himding a range of abalone recruitment modules simulating natural
juvenile abalone habitat. These trials indicated that a simple flat plate placed on the reef suggees or
more efficient than comple8D ARM designat providinga cryptic spacsuitabk forjuvenile abalone of

the target sizerange(~ 20mm to ~80mm). The initialflat plate ARMdesign used 500 mm square 10 mm
steel plateswvhich usedhe mass of the ARMSs the primary mechanisfor holding the plate in place.

These ARMsuccessfully ctidcted juvenile abalone at both trial locations in the Black Reef region.
However, tandling of these heavy plates was problematic both in deployment and in surveying the ARMs
Sorm eventsalsocaused dislodgemerand movement of the plates leading tonfounding of smaidcale
variationin juvenile abundance with temporal chande addition the steel plates presented issues in terms

of cost and longevitylt wastherefore evidentthat alternative material testingnd desigrwas required.

5.1.1 Testing of alternative ARM materials and ARM size

Trials of three sizes of squatdkVs (250 mm x 250 mm, 400 mm x 400 mm, 500 mm x 500 mm) at George
Il Rock fixed by a central pin drilled into the rackuggested that the midize plates (400 mm x 400 mm)
were the nost suitable for this habitat typésmall to medium boulders)his assessment was based on the
concept of maximising the surface area of the plates, but still allowing placement of the plates in suitable
microhabitats that were likely to be used by crypéibalone. The larger plate size of 500 mm x 500 mm
square was found to be difficult to accommodate in the mixed sized boulder substrate. Furthermore, the
trial suggested the square design of the plates was inappropriate as the plate corners fouled adtlanee

led to plate dislodgment. Following thield trial of square plates400 mm diameter round platesere
developed and successfully trialledsieveralhabitat types designated in the project (boulder, slab and low
profile mixed bottom). In the boult and slab habitat it would be possible to utilise a large plate
dimension, but in order to provide comparison with the low profile mixed bottom a standardized plate size

was deemed advisable.

Preference for different ARM matersdby juvenile abalone &as determinedy tank testing at the IMAS
Taroona facility between December 2014 and February 2015, follatvngxperimental design outlined by
Olabarria et al.(2002) These tank trialshowed that there was no selection preference by juvenile abalone
between polyethylene, fibreglass and concré®Ms, but that these three surfaces were preferred over
steel. Polyethylene was selected as the material of choice over fibreglass and cdragetkon its ease to

manufacture (laser guided cutting), deploy (reduced weight) and price.



5.2 ARM Installation

A detailed description of the ARM design, equipment, and installation procedures is provided in the
standardoperatingprocedures(Pyke et al. 2017A brief overview oftte method is provided her&.he

ARMs are secured to the substrate withsingle central piwhile three adjustablerisersare located on the
perimeterto control thegap between theARMand the substratéFigurel, Figure2). One of theisers is

also used tgrevent the plate rotatingby locatingthe riserbolt within ashallowhole drilled into the rock.

This also provides increased security in adverse tiondj and ensures the plate is replaced in the same
orientationeach time The height of the plate above the rock surface is adjustable using theribeze
(Figure3, Figure6), and based on evidence of height preference from the tank testing is set to a maximum
of 40 mm at one riser, with another riser setfahm- 10 mm, prouding a gradient of heights below the

plate from one side to the other.

8 mm diameter SS threaded rod secured
by threaded HDPE solid rod

raising bolts located
at perimeter of plate.

P

8 mm SS drop in anchor

m 3 x 6 mm diameter S§

SS = 316 stainless steel

Figurel. Blacklip abalone juvenile collection plate configuration.



Figure2. Discoloured coralline algaehitat beneath an ARM several months afitestallation along with
three juvenile abaloneCentral pin and riser locating hole (top centre) are cleadible

TheARMs are deployed in a string € ~25) connected to a 50 mength ofsteel chain (12 mm diameter)
viatethers (Figured). ThisARMdeployment systemepresents a modification on the system developed
during FRDC 2005/026r attaching abalone larvabllectorsto rocky reef substratevithin a defined sitelt
allows the divers to follow a singlkeRMstringand sample eacARMin turn, reducing the risk ahissing
replicateARMs when kelp cover is high, or visibilityeésluced.Within the F'few months of deployment it
became apparent that the wire traceused as tethersvere not an effective choice as they had a tendency
to sit proud of the substrate and become tangled in weed. The drag effect of the weed subsequently
caused some plates to be torn from the bottamith plate andtetherslost. All wire tracersvere
subsequentlyreplaced with6 mm chaintethers. Custom35 mm diameter solid HDPE rods have been
designed as a securing methtat holding the ARM in place. Téearecut to length, drilled and tappetb
use as a lockingut (Figure3). These can be tightened and loosened by handraddce the time required
to census eachRRM. If they become stuck a hole drilled through the top of the rod allows the diver to

insert a screwdriver to lever it free.



Figure3. ARM with HDPE locking ratd threeriserbolts on the perimeterLighter chain tethesecuring
the plate to the main locating chain can be seen on the left.

Surface float ——
Drop line — T
Sub-surface buoy -

Tether Chain

Main chain -

Abalone collector plate

Figured. Plan view of central chain, tether chains, &M deployed on a reef



5.3 Data analysis

All data analyses were conducting usingRICoreTeam 2017)and data summaries andjfires prepared

usingdplyr (Wickham and Francois 201&)d ggplot2(Wickham 2009packages.

5.3.1 Testing of ARM performance

Development of a flexible method for setting collector height above the rock surface was key to allowing a
single collector design to hesed acrosghe diversity of habitat types within the Tasmanian abalone

fishery.The six locations selected for the collast{igure5) incorporatedthree key habitats;large boulder

reefs (The Gardens, Seymour and Black Reef Boulder), mixed low profile bottom (Betsey Island and George
lIlRock)and slab eef (Black Reef Slalijeareferenced fishery data was used to identify potential sites and
where possible, RMs were installed at areas of frequesttmmercialfishing activity to ensure the sites

were representative of the fishenAt each of these sites, two strings with 20 replicate ARMs were installed
between April 2015 and July 20THhe first survey of thRMs posinstallation varied depending on

weather conditions. Following the second census, all sites were surveyedr amonthly intervals

targeting specific periods of the ye@ummern(FebruaryMarch), Winter(July/August), and Sprirf{@ctober

November).

Abundance of juvenilabaloneon ARMswere converted to abalone/#to explore trends in mean
abundance through time. Size frequency distributions (pooled across replicate strings at each site) were
used to examine the size structureatalone found on the ARM$o determine if there were small

temporal scale variation in numbers of juvenile abalone using the ARMs as host habigtipn in
abaloneabundancavere examined over two days (@® Oct2015 at Betsey Islandnd two weekg25

Sep08 Oct2015 atBetsey Island anBlack Reef Boulder and Slab sites (30-&8pDct2015).

10
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5.3.2 Within-site variation among replicate ARMs

By the end of the ® year of ARM surveys, it was apparent that at neits some replicate ARMs had
consistently low or high numbers of juvenile abalone. To examine wéiterand temporal variation in

juvenile abalone counts under replicate ARMs, the data were examined in two ways. Firstly, to determine if
juvenile abaloneounts were temporally correlated, a scatter plot matrix of abalone counts (< 100mm SL)
across each census was done. Secondly, box plots of abalone counts on each replicate ARM were used to
examine the median and range of abalone counts observed acresantire timeseries (i.e. the different

census periods were treated as observations).

5.3.3 Relationship between pre-emergent (juvenile) and post-emergent size classes

While abalone biological and behavioural characteristics suggest there should be a |dcatéstoitment
relationship, no such relationship has ever been demonstrated for halidtglpart of this project
permanentFisheryindependent surveyFIS) sites were established at $@me locations where the ARMs

are deployedand where possible spaadthe ARM strings. The FIS sampling program adopted the method
developed in FRDC 2015/0@@undy et al. 2010)This desig uses a 6@n long baseline transect marked by
permanent SS ring bolts, with ten replicaterh5c 1m belt transects randomly located along the baseline.
Randomised numbers (@ to 59m in 0.5m increments) are used to determine the start position of the
transect along the baseline and a randomised binary vadit right) determinel the direction of each 15

m belt transect perpendicular to the baseline. Sampling isaestructive within the belt, and all abalone

11



observed within the belt are measured thenearestmillimetre. Surveysvere conducted on the same day

as the ARMs are surveyadhenever possible

Overall abundance of juvenile (data from ARMs)-legalabalone(FIS < 138 m SL), and legaized
abalone(FIS >= 138m SL) are compared at easite and sampling period to explore overall relationships

between emergent and juvenile abalone abundance.

5.3.4 Validation of abalone counts found on ARMSs

¢KS odzZ |1 2F GKS NBaSINOK R Opthiéd dledior riofulellesi§refdd dza SR 2
quantifying abundance of juvenile abalone across a range of habitatdydes ¢ K N2 dz3K ho62SOGA O
there was an intention to validate the counts of juvenile abalone under the ARMs, by rolling boulders at

sites where that was feasible (Betsy Island, Gedifyand by comparison of expected juvenile abalone

density based on population dynamic model outpW¥ith regard to the latterjt was proposed to match

observed numbers of juvenile abalone under the ARMs with juvenile abundance derived from population
dynamic models utilising local biological parameters and current catch and effort data. It now seems that
approach would be fruitless given the strong effect of habitat complexity on juvenile abundance, and the
absence of any relationship between juveraleundance and the three parameters likely to drive a

population dynamic model (FIS abundance, catch, CRIdEgssment models also treat recruitment

internally as residuals, and do not output numbers of recruits specifiaaththemodels run at a larger

geographic scale such as Zones or Blagitkput account for reef areaDeprived ofan understanding of

how much habitat of low, moderate, high complexity exist within potential model regions, it would be
misleading to attempt to link model outputs to a@l juvenile abundance dat isolated local sites

Further inhibiting model based calculations is that large spatial differences in abundances under the plates
exist between locations with similar habitat complexities suggesting that using habitatexijEs a

single additional factor within a model would be insufficient to define recruitment

Determining abalone abundance by rolling boulders to quantify the cryptic population has been
demonstrated to be effective in southern Tasmafiaince et al. 1987)Here we trialled the method

adjacent to the RM strings at two sites (Betsey Island and George Ill) in November 2015. At each end of
the string of ARMdjve replicate2 m x 2 m lead weighted rope quadrats were randomly sammgedhgn =

10 replicates at each sitdVithineach quadratdivers searched all crevices and cracks for abalone and
when this was completed, all boulders that could be moved were rolled using a crowbar to expose any
further animals. Shell length of animals was binned into 10 mm groupBasplots were used to nmpare
median size and size structuoé samples collected from the quadrats with samples from the ARMs at the

same time period.
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5.3.5 Power of sampling design to detect change in recruit density

Abundance of abalone at local scales is often highly patchy lgaadlilarge variation among replicate

quadrats or transects within a site. This study commenced with a relatively high sample size (n= 20) to

ensure that the extent of smadicale variation in recruit abundance was captured, and to avoid the bias
associatedvith chance location of ARMs in very good or very poor locations that can affect studies with

small sample sizeEffect Siz¢Greenland etal.@16)g | & OF £ Odzf G SR Ay (62 FT2N¥&°
comparison across locations and Minimum Detectable DifferéBoeck et al. 2015p determine the

effect of changingample sizea2y O LJ OA & G2 RSGSOG RAFTFSNBYyOS o6Si
calculated using theffsizepackaggTorchiano 2017)
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6 Results

Installation of the final design HDPE circular flat disk ARMs was straight forward in all habitalie and
improved HDPE locking nassemblyenabled easy removal of the plate without todfsgure3). Using the
final ARM design, the 2BRMson each stringouldbe renpoved and replaced in approximately one hdayr
a team of two diversThe exact time requiredlasdependent on juvenile abalone numbers under each
ARM(Figure6), with handling and measuring timeorrelated with thenumber of juveniles. The anchoring
system proved robust to sever weather conditions, with arounddéf plates dislodgeat the Seymour
Point and The Gardens locatiothsring a 1 in 100 year storm that afted the Tasmaniaeastcoast in
mid-2016 Figure?).

Figure6. ARM at Black Reef Boulder location.
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Figure7. Significant wavaeight (hs) from Cape Lodi south of BichéBast Coast Tasmanidpnuary to
July 2016. The pedisof 6.37 min June 2016s the largest wave height for this location in th@dcast
reanalysis datasetpanning 1979 to 2016 producég the Bureau of Meterolog{Durrant and Greenslade
2011)

6.1 Evaluating ARM performance

Occupation of the ARMsy juvenile abalonevas initially slowwith mean abundancécreasing over the

first six months and stabilisirafter around 15 monthsHigure8). The exception to this pattern was at
Betsey Island where juvenile abalone odewdpthe ARM prior to the first census and were of a similar size
structure to those found on later surveyBigure9). Themodalsizeclass of abalone found on the KR

was typically 40nm to 50mm shelllength (SL), with very few abalone larger than @@ recorded. Very
small animals (less than 20 mm SL) were also obseRigdré10), and were occasionally very abundant

for example at Black Reef Slab in Winter 2(Hi§yre9). No pattern to the shape of the size structure is
immediately euvilent from the sizdrequency histograms, but this may be explored in more detail at a later
date through modal progression analys&be size range of juvenile abalone occupying the ARMs addresses
the size band wher&1Soutinely provide little or incomgte information (10mm SL to 10@nm SL). In this
regard the ARMs designed during this project deliver exactly the information desired from a program

seeking to quantify abundance and stferyptic phaseabalone

The highest density of juvenile abalofeeind on ARMs (~ 8 to 12 abaloneémvas found at Black Reef Slab

which has the lowest habitat complexity of all study sifeigiirell). Sites with medium (low proéireef,
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small boulders) and high complexity (high profile, medwiarge boulders) habitat had variable

populations of juvenile abalone, but never as high as the slab habitat at Black Reef. Among the sites with
complex habitat and larger boulder structyraverall density of abalone found on the ARMs reflects stock
status, with higher catch and catch rates observed at Black Reef (Block 14) and declining catch and catch

rates at Seymour Point (Block 29) and The Gardens (Blo¢ki@adly and Jones 2017)
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Figure8. Mean censity (nf) of abalong+ SE) on ARMacross eight sapling periods and six siteEach

ARM has a planar surface area of 0.563(BI = Betsy Island, BRB = Black Reef Boulder, BRS = Black Reef
Slab, G3 = George lIl, SP = Seymour Point, TG = The Gardens). Note: mean density/ARM of 2%dbalone/m
approximatey equal to a mean count of 1 abalone/ARRgplicate strings (suites) coded by colour.
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Figure9. Size frequency of juvenile abalone recorded underneath ARMs at each of eight sampling periods

across six sites. (Bl = Belskand, BRB = Black Reef Boulder, BRS = Black Reef Slab, G3 = George Ill, SP =
Seymour Point, TG = The Gardens).
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Figurel0. Small juvenileblacklip abalongé~ 10mm) found on an ARM at Betsey Island.

Figurell. Mean density () of abaloneon ARM®y site grouped into different levels of habitat complexity
at the final survey irgring 2017 Replicate strings (sukites) coded by colour.
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