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SUMMARY

A complicated ecosystem interaction is impactingitSoAfrican abalonéHaliotis midaeand rock
lobstersJasus lalandiialong the East of Hangklip (EoH) coastline. Thiesters have dramatically
reduced sea urchiParechinus angulosupopulations, thereby indirectly negatively impagti
juvenile abalone, which rely on the urchins forlre This ecosystem change effect is incorporated
in the spatial and age-structured assessment nimdabalone, with model projections predicting
steep declines in abalone spawning biomass inoietdr-infected areas. In practice, multi-species
considerations have been incorporated irmdrhocmanner only in the assessment, because of the
difficulties both in the conceptualisation and paegerisation of a more complicated multi-species
model capable of explicitly representing the vasidnteractions. However, a preliminary abalone-
urchin-lobster multi-species model has been deeelogs a first step to explore the problem, to
investigate the data needs and to test the potesdrssitivity of model results to the choice of
parameter values. Indications from preliminary stigations were that the predicted recovery of the
abalone resource may be slower than that predicyed model that does not explicitly take the
various interactions into account.

INTRODUCTION

This document is drawn from Plaganyi (2004) andrsanmnses multi-species aspects pertaining to
the South African abaloréaliotis midaefishery. Core problems facing the South Africaalahe
Haliotis midaeinclude illegal fishing and recent ecosystem cleainghe form of a movement of
rock lobsterslasus lalandiinto a major part of the range of the abalonseeéms that the lobsters
have dramatically reduced sea urcRarechinus angulosysopulations, thereby indirectly
negatively impacting juvenile abalone, which refytbe urchins for shelter (Mayfield and Branch
2000, Day and Branch 2002). A spatial and age-&tred production model (ASPM) (Plaganyi
2005, Plaganyi and Butterworth in prep) has praovitee basis for management advice for the
abalone resource over recent years by projectingddnce trends under alternative future catch
levels. As evident from spawning biomass projedionthe lobster-invaded Zones C and D, the
resource is predicted to decline even in the alesehfishing because of the “recruitment failure
effect” (Fig. 1).

Some preliminary analyses were done in 2002 irorespto proposals regarding a possible
experimental take of rock lobsters from East of ¢ikdip (EoH) to advantage abalone. Johnston (2002)
projected the EoH rock lobster population forwander three future constant catch scenarios. Her
analysis suggested, for example, that a futurearmmmmercial catch of 500 MT (i.e. total remowafis
900 MT) would have the effect of reducing the biemaf lobsters above 75 mm down to 18% of the
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2002 estimate by 2008. The extent to which thisllef’removal of lobsters would advantage the
abalone resource is not known and is difficult redioct.

Multi-species model: abalone, urchins and lobsters

A preliminary abalone-urchin-lobster multi-speciesdel (see Appendix 1) was constructed in 2002
as a tool to explore proposed multi-species managestenarios in the East of Hangklip (EoH)
region (Plaganyi 2004). As a first look at the i recovery of abalone in response to fairlgé&ar
reductions in rock lobster biomass having beerctdteby 2008, a linear increase from 2002 to 2008
in juvenile abalone survival rate in Zone C is &ssd to occur from the current estimated value of
2.1% up to 50% of the pre-1990 survival rate oBB7d.. From 2008 onwards, the juvenile survival
rate remains constant at 35.6% per annum.

The model extends on the base-case abalone agspatial-structured population model as follows:

) A discrete logistic equation is added to modeldizeamics of urchins, under the assumption
that the biomass of urchins consumed by rock lobsten be described using a Holling type
Il interaction term;

i) Two discrete logistic equations with added inshaffshore and longshore migration terms
are used to model the inshore and offshore compeéthe EoH rock lobster resource;

iii) Below a threshold urchin density, the mortalityeraf 0-yr old juvenile abalone is assumed to
increase exponentially with decreasing urchin bissnand

iv) The consumption of abalone by lobsters is accoufaedy including rock lobsters as an
additional “fishing fleet” in the abalone populatimmodel.

The model highlighted the difficulties in parametegrg even a simple multi-species model. A
preliminary sensitivity analysis for abalone spawgnbiomass indicated that model predictions are
particularly sensitive to a) the urchin growth rpggameter, b) the urchin-lobster interaction
parameter, c) the long-shore lobster migration aatkd) the initial (1990) lobster biomass level
assumed. An illustrative application of the modedgested that the predicted recovery of the
abalone resource may be slower than that predidieg) a single species modelling approach only.

Much more work is necessary before this model mightconsidered useful in a management
context. However, there is some utility in expesiting with the model in the interim, and hence a
single example of a model run is presented hegs(&i3). The parameter settings used in this initia
run are given in Plaganyi (2004). The base-caseodstration model run predicted that in ten years’
time the abalone resource would be at 31% of theectlevel whereas in 30 years’ time it would be
at 36% of the current estimated level.

The basic aim of the demonstration simulation veasotghly capture the observed changes in EoH
lobster and urchin biomass, so as to see whatfthetson the projected abalone biomass might be.
Note that the rock lobster predation effect on ab@almay be included in the model to a greater or
lesser degree following further investigationstleitime has been spent at this stage in tryingn®
tune parameters, but nonetheless preliminary imgagins were useful in highlighting the
following.

* To simulate the crash in the Zone C urchin popotatis having occurred over a relatively
short timespan, it was necessary to use a relgtisage urchin-lobster interaction term. The
result of this was that urchin populations are exxiely slow to recover (and hence there was
no obvious immediate benefit to abalone of removatisters) unless a high urchin growth
rate was assumed. Once a more accurate estimatehii growth rate is input to the model,
the model will potentially be very useful in preiing the timescale of a recovery of the
abalone resource (assuming this is possible!). SEmsitivity of model results to the urchin
growth rate is positive in the sense that thiskisly one of the easier parameters to measure
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in the field or laboratory and that (raw) data @@entially available to quantify this
parameter.

« The sensitivity of model results to the lobster maigpn rates highlight the importance of
trying to quantify these parameters.

» Although no great reliability should be accordedtlie parameter values chosen for this
illustrative application of the model, there werenatheless indications from preliminary
investigations that the predicted recovery of thal@ane resource may be slower than that
predicted by a model that does not explicitly tdie various interactions into account.

The 2002 BENEFIT Stock Assessment Workshop (BENEXIO2) agreed that the modelling
exercise as presented here was useful as a éptasexplore and bound the problem (in the sehse o
an upper limit in particular), to investigate theta needs and to test the potential sensitivitpadel
results to the choice of parameter values. Speaa@fiommendations for improving the model
included:
» Taking account of the strong size effect in inteoars between lobsters and urchins;
* Giving due consideration to explicitly incorporairthe important role of associated
changes in the substrate and more specificallgeratailability of coralline algae; and
* Re-examining and refining the interaction termsparticular to test sensitivity to having
used the strongest possible interaction terms andonhsider reflecting the role of the
habitat in mediating the urchin — abalone intewacti

The Workshop agreed that no biological reasons wergented that justified closing the EoH area to
lobster fishing. Moreover, there was general cosggithat lobsters do appear to impact abalone but
that there is considerable uncertainty as to whdtieecurrent situation is potentially reversitiaurt

of this uncertainty resides in the possibility ttie# observed changes are due in part to an
environmental or regime shift. The Workshop supgmbthe use of both short-term experimental and
modelling studies to assist in elucidating the reaaand extent of the underlying causal mechanisms.
There is already a considerable amount of datdadolaito assist in parameterising the model (G.M.
Branch, UCT, pers. commn) and experimental dematistis (using caging) have already
successfully been applied to confirm that bothreedit composition and urchin populations can
show some recovery when protected from predatifacesf (G.M. Branch, UCT, pers. commn).
These issues are being addressed to some extarilBg project currently underway. Nonetheless,
the possibility should not be excluded that ecasysthange may occur in a manner contrary to
expectations, as occurred at Malgas and Marcusdslaff the west coast of South Africa, where
rock lobster removals resulted in an explosiorhgabundance of a number of benthic species but
not abalone (Barkai and Branch 1998).

Multi-species modelling recommendations pertaining to South African abalone and lobsters

1. Modelling the relative economic gains and logses the abalone and rock lobster resources in
the East of Hangklip (EoH) area

Detailed modelling of the abalone — rock lobsteurehin multi-species interactions is complex
and not immediately feasible. However, given pressto increase rock lobster quotas in the EoH
region, an immediate priority relates to gaining iemproved understanding of the trade-offs
involved in harvesting rock lobster heavily in thisgion with the aim (in theory at least) of
allowing some recovery of the abalone resource. [Ong time-scale (approx. 10-20 years)
required for any appreciable recovery of the abalmgsource in the “lobster-invaded” areas is
demonstrated in Fig. 3. A practical starting paotddress this issue would involve a relatively
simple extension of the approach described in Agpeh, which builds on the current abalone
and rock lobster stock assessment models.
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2. Modelling the abalone — rock lobster — urchinltispecies interactions

Given the paucity of available data and lack of égosystem understanding, it is debatable whether
a detailed ecosystem approach to this problem yeld practically meaningful conclusions. The
complexity of these interactions is also not eaadgommodated within the relatively rigid structure
of preset models such as Ecopath with Ecosim (\Wadteal. 1997). A more pragmatic approach
would be to extend the current abalone stock assggsmodel to include interactions with rock
lobsters, urchins and possibly the substrate. dppoach would be extremely flexible in permitting
experimentation with a range of different interaotrepresentations and scenarios. It has the added
advantage that the consequences for managementrasgliately obvious within this framework, as
results would be output in the same form as forenurabalone assessments.

The approach described here is similar to thatighfyston and Methot (2000) and Hollowet al
(2000b) who explicitly modelled predation mortality a catch-at-age stock assessment model
applied to the Gulf of Alaska walleye pollock. Theyodelled the effect of three predators:
arrowtooth flounderAtheresthes stomigsPacific halibut Hippoglossus stenolepisind Steller sea
lion (Eumetopias jubatQsby defining predation mortality as a type of &sjp Two important
features of this approach were the use of a flexibhctional response form capable of simulating
varying levels of predator satiation, and the usetatistical methods to fit the model to the data.
Tjelmeland and Lindstrgm (in press) provide a fertexample of the incorporation of predators into
standard fish stock assessment models. They ingigub predation by northeast Atlantic minke
whales in the SeaStar herring stock assessment |naoik estimated the parameters of the
consumption formula by directly including the comgition term in the total log-likelihood function.

3. Development of an OMP for abalone that take®antof multi-species interactions

Ideally, an OMP needs to be developed for the algatesource in the main fishery Zones A-D.

As a first step, the current population model cobt&l used as the operating model for the

underlying dynamics. Decision models would thendnieebe developed to take account of three

critical factors:

a) the recent trend in poaching in each secondarg for TURF);

b) the recent trend in CPUE and survey indicesathesecondary zone, as determined from finer
spatial scale data than that input to the operatiadel; and

c) an assessment of the impact of multi-speciesantions.

The last of these could be based on any or sewttiaé following:

i) Data on abalone recruitment success from a dedia&eruitment survey or from a full
population survey with coverage in at least onest@binvaded and one “lobster-free”
zone (as was the case for the 2002 MCM/Industryesgr

i) Information on the EoH proportion of the rock |asiTAC, in the event that it can be
demonstrated that sufficient numbers of rock laissteve been harvested to allow some
recovery of the abalone resource. This relateteta iL.. above — note also that this would
become relevant only in a few years time given tthree-scale needed for a noticeable
recovery. Unfortunately it appears that the curieold rock lobster allocations hawvet
been constrained (for social reasons) to be tak@n & sufficiently small area to be able
to assist in starting to shed further light as dthtthe likelihood and extent of a possible
reversal of the “rock lobster effect”.

iii) Information from models of abalone - rock lobsteurchin interactions. These could either
be relatively simple models or more complicated Mhecosystem models. Indications
from these models of a short-term enhancementduct®n of the “rock lobster” effect
could be fed into a decision model, provided suchtirspecies / ecosystem models are
carefully parameterised and have demonstratedcaarifi robustness of their conclusions
to uncertainty in the data as well as to a rangplaidsible alternative hypotheses. In the
case of abalone, the development of a tacticalyst&®m model as the basis for computing
harvest limits within an OMP itself would seem ®dvery long way off.
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Arguably the most important issue relates to thednf@r an overall strategic goal by the resource
mangers regarding the abalone and rock lobsteuress in the East of Hangklip region (e.g. should
effort be concentrated on removing rock lobsteosnfithe EoH region — or even just from east of
Danger Point — or should an optimal mix [if poss]lf the two resources be attempted?).

Although the discussion above focuses on a modgtlerspective, the best approach to this problem
would likely depend on experimental studies andadaptive management approach (e.g. Walters
1986, Hilborn and Walters 1992, Sainsbwy al. 2000). For example, an actively adaptive
management strategy applied to the Australian rspkicies fishery was successful in resolving key
uncertainties about resource dynamics and sustaimabource use (Sainsbuey al. 1997). The
approach involved identifying four different plable hypotheses and adopting an experimental
process involving the sequential closure of areasawl fishing. After a period of a few years, the
experiment was successful in discriminating amdwegcompeting hypotheses (Sainsbeiral. 1997,
2000).
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APPENDIX 1 - SUMMARY OF MODEL

The model is applied in the first instance to Z@éncluding both subareas CNP and CP) and is alfsian extension
of the abalone assessment model (with specificatsgiven in Plaganyi 2005, Plaganyi and Buttettwior prep).

1.1 Modelling urchin dynamics
A discrete logistic equation is applied to mode ttynamics of the sea urchParechinus angulosuss follows:

I
u a,_ Uy
Uysg =Uy +1 uy(l— % j———yy )
u) 1+ /Bu_l Uy
where Uy is the biomass of urchins at the start of Model yea
ry is the intrinsic growth rate of urchins;
Ky is the urchin carrying capacity in Zone C;
a, , isanurchin-lobster interaction parameter;
B, | isasecond urchin-lobster interaction parameted,
J)'/ is the total inshore biomass of rock lobstersan& C in Model yeay.

A logistic growth term was considered most appmrigiven that the urchin population needs to beleied as
declining from a relatively high level relative pristine down to a very low level followed by a pilde recovery in
biomass in response to lobster removals.

The sea urchif?. angulosuss an important component of the diet of both pileeand adult west coast rock lobsters
(Mayfield et al 2000). However, Mayfiel@ét al. (2000) found that despite very large differencegriey availability at
different sites on the West Coast of South Africek lobsters consume similar prey species in rouggual proportions
and amounts. Based on this, the biomass of urekimeved by rock lobsters is modelled using a sifiepliform of a
Holling type Il functional response. This formutati was chosen because it approximates a scenaviiah theper
capitaconsumption of urchins by rock lobsters remairgraximately constant at high urchin densities, drglines with
decreasing urchin density. Sensitivity to altenwminteraction formulations can easily be considere

1.2 Modelling rock lobster dynamics

The currentlasus lalandiistock assessment model (Johnston 2002) is ratingplex and not suitable for inclusion in the

model proposed here. Instead, the following equatiare used to respectively model the inshore #istiare Zone C
rock lobster populations:

'+ 40 .
=3y +ry(h+ 39 by Jv)KJ -Cj' +mj + 30 -0} 3]

)
@'+JO) 0 .
J§+1:J§/)+VJ(J;|/+J§/) -t y%J _Cf/ +mg = p3 30 + p3 J{
where J;,J is the total offshore biomass of lobsters in ZGnie Model yeayy;

r is the intrinsic growth rate () of EoH lobsters;

Kj; is the lobster carrying capacity in the Zone daeg

C; | and Cjo are respectively the total inshore and offshorauah catches of rock lobsters in
Model yeaty;

mﬁ and m§’ are constants depicting the annual net longsmoneigration of lobsters (biomass per
year) into the inshore and offshore areas of Zomespectively;

P; is a constant representing the annual proportfdolsters in the offshore region that migrate oreh
and

pz is a constant representing the annual proportidobsters in the inshore region that migrate affgh
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A logistic rather than simpler exponential growénd is used in this instance because the EoH Iolpstgulation is
currently considered to be close to carrying cagd8. Brouwer, Marine & Coastal Management, peosnmn.)

Note that whilst the lobsters are modelled as inipgdoth the urchin and abalone (see below) pdims negatively,
the lobster dynamics are modelled as independahiest two populations. The justifications for csiog a one-way
interaction representation are first becauselikédy that the feedback loops are relatively smatid secondly to avoid
getting into much more complicated details. Fomepk, if the contribution of abalone and urchinghie diet of lobsters
is to be explicitly considered, it has to be daméhie context of the availabilities of the full speim of other prey items
selected by lobsters.

Rock lobsters can occur in deeper water than abakomd it is particularly important to note thathwill have the
largest effect on abalone populations in the shaillshore waters where the majority of abaloneui¢xiand juveniles
are to be found. It was therefore considered nacg$s model the inshore and offshore proportidith® resource
separately. This was also considered useful tdleta investigate the effects of removing lobsthfferentially from
the inshore and offshore regions.

Migration/immigration parameters are difficult tstinate but are considered critical in this contebére it is necessary
to quantify the biomass of lobsters that overlapsotly with the primary distribution of juvenildalone. This
preliminary model assumes that the longshore nigragte is constant, but this could be modifigdeg sufficient
evidence, to include a time trend in this migratiate. Given that the inshore region may be a medehabitat for
lobsters, it is important to consider the possibdéseeding” of the inshore region with lobsterairthe offshore region
under a scenario where lobsters are preferentiathoved from the inshore region. Further thougintdgiired as regards
the validity of assuming a constant offshore tdare migration rate compared, for example, to agsyithat this rate is
a function of inshore (and perhaps offshore) labisiemass. Tagging studies currently underway (Suer, Marine &
Coastal Management, pers. commn) may assist intifiiag some of these parameters.

1.3 Modelling abalone dynamics
a) Explicitly including the negative effect of decreasing urchin biomass on the juvenile abalone survival rate
Increases in 0-yr old survival rate are explicithked to urchin biomass using the relations:

My(y) =M, e’ for u <K, /n,
Mo(y) = Mg for u =K, /n, 3)

where Mo(y) is the (time-variant post 1989) natural mortatdge in Model yeay on abalone of age< 1;

Mgase is the (time-invariant) natural mortality rate abalone of aga < 1, as estimated to apply over
the pre-1990 period (it is also the minimum O-ya phtural mortality rate);

Mimax is the maximum 0O-yr old natural mortality rate @mwvery low urchin biomass);

v is a constant controlling the rate at whibk increases in response to decreasing urchin
biomass; and

n, is a constant determining the threshold urchinriaiss (relative to pristin&, ), below which

the survival rate of juvenile abalone is negativielpacted.
Mayfield and Branch (2000) indicated that thereaishreshold urchin density below which the survigéljuvenile
abalone is affected.

b) Explicitly accounting for the predation mortality on abalone due to rock lobsters

The following is based on the assumption that fobkters predate on young abalone as proposednhg. Sche natural
mortality parametelM used in single-species models implicitly takee mccount the predation effects of a suite of
“background” predator species and should be a nedode approximation in all but situations wherer¢his a dramatic
sustained increase or decrease in the biomassiasmociated predation mortality caused by onbeoptedators. Given
the large recent increases in the EoH rock lohmipuolation, it is thus desirable to explicitly inde the associated
increase in abalone mortality rates due to preddtiolobsters in the model. The simplest methodtroduce a
biological interaction into a model appears todatlude the predator as a fishing fleet. The Hudthore rock lobster
population has therefore been included in the madain “additional fishing fleet” operating sinc#0, with the

proportion of the abalone resource consumed bydobsach yearl%yJ ) given by:

7
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F)=C, /B @)
where the biomass of abalone prey available fosgomption by rock lobsters is computed as:

Bprey — Z_lsJ (NI + NO ) _M%
= 2 SaWary (Nya + Ny Je ()

a=0

where SaJ , the fishing selectivity-at-age for the lobsteashing fleet”, can be interpreted as the predateding

preferences for abalone of agéassumed not to change over time). The summatishasn over ages 0 1, wherez
is the plus group age, as it is unlikely that plusup animals are preyed upon by lobsters.

The consumption of abalone by lobsters is givea imple Lotka-Volterra interaction term:
J - I ppre
C)=a, J,B" (6)

where @, | is an abalone-lobster interaction parameter thassence captures the “availability” of prey te pinedator.

However, this is a particularly strong interactform and some experimentation was conducted withrative forms
such as:

C;rEd = pred B;Jred B;Jrey/(l + b pred B;)rey) (7)

which allow for predator satiation. More complightiinctional response formulations (such as théouarHolling
functional response formulations or ECOSIM’s foragiarena formulation) can readily be incorporatedaisimple
model of this form.

It follows that the abalone numbers-at-age consubyddbsters each year is given by:

ija =S] FyJ (N)','a + N;’,a)e‘M/‘* @)
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a) Zone CNP Spawning biomass projections
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c) Zone D Spawning biomass projections
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Fig. 1. Spawning biomass trajectories and 20-yjegtmns for Zone C subareas a) CNP and b) CP hssvéor c) Zone
D obtained using a Spatial- and Age-Structured &cton Model (Plaganyi 2005, Plaganyi and Buttemwan prep).
The projected commercial (C) and poaching (P) esetie in tonnes. Future catch scenarios showmdi@dlture
commercial catches constant at the current legdljced by 20%, or set to zero, as well as ondriitige scenario with
future poaching assumed reduced by 50%. Resules mesar identical under each of the future scenam@stigated
because the declines in these zones is dominatdtebrgcruitment failure effect.
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Simulated changes in lobster and urchin biomass in response to post-2002 lobster
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Fig. 2 Example inshore and offshore lobster antliarbiomass trajectories obtained using input
parameters as detailed in Plaganyi (2004) and wmdeenario in which lobster catches are increased
substantially post-2002.
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Fig. 3. Abalone spawning biomass (inshore + offsfemmbined) projections in subareas CNP and
CP of Zone C given associated lobster and urclumass trajectories as shown in Fig. 1.
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