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The operating model

The model developed for the present study is aefteg-structured metapopulation model of the schoo
prawn stocks inhabiting the Clarence River. Itinigs individual-based population dynamics and mavgm
between compartments that are both subject toftbete of temperature and river discharge. Thrglefiies
exploit the modelled population with the fisher dymics based on a combination of historical effevels
and changes in catch per unit of effort. The magleblibrated to 20 years of past catch data fien t
Clarence River fisheries using a Bayesian SIR aggrovhich produces a ‘posterior’ distribution frakely

parameter values and the model runs that besifitlata.

Individual growth
A suitable individual growth function for penaeiarisnp is the von Bertalanffy growth function (Gar@nd
Le Reste 1981):

| =L, @—expEk(t—-t,))) )

wherel is the carapace length of the prawn at tinte, is the average asymptotic carapace length to wamch
individual grows (mm)k is a species-specific growth-rate constant (panth®), and, is the theoretical age

(in months) of the individual at zero carapace tang

Rather than implementing a fully length-structuoedgent-based model, we chose to aggregate prawns
into groups based on growth functions (Walters ladell 2004, Box 5.3). Variability in growth withia
cohort was accomplished by dividing each cohod i aggregates (five for each sex), with eachegde

associated with a separate growth function (tiat. 2001). Newly spawned individuals of each sex were

added to one of the five growth aggregates accgrtdithe proportions of 5925%: 40%: 25%: 5%. Thus,

the majority of prawns were placed in the centraingh aggregate, which represents the best-estifoate

prawn growth. The remaining prawns were placedjgr@gates with growth rates above and below thss be
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estimate rate, giving the overall distribution obgth a normal-like variability around this centggbwth

rate.

The median (best-estimate rate) von Bertalanffyfigarameters were based on the estimations for
growth made in the Clarence River by Glaister (1977A1) and weight for both sexes was calculat@agu
the length-weight provided by Broadhuestal.(2004) from studies conducted in the Clarence Risee
Table 1 for details). Both male and female prawesavexplicitly included in the model; however, imglify
the notation, only a single sex is representetierfallowing equations. Each of the following eqoas

should be assumed to apply to both sexes unlessnsie specified.

Prawns of different sizes were divided into sevenrb categories, each of which belonged to onerekth
different life stages, namely larvae (<5 mm CLygniles €5 mm and <20 mm CL) and adults20 mm CL)
(see Fig. 2 in main publication). In this modelaavae was classified as a prawn that is less%ham CL,
although juveniles as small as 3 mm can recruhécestuary fisheries (Glaister 1977). The sizgestavere
used to reduce the number of parameters in thelmelige still allowing for size-dependency in key

processes (such as mortality) (Werner and Gilli&&4).

Mortality

Total mortality ) was modelled separately for the three life stag#ough no studies were found that
provided estimates of larval natural mortality, thee is believed to be high on the basis of tlaridity of
this species (Daltt al. 1990). Values for the juvenile mortality rate watso unknown, and thus these two
parameters became the primary means by which tilelnaas calibrated to the combination of historical
catch records and average prawn weight data. Atsgtiysanalysis was also completed (section 2.1002

examine the effect of changes in these parameters.

: . N/
Thus, numbers of prawns of carapace length tlmszoneA in montht+1 (* '**') were calculated as

. . N/
shown in Equations 2 and 3, wheémepresents time, ' represents numbers of prawns of carapace length

A
classl in zoneA in montht. EIementT'“"t is the fraction of prawns in length clds# zoneA that move to
length clas$ during the time stepfor all five growth aggregates. This element walswated by determining

the fraction of prawns in length cldsghat move to clads and then weighting this co-efficient in proportio

A
to the distribution of growth aggregatd4.is the natural mortality of prawns of carapacetharclasd, 21t

A X
is the total mortality for prawns of carapace léngjasd in zoneA during the previous month-{), 't is

X
fishing mortality induced on prawns of carapaceathrclasd by fleetX in zoneA during monttt, and S is

the retention selectivity of the gear used by flen the stock of carapace lengith
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N,'i = Z TkAql,t [:le,t—le feics
k=1 (2)
Zh =M, 4T SR
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Individuals were harvested from the model’'s twaifig) zones, based on the Baranov catch equatian. Th

catch of prawns of carapace length zoneA in montht was calculated as:

Z SX F A X
t
= NG - exp(-2))
" @)

The total catch for a zone was calculated by sumrthia mean weights of all the length classes.

X
Selectivity (S ) was calculated using a logistic selection cuémanet al. 1996, p. 40) as:
o [ exp@+bl)
! 1+exp@+bl
pa-+bl)) o

X
wherea andb are calculated on the basis of the length of giseat 50% retentionLEO) and the selection

range of the gearﬁﬁ() for fleetX:

—a
X
=Ty
(6)
2.197
SR' = Lis = Los =——

b @

AX
The fishing mortality F' ) resulting from fleeX in zoneA, during timet, was calculated using the

observed effort applied by the fleet in that zahe,catchability of the prawns or the efficiencyflekt X

(.
FtA,X — (1+ J)tq)( EE[A,X (8)

AX
where E is the effort (boat-days) of fle&tin zoneA during timet, ando is the monthly growth in fleet

efficiency (technology creep), which for simplicig/regarded as the same for each of the fleets .

Effort data from the three fisheries from 1986 602 were available from NSW DPI, but a model obsff
dynamics was required to represent catches fror 206 beyond. For each of the three fisheriesrdutu

effort (2006 onwards) was a combination of thedmistl fraction of the annual prawn catch harve shed
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month ('Om), multiplied by a factor that reflected the catate (CPUE) at the beginning of each month (see
section 2.8 for more details on the chronologyrocpsses). This representation modelled the betagfo

fishers who intensified their effort if fishing éar the month was successful, and reduced tlifeirtef

2005
U, -U,)
Eym = (P Z Etym): exp{ . j
9

fishing was poor.

y=1986

EEAMX
In Equation 9, '™ s the effort (boat-days) of fleitin zoneA during monthm of yeary, U, is the

sampled CPUE at time U, is a constant base CPUE value around which chaogsfort are generated, and
y Is the parameter used to connect changes in C®ORanges in effort. Note that future fishing effeas
subsequently modified by closures for each fleptafscribed in the management strategy (i.e. effas set

to zero).

Fecundity and recruitment

In penaeid populations, individuals are generdilyrslived (i.e. <3 years) but females may spavmuiber
of times in a year (Bagenal 1973; Penn 1980). Tastmimportant factors in determining prawn fecuydit
include water temperature, size of individual feesadnd moult frequency during spawning seasorofAll
these factors affect the number of eggs producddrenumber of times a female will spawn each year
(Penn 1980). In this model, we simplified thesecpeses and assumed that fecundity is a functitmeof
carapace length of females. Females above an &veaagpace length of 25 mm were treated in the hasde
sexually mature (range 18-30 mm CL) (Glaister 19p8552) and after sexual maturity is reached, any
further increases in carapace length translatedmctreased fecundity ((Penn 1980) with westertogkh

prawnPenaeus latisulcatiis

Recent studies have provided good evidence foexistence of a stock—recruitment relationship in
penaeid prawns (Ye 2000). In this model, egg prddnavas linked to larval population numbers using
Beverton—Holt stock—recruitment function (reparagrised as in Haddon (2001) to the steepness of the
stock-recruitment relationship and the initial bas®/recruitment). The stock—recruitment relatigmshi
employed is as follows:

)
AT +B(T,)

I— — Z N female
(11)

AST = W,_(l— z- O.ZJ
0.8z (12)
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BS = z-02
08[Z[R, 13)

whereR; is the number of recruits (prawn larva) produsechontht, /; represents the number of eggs

produced by the spawning stock at tin&™ andB® are the parameters of the Beverton—Holt stock—

female

recruitment relationshigg is the normally distributed recruitment error!* is the number of female

prawns of carapace lengtin montht, f represents the fecundity of female prawns of arapength, w.

is the average weight of a prawn larva recruitqi@galted using the length to weight relationshipegiin

Table 1),z represents the steepness of the stock—recruitrktionship andr, is the initial recruitment used
for the simulation. In this context, a recruit wiined as a prawn larva (<5 mm CL). Because spayvni
females may produce eggs in any zone, the numbrecnoiits produced in each zone was made propaition

to the number of eggs produced in each zone.

Movement (immigration and emigration)

The typical life-cycle of the eastern school prawagins when adults spawn in ocean waters. Thedarva
immigrate on lunar tides (Rothlisberg and Churc@3)9nto estuaries and up-stream towards suitable
habitats, such as seagrass beds, where they $égl@ost-larvae that survive the high larval maytgrow
into juvenile prawns in the non-fishing zones. Jineeniles then move downstream into the estuahyrits
zone, possibly before any appreciable growth oc@eo¢es and Greenwood 1983). Once in the estuarg zo
the prawns grow until they approach sexually matuat which time they begin to move to the oceamezto

spawn.

Movement between compartments was calculated eaothraccording to coefficients as shown in

Equation 14.
AL = NA —gA-RNA Ao~ AN A
Nl,t+1 R Hls,t Nl,t + Hls,t Nl,t
(14)
N/ 9%-n
where 't is the number of prawns of carapace length-stageoneA and st is the proportion of

individuals of length-stage (larva, juvenile or adult) moving from zolg to A; at timet. Each length-stage

can move between any connected compartments, hottevenovement of juveniles and adults is primarily

A A
in the seaward direction, while larvae move int® d¢istuaries from the ocean. The values ofgfhb
parameters had a base value in the model but thepidstay constant as they are manipulated by

environmental factors (described in the followirgtson).

Climate variability and itsinfluence on population dynamics
The calibration of the EPT and OPT catches to thdahpresented a challenge that provided someestiag

insights into the dynamics of this system. Althotigére appeared to be sufficient evidence to asshbate
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river discharge events affected the seaward marati prawns, there were two alternative hypotheses
could have considered that would have allowed usatch both the relatively stable EPT catches hed t
more variable OPT catches that spiked during higgr discharge events. We could have assumed that a
population of adults inhabited the unfished zong migrated rapidly out to the ocean during rainngseor
alternatively, we could have taken the approachtilgg river discharge events resulted in increageuth
of prawns and/or increased catchability. The lapgroach was chosen primarily on the basis of viteace
presented in the movement and distribution studiethis species, which showed a consistent trend of
increasing prawn size with closer proximity to teean during normal climate conditions (graphically
presented at the bottom of Fig. 2 in main publaaXi(Glaister 197B; Coles and Greenwood 1983). The

specifics of how we modelled such river discharffeces are as follows.

The impact of river discharge on the growth and emoent of school prawns

The exact mechanism by which high river dischaffgces the school prawn’s seaward emigration has be
debated since the 1950s. An examination of sch@evip populations in several NSW estuaries concludes
that the emigration of prawns after flood eventdue to the resultant decreased salinity (RaceR)195
However, a separate study of school prawns in th&é# River, NSW, shows that a heavy flood event ca
have a more pronounced affect on emigration thao@ moderate flood, even though the latter flogasn
sufficient to reduce the estuary salinity levelshat of freshwater (Ruello 19@8 Ruello’s research suggests
that the enhanced emigration is instead due teased river flow and subsequent disturbances térot
sediments. Studies on the effect of rainfall ongimegration of banana prawns in the Gulf of Caragat
relate migration to the tolerance of juvenile banprawns to low salinities but also suggest thafath may
affect banana prawn productivity also through iasess in nutrient levels in the water, which theméase
growth and survival (Vancet al. 2003). Several further mechanisms have been peddos the link between
freshwater flow and different fishery species, unlihg: (i) trophic linkages via changes to primary
secondary production due to increased nutrientdamenater; (ii) changes in distribution due tteadd
habitats; and (iii) changes in population dynanmictuding recruitment, growth, survival and abunckan
(Robinset al.2005).

For the purposes of this model, we used salinity poxy for all possible causes for prawn emigrati
after flood events. Salinity was set at base leartsthen allowed to decrease as river dischargetev
occurred. Each compartment had a recovery ratetwaliowed the salinity levels to return to theisbdevels
over time. By employing this process we hoped toiporate a lag effect of a large river dischangene

which would enable the prawns to emigrate seawaed after the discharge event diminished.

The effect of river discharge and temperature @wprmovements is through alteration of the movement

A~ A
parameter values'st (Equation 14). Each movement parameter was adjlisteiver discharge and

temperature, as shown below in Equation 15.
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If sg" >sg H‘Q; A= HQQAJ
If sa <sg 60" =60 expbd —sq)

(15)

A A
where is the salinity movement effect factor for aﬁaga is the salinity level in are& at timet and S8,

is the base salinity level below which an effeatws.

High river discharge events are believed to aléecathe growth of juveniles (Ruello 1993y increasing
the availability of water borne food for the prawmso are detritus feeding opportunistic omnivotesilpla
et al. 1993). Fishers refer to this food-enriched waseisaveet water’. This phenomenon is believed taltes
from the disturbance of benthic communities duflngd events (Jones 1987) and from the increasiethpy
and secondary production generated by increase@muevels (Moorest al. 2006). To incorporate this
hypothesised impact on growth, a food availablétyel was added to each compartment in the modgh H
river discharge temporarily increased the food labdity level in each compartment at the same tiha it
reduced salinity. Just as there was a recoveryoagalinity there was also a loss rate assocmaigdfood

availability.

Food availability affects growth through the mangtion of thek values in Equation 1, as shown below in

Equation 16,
i A A _ £ A
k - kC exp(fat—l fab) (16)
wherec” is the food availability growth effect factor fareaA that is used to calibrate the effect on growth,

A A
fa’, is the food availability level in areaat timet—1 and fa’, is the base salinity level above which an

effect occurs.

The impact of temperature on the growth and moveofesthool prawns

The advent of spring, and associated increasest@riemperature, coincides with a rapid growtiof
macleayiand an immigration of maturing prawns to ocearevga{Glaister 1978. The link between growth
rates and water temperatures has been well corfioymeesearch of penaeid prawns (Racek 1959; Ruello
1973; Glaister 1977, p. 40; Pottet al. 1986, 1989; Somers 1990) as well as of other @cesin species
(Koeller 1999; Drinkwateet al. 2006) and of marine life in general (Neuheimer aadgart 2007). To
incorporate this effect, tHevalues in the von Bertalanffy growth function (Etjon 1) were manipulated
such that the minimum growth rate occurred wherem&mperatures were at their lowest levels and the
maximum growth occurred when water temperatureg wetheir highest levels (Lhomme, 1977 as cited in
Garcia and Le Reste 1981). Although there is eviddo suggest that water temperature also hadexat eh
prawn survival (Vancet al. 2003), to simplify this model we restricted théeef of water temperature to its

effect on growth.
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Temperature was also used in the model as an indiobthe seasons that drive seaward emigration.
Research has found a continuous recruitment ofywenile M. macleayito the Clarence River estuary
(Glaister 1977, p. 39), with the main peak of tieisruitment occurring in the summer and early amtum
months (Racek 1959; Ruello 1%/ ¥ oles and Greenwood 1983, p. 740). Larval upstne@vement occurs
throughout the year but peaks at times when spap®aks in ocean waters (Glaister 1977; Rothlishady
Church 1993). To incorporate such seasonalitytimamodel, a seasonal element based on tempevedsre

added so that there was a peak in seaward movergeneniles during summer months.

The effect of river discharg®() and temperaturél{) on growth is through manipulation of thealues in

Equation 1 as shown below in Equation 17:

K=k@+@ D+, T) 1

wherey, andy, are the coefficients of the effect on growth cfatiarge and temperature respectively.

The effect of river discharge and temperature amvprmovements is through alteration of the movement

A~ A
parameter valueg'svt (Equation 14). Each movement parameter was adjlisteiver discharge and

temperature as shown below in Equation 18.

8o " =0"" 1+¢, D, +¢,T,)

(18)

whereg, andg, are the coefficients of the effect on prawn movetsi@f river discharge and temperature

respectively.

Other impacts of river discharge on school prawnaiyics

Large river discharge events have been speculat@dd affect the fecundity of school prawns anackehe
number of recruits in subsequent years. The higisitles of prawn numbers following rain events are
believed to help improve a prawn’s chances of nyatimd spawning (Ruello 1988 Another possible result
of river discharge events is an increase in schgdiehaviour which can increase catchability (askeen
found to be the case with other penaeids (Penn; AM8ceet al. 2003, p. 48; Zhoet al.2007; Princeet al.
2008)).

The reasonably good calibration achieved for thisleh was attained without river discharge directly
affecting fecundity; however, the effect of rivascharge on growth indirectly increases the fedynafi the
population as fecundity is linked to size (sectds). We have also permitted catchability to bectd#d by

river discharge according to Equation 19:

If D, > D¢ qx* :qx 7y (D, (19)

wherey; is the coefficient of the effect of river dischargn catchability that occurs when discharge 18yel

exceeded the amount chosen as the ‘river disclesg@’ levelDe (see Table 1 for more information). This
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effect was limited to the month of high river diache events, and at most, the catchability doudblethg

these.

Chronology of processes

The smaller the time-step in a simulation moded,l&ss the chronology of processes affects outcaméise
present study, we were restricted to monthly stadgish were the temporal resolution of the catch effiort
data. The ordering of processes was based on tbheatbgy used in ISIS-Fish model (Mahevas and feille
2004) and modified to suit the model presented (e 1).

climate effects reproduction sam[ling
t+e

. J
| I T Mo
Natural mortality

change stage  migration management & fishing mortality
(aging, growing) actions

month t month t+1

Fig. 1. Diagram showing the order of processes used isithelation model.

Model calibration
Step 1: Manual calibration

The first step in the calibration of the model ilwaal matching the output from the model with 21 rgeat
existing catch history for the ocean and estuatydfiies that operated in an around the Clarencer Rivhere
reliable values were not available for parameteey tvere manually adjusted so that the observed and
expected catches became aligned (see Table lifbrohthe parameter values used and their solréesost
function was applied to determine the quality & fi of the modelled to the observed catch rectnain

1985 to 2005 for each of the three fisheries. Eatalg the calibration of the model to the catctords of the
three separate fisheries in the two separate fistones provided a structural validation of the etod
(Aumann 2007) by showing that the model mimicsdherce system on a step-by-step and component-by-
component basis. The cost function used was (Mi&D

200512 [(CX —OX)/O'X‘
AX — Z ‘ t t

X
t=1985-01 n (20)

X
WhereAX is the cost function for fleet, timet is measured in months from Jan 1985 to Dec 28(95i,s the

X
modelled prawn catch for flegtin timet (kg), O is the observed prawn catch for fléeat timet (kg), o*

is the standard deviation of the observed datéidet X, andn® is the number of catch record data points for
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fleet X. The fit for each fleet was classified accordiadhe (subjective) interpretation supplied by OSPAR
Commission (cited in Moll 2000) which is: very goed. standard deviation, good: 1 or 2 standard

deviations, reasonable: 2-5 standard deviations; p& standard deviations.

Step 2: Sensitivity analysis

A sensitivity analysis was conducted against ed¢heomodel parameters in order to determine tlye ke
drivers of the model (Arhonditsis and Brett 20(ach parameter value (input) was increased ancédsed
20% and the effect on a number of model outputmimement indicators) was recorded. This process was
repeated 20 times with different random numbersl eseh time (i.e. a total of 60 records for each
parameter). The results were then used as theetlfbasm step-wise regression analysis with theqse of
developing best-fit equations (Kleijnen 1995). Tasulting regression equations provided approxionatbf
the input/output behaviour of the simulation modetingle multiple-linear regression equation waedl

which implicitly assumed that interactions betwagyut parameters were insignificant (Equation 21).

H
Y, =4, +Z,3hxih t &
h=L

(21)
(i =1..n)

whereY; is the simulation response (management indicéda@)model rum (involving a certain combination
of initial parameter values}, is the regression intercept, is the first order effect of parameterx, is the
value of the standardised paraméta@n combinatior, ¢; is the error term of the regression model for

parameter combinatidnandn is the number of simulated parameter combinations.

In this equation, each parametemust be standardised for the first-order effggt® reflect thaelative
importance of each parameter.Zas the original (non-standardised) value of patantmewhich ranges

between minimum value and maximum value, the sppéadrameteh can be measured by

A, = (maxm) B min(h))/2 and the mean of parametecan be measured tRh = (maxm) M min(h))/2.

The standardised valug can then be calculated as (Kleijnen 1995):
- =(z. — /
Xn = (2 —1,)/ &, (22)

Three management indicators where chosen as motlte {;), namely the Future Average Annual
Ocean Prawn Trawl catch from Jan 2006 to Dec 20iE5Future Average Annual Estuary Prawn Trawl catch
from Jan 2006 to Dec 2015; and the Future DepldRiatio of prawn stock, which is the ratio of estieth
Biomass in 2015 to Estimated Biomass in 1985. Aasgjon analysis was performed against each of thes
management indicators to determine the key parasn@gvers) for each of them as dictated by the

mechanics of the simulation model.
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Step 3: Bayesian SIR calibration

The Bayesian approach used in the present stuityatstl the posterior probability distributions @fyk
parameters by the sampling/importance resamplirthade Five parameters were chosen as ‘key paragheter
and given a prior probability distribution functigodf). The choice of these five parameters wasdas

their importance in the model as shown by the sigitgianalysis and by the level of uncertainty@sated

with their values.

Monte Carlo methods such as Markov Chain MontedCamld importance sampling are the most frequently
used methods for Bayesian analysis. For the puspafsthe present study, we chose to use the
sampling/importance resampling (SIR) method that mamerically robust and straightforward to impleme
(McAllister et al. 1994). The SIR algorithm involves two distinct paa. Phase one draws a value from the

prior pdf of each of the parameters (a paramet¢iasd calculates the likelihood of this set basedow

well the model outputs calibrated to the observetid his process is iterated many timesO@®times in our

case), with the parameter set being stored alotigtive likelihood of this set. Phase two resamfiiese
intermediate results to approximate the postetibrop each management indicator. The intermediedalts
were resampled, with the replacement using a pifitydtased on the importance function. In our ¢dke
joint prior pdf was used as the importance func{idicAllister et al. 1994; Rafteret al. 1995), which meant
that the resampling was proportional to the liketii of each parameter set. Thus, with the priorasdhe
importance function, the greater the likelihoocigfarameter set the more frequently this set woeld
resampled and included within the posterior. Forase detailed explanation of Bayesian SIR methsels,
McAllister et al.(1994) and Punt and Hilborn (1997).

The likelihood function assumed that the obsenaditwas normally distributed about the predicted
values, with a standard deviatienThus, the log-likelihood (LL) for a given fishesybbservations was

proportional to (Haddon 2001):

LLX = —g[Ln(ZH) +2Ln(c*)+1]

, (23)
oo [FEE]
t=1984-07 2n ,(24)

X
whereX is the fishery (EPT or OPTi,is the number of data point(s’:,t is the observed catch for fisheXyat

A

X
montht, and C is the estimated catch from the model for fishét montht, with 1984—2007 and 2005—

2006 representing the year—month limits of the ola®ns.

The total log-likelihood for a single model run wagn calculated as the sum of the log likelihodmdghe

ocean and estuary trawl fisheries:
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LL = LLEPT + LLOPT . (25)

Only the OPT and EPT fisheries were included inttia log-likelihood because they represented the

majority of the catch.

A joint posterior probability distribution for tHeey parameters was produced on the basis of thaelatdd
log-likelihood for each model run (as describedva)oThe quality of the posterior was determinedtan
basis of the efficiency of the importance functiothe SIR method, as estimated using the maximum
importance ratio (MIR) (McAllister and Pikitch 199The MIR is equal to the ratio of the maximum of
likelihoods to the sum over all likelihoods. McAller and Pikitch (1997) found that a maximum imgoce
ratio of 0.04 “... appeared to provide estimatesasiterior pdfs sufficiently precise for stock assesst and
decision analysis”. Another means of improving plesterior pdf is to ensure that a single paransse(the

maximum single density MSD) is not assigned moaa th% of the total probability (Punt and HilborroT3.

The key parameters chosen for the Bayesian SIBraibn process were catchability (q), larval and
juvenile mortality (LM and JM), and the two stoacruitment parameters (z and Rv). These were chassen
they were the parameters for which there was sigmif uncertainty regarding their true value (sablé& 1)
and they had the most effect on the managemertatuds in the sensitivity analysis. Parameters agdhase
unfished-zone salinity levels (C1SalBas) and uefishone and estuary food levels (C1FooBas and
C2FooBas) were not chosen because they were stesdga the impact of river discharge on the groarh
movement of prawns and the uncertainty in this ichgcaptured to an extent in the stochasticifit buo

future river discharge and the various climate-gigascenarios.

Calibration data and parameter values

Table 1. Theinitial values and referencesfor the main parameters used in the calibration of this model

Data and parameter values Sources

Catch and Effort data for 3 fisheries. Standardatex of NSW DPI ComCatch database based on monthly logsheets
observed catch data usedHnuation 3—2027,597 for EPT,  supplied by fishers.
22,656 for OPT, and 6,240 for SPN.

Clarence River discharge data NSW Department of MBResources (2007)
Instantaneous adult mortality = 0.37 motith Montgomery, S. (unpubl. data)

Instantaneous larval mortality — Bayesian prior wittiform Limits based on calibrating average prawn weightSPT catch
distribution between 2 and 4 month with estimates provided Broadhurset al. (2004)

Instantaneous juvenile mortality = — Bayesian pwih

uniform distribution between 50% and 100% of lanvalrtality.

Migration parameters (e.g. LMov2_1, JMovl_2, AMo82 Initial values based on known movement patteiitts larva
migrating from the ocean to the estuary and unfistane;
juveniles migrating from the unfished zone to estuand adults
migrating out of the unfished zone and estuary¢odcean
(Glaister 1978; Coles and Greenwood 1983

Equates to approx 2800 eggs per female, which is in the range
for other Metepenaeus speci®efin 1980Dall et al. 199Q
7.1) with size class spread based on wei@argcia and Le
Reste 198)

Average female growtheh = 37.41, K = 0.24 month, ,=0.7,  (Glaister 1977p. 74)

Average male growthd = 23.61, K=0.70 month, t,=0.8,

Fecundity F1-F4 (0—20 mm CL) = 0, F5 (20-25 mm €L)
3400, F6 (25-30 mm CL) = 4200, F7 (30-35 mm CL) 653
F8 (>35mm CL) = 6500 eggs month
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each growth group was spaced so that each hac dhdt was
0.5 mm different from its neighbouring groups.

Catchability (q) — Bayesian prior with uniform distition (Coles and Greenwood 198%nn 1984Broadhurset al.
between 0.0001 and 0.001. 2004.

Virgin recruitment (Rv) — Bayesian prior with uniform Limits based on manual experimentation compariranghs in
distribution between 10e9 and 10el1l. maximum likelihood with changes in Rv.

Slope of stock recruitment relationship (z) — Bagesirior with  Relationship suggested by the work ¥&(200Q. Lower values
uniform distribution between 0.2 and 0.7. reflecting the strength of the stock-recruitmeratienship given

that the model area covers the full migratory raoigge Clarence
River school prawn stock (Ruello 1977).

Change in catchability (dq) = 0.0004 O’Naill al. (2003: table 6.4.4)

Weight for both sexes was calculated as: Broadhurset al. (2004)

In(w) =2.917[In() - 6.919

carapace length (mm).

Gear selectivity: estuary and ocean prawn trawdmg0 Macbethet al. (2004)

diamond codend, L50 = 10.59, SR = 3.42

Gear selectivity: Stow Netting, 30-mm diamond mestiend,  Macbethet al. (2005)

L50 = 8.46, SR=3.55

Recruitment errorr€) was taken from a log normal distribution Found to incorporate sufficient recruitment undettafor a

, Where w is weight (g) ands

with mean 0, coefficient of variation 0.2 similar peneaid species (Melicertus plebejus) (aed Scandol
2007)

Water temperature levels, approximated by a simeecu Taken from temperature loggers in Clarence Riverdatd

Cos(month / phase - freg)™ 2) * amp + base, witlhueslof: provided by Australian Bureau of Meteorology.

C1: base 13°, amplitude 13°, frequency 3.8 and pBase

C2: base 15°, amplitude 13°, frequency 3.8 and pBase

C3: base 17°, amplitude 7°, frequency 3.8 and pBdase

Salinity movement effect factoé) = 1.01, Salinity Base Clarence Valley Council Floodplain Services (2006)

A

Levels (Sao ): C1SalBas = 50, C2SalBas = 2300, C3SalBas =

35000

Food availability growth effect factor’) = 1.01, base salinity Chosen to calibrate the model.

A
levels (Sq’ ): C1FooBas = 100, C2FooBas = 100, C3FooBas =

90.

Future river discharge estimates (L20D dischargamaand Based on the range of estimated % change in pratguitfor the

L20D discharge CV) Clarence River Basin (152-154°E longitude and 29-8&fthide)
provided by the OzClim package (CSIRO and IGCI 2007)

River discharge event leveDg) = 300000 ML Chosen to calibrate high catch levels associated extreme

maximum river discharge events. This level was eded only 6
times during the calibration period (1985-2005).

ACatch rate data were not standardised using geseidinear models (Hilborn and Walters 1992). Hosvea number of key issues
traditionally addressed by standardisation werewacted for in this model. First, changes in fishgogver over time, which can

affect the validity of CPUE as an index of abundamere dealt with by including a parameter for gitown catchability over time

that was based on the standardisation work undartekQueensland (O’Neidit al. 2003). Second, seasonality in catchability, which
can affect within year CPUE, was dealt with throtighuse of two additional parameters that fitteg@sonal pattern to catchability.
These additional parameters therefore effectivitéred the effect of the catch data on the mod#iénsame way that data
standardisation would have. By including these phera in the model, we are able to incorporate tinetime sensitivity analysis

and thereby analyse their importance as a drivéte@management indicators.
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