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Summary

Initial updated assessments are developed for the South Coast rock lobster
resource incorporating the recently revised estimates of somatic growth rate
by area developed by OLRAC, and fitting to area-specific CPUE and scientific
catch-at-length data. The focus here is on a model structure which splits the
resource into areas A1E, A1W and A2+3. Given problems experienced with
refining the growth rate estimates within the model fitting process because of
the low OLRAC estimate for area AlE, for the purpose of this paper the
extreme approach is taken. This fixes these estimates at their OLRAC values,
except that area A1E is assumed to have the same growth rate as A1W. This
leads to results which show reasonable fits to the data. Across a restricted
range of sensitivities, the current spawning biomass depletion is estimated at
30%. Suggestions are made for aspects of the model in need of further
evaluation.

Introduction

Initially, three model structures were identified to be explored to provide the underlying
operating models for the updated South Coast rock lobster assessment. These structures
pertain to the spatial split of the fishing grounds and are:

Model 1: A1, A2, and A3 (as for previous operating models)
Model 2: A1E, A1W, A2 and A3 (four sub-areas)
Model 3: A1E, A1W, and A2+3

After some preliminary results were presented, the SWG decided to focus on Model 3 as the
reference case model.



MARAM IWS/NOV12/SCRL/P2

Model 3 candidate OMs

There appeared to be a general problem in obtaining realistic fits using the somatic growth
rates for A1E as reported by OLRAC (2012). Note that this sub-area is estimated in those
analyses to have much lower growth than the other two sub-areas. The assessment process
returns unrealistically high K values, essentially because with a low somatic growth rate, surplus
production is less and unable to account for historic catches from the region without setting the
pre-exploitation abundance very high. Initially, three alternate OMs were developed. Of these
three “Variant 1” was selected to be the most appropriate method and this method is used in
all the results presented in this document.

Variant 1: All five growth parameters are FIXED at the OLRAC reported values (OLRAC model 8),
except for Ag1E which is changed to equal the OLRAC Agl1W value, i.e. growth for sub-area A1E
is set equal to the higher value for A1W.

For all OMs, the models are fitted, as in the recent past, to CPUE and scientific catch-at-length
(SCI CAL) data from each of the three sub-areas.

All OMs allow for time-varying selectivity (see Appendix for details).
Reference Case (RC) OM

The table below lists the parameter values for the RC model, and those for the three sensitivity
models for which results are presented in this document.

Parameter RC Input value Sensitivities
Osel 7.5
OR 0.8 0.4
0, 1.0 0.5
Wien 1.0 0.1
Results

Table 1 reports the results of the RC and three sensitivities. The four models produce fairly
similar estimates for B, with more variation in Bey, (see Appendix for definitions of spawning
and exploitable biomass).

Figure 1a shows the fits to CPUE for the RC and SEN3 and Figure 1b shows the associated CPUE
standardised residuals.
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Figures 2a shows the RC SCI CAL residual plots for each sex and sub-area. Figure 2b is similar —
but for SEN3.

Figure 3 shows B, trajectories for the RC and SEN3 both in absolute terms (top plot) and
relative to pristine (bottom plot).

Figure 4 shows absolute By, trajectories for the RC and SEN3.

Figure 5a shows stock-recruit residuals for the RC and SEN3 and Figure 5b reports the
proportion of total annual recruitment in each sub-area.

Figure 6 shows the growth curves which are input for these OMs for each sub-area. Note
though that the models reported here fix the growth for A1E at that reported for A1W.

Figure 7a shows the RC and SEN3 selectivity functions for each sex and sub-area.

Figure 7b shows the selectivity function & values for the RC and SEN3 (these allow for annually
varying selectivity — see equation 24 in the Appendix).

Discussion

The Reference Case model considered here, and the three sensitivities to that, show little
difference in terms of the results of greatest importance: the depletion estimates shown at the
bottom of Table 1, which for spawning biomass for the resource as a whole are all about 0.3.
The fits to the data shown in the plots all appear reasonable.

This has, however, been achieved by the rather extreme approach of fixing the AglE parameter
value equal to its larger AglW counterpart. Further analyses will examine alternative
approaches to this.

Other factors which will be considered in further analyses are:

e alternative approaches for allowing for changes over time in selectivity at length — see
equation 24 (in  addition to sensitivity to the value of the
Osel Parameter;

e alternative distributional forms for the variation over time in the recruitment
distribution over areas - see equation 29 — e.g. use of a multinomial form;

* non-homoscedasticity in CPUE residuals over time — e.g. for area A1E these appear
larger in the earlier compared to the more recent years; and

e alternative spatial structure models to Model 3..
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Table 1: Model 3 estimated parameter and —/nL values for the RC and three sensitivity analyses.
Values italicised indicate the changes made for sensitivities. Note that these changes render the
total and some components of the negative log likelihood non comparable. The growth
parameters were either “fixed” at the OLRAC reported values, or changed as described in the

text.

RC SEN1 SEN2 SEN3
vid Via Vif Vig
Wier 1.0 1.0 1.0 0.1
Ogol 7.5 7.5 7.5 7.5
OR 0.8 0.4 0.8 0.8
oy 1.0 1.0 0.5 1.0
-InL Total -420.53 -401.93 -405.63 -142.49
-Inl CPUE -108.48 -89.61 -104.11 -147.92
-Inl CPUE A1E -16.08 -15.81 -15.23 -24.13
-Inl CPUE A1W -40.41 -39.06 -38.48 -59.73
-Inl CPUE A2+3 -51.98 -34.73 -50.40 -64.06
-In SCI CAL -356.55 -353.57 -350.22 -153.79
-In SCI CAL A1E -13.73 -14.84 -10.99 37.15
-In SCI CAL A1W -165.99 -162.09 -164.20 -91.15
-In SCI CAL A2+3 -176.83 -176.64 -175.03 -99.78
CPUE AlE o 0.378 0.381 0.388 0.298
CPUE A1W o 0.185 0.192 0.196 0.105
CPUEA2+3 0 0.131 0.218 0.138 0.092
SCI CAL A1E o 0.131 0.131 0.134 0.178
SCICALA1W o 0.069 0.070 0.070 0.093
SCICALA2+3 o 0.069 0.069 0.070 0.089
K 2546 3188 2571 2525
AA1E 0.102 0.106 0.1106 0.103
AAW 0.341 0.346 0.338 0.325
AA2+3 0.557 0.548 0.556 0.571
g75 3.280 fixed 3.280 fixed 3.280 fixed 3.280 fixed
kappa 0.099 fixed 0.099 fixed 0.099 fixed 0.099 fixed
Agm 0.996 fixed 0.996 fixed 0.996 fixed 0.996 fixed
AglE -0.796 changed | -0.796 changed | -0.796 changed | -0.796 changed
Ag1lW -0.796 fixed -0.796 fixed -0.796 fixed -0.796 fixed
B5p(2011) (Bsy(2011)/Ksy) 713 (0.280) 883 (0.277) 737 (0.289) 761 (0.301)
Bexp(2011) (Beyp(2011)/Keyp) ALE 85 (0.205) 82 (0.195) 75 (0.182) 84 (0.169)
Bexp(2011) (Bexp(2011)/Keyp) AIW 791 (0.438) 790 (0.416) 768 (0.415) 515 (0.292)
Bexp(2011) (Beyp(2011)/Key) A2+3 | 1553 (0.304) | 1801 (0.265) | 1673 (0.325) | 1717 (0.309)
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Figure 1a: RC and SEN3 (CAL down-weighted by 0.1 in —/nL) OM fits to CPUE for each sub-area.
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Figure 1b: RC and SEN3 (CAL down-weighted by 0.1 in —InL) standardised CPUE residuals for

each sub-area.
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Figure 2a: RC CAL standardised residuals.
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Figure 2b: SEN3 CAL standardised residuals.
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Figure 3: B, and Bs,/K trajectories for the RC and SEN3.
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Figure 4: B, Trajectories for each sub-area for the RC and SEN3.
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Figure 5a: Stock recruit residuals for the RC and SEN3.
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Figure 5b: Proportion of total annual recruitment for each sub-area.
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Figure 6: Somatic growth curves as estimated by OLRAC-Model 7 and used for input to the
OMs.

Male Length-at-age: OLRAC Model 7

120

100

80

60 == A1lEm

Length (mm)

40 == A1Wm

== A23m

20

Age

Female Length-at-age: OLRAC Model 7

120

100

80

60 o= A1Ef

Length (mm)

e ATWF
40

== A23f

20

Age

14



MARAM IWS/NOV12/SCRL/P2

Figure 7a: Selectivity functions for each sub-area for the RC and SEN3 — functions shown for
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Figure 7b: Selectivity dvalues (see equation 24) estimated for the RC and SEN3.
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Appendix

The Age-Structured Production Model for the South Coast rock lobster
population

The south coast rock lobster resource is modelled using an age-structured-production-model
(ASPM) which fits to catch-at-length data directly. The model is sex-disaggregated (m/f) and
area-disaggregated. Population equations have been modified from Baranov form to Pope’s
approximation. This reduces the number of estimable parameters, and so speeds runtime of
the program.

Note that the model estimates annual variability in the proportion of recruitment (age 0
lobsters) to each area each year. Though formally there is not inter-area movement after this
recruitment, in effect this means that there is allowance for such movement, but only for ages
less than those which the fishery exploits.

1. The population model

The resource dynamics are modelled by the equations:

NJio = ARy (1)

Nyito = A"Ryu (2)

N =20 INJe™ 2 =Clle™ 3)
|

Nyiten =25 [Ny e™ 2 =Clile™ @)

mA _ ] MmA -M™/2 _ ~m,A -M™/2 ] MA A-MT/2 _ ~m,A -M™/2
Ny+lp - Z [Ny,p—ﬂe Cy,p—ll]e +Z[Ny,p,le Cy,p,l]e (5)
| |

f.A GfA M2 _ RfA -Mf/2 GfA-MP2 _ RfAq-MT/2
Ny+lp - Z [Ny,p—ﬂe Cy,p—ll]e +Z[Ny,p,le Cy,p,l]e (6)
I I

17
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where

N;‘;“A is the number of male or female (m/f) lobsters of age a at the start of year y in
area A,

N;“;f A is the number of male or female (m/f) lobsters of age a of length / at the start of
year y in area A (see equation 15),

M ™ denotes the natural mortality rate for male or female (m/f) lobsters which is
assumed to be constant for all a (and here identical for male and female
lobsters). Note that this value is fixed at 0.10 in this model.

é;“;flA is the catch of male or female (m/f) lobsters of age a of length / in year y in area
A, and

p is the maximum age considered (taken to be a plus-group).

Note: Z)IA =1 and that 0<A* <1. The model makes the assumption there is no cross-
A

boundary movement after recruitment.

The number of recruits of age 0, of each sex, at the start of year y is related to the spawner
stock size by a stock-recruitment relationship:

aB;

R, =—2 e (7)
T B+(BYY

where

a, S and y are spawner biomass-recruitment parameters ()=1 for a Beverton-Holt

relationship),

¢, reflects fluctuation about the expected (median) recruitment for year y, and

ij is the spawner biomass at the start of year y, given by:

18
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By = i fa> [w, "Ny (8)

where W;‘Ais the begin-year mass of female lobsters at age a in area A, and f, is the

proportion of lobster of age a that are mature.

In order to work with estimable parameters that are more meaningful biologically, the stock-

recruit relationship is re-parameterised in terms of the pre-exploitation equilibrium female

spawning biomass, K¥®, and the “steepness” of the stock-recruit relationship (recruitment at

B¥ = 02K ® as a fraction of recruitment at B® = K®):

a :% (9)
and
where
p1 S e‘:;Ma'
R =K? /{ZA:AA Z; fow fe i + fpwg*Am } (11)

The total catch by mass in year y for area A is given by:

Cr= > >Cu* (12)

m/f a |
where
Cyil =W INA SRS (13)
2
Com =W INJAS AU Fp (14)

2

where Wlm”’A denotes the mass of a m/f lobster at length / in area A, and where

Sm”'A is the length-specific selectivity for male/female lobsters in area A,

19
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FA is the fully selected fishing mortality in year y for lobsters in area A, and which is

constrained to be < 0.80,

is the relative female selectivity scaling parameter for area A, and

Nm/f,A - N;T’];f’AQm/f’A (15)

y.a,l a,l

where Q" " is the proportion of fish of agethat fall in the length groupfor the sex and area

a,l

concerned (thu®_ QJY"* =1 for all agesa).
|

a,l

The matrixQ is calculated under the assumption that lengigatis normally distributed about
a mean given by the von Bertalanffy equation (Béaretial., 2002), i.e.:

l,~ N[ rafL-e*@w). 62| (16)

where
N* is the normal distribution truncated at + 3 stadd#viations, and
6 is the standard deviation of length-at-agevhich is modelled to be proportional

to the expected length-at-agei.e.:
6, = ﬁ*lor:/f,A(l_e—K(a—to)) 17)

with 3" a parameter estimated in the model fitting process.

Growth rate model

Growth is assumed to be both sex and area dependent. The k (slope) parameter of the length
increment versus length relationship is area-independent, but the intercepts vary with area.
Thus the annual growth of a 75mm male lobster from each area is given by

g75™E = g75 + Ag1E + Agm
g75™W = g75 + Ag1W + Agm
g75™2t3 = g75 + Agm
and, the annual growth rate of a 75mm female lobster from each area is given by:
g75/1E = g75 + Ag1E
g75"-"W = g75 + Ag1W

g757%+3 = g75,

20
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g75M/fA

[it follows that I/ = 75.0 + ( ).]

K

Using growth Model 8 of OLRAC’s SCRL12 document, the five somatic growth rate parameters
are:

Estimates

g75 3.280 mm
K 0.099 yr™
Agm 0.996 mm
AglE -2.840 mm
Ag1W -0.790 mm

To put these parameter values into perspective, the above values result in [, (mm) and g75
(mm) values as reported below.

le (mm) g75 (mm)
AlEm 89.51 1.44
A1Ef 79.44 0.44
AlWm 110.15 3.48
A1Wf 100.09 2.48
A2+3m 118.19 4.28
A2+3f 108.13 3.28

[Note for ALEm there is a catch-at-length data maximum plus group of 105+mm, and for A1Ef

one of 95+mm.]

The model estimate of mid-year exploitable biomass is given by:

A

BA =BPA+ B (18)
where
By " = XXM S W AN, e ] (19)
a | 2
é;ﬂ,A = ZZ SmyA[War:iiN’;l,eﬁ e—Mm/Z] (20)
a | 2
and where

21
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p is an area-specific factor that scales female relative to male catchability;and

é;\ is the total (male plus female) model estimate of mid-year exploitable biomass for

year yin area A.

The overall fishing proportion is:

- Cobs,A
FA=— (21)
y A
By
1.1 Catch-at-length proportions
2.Clai
S S AT (22)
RO DI It
| m,f a
> Gl
R S N (23)
DD IP Nty
| mf a
where f);j,”‘A is the estimated proportion of catch in area A of m/f lobsters in length class / in

year y (note that the total proportions of male plus female lobsters will thus equal 1.0 in any
given year and area).

1.2 Time varying selectivity-at-length function

The selectivity function (which depends on length) may be allowed to vary over the time period
for which catch-at-age data are available (1995-2010). To effect this, the form of the selectivity
function is generalised to:

1

Sm/ f,A -
yJ e_|nlg(|_(|g(\’/f,A+591/f,A)/Am/f,A

(24)
1+

The estimable parameters are thus:

22
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. IQQ,”’A(the expected length at 50% selectivity), and
« A™"Aand for y = 1995-2010

Note:
* the expected length at 95% selectivity (l¢r '*) is given by I "A + A™ "4,

. 5;””‘A for pre-1995 and 2010+ = 0.
An extra term is added to the negative log likelihood to limit the extent to which the 5;””'A

differ from zero — see section 2.6.

An issue to be taken into account is that for equation (24), if 5;“””* decreases, this means that

selectivity is increasing on younger lobsters; however given that the model fitting procedure
assumes that:

CPUE, =q) WS N, e™"" (25)
|

this situation seems implausible, in that an enhanced CPUE would result even if there was not
any increase in abundance.

Presumably enhanced catches of younger animals are achieved by spatially redistributing effort
on a scale finer than captured by the GLM standardisation of the CPUE. A standard method to
adjust for this, while maintaining a constant catchability coefficient g, is to renormalise the
selectivity function in some way:

S)Tl/f,A . S;,’lm/f,A = S)r/rjllf,A/ X;n/f,A (26)

where here as a simple initial approach we have chosen:

|£n/f,A S;n(f’A

m/f,A )
Xy - z |2rr1/f,A_|lm/f,A+l (27)

|m/f,A
1

i.e., normalising selectivity by its average over a certain length range, so that now if 5;"””*

decreases, the S;"{"”‘A will decrease for large / to compensate for the effort spread to locations

where younger animals are found associated with the increase for smaller /.

Im/f,A
1

The values of and I)""* have been fixed at the following values to ensure that the

ranges associated with these / values cover the greater part of these distributions. [Note that

23
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for the moment, these values remain the same as were used for previous OM1 type
assessments.]

m/f area |1m/f,A I;’l/f,A
m 1E 65mm 90mm
f 1E 65mm 90mm
m 1w 65mm 90mm
f 1w 65mm 90mm
m 2+3 55mm 90mm
f 2+3 55mm 90mm

1.3 Time varying recruitment distribution over areas

The model is further expanded to allow for recruitment distributions which vary over time for
each of the three areas as follows:

Without time-varying recruitment:

R;* = )IARy see equation (1)
Now instead:
R = AR, (28)
where
X = ”% (29)
ZA: e

The &, are thus further estimable parameters. An additional term is also added to the —InL

function (see section 2.5 below).
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2. The likelihood function
The model is fitted to CPUE and catch-at-length (male and female separately) data from each of

the three areas to estimate the model parameters. Contributions by each of these to the
negative log-likelihood (-InL), and the various additional penalties added are as follows.

2.1 Relative abundance data (CPUE)

The likelihood is calculated assuming that the observed abundance index is log-normally
distributed about its expected (median) value:

CPUE/ =q"B’e” or &} =In(CPUE})-In(@"B})  (30)
where
CPUEf is the CPUE abundance index for year y in area A,
Bj is the model estimate of mid-year exploitable biomass for year y in area A
given by equation 18,
qA is the constant of proportionality (catchability coefficient) for area A, and

g, from N(O, (0")?).

The contribution of the abundance data to the negative of the log-likelihood function (after
removal of constants) is given by:

~hL=Y Z[(g;*)2 12(c*)? +In(c) (31)

where

o’ is the residual standard deviation estimated in the fitting procedure by its maximum
likelihood value:

" = \/1/ nz(ln CPUE; —|n61’*é;\)2 (32)
y

where
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n is the number of data points in the CPUE series, and

ins the catchability coefficient, estimated by its maximum likelihood value:

Ing* =1/n%" (InCPUE? ~In BY) (33)
y

2.2 Catches-at-length

The following term is added to the negative logelikood:

SAIE LT 35 % 3 W LN I M LA RO REC,
y

’ (34)

where

py ' is the observed proportion off lobsters (by number) in length grolin the catch in
yeary in areaA, and

oph is the standard deviation associated with the tteagage data in ared, which is
estimated in the fitting procedure by:

O = \/Z » p;n,IH’A(ln py; 4 =In f’;q,llf’A)Z/Z hIP! (35)
| |

m/f y m/ f y

Equation (31) makes the assumption that proposdielength data are log-normally distributed
about their model-predicted values. The associaeidnce is taken to be inversely proportional

to p;‘fl”"* to down-weight contributions from observed smatigmrtions which will correspond
to small predicted sample sizes.

The RC model fixes wi, = 1.0 (i.e. gives equal weight to the CAL data as to the CPUE data).
2.4 Stock-recruitment function residuals

The assumption that these residuals are log-normally distributed and could be serially
correlated defines a corresponding joint prior distribution. This can be equivalently regarded as
a penalty function added to the log-likelihood, which for fixed serial correlation pis given by:

2
y2 —
—InL:—InL+Z‘{M] 1207 (36)

y=v1 /1= p°

where
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¢, =PT,, ++1- 0° , is the recruitment residual for year y (see equation 7), which is
estimated for years yItoy2if p=0,oryl+1toy2if p>0,

n, ~N@©.073),
Oy is the standard deviation of the log-residuals, which is input, and

P is their serial correlation coefficient, which is input.

Note that here (as in previous assessments), p is set equal to zero, i.e. the recruitment
residuals are assumed uncorrelated, and Oy is set equal to 0.8. Because of the absence of

informative age data for a longer period, recruitment residuals are estimated for years 1974 to
2003 only.

2.5 Time varying recruitment distribution parameters

The following term is added to the —InL term to constrain the size of these terms in equation
29(i.e. to fit to genuine difference rather than to noise):

-InL=-InL+ nym(g—’*jj (37)

A y=1973 O'A

where 0;=1.0.

2.6 Time varying selectivity

An extra term is added to the likelihood function in order to smooth the extent of change in the
selectivity in equation 24, as follows:

—mLH—mL+zzymT@“J (38)

m/f A =1995
y o,

where the O is input (a value of 7.5 is used, having provided reasonable performance in

previous assessments).

27



MARAM IWS/NOV12/SCRL/P2

2.7 Somatic growth parameters — within model estimation

The RC model considered in the main text fixes these parameters as input. A variant allows
these input values to be updated in the model fitting process.

The growth parameters constitute a vector x. The following contribution is then added to the
negative log-likelihood in the assessment:

1 1 T
—InL* ==InX{+=(x—pn) Z7(X—p
i+~ (c-n) 2 (x-n) -

where the parameters g75, k, Agm, Ag1E and Aglw are components of the vector x,
2 is the variance covariance matrix (as provided by OLRAC(2012)), and

M is a vector which contains the estimates (as provided by OLRAC(2012)).

3. Further Model parameters

Natural mortality: Natural mortality M ™' for male and female lobsters is assumed to be the
same (M) for all age classes and both sexes, and is fixed here at 0.10 yr™.

Age-at-maturity: The proportion of lobsters of age a that are mature is approximated by f, =1

for a>9years (i.e. f,=0fora=0,..9).
Minimum age: Age 0.

Maximum age: p = 20, and is taken as a plus-group.
Minimum length: length 1mm.

Maximum length: 180mm, what is taken as a plus-group.

Mass-at-age: The mass W;””’A of a m/flobster at age a in area A is given by:

W A = O'[I:T:/f'A(l_ e—/?(a-fo))]’g (40)

a
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Mass-at-length:

m/f A

w A =al? (41)

where the values of a and [ are 0.0007 and 2.846 (units gm and mm) respectively (and are

assumed constant for male and female lobsters and across areas).

Stock-recruitment relationship: The shape parameter, ), is fixed to 1, corresponding to a

Beverton-Holt form.

4. The Bayesian approach

The Bayesian method entails updating prior distributions for model parameters according to
the respective likelihoods of the associated population model fits to the CPUE, catch-at-age and
tag-recapture data, to provide posterior distributions for these parameters and other model
quantities.

The catchability coefficients (g”) and the standard deviations associated with the CPUE and

catch-at-length data (o * and U,ﬁn) are estimated in the fitting procedure by their maximum

likelihood values, rather than integrating over these three parameters as well. This is
adequately accurate given reasonably large sample sizes (Walters and Ludwig 1994, Geromont
and Butterworth 1995).

Modes of posteriors, obtained by finding the maximum of the product of the likelihood and the
priors, are then estimated rather than performing a full Bayesian integration, due to the time
intensiveness of the latter.

4.1 Priors
The following prior distributions are assumed:

h N(0.95, SD?) with SD=0.2, where the normal distribution is truncated at h = 1.
|2/ T~ U[1, 140] mm

A™ A U1, 100] mm
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u®  U[0,3]

e U[0,1] (from equation 19)

Fy"‘”*A U[0,0.8]
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SR residuals ¢, N ©, Ué) where 0,=0.4, bounded by [-5, 5]

A% u0,1]

4.2 Fixed inputs for the Reference case

Parameter Equation RC Input value Sensitivities
Ogel 38 7.5
OR 36 0.8 0.4
o) 37 1.0 0.5
Wien 34 1.0 0.1
4.3 Estimable parameters
Parameter | Whatis it Which equation Number of
parameters
K® Pristine female spawning biomass 11 1
h Steepness parameter of SR function 9,10 1
|5rg/ f.A Selectivity function parameter 24 6
Am/ f.A Selectivity function parameter 24 6
95
,UA Relative female selectivity scaling 14 3
parameters
IB* Parameter of length-at-age distribution 17 1
yla Area specific recruitment proportion 1 2
(A =1-A-21?
En Time varying recruitment distribution 29 93
Y
Is Stock recruit residuals 7 30
y
5;”/f"“ Time varying selectivity 24, 38 2x3x16=96
TOTAL 239
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