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The south coast rock lobster resource is modeba&tguan age-structured-production-
model (ASPM) which fits to catch-at-length dataedity. The model is sex-
disaggregatedf/f) and area-disaggregatedi=(l,2,3). Population equations have been
modified from Baranov equations to Pope’s approxioma This has reduced the
number of estimable parameters, and speeded umeuof the program.

Note that the model now includes an option for ahwariability in the proportion of
recruitment (age O lobsters) to each area each Vhaugh formally there is not inter-

Area movement after this recruitment, in effecstimeans that there is allowance for
such movement, but only for ages less than thosehwthe fishing exploits.

1. The population model

The resource dynamics are modelled by the equations
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where

Ng A is the number of male or femalevf) lobsters of aga at the start of
yeary in areaA,

N;“QIA is the number of male or femal®/f) lobsters of aga of lengthl at the

start of yeaw in areaA (see equation 15),
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M ™ denotes the natural mortality rate for male andke (f) lobsters
which is constant for ala (and here identical for male and female
lobsters). Note that this value is fixed0atO in this model.

é;“;fl“ is the catch of male or femalev{) lobsters of aga of lengthl in year
y in areaA, and
p is the maximum age considered (taken to be sgiaup).

Note: Z)IA =1 and that0< A" <1. The model makes the assumption there is no
cross-boundary movement after recruitment.

The number of recruits of age 0, of each sex, atsthrt of yeay is related to the
spawner stock size by a stock-recruitment relaligns
aBSP
R, = e” (7)
B+(BF)
where
a,f and y are spawner biomass-recruitment parametersl( for a
Beverton-Holt relationship),
¢, reflects fluctuation about the expected (mediacjuitment for yeay, and

B, is the spawner biomass at the start of yegiven by:

Sp—ZfZ[WfANfA (8)

where w, *is the begin-year mass of female lobsters atasigearead, andfa
is the proportion of lobster of agehat are mature.

In order to work with estimable parameters thatraoge meaningful biologically, the
stock-recruit relationship is re-parameterised ermis of the pre-exploitation

equilibrium female spawning biomask,®, and the “steepness” of the stock-recruit
relationship (recruitment @% = 0.2K*® as a fraction of recruitment &% = K*¥):

_4h
5h Rll ©)
and
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where
» Al & f.A _ai ;‘ f.A e"a,:OMaf'
R =K /{ZA:A Zl: fow e  +f w =T (11)

The total catch by mass in yaafor areaA is given by:

c/=% ¥ Yo 12)
where e
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Ca =W/ INy S U R (14)

wherew™"* denotes the mass ofvdf lobster at lengthin areaA, and where

smtA is the length-specific selectivity for male/fdm#obsters in are4,

FyA is the fully selected fishing mortality in yewrfor lobsters in ared,
and which is constrained to k=0.80,

u* Is the relative female selectivity scaling paranéor area, and
N)r/]’l;flA_Nm/fAQ;TII/fA (15)

where Qm’f " is the proportion of fish of agethat fall in the length groupfor the

m/f,A _

sex and area concerned (thEsQ =1 for all agesn).

The matrix Q is calculated under the assumption that lengthgat-is normally
distributed about a mean given by the von Bert@§yagfuation (Brandaet al., 2002),
ie.:
|~ N*l-IOT/f,A(l_ e-K(a-to)); gj] (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-agee.:
6, = ﬁ*lor:\/f,A(l_e—K(a—to)) (17)

with " a parameter estimated in the model fitting process.

The model estimate of mid-year exploitable biomaggven by:

Br = BN + B/ (18)
where
=S W N e ] (19)
B = ZZS”"A[W;’;N;“;, e™"?] (20)
a 2
and where

éj is the total (male plus female) model estimatemadi-year exploitable
biomass for yeay in areaA.

Fishing proportion:
Cobs,A
FA=—2— (21)
y A
By
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1.1 Catch-at-length proportions

amA _ chal
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where pg; " is the estimated proportion of catch in afeaf m/f lobsters in length

classl in yeary (note that the total proportions of male plus flEemabsters 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 lengthpllowed to vary over the time
period for which catch-at-age data are availab89412005). To effect this, the form
of the selectivity function is generalised to:
m 1
SyYI/f,A =

_|n19(| _(lga/ f ,A+0—;’T\/ f ,A)/Am/ f.A

(24)

The estimable parameters are thus:
|'"A (the expected length at 50% selectivity), and
« A™"*and fory = 1994-2005 (excluding 1999 as there are no catcige data

for 1999).
Note:

« the expected length at 95% selectivik§}(*) is given byl "* +A™ "#,
« 9" for 1999 is calculated as the average for 19982400, and
« o)'"* for pre-1994 and 2006+ = 0.

An extra term is added to the negative log likeditido limit the extent to which the
oy differ from zero — see secti@né.

An issue to be taken into account is that for equat24), if 5;“’ "A decreases, this

means that selectivity is increasing on youngestiets; however given that the model
fitting procedure assumes that:

CPUE, =) WS N, ™" (25)
|

this situation seems implausible, in that an enbédr@PUE would result even if there
was not any increase in abundance.

Presumably enhanced catches of younger animals aahéeved by spatially
redistributing effort on a scale finer than captuby the GLM standardisation of the
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CPUE. A standard method to adjust for this, whikntaining a constant catchability
coefficientq, is to renormalise the selectivity function in somay:

m/f A *m/f,A _ om/f A m/f A
S, " S, =S "X (26)
where here as a simple initial approach we havsaiino
|£“”*A Sm/f,A
m/f,A _ Yl
Xy - Z | A | mTA L (27)
AR 1

i.e., normalising selectivity by its average overestain length range, so that now if
;""" decreases, th&"* will decrease for largé to compensate for the effort

spread to locations where younger animals are fassdciated with the increase for
smallerl.

The authors have fixed the valuesIff'* and1J”"* at the following values after

examining the length frequency distributions, tewee that the ranges associated with
these values cover the greater part of these distrilngtio

rn/f A |1m/f,A |£n/f,A
m 1 65mm 90mm
f 1 65mm 90mm
m 2 65mm 90mm
f 2 65mm 90mm
m 3 55mm 90mm
f 3 55mm 90mm

1.3 Time varying recruitment distribution over Areas

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

Without time-varying recruitment we have

R} = A"R, see equation (1)
Now,
RA =1 R, (28)
where
\ Ahery
e (29)
D Ahe
A
and

Eny ~N(@O,07); o, = 005,

The ¢, are thus further estimable parameters. An addititerm is also added to the
—InL function (see sectiol.5 below).
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2. The likelihood function

The model is fitted to CPUE and catch-at-length lénend female separately) data

from each of the three areas, to estimate modainpeters. Contributions by each of

these to the negative log-likelihood (=)p and the various additional penalties added
are as follows.

2.1 Relative abundance data (CPUE)
The likelihood is calculated assuming that the oles® abundance index is log-
normally distributed about its expected (medianyiga

CPUE? = g*B%€" or &" =In(CPUE?) - In(q*B*) (30)
where
CPUEyA is the CPUE abundance index for ygam areaA,
Bjis the model estimate of mid-year exploitable bisgfr yeal in areaA
given by equation 18,
q” is the constant of proportionality (catchabilityedficient) for area, and
g, from N(O,(c")*).

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

~InL=3" z[(,s;\)2 12(™)? + In(aA)J (31)

where
A

o” is the residual standard deviation estimated enfitting procedure by its
maximum likelihood value:

:\/1/nz(|ncpu5yA —|nqA|§j)2 (32)
y

where
n is the number of data points in the CPUE seried, a

q”*is the catchability coefficient, estimated by itaximum likelihood value:
InG* =1/nY (INCPUE/ - InB?) (33)
y

2.2 Catches-at-length (from Rademeyer 2003)
The following term is added to the negative logelikood:

— fpy lengih — WlenZA: ZZZ/; |_|n(a|2n/ p;nllf A)+ p;nllf A(In pm/f A_In ﬁ;nllf A) /Z(JI,;)ZJ
y m

(34)
where
py, ' is the observed proportion off lobsters (by number) in length groln the
catch in yeay in areaA, and
is the standard deviation associated with thethleatfage data in area,
which is estimated in the fitting procedure by:

0A_Ien _\/Z Zzpm/fA(ln pm/fA ﬁ;nI/fA) /Z Zzl (35)

m/ f m/ f

gh

en
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Equation (31) makes the assumption that propodidiength data are log-normally
distributed about their model-predicted values. @bgociated variance is taken to be

inversely proportional topg“v,”'A to downweight contributions from observed small
proportions which will correspond to small predecsample sizes.

2.3 Length-at-age

The model estimates the, parameters of the length-at-age (and hence waigate
functions — see equation 16) for male and femdisttys for each area, as well as the
k andt, parameters, by adding a number of penalties tdikeehood function as

follows:

~ 2 ~ 2
1 L/ f.A 1 ( R jg 1 (f
—InL=-InL+ i -1| + -1| + o -1
r;; Zasmwm (Lz/f,A,obs 20.2 Kobs 20.2 t(c))bs

growth growth
(36)

, IS set equal to 0.05, and the “observed” values a& reported in

where o
Table 1.

growt

2.4 Stock-recruitment function residuals

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

2
y2 —
-InL=-InL+ Z{M] 1207 (37)

y=v1 1= p°

S, =pPTy, +1/1—ngy is the recruitment residual for yea(see equation 7),
which is estimated for yeayd toy2if p=0, oryl+1toy2if p >0,
£,~N@0,07),
0 is the standard deviation of the log-residualsctvis input, and
p is their serial correlation coefficient, whichimgput.
Note that for the Reference Case assessmgntis set equal to zero, i.e. the
recruitment residuals are assumed uncorrelatedganid set equal to 0.4. Because of

the absence of informative age data for a longelogerecruitment residuals are
estimated for years 1974 to 1997 only.

where
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2.5 Time varying recruitment parameters
The following term is added to the £lterm to constrain the size of these terms (i.e.
to fit to genuine difference rather than to noise):

—InL=—InL+zy:§0T£A‘yj (38)

2
A y=1073\ O,

2.6 Time varying selectivity
An extra term is added to the likelihood functionarder to smooth the extent of
change in the selectivity, as follows:

y=2005( §m/f.A 2
=InL - =InL+> > y (sum excludes 1999) (39)

mit A y=1004\ Oy
where the gy is input (a value of 0.75 was found to provide sm@ble

performance).

3. Further Model parameters

Natural mortality : Natural mortalityM ™ ' for male and female lobsters is assumed
to be the same\) for all age classes and both sexes, and is fveed at 0.10.

Age-at-maturity : The proportion of lobsters of agehat are mature is approximated
by f, =1fora>9 years (i.ef, = Qora=0, ...,9).

Minimum age: Age 0.
Maximum age p = 20, and is taken as a plus-group.
Minimum length: length Imm.

Maximum length: 80mm, what is taken as a plus-group.

Mass-at-age The massy™ "4

a

of am/f lobster at aga in areaA is given by:

WA = a[EZ/f,A(l_e—k(a—fo))]ﬁ (40)

where the values assumed for the observed growémeders are shown in Table 1.

Mass-at-length:
w A =gl ” (41)
where the values ofr and S are also reported in Table (and are assumed cunsta

for male and female lobsters and across areas).

Stock-recruitment relationship: The shape parametery, is fixed to 1,
corresponding to a Beverton-Holt form.
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4. The Bayesian approach

The Bayesian method entails updating prior distitms for model parameters
according to the respective likelihoods of the asded population model fits to the
CPUE, catch-at-age and tag-recapture data, togequsterior distribution for these
parameters and other model quantities. Note thtdeapture data were used for
earlier assessments, but discarded when it becppagent that they had little impact
on results. They may be reintroduced in futurenegfients of this approach.

The catchability coefficientsgf) and the standard deviations associated with the
CPUE and catch-at-length dataf and g, ) are estimated in the fitting procedure by

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

Modes of posteriors, obtained by finding the maximwf the product of the
likelihood and the priors, are then estimated mathan performing a full Bayesian
integration, due to the time intensiveness of #tiet.

4.1 Priors
The following prior distributions are assumed:

h N(0.95, SB) with SD=0.2, where the normal distribution isrtcated ah = 1.
|2 T4 U[40, 140] mm

A™"* U[0, 100] mm

u®  U[0,3]

£ U[0,1] (from equation 19)

F ' :U[0,0.8]

SR residuals;,: N (0, %) whereo,=0.4, bounded by [-5, 5]

A U0,1]



4.2 Estimable parameters
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parameter | What s it Which equation Number of
parameters

K Pristine female spawning 11 1
biomass

h Steepness parameter of SR 9,10 1
function

| reA Selectivity function parameter 24

ADLTA Selectivity function parameter 24

5;"/ f.A Time varying selectivity 24 66
parameters

e Relative female selectivity 14 3
scaling parameters

5 Parameter of length-at-age 17 1
distribution

Lm/ A Growth parameter 16, 17 6

K Growth parameter 16, 17 1

t, Growth parameter 16, 17 1

AN Area specific recruitment 1 2
proportion (A =1-1-)2?)

Eny Time varying recruitment 29 84
distribution

¢, Stock recruit residuals 7 24

TOTAL 202

10
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Table 1: Somatic growth parameters (for use in egu&6) (OLRAC, pers. commn).

a (win gm) 0.0007
B 2.846

™ (mm CL) 104.55
| "t (mm CL) 94.82
I™2(mmcL) |109.53
I2(mmcL) |99.81
I™(mmcCL) |118.07

|'3(mm CL) |108.34

K (year?) 0.095
to (years) -2.0
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