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A The population dynamics model

The model of the west coast rock lobster dynansadeiscribed by a size-structured model which opsrat a 1mm interval scale,
from| = 1mm tol = Imax, Wherel refers to the carapace length (which for brevitly also be referred to as “size”) in mm. The lasge
size class in the modéhex, is equal to 200mm. Male and female lobsters avdetfed separately, witn referring to males anfl
referring to females. In this report, the supepairefers to either the male or female sex, wheredwloesexes are treated separately
but similarly. Although the fishing season stadwards the end of yedrand runs into year+1, it is denoted as seasbfunless
otherwise specified). Where data are collectedraptesented in 5mm size class intervals, the $&@sxrefers to lobsters of sizes
x+1,x+2 .. X+4 mm.

A.1 Basic dynamics
The basic model in vector-matrix notation is:

N3+ = NSH S 1)S A () + Rt +1) (AL.1)
N S(t) is the (1 x 200) vector of number of males/femateeach of the 1mm size
classes at the start of seagon
AS(t) is the (200 x 200) somatic growth matrix for nsélemales over seasor{models the proportion of lobsters
moving from one size class to another as a re$gbmatic growth),
H s(t) is the (200 x 200) fishing survivorship matiax males/females over seaston
SS is the (200 x 200) diagonal natural survivorshigtix for males/females (constant over time), and
R(t +1) is the (1 x 200) recruitment vector for seasth (the same for males and for females).

Note that the structure of this discrete modeluishsthat harvest is followed by natural mortaliydathen by somatic growth, i.e.
fishing is approximated by a pulse at the stathefseason.

A.2 Length-weight conversions
The model operates on a numbers basis, but the erunfilobsters in each size class is easily cordet biomass using the length-

weight conversion equations as follows:
Wlm - 06518 28990

for males, and (A2.1)

w|f = 05869 29729 for females (A2.2)

where the total body weighw, is in grams, and lengthis the carapace length in centimetres.

A.3 Equilibrium starting conditions
Assuming no harvesting (pristine conditions), thaikbrium populations numbers are calculated #svis:

NS =N sSAS 4R (A3.1)
and therefore
NS = Rro -sSaS) 7t (A3.2)
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N s represents the male/female pristine equilibriumpysation vector, andis the unit matrix.
Equation (A3.2) is used to set up the initial pnistpopulation size-structure in 1870, when catelresassumed to have commenced.

A.4 Natural survivorship matrix S

The natural survivorship matriss models the proportion of lobsters in each sizescht the beginning of the season which survive
to the beginning of the next season in the absehdishing. This matrix consists of zeros except tioe diagonal entries which

contain theS; values for size clads The natural survivorship is assumed to be indépenof size for lobsters greater than or equal
to 60mm. However, the demography of immature laksie likely to be somewhat different from thatrofiture lobsters, so that
smaller lobsters are assumed to have reduced swship. A linear increase in survivorship from @tlsizel = 1Imm (an artificial

. - . m f . . .
size used purely for definition convenience)3o (males) andS ~ (females) at size 60mm is assumed. The maximum amaleal

. L .m ) . RS .
natural survivorship,S ', is set at 0.90 for the Base Case. The maximunaliematural survivorshipS , is an estimable
parameter of the model. Natural survivorship isuased to be constant over time. The specific entrethe diagonal of the natural
survivorship matrix are calculated as follows.

Males:
m s™- o1
§ =(-1)) ——|+01 for1<1 <60mm (A4.1)
59
s =s™ = 090 for I = 60mm
Females:
f F 01
S =(-3 +01 for1<1 < 60mm (A4.2)
59
f f
S =S for | = 60mm

A.5 Gear selectivity

Different sexes and sizes of lobsters have diftepeobabilities of being caught by various fishiggar, and each gear type operates
in different parts of the overall habitat area vehdifferent sizes or sexes may aggregate at diffémmes. The fishing selectivity
functions model these different probabilities ofngecaught by the gear. In this model, selectiistyhus really a combination of the
physical gear selectivity as well as availability.

For the Trap, Hoopnet and FIMS selectivity functid¢for both male and female), the function for egelr (except FIMS female) is
as follows:

-
s,sd P.e
by = —_J(m (A5.1)
1+e
bls,sel is the selectivity of a lobster carapace lergthd of sex (m orf) for gear selectivity typeel.
M, 0 andl* are three estimable parameters that controstiage of the function.
where,

M - controls the magnitude of the slope (up or down)
O - controls the steepness of the left-hand side,

I* - shifts the function to the left or right (ike length at which 50% & occurs fory = 0), and

m,sel

P -is a scalar, which for males is fixed at a eaduch thatbgo =1.00, whereas for females it is a further eshilma

parameter.
In order to improve the fits of the model to theieas catch-at-size data, some further modificatiof the selectivity functions

above are made, to increase the flexibility of éhmctions to be able to fit to the data for seraflize classes in particular. The
following modifications apply:
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Trap Male:

bIm,trap -

0 for 1 < 45 mm

Three further selectivity parameters are estimatérgatrap, b%,trap, and bggtrap Linearity is assumed between
mytrap ,_ mytra m,tray mytray m,tray
byg p,b60 p’ bzo p’ bgo P and bg p,for example,
IOm,trap _ IOm,trap IOm,trap _ IOm,trap
b oy B0 A5 Mgy B0 A5 for 45> | < 60mm (A5.2)
60— 45 60— 45
Trap female:
TheP (scalar) parameter for the female Trap and Hoofumettions is modelled as follows:
P=R fort < 1976
P -R P -R
P=t|{———— [+P -1976) ———— for 1976 <t < 1990 (A5.3)
1990-1976 1990-1976
P=PR for t=1990
Also,
f trap
b, =0 for I < 45 mm
- ) f trap f trap . L
Two further selectivity parameters are now estimhatebg s , and bgg . Linearity is assumed between
firap ftrap  f.trap f trap
bgs b5 . bgs T, andbzg .
Hoop male:
b ™% = o for| < 45 mm
Also, assume linearity betwed)ﬂ-;hmp and b%hoop.
Hoop female:
As for trap females,
P=R fort < 1976
P, - P P, -R
P=t{———— [+P -1976 ———— for 1976 <t < 1990 (A5.4)
1990- 1976 1990- 1976
P=P, for t=21990
Also,
f ,hoo|
b, IOzo forl < 45 mm
Also, assume linearity betweehﬁéhOOp and b;dhOOp.
FIMSmale:
No further modifications needed.
FIM Sfemale:
It was found that the logistic selectivity functiams not flexible enough to produce a really gabtbfthe FIMS female catch-at-size
data. Five selectivity parameters are thus fitth:fFlMS, beZ’FIMS, b6f7'FIMS, b7f2'FIMS, and b7f7'FIMS, to replace the

logistic function.
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We also assume,

f ,FIMS
by =0 forl < 45 mm, and
blfd(l):IMS:O forl = 100 mm.
The selectivity function is then modeled by assugmin  linearity between
f ,FIMS f,FIMS  f,FIMS  f,FIMS f ,FIMS f ,FIMS f ,FIMS
bgs . bs7 bgy o ubg7 bz b7y andbygy -

A.6 Fishing survivorship matrix H

s,trap

The fishing survivorship matridi consists of diagonal entrigt —{p;” S, poach S recr

s:hooP 1y 4 ©+p)

| | (1

t)+p

with zeros everywhere else, where tpé’c (t) terms, the proportion of lobsters in size classught during seasdrior the specified

catch
type , are calculated as follows:

e =" d O FC (A6.1)

wherec refers to either the commercial trap or hoopch@ay or recreational catch.
For trap and hoops:

dj(t)=d for I < I gin ()
d, ()=1 for I 2 1, (1)

wherel ;i () is the commercial legal minimum size limit in seas

For poaching:

d| (t)=1 for all |
For recreational:
dy(t)=d for | <1 -r(t)
min
dI (t)=1 for | > | t)
min"

Wherelminr is the recreational minimum size limit

The parameted refers to theliscard mortality, and is the proportion of undersized lobsters #ratcaught and returned to the sea
which subsequently die as a result of the origiag@tture-and-return process. A valualef 0.10 is used.

The factor F ¢ (t) in equation A6.1 is the fishing mortality for fulselected animals, which links the model-generattdhes to the
observed catches by weight (catches are only reddsgt weight, not number), and is calculated devia:

C
Cy

C

F ()= T i Py 1 (A6.2)
Y |_N|m(t)b|m’se| Ow + N b (0w, J

12l ning)
where

Ci¢ is the observed catch (trap, hoop, poaching oeational) by weight in seastnand

N|m (t) and N|f (t) are the numbers-at-length for seaton

Note: for poaching, thé= ~ (t) is summed over all sizes, not just above the mininsize.

A.7 The 1991 fishing season
The 1991 season in the model receives speciahtegrtas the minimum size was altered during thés@e and only males were
harvested. After this alteration, both males andales were however subject to discard mortalitye Tiodel thus calculates the

plm,c 1993 and plf o 1999 in two steps. The first refers to the initial pafthe season when the minimum size limit was 89mm

(denoted by superscript 89), while the second sefierthe subsequent part when the minimum size livas 75mm (denoted by
superscript 75). Therefore, for the initial part:

mc .89 m,sel 89
=b @993 d, " @99)F

c89
P

1999 (A7.1)
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where
89
dy99) =d forl < 89mm for males
d|89 199) =d for females of all sizes
d|89 99) =1 forl >89mm for males
and
f 89 f,sel 89 c89
P =b @993d, "~ 993F 1999

The fully-selected fishing mortality c89 L99) above is calculated as follows:
c39
C1991

[Tm m,sel m]

£°89 009 - (A7.2)

where Cfg%gl refers to the catch (by weight) taken in the alipart of the season when the minimum size lingis 89mm. Before

proceeding with the calculations for the second phathe season, the numbers-at-size are updattitktend of the first part of the
season taking into account the losses due to fighiortality only, i.e.:
N|m’89 1991 = N|m (L99])(1— pImBQ 1991 ), and also therefore (A7.3)

le A9 1991 = N|f 0.99])(1— plf B9 0.993)

where
p|m’89 =2 p|mm89 , and
c
f 89 f c89
G
c
For the subsequent part of the season:
p" 70 = b,m'Sel 19994, 0999F ©"° 0999 (A7.4)
where
75
dy @99y =d forl < 75mm for males
d|75 199) =d for females of all sizes
d|75 99y =1 forl >75mm for males
and
fc,75 f,sel 75 c,75
P =b @999d, ~ @99)F 1999
where, further:
Cc,75
Fc,75 1999 = o 1991msel = (A7.5)

=75mm

and Cf97951 is the catch (by weight) taken in the subsequartt@f the season to which a minimum size limiv6mm applied,

m,75 mgc,75

p| =X p| , and
c
f,75 fc,75
P =P
c
We therefore have p|m 99) =1-(1- p|m Bg)(l— p|m ’75) , and (A7.6)

o 1999 =1-@-p Pa-p 7).
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A.8 Somatic growth projection matrix A
The somatic growth projection matrix models thepartion of lobsters in one size class that move ariother size class between

seasons as a result of somatic growth. The eemfryi, j) represents the proportion of lobsters in sizes¢l#fisat move into size class

j during the moult at the end of seagorMoult increments of lobsters have been shownedighly variable. This variance in
somatic growth is modelled using a normal probgbiistribution truncated at 3 standard deviations. In order to calculate the

atS (i, j) values using this probability distribution, theaneannual moult increment valug, ; , must be evaluated as well as an
. L . . s . s
estimate of standard deviation around this meanitnmmerement, o, ; , for each length and yeat. The calculation of theg|'; and

alst values are reported in detail in the Appendix.eNibiat this distribution allows for the possibilthat lobsters shrink during the

moult.

The calculation of ther;\tS (i, j) values are described by the following steps fgrgimen seasohand sexs - thet ands indices have
been omitted below for less cluttered notation.

[Note that because represents the length clagsl(i) mm, e.g.i = 75 means animals of sizewhere 74 <I < 75 mm, it is
convenient to use the midpoir®.5 of this interval in the following calculatiofs.

Step 1: For any given initialisea( i,j ) to zero foj = 1, 2 ,...200, and calculate the mean length aftaslt () for lengthl; (wherel;
=i-0.5):

m o=l +g; (A8.1)
where g; is the mean moult increment for length
Step 2: Calculate the two endpoints of the groviskrihution:
m; (D =m; - 30; (lower point) (A8.2)
m; (2) = m; + 30 (upper point)
where g; is the standard deviation for the mean moult imenetg;.

If o; =0, then se(ij) = 1 [wherg is such thatj -1 < m; < j]and go back to step 1, incrementirigy 1.

Step 3: Find the midpointsp(1) andmp(2) of the length classes into whiok(1) andmi(2) respectively fall.

Step 4: Definenp; as the midpoint corresponding to length clgss,(); then for
mp; = mp(1), mp(1)+1, ..., mp(2) do the following.

A If mp; = mp(1), sety(1) = m(1) (A8.3)
sety(2) = mpj + 0.5 (A8.4)
If mp; = mp(2), sety(1) = mp; - 0.5 (A8.5)
sety(2) = m(2) (A8.6)
For all other cases, sgitl)= mp;- 0.5 (A8.7)
sety(2) = mp; + 0.5 (A8.8)

B: Calculate the values fory(1) andy(2) (to convert to a normal distribution N(0;1)):

y@ -m
z() =— and (A8.9)
gj
y(2) - m
z(2) =——— (A8.10)
o

C: Calculate the area under the normal curve foh edithese z values:
A(1) = area fronz(1) to 0
A(2) = area fronz(2) to 0

D: Calculate the proportion of lobsters moving frotaj (equal to the area under the normal curve fe(ihto z(2)).
If 1< mpj < 199, do the following:
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i=mp+0.5
a(i, j) = AQ) + A2 if y(1) < m < y(2) (A8.11)
otherwise

al, ) = |AQ - AQ)

If mp; < 1, do the following:
=1
ali, ) = [A® - AQ) (A8.12)
If mp; > 199, do the following:
j =200
a(, i) = |A® - AQ) (A8.13)
200

Step 5: Normalisa(i j) so that 2 a(i, j) =1
=1

This is to correct for the fact that normal digitions are used at Step 4B, whereas Step 2 ejpliciiits growth to X three
standard deviations from the mean.

Step 6: Go back to Step 1, incrementify 1.
A.9 Recruitment R

Recruitment is assumed to contribute to the fifssize classes only. The value of recruitment é&mheof these size classes in season
tisR(t). Recruitment is assumed equal for male and felobfgers, and hence:

R (1) = le ®) = R(t) for | < 15mm (A9.1)
R (1) = le t) =0 forl > 15mm

Recruitment is assumed to be linear betwRéh870),R (1920),R (1950),R (1970),R (1975),R (1980),R (1985),R (1990) and
R (1995).R (1995) is calculated as the geometric mean ofdhevaluesR(1975)R(1990).

A.10 Catch

. . . A obs
The model is constrained so that the model-predictiich C; exactly equals the “observed” cat@®y . The “observed” catch
consists of three contributions in each season t:

i) the recorded commercial catoﬁtC omm Cttrap + CthOOp

i) an estimate of poaching;tpoaCh, and

iii) an estimate of the public recreational catcl{ec .
Thus:

Ctobs _ Ctcomm . Ctpoach . Ctrec (A10.1)
The model-predicted catch is calculated by:

& =% o |:Fc(t)b|m’se| ON" ©w" + Fc(t)blf’se' (t)le (t)w|tj| (A10.2)

> .
c '"“'min

A10.1 Commercial catches
Various references (Pollock 1986, for example)daté that commercial harvesting began around ITB7®commercial catch record
is reported in RLWS/DECO05/ASS/7/1/1.

A.10.2 Poaching and recreational catches

Poaching:
Poaching (at a non-negligible level) is assumedttot in 1951 and increase linearly to a vaRiex in the year 1990 (these

assumptions are based on anecdotal reports fronmthustry). Poaching is assumed to remain atRfe level after 1990. The

poach

estimates ofCt used in the model are thus:
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ctIOOaCh =0 fort < 1950 (A10.3)
t - 1950
PN =p | ——— for 1950< t < 1990
1990~ 1950
P = pmax fort > 1990

The reference case assessment assimess 500 MT based upon rough suppositions by SFR$querel for the area-aggregated
model.

Recreational Catch:

Recreational catches (at a non-negligible leved)amsumed to have started in 1959 (this assumptigrbased on discussions held
by the RLWG in conjunction with the industry). FraB59 to 1992 the recreational catches are asstorieglve increased linearly
from zero to 469 MT (as estimated in the telephsuneey for that year). Telephone survey estimatddes are used for seasons

1993-1998. The estimates Gftrec (in tons) used in the model are reported in RL\WESID5/ASS/7/1/1.
A.11 Biomass
Since the model maintains information on numbersizg by sex, the biomass of any desired compoutetite resource is readily

. . . m ) f
computed. These biomass estimates can refer tmalke portion of the stockB ', the female portion of the stoclg * , or to the
combined total of males and femaksFurthermore, a biomass estimate can be calculatethy given size range. For example, the
biomass estimate for male and female lobsters asiaee= 75mm in seasonis calculated as follows:

f f
B ()= % (N (Ow" +N, ®w ) (A11.1)
75 1>75
All biomass estimates quoted in this paper havisunetric tons (MT) or ‘000 MT.

A.12 MSY Calculations
The maximum sustainable yield (MSY) can be calealdbr a number of scenarios. The following mustiegned:

i) somatic growth rate,
i) recruitment level,

iiil) gear selectivity, and
iv) minimum legal size.

Equations A.3.4 and A.3.5 are modified to inclule fishing survivorship matrix, so that an equilibn size structure can be
calculated for any level of harvesting. For a fighmortality levelF, which defines a fishing survival matrik

NS (F) = NS (F)HSsSAS + R (A12.1)
so that
NS (F) = R( - HSs%A%) T (A12.2)
The sustainable yield for afycan be calculated as follows:
SGENe (bls'se'd,F (Nlm*(F)wlm + N,f (|:)w|f ) (A12.3)
2min

where theN |~ (F) are the number of male/female lobsters in theliégiuim population at sizeand at fishing mortality levét. At
some level of fishing mortality, the sustainablelgireaches a maximum - the maximum sustainable (NSY). TheF value
corresponding to MSY is denot&gsy.

The biomass level (above the legal minimum sizejlath MSY occursBuwsy, is calculated as follows:

fx f
Busy = % N Frg W™ + N (FysywH) (A12.4)
=2min
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A.13 The Likelihood function
The estimable parameters of the size-structurecehraé estimated by fitting the model to a numbetata series. This is achieved
by minimising the negative of the log of the likelod function for these data.

A.13.1 Data included in the likelihood
The negative log likelihood function incorporatheee types of data.

i) CPUE
Three sources of CPUE data for the resource ark use
a) Commercial trap CPUE data for the 1981-2004 period.
b) Commercial hoopnet CPUE data for the 1981-200bderi
c) FIMS CPUE data for the 1992-2004 period.
(Remember, 1995 refers to the 1995/96 seasonx&ngle.)
These CPUE values are assumed to be log-normatiytiited about their model-based expectations.

ii) Catch-at-size data
Four sources of catch-at-size data are used.

a) Data obtained from commercial trap samples for 120@4.

b) Data obtained from commercial hoopnet samples3@612004.

c) Data obtained from the FIMS samples for 1992-2004.

d) Data obtained from trap samples which cover thesfaé range including the sub-legal size classe4994-1998.
Males and females are treated separately. Dateepogted by 5Smm size classes, i.e. itesize class incorporates lobsters of size
mm, n+1 mm ...n+4 mm. Data for size classes equal or larger thamtinimum legal size at the time are used fronctmercial
trap and hoopnet data. Data for the full size raargeused for both the FIMS and the trap sub-ldgtd. Females are omitted for the
1991 season as there was a ban on catching fefoalégt season. Due to there being very few oladiems for some size classes,
plus- and minus-groups have been formed (indicatetold) where necessary. This ensures that noreddesize-class has a
percentage less than 1%.

iii) Percent females in the catch (F%)
Three sources of data are used.
a) Data from the commercial trap samples fsedalculating catch-at-size data for 1976-2004.
b) Data from the commercial hoopnet samples usedafoutating catch-at-size data for 1976-2004.
c) Data from the FIMS samples for 1992-2004.
Percent femaleg={?) values are the percentageriymber of females in the samples. Once again the se&@®@h i omitted as there
was a ban on catching females then.

A.13.2 The Likelihood function
The superscrips is sometimes used below. It refers to either eftthio sexes, where males and females are treapedasely but
identically. After removal of constants from thegagve log likelihood, the function to be minimisisd

A A 1 A - Al2
-InL=X(n Ino +—Z{InCPUE - In CPUE } )

A=123 CPUE cpue A 27 t t

20 cpue
A As| .As{ As .Asy? _ A2
0.1[ X 2 XX lInlogze /y Bt )+ By \np T —Infy 120 g0 (A13.1)
A=1.4% | s ’ ' ’ '

+ -InL (F%)
[Note that the catch-at-size data are downweightea factor of 0.1.]
where
A is the data series identifier:

where  A=1 refers to the commercial trap data
A = 2 refers to the commercial hoopnet data
A = 3 refers to the FIMS data
A = 4 refers to the trap sublegal catch-at-size data
t is the season
| is the length class in 5 mm intervals

nc):br\)ue is the numbers of seasons of CPUE data forss&rie
CPUEtA is the observed CPUE value in seasfum seriesA
CPL]EtA is the model-estimated CPUE value in sedagonseriesA
As . . . oy .
Pt | is the observed catch-at-size proportion foreffi@inale lobsters of sizeén seasor for seriesA
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bﬁ,s is the model-estimated catch-at-size propoffitormale/female lobsters of sizén season for seriesA
Ft%’A is the observed percentage females in the datedasor for seriesA

Ift%’A is the model-estimated percentage females igdteh in seasonfor seriesA

Also:

s i o, )

12l

> ( (t)N| (t)+b| (t)N| (1)
IZImin
,sel
As_ BT ONO)
Pty = s S (A13.3)
2 (b (ON; (D)
Izlmin
1 N
Ué)ue = [ —Z(n CPUEtA -1In CPUEtA)z (A13.4)
Ncpue
A
Ogze = JZ > Z[p“ (In p” =1In ptl )/1] (A13.5)
For seriedA = 1 andA = 2: (trap and hoopnet data)
CPL]EtA = qA ) (wlmbl (t)Nl t) +w|f b (t)Nl () (A13.6)
12 min
1
ng” =— z[m cPUE" -n{ X W o™ N O+ b N (t)}j (AL3.7)
Ncpue t 2l i
For seriedA = 3 : (FIMS data)
~_A A m f
CPUE; = 2 (Np (1) + N, (t A13.8
t =4 |260(|() ) ( )
1
Ing” = ZGn CPUEtA -In{ X N|m(t) + le (t)}) (A13.9)
nA ot 1260
cpue

F% likelihood function

The method of including the F% (percentage femialélse catch) data in the likelihood function wasieged when the assessments
were expanded to include area-disaggregated agpm®eathis change was necessary, as previousheadlrea-aggregated observed
F% data were greater than zero. Moving to the sape level, it was found that there were someircsts where the true observed
F% for a given year was in fact zero. The thenenrlikelihood function required taking logarithmisthese observed values, which
produced a mathematical problem (one can't takgarithm of zero!). It was thus decided to move tnomial probability
distributional assumption for the F% likelihood &tion calculation. The F% likelihood contributicanow calculated as follows:

~ 0, 0, 0,
N L(F%) = —NZ[ %.0bs | A)y ~ Fy/o,obs n Fy/o,obs fA-F A)Obs)l n-E° y) _a-F /oobs)(l n(L- F A)Obs))J
where
N is the sample size
FyA) obs, is the observed femaf®oportion by number in catch in yegr

~ 0
F A)y is the model estimated femadeoportion by number in catch in yeay

To ensure one does not have a computational probléntaking logarithms of a zero value, the follog also applies (based on the
fact that the limit asx - 0 of xIn x is 0):

10
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%,0bs _
If Fy =

X=0
else

0

% ,0bs

X=In Fy

and

%,0bs _
If Fy =

Y=0
else

1

0,
Yain-Fy %)

where

0, ~ 0 0, 0, 0,
“INL(F%) = -NI leA;,obs In Fy/o _ FyA),obsX Q- FyA),obs %,0bs
y

y )YJ (A13.10)

YIn(L - lf;/")— a-F

Calculation of the samplesizeN

We do not have the various sample sizes, but wanegn estimate dfl for the above —ln equation. What is done is to calculate an
approximation to the effective sample size basethermodel fit as follows:

~% ~%
LRy (A-Fy)
For each F% series calculdgso thatN = Y%obs =% 2 (A13.11)
z (Fy - Fy )
y

This was done separately for each super-area faagaggregated scenario) and for both RC1 and RI&2N values for each area
were then averaged over RC1 and RC2.

F% O values

The F% O values are calculated as follows:

%0bs _ %, 2

2 (F Fy )
yy y

oy = (A13.12)

RC2 Stock-recr uit function penalty
For RC2, a penalty (S&y)is added to the likelihood function as follows:

The recruitment following a Beverton-Holt stockmeit curve is calculated for the following yeareéys in which the recruitment
parameters are estimated): 1920, 1950, 1970, 1988), 1985, 1990 and 1995.

Beverton-Holt curve:

BH

Ry =(akggy) /(5 + Eggy) (A13.13)
where

h=0.8

a = (4hRyg70) (5h - 1)

B = (Egg1g70( - h)) /(5h - 1)

11
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The penalty is:

Rpen = %[In oR +(n RSH ~1In F‘zy)2 /2a§e (A13.14)

wherey is summed over the years mentioned aboveapdis set equal to 0.45.

12
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Appendix: Somatic growth model

In order to compute the entries of the projecticatnr, in the size-structured population model (seetion A.8), estimates of the

. . m
mean annual growth (moult) increment values fohesize class are needed. Values are calculatedaselyefor males ¢ ; ) and

f .
females (g { ). Adult lobsters (7Omm carapace length and largeg)assumed to moult once a year. Juveniles anerkto moult
several times a year, so that both the moult inergrand moult frequency need to be taken into attoceben calculating the annual
moult increment values for juveniles.
Appl.1 Mature males

. m .
The annual moult increment for a male lobster lehdor yeart g , , is modelled:

m m
9t =F tp+e (Appl.1)

See RLWS/DECO05/DAT/6/1/3/3 and RLWS/DECO5/DAT/6/%/Xor details on the GLM. The GLM assumes that thepe
parameter ) remains constant over time and that all growthatimn can be modelled by a parallel shift of grewth curve each
year, thus changing the growth axis-intercept v#uenear interpolation is used ofr years where da&amissing.

Appl.2 Mature females
Moult increment data for female lobsters are scaaod limited to two periods only: 1969-1971 (Newnsnd Pollock 1977) and
1992 (SFRI data, unpublished). For 1969, data eadadle from Dassen Island, Cape Point and Rolidlend. For 1992, data are

f
available for Cape Point and Hout Bay. As for mate§SLM approach was used to calculat@a value for each of the two data
periods. The slope parameter is estimated to e 0.0206. As with males:

f f
9t =h +p+e (Appl.2.1)

f . . . . f
In order to calculate the3; values for the years for which no data are avalalitear interpolation is used where the femgle

. . m
values are assumed to follow the same interantuelfting pattern as calculated for the mgle  values.

Appl.3 Juveniles

Juvenile annual moult increments refer to lobssensller than 60mm. Male and female lobsters angnasd to have equal juvenile
moult increments. Unlike mature lobsters which @ssumed to moult only once a year, juvenile lobstepult several times a year,
with the moult frequency declining gradually witicieasing size. The annual moult increment caliculdor a juvenile lobster must
therefore take the moult frequency or inter-moeliiqd, as well as the inter-moult growth increméntp account.

Appl.3.1. Thejuvenile inter-moult period
Only limitted juvenile moult frequency data are idadale (Pollock 1973). A linear model is fitted ttuis data:
pp=a+f (Appl1.3.1.1)
where p; is the inter-moult period in days for lendtfmm), when fitted to these data yields
a=73.70 days, and
B=1.36 days.mnmh.

Appl.3.2. The juvenile moult increment model
Data are available for three periods: 1973, 19981895.The quadratic growth model for juvenilesdach period is:

juv 2
A9“1973””16" +tyl” +e¢ for 1973 | < 60
(Appl1.3.2.1)
Agljig93za+r3| +V|2 +e for 1993 I< 15mm
juv 1993 2
A9|J;L993 =01 (a+Bl+yl +¢) for 1993 15<1 < 30mm
juv 1993 2
A9|11993= oy (a+Bl+yl” +¢) for 1993 30<!| < 60mm
Aglji\é%:a"ﬁ' +V|2 +e£ for 1995 I< 15mm

13
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juv 1995 2
09 1gg5 =1 @+ Bl+y1” +e) for 1995 15< 1 < 30mm
19’1905 = 5%995(a L Bl+yl? 4 g for 1995 30<1| < 60mm
where

| = the mean length before moult (mm)

Agljgv = the mean moult increment (mm) for a juvenile teb&n season
€ = N(0, 0'|2) , and whereg| = cfoe‘uI .
The model above was fitted to all three sets ofijule moult increment data — see Table 1 for eséchparameter values. The net
annual growth for juvenile lobsters is thus:
juv
o Ag,{t 365
gy =—— for 5mm <l <60mm (Appl.3.2.2)
P
Further, to avoid negative growth for very smalidters, it is assumed thgqj%m = g|1%94 for I < 5mm.

App1.3.3 Interpolation between adults and juveniles

. L . . ) 1993 1995
A straight line is fitted to the corresponding saftselative 70mm male moult increments and the ~ and J; , and the

5%993 and Jéggsvalues to calculate botH{ and 5; respectively in years for which there is no datad hence no estimates of
5{ and J;.

The equations to be used for calculatiaifg and 5; for all years are:

t
for o;:
t t
0 =mX +c (Appl.3.3.1)
where
t
t . ) : : 970
X is the relative 70mm male moult increment in ytearm
970
(1 - 0.734)
m=——
(1- 0625
c=1-m,

and similarly, foré';:

op =mx" +c (App1.3.3.2)
where
(1 - 0.715)
1- 0625
c=1-m.

Appl.4.Moult increment variance estimates

The projection matrix calculations of require natyoestimates of the mean annual moult incremeng¢deh length, but also
estimates of the associated variances around Waéses. Standard deviations for moult incrementehmen calculated from the
moult increment data. Moult increment variance ni®ée male, female and juvenile lobsters are #svis. The variances for both
adult male and female moult increments are consitler vary with the moult increment value.

Appl.4.1 Mature males
”lr?g =ag + al(g - 2) +ap (' ‘110) for | < 110mm (Appl.4.1.1)
Ulr,ng =8 * al(g - 2) + ag(' ‘110) for | >110 mm (App1.4.1.2)

14



RLWS/DECO05/ASS/7/1/2

where,

g is the moult increment value
| is the length before moult
ag = 1802

aq = 0137

a, = 000589

ag = -0.02241

(See Butterwortlet a.l 1999 for details).

Appl.4.2 Mature females

f 0351
Ig= T (ao +a(g - 2)) (App1.4.2.1)
where,
ag = 1802mm,
a; = 0138
and
X the male average(l, g)) over the 21 years of growth data (1968-1998) catedl to be 1.88mm.

The female growth variances follow a similar butngeed trend as for males for varying valueg.ofhel dependence for males is
lesser, and marked only for larger lengthslLOmm) seldom reached by females, so is neglesttds proposal.

Appl.4.3 Juveniles
There is a standard deviation associated with
i) the inter-moult perio®D(p), and
ii) with the inter-moult growth increme8D(4g).

The SD(p) = ah (a constant) was estimated from the linear moileiof Pollock’s (1973) data. The&D(Ag) = erﬂ' was
estimated in the process of fitting the quadratitction to the available data. The estimated vauess follows:
Op = 657 days

0 = 0265 mm
M = 00044 mntt

If equation (App1.3.2.2) is rewritten with simpéfi notation:

Ag 365
g -
p
then, using a delta method of approximation, treffaent of variation (CV) ofy is given by:
2 2
CVv(g) = \/CV (Ag) + CV “ (p) (Appl.4.3.1)
where
SD(Ag)
CV(Ag) =
Ag
and
SD(p)
cv(p) =—
p
so that
2 2
Ag 365 erﬂ1 9p
g =9CV(9) = +| — (App1.4.3.2)
p Ag p

Note: Unlike the variance for adult lobster growitie juvenile variance is time-dependent&gss time-dependent).

15
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Appl.4.4 Interpolation between juveniles and adults
As with the annual moult increment values, lingdelipolation is used to provide the standard deviagstimates between 60mm
(juvenile) and 70mm (adult) for male lobsters, aetiveen 50mm (juvenile) and 70mm (adult) for female
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Table 1: Best fit parameter values for the juvenileult increment model.

Parameter Best fit value
a -0.439 mm
,3 0.2345
y -0.0027 mmt
0.265 mm

Jo
HU 0.0044 mmt

1993 0.845

1

1993 0.785

2

1995 0.714

1

1995 0.705

2
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