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A The population dynamics model

The model of the west coast rock lobster dynansiadeiscribed by a size-structured model which opsrat a 1mm interval scale,
from| = 1mm tol = Iy, Wherel refers to the carapace length (which for brevity also be referred to as “size”) in mm. The lasge
size class in the moddl., is equal to 200mm. Male and female lobsters avdeffed separately, with referring to males anfi
referring to females. In this report, the supept@iefers to either the male or female sex, wherawloesexes are treated separately
but similarly. Although the fishing season stadwards the end of yearand runs into yeatrt+1, it is denoted as seasbunless
otherwise specified). Where data are collectedraptesented in 5mm size class intervals, the s&sxrefers to lobsters of sizas

X+1,x+2 .. x+4 mm.

A.1 Basic dynamics
The basic model in vector-matrix notation is:
N3(t+1) = N>)H S (1)SSAS (1) + R(t +1) (AL.1)
N (t) is the (1 x 200) vector of number of males/fermaeeach of the 1mm size
classes at the start of season
As(t) is the (200 x 200) somatic growth matrix for ns#flemales over seasdor{models the proportion of lobsters
moving from one size class to another as a refstirmatic growth),
H s(t) is the (200 x 200) fishing survivorship matidx males/females over seagpn
s® is the (200 x 200) diagonal natural survivorshignm for males/females (constant over time), and
R(t +1) is the (1 x 200) recruitment vector for seaseh(the same for males and for females).

Note that the structure of this discrete modeluishsthat harvest is followed by natural mortalitydathen 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 theerushipbsters in each size class is easily corderd biomass using the length-

weight conversion equations as follows:

w|m = 06518 28990 for males, and (A2.1)

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

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

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

NS =N sSAS 4R (A3.1)
and therefore
NS = Rro -sSA%) 7t (A3.2)

N s represents the male/female pristine equilibriumputetion vector, antlis the unit matrix.
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Equation (A3.2) is used to set up the initial pmistpopulation size-structure in 1910 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 flee diagonal entries which

contain the§;" 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 laksig likely to be somewhat different from thatrofiture lobsters, so that
smaller lobsters are assumed to have reduced stship. A linear increase in survivorship from @tlsizel = 1mm (an artificial size

used purely for definition convenience) $m (males) andsf (females) at size 60mm is assumed. The maximum anaeal

natural survivorshipS ', is set at 0.90 for the Base Case. The maximuralfematural survworshlpsf , Is an estimable parameter
of the model. Natural survivorship is assumed tedigstant over time. The specific entries on tlagainal of the natural survivorship
matrix are calculated as follows.

(Alternate values for male survivorship will be exiaed in robustness tests).

Males:
m s™ - o1
§ =(-) ——— |+01 for 1< <60mm (A4.1)
59
5" =s" = 090 for | = 60mm
Females:
f st —o1
S =(-1 ——|+01 for 1< 1 <60mm (A4.2)
59
f f
S =8 for | = 60mm

A.5 Gear selectivity

Different sexes and sizes of lobsters have diffgpenbabilities of being caught by various fishipear, and each gear type operates in
different parts of the overall habitat area wheiféent sizes or sexes may aggregate at diffetiems. 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 funcsidfor both male and female), the function for egehr is calculated assuming
linear interpolation between a number of estimaaleameters for various carapace lengths (usualiy Bategroes):

For male and female trap selectivity we estimate:
stray o
bI P the selectivity of a lobster carapace lengtnd of sex (morf),

for CL 62mm, 67mm, 72mm, 77mm, 82mm, 87mm, 92mrm® and 102+mm. Selectivity is assumed zero at &hm.

For male and female hoop selectivity we estimate:

s,hoo
b P
for CL 72mm, 77mm, 82mm, 87mm, 92mm, 97mm and b@®+Selectivity is assumed zero at CL 45mm.

the selectivity of a lobster carapace lerigiind of sex (morf),

For male FIMS selectivity we estimate:
m,FIMS L
bI the selectivity of a lobster carapace leriggind of sexm,

for CL 57mm, 62mm, 67mm, 72mm, 77mm, 82mm, 87n2m®. Selectivity is assumed zero at CL 45mm andrtf0

For female FIMS selectivity we estimate:
f,FIMS .-
bI the selectivity of a lobster carapace leriggind of sex,

for CL 57mm, 62mm, 67mm, 72mm, 77mm. Selectistassumed zero at CL 45mm and 100mm.

Comment: In many cases we are getting a strong wawhtrend as length increases (see IWS/DEC10/WGQRBA Is this realistic?
What could be the mechanism. Should we be fort¢iedRHS of the selectivity curve to be flat?
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A.6 Fishing survivorship matrix H

s,trap

The fishing survivorship matriti consists of diagonal entriefg - {p,” S, poach S, recr

s:hooP 1y 4 ©+p)

| | (1

t)y+p

with zeros everywhere else, where tpé’c (t) terms, the proportion of lobsters in size clasaught during seasdrior the specified
catch
type , are calculated as follows:
s,C s,sel c
PO =b Od®F ® (R6.1)

wherec refers to either the commercial trap or hoopchogy or recreational catch.
For trap and hoops:

dy(t) = d for I <1 (1)

dI (t)=1 fori = 1y (O

where| i, (t) is the commercial legal minimum size limit in seas

For poaching:
dI (t)=1 for all |
For recreational:
dj (1) = d for | <1 ®
min’
dI (t)=1 forl =1 t)
min®

wherelminr is the recreational minimum size limit

The parameted refers to theliscard mortality, and is the proportion of undersized lobsters #matcaught and returned to the sea
which subsequently die as a result of the origiag@kture-and-return process. A valualef0.10 is used.

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

C
Cy

c
F()= [ T (A6.2)
m m,sel m f f,sel f
z lN| (b (tw, + N, (Db (Ow, J
Zmint)
where
C¢is the observed catch (trap, hoop, poaching seational) by weight in seasgrand

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

Note: for poaching, ther ¢ (t) is summed over all sizes, not just above the minirsize.

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

p|m’c 1993 and plf ¢ (997 in two steps. The first refers to the initial paftthe season when the minimum size limit was 89mm

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

p,m":89 = |o|m'seI 1997 d|89 1999F €82 1999 (A7.1)
where
89
dy @993 =d forl < 89mm for males
d|89 1999 =d for females of all sizes
d|89 99y =1 forl >89mm for males
and
f 89 f,sel 89 c89
P = b 199Dd,  (99)F 1999
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The fully-selected fishing mortality c89 L99) above is calculated as follows:
c89
C1901

s IN™a0996™ go9gw™
I289mm|'I ¢ :Dl ¢ :lej

F°89 1009 - (A7.2)

where Cfgggl refers to the catch (by weight) taken in the @hipart of the season when the minimum size linsis\B9mm. Before
proceeding with the calculations for the second pathe season, the numbers-at-size are updatttetend of the first part of the
season taking into account the losses due to Gshiortality only, i.e.:

Nlm’89 199) = N|m 0.991)(1— p|m’89 0,993), and also therefore (A7.3)

f 89 f f 89
N| 199D = N, a991)(1— D a991))
where

m

89 mc .89
Py = % Py )

and

f 89
P

For the subsequent part of the season:

o e 7S b,m'se' (1991)d|75 1999F ¢ 1999 (A7.4)
where
75
dj (993 =d forl < 75mm for males
d|75 1993 =d for females of all sizes
d|75 99) =1 forl =75mm for males
and
fc75 f,sel 75 c,75
P =b 999d; ~ 99)F 1999
where, further:
Cc,75
75
F&™ gooy = 1991 (A7.5)

|_N|m'89 (ngn)b,m'se' a993)w|mJ
1=>75mm

and Cfggsl is the catch (by weight) taken in the subsequarttqf the season to which a minimum size limi¥6Mmm applied,

P| =2p and
c
f 75 fc,75
o=
c
We therefore have p|m 199) =1-(1- p|m’89)(1— p|m ’75) , and (A7.6)

f f 89 f 75
p aoon)=1- (- p Pa-p 7).



MARAM IWS/DEC10/WCRLA/P2

A.8 Somatic growth projection matrix A
The somatic growth projection matrix models theportion of lobsters in one size class that move another size class between

seasons as a result of somatic growth. The am?rpi, j) represents the proportion of lobsters in sizesdl#isat move into size class
j during the moult at the end of seasolloult increments of lobsters have been showretbighly variable. This variance in somatic

growth is modelled using a normal probability disttion truncated at 3 standard deviations. In order to calculate &e(i, j)
values using this probability distribution, the meannual moult increment valu@;,lst , must be evaluated as well as an estimate of

standard deviation around this mean moult incremeﬁ{ , for each lengtth and yeat. The calculation of theglst and Jf't values

are reported in detail in the Appendix. Note tiég tistribution allows for the possibility thatisters shrink during the moult.

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

[Note that becausierepresents the length classi(i) mm, e.gi = 75 means animals of sitevhere 74 4 < 75 mm, it is convenient
to use the midpoirit0.5 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 =1 + g (A8.1)
where g; is the mean moult increment for length
Step 2: Calculate the two endpoints of the groviglribution:
m; (1) = m; - 30; (lower point) (A8.2)
m; (2) = mj + 30; (upper point)
where g; is the standard deviation for the mean moult imenetg.

If o; =o0,then set(ij) =1 [wherg is such thatj -1 < m; < j]and go back to step 1, incrementirtgy 1.

Step 3: Find the midpointap(1) andmp(2) of the length classes into whinf(1) andm(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) = mp, + 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, sgtl)=nmp;-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

z(2) = ye-m (A8.10)
o

C: Calculate the area under the normal curve foh @athese z values:
A(1) = area fronz(1) to O
A(2) = area fronz(2) to O

D: Calculate the proportion of lobsters moving frotaj (equal to the area under the normal curve fz¢into z(2)).
If 1< mp; < 199, do the following:
j=mp +05
a(i, j) = AQ + A2 if y(1) < m<y(2) (A8.11)
otherwise
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ai, i) = [a@ - AQ)

If mp; < 1, do the following:

j=1

a(i, ) = |AQ - AQ) (A8.12)
If mp; > 199, do the following:

j =200

a(i, j) = |A@ - A@)| (A8.13)

200
Step 5: Normalisa(i,j) so that _Zla(i, j)=1
J:

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

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

Recruitment is assumed to contribute to the fissize classes only. The value of recruitment &mheof these size classes in sedson
is R(t). Recruitment is assumed equal for male and fetobfgers, and hence:

R(1) = R|f (t) = R(t) for | <15mm (A9.1)

R0 =R =0 forl > 15mm

Recruitment is assumed to be linear betwe¢h910),R (1920),R (1950),R (1970),R (1975),R (1980),R (1985),R (1990),
R (1995),R((2000) andR((2003). R(2007)+ is calculated as the geometric mean o$ithealuesR(1975)R(2000).

A.10 Catch

. . . A obs
The model is constrained so that the model-prediictdch C; exactly equals the “observed” cat€ly, . The “observed” catch
consists of three contributions in each season t:

i) the recorded commercial catoﬁtC omm _ Cttrap + Cthoop

i) an estimate of poaching};tpcmh , and

iii) an estimate of the public recreational catcl?rec.
Thus:

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

& =3 o [Fc(t)blm’se' ON"Ow" + FC(t)blf’Sd (t)Nlf (t)w|t:| (A10.2)

> .
¢ "“'min

A10.1 Commercial catches

Although the commercial fishery is known to havegde around 1870, the model assumes the resoustelistine state in 1910, but
does take into account the small catches estimatdthve been made between 1870 and 1910 - seeriE®R010/SEP/SWG-
WCRL/22 for further details.



MARAM IWS/DEC10/WCRLA/P2

A.10.2 Poaching and recreational catches

Poaching:
Poaching (at a non-negligible level) is assumedsttot in 1951 and increase linearly to a vaRig in the year 1990 (these
assumptions are based on anecdotal reports fronmthestry). Poaching is assumed to remain atRhg level after 1990. The

estimates ofctpoach used in the model are thus:
ctpoaCh =0 fort < 1950 (A10.3)
oach t - 1950
M =p o ——— for 1950< t <1990
1990- 1950
P = P max fort > 1990

The reference case assessment assBmes 500 MT based upon rough suppositions by SFRequerel for the area-aggregated
model.

Recreational Catch:

Recreational catches (at a non-negligible leved)aasumed to have started in 1959 (this assumptsrbased on discussions held by
the RLWG in conjunction with the industry). From5Bto 1992 the recreational catches are assunfeavtincreased linearly from
zero to 469 MT (as estimated in the telephone suiethat year). Telephone survey estimated whare used for seasons 1993+.

The estimates oCtrec (in tons) used in the model are reported in FISHESR010/AUG/SWG-WCRL19.

Interim Relief
Interim relief estimates for the resource as a wlask available for the 2007-2009 seasons. Thaskesawould be added to the
commercial hoopnet catches for each area for theaet season.

A.11 Biomass
Since the model maintains information on numbeisizg by sex, the biomass of any desired compoofetfite resource is readily

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

BL (= X (N"()w + N,f (t)w,f ) (A11.1)
75 1275
All biomass estimates quoted in this paper haves unétric tons (MT) or ‘000 MT.

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

i) somatic growth rate,
i) recruitment level,

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

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

NS (F) = NS (F)Hs®A% R (A12.1)
so that
NS (F) = R( - H %A%t (A12.2)
The sustainable yield for afycan be calculated as follows:
s,sel nt m f* f
SY(F) = I>§1in( by diF (N (F)wp + N (F)w; ) (A12.3)

where thele* (F) are the number of male/female lobsters in theliéguim population at sizéand at fishing mortality leveét. At
some level of fishing mortality, the sustainablelgireaches a maximum - the maximum sustainablé (i4SY). TheF value
corresponding to MSY is denotégsy.

The biomass level (above the legal minimum sizejtath MSY occursBysy, is calculated as follows:

ny m f* f
Busy = |>§nin (Nl (FMQ)Wl + N| (FMSY )WI ) (A124)

A.13 The Likelihood function
The estimable parameters of the size-structurecehaoe estimated by fitting the model to a numbfedada series. This is achieved
by minimising the negative of the log of the likelod function for these data.
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A.13.1 Data included in the likelihood
The negative log likelihood function incorporatbeee types of data.

i) CPUE
Three sources of CPUE data for the resource ack use
a) Commercial trap CPUE data for the 1981-2008 period.
b) Commercial hoopnet CPUE data for the 1981-200&eri
c) FIMS CPUE data for the 1992-2008 period.
(Remember, 1995 refers to the 1995/96 seasonxé&mgle.)
These CPUE values are assumed to be log-normatiytdited 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@8.

b) Data obtained from commercial hoopnet samples33612008.

c) Data obtained from the FIMS samples for 1992-2008.

d) Data obtained from trap samples which cover thiesfaé range including the sub-legal size classe$§994-1998.
Males and females are treated separately. Dateepogted by 5mm size classes, i.e. tfesize 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 fronctiramercial
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 fefoaltgat season. Due to there being very few oladems 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 femalesin the catch (F%)

Three sources of data are used.
a) Data from the commercial trap samples tisedalculating catch-at-size data for 1976-2008.
b) Data from the commercial hoopnet samples useddioulating catch-at-size data for 1976-2008.
c) Data from the FIMS samples for 1992-2008.

Percent females={®) values are the percentageriymber of females in the samples. Once again the se&@®hi$ 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 tregpedasely but
identically. After removal of constants from thegagéve log likelihood, the function to be minimisisd

A A 1 A - al2
-nL= X(n Ino +—Z{InCPUE - In CPUE }
A=l§,3 cpue cpue A 27 t t )
20 cpue
A [JAs| .As{ As  .AsY?2 _ A2
O.:l[ 2 X XX lIn\ogge /Bt J* B NPT —In By, 120 gze (A13.1)
A=1.4% | s ' ' ’ '

+ -InL (F%)

+Roen
[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

”(':?)ue is the numbers of seasons of CPUE data forss@rie

CPU EtA is the observed CPUE value in seasfan seriesA

CPL]EtA is the model-estimated CPUE value in seda$onseriesA

pt'?‘l‘s is the observed catch-at-size proportion forefi@imale lobsters of sizén seasor for seriesA

ﬁt'?‘l‘s is the model-estimated catch-at-size propofftormale/female lobsters of sizén season for seriesA
Ft%’A is the observed percentage females in the aawdason for seriesA



MARAM IWS/DEC10/WCRLA/P2

~0
FtA)'A is the model-estimated percentage females iodteh in seasonfor seriesA
Also:
f,sel f
|>|2 (b (N} ()
N 2|
R = R fea 1100 (A13.2)
>Z (b (N} (1) + by (OLN))
|—Imin
s,sel s
~AS b (N (1)
Pt = ppeer S (A13.3)
(b (N ()
12l
min
A 1 .
Ucpue = A_Z (In CPUEtA =In CF’UEtA)2 (A13.4)
Nepue t
A ~As As JAS
Osize = \/% IZ %[Pm (In e MNPy )/1] (A13.5)

For serieA = 1 andA = 2: (trap and hoopnet data)

cPUE]" = qA|>|Z (wlmlolm’Sel N (1) + w,f b,f’se' (t)le ®) (A13.6)
='min
1
ng” = A %(In CPUE," - In{ Z wlmblm’Sel ON" (1) + wlf b|f = (t)le (t)}j (A13.7)
Ncpue ~'min

For seriedA = 3 : (FIMS data)

cPUE, = qAI>260(N|m () + le ®) (A13.8)
1
Ing® = A Z(ln cPUE —in{ 3 N™(t) + le(t)}) (A13.9)
n 1260
cpue

The reference case model has the following pemadtgtion added to thelpL (this reflects “shrinkage to the mean”. or in Baian
terms using a prior that reflects the recent pastildution of recruitments):

1 —\
Rpen = E(In R, —IN R) o’ (A13.10)
where
— 1 2000
INR = —yzzw“mln R (A13.11)
=13 (nR-InR )
o’ = _y;g:ys n nR (A13.12)

F% likelihood function
The method of including the F% (percentage femaldise catch) data in the likelihood function waseged when the assessments

were expanded to include area-disaggregated agpmeathis change was necessary, as previousheadirea-aggregated observed
F% data were greater than zero. Moving to the sapeal level, it was found that there were someitsts where the true observed
F% for a given year was in fact zero. The thenentrlikelihood function required taking logarithwisthese observed values, which
produced a mathematical problem (one can’t takgarithm of zero!). It was thus decided to movae twinomial probability
distributional assumption for the F% likelihood &@tien calculation. The F% likelihood contributianow calculated as follows:
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0, ~ 0, 0, 0,
~InL(F%) = —NZl_Fy/O’ObS nE%y - FyA"Obs In FyA"ObS +a-F) Sy na-E%y)-a-F /"Obs)(l n-F /"Obs))
y
where
N is the sample size
FyA) 10bs is the observed femaf# oportion by number in catch in yegr

F %y is the model estimated femadeoportion by number in catch in yeay

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

it £, =0
X—O

else

0,

X=In Fy/o’Obs

and

It Fy %.0bs _y
Y-O
else

Y=In(1-F A’ODS)

where
~ 0 0
~InL(Fo) = -NE[F /"Dbs nfy’ - Fy/"pbsx + (-

/"pbs)l n@- Fy °y- (- FAJObS)Y (A13.10)

Calculation of the samplesizeN

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

z Fy @a- Fy )
) y
0, -
For each F% series calculdgso thatN = %oobs =% 2 (A13.11)
Z (Fy -Fy)
This will be done separately for each super-ar@ayutbhe 2009 updated assessment model.
F% O values
The F% O values are calculated as follows:
~ 0
Z(F %,0bs FyA))Z
Opo, = (A13.12)
n

Reference case and alternate Models

The two alternate models (Altl and Alt2) are vitlpiaentical to the RC model, except with regatalsheRzq03 value. For the RC
modelRzq03 is an estimable parameter, (although previoushkai found to be estimated with very low precison for Area 8 the
95% Cl was 0.0001-1.65), and so is dominated iresitienation by the contribution from equation @9r this reason, Altl and Alt2
models would correspond almost exactly to the R& figparameter values except Riaposwhich would be fixed at the
(approximate) upper and lower 25%iles of this distiion as follows:

INnR: =InRY +oa (A13.13)
and
InR;. =InR. —oa (A13.14)

10
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where J is from equation (2*) above, and tif# value (0.727) corresponds to the 25%iles télstribution with the appropriate
number of degrees of freedom.

11
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Appendix: Somatic growth model

In order to compute the entries of the projecticetrir, 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 calculatedaselgafor males (;l t) and

females @Ift ). Adult lobsters (70mm carapace length and largez)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 adoeben calculating the annual
moult increment values for juveniles.

Appl.1 Mature males

The annual moult increment for a male lobster leh@or yeart gln: , iIs modelled:

m m
9t =P tp+e (App1.1)
See RLWS/DECO05/DAT/6/1/3/3 and RLWS/DECO5/DAT/6/4/Xor details on the GLM. The GLM assumes that tiepe

parameter §) remains constant over time and that all growthiatian can be modelled by a parallel shift of trewth curve each
year, thus changing the growth axis-intercept véusnear interpolation is used ofr years where @atamissing.

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

available for Cape Point and Hout Bay. As for ma&&LM approach was used to calculat(ﬁlaf\ value for each of the two data
periods. The slope parameter is estimated {obe 0.0206. As with males:

f f
9t =B tHP+e (Appl.2.1)

In order to calculate thtjﬁtf values for the years for which no data are availaliiear interpolation is used where the femﬁ{é

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

Appl.3 Juveniles

Juvenile annual moult increments refer to lobssenaller than 60mm. Male and female lobsters arenasd to have equal juvenile
moult increments. Unlike mature lobsters which @assumed to moult only once a year, juvenile lobsteoult several times a year,
with the moult frequency declining gradually witicieasing size. The annual moult increment caleuldor a juvenile lobster must
therefore take the moult frequency or inter-moeltigd, as well as the inter-moult growth incremémtty account.

Appl.3.1. Thejuvenile inter-moult period
Only limitted juvenile moult frequency data are itadgle (Pollock 1973). A linear model is fitted ttus data:
pp=a+p (Appl.3.1.1)
where p| is the inter-moult period in days for lendttmm), when fitted to these data yields
a=73.70 days, and
£=1.36 days.mrh.

App1l.3.2. The juvenile moult increment model
Data are available for three periods: 1973, 199B1895.The quadratic growth model for juvenilesdach period is:

juv 2
Ag|11973 =a+pBl+yl” +¢ for 1973 1 < 60 (App1.3.2.1)
A9|Jt;i\s/993:ﬂ+ﬂl AR for 1993 I< 15mm
uw 1993 2,
Ag’|11993 = (@+Bl+yl” +¢) for 1993 15<1| < 30mm
uv 1993
A9|J;L993 = (a+ Bl +V| £) for 1993 30<| < 60mm
Aglj%gsza’“ﬁ' +V|2 +e for 1995 |< 15mm
uv 1995
A9|J;L995 = (a+ B+ yl £) for 1995 15<1 < 30mm
Agf%gs = 1995(0/ + B+ yl €) for 1995 30<| < 60mm

12
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where
| = the mean length before moult (mm)

“tjv = the mean moult increment (mm) for a juvenile teb#n seasoh

2
£€=N(0,0),and WhereaI = aoem
The model above was fitted to all three sets oéijle moult increment data — see Table 1 for eséichparameter values. The net
annual growth for juvenile lobsters is thus:
ng}y" 365

gIJ;N = for 5mm < <60mm (Appl.3.2.2)
, N

Further, to avoid negative growth for very smalidters, it is assumed thgﬁ“{‘ém = gll%% for | < 5mm.

App1.3.3 Interpolation between adults and juveniles

A straight line is fitted to the corresponding satselative 70mm male moult increments and ﬁiLeQQB and 511995, and the

5%993 and c)'znggsvaIues to calculate botb’{ and Jtz respectively in years for which there is no datal hence no estimates of
t t
Jq andJdy.

. ot t
The equations to be used for calculatidig and J, for all years are:

t
for o;:
(Appl.3.3.1)
where  §f=X e
t
t . . . . 970
X is the relative 70mm male moult increment in ytearm
970
_ In(0.734)
" In(0.625)
and similarly, fordé:
5t = xt# (App1.3.3.2)
where
_ In(0.715)
" In(0.625)

Appl.4.Moult increment variance estimates

The projection matrix calculations of require notyoestimates of the mean annual moult incremeng¢éeh length, but also
estimates of the associated variances around tia@ises. Standard deviations for moult increment&meen calculated from the
moult increment data. Moult increment variance niéta male, female and juvenile lobsters are devis. The variances for both
adult male and female moult increments are consitier vary with the moult increment value.

Appl.4.1 Mature males

J|mg =ag + al(g - 2) +ay (I - 110) for | <110 mm (Appl.4.1.1)
a|mg =ag +a (g - 2) +ag (I - 110) for | >110 mm (Appl.4.1.2)
where,

g is the moult increment value

| is the length before moult

ag = 1802

a; = 0137

a, = 0.00589

ag = -0.02241

(See Butterwortlet a.l 1999 for details).
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Appl.4.2 Mature females

f 0351
o g~ (Tj(ao +ay(g - 2)) (Appl.4.2.1)

where,
ag = 1802mm,

a; = 0138
and
X the male average(l, g)) over the 21 years of growth data (1968-1998) catedlto be 1.88mm.

The female growth variances follow a similar butmed trend as for males for varying valueg.ofhel dependence for males is
lesser, and marked only for larger lengthsl(Omm) seldom reached by females, so is neglewttsi proposal.

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

The SD(p) = Tp (a constant) was estimated from the linear modefof Pollock’s (1973) data. ThesD (Ag) = Joe'uI was

estimated in the process of fitting the quadratiuction to the available data. The estimated vauess follows:
Ip = 657 days

oo = 0265 mm
4 = 00044 mm*

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

Ag 365
g =
p
then, using a delta method of approximation, theffement of variation (CV) ofy is given by:
2 2
ov(9) = ov 2 ag) + ov 2 (p) (App1.4.3.1)
where
SD(Ag)
CV(ag) =
Ag
and
)
ov(p) = (p)
p
so that
2 2
Ag 365 aoe'u1 9p
gg = gCVv(9) = +| — (Appl.4.3.2)
p Ag p

Note: Unlike the variance for adult lobster grovitie juvenile variance is time-dependent&gss time-dependent).
Appl.4.4 Interpolation between juveniles and adults

As with the annual moult increment values, linggetipolation is used to provide the standard diewiagstimates between 60mm
(juvenile) and 70mm (adult) for male lobsters, &etiveen 50mm (juvenile) and 70mm (adult) for ferpale
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Table 1: Best fit parameter values for the juvemiltault increment model.

Parameter Best fit value
a -0.439 mm
,8 0.2345
y -0.0027 mt
0.265 mm
Oy
7 0.0044 mnit
1993 0.845
9,
1993 0.785
9,
1995 0.714
1
1995 0.705
9,
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