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The stock assessment approach for all four islands of the Tristan da Cunha group is to use an
age-structured production model (ASPM) to fit to catch, longline standardised CPUE and catch-
at-length (CAL) data. The models consider only catches from 1990, i.e. models are initiated in
1990. The method for setting up the initial population age structure in 1990 is given below.
Note that these assessments do not take into account any effect of the OLIVA oil/soya spill even
which took place in March 2011, as the data for these assessments were collected prior to this
event.

1. The population model

The resource dynamics are modeled by the equations:

N .. =R (1)
Nyf+1o = Ry+1 (2)
y+1,a+1 z [N ale_'vI 2 C;nal _D;T?a,l]e_Malz (3)
mf -
y+1,a+1 z [N ale M C;al _D;,a,l]e Ma 2 (4)
y+1p Z [Nmp 1Ie _é;/n,p—l,l _D)r;n,p—l,l]e_lvlal2 +Z[N;ij,le_ C;npl _D;ij,;]e_Malz (5)
|
y+lp Z [N f y,p— 1Ie _é;,p—l,l - D;,p—l,l ]e_Ma/2 +Z[N;,p,le_ C; p.l - D;,p,l ]e_Ma/2 (6)
|
where
N™ is the number of male or female (m/f) lobsters of age a at the start of year y,
N;"’: is the number of male or female (m/f) lobsters of age a of length / at the start of
year y (see equation 15),
M, denotes the natural mortality rate for male and female lobsters aged a years

(and here identical for male and female lobsters). Note that for the Reference
Case Operating Model this value is fixed at 0.10 for ages 0 to 9, and increased to
a value of 1.5 for ages a=10+. Alternate values of M for lobsters aged a=10+ are
explored in robustness tests.
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Cym’: is the catch of male or female (m/f) lobsters of age a of length /in year y,

Dym”| is the number of male or female (m/f) lobsters of age a of length / in year y that
die due to discard mortality, and

p is the maximum age considered (taken to be a plus-group, and set equal to 20
here).

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:
s
R = oL g 7)
B+(BY)

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

relationship),
¢, reflects fluctuation about the expected (mean) recruitment for year y (here we

estimate stock-recruit residuals for the period 1992-2010) where gy~N(0, 03) with

0r=0.4 and
ij is the spawner biomass at the start of year y, given by:
= Zz=1 2 lQ(];,lefN;,a] (8a)
BSP — 180 f] (8b)
y a 1 ya =1 l
By = Yooa[NJ o Xa ] (8c)
where
20 Qw/] (8d)

where WlfiS the mass of female lobsters at length [, and f; is the proportion of lobster of
length [ that are mature.
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Maturity at length
Pollock (1991) produced plots of the proportion of female lobsters mature for different

carapace lengths at Inaccessible and Nightingale islands. Here we assume that the results for
Inaccessible island are likely to be similar to those at Tristan. Using Pollock’s values, the
function below is assumed to apply for Tristan lobsters:

Proportion of females mature versus length
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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¥):

_ 4hR, (9)
5h-1
and
(K¥@-h))
= = J 10
B 5h-1 (10)
where
a-1 —pz_lMa.
p_l _ZMa' a'=0
R=K®/|Y X,e™ +X,~ (11)
a=l 1-e ™°

The total catch by mass in year y is given by:

Cﬁ% > > wWrC (12)

a I=min
where
Cylay =Ny ST, (13)
é;,a,l = N;,a,l S, ™, (14)
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where W,’“’f denotes the mass of a m/f lobster of length [, and where

”]”‘gear is the length-specific selectivity for male/female lobsters in year y for a given

gear type (either commercial or survey),
F is the fishing proportion in year y for lobsters, and which is constrained to be

< 0.90, and where

obs
— ¢y

Fy B 7 m,comm _—Ma faf f,comm Mq

mpm ’ 5 , 5

Yia Xizmin[Wy NyaiSy, e 2 ][w; Ny,a,zsy,l e 2]

min is the minimum legal carapace length in mm, and
N AR N L AT LA

Ny,a,l - Ny,a a,l (15)

m/ f
a,l

where is the proportion of fish of age a that fall in the length group / for the sex and area

concerned (thus > Q" =1 for all ages a).

The matrix Q is calculated under the assumption that length-at-age is normally distributed
about a mean given by the von Bertalanffy equation, i.e.:

L ~N [ (-ev); ] (16)
where
N* is the normal distribution truncated at + 3 standard deviations, and
6, is the standard deviation of length-at-age a, which is modeled to be

proportional to the expected length-at-age g, i.e.:
6.=p11"[L-e") (17)

with ,8* a fixed parameter of the model, and set here to 0.20.

1.1 Initial conditions

For the first year (1990) considered in the model, the stock is assumed to be at a fraction ( 8 )
of its pre-exploitation spawning biomass, i.e.:

B> =60[K*? (18)
with the starting age structure for the first year given by:
Nisdoo = 0°R (19)

where R is the recruitment corresponding to the K (the mean unexploited population size). The
numbers at age for the starting population size in 1990 are then calculated as follows:

NJobb o= Njobb (e~ (Mat9) for 1<a<m (20)
and
Nyod o = Niado o/ [1 — e~ (Mm+ @] for g=m (21)

where ¢ is the average fishing proportion over the years immediately preceding 1990.

The value of ¢ is fixed at 0.01, and @ is an estimable parameter.



MARAM/TRISTAN/2013/MAR/07

By adding a penalty to the likelihood, the value of fishing proportion in 2009, F1990, can be set
equal to any required level.

1.2 The von Bertalanffy Growth Function

Johnston and Butterworth (2011) reports the von Bertalanffy growth parameters (see equation
16) for each island and sex as found in the literature. Note that the data for males were from
Tristan and Nightingale only, and for females data from Tristan only. Johnston and Butterworth
(2011) provides suggested von Bertalanffy parameters for each island and sex, based on
discussions with James Glass (pers. commn). The original growth parameter estimates were
obtained from studies by Pollock and Roscoe (1977) and Pollock (1981). The tagging data
centered around lobsters of carapace length 85mm. Original model fits using the von
Bertalanffy parameters as reported in Johnston (2011) did not produce satisfactory fits to
catch-at-length data. It was found that by changing the [.. value slightly one could greatly
improve model fits. The authors thus decided to follow the following method for setting the
von Bertalnaffy growth parameters:

¢ Since most of the tagging data centered around carapace length 85mm, it would be
assumed that the length increment for this length (i.e. 85mm CL) would remain fixed at
the value reported in the literature.

* The [l.. value would be allowed to be increased or decreased in order to produce better
fits to the CPUE and CAL data (this was done by fixing the [.. values at different values
and inspecting the resultant model fits)

* The k value would be re-calculated for the new [.. value, assuming a “pivot” through
the growth increment line at 85mm, thus as the [.. value changes, so does the k value,
but the growth increment at 85mm is not altered.

10

9
8
.g, 6 \
K=
2 TR
i ' \ ..... -
0 \l/ 1 1 1 1 1 1 \ \....\.'.\
g5 CL(mm) linf(1)  linf(2)

In the figure above, the solid line shows fit to the data as reported in the literature with [, (1)
(linf(1) in plot above) being the estimate produced. The dotted line shows how the authors
modified this line by increasing the (.. value in this case, but retaining the growth increment at
the pivot CL of 85mm.



For a new [,

follows:

K(2) = 2=2 k(1)

lo(2)—-85
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value, [(2), a new kappa value, k(2) (the slope parameter) is calculated as

The table below reports the values used in the final assessments.

Inaccessible and Nightingale and Nightingale and
Tristan Gough — Pollock Gough —James Glass
growth growth*

B 132.4 156.5 147
R(2) 125 150 147
() 99.8 99.8 99
L) 90 90 99
k™(1) 0.11 0.066 0.116
k(1) 0.06 0.06 0.06

to" 0 0 0

t(f; -15 -15 -15

*For the assessments using the James Glass growth, the “pivot method” was not implemented
as it was found not to improve model fits.

1.3 Discard Mortality

The number of lobsters that die due to discard mortality is calculated as follows:

yal _d(NyaI mlcommF ) (23)

yaI _d(NyaI lcommF ) (24)
where D;";f, is calculated for | <min, and d is the value of discard mortality which is set equal
to 0.1 here.

1.4 Biomass estimates

The model estimate of mid-year exploitable biomass for the commercial catch is given by:

B =B'+B] (25)
where
=Y SN e AL (F, S 2)] (26)
a I=min
ZZ[ ETWINY &2 N[ (F, S 2)] (27)
and where
B, is the total (male plus female) model estimate of mid-year exploitable biomass for
yeary.
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The model estimate of begin-year biomass for the biomass survey is given by:

BsurvLegl BmsurvLegl Bf surv,Legl (28)
y
where
Bf surv,Legl ZZ[ f, surv ;,a,l] (298)
Bm surv,Legl ZZ[ msurvvvamal] (29b)
and where
B;””"Legl is the total (male plus female) model estimate of begin-year survey biomass for
yeary.

The Leg2 biomass survey is assumed to occur at the end of the season once all the fishing and
natural mortality for that season has occurred, thus

B;,surv,Legz ZZW [ fsurvaale M, IZ_C;a| _Dfal] -M, /2 (303)
B;n,surv,Legz :ZZV\I{n[S/T?ierNmale M. /2 _C;nal a|]e M. /2 (30b)
a |
The total Leg2 biomass survey is thus:
Bsurv Leg2 Bm surv,Leg2 + Bf surv,Leg2 (3 1)
1.5 Commercial catch-at-length proportions
~commm __ Ya E;tla.l
Dy, =S am osef (32)
atyalTyal
Alc]olmmf 2a 63]:,11,1 (33)

o °F
Za Cy.a.l+cy,a,l

acommm/ f

where p, | is the estimated proportion of commercial catch of m/f lobsters in length class

linyeary.
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1.6 Biomass survey catch-at-length proportions
These are calculated separately for Legl (begin-season) and Leg2 (end-season). For Leg we
have:

Z N)r/rjaJ Sm,surv
preotm=_____a _ (34a)
pyJ Z[N;ja,l Sm,surv + N;,a,l Sf ,surV]

a
N f f,surv
2Ny S
a

Aleglf _—
P = - - (34b)
y Z[N;ja,l Sm,surv + N;,a,l Sf ,surV]
a
where f)nyfgl'm” is the estimated proportion of biomass survey lobsters in Legl of m/f lobsters

in length class L in year y.

For Leg2 we have:

Z[N;nm Sm,surve—MaIZ _ém _ D;/n,a,l]e_Ma/Z

a,l
ﬁLegZ,m — a ya
vl - gm omsuva-M./2 _ Am  _ m -M, /2 NE fsuv—Ma/2 _ Rf -M, /2
Z[ Ny,a,l Ve Cy,a,l Dy,a,l ]e + [ Ny,a,l S Ve Cy,a,l Dy,a,l ]e ]
a
(35a)
N f furva-Ma/2 _ AR _ -M,/2
Z[ Ny,a,l S Ve Cy,a,l Dy,a,l ]e
ﬁLegZ,f - a
yl m msurv-Ma/2 _ Am _ m -M, /2 NEi fauv-M, /2 _ ARf -M, /2
Z[ Ny,a,l S Ve Cy,a,l Dy,a,l ]e +[Ny,a,l S Ve Cy,a,l Dy,a,l ]e ]
a
(35b)
where f))';’?gz’m/f is the estimated proportion of biomass survey lobsters in Leg2 of m/f lobsters

in length class [ in year y.

1.7 Commercial selectivity-at-length function
The selectivity function (which depends on length) is assumed to change over time. For each
island, three fixed periods of selectivity are modelled — these vary slightly between islands and
were selected after studying the residual trends from the model fits to the catch-at-length data.
The time-variation is effected by estimating three different u values (for m and f separately) for
the selectivity function for each of the different time periods. The time periods assumed for the
fixed selectivity intervals in these assessments are:
These periods were selected based on examination of residual plots of the catch-at-length data.
1990-2000
2001-2005
2006+

Male and female selectivities are estimated separately as follows:
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—u™
e y
;’Tjicomm = -o™(1-1") (36)
l+e ’
et
S;Yicomm = P—l RETE (37)
+e€ .

The estimable parameters are thus:

. Lm/f )

. Jm/f ,
o u™/f [with three values for each of the three selectivity periods shown in table above]
e P (the female scaling parameter)

The selectivity functions for males are scaled so that the maximum selectivity value is 1.0, and
the female selectivity function is scaled by the multiplicative parameter P so that the maximum
selectivity value for females is equal to P.

1.8 Survey selectivity-at-length function
The selectivity functions for the gear used in the biomass surveys are assumed to be time

invariant.

Male and female selectivities are estimated separately as follows:

_”m|
T e .
_”f|
Sf,surv = P € . g (39)
1+ e—d (I-L")

The estimable parameters for the survey selectivity function are thus:

° |*m/f )

. Jm/f
. Hm/f and
e P (the female scaling parameter)

It was found that much improved fits to both the commercial and survey CAL male data could
be obtained if the selectivity of male lobsters for lengths 110mm+ was reduced by 25%. Thus
for all OMs the following applies:

m,comm m,comm
Sy,l - Sy_l * 0.75 and,

S;T:ll,SuTU N S;T:LI,SMTU % 0.75 for l 2 110mm

Where the values on the right hand sides on these equation are calculated from equations 38
to 39.
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2. The likelihood function

The model is fitted to CPUE, survey abundance, commercial catch-at-length (male and female
separately) data and survey catch-at-length (male and female separately) data to estimate
model parameters. Contributions by each of these to the negative log-likelihood (-InL), and the
various additional penalties added are as follows. For the outer islands, the model is also fitted
to discard ratio data.

2.1 Relative abundance data (CPUE) from commercial catch
The likelihood is calculated assuming that the observed abundance index is log-normally
distributed about its expected (median) value:
CPUE, =qBe€" or £ =In(CPUE,) -In(q B,) (40)
where
CPUE, is the CPUE abundance index for year y,
B, is the model estimate of mid-year exploitable biomass for year y in

given by equation 25,
g is the constant of proportionality (catchability coefficient), and

g, from N(0, (o )?)-

The contribution of the abundance data to the negative of the log-likelihood function (after
removal of constants) is given by:
~inL=Y|(e,} 12(c ) +In(o )] (41)

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

6 :\/1/ ny (nCPUE, -Ing B, | (42)

where
n is the number of data points in the CPUE series, and
g is the catchability coefficient, estimated by its maximum likelihood value:

Ing =1/ny(InCPUE -InB ) (43)

2.2 Relative abundance data from the biomass survey
Data from Legl (around September in each season) and Leg2 (around February each season)
are fitted independently. The likelihood is calculated assuming that the observed abundance
index is log-normally distributed about its expected (median) value:

SUR® =q"*B;"e”, i.e. g, =IN(SUR®) = In(q*B;")

(44)
where
SURVyLeg is the survey biomass abundance index for either Legl or Leg2 in year y,

10
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Bj‘" is the model estimate of mid-year exploitable survey biomass for year y given by
equation 28,
g is the constant of proportionality (catchability coefficient) for either Legl or Leg2,

and
g, from N (0, (o )?).

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

—inL =Y [le, F 12((CV19) + 02,)) + 05.In((CV2)? + 02, (45)

where
CVyLeg is the survey sampling CV of the biomass survey in year y for either Legl or Leg2,
q“® is the catchability coefficient for either Legl or Leg2, estimated by its maximum
likelihood value:
NG =1/n3 "IN SUR* ~In 82", and (46)
y

Oaqq iS an estimable parameter which reflects variance additional to the estimated
survey sampling variance.

2.3 Commercial catches-at-length

The following term is added to the negative log-likelihood:

-/n Llength: Ienzlzz |.In(0-|en/ Ip;c’)lmm,m/f )+ pgc’)lmm,m/f (ln pgc’)lmm,m/f _In ﬁ;ﬁmm/f )2 /2(0](3”)2]
y

m/ f
(47)
where
p;ﬂmm” is the observed proportion of m/f lobsters (by number) in length group / in the
commercial catch in year y, and
g is the standard deviation associated with the length-at-age data, which is

len

estimated in the fitting procedure by:

6-|en — Z ZZ p;(?lmn,m/f (In p;?lmm,m/f —-In ﬁ;f)lmm,m/f )Z/Z Zzl (48)
| |

m/f y m/f oy

Equation (47) makes the assumption that proportion-at-length data are log-normally

distributed about their model-predicted values. The associated variance is taken to be inversely
commm/ f
yl

will correspond to small predicted sample sizes. The value of wy,,, is set equal to 0.1.

proportional to p to downweight contributions from observed small proportions which

11
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2.4 Biomass survey catches-at-length
The following term is added to the negative log-likelihood:

—/n Llength: Imzzz [ln(qm/ plﬁg,m/f )+ pLeg .m/ f (In pLeg m/ f —In pLeg ,m/ f )2 /z(qm)ZI
y | m/f

(49)
where
p;?g mi is the observed proportion of m/f lobsters (by number) in length group / in the
biomass survey in year y during Legl or Leg2, and
g is the standard deviation associated with the length-at-age data, which is

estimated in the fitting procedure by:
a-len - Z Zz pLeg m/f (In pLeg mif ﬁ;e?g m/f) /Z zzl (50)
m/ f m/ f

Equation (49) makes the assumption that proportion-at-length data are log-normally

distributed about their model-predicted values. The associated variance is taken to be inversely

/ f
proportional to p;™"

to downweight contributions from observed small proportions which

will correspond to small predicted sample sizes. The value of wy,,, is set equal to 0.1.

2.3 Discard % (for Nightingale, Inaccessible and Gough)

The longline catch and effort databases provide information on the weight of discarded
lobsters. In this document the discard % is expressed as % weight of discards relative to the
weight of the total catch (under and over legal size) hauled. This information is incorporated
into the likelihood function when fitting the assessment models to the data by including the
following term:

—ink = —tnL+ ) (D™ —1nD, ) 2/2CV? (51)
y

where

D;bs is the observed discard percentage for year y, and

Dy is the model estimated value of discard percentage for year y, where
Dy = ¥h_o St (wDy,  +w/ D) ), (52)
and
D, = [D;/(Dy + C,)] * 100 (53)

The CV is set at a value of 0.6 for Inaccessible and Nightingale, and 0.8 for Gough.

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:

12
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2
2| & — PE.
—InL=-InL+)| 2=—=>| /20° 54
S[6] a .
where

¢, = Pr,, +41- 0° &, is the recruitment residual for year y (see equation 1),

2

g, ~N(@O0z),

O is the standard deviation of the log-residuals, which is input,

p is their auto-correlation coefficient, and

y1=1992 and y2=2010 here.
Note that here, p is set equal to zero, i.e. the recruitment residuals are assumed uncorrelated,
and Oy is set equal to 0.4. Recruitment residuals are estimated for years 1992 to 2010 only.

The following term is added to constrain the size of these terms (i.e. to fit to genuine difference

rather than to noise) and to force the average of the residuals to equal zero:
2010

—InL=InL+W[) —*]? (55)

19920R
where the weighting factor W is set high to ensure that the sum above ends as zero.
This is to ensure that when projecting, the stock-recruitment curve used more closely
reflects the past patterns of recruitment and its variability.

Future recruitment: The model estimates residuals for 1992-2010. For 2011+ recruitment is set
equal to its expected values given the fitted stock-recruit relationship. The relationship itself is

_ aB;p £,—-0312 2 _ .
, =———-¢€’ where & ~N(0,0;) and o0, =04. This means that the expected
BB} y
P
recruitment E[R/] = -
B+By (56)

The residuals for years 1990 and 1991 are set equal to zero.

3. Further Model parameters

Age-at-maturity: The proportion of lobsters of age a that are mature is approximated by f, =1
for a>5years (i.e. f,=0fora=0,..,5).

Minimum age: Age 0.

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

13



Minimum length: 1mm.
Maximum length: 180mm, which is taken as a plus-group.
Mass-at-age: The mass W' of a m/f lobster at age a is given by:

A _I%m/f a_Am/f 'Bm”
w™ f :am/f[lwm/f(l_e ( to )) /10}

a

where the values assumed for the observed length-weight are:

a™ = 0.4789
a’ = 0.5907
B™ = 3.024
Bf = 2.9449

This provides weight of in units of kgs.

4. The Bayesian approach

MARAM/TRISTAN/2013/MAR/07

(57)

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

The catchability coefficients (g) and the standard deviations associated with the commercial
CPUE and catch-at-length data (o and 0, ) are estimated in the fitting procedure by their

maximum likelihood values, rather than integrating over these three parameters as well. This is
considered adequately accurate given reasonably large sample sizes.

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.
I™":  U[1, 180] mm

u™' U0, 1]

o™ U0, 1]

P uU[0,5]

0 u[0,1]

Sy U[-5,5]

Oqaa UI[0,1]

14
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