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Abstract

The status of the toothfish resource in the Prince Edward Islands region is unclear
because CPUE data suggest considerable depletion, whereas catch-at-length information
indicates that past catches have had relatively little impact on abundance. A Management
Procedure (MP) approach is proposed to provide a sound scientific basis to recommend
future TACs in the face of this appreciable uncertainty. Four Operating Models (OMs)
reflecting ‘Optimistic’, ‘Intermediate’, ‘Less Pessimistic’ and a ‘Pessimistic” current status
for the resource are developed which take account of the different selectivities of past
longline and pot fisheries. These OMs are used for trials of a candidate generic MP which
could provide future TAC recommendations for this resource. The MP uses two data
sources: the recent trend in longline CPUE and the mean length of the catches made. An
MP with control parameter values specified is proposed for implementation based on
the results of the trials. Given the importance of an adequate catch rate for the economic
viability of the fishery, the choice of control parameter values focused primarily on a
reasonable probability of securing a catch rate increase, whatever the current resource
status. MP performance is reasonably robust across a range of sensitivity tests, although
it does deteriorate in conservation terms if the stock-recruitment curve steepness / is low.
These tests also indicate that monitoring of future catch-at-length information would be
necessary to guard against a change in selectivity towards greater catches of older fish.

Résumé

11 est difficile d’évaluer 1’état de la ressource de légine dans la région des iles du Prince
Edouard, car les données de CPUE suggerent un épuisement considérable, alors que les
informations sur la capture selon la longueur indiquent que, par le passé, les captures
n‘ont eu que relativement peu d’impact sur ’'abondance. L'approche proposée consiste
en une procédure de gestion qui fournira une base scientifique solide pour recommander
les futurs TAC face a cette incertitude appréciable. Les quatre modeles opérationnels
— « Optimiste », « Intermédiaire », « Moins Pessimiste » et « Pessimiste » —développés
pour refléter I'état actuel de la ressource tiennent compte des différences de sélectivité des
anciennes pécheries a la palangre et aux casiers. Ces modeles sont utilisés pour tester la
procédure générique de gestion proposée qui permettrait de recommander a l’avenir des
TAC applicables a cette ressource. La procédure de gestion est fondée sur deux sources
de données : la tendance récente de la CPUE des palangriers et la longueur moyenne des
poissons capturés. Compte tenu des résultats des essais, il est proposé de mettre en ceuvre
une procédure de gestion dont les valeurs des parametres de contrdle sont spécifiées.
Etant donné I'importance d’un taux de capture adéquat pour la viabilité économique de
la pécherie, le choix des valeurs des parametres de contrdle repose principalement sur la
probabilité raisonnable d’obtenir une augmentation du taux de capture, quel que soit1’état
actuel de la ressource. La procédure de gestion donne des résultats assez robustes pour
toute une série de tests de sensibilité, mais qui se détériorent en termes de conservation si
la pente 1 de la courbe stock-recrutement est faible. Ces tests indiquent également qu'un
suivi des informations sur la capture selon la longueur serait nécessaire a 1’avenir pour
veiller a ce qu’il ne se produise pas de changement de sélectivité favorisant la capture des
poissons les plus agés.

Pesrome

CocrosiHUEe pecypcoB Kiblkada B paiioHe 0-BoB I[lpmHC-Dnyapn HESCHO, IOCKOJIBKY
nannable CPUE cBHIETENBCTBYIOT O 3HAYUTEIILHOM HCTOICHUH, TOTIa KaKk MH(OpMaIus
0 pa3MEpHOM COCTaBE YJIOBOB ITOKA3bIBACT, YTO MPOLLIBIC YIOBBI OKa3aJId OTHOCHTEIBHO
HeOosplIoe BO3AEHCTBME Ha uwHciaeHHOCTh. [Ipemnaraercss momxox «lIponenypa
yopasnenus» (I1Y), droGsl TpemoCTaBUTh HAASKHYIO HAydHYIO OCHOBY IS
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pexoMennanuii o Oyaymux O/lY ¢ ydeToM 95TOil 3HAYNTEIHHOW HEONpENeICHHOCTH.
Pazpaboranbl yeTbipe ornepannoHHbIX Mozean (OM), oTpaxaromux «ONTHMUCTHYHOEY,
«TIEPEXOTHOE», «MEHEee MEeCCUMUCTHYHOE» U «IECCUMUCTHYHOE)» TEKYyIee COCTOSHHE
3TOroO 3araca, KOTOpPbIE YUUTBIBAIOT PA3IMYHYIO CEIEKTUBHOCTH MPOILIOrO SIPYCHOTO U
JIOBYIIIEYHOTO MPOMBICTIOB. DT OM HCTIONB3YyI0TCSA IS UCTIBITAHUI BapUaHTOB THIIOBOI
ITY, koTOpBIE MOTYT MPENOCTaBUTh peKoMeHaarmu o Oymynmx OIY amst aToro 3amaca.
ITY wucmonb3yeT nBa WCTOYHHWKA JAHHBIX: HelaBHHE TeHIeHIuu u3Mmenenus CPUE
SAPYCHOTO MPOMBICIIA M CPEIHIOI0 UIMHY MOTYy4YeHHBIX yiI0BOB. Ha ocHOBe pe3ymnbTaToB
9TUX WCHBITAHUI TpeIaracTcsi BBINONHATH [IY C YCTaHOBIEGHHBIMHM 3HAUCHUSIMU
KOHTPOJIBHBIX MTApaMETPOB. YUHUThIBas BaKHOCTH aJ€KBAaTHOTO KO3((HUIMEHTA BBUIOBA
JUIs1 SKOHOMHUYECKOH 11eJ1eCO00Pa3HOCTH 3TOTO TPOMBICIIA, BEIOOP 3HAUCHU T KOHTPOJIBHBIX
napameTpoB (OKycHUpyeTcs NPEUMYyIIEeCTBEHHO Ha YJOBJIETBOPUTEIBHONW BEPOSATHOCTH
TOTO, 9TO OyHeT obecriedeH pocT ko3(h(UIeHTa BEUIOBA, KaKUM OBl HU OBLIO TEKyIee
cocTtosiHue 3amaca. Pesynbrarsl IIY A0BOJIBHO yCTOMYMBBI AJIsl psifia UCIBITAHMNA Ha
YyBCTBUTEIBHOCTb, XOTS W YXYAIIAIOTCA B MPUPOJOOXPAHHOM IUIAHE, €CIHM KPyTH3HA
(h) xpuBO#i 3amac—TOMOTHEHNE HEOONBIIast. DTH UCIBITAHHUS TAaKKe MOKA3BIBAIOT, UTO
norpedyeTcss MOHMTOPUHT HMH(pOPMAlMK O PasMEPHOM COCTaBe YIOBOB B OymyIuem,
YTOOBI MIPEOTBPATUTH N3MEHEHNE CEJICKTUBHOCTH B HAlPABICHUH YBEIMUCHNUS BHIIOBA
Ooree crapiieii peIObI.

Resumen

El estado de los stocks de austromerluza en la region de las Islas Principe Eduardo no se
conoce bien porque los datos de la CPUE apuntan a una reduccién considerable, mientras
que los datos de captura por tallas indican que las capturas anteriores han tenido un efecto
relativamente pequefio en la abundancia. Se propone un enfoque para una estrategia de
ordenacion (MP) con el fin de proporcionar una base cientifica sélida para recomendar
la captura total permisible (TAC) en el futuro, habida cuenta de esta considerable
incertidumbre. Se desarrollaron cuatro modelos operacionales (OM) que representan
cuatro estados hipotéticos del stock del recurso: ‘Optimista’, ‘Moderadamente optimista’,
‘Moderadamente pesimista’ y ‘Pesimista’, que toman en cuenta la distinta selectividad
de la pesca de palangre y con nasas efectuada en el pasado. Estos modelos operacionales
se utilizan para probar una posible estrategia genérica de ordenacién que podria servir
para recomendar la captura total permisible (TAC) de este recurso en el futuro. La MP
emplea dos fuentes de datos: la tendencia reciente en la CPUE de la pesca de palangre y la
talla promedio de las capturas efectuadas. Se propone la implementaciéon de una MP con
valores especificados para los parametros de control en base a los resultados de las pruebas.
Dada la importancia de una tasa de captura adecuada para la viabilidad econémica de la
pesqueria, la eleccion de los valores de los parametros de control se concentr6 ante todo
en la probabilidad razonable de asegurar el aumento de la tasa de captura, cualquiera que
sea el estado actual del stock. Los resultados de la MP son razonablemente robustos segtin
una gama de pruebas de sensibilidad, si bien empeoran en términos de la conservacién
si la pendiente / de la curva de reclutamiento del stock es baja. Estas pruebas indican
también que el seguimiento futuro de los datos de la captura por tallas seria necesario,
para prevenir un cambio de la selectividad que resultara en mayores capturas de peces
de mayor edad.

Keywords: Patagonian toothfish, Dissostichus eleginoides, management, management
procedure, MP, Prince Edward Islands, CCAMLR

Introduction

Fisheries for deep-water toothfish (Dissostichus
spp.) populations have developed in the higher
latitudes of the southern hemisphere over the last
two decades, marked by a disconcertingly high
level of TUU fishing, particularly in their early
stages. The CCAMLR Working Group on Fish
Stock Assessment regularly reviews assessments
of these fisheries and develops scientific manage-
ment advice (e.g. SC-CAMLR, 2006). These reviews
include commentary on the fishery for toothfish
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(Dissostichus eleginoides) that takes place in the
waters surrounding the Prince Edward Islands (see
Figure 1). However, since these islands fall under
the jurisdiction of the Republic of South Africa,
and the fishery takes place within the South Africa
EEZ around these islands, management decisions
rest with South Africa, which sets an annual TAC.
Brandao et al. (2002a) provide a brief account of
the history of this fishery’s development, which
was marked by extremely high levels of IUU fish-
ing immediately before legal catches commenced
in the mid-1990s.
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The first attempt at an assessment of the tooth-
fish resource in the Prince Edward Islands region
through the use of an Age-Structured Production
Model (ASPM) is detailed in Brandao et al. (2002a).
This assessment, based on CPUE and catch data
only, indicated that the spawning biomass had been
depleted to a few percent of its pre-exploitation
level. Brandao et al. (2002b) extended the ASPM
to incorporate catch-at-length data. The results
showed the CPUE data and catch-at-length data
to be inconsistent within the modelling framework
considered. The former suggested the resource to
be heavily depleted, whereas the latter suggested
quite the reverse. Since then, several variants of
the ASPM have been considered in an attempt to
reconcile the CPUE and catch-at-length data, but
these have yielded wide-ranging results (Brandao
and Butterworth, 2003; 2004a, 2004b; 2005a; 2006;
2007a). Even when possible recruitment fluctua-
tions in years before any (legal or IUU) harvesting
commenced are taken into account, the absence of
much change over time in the catch-at-length struc-
ture information available for the resource sug-
gests that it has hardly been impacted by catches,
whereas the CPUE data in isolation indicate the
resource to have been heavily depleted by those
catches.

These circumstances lead to major difficulties
in making scientific recommendations for appro-
priate catch limits for this resource. Therefore,
investigations were initiated to ascertain whether
a ‘Management Procedure” (MP) approach might
provide a way forward. This approach to fisheries
management is described in many references (e.g.
Butterworth and Punt, 1999; Cooke, 1999), and
is alternatively known as Management Strategy
Evaluation (MSE) (e.g. Smith et al., 1999). The case
to be considered here does, however, differ from
many other applications of the approach because
not only is the fishery what might be termed ‘data-
poor’, but also these limited data are in conflict.
The fundamental rationale underlying application
of the approach to this toothfish resource is that,
while the two ‘alternative hypotheses” above can-
not at present be reliably distinguished, data from
future catches would hopefully enable them to be
so. Thus, the potential of alternative algorithms for
setting catch limits is to be examined using simu-
lation tests to determine which best ensures that
the resource is hardly likely be further depleted
(and indeed preferably shows some recovery) if a
‘Pessimistic” assessment is correct, while allowing
catches to be increased if future data indicate sup-
port for a more ‘Optimistic” appraisal.

These computer simulation tests are based on
‘Operating Models” (OMs) which reflect possible

true underlying dynamics of the resource to enable
future data (both catch-at-length distributions and
CPUESs) to be generated which are compatible with
past data. These generated future data are then
used by the algorithms within a candidate generic
MP to compute projected future catch limits for the
candidate under examination. Clearly complete
compatibility with all past data is impossible, given
the highly conflicting assessment results that fol-
low from varying the weights given to these differ-
ent data types. Accordingly, to develop some initial
trials to initiate an MP evaluation process, Brandao
and Butterworth (2005b) followed an approach
which eliminated some of either the earlier CPUE
data and/or the earlier catch-at-length data, so that
the population model for toothfish is able to fit both
(reduced) sets satisfactorily (here ‘satisfactorily”’
means, in particular, without any systematic trends in
the residuals; this is essential as the relationships so
estimated are to be used to generate future data in
the projections of the OM for the MP testing, and
one is assuming that the same process that gener-
ated such data in the past continues unchanged to
generate them in the future, so that the fit to the
past data must be such as ensures that such a self-
consistency assumption can be made defensibly).

Brandao and Butterworth (2005b) implemented
this approach to develop three OMs, one reflect-
ing an Optimistic and one a Pessimistic status for
current abundance, and one that reflected a status
intermediate between these two extremes. The
implicit assumption that they made is thus that for
some reason, some or other of such earlier CPUE
and catch-at-length data are unreliable in the con-
text of the assumptions associated with their use in
the population model used for assessment, given
their mutual incompatibility demonstrated in past
assessments.

Subsequently, Branddo and Butterworth (2007b)
considered stochastic projections under such
Optimistic, ‘Intermediate” and Pessimistic scenar-
ios that took into account data from both the past
longline and pot fisheries, although no account
was taken of cetacean depredation. These OMs
were then used to investigate the performance of
a candidate MP that took into account the trend in
future CPUE indices and the mean length of the
longline catches (which provides a surrogate index
to indicate whether biomass is above or below the
level yielding Maximum Sustainable Yield (MSY)
—MSYL) to provide future TACs.

In this paper, these OMs are further updated to
include recent CPUE and catch-at-length data and
to take cetacean depredation into account. A fur-
ther OM is also developed which reflects a ‘Less
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Pessimistic’ scenario for the current status of the
toothfish fishery that is about midway between
the status estimated for the Intermediate and
Pessimistic scenarios for a more complete cover-
age of the range of possible present resource sta-
tus. These four OMs form a reference set which is
used to generate future data to test candidate MPs
to provide future TAC recommendations for the
toothfish resource in the Prince Edward Islands
vicinity.

On the basis of these reference set tests, aug-
mented by further robustness tests to address other
aspects of uncertainty, an MP is proposed for the
provision of future TAC advice for the fishery.

Methods
Operating models and projections
Assessment component

A reference set of four OMs reflecting an
Optimistic, Intermediate, Less Pessimistic and
Pessimistic current status for the toothfish resource
in the Prince Edward Islands region is used to gen-
erate future data to test a candidate generic MP. The
OMs developed are ASPMs, and the methodology
applied to fit (‘condition’) these models to updated
data, together with the associated results, are pro-
vided in Appendix 1. These four OMs reflect the
spawning biomass depletion at the start of 2007 to
be at 68, 57, 37 and 15% respectively.

All four reference set OMs take the pot ‘fleet’
into account and differentiate the selectivities for
the longline and pot fisheries, as well as taking
account of the impact of cetacean depredation. It
is assumed that the extent of toothfish depredation
by cetaceans from longlines increased linearly from
2000 to a saturation level from 2002 onwards, as
suggested in discussions with industry members.
Observations on board the vessel South Princess
(T. Reddell, pers. comm.) suggested that two of
every three toothfish caught on longlines were lost
to cetaceans, i.e. that cetacean depredation should
be calculated as a multiplying factor z = 2 of the
landed longline catch. As this factor appears some-
what extreme, however, given accounts elsewhere
in the Antarctic of this effect (Purves et al., 2004;
2006), the reference set OMs all assume z = 1 (i.e.
cetacean depredation equal to landed longline
catch). Robustness tests are conducted for alterna-
tive possible choices for z. This basis for inflating
the catch figures to account for depredation is also
applied to the catches estimated for illegal ves-
sels, as it seems likely that these vessels are also
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longliners and would therefore have had the same
problems with cetacean predation as the legal lon-
gline fishery.

In conditioning the Optimistic and Intermediate
OMS on past data, a relative weight (wy,) of 0.2
was applied to the catch-at-length contribution to
the log-likelihood. This value of wy, is given by
approximately the ratio of the (about) eight age-
classes that make substantial contributions to the
catches each year and the 43 length classes included
in the likelihood, and thus roughly reflects treat-
ing the data from each of these eight age-classes as
independent. However, to be able to reflect current
depletions as low as 37% for the Less Pessimistic
and 15% for the Pessimistic scenario, values of wy,,
of 0.165 and 0.1 respectively had to be used, as
using the weight of 0.2 as for the first two scenarios
produced results that were not too different from
the Intermediate scenario.

By further down-weighting the (limited) length
distribution data included to provide the Less
Pessimistic and Pessimistic OMs, a yet more pessi-
mistic scenario fitting the CPUE data more closely
still could be obtained, which gives rise to the ques-
tion of whether such a ‘More Pessimistic’ scenario
should also have been included in the reference set.
However, this must be balanced against considera-
tions of statistical plausibility. Setting wj,, = 0.2,
which, as explained above and in Appendix 1,
seems reasonable statistically, there is a deterio-
ration of about 1.5 in log-likelihood points in the
fitting of the model when moving from the Less
Pessimistic to the Pessimistic scenario, so that the
latter remains within a statistically plausible range.
However, if one takes the length down-weighting
as far as it can go to optimise the fit to the CPUE
data, this results in a further drop of over 12 log-
likelihood points, or in AIC weighting terms a rela-
tive plausibility of less than 10-°, when compared to
the Pessimistic scenario, as well as a mis-specified
fit to the length-distribution data. This was consid-
ered to be moving well outside plausible limits, so
that a further More Pessimistic scenario was not
included in the reference set.

Projections component

The generic MP investigated here assumes that
commercial longline CPUE and catch-at-length
data will continue to be available annually for the
longline fishery. As the pot fishery has not been in
operation since April 2005, it is assumed that this
fishery will not operate in the future.

The evaluation of the MP requires the simula-
tion of future longline CPUE and catch-at-length
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data from projections for the population. These
projections are effected using the following proce-
dure:

1. Numbers-at-age (N, ,) for the start of the year
in which projections commence (i.e. y* = 2007)
are estimated by applying equations (Al.1) to
(A1.3). To allow for variation in biomass projec-
tions initially (as the stochastic effects enter later
only through variability in future recruitment
which takes a period to propagate through to
the exploitable component of the biomass), the
numbers-at-age for the first seven years are
allowed to fluctuate, where these fluctuations
are simulated by generating ¢, factors distrib-
uted as N(0, GR) where o = 0.5. The reason for
this is that the catch-at-length data to which
the OMs are fitted provides no information on
recruitment residuals , for these year classes
which have yet to enter the fishery, so that
these ¢, are estimated to be zero in the assess-
ments. Thus, for ages 1-7, the numbers-at-age

%]

are given by N,. ;e v . The future catches-
at-age (C,,) are obtained from equations (A1.4)
and (A1.5). Such future catch-at-age values are
generated assuming that the commercial selec-
tivity function remains the same as that for
the last year of the assessment. Future recruit-
ments are obtained from the stock-recruitment
relationship given by equation (A1.35), which
allows for fluctuations about this relationship.
These fluctuations are computed for each future
year simulated by generating ¢, factors also dis-
tributed as N(0O, 6122), where oy = 0.5. Naturally,
the value selected for o has important impli-
cations for the evaluation of risk. Beddington
and Cooke’s (1983) analysis of a large number
of fish populations suggested 0.4 as reasonably
central over the range of values they found,
while a more recent Bayesian meta-analysis of
128 stocks by Punt et al. (2005) yielded a poste-
rior median of 0.62. The value of o = 0.5 used
here is roughly intermediate between these
two.

2. Future exploitable and spawning biomasses are
calculated using equations (A1.10) and (A1.15).
Given the exploitable biomass for longliners,
the expected (longliner) CPUE abundance index
ISPUE is first generated using equation (A1.24);
then log-normal observation error is added to
this expected value, i.e.:

CPUE __ exp &y
I —qu, e’

where ¢, is normally distributed with a mean
zero and a standard deviation ¢ which is the
estimate obtained for the operating model
(from equation (A1.26)), as is g (from equa-
tion (A1.25)), for the longline fishery. These esti-
mates of ¢ ranged from about 0.2 to 0.35 for the

reference set of OMs (see Table A .4).

. The TAC for the starting year 2007 (TACyyy)

is set to be 250 tonnes, reflecting roughly the
legal annual catch achieved over recent years.
For future years (i.e. 2008, 2009, etc. for year y’),
the generated longline CPUE abundance indi-
ces and longline catch mean length data (see
Step 5 following) are used to compute future
TACs (TAC,,;) from the TACs for the current
year (TAC,) as described in the next section
which specifies the MP.

. The numbers-at-age for year y’ are projected

forward under a true catch given by the sum of
TAC, (the legal component) and any assumed
illegal component (taken here to be a continua-
tion of the estimated recent level of 150 tonnes
annually), together with the assumed level of
cetacean depredation which is taken to remain
at its current level, by means of the operat-
ing model to obtain C,/, and N,,;,. The same
assumptions about the commercial selectivity
function and recruitment fluctuations as made
in Step 1 above are made.

. Given the catch-at-age C,, for longliners, the

mean length ( E ) of toothﬁsh for year y’ caught
by longliners is g1ven by:

Z ECW‘ (eny'% _63/24"/2)

_,gy: [ =

e
J4

E K[Z Cyatha (eny.,g—c;,[/z)
14 a
C ' (eny'/ffc?/‘/[/z)
; y'L

where:

A is the proportion of fish of age a that fall in
length group ¢ (equations (A1.29) and (A1.30))
for longliners,

C,.,is the catch-at-length £ for longliners in year

£ is the length class (where the minus group is
to 54 cm and the plus group is from 138 cm, in
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steps of 2 cm, and these values are used for the
minus and plus group lengths in the averaging
process of equation (1) above), and

n, is a factor distributed as N(0, G;;z), where

G
Gy',f _ len
> Cans

tion (A1.34) for the longline fishery.

, and Gy, is given by equa-

6. Steps (2) to (5) are repeated for each future year
considered.

7. This projection procedureisreplicated 100 times,
to provide probability distributions for projec-
tion results arising from uncertainties in future
recruitment and observation errors for CPUE
and catch-at-length data.

The MP considered

A simple generic candidate for an MP is one
where the TAC is modified in synchrony with
the trend in a resource abundance index (such as
CPUE). However, although future increases in
CPUE trends would imply that catches could be
increased, a decrease in CPUE trend does not nec-
essarily mean a need for decreased catches. This
would depend on whether or not the biomass
is above or below MSYL (if the biomass is above
MSYL it is acceptable, from a biological standpoint,
to have catches increase even though the biomass
drops to some extent). The mean length of catches is
used here as a surrogate for MSYL. A mean length
above a certain length (¢*) indicates (coarsely) that
biomass is above MSYL, and below this length that
biomass is below MSYL. Figure 2 depicts the struc-
ture underlying the formulation of an MP that takes
this reasoning into account. The ‘+ and ‘-’ signs
depict the increase or decrease in catches depend-
ing on the trend in CPUE and whether the mean
length is above or below ¢*. Within each quad-
rant of the figure, the formula of the control rule is
also shown. In instances when the CPUE trend is
increasing and the mean length is above ¢*, TACs
are increased (using both values to set the extent
of the increase). If the CPUE is decreasing and the
mean length is below ¢*, then the TAC decreases
(again using both values to set the extent of the
decrease). If the trend in CPUE is decreasing but
mean length is above £* (the surrogate for MSYL),
the TAC is increased (ignoring the CPUE trend),
while if the mean length is below £*, the catches are
increased (ignoring the specific value of the mean
length) but only if the CPUE trend is increasing.
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The generic control rule of the MP is thus:

TAC,,; = TAC,[1+ V] )
where:
}“SCPUE +“((£mean 76*)/6*) (1)
Ascpur (i)
Y= o
}“SCPUE +u((€mean -t )/E ) (111)
p((zmm —z*)/[‘) (iv)
(i) if scpye >0 and £, — ¢ >0
(i) if scpyr >0 and £, —¢ <0
(iii) if scpyp <O and £, —¢ <0
(iv) if scpyp <0 and £, — ¢ >0

where scpg is the slope of a log-linear regression
of the abundance index against time for the last
(in the case implemented) five years and ¢,,,, is
the average of mean length (Zy.) over the last five
years. The X, p and £* are control parameters. This
MP also constrains TACs to a maximum interan-
nual change of 15%.

Figure 3 shows typical deterministic projections
for CPUE, CPUE slope and the mean length of the
catch for the four OMs of the reference set which
are obtained under one particular set of choices of
the control parameter values for this generic con-
trol rule. These projections behave as anticipated
under the reasoning given above.

Summary performance statistics

The performances of different candidate MPs
were considered in terms of future projections over
a 20-year period, and in particular the following
four statistics which were intended to capture key
features of the trade-off choices to be made:

Catches achieved
—  q 2%

Average annual catch: C* = — Z C;, wheress
y=2007
represents simulation s.

Risk to resource
sp(s)
2026

Final resource size:
KSP(S)
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Table 1:  Projected median average annual legal (longline) catches of toothfish (in tonnes) for the period 2007 to
2026, the median spawning biomass depletion at the start of the year 2026, average annual variation
(AAV) in catch and the median CPUE index in 2026 as a proportion of the average of the 2004 to 2006
CPUE indices, for the four reference set Operating Models (OMs). The 90% probability intervals are
shown in parenthesis. These results assume illegal (longline) catches will continue in the future at a
constant rate of 150 tonnes per year. The probability of the CPUE index in 2026 being less than that of
the average of the 2004 to 2006 values is also given.
Scenario Performance statistic
C2007—2026 B;lé%/ AAV CPUE2026 Probab1hty
K°P CPUE04-06 CPUEyp6 _4
CPUEo4—06
Optimistic 399 0.775 0.076 1.116 0.36
(358; 451) (0.637; 0.936) (0.064; 0.092) (0.740; 1.561)
[2007 value: 0.677]
Intermediate 400 0.692 0.078 1.439 0.14
(366; 455) (0.561; 0.876) (0.067; 0.092) (0.901; 2.300)
[2007 value: 0.572]
Less Pessimistic 430 0.453 0.088 1.591 0.10
(374; 488) (0.327; 0.631) (0.073; 0.108) (0.823; 3.070)
[2007 value: 0.374]
Pessimistic 400 0.174 0.079 1.277 0.23
(359; 461) (0.089; 0.297) (0.066; 0.098) (0.749; 2.145)

[2007 value: 0.149]

Industrial stability

Average annual catch variation:

1 2026

s s
1w
20

AAV? -
y=2007 Cyfl

Economic viability
CPUE?®

CPUE relative to recent level: ____—__— 206
1 2006

S
3 2 CPUE,
y=2004 .

Over the simulations s there is a distribution for
each of these statistics, and performance is reported
in terms of statistics of those distributions (typically
the median and 90% probability interval, with the
probability that the last of the four is below 1, also
reported here).

Results and discussion

Experimentation with different values of the
three control parameters led to the selections
A=1,pn=1and ¢* = 81 cm for the generic MP of
equation (2). For economic viability reasons, the
major concern of the industry is that the CPUE not
decline. Thus, the control parameter values were
chosen in consultation with the industry, keeping
this concern as a priority.

Testing the MP with these control parameter
values specified for the four reference set scenarios
yields the results shown in Table 1, and by the left-
most entry in Figure 4, where the bars represent the
90th percentiles. Figure 5 shows the performance of
this MP under the reference set OMs. These results
broadly reflect the performance features sought:
TACs increase faster for the Optimistic than for the
Pessimistic scenario, and there is some recovery in
abundance for the latter case coupled with a low
probability of any further decline which would
compromise catch rates and hence the economic
viability of the fishery.

The CCAMLR decision rules (SC-CAMLR,
1994, paragraphs 5.18 to 5.26) were considered in
evaluating the performance of the MP proposed
under the reference set OMs. The probability of B¥
falling below 20% of K% within the 20-year projec-
tion period is zero under all OMs except for the
Pessimistic one for which it is (self-evident) one
because Bjp, <0.2K¥ for that scenario. The prob-
ability of the median of B¥ over the 20-year pro-
jection period falling below 50% of K% is zero for
the Optimistic and the Intermediate OMs, 0.96 for
the Less Pessimistic OM and one for the Pessimistic
OM. It should be noted that the CCAMLR deci-
sion rules were developed primarily in the con-
text of commencing harvesting of an unexploited
resource, so that failure to satisfy the associated
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Table 2:

Reference set and robustness tests carried out to test the performance of the

proposed Management Procedure (MP), together with the abbreviations for

these used in Figure 4.

Robustness test Description

Ref set Reference set (z=1,a,,= 6.5, 1 =0.75)

z=2 Cetacean depredation is equal to twice the longline catch landed

z=0.5 Cetacean depredation is equal to half the longline catch landed

early sel The longline selectivity function of the earlier years (1997-2002) of
the fishery is assumed to apply in the future

a,=55 The age at 50% selectivity is lowered to 5.5 years from 2010

a,=7.5 The age at 50% selectivity is increased to 7.5 years from 2010

h=0.6 Stock-recruitment steepness value is lowered to 0.6

criteria in cases where initial abundance is low for
a resource which is slow-growing is not necessarily
indicative of poor MP performance.

Robustness tests

Table 2 describes the various robustness tests
carried out whose results are shown in Figure 4,
together with the abbreviations used to represent
them.

The reference set OMs assume that cetacean
depredation is known to be equal (z = 1) to the
catch landed and that it continues at this same
level in the future. As robustness tests, the multi-
plicative factor z is increased to 2 and decreased
to 0.5 for both past and projected future catches;
earlier discussion and associated references quoted
under ‘Methods’ suggest that this is reasonably
reflective of a plausible range. The results of these
two robustness tests are shown in Figure 4 for the
Intermediate and the Pessimistic OMs. For z = 2,
final stock status is better for the Pessimistic sce-
nario compared to the corresponding result within
the reference set, but there are no other changes of
much note.

Given the critical value played by the mean
length of the catch in the MP investigated, it is
important to check whether performance is rea-
sonably robust to changes in longline selectiv-
ity (e.g. through the area fished changing), which
would alter the mean length of the catch without
there having been any change in the status of the
resource. A third robustness test therefore consid-
ers the implications if the longline selectivity func-
tion of the earlier years (1997 to 2002) of the fishery
is assumed to apply in the future. As this selectivity
function is only estimable for the Optimistic OM,
to be able to apply this robustness test to the other
OMs, the same proportion of change estimated
between the earlier and later selectivity functions of
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the Optimistic OM is assumed for these other OMs.
The results in Figure 4 show that future catches
increase somewhat, but for the Less Pessimistic and
Pessimistic scenarios there is a slight deterioration
in the extent of resource recovery achieved.

Two further robustness tests are considered in
which future selectivity changes. In one, a lower
age at 50% selectivity (asp = 5.5 years) is introduced
after three years (i.e. in 2010) to examine the MP
performance in case the fishery targets for more
smaller fish to a greater extent. Another robustness
test considers the opposite scenario in which the
fishery targets for more larger fish and the age at
50% selectivity is set at 7.5 years from 2010. Note
that a change in selectivity confounds the rela-
tionship between exploitable biomass and CPUE
(see equations (A1.10, A1.24)), likely resulting in
a consequential change in catchability 4. To keep
computations simple, this factor was ignored by
applying equation (A1.10) to compute exploitable
biomass as if a5, had not changed, though naturally
taking the change into account when future catch-
at-length data are generated. The change in selec-
tivity to more smaller fish decreases the catches for
all four scenarios (Figure 4). Under the Pessimistic
scenario, a change in selectivity to more larger fish
reduces the extent of recovery of the stock and the
catch rate (particularly the associated lower 5th per-
centile). Thus, if the MP proposed is implemented,
monitoring of future catch-at-length distributions
will still be needed to check that such a change in
selectivity is not occurring.

Another robustness test considers the steep-
ness parameter of the stock-recruitment curve to
be 0.6 instead of 0.75, with the productivity of the
resource consequentially being lower. Under the
Less Pessimistic and particularly the Pessimistic
scenario, a lower value for the steepness param-
eter would give rise to concerns in terms of a prob-
able drop in catch rate and further depletion of the
resource (Figure 4).



Proposed management procedure for D. eleginoides in the Prince Edward Islands

The last robustness test considers the possi-
bility that the development of technology to stop
cetacean depredation from longlines (see Kock et
al., 2008) is successful and that in two years time
(i.e. from 2010) no further cetacean depredation
occurs. Figure 6 shows the performance of the MP
under these circumstances for the Pessimistic sce-
nario. It is clear from the results that a solution to
the cetacean depredation problem would be of con-
siderable benefit to both the resource (in terms of
a faster recovery rate) as well as to the fishery (in
terms of higher catch rates and higher catches).

Conclusions

The MP of equation (2), with control parameters
setas A =1, u=1and ¢* = 81 cm, and an inter
annual TAC change constraint of 15%, is put for-
ward as a future basis for TAC recommendations for
the toothfish fishery in the Prince Edward Islands
region. For economic reasons, the choice of control
parameter values focused primarily on a reasonable
probability of securing a catch rate increase, what-
ever the current resource status. MP performance is
reasonably robust across a range of sensitivity tests,
although it does deteriorate in conservation terms
if steepness / is appreciably less than the reference
set value of 0.75 assumed.

Application of an MP to a fishery under South
African jurisdiction would fall under generic
‘Procedures for deviating from Operational
Management Procedure (OMP) output for the rec-
ommendation for a TAC, and for initiating a TAC
review’ (see Rademeyer et al., 2008, Appendix 2).
These specify a default period of four years by
the end of which MPs must have been reviewed
and possibly consequentially amended. They also
specify routine assessments to take place during
this period, a particular aim of which is to check
whether resource behaviour remains within the
range covered by the OMs used to select the MP.
This process would provide a basis to check, given
future catch-at-length information, whether the
appropriateness of the MP had been compromised

by a change in selectivity towards greater catches
of older fish.
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Figure1:  Map of Prince Edward Islands, their position globally (top map) and the two islands, Prince
Edward Island and Marion Island (bottom map) that constitute the island group. Pictures
obtained from Wikipedia, The Free Encyclopedia (http://en.wikipedia.org/w/index.
php?title=Prince_Edward_Islandsé&oldid=287650440).
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Figure 2:

The structure in the formulation of a generic Management Procedure (MP)
that takes the trend in CPUE indices into account, but reacts differently to
this trend depending on whether biomass is above or below the Maximum
Sustainable Yield Level (MSYL) (for which a mean length at capture of £* acts
as a surrogate). The ‘+" and ‘-’ signs indicate whether an increase or decrease
in catches is required, depending on the trend in CPUE (given by slope scpye
(on the vertical axis)) and whether the mean length of catches ¢,,,, is above
or below £* (on the horizontal axis). The formula of the generic control rule to
be applied is also shown in each quadrant.
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Figure 4:

Projected median (and 90% probability intervals) of the average annual legal (longline) catches of
toothfish (in tonnes) for the period 2007 to 2026, the spawning biomass depletion at the start of 2026,
the average annual variation in catch and the CPUE index in 2026 as a proportion of the average
of the 2004 to 2006 CPUE indices for the four Operating Models (OMs) for various robustness tests
shown in the following order from left to right: reference set, cetacean depredation z = 2 and z =
0.5, earlier longline selectivity applies in the future, age at 50% selectivity of 5.5 and 7.5 years, and
steepness parameter /1 = 0.6. Note that for the Optimistic and Less Pessimistic OMs, results are
not shown for all robustness tests. The horizontal dashed lines on the second row represent the
Maximum Sustainable Yield Level (MSYL) (small dashes), the CCAMLR target value (large dashes)
and current spawning stock depletion (dash-dot).
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Median trajectories of legal annual catches by longliners (in tonnes), spawning biomass depletion and
CPUE trends under the proposed empirical Management Procedure (MP) for the Pessimistic Operating
Model (OM) for the robustness test that assumes that cetacean depredation will cease from 2010 (right).
For comparison, the corresponding reference set trajectories are also shown (left). Projections (medians)
commence to the right of the vertical lines and the shaded areas represent 90% probability envelopes.
These results assume that illegal catches continue at a constant rate of 150 tonnes per year. Note that CPUE
as shown here is that realised by the vessels (i.e. is not adjusted to incorporate losses to depredation as in

Table A.2)
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Liste des tableaux

Meédiane des captures licites (a la palangre) annuelles moyennes de légine (en tonnes) projetées pour
la période de 2007 a 2026, épuisement médian de la biomasse reproductrice au début de 1’année 2026,
variation annuelle moyenne (AAV) de la capture et indice de CPUE médian en 2026 par rapport aux
indices moyens de CPUE de 2004 a 2006, pour les jeux de référence des quatre modéles opérationnels.
Les intervalles de probabilités a 90% sont indiqués entre parentheses. Ces résultats présument que les
captures (a la palangre) illicites se poursuivront a ’avenir a un taux constant de 150 tonnes par an. La
probabilité que I'indice de CPUE de 2026 soit inférieur a celui des valeurs moyennes de 2004 a 2006 est
également indiquée.

Jeu de référence et tests de robustesse effectués pour évaluer la performance de la procédure de gestion
proposée, avec les abréviations utilisées sur la figure 4.

Estimation des captures annuelles de légines (en tonnes) provenant de la ZEE des iles du Prince
Edouard pour les analyses réalisées dans ce document. Les bases des estimations de captures illicites
sont décrites dans le texte de cet appendice. Les captures totales indiquées regroupent tant les captures
légales (palangre et casier) que les captures INN estimées, et refletent divers facteurs multiplicatifs
(z) des captures débarquées récemment pour la déprédation exercée par les cétacés présumée dans ce
document.

Indices d’abondance relative (normalisée a leur moyenne pour la période 1997-2006) pour la légine,
issus de la série normalisée de CPUE commerciales relative a la ZEE des iles du Prince Edouard pour la
pécherie a la palangre. A noter que les valeurs indiquées reflétent les CPUE qui auraient été réalisées en
I’absence de déprédation par les cétacés ces derniéres années (il est présumé que cette déprédation croit
linéairement de zéro a son niveau maximal entre 2000 et 2002, voir texte).

Valeurs présumées des parametres biologiques des évaluations réalisées, fondées sur celles de la sous-
zone 48.3 qui ont récemment été mises a jour (Agnew et al., 2006). A noter que par mesure de simplicité,
il est présumé que la maturité est en « lame de couteau » en ce qui concerne 1'age.

Estimations d'un modele a deux flottilles (palangre et casier) présumant différentes sélectivités logistiques
de la palangre commerciale (les pentes étant moins accentuées avec les dges les plus avancés), a savoir
I'une pour les années 1997 et 2002 et I'autre pour les années 2003 a 2006, pour 1’ajustement aux données
de CPUE et de capture selon la longueur de légine de la ZEE des iles du Prince Edouard. Dans le cas
du scénario Optimiste, ces deux fonctions de sélectivité de la palangre sont estimées ; dans les autres
cas, seules les données de capture selon la longueur de 2003-2006 sont ajustées, et il est présumé que la
fonction estimée de sélectivité de la palangre associée s’appliquait également aux années précédentes.
Les estimations indiquées concernent la biomasse reproductrice de légine d’avant I'exploitation (K*),
I'épuisement actuel du stock reproducteur (B3, / K*P) etla biomasse exploitable (ByF,) au début de 2007
(en présumant la méme sélectivité qu’en 2006). Les estimations des parametres pour 1’ajustement des
données de capture selon la longueur sont également indiquées, de méme que le sont les contributions
a la probabilité logarithmique (ou1 la contribution de la capture selon la longueur tient compte du
facteur de pondération a la baisse discuté dans le texte). Les résultats indiqués présument un facteur de
déprédation par les cétacés z = 1, c.-a-d. que les pertes récentes dues a la déprédation par les cétacés sont
égales a la capture a la palangre débarquée. A noter que, étant donné que les modeles sont ajustés a des
jeux de données ou des poids qui différent, les probabilités ne sont pas comparables.

Liste des figures

Carte des iles du Prince Edouard ; leur position dans le monde (carte du haut) et les deux iles, 1'lle
du Prince Edouard et 1ile Marion (carte du bas) qui constituent l'archipel. Les images proviennent de
Wikipedia, ’encyclopédie libre (http:/ /en.wikipedia.org/w/index.php?title=Prince_Edward_Islandsé&
oldid=287650440).

Structure de la formulation d"une procédure de gestion générique qui tient compte de la tendance des
indices de CPUE, mais qui réagit différemment a cette tendance selon que la biomasse est supérieure ou
inférieure au niveau de rendement maximum équilibré (MSYL) (pour lequel une longueur moyenne a la
capture de £* sert de substitut). Les signes ‘+” et *-* indiquent qu'une hausse ou une baisse des captures
est nécessaire, selon la tendance de la CPUE (donnée par la pente scpyr (en ordonnée)) et que la longueur
moyenne des captures /,,,, est supérieure ou inférieure a £* (en abscisse). La formule de la régle de
contrdle générique a appliquer est également indiquée dans chaque quadrant.
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Projections déterministes (indiquées a droite de la ligne verticale) des tendances de la CPUE, de la pente
dela CPUE (scpy) et de lalongueur moyenne (en cm) dans le cadre des modéles opérationnels Optimiste,
Intermédiaire, Moins Pessimiste et Pessimiste. Les valeurs situées a gauche de la ligne verticale refletent
d’anciennes données d’opérations palangrieres. La ligne horizontale discontinue sur les graphes de la
derniére rangée indique la valeur de £* = 81 cm retenue pour la régle de controle de la procédure de
gestion.

Meédiane projetée (et intervalles de probabilités a 90%) des captures (a la palangre) moyennes annuelles
licites de légine (en tonnes) pour la période de 2007 a 2026, épuisement de la biomasse reproductrice
au début de 2026, variation annuelle moyenne de la capture et indice de CPUE en 2026 par rapport
aux indices moyens de CPUE de 2004 a 2006 des quatre modeles opérationnels pour divers tests de
robustesse indiqués dans 1’ordre suivant de gauche a droite : jeu de référence, déprédation par les cétacés
z =2 etz = 0,5, ancienne sélectivité de la péche a la palangre appliquée a ’avenir, age de 5,5 et 7,5 ans
4 50% de sélectivité, et parametre d’inclinaison de la pente / = 0,6. A noter que les résultats des tests
de robustesse ne sont pas tous indiqués pour les modeles Optimiste et Moins Pessimiste. Les traits
horizontaux discontinus sur la deuxiéme ligne représentent le niveau de rendement maximum équilibré
(MSYL) (petits tirets), la valeur visée par la CCAMLR (grands tirets) et 'épuisement actuel du stock
reproducteur (tiret-point).

Trajectoires médianes des captures annuelles licites des palangriers (en tonnes), épuisement de la
biomasse reproductrice et tendances de la CPUE dans le cadre de la procédure de gestion proposée
de modeles opérationnels Optimiste, Intermédiaire, Moins Pessimiste et Pessimiste. Les projections
(médianes) commencent a droite des lignes verticales et les zones foncées représentent les enveloppes
de probabilité de 90%. Ces résultats présument des captures illicites continues a un taux constant de
150 tonnes par an et une déprédation par les cétacés a ’avenir au méme taux que celui du passé récent
(z =1, c-a-d. égal a la capture a la palangre débarquée). Les lignes horizontales discontinues sur le
panneau central représentent le niveau de production maximale équilibrée (MSYL) (petits tirets) et la
valeur visée par la CCAMLR (grands tirets).

Trajectoires médianes des captures annuelles licites des palangriers (en tonnes), épuisement de la
biomasse reproductrice et tendances de la CPUE dans le cadre de la procédure de gestion empirique
proposée du modele opérationnel Pessimiste pour le test de robustesse qui présume que la déprédation
par les cétacés s’arrétera a partir de 2010 (a droite). Les trajectoires du jeu de référence correspondant
sont également indiquées (a gauche) a titre de comparaison. Les projections (médianes) commencent a
droite des lignes verticales et les zones foncées représentent les enveloppes de probabilité de 90%. Ces
résultats présument des captures illicites continues a un taux constant de 150 tonnes par an. A noter que
la CPUE, telle qu’indiquée ici, est celle qui a été réalisée par les navires (c.-a-d. qu’elle n’a pas été ajustée
pour incorporer les pertes dues a la déprédation comme dans le tableau A.2).

Estimations de la biomasse reproductrice (a noter que le recrutement peut varier avant le début de la
péche). Des estimations sont données pour les scénarios Optimiste, Intermédiaire, Moins Pessimiste et
Pessimiste (le conditionnement de ces scénarios aux données est expliqué dans le texte ; voir également
la légende du tableau A.4). Tous les résultats indiqués présument un facteur de déprédation par les
cétacés z = 1, c.-a-d. que les pertes récentes dues a la déprédation par les cétacés sont égales a la capture
a la palangre débarquée.

Biomasse exploitable de la pécherie a la palangre et indices de CPUE normalisée par le modele linéaire
généralisé (GLM) auxquels est ajusté le modele de population (divisés par la capturabilité estimée g
pour les exprimer en unités de biomasse) pour les scénarios Optimiste, Intermédiaire, Moins Pessimiste
et Pessimiste. Tous les résultats indiqués présument un facteur de déprédation par les cétacés z = 1,
c.-a-d. que les pertes récentes dues a la déprédation par les cétacés sont égales a la capture a la palangre
débarquée. A noter que les indices de CPUE ajustés pour le scénario en question sont indiqués.

Prédictions des proportions de la capture annuelle selon la longueur d’apres 1’'observation (trait) et
I’évaluation de la pécherie a la palangre des années 2003 a 2006 pour les scénarios Optimiste (premiere
ligne), Intermédiaire (deuxiéme ligne), Moins Pessimiste (troisiéme ligne) et Pessimiste (derniére ligne).
A noter que les longueurs inférieures a 54 cm et supérieures a 138 cm sont combinées en groupes
«moins » et « plus ». Tous les résultats indiqués présument un facteur de déprédation par les cétacés
z =1, c.-a-d. que les pertes récentes dues a la déprédation par les cétacés sont égales a la capture a la
palangre débarquée.

Courbes de sélectivité estimées pour les périodes 1997-2002 et 2003-2006 de la pécherie a la palangre,
et pour la période 2004-2005 de la pécherie au casier (a noter que la courbe pratiquement plate de la
sélectivité des plus agés dans cette pécherie est telle qu’estimée ; il ne s’agit pas d'une hypothese d’entrée).
Les courbes correspondent aux scénarios Optimiste, Intermédiaire, Moins Pessimiste et Pessimiste.
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Proposed management procedure for D. eleginoides in the Prince Edward Islands

Criucok Taduig

[IporHo3npyemble MeTMaHHBIE CPEAHUE TOOBBIC 3aKOHHBIE YIIOBBI (IIPH SPyCHOM IPOMBICTIE) KITbIKaya
(8 1) 32 mepuon 2007-2026 TT., UCTOIIEHNE MEIWAHHON HepecToBOH Omomacchl B Hadame 2026 T,
CpemHss rofoBas M3MeHUHUBOCTh (AAV) ynoBoB n menuanHbli naaekc CPUE B 2026 1. xak monst ot
cpennero 3HaueHus uujaexco CPUE 2004-2006 rr. aist 6a30Boro Habopa U3 4eThIpex OlepariOHHBIX
mozenelt (OM). B ckoOkax nokazansl 90% BepoSTHOCTHBIE HHTEPBAJIBL. DTH PE3yiIbTaThl JOIYCKaIOT,
YTO HE3aKOHHBIE YIIOBHI (IIPH SIPYCHOM IPOMBICIIE) OCTAaHyTCs B OyIyIeM Ha IMOCTOSIHHOM ypoBHE 150
T B roj. Takxe MPUBOIUTCS BEPOSATHOCTH TOTO, uTo MHAeKC CPUE B 2026 1. OyzeT Hibke, 4eM cpenHee
Juia 3HaueHni 2004-2006 rr.

Ba3oBbIii Ha0Op W WCHBITAaHUS HA YyBCTBUTEIFHOCTH, MPOBEICHHBIC IS IPOBEPKU PE3YIBTaTOB
npejtaraeMoil npouenypbl ynpasienus (I1Y), a Takke COKpallleHHs, UCIOJIb3yeMble ISl HUX Ha
puc. 4.

EsxeroHble ya0BbI KIIbIKa4a (B T), IPEANOIOKUTEIbHO nosyueHHble B 133 o-BoB Ilpunc-Onyapa, ans
MCCJIEI0BaHUI, IIPOBOANMBIX B JJaHHOM JOKyMeHTe. OCHOBBI OLIEHKH HE3aKOHHBIX YJIOBOB MOAPOOHO
OIMCBHIBAIOTCSI B TEKCTE 3TOTO AOMONHEHUs. OOIMe TOKa3aHHBIC YIOBBI BKIIOYAIOT KAK 3aKOHHBIC
(stpycsl 1 n0ByIIKn), Tak 1 oueHouHble HHH ynoBBI, 1 0TpaxaroT pa3indHble MYyJIbTHIUIMKAaTUBHbIC
MHOXXMTENU (z) HEAABHO BBITPYKCHHBIX YJIOBOB IO OTHOIICHHIO K XUIIHUYECTBY KHUTOB, KOTOpOE
MPUHUMAETCS B JaHHOM JJOKYMEHTE.

WHOEKCH OTHOCHTENBHOW YHCICHHOCTH KIBIKada (HOPMAaNM30BaHHBIC MO CpPEIHEMY 3HAUCHHIO 3a
nepuoa 1997-2006 rT.) Kiblkada, IPUBEICHHBIC B CTAaHAAPTU30BAaHHBIX psigax komMmepueckux CPUE
Ui sipycHoro mpombiciia B MD3 o-BoB [lpuHc-Oayapa. OOpatute BHHMaHHE, YTO IMOKa3aHHBIC
3HaueHust orpaxkator CPUE, koropbie ObutH OBI MOJy4eHBI, eciii Obl B TOCJIEIHHE TOABI HE OBLIO
XHUITHAYECTBA KUTOB (3TO XWIIHUYECTBO TPEAMOIOKHUTEIEHO YBEIHYMBAIOCH JTUHEWHO C HYISA 0
CBOETO MakcuManbHOTO YpoBHS B iepuon 2000-2002 rr., cM. TEKCT).

3HaueHUs] OMOJIOTHUECKUX I1apaMeTpOB, MPHHATHIE Ul TPOBOJAMMBIX OIICHOK, Ha OCHOBE HEIAaBHO
oOHoBIIeHHBIX 3HadeHui no [loxpaiiony 48.3 (Agnew et al., 2006). OOparute BHUMaHHE, YTO JUIS
MIPOCTOTHI TIPHHATA CKAYKOOOPa3Has 10 BO3PACTY IOJIOBO3PEIIOCTb.

OrneHKr MOAETH IS ABYX (IOTHINH (SPyCHOW M JIOBYIICYHOH), KOTOpAst HOIMYCKaeT BO3MOXKHOCTH
Pa3NUYHBIX JIOTUCTHYECKHUX CEJIeKTMBHOCTEH [UIi KOMMEpPYECKOro SPYyCHOTO TMpoMbIcia (co
CHIDKAIOIEHCSI KPYTH3HOM IpH OOJIBIINX BO3pacTax), oxHa — Juist neprona 1997-2002 rr. u gpyrast — st
nepuoga 2003-2006 rr., npu annpokcumanuu gaHHbIx 0 CPUE 1 pazMepHOM cocTaBe ya0BOB KIIbIKada
B D3 o-BoB [Ipunc-Dayapa. B ciyyae onTHMHCTHYHOTO CIIEHAPHS OIEHUBAIOTCS 00€ 3TH (PyHKIHUN
CEJIEKTUBHOCTH SIPYCOB; B IPYTUX CIy4asx allpPOKCHMUPYIOTCS TOJIBKO TaHHBIE O Pa3MEPHOM COCTaBe
3a 2003-2006 rT. ¥ MPUHUMAETCSI, YTO COOTBETCTBYIOIIAst OLCHOYHAsI (PYHKIIUS CEIIEKTHBHOCTH SIPYyCOB
MIpUMEHsIIach U K Oojiee paHHeMy repuony. Iloka3zaHbl OLEHKH MperdKCILTyaTalliOHHONH HEPeCTOBOM

Gromacchl Kiblkada (K*), HCTOIIEHHS HEPECTOBOIO 3amaca B HacTosiee Bpems (B, . / K™) v npuroanHoii
AN dKCIUTyataiuu 6uomaccsr (B,)) Ha Hadano 2007 T. (T0mycKas TaKyro K€ CENeKTHBHOCTb, KaK M
B 2006 1.). TlokazaHbl TakKe OIEHKU MapaMETPOB, COOTBETCTBYIOIIUX AaMMpPOKCHUMAIUK JAHHBIX O
pa3sMEpHOM COCTaBE YJIOBOB, BMECTE C KOMIOHEHTaMH Jiorapudma mpasrornogoous (rae KOMHOHEHT
«Pa3MEpHBII COCTAB YIIOBOBY» BKIIOYACT MOHIKAIOIINNA KOIPPUIMEHT, pacCMaTpUBAEMBbIid B TEKCTE).
[Noka3aHHbIe pe3yabTaThl IPEAIIOIaraoT, 4To KO3 GUIHUEHT XUITHUYECTBA KUTOB z = 1, T. €. HelaBHUE
MOTEPH B pe3ysIbTaTe XUIIHIUECTBA KUTOB PaBHBI BHITPYKEHHOMY YJIOBY sIpyCHOTO Ipombicia. Ciexyer
YUUTBIBATh, YTO MOCKOJIBKY MOJICNIN MTOA00paHbl K Pa3HbIM HAbOpaM JaHHBIX WIIM MUMEIOT pa3lIndHbIe

BECOBEIC I(OB(I)(I)I/IL[I/ICHTBI, HpaB,I[OHO,I[O6I/I$I HC COIIOCTaBUMBI.

CIHCOK PHCYHKOB

Kapta o-BoB Ilpunc-Dayap/, ux MoloKeHHe B N0OaIbHOM MaciTabe (BEpXHsis KapTa) U [Ba OCTPOBa
(o-B IpunCc-Onyapa u 0-B MapuoH) (HWKHSISL KapTa), BXOJSIINE B OTY OCTPOBHYIO rpymity. PucyHku
B3sITHl U3 Bukunenuu, ceobonuoi sHmmknonennu (http://en.wikipedia.org/w/index.php?title=Prince
Edward Islands&oldid=287650440).

Crpykrypa hopmysnupoBanust TunioBoi [1pouenypsl ynpasnenus (I1Y), koropast y4uThIBaeT TeHICHIHIO
n3menenus nuaexkcoB CPUE, Ho pearupyeTt Ha 9Ty TeHICHIMIO PAa3IMYHBIM 00pa3oM B 3aBUCUMOCTH OT
TOTO, HAXOANTCS JI OMoMacca BBIIIE MM HIXKE YPOBHS MAKCUMAaJIBHOTO YCTOHUMBOTO BhUIOBA (YMYB)
(3aMeHHTENIeM KOTOPOTO BBICTYIAET CPEAHSS UIMHA NMPH MOUMKe £*). 3HAKH «+» U «-» MOKa3bIBaIOT,
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TpeOyeTcs T YBETHMUYCHHE WIIA COKpAIICHUE YIIOBOB B 3aBHCUMOCTH OT TeHneHIH n3MeHennss CPUE
(4TO MOKa3aHO YIIIOBBIM KOI(D(DUIIMEHTOM Scpyp (110 BEPTHKAIBHONW OCH)) U HAXOMMUTCS JIM CPEIHSS
JUTMHA YAOBOB ¢, BbIIIE WK HUXe £* (1T0 TOPU3OHTAILHOM OCH). B KaXKI0M KIIETKe TaKXke MoKa3aHa
(hopMmyna MPUMEHIEMOTO CTAHIAPTHOTO MTPABUIIA YIIPABICHHS.

Herepmunncrtuueckue nporHodsl CPUE (mokaszaHbl cnpaBa OT BEpPTUKAJIBHOM JIMHHUM), YIIOBOH
kodpdumpent CPUE (scpyr) M TeHIEHUIMHM HM3MEHEHUsl cpenHed JuiMHbl (B CM) B paMKax
«OnrumucTHIHOWY, «[lepexomHoity, « MeHee mecCUMUCTIHIHON U «I1eCCHMICTHYIHO OTIepainOHHbIX
Mojenell. 3HaueHHs cleBa OT BEPTUKAIBHOW JIMHMM OTPaXKaroT MPOIUIbIE JaHHBIE MO ONepalusM
SIPyCHOTO MPOMBICIIA. [ OpH30HTaIbHON TYHKTUPHOM JIMHKEH Ha HU)KHUX Ipadrkax Moka3aHo 3HaUCHUE
£* =81 cm, BeIOpaHHOE JuIst TpaBuita KoHTpoiist [Iponeaypst yrpasnenus (ITY).

[Ipornozupyemas meanana (1 90% BepOsITHOCTHBIE HHTEPBAJIBI) CPEAHUX TOJIOBBIX 3aKOHHBIX YJIIOBOB
(Tpu sipycHOM pOMBIciIe) Kiblkada (B T) 3a mepuof 2007—-2026 T, uCToIIeHNe MeTHaHHOM HepeCTOBOH
6momaccsl B Hagase 2026 r., cpeqHsst rogoBas HK3MeHYHBOCTH yimoBoB 1 nHAeke CPUE B 2026 1. kak momns
ot cpennero 3HaueHns nuaekcoB CPUE 2004-2006 rT. au1st ueTbipex onepanuoHHbIX Mojeneit (OM) B
Cllydae pa3IUYHBIX UCTIBITAHUI Ha YCTOIUMBOCTD, TOKAa3aHHBIX B CIICAYIOIIEM MOPSIKE, CIIeBa HAIIPABO:
6a30BbIif HA0Op, XUIIHUIECTBO KUTOB z =2 M z = (0.5, IPEXXHAA CEIIEKTUBHOCTH SIPYCOB MPHUMEHSACTCS U
B Oyay1mem, Bo3pact rnpu 50% celneKTHBHOCTH cocTaBisieT 5.5 u 7.5 net, u mapamerp KpyTusHsl 1 = 0.6.
Crnemyer OTMETHUTD, UTO B ciaydae «ONTUMUCTHYHON) U «MeHee mecCUMUCTHUHOW» OM pe3ynbraTs
HE TTOKA3aHBbl JJIs1 BCEX MCIBITAHUH HA YCTOMYMBOCTb. | OPH30HTAIBHBIMY ITyHKTUPHBIMH JTMHUSIMU BO
BTOPOM DsI/Iy TIOKa3aHbl: yPOBEHb MAaKCUMAJILHOTO YCTOHUMBOTO BbIIoBa (YMYB) (Menkuii myHKTHD);
nenessle 3HaueHUs AHTKOM (kpynHbI MYHKTUP) U CYIIECTBYIOIIEE HCTOLEHUE HEPECTOBOIO 3araca
(TOYKH-THPE).

MenuaHHble TPAEKTOPUHU 3aKOHHBIX TOIOBBIX YIOBOB, TOJNYYEHHBIX SPYCOJIOBaMH (B T), MCTOIICHNE
HepecToBoii Ornomacchl M TeHaeHn nzmenennss CPUE B pamkax nipeuiaraemoii [Ipouenypsl yripaBieHus
(ITY) mna «Ontumuctuaroi», «llepexonHoi», «MeHee MeCCUMHUCTHUHOW» U «IlecCHMUCTHYHOM»
orneparioHHbIX Mozeinel (OM). IIporuo3sl (MeaHbl) HAYNHAIOTCS CIIPaBa OT BEPTHKAIBHBIX JIMHUH,
a 3alUTPUXOBAHHBIE y4YacTKU HpeAcTaBisioT 90% noBepUTENbHBIE BEPOSTHOCTH. ODTH PE3YJIbTaThl
JIOITYCKAIOT, YTO HE3aKOHHBIE YJOBBI OCTAHYTCS B OyAyIleM Ha MOCTOSHHOM ypoBHe 150 T B Tog u 4TO
XHIIHUYECTBO KUTOB OyAET MPOIOIKATHCS B OyAyIIEM B TOM K€ 00beMe, UTO U B HEIABHEM IPOIIIIOM
(z =1, T. e. paBHO BBITPY)KCHHOMY YJIOBY SIpyCHOTO MPOMBICHA). [OpU30HTAIBHBIMH ITyHKTHPHBIMH
JUHUAMH B CPEIHEM psily MOKa3aH YCTOHYMBBIM MaKCHMaJIbHBIA ypOBeHb BbIIOBA (YMYB) (menkuit
myHKTHp) U neneBbie 3HadeHuss AHTKOM (kpymHBIH TyHKTHD).

MenuaHHble TPAGKTOPUHU 3aKOHHBIX TO/IOBBIX YJIOBOB, IOJIyYEHHBIX SPYCOJIOBaMH (B T), MCTOIICHUE
HepecToBOM Ouomaccel M TeHnaeHuu usMmeHeHuss CPUE B pamkax mpengaraeMoil SMIMpHUECKON
Iponenypsr ympasnerns (I1Y) mis «Ileccumuctnanoit» omeparmonHoit moxemn (OM) B ciydae
WCTIBITaHHSI HA YCTOHYMBOCTD, B KOTOPOM ITPUHSTO, YTO XHITHWYECTBO KNTOB MPEKPATUTCSI HAYMHAS C
2010 r. (cupaBa). J{yist cpaBHEHHsI TaKKe MOKa3aHbl COOTBETCTBYIOIINE TPACKTOPUHU 0a30BOro Habopa
(cmeBa). IlporHo36I (MeAWaHBI) HAYWHAIOTCS CIIpaBa OT BEPTHKAIBHBIX JIMHHUN, a 3aIITPUXOBAHHBIC
ydacTku mpeacTaBisiior 90% 0oBepUTETbHBIE BEPOSTHOCTH. OTH PE3yJbTaThl JIOMYCKAIOT, YTO
HE3aKOHHBIC YJIOBBI OCTAHYTCsl B OyaylieM Ha MocTossHHOM ypoBHe 150 T B rox. Cremayer OTMETHTS,
yto nokazanHbli 31eck CPUE — ato CPUE, peann3oBaHHBIN CymamMH (T. €. OH HE TIEPECUUTAH C IIEIBI0
BKJIIOYEHUS ITOTEPh B PE3y/IbTaTe XUIIHUYECTBA, KaK B Ta0l. A.2).

OreHKH HepecToBOW OnoMacchl (CleqyeT YYUThIBAaTh, YTO IMOIMOJIHEHHE MOKET MEHSTBHCS JI0 Hadyaja
npomsiciia). OLEHKH JAI0TCs IS KONTHMUCTUYHOTOY, KIEPEXOJHOTO», «MEHEE MECCUMUCTHIHOTO» U
«TIECCUMHUCTHYHOTO» CIIEHAPHEB (TOJPOOHOCTH COTNIACOBAHMUS 3TUX CIIEHAPHUEB C JAHHBIMU IPUBOISATCS
B TEKCTE; CM. TaKXe MOJNUCh K Tadn. A.4). Bo Bcex moka3aHHBIX pe3yibrarax IpHHAT KoddduuueHt
XHUITHAYECTBA KUTOBZ = 1, T. €. HeJaBHHE TIOTEPH B CBA3HU C XMITHUYECTBOM KUTOB PABHBI BEITPYKCHHOMY
YJIOBY SIPyCHOTO IIPOMBICITIA.

[Ipuronnas 1ust sSipycHOTO IpOMbICIa Ouomacca M CTaHaapTH3oBaHHbIE 0 OO0OIIEHHO! JIMHEHHOH
mozenu (GL-moxenn) naaekcsl CPUE, x koTopsIM momoOpaHa MozieNnb MOMyIAun (pasaeeHHbIe Ha
OLICHOYHYIO YJIOBHCTOCTH ¢, YTOOBI BHIPA3UTh MX B €IMHHIAX OMOMACCHI) U «ONTHMHCTHIHOTO»,
«IIEPEXOTHOT0», «MEHEE NECCUMUCTHYHOTO» U KIECCUMUCTHYHOTO» CLeHapHueB. Bo Bcex moka3aHHBIX
pesyabrarax HNPUHIT KOI(PQUIMEHT XHUIHUYeCTBA KUTOB z = 1, T. €. HEAAaBHUE IOTEPH B CBS3U C
XHITHNYECTBOM KHUTOB PaBHBI BBITPYKEHHOMY YJIOBY SIPyCHOTO mpombicia. CleayeT yduThIBaTh, 4TO
noka3assl ToabKo nHAeKkcbl CPUE, cooTBeTCTBYOIUE paccMaTpUBAEMOMY CLIEHAPUIO.

Habmnromaembie (JIMHUS) ¥ paCUCTHBIC MPOTHO3BI MPOIICHTHOTO PACIIPEACICHHS CKETOMHBIX YIIOBOB 10
JUTAHE 1T sipycHOTOo ipombicia 3a 2003—20006 IT. B cirydae «ONTHMUACTHIHOT0Y (BBEPXY ), TIEPEXOTHOTOH
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(BTOpOI#1 psinn), «MEHEEe MECCUMUCTUYHOTO» (TPETHH PSA) M «IIECCHMUCTUYHOTO» (BHU3Y) CIICHAPHUEB.
Crnemyer yYUTHIBaTh, YTO JJIUHBI MEeHbIIE 54 ¢cM u Oombire 138 ¢cM 00beAMHEHBI B MUHYC- H IUTFOC-
rpymnnbsl. Bo Bcex MOKa3zaHHBIX pe3ynbTaTax MPHHAT KO3()(UIMEHT XHUIIHWYECTBA KUTOB z = 1, T.e.
HEJIaBHUE MTOTEPHU B CBSI3H C XUIIIHUYECTBOM KUTOB PABHBI BBITPYKEHHOMY YJIOBY SPYCHOTO NMPOMBICIA.

OneHouHbIE KPUBBIE CEIEKTUBHOCTH A nepuonos 1997-2002 u 2003-2006 rr. B cirydae sipyCHOTO
npombicia u s nepuona 2004-2005 rT. B cirydae JIOBYHIEYHOTO MPOMBICHIA (CIEAYeT YYWUTHIBATH,
YTO MOYTH TUIOCKAsi CENIEKTUBHOCTD MPH OOJIBIINX BO3pAcTax Juls ITOr0 MpOMbICIia Obljla paccunTaHa;
9TO HE WUCXOAHOE JomnylieHne). KpuBble mokazaHbl Ui «ONTHMHCTHYHOIO», IIEPEXOTHOTO», «MEHEe
MECCUMHUCTHYHOTO» U «TIECCUMUCTUIHOTO) CLIEHAPHEB.

Lista de las tablas

Proyeccién del promedio de la mediana de la captura reglamentada anual (pesca de palangre) de
austromerluza (en toneladas) para el periodo de 2007 a 2026, la mediana de la reduccién de la biomasa del
stock desovante a principios de 2026, promedio de la variacién anual (AAV) de la captura y mediana de la
CPUE en 2026 como proporcién del promedio de la CPUE desde 2004 hasta 2006, para los cuatro modelos
operacionales (OM) del conjunto de referencia. Los intervalos de probabilidad de 90% se muestran entre
paréntesis. Estos resultados suponen que la captura ilegal de la pesca de palangre continuara en el futuro
a una tasa constante de 150 toneladas por afio. También se muestra la probabilidad de que el indice de la
CPUE en 2026 sea menor que el promedio de los valores para el periodo de 2004 a 2006.

Conjunto de referencia y pruebas de robustez de los resultados de la estrategia de ordenacién (MP)
propuesta, junto con las abreviaciones de éstas incluidas en la figura 4.

Estimacién de las capturas anuales de austromerluza (en toneladas) extraidas de la ZEE de las Islas
Principe Eduardo para los anélisis de este estudio. Los detalles de la estimacién de la captura ilegal se
describen en el texto de este apéndice. Las capturas totales mostradas incluyen tanto la captura legal
(pesca de palangre y con nasas) como la captura INDNR estimada, y varios factores de multiplicacién
(z) de las capturas recientes subidas a bordo para dar cuenta de la depredacion por cetdceos supuesta en
este estudio.

Indices de la abundancia relativa (estandarizados a su promedio de 1997 a 2006) de austromerluza
proporcionados por la serie de la CPUE normalizada de la pesqueria comercial de palangre en la ZEE de
las Islas Principe Eduardo. Nétese que los valores mostrados reflejan los indices CPUE que se habrian
obtenido de no haber depredacién por cetaceos durante los tltimos anos (se supone que esta depredacién
aumento linealmente desde cero a su valor maximo en 20002002, ver el texto).

Valores de los pardmetros biol6gicos supuestos para las evaluaciones realizadas, basados en los valores
actualizados recientemente para la Subérea 48.3 (Agnew et al., 2006). Notese que para mayor simplicidad,
se supone que la edad de madurez es de “filo de cuchillo’.

Estimaciones para un modelo de dos flotas (palangre y nasas) que supone posibles diferencias en
las selectividades debido a la logistica de las operaciones de la pesca de palangre comercial (con una
disminucién de las pendientes al aumentar la edad), una para los afos 1997 y 2002 y otra para el
periodo de 2003 a 2006, obtenidas con el ajuste a los datos de la CPUE y datos de captura por tallas de
austromerluza en la ZEE de las Islas Principe Eduardo. Para el modelo Optimista, se estiman ambas
funciones de la selectividad del palangre; en los otros modelos, solamente se ajustaron los datos de la
captura por tallas de 2003-2006, y se supone que la funcién estimada correspondiente de selectividad de
la pesca de palangre fue aplicada también en afnos anteriores. Las estimaciones mostradas corresponden
a la biomasa del stock desovante de austromerluza antes de la explotacién (K¥), la reduccién actual
del stock desovante (Byy,;/K*¥) y la biomasa explotable (Bsyf;) a principios de 2007 (suponiendo que
la selectividad es igual a la de 2006). Se muestran las estimaciones de los pardmetros necesarios para
ajustar los datos de captura por tallas, junto con el aporte al logaritmo de la probabilidad (donde la
contribucién de los datos de captura por tallas incluye el factor de ponderacién negativo discutido en
el texto). Los resultados mostrados suponen un factor de depredacién por cetdceos z = 1, es decir, las
pérdidas recientes por la depredacién de cetdceos son iguales a la captura de los palangres subida a
bordo. Nétese que los modelos son ajustados a conjuntos de datos o datos con ponderaciones diferentes,
de manera que las probabilidades no son comparables.
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Mapa de las Islas Principe Eduardo, su posicién en el globo (mapa superior) y las dos islas, Principe
Eduardo y Marion (mapa inferior) del grupo. Fotografias obtenidas de Wikipedia, The Free Encyclopedia,
(http:/ /en.wikipedia.org/w/index.php?title=Prince_Edward_Islands&oldid=287650440).

La estructura de la formulacién de la estrategia de ordenaciéon (MP) genérica que toma en cuenta la
tendencia de los indices CPUE, pero responde de distinta manera a esta tendencia si la biomasa es mayor
o menor que el nivel maximo del rendimiento sostenible (MSYL) (para el cual acttia como sustituto una
talla promedio de ¢* de los peces en la captura). Los signos ‘+’ y ’-" indican si se requiere aumentar o
disminuir la captura, segtin la tendencia de la CPUE (dada por la pendiente scp (en el eje de ordenadas))
y si la talla promedio de las capturas £,,,,, es mayor o menor que £* (en el eje de abscisas). Asimismo, se
muestra en cada cuadrante la formula de la regla genérica de control que debe ser aplicada.

Proyecciones deterministicas (a la derecha de la linea vertical) de las tendencias de la CPUE, la pendiente
de la CPUE (scpyg) y la talla promedio (en cm) en los modelos operacionales de los estados ‘Optimista’,
‘Moderadamente optimista’”, ‘"Moderadamente pesimista’ y ‘Pesimista’ del stock. Los valores a la
izquierda de la linea vertical representan los datos de anteriores operaciones de pesca de palangre.
La linea entrecortada horizontal en el conjunto inferior de graficos muestra el valor seleccionado de
£* = 81 cm para la regla de control de la estrategia de ordenacién (MP).

Proyeccién de la mediana (e intervalos de probabilidad de 90%) del promedio de la captura anual
legal (pesca de palangre) de austromerluza (en toneladas) para el periodo de 2007 a 2026, reduccién
de la biomasa del stock desovante a principios de 2026, variacién anual promedio de la captura y de
la CPUE en 2026 como proporciéon del promedio de los indices de la CPUE de 2004 a 2006 para los
cuatro modelos operacionales (OM) con varias pruebas de robustez mostradas en el orden siguiente de
izquierda a derecha: conjunto de referencia, depredacién por los cetaceos z =2y z = 0.5, en el futuro la
selectividad del palangre ocurre a una edad mas temprana, 5.5y 7.5 afios de edad cuando la selectividad
es de 50%, y parametro de la pendiente i = 0.6. Nétese que para los modelos operacionales ‘Optimista’
y ‘Moderadamente pesimista’, no se muestran resultados para todas las pruebas de robustez. La linea
entrecortada horizontal en la segunda hilera representa el maximo nivel del rendimiento sostenible
(MSYL) (linea entrecortada de rayas cortas), el valor objetivo de la CCRVMA (linea entrecortada de rayas
mas largas) y reduccion actual del stock desovante (punto-raya).

Trayectorias de la mediana de la captura anual legal de barcos palangreros (en toneladas), reduccién de
la biomasa del stock desovante y tendencias de la CPUE bajo la estrategia de ordenacion (MP) propuesta
para proyecciones con los modelos operacionales (OM) ‘Optimista’, ‘Moderadamente optimista’,
‘Moderadamente pesimista’ y ‘Pesimista’. Las proyecciones (medianas) comienzan a la derecha de
las lineas verticales y el drea sombreada representa las envolventes de probabilidad de 90%. Estos
resultados suponen que las capturas ilegales contintian a una tasa constante de 150 toneladas por afo y
que la depredacién por los cetaceos en el futuro sigue al mismo nivel que en el pasado inmediato (z =1,
i.e. igual a la captura subida a bordo de la pesca con palangres). Las lineas entrecortadas horizontales en
el cuadro central representan el nivel maximo del rendimiento sostenible (MSYL) (linea entrecortada de
rayas cortas) y el valor objetivo de la CCRVMA (linea entrecortada de rayas mas largas).

Trayectorias de la mediana de la captura anual legal de barcos palangreros (en toneladas), reduccién
de la biomasa del stock desovante y tendencias de la CPUE bajo la estrategia de ordenacién empirica
(MP) propuesta para el modelo operacional ‘Pesimista’ (OM) para la prueba de robustez que supone
que la depredacion por cetaceos cesara a partir de 2010 (a la derecha). A efectos de la comparacion,
se muestran también las trayectorias correspondientes del conjunto de referencia (a la izquierda). Las
proyecciones (medianas) comienzan a la derecha de las lineas verticales y el area sombreada representa
las envolventes de probabilidad de 90%. Estos resultados suponen que las capturas ilegales contintan a
una tasa constante de 150 toneladas por ano. Nétese que la CPUE mostrada aqui es la de los barcos (es
decir, no ha sido ajustada para incorporar pérdidas por depredacién como en la tabla A.2).

Estimaciones de la biomasa del stock desovante (nétese que el reclutamiento puede variar antes del
inicio de la recoleccion). Se proporcionan estimaciones para los modelos Optimista, Moderadamente
optimista, Moderadamente pesimista y Pesimista (en el texto se proporcionan los detalles del ajuste
de estos modelos a los datos; ver también la leyenda de la Tabla A.4). Todos los resultados mostrados
suponen un factor de depredacion por cetdceos z = 1, es decir, las pérdidas recientes por la depredaciéon
de cetaceos son iguales a la captura de los palangres subida a bordo.

Biomasa explotable de la pesqueria de palangre e indices CPUE normalizados con el modelo lineal
generalizado (GLM) a los cuales se aplic6 el modelo de poblaciones (divididos por la capturabilidad
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estimada q para expresarlos en unidades de biomasa) para los modelos Optimista, Moderadamente
optimista, Moderadamente pesimista y Pesimista. Todos los resultados mostrados suponen un factor de
depredacién por cetdceos z = 1, es decir, las pérdidas recientes por la depredacion de cetdceos son iguales
a la captura de los palangres subida a bordo. Nétese que solamente se muestran los indices de la CPUE
ajustados a los modelos mencionados.

Composicion por talla de la captura anual observada (linea) y pronosticada por la evaluacién en la
pesqueriade palangre desde 2003 hasta 2006 paralos modelos Optimista (hilerasuperior), Moderadamente
optimista (segunda hilera), Moderadamente pesimista (tercera hilera) y Pesimista (hilera inferior). Nétese
que las tallas menores que 54 cm y mayores que 138 cm han sido combinadas en los grupos ‘menos ’
y ‘més’. Todos los resultados mostrados suponen un factor de depredacién por cetaceos z = 1, es decir,
las pérdidas recientes por la depredacién de cetédceos son iguales a la captura de los palangres subida a
bordo.

Curvas de la selectividad de la pesqueria de palangre estimadas para los periodos 1997-2002 y 2003-
2006, y para el periodo de 20042005 para la pesqueria con nasas (nétese que la selectividad casi plana
de las edades mayores para esta pesqueria corresponde a la selectividad estimada, y no la supuesta como
parametro de entrada). Se muestran las curvas para los modelos Optimista, Moderadamente optimista,
Moderadamente pesimista y Pesimista.
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APPENDIX 1

The Age-Structured Production Model (ASPM) methodology
underlying the Operating Models

Four Operating Models (OMs) provide a reference set to be used in the simulation testing process for
candidate toothfish Management Procedures (MPs). The OMs used to describe the dynamics of the tooth-
fish resource are ASPMs. These are fitted to different subsets of the data and apply different relative weights
to the catch-at-length data so as to reflect ‘Optimistic’, ‘Intermediate’, ‘Less Pessimistic” and ‘Pessimistic’
scenarios, with the first and last corresponding respectively to a resource respectively well above and well
below MSYL.

Methodology

The toothfish population dynamics in the OMs are described by the equations:

Nyi10=R(B}1) (AL1)

Nyi1001 =Ny, —C, ) e ™M 0<a<m-2 (A1.2)

Nyt =Ny =Cym) €™ +(Nyy =Cya) e ™ (A13)
where:

Ny, is the number of toothfish of age a at the start of year y,

Cya is the number of toothfish of age a taken by the fishery in year y,

R(B¥) is the Beverton-Holt stock-recruitment relationship of equation (A1.15) below,

B¥ is the spawning biomass at the start of year y,
M is the natural mortality rate of fish (assumed to be independent of age), and
m is the maximum age considered (i.e. the ‘plus group’).

Note that in the interests of simplicity these equations approximate the fishery as a pulse fishery at the
start of the year. Given that toothfish are relatively long-lived with low natural mortality, such an approxi-
mation would seem adequate.

For a two-gear (or ‘fleet’) fishery, the total predicted number of fish of age a caught in year y is given
by:

2

Cpa=.Cl, (A1.4)

f=1
where
fo_ f pf

Cya =Ny oS .F (A1.5)
and:

Fyf is the proportion of a fully selected age group that is harvested in year y by fleet f, and

S;a is the commercial selectivity at age a in year y for fleet f (normalised to 1 for an age which is

fully selected).
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The mass-at-age is given by the combination of a von Bertalanffy growth equation ¢(a) defined by con-
stants /,,,  and t; and a relationship relating length to mass. Note that ¢ refers to standard length.

()=t [1 . e‘K<”‘f°>] (AL.6)

= c[((a)]’ (AL7)
where w, is the mass of a fish at age a.

The fleet-specific total catch by mass in year y is given by:

m m
f_ f_ fgf A1.8
c/ ;wucw ;wﬂsy JFIN,, (A1.8)

which to solve for F Vf can be re-written as:

cf
F = d
iy
wﬂ ﬂ
4 (A1.9)
The model estimate of the fleet-specific exploitable component of the biomass is given by:
Bexp wu a
Y Z J (A1.10)

Fishing selectivity

The fleet-specific commercial fishing selectivity, S;u, is assumed to be described by a logistic curve,
modified by a decreasing selectivity for fish older than age a.. This is given by:

\ <ﬂ & >6y for a<a,
Sl =

{ - uy)aj e ) for a>a,

(A1.11)
where:
ad, is the age-at-50% selectivity (in years) for year y,
5’ relates to the steepness of the ascending section of the selectivity curve (in years™) for year v,
and

o’ specifies the steepness of the descending section of the selectivity curve for fish older than age

a. for year y (for all the results reported in this paper, 4, is fixed at 8 years).

In cases where equation (A1.9) yields a value of FJ > 1 for a future year, i.e. the available biomass is
less than the proposed catch for that year, Fyf could, for example, be restricted to 0.9, and the actual catch
considered to be taken would be less than the proposed catch. This procedure alone would, however, make
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no adjustment to the exploitation rate (S;l ﬂFyf ) of other ages. To avoid the unnecessary reduction of catches
from ages where the TAC could have been taken if the selectivity for those ages had been increased, the
following procedure is adopted (CCSBT, 2003).

The fishing mortality, Fyf , is computed as usual using equation (A1.9). If Fyf <0.9 no change is made

to the computation of the total catch, C;, given by equation (A1.8). If Fyf > 0.9, however, the total catch is
computed from:

m
Cl =3 w,g(S]F )N, ,
a=0 .

(A1.12)
Denote the modified selectivity by Sfa, where:
fpf
SJ*H frg —g(sy,qu )
’ FJ ) (A1.13)
T W
so that CV = ZwaséaPy N, . where:
" a=0
X x<0.9
X)=
$W=109 0.1[1— 10D 0.9 <x<oo (A1.14)

Now Fyf is no longer bounded above by 1, but g(Sg,,,Fyf )S 1, hence C;,a = g(S;aFyf N, , <N, , as
required.

Stock-recruitment relationship

The spawning biomass in year y is given by:

m
By =2 wiNy,
f (A1.15)

where f, is the proportion of fish of age a that are mature (assumed to be knife-edge at age a,,,).

The number of recruits at the start of year y is assumed to relate to the spawning biomass at the start of
year y, B;p, by a Beverton-Holt stock-recruitment relationship (assuming deterministic recruitment):
sp

. OLBy
RB)) =
B+B, . (A1.16)

The values of the parameters a. and  can be calculated given the unexploited equilibrium (pristine)
spawning biomass K¥ and the steepness of the curve &, using equations (A1.16) to (A1.20) below. If the

pristine recruitment is R, = R(K*), then steepness is the recruitment (as a fraction of R;) that results when
spawning biomass is 20% of its pristine level, i.e.:

hR, = R(0.2K*) (A1.17)
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from which it can be shown that:

_02(B+K")
B+0.2K" (A1.18)

Rearranging equation (A1.18) gives:

02K (1—h)
 h-02 (A1.19)

and solving equation (A1.16) for a gives:

_ 0.8hR,
- h—-02.

In the absence of exploitation, the population is assumed to be in equilibrium. Therefore R; is equal to
the loss in numbers due to natural mortality when B¥ = K, and hence:

F(Sp 1:Sp
0= o
B+K (A1.20)

where:

:{Zwafu M 1f Mm]l

(A1.21)

Past stock trajectory and future projections

Given a value for the pre-exploitation equilibrium spawning biomass (K*) of toothfish, and the assump-
tion that the initial age structure corresponds to equilibrium, it follows that:

—Mm
K¥ =

Zwafu Mn 1f

o (A1.22)

which can be solved for R,,.

The initial numbers at each age a for the trajectory calculations, corresponding to the deterministic equi-
librium, are given by:

Roe_M" 0<a<m-—1

Ny, = ] Rye™*
1_oM a=m A1.23
e ) (A1.23)

Numbers-at-age for subsequent years are then computed by means of equations (A1.1) to (A1.5) and
(A1.8) to (A1.16) under the series of annual catches given.

The likelihood function

The ASPM is fitted to the fleet-specific generalised linear model (GLM) standardised CPUE to estimate
model parameters. The likelihood is calculated assuming that the observed (standardised) CPUE abun-
dance indices are lognormally distributed about their expected value:

=1/ & or &) =In(I])-In(1]), (A1.24)

<
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where:

I 5 is the standardised CPUE series index for year y corresponding to fleet f,

=3/ BY® (f) is the corresponding model estimate, where:

E;Xp (f) is the model estimate of exploitable biomass of the resource for year y corresponding to fleet f,
and

qf is the catchability coefficient for the standardised commercial CPUE abundance indices for
fleet f, whose maximum likelihood estimate is given by:

o 1 A ox
lan :n—fZ(lnIJ —lnB; p(f))
y

/ (A1.25)
where:
nf is the number of data points in the standardised CPUE abundance series for fleet f, and
e/ is normally distributed with mean zero and standard deviation ¢/ (assuming homoscedastic-
¥

ity of residuals), whose maximum likelihood estimate is given by:

~ 1 ~f pex
&’ :\/n—fZ:(lnlf—lanByp(f))2

y . (A1.26)

The negative log-likelihood function (ignoring constants) which is minimised in the fitting procedure
is thus:

R EAD)

2(c’y?

~InL= Z{Z

+n/ (ino’ )}

(A1.27)

The estimable parameters of this model at this stage are qf , K¥, and o/, where K¥ is the pre-exploitation
mature biomass.

Extension to incorporate catch-at-length information

The model above provides estimates of the catch-at-age (Cia) by number made by each fleet in the
fishery each year from equation (A1.5). These in turn can be converted into proportions of the catch of
age a:

p = /ZC

(A1.28)
Using the von Bertalanffy growth equation (A1.6), these proportions-at-age can be converted to propor-

tions-at-length — here under the assumption that the distribution of length-at-age remains constant over
time:

pr Af

(A1.29)
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f. . . . )
where AM is the proportion of fish of age a that fall in length group ¢ for fleet f. Note that therefore:

f_
ZZIAM =1forall ages a. (A1.30)

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

Ua) ~N' [zw {1 —e*“<“**°)} ;0 (a)? (A1.31)
where:
N* is a normal distribution truncated at + 3 standard deviations (to avoid negative values), and

o/ (a) is the standard deviation of length-at-age a for fleet f, which is modelled here to be propor-
tional to the expected length at age 4, i.e.:

0f(a) = v/ (. {1 —e‘K<"‘*0)} (A1.32)
with v/ a parameter estimated in the model fitting process.
Note that since the model of the population’s dynamics is based on a one-year time step, the value of
v/ and hence the 6/ (a)’s estimated will reflect not only the real variability of length-at-age, but also the
‘spread’ that arises from the fact that fish in the same annual cohort are not all spawned at exactly the same
time, and that catching takes place throughout the year so that there are differences in the age (in terms of

fractions of a year) of fish allocated to the same cohort.

Model fitting is effected by adding the following term to the negative log-likelihood of equa-

tion (A1.27):
ool P} [ i -mrd

—In Ly, = wyy, { In
fryl

(A1.33)
where:
poi (f) s the proportion by number of the catch in year y in length group ¢ for fleet f, and
0£ : has a closed form maximum likelihood estimate given by:
c )Z P, In p‘)bs —In p 1
e Z Z . (A1.34)

Equation (A1.33) makes the assumption that proportions-at-length data are log-normally dlstrlbuted
about their model-predicted values. The associated variance is taken to be inversely proportional to p

to down-weight contributions from expected small proportions which will correspond to small observed
sample sizes. This adjustment is of the form to be expected if a Poisson-like sampling variability component
makes a major contribution to the overall variance. Given that overall sample sizes for length-distribution
data differ quite appreciably from year to year, subsequent refinements of this approach may need to adjust
the variance assumed for equation (A1.33) to take this into account.

The wy,,, weighting factor may be set at a value less than 1 to down-weight the contribution of the catch-
at-length data to the overall negative log-likelihood compared to that of the CPUE data in equation (A1.27).
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y,l
of strong positive correlation (unsurprisingly, as for lower lengths in particular, samples for neighbouring
lengths come from the same cohort), and so would not be as informative as the independence assumption

underlying the form of equation (A1.33) would otherwise suggest.

The reason that this factor is introduced is that the p}, ; (f) data for a given year frequently show evidence

In the practical application of equation (A1.33), length observations were grouped by 2 cm intervals,
with minus- and plus-groups specified below 54 and above 138 cm respectively for the longline fleet, and
plus-groups above 176 cm for the pot fleet, to ensure P;b?g ( f ) values in excess of about 2% for these cells.

Adjustment to incorporate recruitment variability

To allow for stochastic recruitment, the number of recruits at the start of year y given by equation (A1.16)
is replaced by:

o B? ¢,k
R(B;p) — ysp e[ y 4],
B +B, (A1.35)

where ¢, reflects fluctuation about the expected recruitment for year y, which is assumed to be normally
distributed with standard deviation o (which is input). The {, are estimable parameters of the model.

The stock-recruitment function residuals are assumed to be log-normally distributed. Thus, the contri-
bution of the recruitment residuals to the negative log-likelihood function is given by:

~InL, = > {Inog+¢2 /(2})}

y=1961 ! (A1.36)

which is added to the negative log-likelihood of equation (A1.27) as a penalty (the frequentist equivalent of
a Bayesian prior for these parameters). In the present application, it is assumed that the resource is not at
equilibrium at the start of the fishery, and to allow for that computationally the resource is assumed to be
at deterministic equilibrium in 1960 with zero catches taken until the start of the fishery in 1997 (by which
time virtually all ‘memory” of the original equilibrium has been lost because of subsequent recruitment
variability). A value of o = 0.5 is assumed for fits of the model presented in this paper.

Data and implementation

Four OMs (one reflecting an Optimistic, one an Intermediate, one a Less Pessimistic and one a Pessimistic
current status for the toothfish resource) have been developed as described in the main paper. Commencing
in November 2004 one vessel in the toothfish fishery changed its fishing operations in that it began to use
pots in an attempt to overcome the problem with cetacean depredation. The OMs considered in this paper
take this new ‘fleet’ into account. Table A.1 shows the annual catches broken down into the two fleets (long-
line and pot), as well as estimates for illegal catches. The basis for estimating IUU catches prior to 2002 is
described in Brandao et al. (2002b). The illegal catch estimates for 2002 to 2004 are based on the number of
illegal vessels as well as the duration of fishing activity estimated from the number of illegal vessels known
to have operated in the South African EEZ. The estimated average tonnage of green weight is obtained
from the performance achieved in that year by one of the vessels fishing legally. From 2005, there have been
no reports of illegal vessels. However, these reports cover only times when the legal vessels were operating,
and it is not obvious that the same situation can be assumed during periods when no monitoring was pos-
sible. Therefore, the same amount of illegal take is assumed for the years since 2005 as for 2004.

The CPUE GLM standardisation procedure described in Appendix 1 of Brandao et al. (2002b) has been
reapplied to the commercial longline data, resulting in the revised series of relative abundance indices
listed in Table A.2. Only data for complete years are used in the analysis; thus CPUE data from 1997 to 2006
are used to obtain the standardised CPUE indices.

62



Proposed management procedure for D. eleginoides in the Prince Edward Islands

The values in both Table A.1 and Table A.2 make allowance for the appreciable impact caused by toothed
cetaceans (primarily killer and sperm whales) taking fish from lines as they are hauled (depredation).

Catch-at-length data sampled from commercial operations, grouped in 2 cm intervals, are available
since the inception of the legal fishery. The samples contributing to these distributions have been weighted
by the size of the catch for the areas from which they were taken. Table A.3 shows the basic biological
parameter values for toothfish in Subarea 48.3 (Agnew et al., 2006), which are assumed to apply to the
Prince Edward Islands toothfish as well.

Arelative weight (w,,) ranging between 0.2 and 0.1 has been applied to the catch-at-length contribution
to the log-likelihood. Clearly a value of 1 is too high, as there is correlation between the catch numbers-at-
length given that the length classes included in the likelihood are generally of 2 cm width only and number
43 in total, and amounts to over-weighting such data. Inspection of the selectivity curves suggests that (for
most fits considered) effectively only about eight age-classes contribute to the catches each year. The some-
what coarse basis for the choice for wj,, then is the ratio of these two numbers, i.e. effectively treating the
information from each such age-class as independent.

The Optimistic OM is fitted to all the 2001-2006 catch-at-length data but omits the two initial CPUE
indices (1997 and 1998), whereas the Intermediate OM is fitted to only the last four years’ (2003-2006) catch-
at-length data, with the first two initial CPUE indices omitted. For both the Optimistic and the Intermediate
OMs, a relative weight of 0.2 has been applied to the catch-at-length data. The Pessimistic OM omits the
catch-at-length distributions for the initial years (i.e. for 1997-2002) but includes all the CPUE indices, and
a relative weight of 0.1 has been applied to the catch-at-length data. The Less Pessimistic OM is fitted to
the same data as the Pessimistic OM but a relative weight of 0.165 has been applied to the catch-at-length
data to yield a current spawning biomass depletion roughly half way between those for the Intermediate
and Pessimistic OMs.

Results

Table A.4 reports the parameter estimates for the four reference set scenarios considered. Figure A.1
shows estimated spawning biomass trends and fits to the CPUE data are shown in Figure A.2. Fits of the
four OMs to the catch-at-length distributions for the longline fishery for the years 2003 to 2006 are shown
in Figure A.3. The selectivity functions estimated are shown in Figure A 4.

Note (Table A.4) that these four OMs span a range from 0.15 to 0.68 for spawning biomass depletion
(Bhor /K).
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Table A.1: Yearly catches of toothfish (in tonnes) estimated to have been taken from the Prince
Edward Islands EEZ for the analyses conducted in this paper. The bases for the estimates
of the illegal catches are detailed in the text of this appendix. The total catches shown
include both legal (longline and pot) and estimated IUU catches, and reflect various
multiplicative factors (z) of the recent landed catch for the cetacean depredation assumed
in this paper.

Year Total catches
z =0 (none) z=05 z=1 z=2
1997 242712 242712 242712 242712
1998 28189 28189 28189 28189
1999 1970.4 1970.4 1970.4 1970.4
2000 2771.6 32335 3695.5 4619.3
2001 703.9 938.5 1173.2 16424
2002 506.2 759.3 1012.4 15185
2003 568.9 853.3 1137.8 1706.7
2004 423.6 635.4 847.2 1270.8
2005 390.7 586.1 781.5 11722
2006 3229 484.4 645.8 968.7
1997-2006 total 34 748.3 36 551.0 38353.8 41959.2

Table A.2: Relative abundance indices (normalised to their mean over 1997-2006) for toothfish

provided by the standardised commercial CPUE series for the Prince Edward Islands
EEZ for the longline fishery. Note that the values shown reflect the CPUEs which
would have been achieved had there been no cetacean depredation over recent years
(this depredation is assumed to increase linearly from zero to its maximum level over
2000-2002, see text).

Year Longline fishery CPUE

z =0 (none) z=0.5 z=1 z=2
1997 4.665 4.665 4.665 4.665
1998 1.229 1.229 1.229 1.229
1999 1.071 1.071 1.071 1.071
2000 0.623 0.727 0.831 1.038
2001 0.381 0.508 0.635 0.890
2002 0.393 0.590 0.787 1.180
2003 0.503 0.754 1.005 1.508
2004 0.286 0.428 0.571 0.857
2005 0.531 0.797 1.062 1.594
2006 0.317 0.476 0.635 0.952

Table A.3: Biological parameter values assumed for the assessments
conducted, based upon the recently updated values for
Subarea 48.3 (Agnew et al., 2006). Note that for simplicity,
maturity is assumed to be knife-edge in age.

Parameter Value

Natural mortality M (yr™) 0.13
von Bertalanffy growth
? ., (cm) 152.0

1 0.067
x(yr ) -1.49
£, (yr)
Weight (in gm) length (in cm) relationship
c 25.4x10°°
D 2.8
Age at maturity (yr) 13
Stock-recruitment steepness (/) 0.75
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Table A.4: Estimates for a two-fleet (longline and pot) model that assumes possibly different logistic commercial long-

line selectivities (with declining slopes at larger ages), one for the years 1997 and 2002 and another for 2003
t0 2006, when fitted to the CPUE and catch-at-length data for toothfish from the Prince Edward Islands EEZ.
For the Optimistic scenario, both these longline selectivity functions are estimated; for the other cases, only
the 2003-2006 catch-at-length data are fitted, and the associated estimated longline selectivity function is
assumed to have applied also to earlier years. The estimates shown are for the pre-exploitation toothfish
spawning biomass (K¥), the current spawning stock depletion (B3, / K*%) and the exploitable biomass
(B3ohy) at the beginning of the year 2007 (assuming the same selectivity as for 2006). Estimates of param-
eters pertinent to fitting the catch-at-length information are also shown, together with contributions to the
log-likelihood (where the catch-at-length contribution includes the down-weighting factor discussed in the
text). The results shown assume a cetacean depredation factor z = 1, i.e. recent losses to cetacean depreda-
tion are equal to the landed longline catch. Note that as the models are fitted to datasets or with weights that
differ, the likelihoods are not comparable.

Parameter estimates Model
Optimistic Intermediate Less Pessimistic Pessimistic
scenario scenario scenario scenario
(97-98 CPUE (97-98 CPUE (all CPUE fitted; (all CPUE fitted;
omitted; omitted; only 03-06 length only 03-06 length
only 01-06 length only 03-06 length data fitted; data fitted;
data fitted; data fitted; w,,= 0.165) w,,=0.1)
w,,=0.2) w,,=0.2)
K7 (tonnes) 138 499 88 205 45703 29723
3%07 /Ksp 0.677 0.572 0.374 0.149
BEP Longline 74 231 41375 18 185 10505
2007 Pot 129 883 71131 24433 5218
(tonnes)
35597 / K7 0.978 0.968 0.955 0.960
OCPUE Longline 0.208 0.227 0.355 0.236
ORr 0.500" 0.500" 0.500™ 0.500™
aggfoz (yr) 6.536 - - -
§97-02 (yr—l) 0.028 - - -
0)97—02 (yrfl) 0055 - - -
aggfoé (yr) Longline 6.513 6.519 6.532 6.551
Pot 8.713 8.787 9.395 12.261
50306 (yr’1) Longline 0.028 0.028 0.029 0.031
Pot 0.788 0.772 0.897 1.342
0306 (yr) Longline 0.082 0.080 0.061 0.010
Pot 0.000 0.000 0.000 0.000
v 0.121 0.124 0.123 0.125
Glen Longline 0.035 0.039 0.040 0.043
Pot 0.035 0.034 0.036 0.043
-In L: Length -55.85 -37.90 -29.72 -13.85
-In L: CPUE -8.577 -7.872 -5.344 -9.427
-In L: Recruitment -26.45 -27.70 -27.74 -29.61
-In L: Total -90.87 -73.47 —62.80 -52.89
MSY Longline 5 585' 3519 1852 1261
(tonnes) Pot 6204 3958 2072 1407
MSYL Longline 0.244 0.242 0.244 0.252

t Based on the average of the two selectivity functions estimated.
tt Input parameter

65



Brand&o and Butterworth

66

160000
140000 -
e ———
120000 -
100000 -
- - - - - E — — — ee— — — —  E— —
g 80000 \
\
~N
60000 - ~N
~— -
40000 | Tttt
A}
20000 -| \ DT
- ~ -
o+———7—r—7r—7—7 7+ T T T T T T T T T T T T T T T T T T T T T T T T T
O N ¥ © 00 O N & © 0o o N ¥ © 0 O N ¥ © 0o O NN  ©
© © © © © K~ I I I I 0O 00 0 0 O W »®» & O O O O O O
© 92 9 0 D DD OO O O
~ Y Y Y Y Y - Y Y Y Y - Y v Y Y Y Y v v N N N «
Year
Optimistic == =Intermediate = = = Less Pessimistic == = Pessimistic‘
Figure A.1: Spawningbiomass estimates (note that recruitment can vary prior to the onset of harvesting).

Estimates are given for the Optimistic, Intermediate, Less Pessimistic and Pessimistic

scenarios (details of the conditioning of these scenarios to the data are provided in the text;
see also the caption to Table A.4). All results shown assume a cetacean depredation factor
z =1, i.e. recent losses to cetacean depredation are equal to the landed longline catch.
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Figure A.2: Longline fishery exploitable biomass and the Generalised
Linear Model (GLM)-standardised CPUE indices to which the
population model is fit (divided by the estimated catchability g to
express them in biomass units) for the Optimistic, Intermediate,
Less Pessimistic and Pessimistic scenarios. All results shown
assume a cetacean depredation factor z = 1, i.e. recent losses to
cetacean depredation are equal to the landed longline catch. Note
that only the CPUE indices fitted for the scenario in question are
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shown.
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Figure A.4: Estimated selectivity curves for the periods 1997-2002 and 2003-2006 for the longline fishery, and for

the period 2004-2005 for the pot fishery (note that the nearly flat selectivity at large ages for this fishery
is as estimated; it is not an input assumption). Curves are shown for the Optimistic, Intermediate, Less

Pessimistic and Pessimistic scenarios.
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