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Abstract

In 2006, the CCAMLR Scientific Committee expressed concern as to the status of the
stock on which the exploratory Dissostichus spp. fishery on BANZARE Bank (CCAMLR
Division 58.4.3b) was based. This paper presents a summary of fine-scale catch and effort
data held by CCAMLR for BANZARE Bank, as well as descriptive analyses of biological
data submitted by scientific observers on board vessels in the fishery. Results of a Leslie
depletion analysis of stratified catch and effort data indicate that there is strong evidence
for depletion of toothfish at the scale of individual fishing grounds in the 2004/05 and
2005/06 seasons. This result, coupled with high estimated levels of illegal, unreported
and unregulated (IUU) fishing, and evidence of poor recent recruitment, indicates that the
stock is likely to have been overfished. Several inconsistencies are noted between historical
data and those submitted in the 2006/07 season, with Patagonian toothfish (D. eleginoides)
reportedly replacing Antarctic toothfish (D. mawsoni) as the dominant toothfish species in
catches in one ground for the first time. Incomplete reporting of biological information for
by-catch species by on-board scientific observers was noted, limiting meaningful analysis
of patterns in by-catch catch and effort. Further research, particularly research surveys,
would greatly assist with assessing the status and stock structure of Dissostichus spp. in
this area. The potential for similar analyses in other exploratory toothfish fisheries should
be investigated, as this study indicates that severe depletion can occur in the space of just
two or three seasons.

Résumé

En 2006, le Comité scientifique de la CCAMLR s'inquiétait de 1'état du stock sur lequel
reposait la pécherie exploratoire de Dissostichus spp. du banc BANZARE (division 58.4.3b
de la CCAMLR). Cet article présente un résumé des données de capture et d'effort de
péche a échelle précise détenues par la CCAMLR pour le banc BANZARE, ainsi que des
analyses descriptives des données biologiques soumises par les observateurs scientifiques
embarqués sur des navires de cette pécherie. Les résultats d'une analyse de la réduction du
stock par la méthode de Leslie, au moyen des données stratifiées de capture et d'effort de
péche, mettent en évidence un déclin de la légine a I'échelle des lieux de péche pendant les
saisons 2004 /05 et 2005/06. Ces résultats, couplés a des estimations élevées des niveaux
de péche illicite, non déclarée et non réglementée (INN) et aux preuves d'un recrutement
faible récemment, indiquent que le stock a probablement fait I'objet d'une surpéche.
Plusieurs contradictions sont notées entre les anciennes données et les données soumises
pendant la saison 2006/07, selon lesquelles sur un lieu de péche, pour la premiere fois,
I'espece de légine dominante dans les captures aurait été la 1égine australe (D. eleginoides)
et non plus la légine antarctique (D. mawsoni). Il est noté que l'analyse des tendances
de la capture et de l'effort de péche relatifs aux captures accessoires est limitée par la
déclaration incomplete des informations biologiques relatives aux especes concernées
par les observateurs scientifiques embarqués. D'autres recherches, notamment par des
campagnes d'évaluation, permettraient de faire avancer 1'étude de I'état et de la structure
du stock de Dissostichus spp. dans cette région. Les possibilités d'analyses de ce type dans
d'autres pécheries exploratoires de légine devraient étre étudiées. En effet, la présente
étude indique qu'une diminution grave des stocks peut se produire en I'espace de deux
ou trois saisons.

Pesrome

B 2006 1. Hayunsrnii komurer AHTKOMa BbIpasmn 03a009€HHOCTB 110 TTIOBOY COCTOSTHHS
3amaca, 00JaBIMBAEMOrO TPH ITOMCKOBOM IPOMBICIE BHUAOB Dissostichus Ha OaHKe
BAH3APE (Yuactox 58.4.3b AHTKOMa). B panHoii crarbe mpHBEACHA CBOIKA
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xpansuxcs B AHTKOMe MenkomaciiTaOHBIX JaHHBIX MO YJIOBaM M YCHIIMIO Ha OaHKe
BAH3APE, a Taxke onucareibHbI aHalM3 OMOJIOTHYECKUX JTAHHBIX, ITPEACTaBICHHBIX
HAay4YHbIMH HaOIIOJaTeNsIMA C CYAOB, IPOBOMASIIMX OTOT MpPOMBICEN. Pe3yibrars
aHaJM3a UCTOMIeHUs 1o Jlecin ¢ MCHoNb30BaHUEM CTPaTU(QHUIMPOBAHHBIX JAaHHBIX 10
yJI0BaM M YCHIIMIO YKa3blBaIOT Ha HaJIW4YHME YOCAMTEIbHBIX JOKAa3aTeIbCTB MCTOIICHHS
3amacoB KJbIKaya B Macmitade OTAEIbHBIX IPOMBICIOBBIX y4acTKOB B ce3oHax 2004/05
u 2005/06 rr. DTOT pe3ynbTaT B COYETAHMU C BBICOKUMU OLICHOYHBIMU YPOBHSIMHU
HE3aKOHHOTO, Heperucrpupyemoro u Heperynmupyemoro (HHH) mpowmbicia, a Takke
NPU3HAKH IJIOXOTO IOTOJHEHHS B TIOCIIEHEE BPEMsI CBUJICTEIBCTBYIOT O BO3MOYKHOM
nepenoBe 3Toro 3amaca. OTMEYEH psifi HECOOTBETCTBUH MEXIY PETPOCHEKTUBHBIMU
JMAHHBIMH ¥ JaHHBIMHU, MPEICTaBICHHBIMU B ce3one 2006/07 r., Korma MmaTaroHCKUi
kibikad (D. eleginoides), o cOOOIICHUSIM, BIICPBBIC 3aMCHIIT aHTAPKTUYCCKOTO KIIbIKaYa
(D. mawsoni) kak mpeoOIagaroIuii B yJI0BaX BHJ KJIbIKa4a HA OJHOM ydacTke. Takxke
OTMEYEHO, YTO HaXoAsIuecs Ha O0pTy Hay4HbIe HAOIIOIATEIH TPEICTABIISUINA HETIOIHYIO
OMOJIOrNYecKy0 HHPOPMAIINIO O BUIAX MTPUIIOBA, YTO OTPaHNIMI0 3()(DEKTHBHBII aHAIIN3
3aKOHOMEPHOCTEH B BBIJIOBE MPWJIOBA M YCHIINH. JlabHelne uccienoBanus, 0cOOCHHO
Hay4YHO-NCCJIEJI0BATEILCKHE CheMKH, Oy/IyT OYeHB CITIOCOOCTBOBATH OLIEHKE COCTOSIHUS 1
CTPYKTYpHI 3araca BUI0B Dissostichus B 3ToM paiione. Cieayer n3y4utb BO3MOXXHOCTh
MPOBEACHUS aHAJOTUYHOTO aHaJIM3a JUIS JIPYTUX MOMCKOBBIX IPOMBICIOB KJIbIKaua, T.K.
JTAaHHOE HCCIIe/IOBAaHNE MTOKA3bIBALT, YTO CHIILHOE UCTOIICHHE MOXKET ITPOU30MTH BCETO 3a
JIBa-TPH CE30HA.

Resumen

En 2006, el Comité Cientifico de la CCRVMA indic6 su preocupacién por el estado del
stock que la pesqueria exploratoria de Dissostichus spp. estaba explotando en el banco de
BANZARE (Divisién 58.4.3b dela CCRVMA). Este trabajo presenta un resumen de los datos
de captura y esfuerzo en escala fina para el Banco BANZARE archivados por la CCRVMA,
y analisis descriptivos de los datos biolégicos presentados por observadores cientificos
a bordo de barcos que participaron en esta pesqueria. Los resultados de un anélisis de
Leslie de reduccién de stock que se valié de los datos de captura y esfuerzo estratificados
muestran sefiales convincentes de una disminucién de la poblacién de austromerluza a
nivel de caladero de pesca en las temporadas 2004/05 y 2005/06. Este resultado, sumado
a los altos niveles estimados de pesca ilegal, no declarada y no reglamentada (INDNR) y a
las sefales de un bajo reclutamiento reciente, indica que es muy probable que el stock haya
sido sobreexplotado. Se han detectado varias incongruencias entre los datos histéricos
y aquellos presentados en la temporada 2006/07. Segtn se informa, por primera vez la
austromerluza negra (D. eleginoides) habria reemplazado a la austromerluza antértica
(D. mawsoni) como especie predominante en la captura de un caladero. Se noté que la
informacién biolégica de las especies retenidas de la captura secundaria, notificada por
los observadores cientificos estaba incompleta, restringiendo importantes analisis de las
caracteristicas de la captura secundaria y del esfuerzo. Estudios posteriores, en especial las
campanas de investigacién, ayudardn en gran medida a evaluar el estado y la estructura
del stock de Dissostichus spp. en esta area. Se deberd estudiar la posibilidad de efectuar
andlisis similares en otras pesquerias exploratorias de austromerluza, pues este estudio
sefiala que puede haber una gran reduccién en un espacio de sélo dos o tres temporadas.

Keywords: Antarctic toothfish, Dissostichus mawsoni, Patagonian toothfish, Dissostichus
eleginoides, Leslie depletion, BANZARE Bank, CPUE (catch-per-unit-effort), CCAMLR

Introduction

The Patagonian toothfish (Dissostichus elegi-
noides) and the Antarctic toothfish (D. mawsoni)
are the most commercially important finfish
species targeted in the CAMLR Convention Area.
The exploratory fishery on BANZARE'! Bank
(Division 58.4.3b), which is the southern exten-
sion of the greater Kerguelen Plateau in the Indian
Ocean, commenced in the 2003/04 season. Nearby

fisheries for Dissostichus spp. include exploratory
toothfish fisheries on the Antarctic continental shelf
(primarily catching D. mawsoni — Divisions 58.4.1
and 58.4.2), and Elan Bank (primarily catching
D. eleginoides — Division 58.4.3a) and an estab-
lished fishery for D. eleginoides around Heard and
McDonald Islands (Division 58.5.2) (CCAMLR,
2007a). The relationship between the population of
toothfish fished on BANZARE Bank and those in
adjacent areas is unknown (SC-CAMLR, 2007a).

1" Named for the British, Australian and New Zealand Antarctic Research Expedition, 1929-1931.
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CCAMLRregulatesthefisheryinDivision58.4.3b
through conservation measures limiting entry to
vessels, avoiding by-catch by having vessels move
when by-catch thresholds are exceeded, requir-
ing vessels to tag toothfish at a specified rate per
tonne caught, and applying shipboard measures to
mitigate seabird by-catch. All vessels must regu-
larly report fine-scale catch and effort data to the
CCAMLR Secretariat and carry scientific observ-
ers to collect operational and catch data from all
fishing activity (CCAMLR, 2007b). Vessels in the
fishery use both Spanish and autoline longlines to
target toothfish, with the overwhelming majority
of catches comprising D. mawsoni. As an explora-
tory fishery, the catch limit for the division has
been nominally set at 300 tonnes each season up to
2006/07. In 2004/05 and 2005/06, the fishery was
closed by CCAMLR due to the catch limit being
reached or exceeded before the conclusion of the
season (SC-CAMLR, 2006c¢).

In 2006, the CCAMLR Scientific Committee
expressed concern about the status of exploratory
Dissostichus spp. fisheries in the southern Indian
Ocean (Subarea 58.4), requesting urgent con-
sideration of methods for assessing these stocks
(SC-CAMLR, 2006a). Of particular concern was the
level of illegal, unreported and unregulated (IUU)
fishing on BANZARE Bank. Total removals by IUU
vessels since 2003, using both longline and gillnets,
are estimated at more than 5400 tonnes, while
legal catches total 918 tonnes over the same period.
Furthermore, IUU activity seems to be increasing,
with catches estimated to have exceeded the catch
limit for this region in the 2005/06 and 2006/07 sea-
sons by 5.2 and 7.6 times respectively (SC-CAMLR,
2006b; SC-CAMLR, 2007a). Of additional concern,
recent catch-weighted length-frequency data indi-
cated that no small (<50 cm) Dissostichus spp. were
present on BANZARE Bank (SC-CAMLR, 2006b;
Welsford et al., 2007a), verifying an earlier result
from a trawl survey in this area in 1999 (van Wijk
et al., 2000).

This paper describes the spatio-temporal
patterns in catch and effort of the fishery for
Dissostichus spp. and major by-catch groups on
BANZARE Bank. Estimates of biomass and rates
of depletion of Dissostichus spp. using catch-per-
unit-effort (CPUE) data are developed for areas of
concentrated effort in the division. This study also
attempts to evaluate if the fishery is likely to be
sustainable in the long term.

Assessment methodology
Data sources and analysis software

Two sets of data submitted to the CCAMLR
Secretariat were used in this analysis: fine-scale
catch and effort data submitted by vessels oper-
ating in the fishery and fine-scale biological data
submitted by on-board observers between 2003
and 2007. Data holdings for all Flag States and ves-
sels were considered for analysis. All analyses and
figures were produced using the R language for
statistical computing (R Development Core Team,
2007; Sarkar, 2008). Scripts are available from the
corresponding author.

Spatial distribution of catch and effort

The spatial distribution of effort within the fish-
ery was investigated to identify areas of consistently
high effort that might lead to local stock depletion.
Previous studies of localised toothfish depletion
(e.g. Parkes et al., 1996; Agnew and Pearce, 2004)
devoted some effort to identifying areas and time
periods where local depletions — should they be
occurring — might reasonably be observed. The
present study adopted a less formal approach,
considered appropriate given the large size of fish-
ing grounds and low level of data coverage avail-
able for an exploratory fishery of this kind. Plots
of all commercial and research longline positions
occurring within Division 58.4.3b were examined
to identify broad areas of consistently high effort
between seasons. Separate plots were examined for
D. eleginoides, D. mawsoni and combined by-catch
species for each area of concentrated effort in the
fishery. Given the short period fished by vessels in
each season (December to March), no restriction
was placed on the temporal proximity of catches
within season. Plots revealed two areas of highly
concentrated effort and a third area of less con-
centrated effort, together accounting for 80% of all
effort within a combined area of 53 000 km? over
the life of the fishery. Together, these grounds rep-
resent 31% of the total fishable area (i.e. depth <
2 000 m) in the division.

Anomalous or missing data

Of the 2 063 separate longline sets reported for
BANZARE Bank since the fishery commenced in
2003/04, 49 (2.4%) were excluded from analysis
due to missing data. Of these, 20 events had no
data recorded for total catch weight, 21 had no data
recorded for total number of fish caught, and the
remainder had no soak time recorded. Of the latter,
recorded longline set and haul times could not rea-
sonably be used to infer soak times. Excluding these
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records effectively omitted 591 kg of by-catch and
1860 kg of D. mawsoni totalled over the 2003/04 to
2006/07 seasons.

Leslie estimates of population size

Stock depletion models for estimating initial
biomass can be developed to varying levels of com-
plexity depending on the type and quality of data
available. In the absence of data for BANZARE
Bank relating to recruitment, migration and natu-
ral mortality of the target species, a simple model
was considered assuming a closed population and
no natural mortality within season for all fishing
grounds. As the legal fishing season is relatively
brief, and data available from tagged toothfish
in other fisheries suggesting that movement at a
temporal scale of a few months is likely to be low
(Dunn et al., 2007; Welsford et al., 2007b), it is a rea-
sonable assumption that each ground represents
an effectively closed population for the purposes
of this analysis.

Following the notation of Hilborn and Walters
(1992), in its simplest form the Leslie depletion
estimator (Leslie and Davis, 1939) makes use of
the catch equation and a basic population model to
construct a linear model of the form:

Y =qN1—qK 1)

where v, is an index of abundance such as CPUE,
q is the catchability coefficient, N; is the initial
population size, and K, ; is the accumulated har-
vest immediately prior to t. Fitting by linear regres-
sion provides slope equal to g and ratio of inter-
cept to slope equal to Nj. For the BANZARE Bank
toothfish data, separate models were developed
independently for each season considering v, as
kilograms per hook and as numbers of fish per
hook for the predominant species in the fishery,
D. mawsoni. Confidence bounds for initial biomass
and initial CPUE estimates were derived using
non-parametric bootstrap (Efron and Tibshirani,
1993). For each model considered, residuals were
resampled with replacement, added to fitted val-
ues from the original model, then used to construct
1 000 bootstrap estimates of parameter values. By
considering bootstrap distributions at o/2 and
1-a/2 percentile points, 100(1 — a)% confidence
intervals (Cls) for parameters were constructed.
Potential bias was checked by comparing the dif-
ference between point estimates from the original
model and the bootstrap distribution mean with
the standard error of the bootstrap distribution.

Standardising CPUE data to account for pos-
sible differences between vessels was considered,
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however the data did not support such an approach.
Of the two main fishing grounds (A and B), very
little overlap in fishing arose between different
nationalities, negating any possibility of standardi-
sation. This pattern of fishing was evident despite
CCAMLR Conservation Measure 41-07 that, while
limiting the number of vessels individual Flag
States can have fishing in the division to one at a
time, does not otherwise prescribe the number of
vessels that can fish at once.

Catch and by-catch composition

To determine the composition of by-catch spe-
cies caught within the BANZARE Bank fishery,
catch records provided by vessels and biological
data independently provided by scientific observ-
ers (required to be on board all toothfish vessels in
the CAMLR Convention Area) were summarised
and compared. By-catch rates from fine-scale catch
and effort data were derived and plotted against
total catch for each longline fishing event. The dis-
tribution of mean fish weights in hauls was com-
pared between seasons and fishing grounds using
boxplots (Tukey, 1977). Here, the median average
fish weight is plotted inside a box whose extremes
represent the first and third quartile of the distri-
bution, ‘whiskers” extend to 1.5 times the inter-
quartile range, and potential outliers are plotted as
open points beyond the whiskers. Box widths are
proportional to the square-root of sample size, and
sample sizes themselves can be found in Table 2.

Results
Fishery status

Since its commencement in 2003/04, seven
CCAMLR Members have fished in the explora-
tory longline fishery for Dissostichus spp. on
BANZARE Bank (hereafter designated Flag State A
to G, Table 1). A combined total of 650 commer-
cial and research longlines were deployed during
the 2003/04 to 2006/07 fishing seasons, result-
ing in reported landings of 843 tonnes of D. maw-
soni, 75 tonnes of D. eleginoides and 42 tonnes of
by-catch species, comprising primarily macrourids
and skates (Table 1). Of all fishing effort expended
between 2003 and 2007, only 11 longlines failed to
capture any D. mawsoni, compared with 485 long-
lines (75% of total effort) that captured no D. elegi-
noides.

While clearly D. mawsoni has proved the pri-
mary species captured by the fishery, it is notewor-
thy that catches of D. mawsoni in the 2006 /07 season
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Table 2:  Estimates of initial biomass and initial CPUE based on the Leslie depletion estimator for the
2004/05 season, and summary catch and effort statistics for Dissostichus mawsoni in three fishing
grounds within BANZARE Bank (Division 58.4.3b) for the 2003 /04 to 2006 /07 seasons.

Ground A Ground B Ground C Totals

Area (km?) 6123 11 486 35377 52 986

Initial CPUE (n hook™) 0.00913 0.01765 -

(95% CI) (0.00658, 0.01176) (0.01487, 0.02064)

Initial CPUE (kg hook™) 0.26924 0.53323 -

(95% CI) (0.19619,0.34776)  (0.44970, 0.62787)

Initial biomass (n) 1982 8 369 -

(95% CI) (1478,4271) (7 356, 10 089)

Initial biomass (kg) 61279 241013 -

(95% CI) (45 969, 135 768) (215 143, 292 246)

2003/04 Effort (lines) - 8 8 16

Catch (n) - 220 42 262
Catch (kg) - 5065 917 5982
2004/05 Effort (lines) 20 67 8 95
Catch (n) 1366 6 859 303 8528
Catch (kg) 41178 200 365 63823 248 366
2005/06 Effort (lines) 39 91 22 152
Catch (1) 4504 8718 798 14019
Catch (kg) 88 311 173 644 16 412 278 367
2006/07  Effort (lines) 27 45 183 255
Catch (n) 145 3030 2936 6111
Catch (kg) 2553 83 990 87 451 173 994

Total effort (lines) 86 211 221 518

Total catch (n) 6 015 18 827 4079 28 921

Total catch (kg) 132 042 463 064 111 603 706 709

were around half those experienced in previous sea-
sons, while catches of D. eleginoides were observed
to increase substantially (Table 1). While D. elegi-
noides would be expected to occur in this area, such
a dramatic shift might be caused by a number of
factors, including depletion of D. mawsoni, finding
and fishing "hotspots’ for D. eleginoides, a change in
underlying ecosystem processes, or misreporting.
Inspection of the data revealed that this change was
largely reported by just two vessels and occurred in
two different areas of the fishery that had not pre-
viously shown appreciable catches of D. eleginoides
(Table 1). Furthermore, in at least one of these areas
the distribution of fishing effort in 2006/07 was
very similar to previous seasons, indicating the
discovery of a new ground with high densities of
D. eleginoides, misidentification of D. mawsoni in the
2006/07 season, or conversely that D. eleginoides
has been misidentified as D. mawsoni in prior sea-
sons. In the absence of any firm evidence to evalu-
ate these alternatives, data were accepted at face
value pending future investigation into the distri-
bution and relative abundance of Dissostichus spp.
on BANZARE Bank.
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Spatial distribution of catch and effort

A number of features in the distribution of catch
and effort were evident (Table 1; Figures 1 to 4):

(i) Only a small number of records with low
catches were available for the 2003 /04 season.
These are presented for completeness but not
analysed further.

(if) Catches of D. eleginoides were negligible in
the 2003/04 to 2005/06 seasons (68 fish total)
and are not considered for estimating deple-
tion models. While catches for this species
did increase substantially for some coun-
tries in 2006/07 (e.g. Flag State G, 92% of
the Dissostichus spp. catch), catches were still
dominated by D. mawsoni for three of the four
countries that participated in the fishery.

(iii) Two areas (hereafter denoted Ground A and
Ground B, 6 123 km? and 11 486 km? respec-
tively) were identified as having experienced
consistently high levels of fishing effort, and
substantial catch rates of D. mawsoni, in a rela-
tively small area over the 2004/05 to 2006/07
seasons. Local depletions in these areas were
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investigated using the Leslie method to deter-
mine estimates of initial biomass and levels of
stock depletion.

(iv) Substantial but less consistent fishing effort
was expended in a large area separate from
Grounds A and B, hereafter referred to as
Ground C (35 377 km?). While this ground is
described in terms of catch and effort charac-
teristics, the overlap in spatial distribution of
effort between years was insufficient to war-
rant interannual comparisons of potential
stock depletion.

(v) Combined, fishing grounds A, B and C were
subject to 80% of all fishing effort expended
in BANZARE Bank during the period from
2003/04 to 2006/07, accounting for 84% of
all D.mawsoni landed from the division.
Information on the exact location of catches
cannot be shown for reasons of confidentiality,
however the bathymetric range and relative
location of fishing grounds is shown diagram-
matically in Figure 1. Fishing depths within
Grounds A and B were similar and compa-
rable across seasons, with most longlines set
in depths of 1700-1 800 m. Fishing depths in
Ground C were more variable and substantially
shallower than other grounds, with most fish-
ing reported as occurring in 1 100-1 500 m.

(vi) The trotline fishing method, employed by the
vessel from Flag State D in 2006/07, produced
strikingly different catch and effort character-
istics from the Spanish and autoline longline
systems. Trotline fishing involves multiplelines
set in comparatively close proximity (e.g. in
the west of Ground C in 2006/07) (Figure 4). In
comparison, other longlining methods involve
much longer lines spaced further apart and
often set in parallel. Since trotline fishing only
occurred in Ground C it was not included in
depletion analyses.

(vii) Examination of the distribution of commercial
and research longlines showed that they are of
comparable length and occur in close spatial
and (within season) temporal proximity to one
another within Grounds A and B (Figures 2
to 4). This allowed sample sizes to be increased
for the purposes of deriving depletion esti-
mates by combining research and commercial
fishing.

Leslie estimates of initial biomass

Estimates of initial available biomass in numbers
and weight, and initial CPUE, were determined for

D. mawsoni in Grounds A and B for the 2004/05
and 2005/06 seasons (Table 2; Figures 5 to 8). Data
were insufficient to provide estimates for D. elegi-
noides in any fishing ground within BANZARE
Bank and are not presented. Fitted regression lines
are only displayed for those models having a sig-
nificant negative slope. In determining Cls for bio-
mass estimates, the ratio of bias to standard error
of the bootstrap distribution was acceptable for all
models considered (i.e. less than 0.25 sensu Efron
and Tibshirani, 1993).

Estimates indicate Ground B to be more produc-
tive than Ground A, with estimated initial biomass
of 241 013 kg (95% CI: 215 143-292 246 kg) for its
area of 11486 km? (~21 kg km=2) compared with
61 279 kg (95% CI: 45 969-135 768 kg) for an area of
6 123 km? (~10 kg km™) (Figure 9).

Within any one season the fraction of initial
biomass estimated to be captured by the fishery
is large (e.g. 67% of initial biomass captured in
Ground A in 2004 /05, and 83% in Ground B in the
same season). Although there is some evidence that
removals are partially replaced by fish moving into
these grounds between fishing seasons (e.g. partial
recovery of catch rates between 2004/05 and the
start of the 2005/06 season in Grounds A and B,
with no obvious changes to stock recruitment or
fleet fishing patterns), this source of replacement
was effectively exhausted by 2006/07, with catch
rates generally remaining low across both grounds
(Figures 5 to 8).

While plots of cumulative catch against CPUE
for D. mawsoni are also presented for Ground C
(Figures 10 and 11), effort for this large area was
too sparse for the purposes of estimating initial
biomass by the Leslie method. With the exception
of the Flag State D trotline vessel which fished over
a relatively large area and maintained relatively
high catch rates, catch rates in Ground C were con-
sistently low for all shots in this region, indicating
low densities of fish relative to Grounds A and B
prior to depletion.

Mean weight of toothfish

Mean weight of toothfish was estimated by haul
across all grounds using the estimated number
of fish and total weight of catch in the fine-scale
catch and effort dataset (Figures 12 and 13). Data
for D. eleginoides are sparse, but results indicate the
median mean weight for this species is almost uni-
formly below 20 kg across all seasons and grounds.
In comparison, median mean weight for D. mawsoni
is typically greater than 20 kg. Dissostichus mawsoni
in Ground A have been declining in size with each
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season. With little evidence that small fish (<10 kg)
are present in any of the fishing grounds, results
suggest that the area is populated by large fish
moving in from elsewhere as adults, or that recruit-
ment of juveniles to the area has not occurred for
many years.

By-catch

A plot of total catch against the proportion of
by-catch shows no consistent pattern of propor-
tionately high by-catch arising from individual Flag
States or seasons (Figure 14). While individual long-
lines did occasionally capture up to 20% by-catch
by weight (typically macrourids or rajiformes),
most events of this kind only occurred when total
catches were relatively small.

The distribution and biological characteristics of
by-catch in this fishery could not be reliably com-
pared across vessels, grounds or seasons because
of substantial inconsistencies for some vessels
between vessel fine-scale catch and effort reports of
by-catch composition and those of scientific observ-
ers (Table 3). This was particularly evident for a
Flag State G vessel, two Flag State C vessels, and
one Flag State B vessel, all of which reported catch-
ing several tonnes of macrourids but for which no
biological observations were reported.

Discussion

The main fishing grounds in BANZARE Bank
show clear evidence of rapid within-season declines
in CPUE, followed by partial recovery in subse-
quent seasons, and finally uniformly low catch
rates in the most recent season, 2006/07. These
observations are consistent with a situation where
fish are generally distributed in low densities, with
a small number of areas of attractive habitat sup-
porting high densities and, initially, high catch
rates. If these patches are fished down, fish from
surrounding (low density) areas might be expected
to reoccupy areas of attractive habitat over time.
After sufficient rest from fishing, catch rates for
these areas will initially be high again. Under con-
tinued fishing pressure, however, eventually immi-
gration of fish from surrounding low-density areas
would be exhausted, and catch rates would cata-
strophically decline with any recovery dependant
on processes such as arrival of new recruits and
larger-scale movements, all of which are likely to
occur over time scales greater than individual sea-
sons. Hence, the observed decline in toothfish catch
rates in Grounds A and B may not reverse for many
years, even in the absence of fishing.
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Analyses in this paper confirm the broad con-
clusions of Welsford et al. (2007a) regarding the
status of the Dissostichus spp. fishery on BANZARE
Bank. The distribution of catch and effort in this
fishery is highly concentrated in space, with 80% of
all effort and 84% of all catches coming out of areas
accounting for just 31% of fishable sea floor (deeper
than 2 000 m) in the division. Low catch rates are
reported to be the norm except in Grounds A and
B, where initially high catches have rapidly dwin-
dled. Estimates of initial biomass in these small
areas indicate that historical allowable catches
(300 tonnes in 2006/07) are unsustainable, particu-
larly if the great majority of removals come from
‘hotspots” where fish are apparently attracted and
hence readily targeted and depleted. Catch rates in
Ground C were relatively low, indicating low den-
sities of fish relative to Grounds A and B. For that
ground, it seems likely that rapid depletion would
result if fishing were to be concentrated in that area
at similar levels experienced by the other grounds.

Evidence of depletion, as derived from com-
mercial catch and effort data, needs to be consid-
ered against a background of high levels of IUU
fishing thought to occur in the BANZARE Bank
area (SC-CAMLR, 2006b; SC-CAMLR, 2007a).
The timing of IUU fishing will impact on how
the initial biomass estimated from legal remov-
als, the relative depletion of the stock relative to
the initial biomass and the rate of depletion are
interpreted (Figure 15). If legal operators exclude
IUU fishers, and IUU activity is confined to occur
prior to the legal season, then the initial biomass
at the commencement of legal fishing in a season
is an underestimate of initial biomass prior to all
fishing, but the rate of depletion will be an accu-
rate reflection of the response of the stock to the
legal fishery, and the relative depletion of the stock
will be an underestimate (Figure 15b). If IUU fish-
ing all occurs after the legal fishery, then the rate
of depletion and the initial biomass estimates for
that season will not be affected by IUU removals,
but the stock will be depleted further (Figure 15¢).
If IUU fishing occurred simultaneously with legal
fishing, then the rate of depletion determined from
legal fishing alone and relative depletion of the
stock will be overestimated, and the initial biomass
will be underestimated (Figure 15d). Quantifying
the impact of the timing and intensity of large
IUU catches on depletion estimates using a simu-
lation framework are worthy avenues for further
investigation. However, none of the scenarios dis-
cussed would significantly alter the conclusion that
unsustainable levels of depletion are occurring on
BANZARE Bank through the combination of [IUU
and legal fishing.



~
=
©
m
S8
o~
<
N
Z
<
M
§
B aer 8 - 129 - ¥9L L - - - - - - (TDM) 110831102 STLINOLVIN
< LETE  ¥SE wrr - - 61¢ - G - (xgs) "dds vlvy
&= 8Te ¥ - - - - I 8TE ¥ - - - - (Q) vur8i009 vlvy
B qe qe - - - - - - - - - (OVS) stv4ysnv viopivs
? ri - - - - - - - - L - ([v¥) sowtojtley
= I - - - - - - - -1 - (LD0) 2eprpodoro
= 15T - L1 - veT - - - - - - (SON) suoifnuvnbs viuayjojoN
2 €L - - - L9 z i - - I - (TIN) “dds sidajouaviniy
a ql - - - - - - - a1 - - (IV1) smyvmovwituy stidwv
& €1 €1 - - - - - - - - - (ZD>) aeprpoyry
= ee - - - €1 0z - - - - - (XO>) "dds sapoysry
ke LT 01 - - - - - - - L - (ANI) eyeIga3IaAu]
wp 9 - i - - - - 4 - - - (XOI) depriyppruuey
by 00¢€ - - - - - 00§ - - - - (3ISD) snjvydasoonu snsoruios
s 9z1eT  ¥8L01 - €99 - 651F  LE€S  SG61 8L oF 1€l (A¥D) -dds sninosovpyy
S S6€T  S6ET - - - - - - - - - (RHg) “dds vlvifijog
s 018 - - 018 - - - - - - - (NVQ) ruwoous vlvafiyzng
= €6 8¢ 01 i 618 L 0c1 1 1 - - (INV) vivis04 viowjuy
o saroads yojeo-Ag
2]
0
o I I I I € 4 I 4 1 I HI9qUINU [95S3A
< 5 4 q a > g v

1eoL a1e3g Jerq

"josejep

ISAIISCO dYHUSIS 3} Ul pajtodar azom ejep [ed130[01q Ou Jnq ‘}aserep [9ssaa ayy ul pajrodar sem dnoird/samads e jo yojed
SIOUM SIDUEISUI MOYS S[[9D Papeys ‘[9ssaA pue ajeig Jef Aq sarads yojed-£q jo (3Y) 1ySrom 30} Surmoys (q¢§'8G UOISIAIL()
Nueg MIVZNVY WoIj s[assaa £q ejep }10Jo pue ydjed a[eds-auty ul pajrodar (sisaypuaied ur sapod YTNVID) exel yojed-Ag ¢ a[qe],

63



McKinlay et al.

Catch composition data suggest that the mix
of Dissostichus species in the division has changed
dramatically in 2006/07 compared with previ-
ous seasons. While D. mawsoni and D. eleginoides
overlap in areas near 60°S, with small numbers of
D. eleginoides reported in the northern part of the
Ross Sea (Subarea 88.1) Dissostichus spp. fishery
(SC-CAMLR, 2007b), such an apparently rapid
change in species composition is unprecedented.
This, coupled with the fact that the D. mawsoni
stock in this division is dominated by large fish,
suggests that the stock structure of Dissostichus
spp. in the area is likely to be complex, involving
links with stocks in other regions in the southern
Indian Ocean and around the Antarctic Continent.
Future research sampling in this area should be
specifically directed at determining the distribu-
tion of Dissostichus species.

As in many other fisheries in the Convention
Area, by-catch is dominated by macrourids and
rajiformes. Unfortunately, the inconsistent level of
data collected to date by observers on some ves-
sels in this fishery makes it impossible to assess the
population characteristics of by-catch groups, or
even to be confident in the identification of species
composition of catches.

Conclusions

Analyses of the patterns of catch and effort in
the legal fishery on BANZARE Bank indicates for
the first time that severe depletion has resulted
over the life of the fishery. The stock structure in
the area, with an apparent lack of recruitment over
the past three seasons, indicates that stock recov-
ery in Grounds A and B may be unlikely to occur
for several years. Although the absolute quanti-
ties will be affected by IUU fishing, relatively low
estimates of initial biomass, rapid rates of stock
depletion and apparently high relative depletion
(in excess of 80% of initial biomass taken within a
season) derived from the depletion analyses (based
on legal fishing alone), indicate that the standing
stock of D. mawsoni in this division could not sus-
tain the levels of IUU and legal fishing that have
occurred since 2003.

It is contended that the issues of evaluating
BANZARE Bank catch rates, catch composition,
population dynamics and stock structure of tar-
get and main by-catch species are unlikely to be
resolved with the types of data currently being col-
lected. Although the tagging program for the area
has potential for use in stock assessments in the
longer term, tag return rates are low (SC-CAMLR,
2007a). This study shows that severe, possibly irre-
versible, depletion can be evident in the space of
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two or three seasons, before sufficient tag returns
or other sources of information on stock status may
become available and are analysed. Furthermore,
using such data to estimate stock status is also
confounded by issues of species misidentification
and IUU fishing. A research survey across the area,
as endorsed by CCAMLR in 2007 (SC-CAMLR,
2007c), should help verify some of the trends in rel-
ative catch rates and catch composition seen in the
main fishing areas, and represents a viable option
to collect the data necessary to further develop
the assessment of this division. Scrutiny of other
exploratory fisheries, where high levels of ITUU
fishing or concentrated legal fishing may be caus-
ing depletions, should be considered a matter of
priority.
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Figure 1: Diagram showing the area (km?), depth range
(m) and relative position of fishing grounds A, B
and C on BANZARE Bank (Division 58.4.3b) (not
to scale). Distance between grounds is the near-
est distance between the edges of the grounds.
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Figure 2:

Longitude

Spatial distribution of commercial and research longlines (dashed lines) in each season for
BANZARE Bank Ground A. Consecutive longlines are joined at their midpoint (solid lines)
to indicate the relative order of fishing activity. Maximum line lengths in each season were
between 30 and 40 km, giving an indication of the relative size of the ground.
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Figure 3:

Spatial distribution of commercial and research longlines (dashed lines) in each season for BANZARE
Bank Ground B. Consecutive longlines are joined at their midpoint (solid lines) to indicate the relative
order of fishing activity. Maximum line lengths for the 2004/05 to 2006/07 seasons were around 30, 50

Longitude

and 30 km respectively, giving an indication of the relative size of the ground.
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Figure 4:

Longitude

Spatial distribution of commercial and research longlines (dashed lines) in each season for BANZARE
Bank Ground C. Consecutive longlines are joined at their midpoint (solid lines) to indicate the relative
order of fishing activity. Maximum line lengths for the 2004 /05 to 2006/07 seasons were between 30 and

40 km, giving an indication of the relative size of the ground.
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Figure 5: CPUE (kg hook™) against cumulative catch (kg) of Dissostichus mawsoni for Ground A in the
2003/04 to 2006/07 seasons on BANZARE Bank (Division 58.4.3b). Fitted regression lines have
been added to those relationships showing a significant negative slope (p < 0.05).
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Figure 6:  CPUE (numbers hook™) against cumulative catch (number of fish) of Dissostichus mawsoni for
Ground A in the 2003 /04 to 2006 /07 seasons on BANZARE Bank (Division 58.4.3b). Fitted regression
lines have been added to those relationships showing a significant negative slope (p < 0.05).
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to those relationships showing a significant negative slope (p < 0.05).
0 2000 4000 6000 8000
! ! ! ! ! ! 1 1 ! I
2003/04 2004/05
0.05 -
0.04 T ~
0.03 L
< 0.02 b T
E 0.01 - ‘-:_j%; “‘+’q;°f
o 0.017 +. 1~ B
2 000 - §\ Hho R i
[0] : J
£ 2005/06 2006/07
2 T
= . - 0.05
E | + =+ ~ 0.04
© +
. - 0.03
4o+ + * - 0.02
\f%-‘?-* e 4 +++4_-#_ n '
— +++__;5- “Yad- o hFTHE -+ ~ 0.01
St
_ VN -ﬁ \\-éﬁ.l:\- M + - 0.00
T T T T T T T T T T
0 2000 4000 6000 8000
Cumulative catch (n)
Figure8:  CPUE (numbers hook™) against cumulative catch (number of fish) of Dissostichus mawsoni for

Ground B in the 2003 /04 to 2006 /07 seasons on BANZARE Bank (Division 58.4.3b). Fitted regression

Flag A
Flag B
Flag C
Flag F
Flag G

Flag A
Flag B
Flag C
Flag F
Flag G

lines have been added to those relationships showing a significant negative slope (p < 0.05).

O X+ Do

O X+ Do

69



McKinlay et al.

Catch in weight Catch in numbers
1 1 1 1 1 1 1
Ground A Ground A
Season 200405 —— 0.0012 7 i Season2004/05 —
0.00006 | Season 2005/06 = 0.0010 - i Season2005/06 L
0.0008 : -
0.00004 0.0006 4 |
0.00002 - - 0.0004 7 I
0.0002 r
> 0.00000 - r - 0.0000 r
> Ground B 5 Ground B
g S . - 0.0012
a a
T r 0.00006 e F 0.0010
. r 0.0008
- r 0. 4
0.0000 . - 0.0006
E - 0.00002 il 00004
. 1: - 0.0002
1 { - 0.00000 . [} 0.0000
T T T T T T T T
100000 300000 0 5000 10000
Estimated By Estimated B,

Figure 9: Distribution of initial biomass, B (kg), derived from 1 000 bootstrap replicates for each season and
ground, separately for models derived using catch in weight and catch in numbers. Fitted curves
are the result of applying a Gaussian kernel density estimator and short vertical lines indicate the
0.025, 0.5 and 0.975 percentile positions.
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Figure 10: CPUE (kg hook™) against cumulative catch (kg) of Dissostichus mawsoni for Ground C in the
2003/04 to 2006/07 seasons on BANZARE Bank (Division 58.4.3b). No significant negative
relationships were apparent.
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Figure 11:  CPUE (numbers hook™) against cumulative catch (number of fish) of Dissostichus mawsoni for
Ground C in the 2003/04 to 2006 /07 seasons on BANZARE Bank (Division 58.4.3b). No significant
negative relationships were apparent.
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Figure 12:  Boxplots showing the distribution of mean weights for Dissostichus
mawsoni derived from individual longlines within each season in
each ground for BANZARE Bank (Division 58.4.3b). Box width is
proportional to the square root of the sample size.
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Figure 13:  Boxplots showing the distribution of mean weights for Dissostichus
eleginoides derived from individual longlines within each season in
each ground for BANZARE Bank (Division 58.4.3b). Box width is
proportional to the square root of the sample size.

0 5000 10000 15000 20000
I I I I I | I 1 | |

2003/04 2004/05
0.6 - L
0.4 §‘+ B
s +

£ 0.2 + B FlagA ©°
8 8 X L FlagB 4
2 001 ® 4+ - FlagC +
20 FlagD X
< 2005/06 2006/07 FlagE ©
£ _ L FlagF v
s 06 FlagGc =
e
o

b
¥ - 0.4
2]
. - 0.2
- &5&4 + + + +F00
T T T T T T

0 5000 10000 15000 20000
Total catch (kg)

Figure 14:  Total landed catch weight (all species) against proportion of the catch weight
attributable to by-catch (non-Dissostichus) species for individual longlines on
BANZARE Bank (Division 58.4.3b). Fishing seasons are shown as separate
panels, with symbol type representing Flag State.
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Figure 15:
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Diagram representing the hypothetical impact of the timing of IUU fishing (crosses) on the initial
biomass (By), current biomass removals (B,), the relative depletion (B./By) and the rate of depletion
(slope of the regression through the points) based on legal fishing (circles). The x-axis in all cases
represents cumulative catch, and the y-axis represents CPUE, with the origin at (0,0). (a) Depletion
due to legal fishery (circles) only, which is the situation assumed in this study. The regression line
(solid line) and the positions of the projected By and B, (with dotted guidelines projecting from the
data) for this case are shown in all panels for comparison. (b) When IUU fishing (crosses) occurs
exclusively after the legal fishery, B, and B, /B, are underestimated, however; B, and the rate of
depletion is unaffected. (c) When IUU fishing occurs before the legal fishery, By and B, and B, /B are
underestimated, however; the rate of depletion is unaffected. (d) When IUU fishing occurs during
legal fishing, By, B. and B, /B are all underestimated, and the rate of depletion is overestimated.

Liste des tableaux

Résumé des données de péche a la palangre sur le banc BANZARE (division 58.4.3b) montrant 1'effort
de péche (jours péchés et nombre de palangres de recherche (R) et commerciales (C) déployées) et la
capture (nombre et poids pour Dissostichus mawsoni (TOA), Dissostichus eleginoides (TOP) et les espéces
des captures accessoires) stratifiés par Etat du pavillon et par saison.

Estimations de la biomasse initiale et de la CPUE initiale fondées sur 1'estimateur de déplétion de Leslie
pour la saison 2004/05, et statistiques récapitulatives de la capture et de I'effort de péche de Dissostichus
mawsoni sur trois lieux de péche du banc BANZARE (division 58.4.3b) pour les saisons 2003/04 a
2006/07.

Taxons des captures accessoires (codes CCAMLR entre parentheses) déclarés en tant que données de
capture et d'effort de péche a échelle précise par les navires pour le banc BANZARE (division 58.4.3b)
montrant le poids total (kg) des différentes especes de la capture accessoire par Etat du pavillon et par
navire. Les cases en gris correspondent aux cas dans lesquels la capture d'une espéce ou d'un groupe a
été déclarée dans le jeu de données du navire, mais aucune donnée biologique ne 1'a été dans celui de
I'observateur scientifique.
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Liste des figures

Schéma indiquant la surface (km?), l'intervalle de profondeur (m) et la position relative des lieux de
péche A, B et C sur le banc BANZARE (division 58.4.3b) (I'échelle n'est pas respectée). La distance entre
les lieux de péche est la distance entre leurs limites les plus proches.

Distribution spatiale des poses de palangres commerciales et de recherche (traits en pointillés) par saison
pour le lieu de péche A du banc BANZARE. Les palangres posées consécutivement sont reliées en leur
point central (traits pleins) pour indiquer I'ordre relatif de I'activité de péche. La longueur maximale des
lignes par saison était de 30 a 40 km, selon une indication de la taille relative du lieu.

Distribution spatiale des poses de palangres commerciales et de recherche (traits en pointillés) par saison
pour le lieu de péche B du banc BANZARE. Les palangres posées consécutivement sont reliées en leur
point central (traits pleins) pour indiquer I'ordre relatif de I'activité de péche. La longueur maximale des
lignes pendant les saisons 2004 /05 a 2006/07 était respectivement d'environ 30, 50 et 30 km, ce qui donne
une indication de la taille relative du lieu.

Distribution spatiale des poses de palangres commerciales et de recherche (traits en pointillés) par saison
pour le lieu de péche C du banc BANZARE. Les palangres posées consécutivement sont reliées en leur
point central (traits pleins) pour indiquer I'ordre relatif de I'activité de péche. La longueur maximale des
lignes pendant les saisons 2004/05 a 2006 /07 était de 30 a 40 km, ce qui donne une indication de la taille
relative du lieu.

CPUE (kg hamecon™) par rapport a la capture cumulative (kg) de Dissostichus mawsoni pour le lieu de
péche A pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE (division 58.4.3b). Des droites
de régression ajustées sont indiquées dans le cas de relations montrant une pente négative significative
(p <0,05).

CPUE (nombres hamegon™) par rapport a la capture cumulative (nombre de poissons) de Dissostichus
mawsoni pour le lieu de péche A pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE
(division 58.4.3b). Des droites de régression ajustées sont indiquées dans le cas de relations montrant
une pente négative significative (p < 0,05).

CPUE (kg hamegon™) par rapport a la capture cumulative (kg) de Dissostichus mawsoni pour le lieu de
péche B pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE (division 58.4.3b). Des droites
de régression ajustées sont indiquées dans le cas de relations montrant une pente négative significative
(p <0,05).

CPUE (nombres hamegon™) par rapport a la capture cumulative (nombre de poissons) de Dissostichus
mawsoni pour le lieu de péche B pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE
(division 58.4.3b). Des droites de régression ajustées sont indiquées dans le cas de relations montrant
une pente négative significative (p < 0,05).

Distribution de la biomasse initiale, By (kg), apres 1 000 répétitions de la procédure d'amorgage par
saison et par lieu de péche, en séparant les modeéles fondés sur I'utilisation de la capture en poids de ceux
fondés sur la capture en nombres. Les courbes ajustées sont le résultat de 'application d'un estimateur
de densité a noyau gaussien et les droites courtes verticales indiquent la position des percentiles 0,025,
0,5 et 0,975.

CPUE (kg hamegon™) par rapport a la capture cumulative (kg) de Dissostichus mawsoni pour le lieu
de péche C pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE (division 58.4.3b). Aucune
relation négative significative n'est évidente.

CPUE (nombres hamegon™) par rapport a la capture cumulative (nombre de poissons) de Dissostichus
mawsoni pour le lieu de péche C pendant les saisons 2003/04 a 2006/07 sur le banc BANZARE
(division 58.4.3b). Aucune relation négative significative n'est évidente.

Diagramme en boite de la distribution des poids moyens de Dissostichus mawsoni de certaines poses de
palangres par saison et par lieu de péche pour le banc BANZARE (division 58.4.3b). La largeur des boites
est proportionnelle a la racine carrée de la taille des échantillons.
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Diagramme en boite de la distribution des poids moyens de Dissostichus eleginoides de certaines poses de
palangres par saison et par lieu de péche pour le banc BANZARE (division 58.4.3b). La largeur des boites
est proportionnelle a la racine carrée de la taille des échantillons.

Poids total de la capture débarquée (toutes especes confondues) par rapport a la proportion du poids
de la capture attribuable a la capture accessoire (non-Dissostichus) pour certaines palangres sur le
banc BANZARE (division 58.4.3b). Les saisons de péche sont indiquées séparément et les symboles

représentent 1'Etat du pavillon.

Diagramme représentant I'impact hypothétique de 1'époque de la péche INN (croix) sur la biomasse
initiale (By), les prélevements actuels de biomasse (B,), la baisse relative des stocks (B, /B) et le taux
d'épuisement (pente de la régression au travers des points) en partant de la péche licite (cercles). L'axe
des abscisses représente, dans tous les cas, la capture cumulative et l'axe des ordonnées, la CPUE,
l'origine étant (0,0). (a) Baisse due uniquement a la pécherie licite (cercles), ce qui correspond a la situation
présumée dans cette étude. La droite de régression (trait plein) et la position des projections de By et B,
(avec projection en pointillés a partir des données) pour ce cas sont indiquées dans tous les graphes a
titre de comparaison. (b) Lorsque la péche INN (croix) se déroule exclusivement apres la péche licite, B,
et B, /B, sont sous-estimés ; toutefois, By et le taux d'épuisement ne sont pas affectés. (c) Lorsque la péche
INN se déroule avant la péche licite, By, B, et B, /By sont sous-estimés ; toutefois, le taux d'épuisement
n'est pas affecté. (d) Lorsque la péche INN se déroule en méme temps que la péche licite, By, B, et B, /B,
sont tous sous-estimés et le taux d'épuisement est surestimé.

Crucok Ta0uig

CBonka maHHbBIX sipycHOTo TipoMbicia Ha Oanke BAH3APE (YdacTok 58.4.3b), moka3siBaromnias ycuime
(THM TIpOMBICTIA ¥ KOJIMYECTBO BHICTABIEHHBIX HccienoBareabckux (R) u xommepueckux (C) sipycoB)
U ynoB (komuuectBO u Bec Dissostichus mawsoni (TOA), Dissostichus eleginoides (TOP) u BumoB
MIPUJIOBA) B pa3OMBKE IO TOCYAapCTBaM (pilara M Ce30HaM.

Omenkn ucxoguo omomaccel n mcxomHoro CPUE ma ocHoOBe BeIUMciIeHHs HCTOIIEHHS 10 Jlecin
i cezoHa 2004/05 . ¥ CBOIHBIC CTATUCTHYCCKUE MOKA3ATENIN YJAOBOB U ycwnust aist Dissostichus
mawsoni Ha TpeX MPOMBICIOBBIX yuacTkax Ha Oanke BAH3APE (Yuactoxk 58.4.3b) B cezonax 2003/04—
2006/07 rr.

Takcons! npuioa (koasl AHTKOMa — B ckoOkax), 3aperucTpupoBaHHbIE CyIaMH B MEJIKOMACIITaOHBIX
JaHHBIX 00 ynoBax u ycunuu Ha 0anke BAH3APE (Yuacrok 58.4.3b); nokazan o0muii Bec (Kr) BUmoB
IPWIOBA MO TocyAapcTBaM (uiara M cyaaMm. 3allITPUXOBAHHBIC KJIETKH ITOKA3bIBAIOT CIydaH, KOTJa B
HaboOpax JaHHBIX 0 CyAaM coOOIIaNIoCh O BBUIOBE BHIA/TPYMIIbI, HO B HAOOpaX JaHHBIX HAay4HBIX
HaOmozaresneil He ObUIO MPE/ICTaBICHO OMOIOTNYECKNX JaHHbIX.

CIHCOK PHCYHKOB

[Tnomans (kM?), AMana3oH IIyOMH (M) M OTHOCHTENBHOE PAaCIONOKEHHE IPOMBICIOBLIX YYaCTKOB
A, B u C na 6anke BAH3APE (Yuactok 58.4.3b) (6e3 cobmonenust macmrada). Paccrosnue mexmy
y9acTKaMH — ATO ONrkaiIiiee pacCcTOsSHIE MEKIY TPAHUIIAMH ITHX YIaCTKOB.

[TpocTpaHCTBEHHOE pacIpeieieHHe KOMMEPUYECKHX M HCCIEJOBAaTEIbCKUX IIOCTAHOBOK SIPYCOB
(myHKTHp) B KakaoM ce30He Ha ydactke A Gankun BAH3APE. Unymume noapsix NOCTaHOBKH SIPYCOB
COG/IMHEHBI B CPEIHEH TOYKE (CIUIOLIHBIEC JIMHHUM), C TEM YTOOBI MOKa3aTh OTHOCHTEIIBHBIM MOPSIIOK
MIpOBEIEHHS MTpoMbIciia. MakcuMaibHas JJIHHA SIPYyCOB B KaXI0M ce30He cocTaBmaiaa 30—40 kM, 4To
JlaeT npejcTaBiIeHHe 00 OTHOCUTEILHOM pa3Mepe y4acTKa.

[IpocTpancTBeHHOE pacTpeielIeHHe KOMMEPUECKHX M HCCIIEOBATENbCKUX IOCTAHOBOK SIPYyCOB
(myHKTHp) B KaxIoM ce3oHe Ha ydacTke B Ganku BAH3APE. Mnynme moaps mOCTaHOBKU SIPYyCOB
COC/IMHEHBI B CPE/IHEH TOYKE (CIUIOLIHBIC JIMHHUM), C TEM YTOOBI MOKa3aTh OTHOCHTEIIBLHBIA MOPSIIOK
MpOBEICHIS pOMEIcTa. MakcuMallbHas UTnHa spycoB B ce3oHax 2004/05-2006/07 rr. cocraBisiia
coorBercTBeHHO OKoio 30, 50 m 30 kM, YTO AaeT TpeacTaBICHHE 00 OTHOCHUTEIHHOM pa3zMepe
yyacTka.

[IpocTpancTBeHHOE pacmpeeieHHe KOMMEPUECKMX M HCCIIEOBATEIbCKUX IOCTAHOBOK SIPYyCOB
(myHkTHp) B KaxaoM cezoHe Ha ydactke C Oanku BAH3APE. Mnymme moaps mMOCTaHOBKU SIPYyCOB
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COC/IMHEHBI B CPE/IHEH TOYKE (CIUIOLIHBIC JIMHHUM), C TEM YTOOBI MOKa3aTh OTHOCHTEIIBHBIA MOPSIIOK
MIPOBEICHUS TIPOMBICIIa. MakcuMalibHasl [UIMHA sipycoB B ce3oHax 2004/05-2006/07 rr. cocTaisiia
3040 kM, 9TO JaeT MpeaCTaBICHHE 00 OTHOCUTEIHFHOM pa3Mepe yJIacTKa.

CPUE (Kr/kprouoK) 1o CpaBHEHHIO C KyMYJSITUBHBIM BBUIOBOM (Kr) Dissostichus mawsoni B ce30Hax
2003/04-2006/07 r. Ha yyactke A 6ankun BAH3APE (Yuactok 58.4.3b). [Tokazansl cooTBeTCTBYIOIINE
JIMHHUHU PETPECCHH VIS 3aBUCHMOCTEH C CYILECTBEHHBIM OTPHLATEIBHBIM YITIOM HakJoHa (p < 0.05).

CPUE (o0co6eii/kprodoK) 1o CpaBHEHHIO C KyMYJISITUBHBIM BBUIOBOM (KOITMYECTBO 0c00eit) Dissostichus
mawsoni B ce3oHax 2003/04—2006/07 rr. Ha yuactke A 6anku BAH3APE (Yuactok 58.4.3b). [Tokazansl
COOTBETCTBYIOIIHME JIMHUM PErPeCcCHUU Ul 3aBHCUMOCTEH C CYIIECTBEHHBIM OTpPHUIATEIBHBIM YTIOM
HakioHa (p < 0.05).

CPUE (k1/Kpro90K) 10 CpaBHEHHIO ¢ KyMYJISTHBHBIM BBUTOBOM (KT) Dissostichus mawsoni B ce30Hax
2003/04-2006/07 rr. Ha yyactke B 6anku BAH3APE (Yuactok 58.4.3b). [Toka3ansl cooTBETCTBYIOIINE
JIMHUU PETPECCHH VIS 3aBUCUMOCTEH C CYILECTBEHHBIM OTPHLATEIBHBIM YITIOM HaklioHa (p < 0.05).

CPUE (o0co06eii/kprodoK) 1o CpaBHEHHIO C KyMYJISITUBHBIM BBUIOBOM (KOIHYECTBO 0c00eit) Dissostichus
mawsoni B ceonax 2003/04-2006/07 rr. Ha yuactke B 6anku BAH3APE (Yuactok 58.4.3b). [Tokazaubt
COOTBETCTBYIOIME JIMHUN PETPECCHH ISl 3aBUCHMOCTEH C CYIIECTBEHHBIM OTPHLATEILHBIM YITIOM
HakioHa (p < 0.05).

Pacnpenenenue ucxoano 6uomaccer B (kr), momydeHHoe o 1000 OyTcTpan moBTOPOB ISl KaXKIO0TO
CEe30Ha M yJacTKa, OT/IeJILHO JJIsl MOZIENIEH, MCTIOIB3YFOIIMX BBIJIOB B BECOBOM U BBIJIOB B KOJIMUECTBEHHOM
BeIpakeHUH. [107100paHHbIe KPUBBIE ITOMYUYCHBI B Pe3y/IbTaTe MPUMEHEHNUS IrayCCOBOM sSI/IEPHOI OLICHKH
IJIOTHOCTH; KOPOTKIMHU BEPTUKATBHBIMH OTPE3KaMH MOKa3aHOo monokerne mporentuieit 0.025, 0.5 n
0.975.

CPUE (Xr/kpro9oK) 1Mo CpaBHEHHIO C KyMYISITHBHBIM BBUTOBOM (KT) Dissostichus mawsoni B ce30Hax
2003/04-2006/07 tr. Ha yuactke C 6anku BAH3APE (Yuactok 58.4.3b). CymiecTBeHHOW 00OpaTHON
3aBHCHMOCTH HE OTMEUEHO.

CPUE (0co0eii/KprovoK) 10 CpPaBHEHUIO C KyMYJSITUBHBIM BBUIOBOM (4HCIO ocobeit) Dissostichus
mawsoni B ce3oHax 2003/04-2006/07 rr. ma yuactke C Oanku BAH3APE (Yuactrok 58.4.3b).
CymiecTBeHHOM 00paTHOH 3aBUCUMOCTH HE OTMEYCHO.

Kopobuareie amarpaMMbl, TOKa3bIBAIOIIME pacmpeiesieHue cpeaHero Beca Dissostichus mawsoni,
MOJYYCHHOTO TI0 OTACIBHBIM sipycaM JIIs KaXIOro ce30Ha Ha KaxaoM yudactke Oanku BAH3APE
(Yuactok 58.4.3b). [llupnHa KopoOKH MPONOPIHOHATIBHA KBaJPATHOMY KOPHIO U3 pa3Mepa BEIOOPKH.

KopoGuarbsie auarpamMmbl, TOKa3bIBAIOIINE paclpeesieHie CpeaHero Beca Dissostichus eleginoides,
MOJYYCHHOTO TI0 OTACIBHBIM sIpycaM Il KaKIOro ce30Ha Ha KaxaoM ydactke Oanku BAH3APE
(Yuactok 58.4.3b). [llupnHa kopoOKH MpONOPIHOHATIbHA KBaJPAaTHOMY KOPHIO U3 pa3Mepa BEIOOPKH.

OOl BeC BBITPY)KEHHOTO YJIOBa (BCEe BH/IbI) 0 CPABHEHHUIO C JIOJCH Beca yioBa, MPUXOASIICHCS
Ha Bubl puioBa (He-Dissostichus) miist otaenbHbIX sipycoB Ha 6banke BAH3APE (Yyacrok 58.4.3b).
IIpoMBbICIIOBBIC CE30HBI MOKa3aHbl HA OTICIBHBIX YaCTSIX PUCYHKA; rocymapcTBa ¢uiara 0003HauCHBI
CHUMBOJIAMU.

l'mnoreTnyeckoe Bo3neiicTBue Bpemenu mnpoBeneHuss HHH mpombicia (KpecTHKH) Ha HCXOTHYIO
o6uomaccy (By), U3bATHE CyILECTBYIOLIEH OroMacchl (B,), OTHOCHTENIbHOE UcToleHue (B,./Bg) U TeMIIbI
UCTOLIEHUSI (HAKJIOH PErpecCHy 10 TOYKaM) Ha OCHOBAHMH JIAHHBIX O 32aKOHHOM HPOMBICIIE (KPY)KKH).
Ochb X BO BCEX CITydasix MpeACTaBIseT KyMyJIsSTHUBHBIN BbUIOB, a ock y — CPUE, ¢ HauanoMm koopauHar
(0,0). (a) Mcromenne B pe3ynbraTe TOIBKO 3aKOHHOTO MPOMBICTA (KPYXKKH), UTO SIBISCTCS CUTYAIHEH,
MIPUHATOHN B JaHHOM Hccie1oBaHuN. JIMHUA perpeccu (CIUIONIHAS TUHHS) U TIOJIOKEHHUE PACCUNTaHHBIX
By u B, (9KkCcTparnoinpoBaHHbIE 110 JaHHBIM ITyHKTUPHBIC JIMHUH) IS JAHHOTO CIIyd4as MOKa3aHbl Ha
BCeX YacTsIX pucyHka s cpaBHeHHs. (b) Korma HHH mpompicen (KpecTHKH) BEeIETCs TOIBKO MOCIe
3aKOHHOTO MIPOMBICIIA, OIICHKA B, U B, /B() 3aHWXAETCs1; OMHAKO 3TO HE BIUSCT HA TEMITbI HCTOIICHHS U
By. (c) Korna HHH npomebicen Beercst 10 3aKOHHOTO IPOMBICIIA, OLIeHKH By 1 B, u B, /B 3aHMKat0TCS;
OJIHAKO 3TO He BimseT Ha Temibl ucromenus. (d) Korma HHH mpomeicen BeneTcss OAHOBPEMEHHO ¢
3aKOHHBIM TIPOMEBICIIOM, BCE OLIEHKHU B, B, u B, /B( 3aHIKAIOTCS, @ TEMITBI HCTOIICHHS 3aBBIIIAIOTCS.
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Lista de las tablas

Resumen de los datos de pesca de palangre en el banco BANZARE (Divisién 58.4.3b) mostrando el
esfuerzo (dias de pesca y niimero de lances de investigacién (R) y comerciales (C)) y la captura (ndmero y
peso de Dissostichus mawsoni (TOA), Dissostichus eleginoides (TOP) y las especies de la captura secundaria),
estratificados por Estado del pabell6n y temporada.

Estimaciones de la biomasa inicial y de la CPUE inicial basadas en el método de Leslie para estimar la
reduccién en la temporada 2004/05, y estadisticas resumidas de la captura y esfuerzo de Dissostichus
mawsoni en tres caladeros de pesca dentro del banco BANZARE (Divisién 58.4.3b) para las temporadas
2003/04 a 2006/07.

Taxones de la captura secundaria (cédigos de la CCRVMA entre paréntesis) declarados en los datos de
captura y esfuerzo en escala fina por los barcos que operaron en el banco BANZARE (Division 58.4.3b)
mostrando el peso total (kg) de las especies de la captura secundaria por Estado del pabellén y barco.
Las celdas sombreadas muestran los casos cuando la captura de una especie/grupo fue declarada en el
conjunto de datos del barco, pero no hubo notificacién de datos biolégicos por el observador cientifico.

Lista de las figuras

Ilustracion (no a escala) del area (km?), intervalo de profundidad (m) y posicién relativa de los caladeros
de pesca A, By C en el banco BANZARE (Divisién 58.4.3b). La distancia entre caladeros se ha tomado
como la distancia mds corta entre los bordes de los caladeros.

Distribucién espacial de los palangres comerciales y de investigacion (linea entrecortada) calados en cada
temporada en el caladero A del banco BANZARE. Los palangres calados consecutivamente se han unido
en su punto medio (lineas continuas) para indicar el orden relativo en que se desarroll6 la actividad de
pesca. El largo maximo de las lineas caladas en cada temporada vari6 entre 30 y 40 km, lo que da una
indicacién del tamafo relativo del caladero.

Distribucién espacial de los palangres comerciales y de investigacion (linea entrecortada) calados en cada
temporada en el caladero B del banco BANZARE. Los palangres calados consecutivamente se han unido
en su punto medio (lineas continuas) para indicar el orden relativo en que se desarroll6 la actividad de
pesca. Ellargo maximo de las lineas caladas en las temporadas 2004 /05, 2005/06 y 2006 /07 fue alrededor
de 30, 50 y 30 km respectivamente, lo que da una indicacién del tamano relativo del caladero.

Distribucién espacial de los palangres comerciales y de investigacion (linea entrecortada) calados en cada
temporada en el caladero C del banco BANZARE. Los palangres calados consecutivamente se han unido
en su punto medio (lineas continuas) para indicar el orden relativo en que se desarroll6 la actividad de
pesca. Ellargo méximo de las lineas caladas en las temporadas 2004 /05 a 2006/07 vari6 entre 30 y 40 km,
lo que da una indicacién del tamafio relativo del caladero.

CPUE (kg-anzuelo™) en funcién de la captura acumulada (kg) de Dissostichus mawsoni para el caladero
A en las temporadas 2003 /04 a 2006/07 en el banco BANZARE (Divisién 58.4.3b). Se han ajustado lineas
de regresion a las relaciones que muestran una marcada pendiente negativa (p < 0.05).

CPUE (nimero-anzuelo™) en funcién de la captura acumulada (nimero de peces) de Dissostichus mawsoni
para el caladero A en las temporadas 2003 /04 a 2006/07 en el banco BANZARE (Division 58.4.3b). Se han
ajustado lineas de regresion a las relaciones que muestran una marcada pendiente negativa (p < 0.05).

CPUE (kg-anzuelo™) en funcién de la captura acumulada (kg) de Dissostichus mawsoni para el caladero
B en las temporadas 2003 /04 a 2006/07 en el banco BANZARE (Divisién 58.4.3b). Se han ajustado lineas
de regresion a las relaciones que muestran una marcada pendiente negativa (p < 0.05).

CPUE (numero-anzuelo™) en funcién de la captura acumulada (ntimero de peces) de Dissostichus mawsoni
para el caladero B en las temporadas 2003 /04 a 2006 /07 en el banco BANZARE (Divisién 58.4.3b). Se han

ajustado lineas de regresion a las relaciones que muestran una marcada pendiente negativa (p < 0.05).

Distribucién inicial de biomasa, By (kg), derivada de 1000 repeticiones de la secuencia inicial de
instrucciones para cada temporada y caladero, separadamente para simulaciones con datos de captura

77



McKinlay et al.

Figura 10:

Figura 11:

Figura 12:
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Figura 14:

Figura 15:

78

en peso y en nimero. Las curvas de ajuste se han obtenido mediante la aplicacién de un estimador kernel
gaussiano de la densidad, y las lineas verticales cortas indican la posicién de los percentiles 0.025, 0.5
y 0.975.

CPUE (kg-anzuelo™) en funcién de la captura acumulada (kg) de Dissostichus mawsoni para el caladero
C en las temporadas 2003/04 a 2006/07 en el banco BANZARE (Divisién 58.4.3b). No se advirtieron
relaciones negativas de importancia.

CPUE (numero-anzuelo™) en funcién de la captura acumulada (ntimero de peces) de Dissostichus mawsoni
para el caladero C en las temporadas 2003 /04 a 2006/07 en el banco BANZARE (Divisién 58.4.3b). No se
advirtieron relaciones negativas de importancia.

Diagrama de cajas mostrando la distribucién de los pesos promedios de Dissostichus mawsoni derivados
de palangres individuales en cada temporada y caladero del banco de BANZARE (Divisién 58.4.3b). El
ancho de la caja es proporcional a la raiz cuadrada del tamafio de la muestra.

Diagrama de cajas mostrando la distribucién de los pesos promedios de Dissostichus eleginoides derivados
de palangres individuales en cada temporada y caladero del banco de BANZARE (Divisién 58.4.3b). El
ancho de la caja es proporcional a la raiz cuadrada del tamafio de la muestra.

Peso total de la captura subida a bordo (todas las especies) en funcién de la proporcién del peso de la
captura atribuible a especies de la captura secundaria (no Dissostichus) de palangres individuales en el
banco BANZARE (Divisién 58.4.3b). Las temporadas de pesca se muestran en cuadros separados, con
simbolos representando a cada Estado del pabellén.

Diagrama representando el posible impacto de la época en que se realiza la pesca INDNR (cruces) en la
biomasa inicial (By), las extracciones actuales de biomasa (B,), la reduccion relativa de la biomasa (B, /By)
y la tasa de reduccién (pendiente de la regresion a través de los puntos) sobre la base de la pesca legal
(circulos). El eje de las X’ representa en todos los casos la captura acumulada y el eje de las ‘y’ representa
la CPUE, con el origen en (0,0). (a) Reduccién producida por la pesqueria legal solamente (circulos), que
es la suposicién en este estudio. La linea de regresién (linea continua) y las posiciones de los valores
proyectados de B,y B, (con lineas punteadas proyectdndose desde los datos) para este caso se muestran
en todos los cuadros a titulo comparativo; (b) cuando la pesca INDNR (cruces) ocurre exclusivamente
después de la pesca legal, se subestima B, y B, /By sin embargo, B, y la tasa de reduccién no se ve
afectada; (c) cuando la pesca INDNR ocurre antes del inicio de las actividades de la pesqueria legal, se
subestima By, B, y B./By; sin embargo, la tasa de reduccion no se ve afectada; (d) cuando la pesca INDNR
y la pesca legal se desarrollan al mismo tiempo, se subestima By, B. y B, /By, y se sobreestima la tasa de
reduccioén.



