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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 l'état du stock sur lequel 
reposait la pêcherie 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 
pêche à 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 pêcherie. 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 
pêche, mettent en évidence un déclin de la légine à l'échelle des lieux de pêche pendant les 
saisons 2004/05 et 2005/06. Ces résultats, couplés à des estimations élevées des niveaux 
de pêche illicite, non déclarée et non réglementée (INN) et aux preuves d'un recrutement 
faible récemment, indiquent que le stock a probablement fait l'objet d'une surpêche. 
Plusieurs contradictions sont notées entre les anciennes données et les données soumises 
pendant la saison 2006/07, selon lesquelles sur un lieu de pêche, pour la première fois, 
l'espèce de légine dominante dans les captures aurait été la légine 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 pêche relatifs aux captures accessoires est limitée par la 
déclaration incomplète des informations biologiques relatives aux espèces concernées 
par les observateurs scientifiques embarqués. D'autres recherches, notamment par des 
campagnes d'évaluation, permettraient de faire avancer l'étude de l'état et de la structure 
du stock de Dissostichus spp. dans cette région. Les possibilités d'analyses de ce type dans 
d'autres pêcheries exploratoires de légine devraient être étudiées. En effet, la présente 
étude indique qu'une diminution grave des stocks peut se produire en l'espace de deux 
ou trois saisons. 

Резюме

В 2006 г. Научный комитет АНТКОМа выразил озабоченность по поводу состояния 
запаса, облавливаемого при поисковом промысле видов Dissostichus на банке 
БАНЗАРЕ (Участок 58.4.3�� �������������������������������������������     b�������� ������������������������������������      АНТКОМа). В данной статье приведена сводка 
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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 BANZARE1 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). 

хранящихся в АНТКОМе мелкомасштабных данных по уловам и усилию на банке 
БАНЗАРЕ, а также описательный анализ биологических данных, представленных 
научными наблюдателями с судов, проводящих этот промысел. Результаты 
анализа истощения по Лесли с использованием стратифицированных данных по 
уловам и усилию указывают на наличие убедительных доказательств истощения 
запасов клыкача в масштабе отдельных промысловых участков в сезонах 2004/05 
и 2005/06 гг. Этот результат в сочетании с высокими оценочными уровнями 
незаконного, нерегистрируемого и нерегулируемого (ННН) промысла, а также 
признаки плохого пополнения в последнее время свидетельствуют о возможном 
перелове этого запаса. Отмечен ряд несоответствий между ретроспективными 
данными и данными, представленными в сезоне 2006/07 г., когда патагонский 
клыкач (D�� �����������. �����������eleginoides), по сообщениям, впервые заменил антарктического клыкача 
(D�� �������. �������mawsoni) как преобладающий в уловах вид клыкача на одном участке. Также 
отмечено, что находящиеся на борту научные наблюдатели представляли неполную 
биологическую информацию о видах прилова, что ограничило эффективный анализ 
закономерностей в вылове прилова и усилии. Дальнейшие исследования, особенно 
научно-исследовательские съемки, будут очень способствовать оценке состояния и 
структуры запаса видов Dissostichus в этом районе. Следует изучить возможность 
проведения аналогичного анализа для других поисковых промыслов клыкача, т.к. 
данное исследование показывает, что сильное истощение может произойти всего за 
два-три сезона. 

Resumen

En 2006, el Comité Científico de la CCRVMA indicó su preocupación por el estado del 
stock que la pesquería exploratoria de Dissostichus spp. estaba explotando en el banco de 
BANZARE (División 58.4.3b de la 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 análisis descriptivos de los datos biológicos presentados por observadores científicos 
a bordo de barcos que participaron en esta pesquería. Los resultados de un análisis de 
Leslie de reducción de stock que se valió de los datos de captura y esfuerzo estratificados 
muestran señales convincentes de una disminución de la población 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 señales de un bajo reclutamiento reciente, indica que es muy probable que el stock haya 
sido sobreexplotado. Se han detectado varias incongruencias entre los datos históricos 
y aquellos presentados en la temporada 2006/07. Según se informa, por primera vez la 
austromerluza negra (D. eleginoides) habría reemplazado a la austromerluza antártica 
(D. mawsoni) como especie predominante en la captura de un caladero. Se notó que la 
información biológica de las especies retenidas de la captura secundaria, notificada por 
los observadores científicos estaba incompleta, restringiendo importantes análisis de las 
características de la captura secundaria y del esfuerzo. Estudios posteriores, en especial las 
campañas de investigación, ayudarán en gran medida a evaluar el estado y la estructura 
del stock de Dissostichus spp. en esta área. Se deberá estudiar la posibilidad de efectuar 
análisis similares en otras pesquerías exploratorias de austromerluza, pues este estudio 
señala que puede haber una gran reducción en un espacio de sólo dos o tres temporadas.

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

—————————————————————————
1	 Named for the British, Australian and New Zealand Antarctic Research Expedition, 1929–1931.
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CCAMLR regulates the fishery in Division 58.4.3b 
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 5 400 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 km2 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 
1 860 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: 

yt = qN1 – qKt–1	 (1)

where yt is an index of abundance such as CPUE, 
q is the catchability coefficient, N1 is the initial 
population size, and Kt–1 is the accumulated har-
vest immediately prior to t. Fitting by linear regres-
sion provides slope equal to q and ratio of inter-
cept to slope equal to N1. For the BANZARE Bank 
toothfish data, separate models were developed 
independently for each season considering yt 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 α/2 and 
1–α/2 percentile points, 100(1 – α)% confidence 
intervals (CIs) 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, 

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 



59

An assessment of the exploratory Dissostichus spp. fishery on BANZARE Bank

T
ab

le
 1

: 
Su

m
m

ar
y 

of
 B

A
N

Z
A

R
E

 B
an

k 
(D

iv
is

io
n 

58
.4

.3
b)

 lo
ng

lin
e 

fi
sh

in
g 

d
at

a 
sh

ow
in

g 
ef

fo
rt

 (d
ay

s 
fi

sh
ed

 a
nd

 n
um

be
rs

of
 r

es
ea

rc
h 

(R
) 

an
d

 c
om

m
er

ci
al

 (
C

) 
lo

ng
lin

es
 d

ep
lo

ye
d

) 
an

d
 c

at
ch

 (
nu

m
be

rs
 a

nd
 w

ei
gh

t 
fo

r 
D

is
so

st
ic

hu
s

m
aw

so
ni

 (T
O

A
), 

D
is

so
st

ic
hu

s 
el

eg
in

oi
de

s 
(T

O
P)

 a
nd

 b
y-

ca
tc

h 
sp

ec
ie

s)
 s

tr
at

if
ie

d
 b

y 
Fl

ag
 S

ta
te

 a
nd

 s
ea

so
n.

Fl
ag

 S
ta

te
 

Se
as

on
 

 

A
 

B
 

C
 

D
 

E
 

F 
G

 

T
ot

al
s

C
 

6 
- 

- 
- 

- 
- 

- 
6 

R
 

13
 

- 
- 

- 
- 

- 
- 

13
 

E
ff

or
t

D
ay

s 
fi

sh
ed

 
7 

- 
- 

- 
- 

- 
- 

7 
T

O
A

 (n
) 

27
5 

- 
- 

- 
- 

- 
- 

27
5 

T
O

A
(k

g)
 

6 
26

8 
- 

- 
- 

- 
- 

- 
6 

26
8 

T
O

P
(n

) 
37

 
- 

- 
- 

- 
- 

- 
37

 
T

O
P(

kg
) 

53
1 

- 
- 

- 
- 

- 
- 

53
1 

B
y-

ca
tc

h 
(n

) 
21

2 
- 

- 
- 

- 
- 

- 
21

2 

20
03

/
04

C
at

ch

B
y-

ca
tc

h 
(k

g)
 

23
8 

- 
- 

- 
- 

- 
- 

23
8 

C
 

- 
9 

75
 

- 
6 

- 
- 

90
 

R
 

- 
10

 
48

 
- 

10
 

- 
- 

68
 

E
ff

or
t

D
ay

s 
fi

sh
ed

 
- 

15
 

71
 

- 
9 

- 
- 

95
 

T
O

A
(n

) 
- 

1 
33

5 
8 

82
1 

- 
55

3 
- 

- 
10

 7
09

 
T

O
A

(k
g)

 
- 

40
 5

55
 

24
1 

60
7 

- 
13

 2
26

 
- 

- 
29

5 
38

8 
T

O
P

(n
) 

- 
- 

17
 

- 
- 

- 
- 

17
 

T
O

P(
kg

) 
- 

- 
22

5 
- 

- 
- 

- 
22

5 
B

y-
ca

tc
h 

(n
) 

- 
81

6 
9 

49
9 

- 
1 

32
7 

- 
- 

11
 6

42
 

20
04

/
05

C
at

ch

B
y-

ca
tc

h 
(k

g)
 

- 
87

2 
9 

79
1 

- 
1 

47
6 

- 
- 

12
 1

39
 

C
 

- 
- 

11
0 

- 
- 

- 
20

 
13

0 
R

 
- 

11
 

27
 

- 
- 

- 
23

 
61

 
E

ff
or

t

D
ay

s 
fi

sh
ed

 
- 

5 
94

 
- 

- 
- 

22
 

12
1 

T
O

A
(n

) 
- 

32
5 

15
 6

11
 

- 
- 

- 
1 

77
6 

17
 7

12
 

T
O

A
(k

g)
 

- 
7 

07
2 

31
0 

86
7 

- 
- 

- 
47

 0
97

 
36

5 
03

6 
T

O
P

(n
) 

- 
- 

14
 

- 
- 

- 
- 

14
 

T
O

P(
kg

) 
- 

- 
14

1 
- 

- 
- 

- 
14

1 
B

y-
ca

tc
h 

(n
) 

- 
17

9 
8 

49
9 

- 
- 

- 
6 

71
0 

15
 3

88
 

20
05

/
06

C
at

ch

B
y-

ca
tc

h 
(k

g)
 

- 
90

 
5 

01
6 

- 
- 

- 
3 

91
6 

9 
02

2 

C
 

- 
- 

17
 

12
8 

- 
32

 
27

 
20

4 
R

 
- 

- 
20

 
20

 
- 

18
 

20
 

78
 

E
ff

or
t

D
ay

s 
fi

sh
ed

 
- 

 
18

 
56

 
- 

36
 

31
 

14
1 

T
O

A
(n

) 
- 

- 
2 

89
9 

2 
21

9 
- 

91
5 

18
2 

6 
21

5 
T

O
A

(k
g)

 
- 

- 
80

 6
43

 
73

 0
22

 
- 

19
52

1 
3 

06
7 

17
6 

25
3 

T
O

P
(n

) 
- 

- 
- 

1 
95

8 
- 

33
1 

2 
22

9 
4 

51
8 

T
O

P(
kg

) 
- 

- 
- 

34
 6

79
 

- 
47

84
 

34
 8

10
 

74
 2

73
 

B
y-

ca
tc

h 
(n

) 
- 

- 
2 

28
6 

11
 5

73
 

- 
14

01
 

9 
50

3 
24

 7
63

 

20
06

/
07

C
at

ch

B
y-

ca
tc

h 
(k

g)
 

- 
- 

1 
75

5 
8 

59
7 

- 
21

54
 

8 
07

8 
20

 5
84

 



McKinlay et al.

60

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. 

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.

(ii)	 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 km2 and 11 486 km2 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 

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 (km2) 6 123 11 486 35 377 52 986 
Initial CPUE (n hook–1)
(95% CI) 

0.00913
(0.00658, 0.01176) 

0.01765
(0.01487, 0.02064) 

-

Initial CPUE (kg hook–1)
(95% CI) 

0.26924
(0.19619, 0.34776) 

0.53323
(0.44970, 0.62787) 

-

Initial biomass (n)
(95% CI) 

1 982 
(1 478, 4 271) 

8 369 
(7 356, 10 089) 

-

Initial biomass (kg) 
(95% CI) 

61 279 
(45 969, 135 768) 

241 013 
(215 143, 292 246) 

-

Effort (lines) - 8 8 16 
Catch (n) - 220 42 262 

2003/04

Catch (kg) - 5 065 917 5 982 

Effort (lines) 20 67 8 95 
Catch (n) 1 366 6 859 303 8 528 

2004/05

Catch (kg) 41 178 200 365 6 823 248 366 

Effort (lines) 39 91 22 152 
Catch (n) 4 504 8 718 798 14 019 

2005/06

Catch (kg) 88 311 173 644 16 412 278 367 

Effort (lines) 27 45 183 255 
Catch (n) 145 3 030 2 936 6 111 

2006/07

Catch (kg) 2 553 83 990 87 451 173 994 

Total effort (lines) 86 211 221 518 

Total catch (n) 6 015 18 827 4 079 28 921 

Total catch (kg) 132 042 463 064 111 603 706 709 
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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 km2). 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 1 700–1 800 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 multiple lines 
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 CIs 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 11 486 km2 (~21 kg km–2) compared with 
61 279 kg (95% CI: 45 969–135 768 kg) for an area of 
6 123 km2 (~10 kg km–2) (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. 

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 15c). 
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. 
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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 

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 IUU 
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 (km2), 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:	 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 
and 30 km respectively, giving an indication of the relative size of the ground.
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Figure 4:	 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–1) 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–1) 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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Figure 7:	 CPUE (kg hook–1) against cumulative catch (kg) of Dissostichus mawsoni for Ground B 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 8:	 CPUE (numbers hook–1) 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 
lines have been added to those relationships showing a significant negative slope (p < 0.05). 
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Figure 9:	 Distribution of initial biomass, B0 (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–1) 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–1) 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.
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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:	 Diagram representing the hypothetical impact of the timing of IUU fishing (crosses) on the initial 
biomass (B0), current biomass removals (Bc), the relative depletion (Bc /B0) 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 B0 and Bc (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, Bc and Bc /B0 are underestimated, however; B0 and the rate of 
depletion is unaffected. (c) When IUU fishing occurs before the legal fishery, B0 and Bc and Bc /B0 are 
underestimated, however; the rate of depletion is unaffected. (d) When IUU fishing occurs during 
legal fishing, B0 , Bc and Bc /B0 are all underestimated, and the rate of depletion is overestimated. 
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Tableau 1:	 Résumé des données de pêche à la palangre sur le banc BANZARE (division 58.4.3b) montrant l'effort 
de pêche (jours pêchés 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 espèces 
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Tableau 2:	 Estimations de la biomasse initiale et de la CPUE initiale fondées sur l'estimateur de déplétion de Leslie 
pour la saison 2004/05, et statistiques récapitulatives de la capture et de l'effort de pêche de Dissostichus 
mawsoni sur trois lieux de pêche du banc BANZARE (division 58.4.3b) pour les saisons 2003/04 à 
2006/07. 

Tableau 3:	 Taxons des captures accessoires (codes CCAMLR entre parenthèses) déclarés en tant que données de 
capture et d'effort de pêche à échelle précise par les navires pour le banc BANZARE (division 58.4.3b) 
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point central (traits pleins) pour indiquer l'ordre relatif de l'activité de pêche. La longueur maximale des 
lignes par saison était de 30 à 40 km, selon une indication de la taille relative du lieu.

Figure 3:	 Distribution spatiale des poses de palangres commerciales et de recherche (traits en pointillés) par saison 
pour le lieu de pêche B du banc BANZARE. Les palangres posées consécutivement sont reliées en leur 
point central (traits pleins) pour indiquer l'ordre relatif de l'activité de pêche. La longueur maximale des 
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une indication de la taille relative du lieu.

Figure 4:	 Distribution spatiale des poses de palangres commerciales et de recherche (traits en pointillés) par saison 
pour le lieu de pêche C du banc BANZARE. Les palangres posées consécutivement sont reliées en leur 
point central (traits pleins) pour indiquer l'ordre relatif de l'activité de pêche. La longueur maximale des 
lignes pendant les saisons 2004/05 à 2006/07 était de 30 à 40 km, ce qui donne une indication de la taille 
relative du lieu.

Figure 5:	 CPUE (kg hameçon–1) par rapport à la capture cumulative (kg) de Dissostichus mawsoni pour le lieu de 
pêche A pendant les saisons 2003/04 à 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). 

Figure 6:	 CPUE (nombres hameçon–1) par rapport à la capture cumulative (nombre de poissons) de Dissostichus 
mawsoni pour le lieu de pêche A pendant les saisons 2003/04 à 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).

Figure 7:	 CPUE (kg hameçon–1) par rapport à la capture cumulative (kg) de Dissostichus mawsoni pour le lieu de 
pêche B pendant les saisons 2003/04 à 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). 

Figure 8:	 CPUE (nombres hameçon–1) par rapport à la capture cumulative (nombre de poissons) de Dissostichus 
mawsoni pour le lieu de pêche B pendant les saisons 2003/04 à 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). 

Figure 9:	 Distribution de la biomasse initiale, B0 (kg), après 1 000 répétitions de la procédure d'amorçage par 
saison et par lieu de pêche, en séparant les modèles fondés sur l'utilisation de la capture en poids de ceux 
fondés sur la capture en nombres. Les courbes ajustées sont le résultat de l'application d'un estimateur 
de densité à noyau gaussien et les droites courtes verticales indiquent la position des percentiles 0,025, 
0,5 et 0,975.

Figure 10:	 CPUE (kg hameçon–1) par rapport à la capture cumulative (kg) de Dissostichus mawsoni pour le lieu 
de pêche C pendant les saisons 2003/04 à 2006/07 sur le banc BANZARE (division 58.4.3b). Aucune 
relation négative significative n'est évidente. 

Figure 11:	 CPUE (nombres hameçon–1) par rapport à la capture cumulative (nombre de poissons) de Dissostichus 
mawsoni pour le lieu de pêche C pendant les saisons 2003/04 à 2006/07 sur le banc BANZARE 
(division 58.4.3b). Aucune relation négative significative n'est évidente. 

Figure 12:	 Diagramme en boîte de la distribution des poids moyens de Dissostichus mawsoni de certaines poses de 
palangres par saison et par lieu de pêche pour le banc BANZARE (division 58.4.3b). La largeur des boîtes 
est proportionnelle à la racine carrée de la taille des échantillons.
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Figure 13:	 Diagramme en boîte de la distribution des poids moyens de Dissostichus eleginoides de certaines poses de 
palangres par saison et par lieu de pêche pour le banc BANZARE (division 58.4.3b). La largeur des boîtes 
est proportionnelle à la racine carrée de la taille des échantillons.

Figure 14:	 Poids total de la capture débarquée (toutes espèces confondues) par rapport à la proportion du poids 
de la capture attribuable à la capture accessoire (non-Dissostichus) pour certaines palangres sur le 
banc BANZARE (division 58.4.3b). Les saisons de pêche sont indiquées séparément et les symboles 
représentent l'État du pavillon.

Figure 15:	 Diagramme représentant l'impact hypothétique de l'époque de la pêche INN (croix) sur la biomasse 
initiale (B0), les prélèvements actuels de biomasse (Bc), la baisse relative des stocks (Bc /B0) et le taux 
d'épuisement (pente de la régression au travers des points) en partant de la pêche 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 à la pêcherie licite (cercles), ce qui correspond à la situation 
présumée dans cette étude. La droite de régression (trait plein) et la position des projections de B0 et Bc 
(avec projection en pointillés à partir des données) pour ce cas sont indiquées dans tous les graphes à 
titre de comparaison. (b) Lorsque la pêche INN (croix) se déroule exclusivement après la pêche licite, Bc 
et Bc /B0 sont sous-estimés ; toutefois, B0 et le taux d'épuisement ne sont pas affectés. (c) Lorsque la pêche 
INN se déroule avant la pêche licite, B0, Bc et Bc /B0 sont sous-estimés ; toutefois, le taux d'épuisement 
n'est pas affecté. (d) Lorsque la pêche INN se déroule en même temps que la pêche licite, B0 , Bc et Bc /B0 
sont tous sous-estimés et le taux d'épuisement est surestimé. 

Список таблиц

Табл. 1:	 Сводка данных ярусного промысла на банке БАНЗАРЕ (Участок 58.4.3b), показывающая усилие 
(дни промысла и количество выставленных исследовательских (R) и коммерческих (C) ярусов) 
и улов (количество и вес Dissostichus mawsoni (TOA), Dissostichus eleginoides (TOP) и видов 
прилова) в разбивке по государствам флага и сезонам. 

Табл. 2:	 Оценки исходной биомассы и исходного CPUE на основе вычисления истощения по Лесли 
для сезона 2004/05 г. и сводные статистические показатели уловов и усилия для Dissostichus 
mawsoni на трех промысловых участках на банке БАНЗАРЕ (Участок 58.4.3b) в сезонах 2003/04–
2006/07 гг. 

Табл. 3:	 Таксоны прилова (коды АНТКОМа – в скобках), зарегистрированные судами в мелкомасштабных 
данных об уловах и усилии на банке БАНЗАРЕ (Участок 58.4.3b); показан общий вес (кг) видов 
прилова по государствам флага и судам. Заштрихованные клетки показывают случаи, когда в 
наборах данных по судам сообщалось о вылове вида/группы, но в наборах данных научных 
наблюдателей не было представлено биологических данных.

Список рисунков

Рис. 1:	 Площадь (км2), диапазон глубин (м) и относительное расположение промысловых участков 
A, B и C на банке БАНЗАРЕ (Участок 58.4.3b) (без соблюдения масштаба). Расстояние между 
участками – это ближайшее расстояние между границами этих участков.

Рис. 2:	 Пространственное распределение коммерческих и исследовательских постановок ярусов 
(пунктир) в каждом сезоне на участке А банки БАНЗАРЕ. Идущие подряд постановки ярусов 
соединены в средней точке (сплошные линии), с тем чтобы показать относительный порядок 
проведения промысла. Максимальная длина ярусов в каждом сезоне составляла 30–40 км, что 
дает представление об относительном размере участка.

Рис. 3:	 Пространственное распределение коммерческих и исследовательских постановок ярусов 
(пунктир) в каждом сезоне на участке B банки БАНЗАРЕ. Идущие подряд постановки ярусов 
соединены в средней точке (сплошные линии), с тем чтобы показать относительный порядок 
проведения промысла. Максимальная длина ярусов в сезонах 2004/05–2006/07 гг. составляла 
соответственно около 30, 50 и 30 км, что дает представление об относительном размере 
участка.

Рис. 4:	 Пространственное распределение коммерческих и исследовательских постановок ярусов 
(пунктир) в каждом сезоне на участке С банки БАНЗАРЕ. Идущие подряд постановки ярусов 
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соединены в средней точке (сплошные линии), с тем чтобы показать относительный порядок 
проведения промысла. Максимальная длина ярусов в сезонах 2004/05–2006/07 гг. составляла 
30–40 км, что дает представление об относительном размере участка.

Рис. 5:	 CPUE (кг/крючок) по сравнению с кумулятивным выловом (кг) Dissostichus mawsoni в сезонах 
2003/04–2006/07 гг. на участке A банки БАНЗАРЕ (Участок 58.4.3b). Показаны соответствующие 
линии регрессии для зависимостей с существенным отрицательным углом наклона (p < 0.05). 

Рис. 6:	 CPUE (особей/крючок) по сравнению с кумулятивным выловом (количество особей) Dissostichus 
mawsoni в сезонах 2003/04–2006/07 гг. на участке A банки БАНЗАРЕ (Участок 58.4.3b). Показаны 
соответствующие линии регрессии для зависимостей с существенным отрицательным углом 
наклона (p < 0.05).

Рис. 7:	 CPUE (кг/крючок) по сравнению с кумулятивным выловом (кг) Dissostichus mawsoni в сезонах 
2003/04–2006/07 гг. на участке B банки БАНЗАРЕ (Участок 58.4.3b). Показаны соответствующие 
линии регрессии для зависимостей с существенным отрицательным углом наклона (p < 0.05). 

Рис. 8:	 CPUE (особей/крючок) по сравнению с кумулятивным выловом (количество особей) Dissostichus 
mawsoni в сезонах 2003/04–2006/07 гг. на участке B банки БАНЗАРЕ (Участок 58.4.3b). Показаны 
соответствующие линии регрессии для зависимостей с существенным отрицательным углом 
наклона (p < 0.05). 

Рис. 9:	 Распределение исходной биомассы B0 (кг), полученное по 1000 бутстрап повторов для каждого 
сезона и участка, отдельно для моделей, использующих вылов в весовом и вылов в количественном 
выражении. Подобранные кривые получены в результате применения гауссовой ядерной оценки 
плотности; короткими вертикальными отрезками показано положение процентилей 0.025, 0.5 и 
0.975.

Рис. 10:	 CPUE (кг/крючок) по сравнению с кумулятивным выловом (кг) Dissostichus mawsoni в сезонах 
2003/04–2006/07 гг. на участке C банки БАНЗАРЕ (Участок 58.4.3b). Существенной обратной 
зависимости не отмечено. 

Рис. 11:	 CPUE (особей/крючок) по сравнению с кумулятивным выловом (число особей) Dissostichus 
mawsoni в сезонах 2003/04–2006/07 гг. на участке C банки БАНЗАРЕ (Участок 58.4.3b). 
Существенной обратной зависимости не отмечено. 

Рис. 12:	 Коробчатые диаграммы, показывающие распределение среднего веса Dissostichus mawsoni, 
полученного по отдельным ярусам для каждого сезона на каждом участке банки БАНЗАРЕ 
(Участок 58.4.3b). Ширина коробки пропорциональна квадратному корню из размера выборки.

Рис. 13:	 Коробчатые диаграммы, показывающие распределение среднего веса Dissostichus eleginoides, 
полученного по отдельным ярусам для каждого сезона на каждом участке банки БАНЗАРЕ 
(Участок 58.4.3b). Ширина коробки пропорциональна квадратному корню из размера выборки.

Рис. 14:	 Общий вес выгруженного улова (все виды) по сравнению с долей веса улова, приходящейся 
на виды прилова (не-Dissostichus) для отдельных ярусов на банке БАНЗАРЕ (Участок 58.4.3b). 
Промысловые сезоны показаны на отдельных частях рисунка; государства флага обозначены 
символами.

Рис. 15:	 Гипотетическое воздействие времени проведения ННН промысла (крестики) на исходную 
биомассу (B0), изъятие существующей биомассы (Bc), относительное истощение (Bc /B0) и темпы 
истощения (наклон регрессии по точкам) на основании данных о законном промысле (кружки). 
Ось x во всех случаях представляет кумулятивный вылов, а ось y – CPUE, с началом координат 
(0,0). (a) Истощение в результате только законного промысла (кружки), что является ситуацией, 
принятой в данном исследовании. Линия регрессии (сплошная линия) и положение рассчитанных 
B0 и Bc (экстраполированные по данным пунктирные линии) для данного случая показаны на 
всех частях рисунка для сравнения. (b) Когда ННН промысел (крестики) ведется только после 
законного промысла, оценка Bc и Bc /B0 занижается; однако это не влияет на темпы истощения и 
B0. (c) Когда ННН промысел ведется до законного промысла, оценки B0 и Bc, и Bc /B0 занижаются; 
однако это не влияет на темпы истощения. (d) Когда ННН промысел ведется одновременно с 
законным промыслом, все оценки B0, Bc и Bc /B0 занижаются, а темпы истощения завышаются. 
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Tabla 1:	 Resumen de los datos de pesca de palangre en el banco BANZARE (División 58.4.3b) mostrando el 
esfuerzo (días de pesca y número de lances de investigación (R) y comerciales (C)) y la captura (número y 
peso de Dissostichus mawsoni (TOA), Dissostichus eleginoides (TOP) y las especies de la captura secundaria), 
estratificados por Estado del pabellón y temporada. 

Tabla 2:	 Estimaciones de la biomasa inicial y de la CPUE inicial basadas en el método de Leslie para estimar la 
reducción en la temporada 2004/05, y estadísticas resumidas de la captura y esfuerzo de Dissostichus 
mawsoni en tres caladeros de pesca dentro del banco BANZARE (División 58.4.3b) para las temporadas 
2003/04 a 2006/07. 

Tabla 3:	 Taxones de la captura secundaria (códigos 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 (División 58.4.3b) 
mostrando el peso total (kg) de las especies de la captura secundaria por Estado del pabellón 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 notificación de datos biológicos por el observador científico.

Lista de las figuras

Figura 1:	 Ilustración (no a escala) del área (km2), intervalo de profundidad (m) y posición relativa de los caladeros 
de pesca A, B y C en el banco BANZARE (División 58.4.3b). La distancia entre caladeros se ha tomado 
como la distancia más corta entre los bordes de los caladeros.

Figura 2:	 Distribución espacial de los palangres comerciales y de investigación (línea entrecortada) calados en cada 
temporada en el caladero A del banco BANZARE. Los palangres calados consecutivamente se han unido 
en su punto medio (líneas continuas) para indicar el orden relativo en que se desarrolló la actividad de 
pesca. El largo máximo de las líneas caladas en cada temporada varió entre 30 y 40 km, lo que da una 
indicación del tamaño relativo del caladero.

Figura 3:	 Distribución espacial de los palangres comerciales y de investigación (línea entrecortada) calados en cada 
temporada en el caladero B del banco BANZARE. Los palangres calados consecutivamente se han unido 
en su punto medio (líneas continuas) para indicar el orden relativo en que se desarrolló la actividad de 
pesca. El largo máximo de las líneas caladas en las temporadas 2004/05, 2005/06 y 2006/07 fue alrededor 
de 30, 50 y 30 km respectivamente, lo que da una indicación del tamaño relativo del caladero.

Figura 4:	 Distribución espacial de los palangres comerciales y de investigación (línea entrecortada) calados en cada 
temporada en el caladero C del banco BANZARE. Los palangres calados consecutivamente se han unido 
en su punto medio (líneas continuas) para indicar el orden relativo en que se desarrolló la actividad de 
pesca. El largo máximo de las líneas caladas en las temporadas 2004/05 a 2006/07 varió entre 30 y 40 km, 
lo que da una indicación del tamaño relativo del caladero.

Figura 5:	 CPUE (kg·anzuelo–1) en función de la captura acumulada (kg) de Dissostichus mawsoni para el caladero 
A en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). Se han ajustado líneas 
de regresión a las relaciones que muestran una marcada pendiente negativa (p < 0.05). 

Figura 6:	 CPUE (número·anzuelo–1) en función de la captura acumulada (número de peces) de Dissostichus mawsoni 
para el caladero A en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). Se han 
ajustado líneas de regresión a las relaciones que muestran una marcada pendiente negativa (p < 0.05).

Figura 7:	 CPUE (kg·anzuelo–1) en función de la captura acumulada (kg) de Dissostichus mawsoni para el caladero 
B en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). Se han ajustado líneas 
de regresión a las relaciones que muestran una marcada pendiente negativa (p < 0.05). 

Figura 8:	 CPUE (número·anzuelo–1) en función de la captura acumulada (número de peces) de Dissostichus mawsoni 
para el caladero B en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). Se han 
ajustado líneas de regresión a las relaciones que muestran una marcada pendiente negativa (p < 0.05). 

Figura 9:	 Distribución inicial de biomasa, B0 (kg), derivada de 1 000 repeticiones de la secuencia inicial de 
instrucciones para cada temporada y caladero, separadamente para simulaciones con datos de captura 
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en peso y en número. Las curvas de ajuste se han obtenido mediante la aplicación de un estimador kernel 
gaussiano de la densidad, y las líneas verticales cortas indican la posición de los percentiles 0.025, 0.5 
y 0.975.

Figura 10:	 CPUE (kg·anzuelo–1) en función de la captura acumulada (kg) de Dissostichus mawsoni para el caladero 
C en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). No se advirtieron 
relaciones negativas de importancia. 

Figura 11:	 CPUE (número·anzuelo–1) en función de la captura acumulada (número de peces) de Dissostichus mawsoni 
para el caladero C en las temporadas 2003/04 a 2006/07 en el banco BANZARE (División 58.4.3b). No se 
advirtieron relaciones negativas de importancia.

Figura 12:	 Diagrama de cajas mostrando la distribución de los pesos promedios de Dissostichus mawsoni derivados 
de palangres individuales en cada temporada y caladero del banco de BANZARE (División 58.4.3b). El 
ancho de la caja es proporcional a la raíz cuadrada del tamaño de la muestra.

Figura 13:	 Diagrama de cajas mostrando la distribución de los pesos promedios de Dissostichus eleginoides derivados 
de palangres individuales en cada temporada y caladero del banco de BANZARE (División 58.4.3b). El 
ancho de la caja es proporcional a la raíz cuadrada del tamaño de la muestra.

Figura 14:	 Peso total de la captura subida a bordo (todas las especies) en función de la proporción del peso de la 
captura atribuible a especies de la captura secundaria (no Dissostichus) de palangres individuales en el 
banco BANZARE (División 58.4.3b). Las temporadas de pesca se muestran en cuadros separados, con 
símbolos representando a cada Estado del pabellón.

Figura 15:	 Diagrama representando el posible impacto de la época en que se realiza la pesca INDNR (cruces) en la 
biomasa inicial (B0), las extracciones actuales de biomasa (Bc), la reducción relativa de la biomasa (Bc /B0) 
y la tasa de reducción (pendiente de la regresión a través de los puntos) sobre la base de la pesca legal 
(círculos). 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) Reducción producida por la pesquería legal solamente (círculos), que 
es la suposición en este estudio. La línea de regresión (línea continua) y las posiciones de los valores 
proyectados de B0 y Bc (con líneas punteadas proyectándose desde los datos) para este caso se muestran 
en todos los cuadros a título comparativo; (b) cuando la pesca INDNR (cruces) ocurre exclusivamente 
después de la pesca legal, se subestima Bc y Bc /B0; sin embargo, B0 y la tasa de reducción no se ve 
afectada; (c) cuando la pesca INDNR ocurre antes del inicio de las actividades de la pesquería legal, se 
subestima B0, Bc y Bc /B0; sin embargo, la tasa de reducción no se ve afectada; (d) cuando la pesca INDNR 
y la pesca legal se desarrollan al mismo tiempo, se subestima B0, Bc y Bc /B0, y se sobreestima la tasa de 
reducción. 


