
Introduction
Toothfish are the largest nototheniid species in 

the Southern Ocean, with two species having a cir-
cumpolar distribution. Dissostichus eleginoides is 

widely distributed around sub-Antarctic islands 
and seamounts, between 50 and 60°S, and on the 
Patagonian Shelf and the southern coast of Chile 
to 30°S. Dissostichus mawsoni is generally found 
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Abstract

The distribution, size composition, sex ratio and sexual maturity of Dissostichus 
eleginoides and D. mawsoni from BANZARE Bank were investigated using biological 
data collected by a Japanese commercial fishing vessel during the austral summer fishing 
seasons (December–February) from 2006/07 to 2008/09. Dissostichus eleginoides was 
mainly caught on shallower banks (<1 000 m), while D. mawsoni was caught on deeper 
slopes (>1 500 m). Separation of the two species by depth may be related to physical 
intolerance to cooler temperatures because of the lack of antifreeze in the former species. 
Dissostichus eleginoides showed a resting stage in sexual maturity, while D. mawsoni 
was in developing condition. In D. mawsoni, small fish contributed a very low proportion 
to abundance, suggesting that no substantial recruitment takes place on BANZARE Bank 
and the populations consist primarily of adults migrating from adjacent Antarctic coastal 
areas. The life cycle of D. mawsoni on BANZARE Bank is similar to that hypothesised 
for the Ross Sea population with analogous latitudinal patterns in sexual maturity and 
size composition. The study indicates that the management of Dissostichus spp. on 
BANZARE Bank and adjacent waters needs to consider species-specific distribution and 
possible migration.
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south of 55°S, which corresponds approximately 
to the Polar Front (PF) (Fischer and Hureau, 1985; 
Gon and Heemstra, 1990). However, there is over-
lap with D. eleginoides and confusion over spe-
cies identity in some areas, notably Elephant Island 
(Gon and Heemstra, 1990). One of the reasons for 
the dramatic decrease in D. mawsoni landings on 
BANZARE Bank in the 2006/07 season is thought 
to be due to species misidentification prior to the 
season (McKinlay et al., 2008). 

The exploratory fishery on BANZARE Bank 
(Division 58.4.3b), the southernmost portion of 
the Greater Kerguelen Plateau in the Indian Ocean, 
commenced in the 2003/04 season under the aus-
pices of CCAMLR (SC-CAMLR, 2009). However, 
the CCAMLR Scientific Committee expressed 
concern about the high level of illegal, unreported 
and unregulated fishing on BANZARE Bank 
and requested urgent consideration of methods 
for assessing these stocks (SC-CAMLR, 2006). 
Since then, there have been a number of studies 
on the stock assessment of toothfish on the bank 
(e.g. McKinlay et al., 2008). 

BANZARE Bank is located south of the 
southern branches of the PF and the northern 
branch of the Southern Antarctic Circumpolar 
Current Front (SACCF), and north of the southern 
jet of the SACCF (Sokolov and Rintoul, 2009). 
Both Dissostichus species are found on BANZARE 
Bank (McKinlay et al., 2008); however, to date, the 
distribution pattern and population structure of the 
two species on the bank have received little atten-
tion (Welsford et al., 2008). The present study aims 
to clarify the distribution, size composition, sex 
ratio and sexual maturity of these two species of 
toothfish on BANZARE Bank, using biological 
data collected by a Japanese commercial fishing 
vessel during the austral summers.

Materials and methods
A Japanese commercial vessel, the FV Shinsei 

Maru No. 3, has been operating a longline explor-
atory fishery for toothfish in the western-central 
area of BANZARE Bank during the austral sum-
mer (from late December to mid-February) since 
the 2006/07 fishing season. A total of 148, 134 and 
46 hauls were made in the 2006/07, 2007/08 and 
2008/09 fishing seasons respectively. A Shinsei 
Maru trotline system was usually deployed, but 
experimental gear consisting of trotline and Spanish 

longline segments was deployed for 23 hauls in 
the 2008/09 season (Delegation of Japan, 2009). A 
total of 4 525–5 025 hooks per line were used for 
normal operations, while 1  950 and 2  016 hooks 
per line were used in the trot and Spanish segments 
respectively for the experimental gear. Catch per 
unit effort (CPUE) was calculated as the number 
of fish caught per 1 000 hooks for all operations. It 
should be noted that the different gear types used in 
the 2008/09 season could affect the results to some 
degree. Operations were conducted on the seafloor 
at depths ranging from 630 to 1 960 m. 

Haul-by-haul catch and effort data and biologi-
cal data for toothfish during the three fishing sea-
sons (2006/07–2008/09) were used for analyses. 
Biological data were collected by scientific observ-
ers in accordance with the CCAMLR Scheme of 
International Scientific Observation (CCAMLR, 
2006). For Dissostichus spp., total lengths (TL) of 
randomly selected individuals, up to 100 per haul, 
were measured. In addition, weight, sex and matu-
rity were recorded for up to 30 individuals. Gonad 
stages were usually recorded using the CCAMLR 
five-point staging system (Kock and Kellermann, 
1991) as a sexual maturity index, and gonad weight 
was also measured to the nearest 10 g during the 
2006/07 and 2008/09 fishing seasons. These gonad 
weights were used to calculate a gonadosomatic 
index (GSI) (Fenaughty, 2006). 

Seafloor depths were recorded with a color echo 
sounder (JFV-250; Japan Radio Co. Ltd, Tokyo, 
Japan). Data for analyses involving depth as a 
parameter were limited to hauls where the differ-
ence in seafloor depth between the start and end-
point of the longline set was <200 m. The ratio of 
hauls with a depth difference ≥200 m to the total 
hauls was 33.1% in the 2006/07, 19.4% in the 
2007/08 and 13.0% in the 2008/09 season.

Results
Dissostichus eleginoides was mainly caught in 

shallower areas (<1  000 m), centred at approxi-
mately 58°40'S and 77°30'E, for the three fishing 
seasons (Figure 1), and rarely occurred at depths 
>1 300 m (Figure 2). CPUE differed signifi-
cantly among the three depth ranges of 500–1 000, 
1 000–1 500 and 1 500–2 000 m (ANOVA, 
P < 0.001), with the highest for the 500–1 000-m 
range for each fishing season (Figure 2). 
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Dissostichus mawsoni was mainly caught on 
deeper slopes (>1 500 m), centred at approxi-
mately 58°S and 77°E; it was also caught on shal-
lower banks (<1 000 m), but in smaller numbers 
(Figure 1). CPUE differed significantly among the 
three depth ranges (ANOVA, P < 0.001), with the 
highest for the 1 500–2 000 m range for each fish-
ing season (Figure 2).

For D. eleginoides, the smallest and largest fish 
recorded during the three fishing seasons were 42 
and 206 cm TL respectively (Table 1). The mean 
TL of females (110.6–114.7 cm) was significantly 
larger than that of males (97.5–106.3 cm) (two-
sample t-test; P < 0.001) for each fishing season 
(Table 1). Size structure varied between fishing 
seasons, but females had a similar modal size of 
approximately 120 cm TL for the three fishing sea-
sons (Figure 3). Smaller fish (≤70 cm TL) contrib-
uted a low proportion to abundance (4.2–9.9%). 

For D. mawsoni, the smallest and largest fish 
recorded over the three seasons were 82 and 
190 cm TL respectively (Table 1). The mean TL of 
females (147.5–148.6 cm) was significantly larger 
than that of males (134.6–137.3 cm) (P < 0.001) 
for each fishing season (Table 1). The size struc-
ture was similar for the three fishing seasons and 
showed a unimodal distribution for both sexes. 
Smaller fish (≤100 cm TL) contributed a low pro-
portion (0.1–0.9%) to abundance. In addition, in 
both species, the proportion of males decreased 
with increasing TL.

In D. eleginoides, gonad stages I and II were 
dominant for both sexes over the three fishing sea-
sons, showing reproductive condition in the resting 
stage (Table 2). The mean GSI was 0.26–0.66 for 
females and 0.08–0.3 for males in the 2006/07 and 
2008/09 seasons (Table 1). In D. mawsoni, gonad 
stages II and III were dominant for both sexes over 
the three fishing seasons, showing sexual matu-
rity on BANZARE Bank as maturing/resting and 
developing (Table 2). The mean GSI was 7.8–7.9 
for females and 5.3–6.0 for males in the 2006/07 
and 2008/09 seasons (Table 1). 

Discussion
Yukhov (1972) suggested that the distribution 

of the two toothfish species rarely overlaps and the 
PF serves as an ecological barrier preventing over-
lapping in the ranges of the two species. However, 

data from exploratory Dissostichus spp. fisheries 
show that there is considerable overlap between the 
two species in some areas in the Southern Ocean 
(Hanchet, 2010). The degree of the overlap appeared 
to be primarily a function of latitude in the Ross Sea 
region (60–77°S), where the proportion of D. elegi­
noides to the total Dissostichus spp. catch tended to 
be higher in the northern latitude (Hanchet, 2010). 
However, the area of high abundance for D. elegi­
noides was apparently south of that for D. mawsoni, 
on the western part of BANZARE Bank (Figure 1); 
thus, latitude is not a primary factor in determining 
spatial distribution for this much smaller area (57–
60°S). On the other hand, the relationship between 
mean depth of longline set and mean CPUE for the 
two species suggests that the habitat of the two spe-
cies on BANZARE Bank is clearly separated by 
seafloor depth (Figure 2). This is consistent with 
the result of a randomised longline survey in May 
2008 which found a greater abundance of D. elegi­
noides in shallow areas on the western part of the 
bank, while D. mawsoni occupied the deeper slopes 
(Welsford et al., 2008). 

Yukhov (1972) recorded D. mawsoni from 
areas with surface temperatures ranging from 
1.8 to 2.3°C, while Duhamel et al. (1983) found 
D. eleginoides in areas with surface temperatures 
higher than 3°C. Gon and Heemstra (1990) hypoth-
esised that the reason D. eleginoides was not found 
in waters with surface temperatures <2°C was the 
lack of antifreeze in body fluids and fewer glomer-
uli in the kidneys. Thus, the separation of the two 
species by depth, as observed on BANZARE Bank, 
may be related to temperature conditions. The nar-
row depth range distribution, mostly restricted to 
<1 300 m, for all sizes of D. eleginoides, compared 
to the wider distribution of D. mawsoni, may be 
related to physical intolerance to cooler tempera-
tures as a result of the lack of antifreeze in the for-
mer species. However, habitat temperatures of the 
two benthopelagic species are unknown. Zhivov 
and Krivoruchko (1990) recorded D. eleginoides at 
depths ranging from 140 to 1 460 m and at tem-
peratures in the near-bottom layer of 1.0–2.2°C 
in the region of Shag Rocks and South Georgia, 
the southern edge of its distribution. Collins et al. 
(2006) photographed D. eleginoides at depth in 
temperatures as low as 1.4°C, but did not encoun-
ter D. eleginoides at lower temperatures in the 
South Georgia region. According to Donohue et al. 
(1999), cooler temperatures (<1°C) occurred below 
1 000–1 500 m depths on the eastern BANZARE 
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Bank. Thus, ~1°C appears to be the lower limit of 
habitat temperature for D. eleginoides, but further 
investigations are needed on the habitat tempera-
ture of these two species on BANZARE Bank.

The similar modal size of approximately 120 cm 
TL for female D. eleginoides over the three fishing 
seasons suggests the presence of a strong female 
cohort at this size. Recruitment strength in D. elegi­
noides shows tremendous interannual variability, 
and the presence of a dominant cohort has been 
detected in the length-frequency distribution of 
juveniles at South Georgia (Belchier and Collins, 
2008) and the Patagonian Shelf (Laptikhovsky and 
Brickle, 2005). Age determination from otoliths is 
necessary to detect the birth year of the presumably 
dominant cohort from BANZARE Bank.

In D. mawsoni, small fish contributed a very 
low proportion to abundance, suggesting that no 
substantial recruitment takes place on BANZARE 
Bank. Agnew et al. (2009) surveyed the stock status 
of coastal D. mawsoni in Divisions 58.4.1 and 58.4.2 
(East Antarctica) and showed that a high propor-
tion of juveniles were west of 90°E, but rarely in 
the eastern area. Thus, a certain proportion of adult 
D. mawsoni on BANZARE Bank could originate 
from recruitment in adjacent Antarctic coastal areas 
west of 90°E (mainly in Division 58.4.2). 

The mean GSIs of 6.52 for males and 7.73 for 
females in D. mawsoni, recorded in the northern 
Ross Sea area in February (Fenaughty, 2006), 
are comparable to those in a similar season on 
BANZARE Bank. The unimodal distribution, the 
dominance of adults in developing condition of 
sexual maturity and the low proportion of smaller 
fish (<100 cm TL) for both sexes of D. maw­
soni were also identical to observations from the 
northern Ross Sea area (Fenaughty, 2006). Small 
adults of D. mawsoni in the Ross Sea shelf and 
slope are considered to move northwards as they 
mature and spawn in the northern ridges and banks 
of the Ross Sea during winter/spring (Hanchet 
et al., 2008). BANZARE Bank is also a possible 
spawning ground for D. mawsoni. The life cycle 
of D. mawsoni on BANZARE Bank is similar to 
that hypothesised for the Ross Sea (Hanchet et al., 
2008) with analogous latitudinal patterns in sex-
ual maturity and size composition, as suggested by 
Welsford et al. (2008). Further studies on the move-
ment of larvae and juveniles in surface current sys-
tems, combined with the migration of sub-adults 

and adults using tagging experiments, will clarify 
the lifecycle of this species in BANZARE Bank 
and adjacent East Antarctica. 

This study demonstrates that species-specific 
distribution and possible migration need to be con-
sidered in the management of Dissostichus spp. on 
BANZARE Bank and adjacent waters.

Conclusions 
1.	 Dissostichus eleginoides was mainly caught 

on shallow banks (<1 000 m), while D. maw­
soni favoured deeper slopes (>1 500 m). The 
separation of the two species by depth may 
be related to physical intolerance to cooler 
temperatures because of lack of antifreeze in 
D. eleginoides.

2.	 Size structure varied between fishing seasons, 
but females of D. eleginoides had a similar 
modal size of approximately 120 cm TL for the 
three fishing seasons, while in D. mawsoni size 
structure was very similar among fishing sea-
sons and showed a unimodal distribution. The 
mean TL of females was significantly larger 
than that of males for both species.

3.	 Dissostichus eleginoides showed a resting 
stage in sexual maturity, while D. mawsoni 
was in developing condition. The analogy to 
D. mawsoni in the northern Ross Sea area dur-
ing the same season suggests that BANZARE 
Bank is a possible spawning ground for 
D. mawsoni.

4.	 In D. mawsoni, small fish contributed a low 
proportion to total abundance, which suggests 
that no substantial recruitment takes place on 
BANZARE Bank and the population may con-
sist primarily of adults migrating from adja-
cent Antarctic coastal areas.
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Figure 1:	 CPUE (number of fish caught per 1  000 hooks) 
for Dissostichus eleginoides (black circle) and 
D. mawsoni (red circle). Diameters of circles are 
proportional to CPUE. 
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Figure 2:	 Relationship between mean depth of longline set and mean 
CPUE for Dissostichus eleginoides (black) and D. mawsoni 
(red). 
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Figure 3:	 Length-frequency distribution of male (hatched column) and female (white column) 
Dissostichus eleginoides and D. mawsoni.
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