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Abstract

Anumber of morphological and reproductive measurements made seasonally on Antarctic
toothfish (Dissostichus mawsoni) from mid-December to early April during the 2000/01 to
2004/05 fishing seasons on board the autoliner San Aotea I have been analysed. Results of
this study indicate measurable differences in a number of indices from toothfish found on
the Ross shelf proper, as distinct from those sampled on the more isolated seamounts and
features to the north. These are modal length distribution, sex ratio, fish body condition
factor and reproductive development. Dissostichus mawsoni samples from the northern
part of the Ross Sea showed that this component of the population had a unimodal
length distribution at a consistent peak over all sampling seasons in comparison with
the southern group (in which the distribution was multimodal), showed a consistent
and significantly higher ratio of males to females, poorer condition and more advanced
reproductive development.

Résumé

Un certain nombre de mesures morphologiques et sur la reproduction effectuées chaque
saison sur la légine antarctique (Dissostichus mawsoni) de mi-décembre a début avril
pendant les saisons de péche 2000/01 a 2004/05 a bord du palangrier automatique San
Aotea II ont été analysées. Les résultats de cette étude indiquent des différences mesurables
d’indices entre les légines provenant du plateau de Ross méme et celles prélevées sur les
bancs et les caractéristiques topographiques plus isolés du nord. Il s’agit de la distribution
des longueurs modales, du sex ratio, du facteur de condition corporelle des poissons et
du développement reproductif. Les échantillons de D. mawsoni prélevés dans la partie
nord de la mer de Ross montrent que cette composante de la population, contrairement
au groupe du sud dont la distribution est multimodale, a une distribution de longueurs
unimodale d’une valeur maximale constante quelle que soit la saison d’échantillonnage,
son sex ratio est régulierement nettement en faveur des males, sa condition est moins
bonne et son développement reproductif plus avancé.

Pesrome

Bei1  mpoananu3upoBaH psj MOPQOIOTMYECKHMX U PENPONYKTHUBHBIX IIOKa3aTelser
AHTAPKTUYECKOTO KibIKada (Dissostichus mawsoni), W3MEPSBIIUXCS C CEPEAUHBI
JieKaOpsi 1o Hayvao ampessi B TeYEHHE NMPOMBICIOBBIX ce30HOB 2000/01-2004/05 rr. Ha
Oopty apromaitHepa San Aotea II. Pe3ynsraThl 3TOTO MCCIIEIOBAHUS CBHUIETECIBCTBYIOT
00 M3MEPUMBIX Pa3NUYUAX B HECKOJNBKHX TOKA3aTeIsAX U KIIbIKa4a, 0OHApyKECHHOTO
Ha camoM menbde Pocca, B onune oT ocodei, moliMaHHbIX Ha 0oJiee U30JIMPOBAHHBIX
TIO/IBOJIHBIX BO3BBINICHHOCTSIX M OCOOEGHHOCTSAX pelibedpa, PacroiioKEHHBIX CEBEpHEE.
K 3TiM mokasarensm oTHOCATCS pacIpeieSieHIe MOTATBHBIX JITHH, COOTHOIICHHUE TIOJIOB,
K03(h(UIHEHT YIUTaHHOCTH PHIOBI M PENIPOLyKTUBHOE pa3BuThe. O0pasiel D. mawsoninz
CeBepHOii yacTh Mopsi Pocca nokasasm, 4To 3Ta 4acTh MOITY/ISILIUE HMella OTHOMO/IAEHOE
pacmpeneneHue JUIMH CO CXOAHBIM MaKCHMYMOM JJIsl BCEX CE30HOB cOOpa JaHHBIX, B
OTIIMYHE OT FOXKHOW TPYNIBI (B KOTOPOH pacmpesneieHrne ObUIO MYJIBTHMOJAIBHBIM), U
XapaKTepU30BaJIaCh YCTOWYMBBIM M 3HAYUTENBHBIM INPEBBIIIEHUEM JOJIH CaMIIOB Haj
caMKam, Ooyee TUTOXMM (PH3HOJIOTUYECKHM COCTOSHHEM W 0oJiee BBICOKOH CTaauei
PEPOAYKTUBHOTO Pa3BUTHS.

Resumen

Seanalizaron varios parametros morfolégicos y reproductivos delaaustromerluzaantértica
(Dissostichus mawsoni) medidos desde mediados de diciembre hasta principios de abril
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durante las temporadas de pesca de 2000/01 a 2004/05 a bordo del palangrero de calado
automatico San Aotea II. Los resultados de este estudio indican diferencias mensurables en
varios de estos indices entre la poblacién de austromerluza de la plataforma de Ross y las
que habitan en los montes submarinos y accidentes topograficos mas aislados de la zona
norte. Estos indices son: la distribucién de la talla modal, la proporcién de sexos, el factor
de la condicién corporal de los peces y el desarrollo gonadal. Las muestras de D. mawsoni
del sector norte del mar de Ross mostraron que la distribucién de tallas de este componente
de la poblacién es unimodal con un valor maximo constante en las muestras de todas las
temporadas — en comparacién con el grupo del sector sur que mostré una distribucién
multimodal — una proporcién constante y significativamente mayor de machos que de
hembras, una peor condicién y un estadio de desarrollo gonadal méas avanzado.

Keywords: Antarctic toothfish, Dissostichus mawsoni, reproductive development,
sex ratio, coefficient of condition, length distribution, length-weight relationship,
Ross Sea, CCAMLR

Introduction

The Antarctic toothfish (Dissostichus mawsoni) is
a large nototheniid species found on the Antarctic
continental shelf (Goldsworthy et al., 2002) and on
isolated features to the north of the shelf within the
Ross Sea (CCAMLR Subareas 88.1 and 88.2).

The New Zealand autoliner San Aotea II was
one of the original vessels pioneering the explora-
tory longline fishery for D. mawsoni in Subarea 88.1
and has consistently participated in that fishery
since the 1999 /2000 season. This initial descriptive
review, based on the analysis of seasonal biological
data collected on board the San Aotea II, shows geo-
graphical differences in a number of key indices
between data collected north and south of the shelf
break within Subarea 88.1 (the western and central
Ross Sea). There were four main areas where these
differences are significant. These are fish length-
frequency distribution, sex ratio, fish condition
and reproductive development. These differences
between areas may influence future assessments,
should be taken into account in planning future
sampling, and are relevant to the current assess-
ment using a tag and recapture program. A likely
interpretation of the results suggests a movement
of reproductively mature fish to and from the
northern area from the south for spawning. This
possibility should be considered in any stock model
used to assess and manage this fishery. Serious con-
sideration should be given to a more sophisticated
analysis by modelling using the complete Ross Sea
dataset from all participating vessels.

Materials and methods

Specimens of D. mawsoni caught in Subarea 88.1
over five seasons were randomly sampled. Data
collected included total length, whole fish weight,
gonad condition (using maturity stages of Antarctic
fish as specified in the CCAMLR Scientific Observers
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Manual), otoliths, qualitative data for stomach con-
tents and, from the 2002/03 season onward, gonad
weight.

Visual observations indicate that D. mawsoni in
poor condition, often referred to as ‘axe handles’ by
vessel crew, are generally much thinner in the body
directly behind the head than fish having ‘normal’
length-to-weight ratios (Figure 1). An additional
measurement of D. mawsoni girth was made so as
to quantify fish condition independently during
the 2003/04 and 2004/05 seasons. The girth meas-
urement was made by encircling the body imme-
diately behind the pectoral fins with either a tape
or a length of non-elastic snood firmly, but without
constricting the body, and measuring the circum-
ference.

Based on these data, a significant relationship
between the girth and the weight of D. mawsoni
was established; this can be defined as

W =aGb

where W is the wet body weight in grams, G is the
girth in centimetres and where 2 and b are constants
derived from fitting the equation

In(W) = In(a) + b In(G).

This was used to independently corroborate the
results from Fulton’s condition factor analysis.

The length and weight data were analysed and
grouped by 1 c¢m total length bins. The length-
weight parameters presented in Table 6 were
derived by plotting the logarithms of the available
mean weights for each length group for each season
and area against the logarithms of the correspond-
ing lengths, i.e.

log(W) = log(a) + b log(L)



to derive parameters a and b to satisfy the rela-
tionship

W =all

where W is the mean live body weight, a is a mul-
tiplicative factor, L the total length of the fish body,
and b is an exponent.

To explore differences in the body condition
of D. mawsoni, a Fulton’s condition index (K) has
been calculated for the five sampling seasons. This
index assumes an isometric length-weight regres-
sion and is represented as:

K=W/L[¥x10°

where W is the whole fish weight in grams and L is
the total length in millimetres.

Most biological samples on D. mawsoni taken
aboard the San Aotea II during the 2002/03, 2003 /04
and 2004/05 seasons included the collection of
gonad weight using motion-compensated scales
(accuracy =10 g). These measurements were made
to provide an objective alternative to the visual
staging that is currently used. These gonad weights
have been used to calculate a gonadosomatic index
(GSI). The GSI calculation for D. mawsoni was as
follows:

GSI = (gonad weight (kg)/
wet body weight (kg)) x 100.

Separate analyses for all these indices have been
made for Subarea 88.1 north and south of latitude
70°S (Figure 2). This latitude has been used as a
delineator, as it effectively divides Subarea 88.1
into the contiguous Antarctic shelf and the area
to the north containing isolated hills and ridges.
The northern area, part of the Pacific-Antarctic
Ridge, extends north of 60°S, and the southern
area extends south to about 78°S near the Ross ice
shelf. Data collected in the area between 71° and
73°S includes most of the northern shelf break and
the area south of 73°S, the shallower shelf. The data
used for each of the five seasons covered by this
analysis have been restricted to the period between
mid-December to early April. This was done to pro-
vide interannual comparability during the summer
period.

Comparisons of the northern and southern data
used in this paper were made using an unequal
variances two-sample T-test.

Geographical differences of D. mawsoni in the Ross Sea

Results
Length frequency

Figure 3 shows the catch-weighted length-
frequency distribution separated into the northern
and southern areas. Sample numbers and scaled
sample numbers are shown in Table 1.

The modal distribution of the northern samples
is very similar for the five seasons. The distribution
is essentially unimodal with the average value for
all years occurring at about 141 cm TL for males
and 152 cm TL for females. Average and median
values are shown for the five seasons in Table 2.

Most of the northern population was greater
than 120 cm TL with very few fish recorded as
being less than 100 cm. The southern sample differs
from the northern in that the distribution is multi-
modal and includes a much higher ratio of sexu-
ally immature fish. The large number of small fish
shown in the figure for the 2000/01 season was due
to a higher proportion of sets made further south
in shallow water on the Antarctic continental shelf.
A greater number of samples were collected there
due to extensive sea-ice cover encountered in other
areas during that season. Fishing in the extreme
south of the Ross Sea is possible early in the sea-
son, as the Ross polynya clears from the south to
the north in spring. When the data for 2000/01 are
restricted to fishing depths of 900 m or greater, the
distribution is similar to the other four years.

The frequency distributions of the southern
lengths show similar maximum values as those to
the north but include considerably more values less
than 110 cm TL. There is a more regular multimodal
distribution between 110 and 165 cm TL.

Table 3 shows the mean depth of sampling for
the length records used in the length-frequency
analysis. The average annual depths for both areas
are very similar, apart from a lower value in the
south caused by a higher number of sets made
in shallow water during the 2000/01 season and
a higher value in the north in 2003/04 caused by
intensive fishing in one area. Depth preference is
unlikely to be the cause of the differences in fre-
quency distribution between areas.

Sex ratio

There is still uncertainty regarding maturity
and age- or length-at-maturity for D. mawsoni. As a
consequence, much of the current stock modelling
is based on the closely related Patagonian tooth-
fish (Dissostichus eleginoides). Hanchet et al. (2003)
noted values for D. mawsoni suggesting that 50% of
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the population of both sexes is mature at 100 cm TL
witha 30 cmrange over maturity (i.e. 85-115cm TL).
This equates to 50% maturity at about age 9. As the
sex-ratio analysis is relevant only to the spawning
population, the analysis was restricted to measure-
ments of 100 cm TL and above. Typically, over the
five annual sampling seasons covered in this paper,
D. mawsoni of less than 100 cm TL represented less
than 2% of the numbers in each annual sample.

Table 4 shows the overall ratio of females to the
total catch-weighted sample for each year from
each area. The proportion of females to males is
variable in the north, the imbalance being most
evident in the 2000/01 and 2003/04 seasons. Over
all seasons, however, males dominated in the
northern sample. The female-to-male ratio is much
more constant in the south, averaging 60.7% of the
catch-weighted sample over five seasons (standard
deviation 1.4%).

Figure 4 shows the proportion of females,
grouped by geographical area, for the sampling
seasons from 2000/01 to 2004/05. The data were
restricted to those sets where at least 10 fish were
sampled, to reduce any bias caused by low sam-
ple numbers. Three areas are used: north (north of
70°S), south shelf break (70°-73°S), and the south
shelf (73°S and greater) where data was available.

Figure 4 shows that there is generally a lower
proportion of females to males in the popula-
tion north of 70°S and a higher ratio of females
to males from 70°S southwards. This difference is
highest about the northern shelf break between
70° and 73°S, but is still apparent south of 73°S to
a lesser degree. The figures are highly significant
(two-tail P < 0.001) between the northern values
and the southern shelf break for each season, and
also between the northern and combined southern
sample where present. Much of the population
sampled south of 73°S has been found to consist of
immature fish of less than 100 cm TL. These smaller
fish show a more even sex ratio and account for the
lower proportions in this area.

Due to the opportunistic nature of the data col-
lection forced by operational, environmental and
quota management considerations, no finer detail
can currently be extracted from this information
with any statistical confidence. However, indica-
tions are that the sex ratio differences in the north
are highest in December, and that later in the season
the sex ratio in that area becomes more balanced.
The support for this comes from limited data col-
lected during April and May of the 2000/01 and
2001/02 seasons.
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Fish condition

The length-weight data for each season are
plotted using the parameters shown in Table 6 and
presented separately for values north and south of
70°S in Figure 5. Minimum and maximum lengths
by sampling season used in the regressions are
shown in Table 5. Table 6 lists the parameters and
the associated R? values representing the ‘good-
ness of fit". Lower R? values for some of the north-
ern samples are due to low sample numbers during
some seasons.

Mean weight-for-length has been consistently
lower in the northern area than for the south over
all seasons. The biggest difference can be seen in
male fish as shown in Table 6. These data quan-
tify the poor body condition noted visually in that
area.

It was impossible to sample both the northern
and southern areas simultaneously, and data col-
lection in the north has not consistently occurred
at the same time each season — a potential for
bias. Sampling in the north took place in March
2001, March and December 2002, February and
December 2003, December 2004 and February
2005. Specific sampling dates by area are shown in
Figure 7. Even with this spread of sampling over
the December-to-March period, the results of the
analysis are consistent for the summer period over
all five sampling seasons.

Fulton’s condition index (K) is plotted by lati-
tude in Figure 6 for both sexes and all fish sizes
sampled. The numbers of fish sampled in each
area for each season are shown in Table 7, which
lists the underlying data for the plots. The plots,
which are presented by sex, show that the arith-
metic mean is lower for values of K north of 70°S
for both sexes. The average values for both sexes
are highest between 70° and 73°S. South of 73°S,
the mean values again tend to trend lower. These
lower values in this southern area are chiefly the
result of the predominance of smaller D. mawsoni
in samples from this area. Overall, the average val-
ues of K are higher for female fish than for males,
as shown in Table 7.

The area between 70° and 73°S is effectively the
northern shelf break of the Ross shelf. Overall, the
difference in values of K is highly significant (two-
tail P < 0.001) for values calculated north and south
of 70°S for both sexes.

The measurements of girth made during the
2003/04 and 2004/05 seasons corroborate the
condition factor results. A significant relationship
between the girth and the weight of D. mawsoni was



established from the San Aotea II data. Applying
the expected values of weight from this relation-
ship, and comparing actual weights, confirms the
poor condition of D. mawsoni of both sexes in the
north when compared with the south.

Gonadosomatic indices (GSI)

Table 8 shows the mean GSI for all five sampling
seasons by month.

Figure 7 shows GSI data for the three seasons
(2002/03 onwards) during which gonad weights
were collected. Values are separated by area
(north or south) and sex, and grouped by two-
day periods. The data are presented to show the
median, the interquartile range and the range of
values recorded for each interval.

Analyses show much higher values in the north
and a trend of increasing GSI over the course of
the season in that area. The median value for the
southern samples remains consistently at a lower
level than that of the northern ones until at least
the end of February. The maximum values indicate
that some of the fish sampled had GSI values simi-
lar to those in the north but these were uncommon,
as shown by the interquartile range. These dispari-
ties between areas were common to both sexes.
Differences between north and south were highly
significant for each sex (two-tail P < 0.001).

Due to patterns of sampling forced by ice-
clearance patterns and SSRU closures there is lim-
ited concurrence in observations. There were dates
when there were samples collected in both areas in
late December, early January and about the third
week in February. In all cases the southern GSI
indices are much lower than the northern.

Discussion

There are clear differences in four indices exam-
ined for the areas north and south of 70°S. These
are length-frequency distribution, sex ratio, index
of body condition and GSI.

There are a number of possible explanations for
these differences. Regional differences in availabil-
ity could be suggested, where availability is defined
as the fraction of a fish population living in a region
that is susceptible to fishing during a given fishing
season. In this context, the argument would be that
some proportion of the accessible population is
unavailable to the fishing gear used. For example,
the sex ratio imbalance could be due to a preference
by one sex for the gear in use. This would appear
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unlikely given that there were a number of sets on
which ratios were just about even. Furthermore,
such an argument does not explain why female
D. mawsoni in the south should prefer the same bait
types that are taken predominantly by males in the
north. A similar argument could be proposed for
the length differences — smaller fish in the north
are less vulnerable to the hooks and bait used.
Again this seems improbable given the smaller fish
caught in the south and the ability of the hooks in
use to catch even small by-catch species of less than
300 g.

Assuming that the regional differences are
real, there are a number of possible explanations.
One possibility is two (or more) distinct recruited
cohorts, spawning at different periods in the Ross
Sea, in different geographical areas. The generally
low GSI level in the southern samples is not consist-
ent with this hypothesis. Alternatively there could
be an interchange of fish between at least these
two broadly defined areas. The predominance of
sexually mature fish in the north and the general
absence of fish smaller than 100 cm TL support this
view. The consistently higher levels of females in
the south combined with a more variable (but over-
all higher) proportion of males in the north may
also reflect migration; one explanation could be that
the males may stay longer over a spawning season
or seasons in the northern grounds. A likely cause
of the generally poorer condition of D. mawsoni in
the northern area is deterioration of physical con-
dition following, or during, spawning. This state
could be aggravated by the effects of migration to
the northern hills over areas of open ocean (waters
deeper than 2 500 m). Additional factors could be
the influence of the strong tidal influences charac-
teristic of these northern geological features com-
bined with lower productivity. Feeding data col-
lected during trophic studies have shown a lower
diversity and a smaller quantity of prey items in
toothfish stomachs in the northern area.

This likelihood was reinforced when a clearly
spawning D. mawsoni was caught during the
2004/05 season. This was a running-ripe female
of 47 kg wet body weight caught in the northern
area. This fish (Figure 8) had an ovarian mass of
14.2 kg, giving a GSI of 30.2. When the ovaries were
removed the fish body had the classic ‘axe handle’
form seen in many of the northern samples over
all seasons. The gut cavity was fully distended
and entirely packed with eggs, making feeding an
unlikely activity. An 83 kg female subsequently
captured during the 2005/06 season showed simi-
lar characteristics. This fish had a gonad weight of
21.4 kg, a GSI of 25.8.
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An appropriate interpretation of these differ-
ences based on information to date is that D. maw-
soni builds up condition in the south over one or
more seasons and then migrates north for spawn-
ing. This spawning season may extend over a pro-
tracted time period that may amount to a number
of months. Such an extended spawning season has
been noted for cod, Gadus morhua (Kjesbu, 1989;
Chambers and Waiwood, 1996). The long season
for cod is achieved in part by repeated spawning
by individual females (Kjesbu, 1994; Hislop, 1984)
and is thought to reduce the potential for mis-
match between larval occurrence and favourable
environmental conditions (Mertz and Myers, 1994).
Dissostichus mawsoni may exhibit similar behaviour
for a similar result.

Finding fish in poor condition prior to spawning
is contrary to accepted knowledge of generalised
fish spawning behaviour; however our observa-
tions support an asynchronous spawning over an
extended season (or seasons). Poor physical condi-
tion is not universally consistent in the northern
sample, possibly indicating different arrival times
or spawning duration. The capture during this
program of only two clearly identifiable spawn-
ing females may also indicate an extended and
asynchronous event, with these two fish being at
the extreme limits of the spawn. There is a general
trend of increasing GSI recorded in the north over
the period from December to February (Table 8 and
Figure 7). Assuming, from the observations of two
identifiable spawning fish, that spawning females
havehigh GSIvalues (in the range of 20 and greater),
most spawning would appear to take place at some
time between the post-summer freeze through to
the spring thaw.

Vitellogenesis in many species of Antarctic fish
is reported to be a prolonged process (Everson,
1977; Kock, 1992). Everson et al. (1996) noted that
this prolonged vitellogenesis means that sexually
mature female fish will have ovaries with yolked
oocytes at all times of the year. This is true of the
sexual cycle of Notothenioids (Shandikov and
Faleeva, 1992). Patchell (2002) reported that in
ovarian sections of D. mawsoni taken in the Ross
Sea during autumn 2001 at the onset of the spawn-
ing season there were often two size groups of
vitellogenic oocytes present. This strategy would
be consistent with an extended spawn.

A possible trigger for the onset of spawning
may be firstly the end of the continuous daylight
period and thence seasonal changes in day and
night length. It was noted over the 2001/02 and
2002/03 seasons, that with the arrival of polar
darkness for several hours a day in late February
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and early March, gonad development started to
progress rapidly, particularly in male D. mawsoni.
Average GSI by month, given in Table 8, clearly
shows this pattern.

A rough estimate of the projected timing of
spawning using CCAMLR gonad stage data, col-
lected in 2000/01 and 2001/02 during sampling
from April onwards, indicates the start of spawn-
ing occurring from about early June. This is about
the mid-winter solstice when there are long nights
at latitude 65°-70°S. This suggests photoperiod as
a possible spawning switch. Photoperiod is well
documented as a spawning trigger in many fish
species including cod, haddock and various sal-
monids (McCormick and Naiman, 1984; Harmon
et al., 2003; Trippel and Neil, 2003). The trend of
increasing GSI in the northern area compared to
a lower and static mean GSI in the south over the
summer sampling season also supports the view
that spawning occurs in the northern area.

Although recaptured tagged fish recorded on
board the San Aotea II, from both the northern and
southern areas, have generally shown only small
distances between the release and recapture posi-
tions, it should be kept in mind that the tagging of
larger fish only commenced in the 2004/05 season.
Prior to this, the toothfish tagged were smaller than
the observed population size distribution and were
either sexually immature or at the smaller end of
the spawning population. Some preliminary work
carried out by the New Zealand National Institute
of Water and Atmospheric Research (NIWA) indi-
cated that large geographical movements may be
limited to larger fish. If this is the case, major move-
ments of tagged fish will not be apparent until
increased numbers of larger toothfish are recap-
tured from the tagged pool over coming seasons.

In respect to the tagging program which now
underpins the stock assessment for Dissostichus
spp. in Subarea 88.1, the differences in fish condi-
tion between areas need to be quantified. This is
particularly important as estimators such as the
numbers of hooked fish observed or numbers of
fish scanned for tags are related back to the pro-
portion of the total tagged population. Effectively
there are greater numbers of fish for a given unit
of weight in the north than in the south. Differing
figures should be applied to each area for this
process.

Experience gained in working on D. mawsoni has
shown that the standard CCAMLR gonad staging
system used to index sexual maturity is too coarse
to provide any sophisticated analysis of reproduc-
tive biology. If D. mawsoni gonads as reported by



Patchell (2002) contain more than one group of
vitellogenic oocytes, the current staging defini-
tions in use are unacceptable alone for detailed
analysis. The collection of gonad weight for all
toothfish sampled has proved a more useful tool to
study the seasonal reproductive progression. GSI
data could additionally be linked to the collection
of samples to measure melatonin, vitellogenin and
other enzymes associated with reproduction and
spawning behaviour. There has been an increased
sampling effort to obtain gonad tissue samples
for microhistological study over the 2004/05 and
2005/06 season.

Conclusion

Analyses of data using four separate indices for
the five summer seasons from 2000/01 to 2004/05
consistently support the hypothesis that there are
differences in the structure of D. mawsoni popula-
tions between fish found on the hills and ridges
of the Pacific-Antarctic Ridge to the north and the
main Ross shelf to the south of Subarea 88.1 during
the summer period. Genetic studies of D. mawsoni
stock structure in the Ross Sea using mitochondrial
DNA have so far shown few differences within
the area and suggest that there is a single stock of
D. mawsoni within Subarea 88.1. The differences
between areas are as yet unexplained but, in partic-
ular given the differences in gonad development,
suggest a spawning migration. An extended, asyn-
chronous spawning in the northern area outside
the polar summer season is suggested as the best
explanation based on current results. The limited
data from tagging returns do not generally show
extensive fish movement, however the tagged pool
at present represents smaller fish in the population,
most of which are not part of the spawning popula-
tion. More extensive movements may be seen as the
tagging of more representative fish sizes that com-
menced in the 2004/05 season is continued, and
the pool size of the larger size group increases.

These analyses were carried out using data col-
lected over five seasons by the same vessel. The
results are presented in order to highlight impor-
tant elements, to tailor sampling requirements, and
to provide a focus for future research on D. maw-
soni in Subarea 88.1.

There is a more extensive set of data provided by
all vessels participating in the fishery. These results
suggest that serious consideration should be given
to a more sophisticated analysis using modelling
on the complete Ross Sea dataset and an increased
focus on the collection of appropriate data at the
appropriate time to describe the reproductive biol-
ogy of D. mawsoni.
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Table 1: =~ Numbers of fish sampled and numbers scaled by catch for Figure 3.
Fishing North South
season Males Females Males Females
Scaled  Sampled  Scaled Sampled  Scaled Sampled  Scaled Sampled
2000/01 1196 819 742 534 3851 1868 5695 2639
2001/02 1975 1119 1794 1124 5991 2287 9837 3596
2002/03 2548 1137 2497 1023 1953 1037 2952 1628
2003/04 810 378 304 171 1588 780 2625 1242
2004/05 2314 861 2236 682 4337 1994 6264 2843
Table2:  Comparison of mean and median total lengths from Antarctic toothfish samples
in the northern area.
Season Sex Average Median Standard deviation % less than
length length from the mean 100 cm TL
(cm) (cm)
2000/01  Male 139.9 140 12.54 0.52
2001/02 Male 140.8 142 12.91 0.37
2002/03 Male 143.0 143 11.63 0.14
2003/04 Male 141.2 141 12.23 0.36
2004/05 Male 141.3 141 12.24 0.45
2000/01 Female 150.5 151 15.00 0.44
2001/02 Female 151.4 151 12.51 0.16
2002/03 Female 153.7 153 11.66 0
2003/04 Female 152.3 152 11.37 0
2004/05 Female 153.8 154 12.99 0.57
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Table 3:  Antarctic toothfish, average depth for length
samples by season for length-frequency

analysis.
Season Mean depth of sampling (m)
North South
2000/01 1226.6 937.7
2001/02 1229.8 1212.9
2002/03 1365.7 1389.9
2003/04 1621.2 1223.8
Average 1354.5 1195.4

Table4: Ratio of females to total catch-weighted
sample for northern and southern areas.

Season % females
North of 70°S South of 70°S
2000/01 38.3 59.6
2001/02 47.5 62.1
2002/03 49.5 60.2
2003/04 27.3 62.3
2004/05 49.1 59.2

Table5:  Minimum and maximum lengths for length—
weight data by season.

Season Minimum Maximum
2000/01 59 188
2001/02 62 197
2002/03 83 209
2003/04 50 197
2004 /05 65 197
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Table 6:  Length-weight regression coefficients for samples taken north and south of
70°S over five seasons. The weight used is the average for each length class in
grams and total length in centimetres. The standard equation is W = aL".

Sample Area Season a b Number of R
observations
All North 2000/01 0.0738 2.6133 202 0.91
2001/02 0.0096 3.0104 947 0.96
2002/03 0.0036 3.2165 2160 0.97
2003/04 0.0138 2.9471 596 0.96
2004 /05 0.0104 2.9960 1560 0.74
South 2000/01 0.0063 3.1479 4555 0.99
2001/02 0.0062 3.1503 4396 0.99
2002/03 0.0060 3.1563 1319 0.99
2003 /04 0.0054 3.1871 2440 0.99
2004/05 0.0034 3.2656 4854 0.95
Males North 2000/01 0.1288 2.4957 143 0.89
2001/02 0.0426 2.6943 515 0.95
2002/03 0.0212 2.8440 1137 0.97
2003/04 0.1996 2.3920 390 0.84
2004/05 0.0204 2.8578 872 0.66
South 2000/01 0.0084 3.0860 1826 0.99
2001/02 0.0056 3.1696 2119 0.99
2002/03 0.0047 3.2046 4515 0.99
2003/04 0.0098 3.0643 828 0.98
2004/05 0.0031 3.2846 2001 0.93
Females  North 2000/01 0.0152 2.9511 59 0.98
2001/02 0.0140 2.9413 434 0.92
2002/03 0.0031 3.2508 1023 0.95
2003/04 0.0134 2.9642 188 0.83
2004 /05 0.0116 2.9780 688 0.68
South 2000/01 0.0050 3.1951 2556 0.99
2001/02 0.0070 3.1253 3482 0.99
2002/03 0.0047 3.2042 4515 0.99
2003/04 0.0089 3.0865 1343 0.99
2004/05 0.0052 3.1791 2845 0.94
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Table7:  Number of observations, arithmetic mean, and standard deviation of coefficients of condition (K) by
season and area. Sample type > 100 cm TL represents the Antarctic toothfish spawning population.
Sample Area Season and Males Females
type sampling period n Mean Standard n Mean Standard
(K) deviation (K) deviation
(K) (K)
All North 17-21 Mar 01 144 1.077 0.225 58 1.148 0.190
20-25 Mar 02 476 0.955 0.167 401 1.027 0.184
24 Dec 02-8 Jan 03 1085 0.986 0.177 998 1.088 0.184
and 25 Feb—6 Mar 03
13-28 Dec 03 378 1.040 0.188 170 1.124 0.179
5-12 Dec 04 860 1.027 0.173 682 1.053 0.178
and 1-13 Feb 05
South 14 Jan—16 Mar 01 1787 1.243 0.146 2477 1.207 0.154
27 Jan—17 Mar 02 2081 1.267 0.149 3402 1.278 0.169
12 Jan—23 Feb 03 1034 1.267 0.150 1624 1.290 0.150
6 Jan-21 Feb 04 770 1.318 0.150 1226 1.318 0.147
27 Dec 04-29 Jan 05 1994 1.251 0.144 2840 1.239 0.149
>100 North 17-21 Mar 01 143 1.077 0.226 58 1.148 0.190
cm TL 20-25 Mar 02 471 0.952 0.165 399 1.028 0.184
24 Dec 02-8 Jan 03 1083 0.986 0.177 998 1.088 0.184
and 25 Feb—6 Mar 03
13-28 Dec 03 376 1.038 0.185 170 1.124 0.179
5-12 Dec 04 856 1.026 0.177 678 1.054 0.173
and 1-13 Feb 05
South 14 Jan-16 Mar 01 993 1.274 0.153 1588 1.291 0.155
27 Jan—17 Mar 02 1949 1.270 0.150 3220 1.280 0.170
12 Jan—23 Feb 03 992 1.269 0.152 1588 1.292 0.150
6 Jan-21 Feb 04 751 1.313 0.144 1202 1.316 0.143
27 Dec 04-29 Jan 05 1899 1.252 0.144 2715 1.243 0.139

Table 8:  Mean GSI for areas north and south by month and
sex for all seasons.
Month: December  January February March
Male
North 2.62 3.18 6.52 7.05
South 0.37 0.85 0.77 0.37
Female
North 4.58 5.14 7.73 7.28
South 1.04 1.47 1.41 1.04
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Figure 1:  Physical appearance of Dissostichus mawsoni in good and poor
physical condition, anterior and posterior views.

70°S

180°

Figure2:  Location of the study area showing the 70°S division and
general area descriptions used in the analysis.
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39



Fenaughty

2000/01 2001/02 2002/03 2003/04 2004/05
100
90
80
” ==t =51
60 LT {- - B 1L L
50 = ':E- 'iE_
40 G .
» 1} -
20
10
0 T - - : T T T T T T
North  South  South North  South South North  South  South North  South  South North  South  South
break  shelf break  shelf break  shelf break  shelf break shelf
Figure 4:  Ratio of females from research data for the seasons from 2000/01 to 2004/05 over the period December
to April. Grouped by area, the data excludes samples where fewer than 10 fish were caught. The bar
shows the median, the box the interquartile range, and the whisker, the range of values recorded for
each interval. North is the part of Subarea 88.1 north of 70°S, the south shelf break, the sector between
70° and 72°S, and the south shelf, the area south of 72°S.
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Figure5:  Fitted length—weight relationships for Dissostichus mawsoni, for both sexes combined, collected by the
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Figure 6:

Fulton’s condition factor (K)

Fulton’s condition factor (K)

Geographical differences of D. mawsoni in the Ross Sea
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Coefficient of condition (K) for Dissostichus mawsoni, grouped by
latitude south, for seasons between 2000/01 and 2004/05 and plotted
by sex. The bar shows the median, the box, the interquartile range,
and the whisker, the range of values recorded for each interval.
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Figure 7:  Dissostichus mawsoni GSI plotted by two-day intervals using data from 2002/03, 2003 /04 and 2004/05.
The bar shows the median, the box, the interquartile range, and the whisker, the range of values
recorded for each interval.

Figure 8: = Spawning female caught 21 December 2004 in the northern area. Note the abdominal cavity swollen
with eggs and the generally poor body condition shown by the slender tail section.
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Liste des tableaux

Nombre de poissons échantillonnés et nombre de poissons étalonnés en fonction de la capture, pour les
besoins de la Figure 3.

Comparaison entre les longueurs totales moyennes et médianes des échantillons de légines antarctiques
du secteur nord.

Légine antarctique, profondeur moyenne des échantillons de longueurs par saison pour analyse des
fréquences de longueurs.

Ratio de femelles dans I’échantillon pondéré par rapport a la capture totale pour les secteurs nord et
sud.

Longueurs minimum et maximum des données de longueur—poids par saison.

Coefficients de régression longueur—poids des échantillons prélevés au nord et au sud de 70°S pendant
cinq saisons. Le poids utilisé est le poids moyen de chaque classe de longueur en grammes et la longueur
totale est en centimetres. L'équation type est W = aL?.

Nombre d’observations, moyenne arithmétique et écart-type des coefficients de condition (K) par
saison et secteur. Le type d’échantillon > 100 cm de LT représente la population reproductrice de légine
antarctique.

IGS moyen des secteurs nord et sud par mois et par sexe pour toutes les saisons.

Liste des figures

Apparence physique de Dissostichus mawsoni en bonne et en mauvaise condition physique : vues
antérieures et postérieures.

Emplacement de la zone d’étude avec séparation a 70°S et description générale des secteurs de
I'analyse.

Fréquence des longueurs de Dissostichus mawsoni pondérées selon la capture pour les secteurs de la sous-
zone 88.1 définis comme «nord» et «sud» (cinq saisons). Les données sont regroupées par intervalles de
5 cm; la longueur est la longueur totale (LT).

Ratio de femelles tiré des données de recherche des saisons 2000/01 a 2004/05 pour la période de
décembre a avril. Regroupées par secteur, les données ne comptent pas les échantillons dans lesquels
moins de 10 poissons ont été capturés. La barre indique la médiane, la boite, I'intervalle interquartile et
la moustache, les différentes valeurs relevées par intervalle. Le Nord est la partie de la sous-zone 88.1
située au nord de 70°S, la bordure sud du plateau est le secteur situé entre 70° et 72°S et le plateau sud,
le secteur situé au sud de 72°S.

Rapports ajustés longueur—poids de Dissostichus mawsoni, les deux sexes combinés, collectés par le San
Aotea II pendant cinq saisons et reportés sur des graphes par secteur d’échantillonnage nord et sud.
L’équation type est W = aL?.

Coefficient de condition (K) de Dissostichus mawsoni, regroupé par latitude sud, pour les saisons 2000/01 a
2004 /05 et reporté en diagramme par sexe. La barre indique la médiane, la boite, I'intervalle interquartile
et la moustache, les différentes valeurs relevées par intervalle.

Représentation graphique de I'IGS de Dissostichus mawsoni par intervalle de deux jours pour les données
de 2002/03, 2003/04 et 2004/05. La barre indique la médiane, la boite, I'intervalle interquartile et la
moustache, les différentes valeurs relevées par intervalle.

Femelle au stade de frai capturée le 21 décembre 2004 dans le secteur nord. Noter le gonflement de

la cavité abdominale pleine d’ceufs et la mauvaise condition générale indiquée par la fragilité de la
queue.
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Criucok Taduig

KonnuectBo nccnenoBaHHbIX 0cO0eH W KOJIMYECTBO, IEPECUNTAHHOE MPONOPIHOHAIBHO YIOBY AJIA
puc. 3.

CpaBHEHHE CPEAHUX M METMaHHBIX 3HAYEHHUI O0IIeH AITMHBI aHTAPKTHYECKOTO KIIbIKaya, OTOOPaHHOTO
B CEBEpHOM paiioHe.

Cpemmﬂ rny61/1Ha IMMOMMKH aHTAPKTHYCCKOI'O KJIbIKa4ya MJIsI U3MEPCHUA NJIMHBI (HO CGSOHaM) B LCIIAX
TIPOBEACHUA aHAJIN3a YaCTOTHI JJINH.

I[OJ'IH CaMOK BO BCEH B3BCIICHHOU Ha YJI0B BLI60pI(e JJIA CEBCPHOI'O U FO’)KHOTO paﬁOHOB.
MuHuManpHas 1 MaKCUMaJIbHAs JUIMHA 110 JaHHBIM O JJIMHE—BECCEC, I10 CE30HaM.

KoadduimenTs! perpeccunt JUIMHbBI-Beca M0 JIAaHHBIM, TTOJYYEHHBIM K CeBepy H K rory ot 70° fo.m.
3a IATh Ce30HOB. M CIONB30BaHHbIA BEC — 3TO CpelHss BEJIMYMHA JUIsl KaXKIOTro Kjlacca JUIMHEL (B T) U
obuias quHa (8B cM). HopmanbHoe ypasuenue: W = al?.

KonnvectBo HabironeHuid, apudMeTniyeckoe cpeiHee W CTaHJApTHOE OTKIOHEHHE Kod(duimeHToB
ynutanHocTH (K) 1o ce3oHy u paiioHy. Tun BeiOopku > 100 cm O]l mpencraBisieT HEPECTOBYIO
TIOIYJISAIINIO AHTAPKTHYECKOTO KIIbIKaYa.

Cpeannii 'CH no nony u Mecsiy sl palOHOB CEBepa U 10ra 3a BCE CE30HBI.

CHucox puCyHKOB

Dotorpaduu Dissostichus mawsoni B XOpoIllleM U TUIOXOM (PU3MYECKOM COCTOSIHUH, BUJ CIIEpEId U
c3aIu.

MecTononoxkeHne paiioHa WCCICAOBaHHWN, TAe TMoKa3aHa mmpora 70° 1o.am. ¥ 00O3HAUYCHBI
HCIIOJIb30BABILIHUECS B UCCIEOBAHUN PANOHBI.

B3BelieHHbBIC Ha YIIOBBI YaCTOTHBIC pactpeaesacHus nH Dissostichus mawsoni B [lonpaiione 88.1 s
palioHOB, OIIPENEIEHHBIX KaK «CEBEPHBIE» U «FOJKHBIE», 3a IISITh CE30HOB. JlaHHBIE CTPYIIIIUPOBAHBI 110
5-caHTHMETPOBBIM HHTEpBajaM; JuinHa — oomas mmHa (O/).

Jonst caMOK 1o maHHBIM HccienoBaHui 3a cezonsl 2000/01-2004/05 rr., mepuox nexaOpb—anpens.
JaHHble CrpynmupoBaHbl MO paliOHAM M HE BKIIIOYAIOT BHIOOPKH, KOrga ObLIO MOWMaHO MEHbILE
10 pe16. ['opu30HTANBHBIN OTPE30K — MEANAHA, IPSIMOYTOJIbHUK — HHTEPKBAPTUIIBHBIN pPa3Max, «yChbh»
— IMamna30H 3HAYeHUH, 3apeTUCTPUPOBAHHBIX B KakIoM nHTepBasie. CeBep — uacth [lompaiiona 88.1 k
ceBepy oT 70° 10.111., FOT KPOMKH Ielb(ha — ceKTop Mexy 70° u 72° 10.11., foT menb(ha — paioH K 0Ty
oT 72° ro.111.

ITonoOpanHbIe 3aBUCUMOCTH JTHHA—BeC Dissostichus mawsoni (00a moja BMECTe) IJisi CEBEPHOTO U
FO)KHOTO PaliOHOB IO JaHHBIM, COOpaHHBIM CyTHOM San Aotea II B TedeHne IATH ce30HOB. HopmanmsHOE
ypasHenue: W= al®.

Koaddurmument ynurannoctu (K) Dissostichus mawsoni, CTpyNIHAPOBAaHHBI TI0 WHTEpBAIaM
IOKHOM 1upoThl 3a ce3onbl 2000/01-2004/05 rr. oTaenbHO Ui Kaxaoro mosna. [Opu30OHTalbHBIH
OTPE30K — MeJHaHa, MPSIMOYTOJbHUK — MHTEPKBAPTUIIBLHBIN pa3Max, «yChl» — IHANa30H 3HAYCHUH,
3aperuCTPUPOBAHHBIX B KAXK/IOM HHTEPBAJE.

I'padux I'CU Dissostichus mawsoni, TOCTPOCHHBIH C IBYXJHCBHBIMH WHTCPBAJIAMHU IO JaHHBIM
3a 2002/03, 2003/04 u 2004/05 rtr. Iopu3oHTaNbHBIH OTPE30K — MeEAWAHA, MPSMOYTOIBHUK
— HMHTePKBApTHJIBHBIA pa3Max, «yCbl» — JMAla30H 3HAYCHUH, 3apErHCTPHPOBAHHBIX B KaXIOM
WHTEpBaJe.

Hepecrsmasicst camka, noiimanHasi B ceBepHoM paiione 21 nexabpst 2004 r. OGparute BHUMaHHE Ha
HAIOJHEHHYIO UKPOIl OPIOIIHYIO MOJIOCTh U B IEJIOM IUIOX0€ (PH3MUYECKOE COCTOSIHUE, YTO BHIHO II0
TOHKOW XBOCTOBOM 4aCTH.
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Lista de las tablas
Ntumero de peces muestreados y ntimero ponderado por la captura para la figura 3.

Comparacién del promedio y la mediana de la longitud total de los ejemplares de austromerluza antartica
en muestras obtenidas en la zona norte.

Profundidad promedio donde se tomaron las muestras de austromerluza antartica cada temporada,
utilizadas en los analisis de frecuencia de tallas.

Razoén entre el nimero de hembras y la captura total ponderada por la captura para las muestras de las
zonas norte y sur.

Tallas minima y maxima de la relacién talla-peso por temporada.

Coeficientes de regresion de la relacién talla-peso de las muestras obtenidas de las zonas norte y al sur
de 70°S durante cinco temporadas. El peso utilizado corresponde al promedio para cada clase de talla en
gramos, y la talla total en centimetros. La ecuacion estandar utilizada es W = all.

Ntmero de observaciones, media aritmética y desviacién estandar de los coeficientes de la condicién (K)
por temporaday area. El tipo de muestra > 100 cm TL representa la poblacién desovante de austromerluza
antartica.

Indice gonadosomaético promedio de las areas norte y sur, por mes y sexo, para todas las temporadas.

Lista de las figuras
Vistas anterior y posterior de Dissostichus mawsoni en buenas y malas condiciones fisicas.

Ubicacién de la zona de estudio que muestra la divisién en el paralelo 70°S y las descripciones generales
de las areas utilizadas en el analisis.

Distribucién de las frecuencias de tallas de Dissostichus mawsoni ponderada por la captura para la
Subarea 88.1 para las areas definidas como “norte” y “sur” durante cinco temporadas. Los datos han
sido agrupados por intervalos de 5 cm; la talla corresponde a la longitud total (TL).

Proporcién de peces hembra de los datos de investigacién para las temporadas de 2000/01 a 2004/05
durante el periodo de diciembre a abril. Los datos, agrupados por area, excluyen las muestras menores
de 10 peces. Las barras muestran la mediana, las cajas la amplitud intercuartilica, y los bigotes, el rango
de valores registrado para cada intervalo. El 4rea norte corresponde al sector de la Subérea 88.1 que
queda al norte de 70°S, el borde continental del sur comprende el sector entre 70° y 72°S, y la plataforma
sur, la zona que yace al sur de 72°S.

Relaciones talla-peso de Dissostichus mawsoni, ajustadas para ambos sexos combinados, obtenidas por
el San Aotea II durante cinco temporadas, y graficadas segtin el area, sur o norte, donde se tomaron las
muestras. La ecuacion estandar es W = aLb.

Coeficiente de condicién (K) para Dissostichus mawsoni, agrupado por latitud sur, para las temporadas
entre 2000/01 y 2004/05 y graficados segtin el sexo. La barra muestra la mediana, las cajas la amplitud
intercuartilica, y los bigotes, el rango de valores registrado para cada intervalo.

indice gonadosomatico de Dissostichus mawsoni graficado cada dos dias utilizando los datos de 2002/03,
2003/04 y 2004/05. La barra muestra la mediana, las cajas la amplitud intercuartilica, y los bigotes, el
rango de valores registrado para cada intervalo.

Hembra desovante capturada el 21 de diciembre de 2004 en el area norte. Nétese la cavidad abdominal
hinchada con huevos y la mala condicién fisica en general, que se observa por la seccién méas delgada de
la cola.
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