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Abstract

This study uses histological assessments to determine age- and length-at-spawning
for female and male Antarctic toothfish (Dissostichus mawsoni) from fish sampled in
the Ross Sea spanning the 2000-2009 fishing seasons. A characterisation of the oocyte
developmental cycle of D. mawsoni shows that once development begins, oocytes grow
and accumulate at the cortical alveoli stage for at least one year. Individual oocytes are
then recruited into the vitellogenic phase over at least a 6-12 month period, resulting in a
developed group of oocytes accumulating at the final maturation stage by approximately
May each year. The age at 50% spawning for females on the Ross Sea slope region is
16.6 years (95% CI 16.0-17.3) or 133.2 cm (95% CI 130.9-135.7) by length. On average,
males spawn at a younger age with an Asg, of 12.8 years (95% CI 11.9-14.0) or 120.4 cm
(95% CI114.8-126.7) by length. Evidence of skip-spawning was observed for females only
and results in a flatter, right-shifted ogive, increasing the functional difference between
male and female ogives. The degree to which the overall population ogive is biased right
(older) by applying the slope-derived ogive to the northern Ross Sea region depends on
the proportion of the total population occurring in the northern Ross Sea region, which is
currently unknown.

Résumé

Cette étude utilise des évaluations histologiques pour déterminer I'dge et la longueur a la
premiére reproduction des légines antarctiques (Dissostichus mawsoni) males et femelles
échantillonnées en mer de Ross pendantles saisons de péche 2000-2009. Une caractérisation
du cycle de développement des ovocytes de D. mawsoni indique qu'une fois commencé le
processus, les ovocytes se développent et s'accumulent au stade des alvéoles corticaux
pendant au moins un an. Les ovocytes sont alors recrutés individuellement dans la phase
de vitellogénese au cours d'une période d'au moins 6-12 mois, avec pour résultat une
accumulation d'ovocytes ayant atteint le stade de maturité vers mai chaque année. L'age
auquel 50% des femelles se reproduisent dans la région de la pente de la mer de Ross est
de 16,6 ans (intervalle de confiance a 95% (IC) 16,0-17,3), ce qui correspond a 133,2 cm de
longueur (IC a 95% 130,9-135,7). En moyenne, 1'dge du frai est moins élevé chez les males :
Asgo, est de 12,8 ans (IC a 95% 11,9-14,0) ou 120,4 cm de longueur (IC a 95% 114,8-126,7).
Des observations mettent en évidence que les femelles ne se reproduisent pas tous les
ans ; l'ogive en résultant est de forme plus aplatie et est déplacée vers la droite, ce qui
augmente la différence fonctionnelle des ogives entre les males et les femelles. Le degré
auquel l'ogive de I'ensemble de la population est biaisée vers le coté droit (plus agé)
lorsque 1'ogive dérivée de la pente est appliquée a la mer de Ross dépend de la proportion
de I'ensemble de la population présente dans la région du nord de la mer de Ross, ce qui
est actuellement inconnu.

Pesrome

B naHHOM HCCIIETOBAaHMU HCIIONB3YIOTCS THCTOJIOTHYECKHE OIEHKH JJISl OIPE/ICIICHHS
BO3PACTa H JUIMHBI [TPU HEPECTE CAMOK U CaMIIOB aHTAPKTUYECKOTO KiblKaua (Dissostichus
mawsoni) o o0pa3uaMm pbIObI, MOTyYeHHOH B Mope Pocca B mepuon, oxBaThIBarOmIUM
npombiciioBbie ce30HBI 2000-2009 rr. Onricanne UK pa3BUTHS OOIUTOB y D. mawsoni
MOKAa3bIBACT, YTO, KaK TOJHKO HAYMHAETCS Pa3BUTHE, OOLIUTHI PACTYT U aKKyMYJIHPYIOTCS
Ha CTaJW¥ KOPTHKAIBHBIX aJbBEOJI Ha IPOTSHKECHUH IO KpaiiHeld Mepe OIHOIo Troja.
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OTenpHBIE OOLIMTHI 3aT€M B TEUEHHUE MO KpaitHeill Mepe 6—12 mecsieB nepexoisT B
BUTCIUIOICHHYO a3y, B pe3y/IbTaTe 4ero Ha OKOHYATEIbHON CTaMU CO3PEBAHUS CKETOTHO
NPUOTU3UTEIHPHO K Mar0 HAKAIUTMBACTCS pa3BUTAsl TPYIIa OOIUTOB. B palione ckioHa
Mops Pocca B 50% ciydaeB Bo3pacT caMOK Mpu HepecTe cocTaisieT 16.6 net (95% AU
16.0-17.3), a mmuaa — 133.2 oM (95% AU 130.9—-135.7). Camupl B cpeHeM HepecTITCs
B Oojiee paHHEM BO3pacTe MpH Asgy, 12.8 met (95% AN 11.9-14.0) nmm mmue 120.4 cm
(95% U 114.8—126.7). Ciryuan pOIyCKOB HEpECTa HAOIIOAATINCH TOIBKO Y CAMOK, UYTO
BeJIO K 00JIee MII0CKOH CIBUHYTOH BITPABO OTHBE, YCYTYOISIS QYHKITHOHAIBEHBIC Pa3INIHS
MEXKIy OTUBAMH CaMIIOB B caMOK. CTereHb, B KOTOPOIl OTMBa BCEH MOMYIISAIIINH CMEIeHa
BITPABO (CTapIIHiA BO3PACT) IPH MPUMEHEHIH ITOTYYCHHOM [T CKJIOHA OTHBBI K CEBEPHOM
4acTH peruoHa Mopsi Pocca, 3aBHCHT OT TOTO, Kakast 10JIsl OOIIeH MOITyJISIIIAA BCTPEIaeTCst
B CCBEPHOMU YacTH peruoHa Mops Pocca, uTo B HacTosIIee BpeMsi HEU3BECTHO.

Resumen

Este estudio se vale de exdmenes histol6gicos para determinar la edad y talla de desove
y espermiaciéon de hembras y machos de austromerluza negra (Dissostichus mawsonsi)
capturados en el Mar de Ross en las temporadas de pesca de 2000-2009. Una caracterizaciéon
del ciclo de desarrollo de los ovocitos de D. mawsoni muestra que, una vez que comienza
la formacién de ovocitos, éstos crecen y se acumulan en la fase de alvéolo cortical por
un afio por lo menos. Luego cada ovocito pasa a la fase vitelogénica durante un periodo
de 6-12 meses por lo menos, formando un grupo de ovocitos desarrollados al final de la
etapa de maduracion alrededor de mayo de cada afno. La edad de desove para el 50% de
las hembras en la region del talud del Mar de Ross es de 16.6 afios (16.0-17.3 IC de 95%) o
133.2 cm de longitud (130.9-135.7 IC de 95%). En general la espermiacién en los machos
ocurre mas temprano, siendo Asge, 12.8 afios (11.9-14.0 IC de 95%) o 120.4 cm de longitud
(114.8-126.7 IC de 95%). Se observaron signos en hembras solamente de que el desove
a veces no ocurre, lo que resulta en una ojiva mas plana desplazada hacia la derecha,
aumentando la diferencia funcional entre las ojivas de los machos y de las hembras. El
grado de desviacién hacia la derecha (de mas edad) de la ojiva de la poblacién total que
resulta al aplicar la ojiva derivada del talud a la regién norte del Mar de Ross, depende de
la proporcién de la poblacién total que habita en la regién norte del Mar de Ross, que por
ahora se desconoce.

Keywords: maturity, oogenesis, skip-spawning, ogive, CCAMLR

Introduction

The reproductive ecology of Antarctic toothfish
(Dissostichus mawsoni) in the Ross Sea has been dif-
ficult to resolve because the spatial dynamics of the
stock, and logistical constraints on access to fish
have prevented collecting appropriate spatially,
and temporally distributed samples (Dunn and
Hanchet, 2007; Hanchet et al., 2008). Existing mac-
roscopic staging data, gonadosomatic index (GSI)
analysis, and histological forecasting studies have
not been comprehensive and have not been synthe-
sised with the known biological characteristics of
notothenioids to characterise reproduction in this
species. This paper provides additional histologi-
cal data and a species-specific characterisation of
oogenesis to more robustly estimate length- and
age-at-spawning for stock assessment purposes.

In notothenioid females, evaluating devel-
opmental status is complicated by a prolonged
oogenesis in which oocyte development is at least
a two-year process, although spawning may then
take place annually (Everson, 1970; Sil'yanova,
1982; Everson, 1984; Kock and Kellermann, 1991;
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Shandikov and Faleeva, 1992). This results in mul-
tiple size modes of developing oocytes present in
the ovary throughout the year, making macroscopic
staging inadequate to describe patterns of develop-
ment. Additional evidence from other notothenioid
species shows that oocytes grow slowly to the corti-
cal alveoli stage (endogenous yolk) and accumulate
prior to entering exogenous vitellogenesis (a-stage
oocytes of Everson, 1970, 1994). Protracted oocyte
growth may be necessary to produce the relatively
large, yolky eggs (>4.0 mm) observed in this group.
Prolonged oogenesis has been mentioned in sev-
eral studies on reproduction in D. mawsoni, though
the details of cellular development have not been
described (Eastman and DeVries, 2000; Livingston
and Grimes, 2005; Piyanova and Petrov, 2007). This
reproductive characteristic has been documented
in other cold-water species (Junquera et al., 2003;
Alekseyeva et al., 1993).

Histological assessment of reproductive status
directly observes the physiological status of gam-
etes and, given an appropriate sampling design
(sample size and spatio-temporal distribution),
an accurate assessment is possible. Samples in the



Ross Sea are typically available only from the sum-
mer months (December to February) during the
commercial fishery, far removed from the likely
spawning period between June and September.
Without collecting samples just prior to, or during,
the winter spawning season, the best method avail-
able to assess spawning status is to seek histologi-
cal evidence of spawning in the ovaries of fish sam-
pled after the spawning season (hindcasting). This
evidence consists of post-ovulatory follicles (POFs),
residual eggs, atretic oocytes of an advanced stage,
as well as other supporting evidence such as ovar-
ian wall thickness, oocyte packing density and
degree of ovarian vascularisation (Murua et al.,
2003; Livingston and Grimes, 2005; Burton et al.,
1997). Some of these characters may be modified
or resorbed as new development begins, but others
may last several months to a year, tending to per-
sist the longest in cold-water species (Everson,
1970; Shandikov and Faleeva, 1992; Junquera et al.,
2003; Saborido-Rey and Junquera, 1998; Rideout et
al., 2005).

Length-at-spawning for D. mawsoni males has
also been estimated from macroscopic staging data,
GSI analysis and histological studies (Patchell,
1999; Patchell, 2001; Hanchet and Horn, 2000).
Male notothenioids typically have a one-year gam-
ete development cycle and testis size increases dra-
matically late in the summer to autumn with most
fish in a resting stage during the summer (Kock
and Kellermann, 1991; Fenaughty, 2006; Piyanova,
2008). A histologically based assessment of male
age-at-spawning can extend the period in which
development can be detected by examining devel-
opment at the cellular level within the testes.

The primary objective of this study is to use
extensive gonad sample collections for histo-
logical evaluation to generate length- and age-at-
spawning relationships for D. mawsoni in the Ross
Sea for use in stock assessments. To aid in interpre-
tation of the histology and describe the develop-
mental process, oogenesis is described and avail-
able information on the size and growth rates of
oocyte classes is summarised. Finally, histological
assessment of males is also conducted to develop
length- and age-at-spawning relationships for use
in stock assessments.

Methods

Ovary and testis samples from D. mawsoni were
collected by scientific observers on board com-
mercial fishing vessels. In general, samples were
only available between December and February in
each year, though some late-season samples were
available in 2000-2002 because the fishery lasted
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longer. In addition, samples were collected only
where the fishery occurred, which meant fewer
samples were collected in the northern and shelf
regions, and samples were concentrated along the
continental slope, following the distribution of
catch limits. Hanchet et al. (2008) hypothesise that
juvenile toothfish occur mainly on the shelf, with
adults congregating on the slope and migrating to
northern areas to spawn, so the analysis presented
here addresses each region separately. A limited
number of samples from later in the season were
used to describe the time course of oogenesis.

Gonad samples were fixed in 10% buffered
formalin, processed as 5 pm sections in paraffin,
stained with Haematoxylin and Eosin Y or Periodic
acid-Schiff (PAS) and viewed with a stereo micro-
scope at x10-x400 magnification. Along with tissue
samples, information such as length, weight, sex,
gonad weight, macroscopic stage, sampling loca-
tion and depth was also collected.

For each histological sample, any evidence of
previous spawning activity, such as POFs, signifi-
cant atresia, or residual eggs was recorded. Also
measured were the thickness of the ovarian wall,
and qualitatively scored oocyte packing density,
lamellar packing, and degree of vascularisation
present as support for the evaluation. The most
advanced developmental stage in each histological
section was recorded along with the mean maxi-
mum viable oocyte diameter (mean of five largest
oocytes (West, 1990)).

Spawning status in the previous winter was
assigned based on the presence of POFs, signifi-
cant levels of atresia of advanced stages, or resid-
ual eggs. Hindcasting does not utilise the most
advanced developmental status of viable oocytes.
However, an analysis was conducted to confirm
that POFs were indeed detectable throughout the
period sampled (see below). For comparative pur-
poses, the forecasting method was also conducted
and spawning status in the upcoming season was
assigned based on the most advanced viable oocyte
stage in each sample. Following Everson (1970)
and Kock and Kellermann (1991), samples with
the most advanced oocyte stage of cortical alveoli
(end of the primary growth phase) were classified
as ‘not spawned’.

Ages were determined following Horn (2002)
for all sampled individuals using otoliths. Because
sampling occurs so far from the spawning season,
the size and age of the fish would be different dur-
ing the actual spawning season. Ages are incre-
mented on 1 July, so a fish that turned 10 on 1 July
is recorded as 10 when sampled in the subsequent
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Table 1: ~ Temporal and spatial distribution of Dissostichus mawsoni ovary samples
collected by scientific observers in the Ross Sea longline fisheries. Note, only
December to March samples from the slope region were used to determine
the female proportion spawning ogive. Samples from other periods and
locations were used to describe the developmental cycle.
Month Fishing  North Slope Shelf Subarea SSRU Total
year 88.2 5842E
December 2004 1 1
2006 70 40 12 122
2007 59 3 62
2009 64 64
January 2001 8 8
2004 70 17 87
2006 131 131
2007 250 250
2009 92 12 104
February 2002 12 8 20
2006 4 6 10
2007 21 21
2009 37 37
March 2000 46 46
2001 2 57 59
2002 56 56
2005 69 69
April 2001 2 1 3
May 2001 15 15
Total 217 785 57 37 69 1165

summer fishery. The age-at-spawning for the fore-
casting method is then one year older than the
age used for the hindcasting method, and size is
accordingly different. To compare the forecasting
and hindcasting methods, fish ages for the forecast-
ing method were advanced one year. Fish lengths
for either method were adjusted using the sample
date, and adjusted down or up using the von
Bertalanffy growth relation from Hanchet (2006).

The proportion spawning P; was modelled as a
function of length (L) or age (A) using a binomial
distribution with logit link:

P,=a+B*LorA
Lsgo, or Asge, == (o / B).

Results
Samples collected

A total of 1 165 ovary samples was collected by
observers during the fishing years 2000-2009, with
1 059 available within Subarea 88.1 of the Ross Sea
(Table 1). Most samples were collected between
mid-December and early-February with a spatial
coverage of the shelf, slope and northern regions of
the Ross Sea. Histological samples from 59 males
were also collected in 2009 or 2001 from the north,
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slope and shelf regions. Within the Ross Sea, sam-
ple distribution was concentrated along the con-
tinental slope in SSRUs 881H and 881I, fishable
depths of SSRU 881C in the northern region and
Terra Nova Bay (SSRU 881M) (Figure 1).

Histological assessment
Oogenesis

Samples of spawning fish between December
and February show oocytes in the secondary or
exogenous growth phase, termed vitellogenesis,
developing to be spawned in the upcoming sea-
son (Figures 2b and d). Throughout the develop-
mental period, large fish were more advanced than
smaller fish (Figure 3a). Early vitellogenic (EVG)
stage oocytes are typically 600-750 pm in diameter
and late vitellogenic (LVG) stage oocytes are typi-
cally 750-1 200 pm (Figure 3b). In addition to the
large vitellogenic oocytes, a second class of oocytes
undergoing primary (or endogenous) growth is
present with cell diameters typically ranging from
300-600 um, and diagnosed by the large number
of clear cytoplasmic vacuoles (cortical alveoli (CA))
surrounding the nucleus (Figures 2a, 2b and 2d). A
class of still smaller, basophilic oocytes (typically
darker staining with nucleoli) at the late perinucle-
olus (LPN) stage ranging in size from 200-300 pm



is always present, and is the maximum oocyte size
observed in immature females. Early perinucleolus
oocytes (EPN), diagnosed by dark staining cyto-
plasm and a large uniform nucleus, or the even
smaller oogonium phase (OOG), are often visible
but may not be abundant in a recently spawned
ovary. These cells range in size from 20-150 pm.

Later in the season, some larger fish reach the
germinal vesicle migration (GVM) stage (1 500-
2 500 um), or even the maturing oocyte stage (MAT),
characterised by the breakdown of the nucleus
and coalescence of the yolk granules into a large
homogenous yolk droplet (Figures 2b and 2d).

In a female developing to spawn in the upcom-
ing season, cells are recruited from the CA stage
into the vitellogenic stage and then increase in
size as yolk deposition occurs during the summer
months (Figure 3 b). The cell diameters for CA-stage
oocytes do not grow much in excess of 500-600 pm
before transforming to EVG cells (Figure 3b). By
March, the EVG recruitment process ceases and
existing vitellogenic oocytes grow and accumu-
late at the GVM stage producing a distinct size
mode at 1500-1 800 um (Figure 4). This process
results in maturing ovaries with large GVM-stage
cells, plus CA, LPN and EPN visible in the lamel-
lae (Figure 2d). No samples had LVG-stage cells
without also having CA-stage cells, indicating that
although development from the LPN stage takes
two years, a continuous supply of CA-stage cells
means spawning could occur every year. For tooth-
fish, consistent with other notothenioids, individu-
als with only CA-stage cells are still immature. The
GVM cells determine the potential batch size to be
spawned in the upcoming season, characterising
D. mawsoni as a determinate group synchronous
spawning species, with a hiatus in development
not between LPN- and CA-stage cells, but between
CA stage and EVG cells. The overall pattern, sea-
sonality and developmental timing of oogenesis in
D. mawsoni is depicted in Figure 5.

Evidence of previous spawning

Evidence of spawning during the previous
season was established based on the presence of
POFs or residual oocytes arrested at the GVM, pre-
maturation, or mature stage of development. These
oocyte remnants were observed within the matrix
of other developing cells. POFs were distinguisha-
ble in histological samples from December to April,
and often co-occurred with atretic cells still identi-
fiable as GVM stage (Figures 2d, 2e and 2f).

The proportion of fish at a given size with detect-
able POFs in each month showed no overall trend
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with time, indicating that during the December
to February period, POFs remained detectable in
the ovaries (Figure 6). The few existing samples
from May indicated resorption was accelerating
and POFs, though still present at some level, were
smaller and more difficult to detect. To avoid bias
from the decrease in detectability as POFs were
resorbed, only samples from December to February
were used for hindcasting spawning status. In
contrast, forecasting methods included samples
through to May where available.

Skip spawning

Evidence for skipped spawning was also
present in D. mawsoni females. Fish with develop-
ing LVG and no evidence of previous spawning
were either preparing to spawn for the first time,
have not spawned for at least a year, or all rem-
nants of spawning had been resorbed. Almost 50%
of CA-stage or 40% of EVG-stage fish on the slope
showed no indication of spawning in the previous
season, indicating they had either skipped spawn-
ing in the previous year or were developing to
spawn for the first time (Table 2). Of the EVG-stage
fish that did not spawn in the previous season, 70%
were between 13 and 18 years old, suggesting that
skip-spawning may be primarily an adolescent fea-
ture, though 17% were over 18 years old. Although
large or old ‘not-spawned’ fish were observed,
they were not common. Very few fish in the north-
ern area were classified as not spawned (Table 2).
Ovary wall thickness on these few specimens was
typically >1 000 pm, indicating they had spawned
at some time in the past. Most of the fish from shelf
samples were classified as not spawned, and only
10 of 40 fish there showed evidence of spawning
six months earlier. All these fish were from areas
close to the slope. The small sample size from the
shelf area prevents an analysis of potential skip-
spawning by age.

Length- and age-at-spawning
Females

Once spawning status was described for each
fish, the proportion spawning by age or length
was fitted with a logistic model. Several spawn-
ing assessment methods were compared using the
slope data, where sample sizes were the highest.
Hindcasting with all data and with forecasting data
showed similar relationships with age and length
(Table 3; Figure 7). The age at 50% spawning for
females on the Ross Sea slope region is 16.6 years
(95% CI16.0-17.3) or 133.2 cm (95% CI130.9-135.7)
by length. The main difference between the hind-
casting and forecasting methodologies was a small
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Table 2:

Summary of developmental status based on histological assessment of Dissostichus mawsoni ovaries

collected during the summer fishing months in the Ross Sea, 2004—2009. Values are numbers of
fish. EPN - early perinucleolus, LPN - late perinucleolus, CA - cortical alveoli, EVG - early
vitellogenesis, LVG - late vitellogenesis, GVM — germinal vesicle migration, MAT — maturing.

Most advanced North Slope Shelf Total
histological stage Not Spawned Not Spawned Not Spawned
spawned spawned spawned
EPN 114 3 117
LPN 1 188 21 210
CA 3 62 56 12 1 134
EVG 1 38 50 2 5 96
LVG 182 4 87 1 276
GVM 4 1 3 6
MAT 5 5
Total 4 192 406 194 38 10 844
Table 3:  Details of the length- or age-at-spawning ogive fits for Dissostichus mawsoni from the Ross Sea
using hindcasting or forecasting methodologies. L., or A,,, indicate the length or age to be
added to the L, value to reach the 95th percentile.
Region Sex Method N L, orA,, L, orA,, 95% CI
Slope Female Hindcast
Length 599 133.2 29.9 130.9-135.7
Age 16.6 7.3 16.0-17.3
Forecast
Length 762 136.4 20.7 134.8-138.1
Age 17.2 6.7 16.7-17.7
All Male Length 56 120.4 19.7 114.8-126.7
Age 12.8 3.5 11.9-14.0

decrease in proportion spawning for adolescent fish,
suggesting that the hindcasting method detected
previous spawning of individuals that typically
would not have developed enough to be consid-
ered spawning using the forecasting method.

Evidence of skipped spawning is apparent in
the lack of a steep ogive, as 100% of the older or
larger fish do not spawn in a given year (Figure 7).
It is not possible with current techniques to distin-
guish skipped spawning from first-time spawning
in adolescent females.

Sample size for fish in the north was more lim-
ited, especially for smaller fish. To further compare
spawning in the slope and north areas, the ogive
generated from the slope was applied to the slope
age-frequency distribution (data from Dunn and
Hanchet, 2009), resulting in an age-frequency dis-
tribution for spawning fish. This was plotted along
with the mean age-frequency distribution of the
northern population derived from the stock assess-
ment model (Figure 8). Spawning females on the
slope were slightly younger than northern females,
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suggesting that adolescent fish on the slope do
not initially migrate to the northern spawning
grounds to spawn. If they do, they return to the
slope quickly as they are not captured there dur-
ing the summer fishery. In addition, as only four
of 196 females sampled in the north were assessed
as not spawned, it is likely that all the fish inhabit-
ing the northern region spawned in the previous
season (Table 2).

Males

Histological preparations of testis samples were
evaluated for the presence of developing sperma-
tocytes. Testes were found to be in one of three
stages:

Immature - containing only spermatogonia or
spermatocytes (Figure 9a)

Developing — containing spermatids (Figure 9b)

Spawning — containing spermatozoa filling lobules
within the testis duct system (Figure 9c¢).



Individuals with either developing or spawning
characteristics were classified as spawning. Ogives
fit to these data yielded steep relationships with
both age and length (Table 3; Figure 10). On aver-
age, males spawn at a younger age than females,
with an Asy, of 12.8 years (95% CI 11.9-14.0) or
120.4 cm (95% CI 114.8-126.7) by length. However,
because of a small sample size, the analysis pooled
samples from the north (n = 21), slope (1 = 20) and
shelf (n = 15) regions. As the male analysis used a
forecasting method, age is one year older at spawn-
ing and length values were projected forward to
1 July using the growth curve. Therefore, the male
ogive is comparable with the female forecasting
ogive. The steepness of the male ogive suggests
that skip-spawning is not likely to occur.

Discussion

The 2007 stock assessment for D. mawsoni
assumed an Asg, of 9 years, corresponding to an
Lsgo, of 100 cm (95% range of +15 cm), but noted
that the parameters were uncertain and that the
transition to maturity may occur at larger sizes
(Hanchet, 2006; Dunn and Hanchet, 2007). The
same relationship has been used for both males
and females. The present study indicates that the
age of 50% spawning occurs at a much older age
for females (16.6 years) on the Ross Sea slope and
at (12.8 years) for males in the Ross Sea. The higher
Asgo, is a result of two factors. First, the original
estimate of spawning at age 8 was based on stud-
ies of otolith banding patterns in a small number
of unsexed fish (Burchett et al., 1984). A number
of subsequent studies using GSI or histology have
suggested a higher Azyo, but did not provide a char-
acterisation of oogenesis to enable a robust inter-
pretation of the results (Patchell, 2001; Hanchet and
Horn, 2000; Livingston and Grimes, 2005). Second,
previous histological analyses have included fish
with oocytes in the initial primary growth phase
(CA stage) as developing to spawn in the upcom-
ing season. Evidence from other notothenioids,
from the characterisation of oogenesis presented
here, and from histological hindcasting indicates
that fish at the CA stage in summer months are at
least a year away from spawning and should not be
considered spawning. Hindcasting, which does not
use the developmental stage of advancing oocytes
to assign spawning status, provides a similar ogive
to a forecasting method if fish advanced to at least
the EVG stage are considered spawning. These fish
should not be considered mature in the proportion
spawning relationship. This issue, of characteris-
ing sexual development (which occurs only once)
versus spawning (which may or may not occur
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each subsequent year) is detailed by Kock and
Kellermann (1991) with specific application to fish-
eries management.

The spawning ogive represents the proportion
of fish-at-age (or length) that will spawn in a typical
year. For females, a percentage of sexually mature
individuals skip-spawning each year. The propor-
tion skipping appears to be age dependent, with
more adolescent fish skipping than older fish (see
Rideout et al., 2005; Jergensen et al., 2006 for a theo-
retical discussion). The average annual spawning
biomass is therefore decreased by the proportion of
mature fish that do not spawn. This is the appropri-
ate relationship to use to monitor spawning stock
biomass (Kock and Kellermann, 1991; Constable et
al., 2000; Murua et al., 2003).

Males may also skip spawning in theory
(Jorgensen et al., 2006), but it is not apparent in the
ogive with the limited samples available. Evidence
from very low GSl levels of large males on the slope
suggests that some sexually mature males may not
maintain the typical residual GSI levels observed
in northern areas and could skip. This may be
related to the ‘axe-handle’ condition described
by Fenaughty (2006), in which condition factors
are exceptionally low due to severe loss of mass
(both somatic and gonad). Comparing the ogives
between males and females (forecasting ogive), on
average females spawn more than four years later
than males (Table 3). However, the difference is a
result of three factors: (i) females generally begin
developing when older; (ii) the female develop-
mental process is longer; and (iii) skip-spawning
flattens the female ogive resulting in a larger Asg,.

Allmethods to determine age-at-spawning have
some potential for bias. Figure 7 indicates that the
hindcasting method actually detects slightly more
adolescent spawning than the forecasting method.
This is probably because forecasting using samples
from early in the summer will not detect small fish
that begin vitellogenesis later. The potential bias in
hindcasting is that if remnant evidence of spawn-
ing from early fish is resorbed prior to sampling
and early fish were a non-random subset of the
population, the spawning ogive could be shifted.
The analyses indicate this was not an issue as the
proportion of fish at a given size containing POFs
did not show a time trend.

Although the temporal dynamics associated
with migration to the north for spawning are not
fully understood, the estimated age distribution
of spawning females on the slope matches the age
distribution of all females observed in the northern
area. This, combined with the lack of evidence of
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skipped spawning in the north from histological
samples, indicates that all the fish in the northern
areas are spawning, and that the slope contains
both fish developing to spawn for the first time,
and recovering from spawning in previous seasons.
It is not known if fish recovering from spawning on
the slope had spawned in the north or spawned in
some other location.

Because non-spawning fish do not appear to
be present in the northern area, applying slope-
derived ogives generates a bias in the estimation of
spawning biomass that depends on the actual age
structure in the northern area and the proportion
of northern fish in the total population. Whether
all fish in the north are indeed spawning remains
to be confirmed. But if so, the larger the proportion
of northern fish, and the younger the age structure
of those fish, the more the overall population ogive
would steepen and shift towards a younger age.
Estimating the proportion of the population in the
northern area will require spatially explicit popula-
tion models (Dunn et al., 2009).

Antarctic fish typically mature to spawn when
reaching 55-80% of maximum length (L,,,) (Kock
and Kellermann, 1991). For D. mawsoni, spawning
at 133 cm equates to 66% of L, (for females, 64%
for males). However, one unique aspect of this late
age-at-spawning is the relationship between natu-
ral mortality and age-at-spawning. Females spawn
at an Asg, of 16 years, yet have a maximum age
of approximately 35 years. If natural mortality on
adult fish (estimated M = 0.13) occurs at a con-
stant rate throughout the lifespan, then a relatively
small proportion of females (~12.5%) reach the age
at 50% spawning. This comparison is biased in
that the Asge, at sexual maturity is likely lower by
1-2 years, but the proportion is still relatively low.
This implies that spawning success must be high,
which may be part of the selection pressure to pro-
duce large yolky eggs. Alternatively, it may imply
that the natural mortality rate for this very large
deep-sea species may be extremely low between
settlement and spawning stages.

Conclusions

Although oogenesis has been well documented
in studies of some notothenioid species during the
past 40 years, integrating the peculiar develop-
mental cycle with traditional methods of estimat-
ing age-at-spawning, and the constraints of sam-
pling in summer months generated uncertainty in
interpreting macroscopic, GSI and histological data
for D. mawsoni males and females (Mormede et al.,
2008).
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Oogenesis in D. mawsoni closely follows the
description provided by Shandikov and Faleeva
(1992) for other notothenioids. The length-and
age-at-spawning relationships presented here
integrate the developmental cycle, large sample
sizes and histological assessment to yield a con-
sistent description of the reproductive life history
for D. mawsoni. Details regarding the actual devel-
opmental timing for each cell stage transition, the
time course of GSI development, breadth of the
spawning season, fecundity, and egg buoyancy
and spatial distribution are important life-history
characteristics necessary to understanding the
migratory cycle and require further investigation
during the winter spawning season. That research
and research to describe the functional role of males
in the spawning strategy, to understand the factors
driving skipped spawning, and to understand sex-
specific migration behaviours will help to inform
the development of spatially explicit population
models (Dunn et al., 2009).
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Figure 2:

Length- and age-at-spawning of Antarctic toothfish

Examples of ovarian sections from Dissostichus mawsoni developing oocytes (a—c) and post-
ovulatory follicles (d—f) present up to seven months after a hypothesised July spawning date.
Fish lengths were (a) 107 cm, (b) 144 cm, (c) 164 cm, (d) 139 cm, (e) 153 cm, and (f) 159 cm.
(a—c) have scale bar 1 000 um and Periodic acid-Schiff (PAS) stain, (d—f) have scale bar of 100 um
and Haematoxylin and Eosin (H&E) stain. EPN — early perinucleolus, LPN - late perinucleolus,
CA - cortical alveoli, EVG — early vitellogenesis, GVM — germinal vesicle migration. Photos by
NIWA.
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Figure 3:  (a) Boxplot of fish length distributions in the slope area for
individuals at each histological stage by week for Dissostichus
mawsoni sampled in the Ross Sea, 2000-2009. (b) Boxplot
of oocyte diameters for fish at each developmental stage
from histological preparations summarised by week.
Horizontal lines indicate the median size, boxes indicate
the inter-quartile range and vertical lines indicate the range.
LPN - late perinucleolus, CA — cortical alveoli, EVG - early
vitellogenesis, LVG - late vitellogenesis.
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Composite oocyte size distribution for developing fish in
December (upper panel) compared with the distribution in
late March-May (lower panel) showing the growth and sepa-
ration of the developing size mode of oocytes. Vertical lines
indicate the approximate size range of oocytes at the cortical
alveoli stage. Note: counts are of oocytes visible in the slide
section. Very small oocytes and cells within oogonial nests are
under-represented in the histograms.
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Figure 5:

Atretic GYM

Atretic GVM @i

Diagrammatic representation of oogenesis in Dissostichus mawsoni. The process is
represented by a calendar, with the oocyte states present in an ovary in a given month
represented by a cross-section from the figure’s centre to the outside edge. The first year
represents initial generation of oocytes through perinucleolus stage. This is followed by
a year (or more) of growth at the cortical alveoli stage. A final year of vitellogenesis and
spawning completes a two-year developmental process, with cell and follicle remnants
present afterwards. Photograph insets show examples of cells at each stage, scaled relative
to each other. Maximum cell size depicted is 2500 um. Variations in this process are
mainly through individuals being slightly advanced or delayed compared to the average.
OOG - oogonia, EPN - early perinucleolus, LPN — late perinucleolus, CA — cortical alveoli,
EVG - early vitellogenesis, LVG - late vitellogenesis, GVM - germinal vesicle migration,
MAT - maturing, POFs — post-ovulatory follicles. Note that to obtain true relative scale of
cell size, the GVM and the MAT cell sizes would need to be inflated by another 30%.
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Figure 8:  Histograms of the scaled age-frequency distribution of all
northern females compared with the scaled age-frequency
distribution of spawning-only females from the slope.

Figure 9:  Testes at different stages of development: (a) immature with spermatogonia and some early
spermatocytes; (b) developing with spermatogonia, spermatocytes and spermatids; (c) spawning
with spermatozoa filling the lobular space. Sections were PAS stained and images taken at x200

magnification.
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Figure 10:  Age- and length-at-spawning ogives for male Dissostichus mawsoni from the Ross Sea. Red lines indicate
the A50% or LSO%'
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Liste des tableaux

Distribution spatio-temporelle d'échantillons d'ovaires de Dissostichus mawsoni prélevés par des
observateurs scientifiques dans les pécheries palangriéres de la mer de Ross. Il convient de noter que
seuls les échantillons prélevés de décembre a mars de la région de la pente ont été utilisés pour tracer
I'ogive de la proportion des femelles reproductrices. Des échantillons d'autres périodes et secteurs ont
été utilisés pour décrire le cycle de développement.

Synthese du statut de développement fondé sur I'évaluation histologique d'ovaires de Dissostichus
mawsoni prélevés pendant les mois de péche d'été en mer de Ross, 2004—2009. Les chiffres représentent
le nombre de poissons. EPN - péri-nucléole précoce, LPN - péri-nucléole tardif, CA - alvéoles corticaux,
EVG - vitellogénese précoce, LVG - vitellogénese tardive, GVM — migration de la vésicule germinale,
MAT - atteignant la maturité.

Détails des ajustements des ogives de longueur ou d'age a la reproduction de Dissostichus mawsoni de la
mer de Ross par des méthodes de rétrodiction et de prédiction. Lys,, ou Agse, indique la longueur ou l'age
a ajouter a la valeur de Lsy, afin d'atteindre le 95¢ centile.

Liste des figures

Sous-zone 88.1 et SSRU 882A de la CCAMLR, avec indication de la position des prélevements
d'échantillons de gonades de Dissostichus mawsoni réalisés de 2000 a 2009 dans les unités de recherche
a échelle précise (SSRU) des régions du nord (SSRU 881A, B, C, G), du plateau (SSRU 881], M) et de la
pente (SSRU 881H, I, K). Les isobathes 500, 1 000 et 1 500 m sont indiquées par des lignes grises.

Exemples de sections d'ovaires Dissostichus mawsoni en cours de développement d'ovocytes (a—c) et
follicules post-ovulatoires (d-f) présents jusqu'a sept mois apres une date hypothétique du frai en juillet.
Longueurs des poissons (a) 107 cm, (b) 144 cm, (c) 164 cm, (d) 139 cm, (e) 153 cm et (f) 159 cm. (a—c) ont
une barre d'échelle indiquant 1 000 um et une coloration a I'acide périodique-Schiff (PAS), (d-f) ont
une barre d'échelle indiquant 100 um et une coloration a I'hématoxyline-éosine (H&E). (EPN — péri-
nucléole précoce, LPN — péri-nucléole tardif, CA — alvéoles corticaux, EVG — vitellogénese précoce,
GVM - migration de la vésicule germinale.) Photos fournies par le NIWA.

(a) Diagramme en boite des distributions de longueur dans la région de la pente pour des individus
de Dissostichus mawsoni prélevés en mer de Ross, 2000-2009, a chaque stade histologique par semaine.
(b) Diagramme en boite du diametre des ovocytes de poissons a chaque stade de développement a partir
de préparations histologiques, résumé par semaine. Les lignes horizontales indiquent la taille médiane,
les boites indiquent l'intervalle interquartile et les lignes verticales, l'intervalle. LPN — péri-nucléole
tardif, CA — alvéoles corticaux, EVG — vitellogéneése précoce, LVG — vitellogénese tardive.

Distribution composite des tailles d'ovocytes de poissons dans le stade de développement en décembre
(cadre supérieur) comparée avec celle de fin mars—mai (cadre inférieur), montrant la croissance et la
séparation du mode dela taille des ovocytes en développement. Les lignes verticales indiquentl'intervalle
approximatif de la taille des ovocytes au stade des alvéoles corticaux. A noter : les chiffres indiquent le
nombre d'ovocytes visibles dans la coupe sur la lame. Les ovocytes de petite taille et les cellules au sein
des nids ovogoniaux sont sous-représentés dans les histogrammes.

Représentation diagrammatique de I'ovogenese chez Dissostichus mawsoni. Le processus est représenté
par un calendrier, sur lequel I'état des ovocytes présents dans un ovaire en un mois donné est représenté
par une coupe transversale du centre de la figure vers le bord extérieur. La premiére année représente
la premiere génération d'ovocytes jusqu'au stade perinucléaire, et est suivi par une année (ou plus)
de croissance au stade des alvéoles corticaux. Une derniere année de vitellogéneése et de reproduction
complete le processus de développement sur deux ans, apres lequel des restes de cellules et de follicules
sont encore présents. Les photographies en médaillon donnent des exemples de cellules a chaque stade,
a des échelles relatives aux autres. Taille maximale des cellules représentées : 2 500 um. Des variations
de ce processus résultent principalement du fait que certains individus sont plus ou moins avancés
par rapport a la moyenne. OOG — oogonie, EPN — péri-nucléole précoce, LPN — péri-nucléole tardif,
CA —alvéoles corticaux, EVG — vitellogénese précoce, LVG - vitellogénese tardive, GVM — migration de
la vésicule germinale, MAT — atteignant la maturité, POFs — follicules post-ovulatoires. Il convient de
noter que pour parvenir a la vraie échelle relative de la taille des cellules, il faudrait augmenter la taille
des cellules GVM et MAT d'encore 30%.
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Proportion de poissons présentant des follicules post-ovulatoires en fonction de la taille des poissons
(regroupés en lots de 20 cm) en décembre (D), janvier (J) et février (F). Les symboles sont légerement
décalés sur le plan horizontal pour faciliter la lecture.

Graphique des ogives de reproduction des femelles de Dissostichus mawsoni échantillonnées sur la pente
de la mer de Ross. Les points et la ligne noire épaisse montrent I'ogive de rétrodiction. Une ligne bleue
tiretée montre 1'ajustement aux données de prédiction. La ligne verte en tirets longs montre la proportion
de poissons ayant atteint au moins le stade des alvéoles corticaux (mentionné sous le terme "CA stage
ogive" dans le texte). Les lignes rouges indiquent Agyy, ou Lsgy, de I'ogive de rétrodiction.

Histogrammes de la distribution étalonnée de fréquences d'ages de toutes les femelles du nord comparés
a ceux de la distribution étalonnée de fréquences d'adges des femelles reproductrices de la pente.

Testicules a des différents stades de développement : (a) immatures avec des spermatogones et quelques
spermatocytes précoces ; (b) en voie de développement avec des spermatogones, spermatocytes et
spermatides ; (c) en voie de reproduction avec des spermatozoides remplissant l'espace lobulaire. Les
coupes ont été teintées par le colorant PAS et le grossissement des clichés est de x 200.

Ogives de longueur ou d'age a la reproduction de Dissostichus mawsoni males de la mer de Ross. Les traits
rouges indiquent Asge, ou Lsge,.

Crucok Ta0uig

BpeMmeHHOE W TPOCTPAaHCTBEHHOE pACHpEIeNeHNE 00pa3loB SWYHUKOB Dissostichus mawsoni,
COOpaHHBIX HAay4YHBIMH HaOJIOAATEIsIMU B XOJE SIpyCcHOro Ipomeicia B Mope Pocca. [Tpumeuanue:
TOJIBKO 00pas3lpbl, MOMyYCHHBIC B TIEPUO C JEKaOps 10 MapT B palloHE CKIOHA, NCIIOIB30BAINCH IS
OTIpeJIeJIEHHS OTHBHI JOJIN HepecTIuxcs caMoK. OOpasiisl, oJTyuYeHHBIE B APYTHE IEPUOBI U B APYTHX
palioHax, UCIIOIb30BAIUCH JUIsl ONTUCAHMS UK Pa3BUTHUSI.

CBozlHBIE J@HHBIE O CTAJUAX PAa3BUTUS B COOTBETCTBHUM C THCTOJIOTHYECKOH OLIEHKOW SIMYHHMKOB
Dissostichus mawsoni, cOOpaHHBIX B JICTHHC NPOMBICIIOBBIC Mecslbl B Mope Pocca, 2004—2009 rr.
Hudpsr — kommaecTBo ocobeit peidsl. EPN — panaue nepunykieons!, LPN — mo3gane nepuHyKIeosl,
CA — xoptuxanpHble anmbBeonbl, EVG — panHuit Buremnorene3, LVG — mo3nHuil BUTENIOreHes,
GVM — Murpanms 3apofblieBbIX my3sIpbkoB, MAT — co3peBanue.

Wudopmaryst o moo0paHHbIX OTMBaX JUIsl JUIMHBI WM BO3pacTa NpH HepecTe Dissostichus mawsoni B
Mope Pocca ¢ ucnons3oBaHrEM METOAOB PETPOCHEKTUBHOIO U MEPCIEKTUBHOIO MPOrHO3a. Lgso, WK
Agsy, 03HAYAIOT JUTMHY WM BO3PACT, KOTOPBIE CIEAYET AO0OABUTH K 3HAYCHHUIO Lsg,, YTOOBI TIOIYUUTH
95-10 IPOLEHTUIIb.

CIrcoK pruCyHKOB

Ionpaiion 88.1 u SSRU 882A AHTKOM, ¢ ykazanuem MmecT cOopa oOpasioB ronayn Dissostichus
mawsoni B miepuon 2000-2009 rr. m3 menkoMacmTaOHBIX uccienoBarenbekux exauaun (SSRU) B
paiionax cesepa (SSRU 881A, B, C, G), mensda (SSRU 881J, M) u ckiona (SSRU 881H, I, K).
H3zobatsr 500, 1 000 u 1 500 M OKa3aHBI CEPHIMH JIHHUSMH.

[Ipumepsl OBapHabHBIX CPE30B PA3BUBAIOLIMXCS OOIMTOB (a—C) W TOCTOBYJISILIMOHHBIX (DOJITHKYI
(d—f) Dissostichus mawsoni , TIpUCYTCTBYIOIINE BIUIOTH IO CEMH MECSIIEB IOCIE TpeIoiaraeMon
Jatel HepecTa B mtone./[immHa ocobeii cocrapmsma: (a) 107 cm, (b) 144 cwm, (¢) 164 cMm, (d) 139 cm,
(e) 153 cm u (f) 159 cm. (a—c) umeror MaciuTaOHyI0 METKY, paBHy1o 1 000 [tvM, 1 OKpalIeHbl peakTHBOM
Mudda (PAS), (d—f) mmeror MacmtabHyI0 MeTKy, paBHy0 100 puM, 1 OKpameHsl TeMaTOKCIIINHOM U
303uHOM (H&E). (EPN — pannue nepunykieosnst, LPN — no3gaue nepunykieosisl, CA — KOpTHKAJIbHBIC
anbBeonsl, EVG — pannmii BuTemtorene3, GVM — Murpanus 3apoIbIIieBbIX My3bIpbkoB). Dotorpadus
cnenana NIWA.

(a) KopoOuarast auarpamma pacnpeielcHUN UITHH PBIOBI B palilOHE CKIIOHA JIJIS 0COOCH Ha KaKIou
THCTOJIOTHYECKOM CTa I 110 HEeAesIM JU1s 00pasnoB Dissostichus mawsoni, noiay4eHHbIX B Mope Pocca,
20002009 rr. (b) KopoGuarast quarpamMmma 00O0OIIECHHBIX 110 HENEISIM TUAMETPOB OOILUTOB JUIS PHIOBI
Ha K&XJI0W CTaJNU Pa3BUTHUS 110 FUCTOJIOTHYECKUM TpenaparaM.] Opru30HTaIbHbIE TMHUH [T0KA3bIBAIOT
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Length- and age-at-spawning of Antarctic toothfish

MEUaHHbII pa3Mmep, SAMNWYKH — UHTEPKBApTHIBHBINA pa3Max, a BEpTHKAJIbHBbIC JIMHUM — JMAMa3oH.
LPN — no3guue nepunykineonsl, CA — kopTrukanbHble anbBeonbl, EVG — paHHMII BHUTENIOreHE3,
LVG — mo3auuii BUTEIIOTEHES.

CocTaBHOE pacupeaeacHIEe Pa3MePOB OOIIMTOB Y Pa3BUBAOIICHCS PHIOBI B icKkadpe (BepxHuii rpaduk) B
CpaBHEHUH C paclpe/ielieHneM B KOHIe MapTa—Mae (HWKHUH rpaduk), e mokazaH pocT ¥ paszeeHue
Pa3BUBAIOMICHCS Pa3MEPHON MOIBI OOIUTOB. BepTHKaNbHBIC JIMHUH IMOKA3bIBAIOT TPUOIH3UTCIBHBIN
pa3MepHBIN AManma3oH OOIMUTOB HAa CTAIUM KOPTHUKAIBHBIX anbBeoll. [IpuMedaHne: MOICYUTHIBAIOTCS
OOITUTHI, BUAMMEIE Ha cpe3e. Ha rucrorpaMMax mpeacTaBIeHO Majlo O4eHb MEJKHX OOIIUTOB M KIETOK
B I'pyIIax OOrOHUM.

Cxemarnueckoenzodpakenne oorenesay Dissostichus mawsoni.IIponeccipeacraBieH BCOOTBETCTBUU C
KaJICHapeM; COCTOSTHUE OOIIUTOB, UMEIOIINXCS B SIMYHUKAX B YKa3aHHBIN MECSIL, TPEACTAaBICHO Pa3pe3oM
OT IICHTpa PUCYHKA K BHEUTHEMY Kparo. [IepBEIif Tox mpencTaBiseT nepBOHaYaIbHOE (pOpMUpOBAHKE
OOITUTOB Ha CTaJUH MEPUHYKIICOJ. 3aTeM cieayeT roa (uiu Oojee) pocTa Ha CTAIHHM KOPTHUKAIBHBIX
anbBeol. [Tocneauuii roq BUTEIOTEHE3a U HEPECT 3aBEPIIAIOT ABYXJIETHHUH ITPOIECC pa3BUTHS; OCTATKU
KJIETOK M (OJUTHKYII UMEIOTCS M mocJte 3Toro. Ha ¢oTo BcTaBkax moka3anbl 00pa3iibl KIICTOK Ha KayKI0H
CTaJIN¥, MacIITaONPOBaHHEIE IT0 OTHOMICHHIO APYT K IpyTy. MaKcHMabHBINA TpeICTaBICHHBIN pa3mMep
kieTkd — 2 500 pum. OTKIOHEHHS B IaHHOM TPOIIECCe B OCHOBHOM OOYCIOBIIEHBI TEM, YTO OTIEJIbHbBIE
0Cc0o0U MOTYT OBITh HECKOJIBKO O0JIee pa3BUTHIMHU HJIH OTCTaBaTh B PA3BUTHHU [0 CPABHEHHIO CO CPEAHUM.
OOG — ooronus, EPN — pannue nepunykieoinsl, LPN — nozauue nepunykieoinsl, CA — KOpTHKaJIbHbIE
anbBeossl, EVG — pannuil Buremnorene3, LVG — no3auuil Butemnorenes, GVM — murpanus
3apOBIIIEBHIX My3bIpbKOB, MAT — co3peBanne, POF — nmocroBymaropusie ¢pommmkyisl. [Ipumeuanne:
JUTSL TIOJTyUYCHHSI ICHCTBUTEILHOIO OTHOCHUTEIILHOTO MaciiTada pa3MepoB KICTOK MOTPeOOBajoch ObI
yBenuuuTh pazmepsl kietok GVM u MAT eme Ha 30%.

Jonst peIObI, UMEIOLIEH OCTOBYIISITOPHBIC (DOJUTUKYJIBI, B COOTBETCTBUH C pa3MepaMu phIObI (TI0Ka3aHbI
¢ uarepBanamu 20 cm) B nexabpe (D), saBape (J) u despane (F). 3Haku HECKOIBKO pa3OpocaHbl MO
TOPU3OHTAJIN C LIENbI0 YI000UUTAeMOCTH.

I'padux HepecToBBIX OrUB caMok Dissostichus mawsoni, 0TOOpaHHBIX Ha ckiIoHe Mops Pocca. Touku u
JKUPHAs YepHAas JINHUS ITOKa3bIBAIOT PETPOCHEKTUBHYIO OruBy. CHHSS MyHKTUPHAS TMHUS OKA3bIBAET
1oA0Op € MCIOJIB30BAHUEM JITaHHBIX MIPOTHO3a. 3€JIeHast PEPhIBUCTAS JIMHUS TIOKa3bIBAET JIOMIO PHIOHI,
JOCTHTILEH 10 KpaifHell Mepe cTauy KOPTUKAIbHBIX aJIbBEOJI (B TEKCTE HA3bIBAaeTCA "OTMBA HA CTAANU
CA). KpacHble THHIM MOKA3BIBAIOT A5y, UIH Lso, AT pETPOCIEKTUBHON OTHBHI.

rI/ICTOFpaMMLI NEPECUNTAHHOIO pacOopeAcjCHUsA YaCTOTbI BO3PACTOB BCEX CEBCPHLIX CAMOK I10
CpPaBHCHUIO C MEPECYUTAHHBIM PACHPCACICHUCM YaCTOThI BO3PACTOB TOJBKO HEPECTOBLIX CAMOK Ha
CKJIOHE.

CeMeHHHMKH Ha pa3HBIX CTAAUsIX pa3BUTHS: (@) HE3peNlble CO CHEpPMAaTOTOHMSIMM M HEKOTOPBIM
KOJIMYECTBOM PaHHHX CIiepMaToluTOB; (b) pa3BHBaroOIIMecs CO CIIEPMAaTOrOHUSIMH, CIIEPMATOIUTAMH
U cliepMaTHIaMu; (C) HEPECTOBBIE CO CIEPMATO30MIaMH, 3aII0OJIHUBIIMMHE JIOOYIISIPHOE MPOCTPAHCTBO.
Cpessr 6butH OkpatnieHs! PAS u cHIMKH caenassl ¢ yBenmaeHneM x200.

OruBel BO3pacTa M JUIMHBI IPH HEpecTe AJisl caMmiloB Dissostichus mawsoni u3 mopsi Pocca. Kpacubie
JIMHUU TIOKA3bIBAIOT Asg0, WIH Ly,

Lista de las tablas

Distribucién temporal y espacial de las muestras de ovarios de Dissostichus mawsoni recogidas por
observadores cientificos en las pesquerias de palangre en el Mar de Ross. Nétese que sélo se utilizaron
las muestras tomadas de diciembre a marzo en la regiéon del talud para determinar la ojiva de la
proporcién de hembras desovantes. Se utilizaron muestras de otras épocas y lugares para describir el
ciclo de desarrollo.

Resumen del estadio de desarrollo sobre la base del examen de muestras histolégicas de ovarios de
Dissostichus mawsoni recogidas durante los meses de pesca en verano en el Mar de Ross, 2004—2009. Los
valores representan el niimero de peces. EPN — fase perinucleolar inicial, LPN — faseperinucleolar tardia,
CA - alvéolo cortical, EVG - vitelogénesis inicial, LVG - vitelogénesis tardia, GVM — migracién de la
vesicula germinal, MAT — maduracién.
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Detalles de los ajustes de la ojiva de talla o edad de desove para Dissostichus mawsoni del Mar de Ross
mediante metodologias que interpretan los resultados hacia atrds (hindcasting) o hacia delante (forecasting)
en el tiempo. Bajo la columna Lgsy, 0 Agse, se indica la longitud o la edad que debe agregarse al valor de
Lsge, para alcanzar el percentil 95.

Lista de las figuras

Mapa de la Subarea 88.1 de la CCRVMA y de la UIPE 882A donde se indican los lugares de donde
provienen las muestras de génadas de Dissostichus mawsoni de 2000 a 2009 capturados dentro de
las unidades de investigacion en pequefa escala (UIPE) en la zona norte (UIPE 881A, B, C, G), en la
plataforma (UIPE 881], M) y en el talud (UIPE 881H, I, K). Los contornos batimétricos de 500, 1 000 y
1 500 m se han trazado en lineas grises.

Ejemplos de secciones histolégicas de ovario de Dissostichus mawsoni con ovocitos en crecimiento (a—) y
foliculos post-ovulatorios (d-f) presentes hasta siete meses después de una fecha de desove hipotética en
julio. Las tallas de los peces fueron (a) 107 cm, (b) 144 cm, (c) 164 cm, (d) 139 cm, (e) 153 cm y (f) 159 cm.
Muestras (a—c) a escala de 1 000 pm y tincién con 4cido peridédico de Schiff (PAS); (d—f) tienen escala de
100 pm y tincién hematoxilina-eosina (H&E). (EPN - fase perinucleolar inicial, LPN - fase perinucleolar
tardia, CA — alvéolo cortical, EVG - vitelogénesis inicial, GVM — migracién en la vesicula germinal.
Fotografias de NIWA.

(a) Diagrama de cajas de la distribucién por tallas de Dissostichus mawsoni en el area del talud para los
especimenes recolectados en el Mar de Ross (2000-2009) por etapa histolégica semanal. (b) Diagrama de
cajas del didmetro de ovocitos en cada estadio de desarrollo de los peces, de preparaciones histolégicas
resumidas por semana. Las lineas horizontales indican el tamafio mediano, las cajas muestran el rango
intercuartilico y las lineas verticales muestran el rango. LPN - fase perinucleolar tardia, CA - alvéolo
cortical, EVG - vitelogénesis inicial, LVG — vitelogénesis tardia.

Distribucién compuesta del tamafo de los ovocitos de los peces en desarrollo en diciembre (panel
superior), comparado con la distribucién a fines de marzo-mayo (panel inferior); se muestra el
crecimiento y desfase en el crecimiento de los ovocitos. Las lineas verticales indican el rango aproximado
del tamafio de los ovocitos en la fase de alvéolo cortical. Nota: se han contado los ovocitos visibles en
el corte histolégico sobre el portaobjeto. Los ovocitos y células muy pequenos dentro de los nidos de
ovogonias estan representados por lo bajo en los histogramas.

Diagrama de la ovogénesis en Dissostichus mawsoni. El proceso esta representado por un calendario,
con muestras de los estadios de desarrollo de ovocitos en el ovario en un mes dado, desde el centro de
la figura hasta la periferia. El primer afo representa la generacién inicial de ovocitos hasta el estado
perinucleolar. Esto es seguido de un afio (0 mds) de crecimiento en la fase de alvéolo cortical. Un afio final
de vitelogénesis y desove completa un proceso de desarrollo de dos afios, apareciendo posteriormente
restos de células y foliculos. Las fotografias muestran ejemplos de células en cada etapa, siendo el
tamafio proporcional entre si. El tamafio maximo de la célula mostrado es de 2 500 um. Las variaciones
en este proceso ocurren principalmente por la diferencia individual en el desarrollo, es decir, estdn
levemente mas avanzados o rezagados en comparacion con el promedio. OOG — ovogonia, EPN - fase
perinucleolar inicial, LPN — fase perinucleolar tardia, CA — alvéolo cortical, EVG - vitelogénesis inicial,
LVG - vitelogénesis tardia, GVM — migraciéon dentro de la vesicula germinal, MAT — maduracién,
POFs - foliculos post-ovulatorios. Notese que para obtener el tamafio real de la célula a escala, el tamano
de las células GVM y MAT tendrian que aumentarse 30%.

Proporcién de peces con foliculos post-ovulatorios por talla (por intervalo de 20 cm) en diciembre (D),
enero (J) y febrero (F). Los simbolos se han corrido levemente para facilitar su lectura.

Ojivas de desove para las hembras de Dissostichus mawsoni de la zona del talud del Mar de Ross. Los
puntos y la linea gruesa negra muestran la ojiva derivada de los datos existentes. La linea entrecortada
en azul muestra el ajuste usando los datos extrapolados. La linea entrecortada méas grande de color verde
muestra la proporcién de peces que alcanzan por lo menos el estadio de alvéolo cortical (denominado
ojiva en estadio CA en el texto). Las lineas rojas muestran Asgy, 0 Lsge, para la ojiva en el pasado.

Histogramas de la distribucién a escala de las frecuencias de edades de todas las hembras del norte y la
distribucién a escala de las frecuencias de edades de las hembras desovantes solamente en la zona del
talud.
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Testiculos en distintos estadios de desarrollo (a) inmaduros con espermatogonia y algunos espermatocitos
tempranos; (b) en desarrollo con espermatogonia, espermatocitos y espermatidas; (c) en desove con
espermatozoides llenando el espacio lobular. Secciones tefiidas con PAS y magnificacién de las imégenes
x200.

Ojivas de la edad y de la talla de espermiacion de los machos de Dissostichus mawsoni capturados en el
Mar de Ross. Las lineas rojas muestran Asge, 0 Lsgo.
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