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Identification of the stages of ovarian maturation of the Argentine hake
Merluccius hubbsi Marini, 1933 (Teleostei: Merlucciidae): advantages

and disadvantages of the use of the macroscopic and microscopic scales

Renato M. Honji*, André M. Vaz-dos-Santos**
and Carmen Lucia D. B. Rossi-Wongtschowski***

The Argentine hake Merluccius hubbsi is a demersal-pelagic species on which few studies have been undertaken, despite its
importance for the fisheries of the South-Southeastern Brazilian region, . The species is the most important commercial fishery
resource in Uruguay and Argentina, where several studies have permitted the proper monitoring of the species. The ovarian
maturation of the Argentine hake is analysed in this study. A scale of maturation is presented in the light of the oocyte
development and the use of macro and microscopic scales of ovarian maturation are compared. It was detected that the oocyte
types and derived structures present in the ovaries are similar to those already described both for the species and for teleosts
in general; group synchronous development and multiple spawning are typical. The identification of ovarian maturation based
only on external morphological characteristics of the gonads presents many errors, mainly in the characterization of the stages
of maturation, which makes imperative the parallel analysis of the oocyte development, undertaken through histological
ovarian cross-sections.

A merluza Merluccius hubbsi é uma espécie demerso-pelagica sobre a qual, apesar de sua importancia nas pescarias da Regido
Sudeste-Sul do Brasil, poucos estudos foram realizados. Neste aspecto, destacam-se o Uruguai e a Argentina, paises onde ela
¢ o principal recurso pesqueiro e onde a existéncia de inimeros estudos tem permitido o monitoramento da espécie. Neste
estudo a maturagdo ovariana da merluza é analisada. Através do desenvolvimento ovocitario, apresenta-se uma escala de
maturagio e compara-se o emprego de escalas macro e microscopicas de maturagio dos ovarios. Constatou-se que os tipos de
ovocitos e estruturas derivadas presentes nos ovarios sdo semelhantes aos ja descritos para a espécie e para teledsteos; o
desenvolvimento dos ovocitos é sincronico em grupos e a desova ¢ parcelada. A identificacdo da maturagdo ovariana com
base apenas em caracteristicas morfoldgicas externas das gonadas apresenta muitos erros, principalmente na caracterizagdo
do estadio em maturagdo, sendo imprescindivel a analise paralela do desenvolvimento ovocitario, realizada através de cortes
histologicos dos ovarios.
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Introduction Wongtschowski, 2005). In terms of commercial fisheries, it is the

most important species in both Argentina and Uruguay (Rey &

The Argentine hake Merluccius hubbsi Marini, 1933 is a de-
mersal-pelagic species found only on the western coast of the
South Atlantic, from the south of the State of Espirito Santo to
the south of Argentina (Figueiredo & Menezes, 1978; Figueiredo
etal.,2002; Cousseau & Perrotta, 2004; Vaz-dos-Santos & Rossi-

Arena, 1999; Aubuone et al., 2000) and has been intensively
studied and monitored in those countries, since Angelescu ef al.
(1958) to the more recent contributions of Rey & Arena (op. cit.),
Bezzi et al. (2000a,b), Bezzi & Ibafiez (2003 ), Lorenzo (2003), Bezzi
& Tringali (2003), Sabatini (2004) and Pajaro et al. (2005).
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In Brazil, Vaz-dos-Santos & Rossi-Wongtschowski (2005)
refer that the capture of the Argentine hake was only spo-
radic until 2001, when it became the target of the trawling
fleets operating at greater depths. Further, those authors real-
ized that only Torres-Pereira (1983), Haimovici ef al. (1993)
and Vaz-dos-Santos (2002) had turned their attention to the
species, analysing the distribution of eggs and larvae in Rio
Grande do Sul State, the feeding and reproduction also in Rio
Grande do Sul and the growth in the South-Southeastern At-
lantic, respectively.

In view of the increase in the size of the captures and the
lack of information that would permit the management of the
species, Vaz-dos-Santos & Rossi-Wongtschowski (2005) pre-
sented an analysis of its fishery in Brazil, based on the first
studies of Argentine hake population dynamic.

Reproduction is an essential aspect of the understanding
of the biology of any species and, in the case of the fisheries,
of the stock replacement. Among the various aspects regard-
ing the studies of fish reproduction, Vazzoler (1996) draws
attention to the identification of the gonads maturation as the
step subsequent to the identification of the sex, which is the
first step in any reproductive study. West (1990) points out
that the identification of the reproductive cycle of a species is
made by classifying the development of the gonads. Guerra
& Sanchez (1998) point to the study of the development of
the reproductive apparatus (that is to say, of the maturation
of the gonads) as an essential item for the identification of
reproductive seasons and areas, of the achievement of the
first gonads maturation and of fecundity. Those authors con-
sider, further, that the majority of reproduction studies give
priority to females analysis of the ovary development takes
longer than that of the testicle.

The identification of the ovarian maturation stages may
be done macroscopically, based on visual characters such as
changes of size, colouring, aspects of the oocytes and irriga-
tion. Microscopically, they are made taking into consider-
ation ovary cytological characteristics (West, 1990; Vazzoler,
1996). Christiansen et al. (1973), West (op. cit.) and Dias et al.
(1998) emphasize that the characterization of the oocyte de-
velopment of any species takes the greatest importance be-
cause, at times, the changes observed macroscopically do
not sufficiently well reflect the biological events that are tak-
ing place in the interior of the gonad. It is for this reason that
the histological analysis of the ovaries permits a more precise
assessment of the reproductive parameters of bony fish, since
the method is more accurate (Hunter & Macewicz, 1985).

In both Argentina and Uruguay, according to the various
studies of Merluccius hubbsi, gonadal maturation and oo-
cyte development have been analysed specially by
Ciechomski (1967), Christiansen (1971), Christiansen &
Cousseau (1971), Christiansen ef al. (1986), Grunwaldt (1986),
Olivieri & Christiansen (1987), Louge & Christiansen (1992,
1993), Portela et al. (1994) and Louge (1996). Among these,
Christiansen & Cousseau (op. cit.) deserve special mention
as presenting the scale of gonadal maturation traditionally
used for the hake in Argentina.

Identification of the stages of ovarian maturation of the Argentine hake Merluccius hubbsi

This study has sought to characterize the oocyte devel-
opment of M. hubbsi in the South-Southeast of Brazil, pro-
viding a precise scale of ovarian maturation.

Material and Methods

The material used in this study was provided by fishing
prospection cruises (mid-water trawls, otter trawls and long-
line) undertaken during the fishing season yearly from 1996
to 2002 between Sao Tomé Cape (RJ, 22°S) and the Arroio
Chui (RS, 34°S). At the same time, samples were also obtained
from the fishing fleets of Santos and Guaruja (Fig. 1).

The Argentine hake obtained were taken to the labora-
tory for sizing (total length L, in milimeters) and weighing
(total weight W in grams). Identification of sex was in accor-
dance with Vazzoler (1996).

A priori the stages of ovarian maturation were identified
by the naked eye, using the Vazzoler (1996) scale: stage A —
immature, stage B — maturing, stage C — mature and stage D —
spent. As the resting stage is morphologically similar to stage
B (maturing), it has been included in this latter. Where there
was doubt, the gonadal maturation was recorded as NI (not
identified). The maturation scales of the Argentine hake have
not been used (apart form that of Christiansen & Cousseau,
1971) because all are based on the oocyte characteristics.

After this procedure, the ovaries were removed and
weighed on an analytical balance, accurate to the nearest
thousandth of a gram (Wg in grams), later being fixed in for-
malin 10% for 15 days and then conserved in alcohol 70%
(Vazzoler, 1996).
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Fig. 1. Merluccius hubbsi: area of collection of samples ob-
tained during surveys and the operations of the commercial fish-
ing fleet of Santos and Guaruja in the period from 1996 to 2002.
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Table 1. Merluccius hubbsi: classification of ovarian matura-
tion stage based on oocyte phase of development (+ current;
++ frequent; +++ predominant).

Ovarian Oocyte phase of development Postovulatory
Stages I I I v v follicles
A + S
B + ++ -+ S M
C + ++ ++ +++ +
D + ++ + ++ -+ +
E + -+ + ++ +++

Twenty ovaries for each stage of maturation and for each
group of total length class were selected for the preparation
of the histological cross-sections. A transversal slice of about
5 mm thickness was removed from this material, from the cen-
tre of the lobe of the ovary, the most uniform lobe being
chosen, with no ruptures and that had not been deformed by
the conservation process. From larger ovaries, due to the
diameter of the lobe being greater than the area of the blade,
only a portion of this transversal slice was removed, from the
centre to the edge. The material was then sent to the Histo-
pathological Laboratory of the Faculty of Veterinary Medi-
cine and Zootechnology of the University of Sdo Paulo
(FMVZ-USP) for the preparation of ovarian permanent histo-
logical cross-sections, with hematoxylin-eosin (HE) staining.
All fixed ovaries and histological slices are preserved in the
collection of the Laboratorio de Ictiofauna, Instituto
Oceanografico da Universidade de Sdo Paulo (from MEHU
000001/0 until MEHU 569222/3).

The histological slices were analysed under the micro-
scope with transmitted light and magnification of 40x. Two
analyses were carried out by one and the same reader and
these were checked by another reader. The different phases
of the oocyte development were analysed and described on
the basis of the studies of Christiansen (1971), West (1990),
Vazzoler (1996), Grier (2000) and Patifio & Sullivan (2002), care
being taken to observe typical gonadal characteristics of the
species. For the identification of the postovulatory follicles
Hunter & Goldberg (1980), Olivieri & Christiansen (1987) and
Cornejo (1998) were also taken into consideration as were
Hunter & Macewicz (1985) for the atretic follicles.

On the basis of these results, Christiansen & Cousseau
(1971), West (1990), Louge & Christiansen (1992) and Vazzoler
(1996) and the criteria given in Table 1, adapted from Dias et
al. (1998), a maturation scale for the ovary of the Argentine
hake was draw up. This scale, which took into consideration
the frequency and predominance of the various types of oo-
cytes and derived structures (postovulatory and atretic fol-
licles), enabled the authors to correct the classification of the
stages of maturation used a priori.

The results of the macro and microscopic assessments
were compared and discussed, and are here presented.
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Fig. 2. Merluccius hubbsi: relative frequency of females by
stage of gonadal maturation identified macroscopically by
class of total lenght (n = 326).

Results

Of the total number collected, 326 ovaries were selected
(females length ranging between 164 and 647 mm; average
376 mm) for the preparation of histological cross-sections.
Figure 2 gives the frequency of individuals by total length
class and stages of gonadal maturation attributed a priori,
simply on the basis of the macroscopic characteristics.

The following phases of oocyte development were iden-
tified based on the analysis of the histological cross-sec-
tions:

Phase I — Oocytes with chromatin nucleolar and/or
perinucleolar (young germinative cells and oocytes of the
storage stock) - these kinds of cells indicate the beginning of
the development of the oocytes and can appear gathered in
nests, set in the ovarian lamella; their cytoplasm is thin and
the nucleus rounded, being intensively basophilic and gen-
erally presenting a single nucleolus in a central position
(nucleolar chromatin); some oocytes present a slight increase
in volume, due to the beginning of the absorption of sub-
stances; the nucleus increases in size and the nucleoli be-
come more numerous and migrate to the edge of the nucleus;
one characteristic of these oocytes is that the cytoplasm is
intensively basophilic (perinucleolar) (Fig. 3);
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Fig. 3. Merluccius hubbsi: oocyte in perinucleolar stage (cen-
ter) (0.16mm length field).

Fig. 4. Merluccius hubbsi: oocyte in cortical alveolar stage
(arrow) (1.5mm length field).

Fig. 5. Merluccius hubbsi: oocyte with lipidic and proteic
vitellogenesis (1.5mm length field).

Identification of the stages of ovarian maturation of the Argentine hake Merluccius hubbsi
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Phase II — Oocytes with cortical alveoli — present clear
vacuolisation in the cytoplasm; these vitellinic vesicles ap-
pear in the cytoplasm of the cells as empty spheres, as a
result of the HE staining (these chemicals have no affinity
with the material present in these vesicles). The larger part of
these structures is situated near the cell membrane. Its con-
tents are discharged into the perivitelline space after fertiliza-
tion and also help eggs to float; it is the phase when the
chorion appears (Fig. 4);
Phase III — Oocytes with lipid and protein vitellogenesis —
characterized by the presence of lipid vesicles and the de-
posit of protein granules; this deposit, in the shape of acido-
philic granules, generally first appear from the border of the
cytoplasm, thus indicating the beginning of this phase (Fig. 5);
Phase IV — Oocytes with complete vitellogenesis — the pre-
dominance of lipid vesicles is not seen, the oocyte increases
in size, due to the growing acceleration of the number of
granules of acidophilic vitellin (proteinic), giving the cyto-
plasm the appearance of a mosaic. The basophilia disappears
almost completely (Fig. 6);
Phase V — Oocytes with nucleus migration and/or hydration
— this phase is characterized by the migration of the nucleus
to the edge of the cytoplasm towards the micropyle (the ori-
fice situated in the oocyte membrane through which the sper-
matozoid penetrates) (Fig. 7); the oocytes undergoing hydra-
tion are pink in colour and are characterized by the hydration
of the cytoplasm, which leads to the coalescence of the yolk
granules. There is, further, a marked increase in the oocytes
volume.

Beyond these phases of oocyte development described,
it was possible to identify two other structures:

Postovulatory follicles — the follicular membrane remains in
the ovary after the liberation of the oocytes into the sur-
rounding medium, tending to collapse due to the mechanical
pressure. They appear as shrinkage and distorted structures
with no cells in their lumen (initially) and are present during
the period of spawning (Fig. 8);

Atretic follicles — these consist of oocytes which, for some
reason (whether environmental or physiological), are being
absorbed by the organism. All the structures which consti-
tute an ovarian follicle (external theca, internal theca, follicu-
lar cells, chorion and oocytes) will be absorbed. The gran-
ules, where present, lose their individuality, constituting an
amorphous mass of acidothilic substance. The appearance
of an atretic follicle is that of a shapeless oocyte, presenting
vacuoles and small yellowish flakes (Fig. 9). Atretic follicles
may occur at any phase of the gonadal development.

The simultaneous presence of oocytes in different phases
of development and of postovulatory follicles shows that the
Argentine hake presents group synchronous oocytes devel-
opment and multiple spawning.

On the basis of the above information, the following scale
of gonadal maturation may be drawn up for the female of
Merluccius hubbsi:
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Fig. 6. Merluccius hubbsi: oocyte with complete vitellogen-
esis (1.5mm length field).
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Fig. 7. Merluccius hubbsi: oocyte with nuclear migration
(1.5mm length field).

Fig. 8. Merluccius hubbsi: postovulatory follicle (arrow)
(1.5mm length field).

Fig. 9. Merluccius hubbsi: atresic follicle (arrow) (1.5mm length
field).

A —immature — ovaries small and turgid, varying from trans-
lucent to yellowish-pink colour, with incipient blood irriga-
tion; oocytes of phases I and II are present;

B — maturing — ovaries of different sizes, with a yellow
colouring due to the presence of a majority of oocytes of
phase I11, as yet still not clearly individualised; blood irriga-
tion is not noticeable;

C — mature — large, full ovaries taking up a large part of the
abdominal cavity, mainly oocytes in phase IV, that one ap-
pearing as individualized cells, intense yellowish — orange
colour, with a tendency to brown due to the quantity of vitello;
intense vascularization;

D — spawning — the ovaries are large, with individualised and
hydrated oocytes (phase V), with orange-yellow or dun
colouring and granulous appearance. Between spawning in-
tervals, the ovaries may present some flacidity due to the
liberation of part of the oocytes; in this condition, despite the
transition of the oocytes from phase IV to phase V, the pres-
ence of postovulatory follicles is already evident, being a
sign of spawning;

E — spent — the ovaries present different degrees of flacidity,
are haemorrhagic with reddish colour due to bleeding; some
oocytes are still to be seen inside them, but old and recent
postovulatory follicles predominate.

In the light of the histological analysis, the change in the
classification of the ovaries initially undertaken is show in
Fig. 10.

The comparison between macroscopic and microscopic
identifications resulted in the following percentages of coin-
cidence: immature — 94%; maturing — 8%; mature — 39% and
spent — 16%. In the case of those which were in the spawning
phase, the use of the macroscopic scale without this cat-
egory did not provide coincidence between the macroscopic
and microscopic analyses. These results are summarized in
Table 2.
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Fig. 10. Merluccius hubbsi: relative frequency of females by
stage of gonadal maturation identified microscopically by
class of total lenght (n = 326).

Discussion

The phases of oocyte development found in the
Merluccius hubbsi of the Brazilian coast were similar to those
described in the related literature, thus confirming the group
synchronous development and multiple spawning registered
for the Argentine hake (Angelescu ef al., 1958; Ciechomski,
1967; Olivieri & Christiansen, 1987; Louge, 1996; Cousseau
& Perrotta, 2004, Pajaro et al., 2005). The oocyte develop-
ment of the Argentine hake presents the same kinds of oo-
cytes described by Christiansen (1971), West (1990) and
Vazzoler (1996) (Table 3), differing only in the grouping crite-
rion of the development phases.

Thus, the differences found regarding to Christiansen’s
work (1971) are due to that author, who describes the devel-
opment of the oocytes in association with macroscopic char-
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acteristics of the ovaries. On his part, West (1990) called phase
V (mature) associating within it cells in complete vitellogen-
esis those with migrating nucleus and the hydrated ones.
However, the migration of the nucleus and the hydration are
events which occur some hours before spawning (Hunter &
Goldberg, 1980; Tyler & Sumpter, 1996), and it is not therefore
appropriate to associate them with complete vitellogenesis,
seeing that the oocytes may remain ready for spawning for
several days (Olivieri & Christiansen, 1987).

The phases of oocyte development described by Vazzoler
(1996) are to be found in the majority of teleosts. In this present
study it was decided to group the oocytes with chromatin-
nucleolar and perinucleolar at the same group (phase I). The
oocytes with chromatin-nucleolar are the most common in
immature ovaries, whereas the perinucleolar oocytes are
present in all the phases of oocyte development (Vazzoler op.
cit.). Thus, in an immature ovary, two kinds of oocytes are to
be found, which justifies the adopted procedure.

In relation to the maturation scales, the macroscopic iden-
tification undertaken a priori presented satisfactory results
only for immature ovaries (94% agreement), a degree of suc-
cess which may be attributed to the relative ease of identify-
ing them, as they are typical of young females.

For all the other stages of maturation, the initial identifica-
tion made were erroneous, with the least agreement (8%) oc-
curring with regard to the maturing stage, in which, in fact,
59% of the gonads were still immature. This results because
of their yellowish-pink appearance and their volume, which,
to the naked eye, suggest that the ovary is maturing. Dias ef
al. (1998) comparing the macroscopic and microscopic iden-
tification ovaries maturation of some teleosts, confirmed the
results obtained, showing that the maturing stage is that which
is subject to greatest discrepancy as regards classification.
Otherwise, freezing could contribute to change ovaries ap-
pearance.

Concerning the mature females, the low percentage of
correct classification (39%) may be related to errors in the
staging of females which present multiple spawning, a fact
which was also reported by Herrera et al. (1988) for Merluccius
gayi gayi and by West (1990) for others teleosts with this
same reproductive strategy. Olivieri & Christiansen (1987)
estimated the liberation of oocytes of M. hubbsi as occurring
at intervals of approximately 22 days. In this present study,
35% of the females had already spawned and were ready to

Table 2. Merluccius hubbsi: comparison between macroscopical and microscopical staging of ovarian development. Abso-
lute values and percentages related to macroscopical identifications for agreement identifications are in bold type.

Microscopical identification

Stage of Gonadal

Development A B ¢ D E NI Total
n° % n° % n° % n° % n° % n° %
A 47 94 1 2 1 2 1 2 50
Macroscopical B 77 59 11 8 22 17 15 11 5 4 1 1 131
identification C 11 12 3 3 3 39 32 35 7 8 3 3 92
D 14 45 3 10 5 16 4 13 5 16 31
NI 11 50 5 23 4 18 2 9 22
Total 160 23 67 51 20 5 326
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liberate new batches of oocytes, thus being ready to spawn
again. Another source of error is due to the impossibility of
seeing the hydrated oocytes, which are easily modified by
the freezing (no specimen was examined fresh) and oocytes
with nuclear migration, which have to be examined micro-
scopically to be identified.

The inclusion of resting females in the maturing stage
(macroscopic staging) was not a problematic proceeding as
the degree of discrepancy was only 4%. However, a fact to be
considered is the number of immature females (showed in the
Figure 10) identified after the first length of maturation
(356.80mm, according to Vaz-dos-Santos et al., 2005). This
can be attributed to the impossibility in separating resting
and immature ovaries within the analysed samples.

The facts presented show that the macroscopic scale of
ovarian maturation used is not adequate for M. hubbsi, on
account of the kind of spawning typical of the species (mul-
tiple) and of the subjectivity of the elements considered when
obtained by the naked eye (colouring, size, etc). In the major-
ity of cases, the various classifications of ovarian maturation
stages available to M. hubbsi taken into consideration, be-
yond the morphological appearance of the gonads, the phases
of oocyte development, these latter contributing to the re-
duction of errors. There are exceptions, however: the macro-
scopic scale used by Portela et al. (1994) for the Argentine
hake contains only four stages of maturation of the gonads
and does not consider the maturing stage, in which the great-
est percentage of errors occurs, as the results of this present
study and of that of Dias et al. (1998) show. Despite Portela ez
al.’s (op. cit.) justify the simplification of the scale as a way of
reducing the number of errors, we consider its use inadequate.

The scale of ovarian maturation presented by Angelescu
et al. (1958) for the Argentine hake of the Bonaerense sector
(between 34°S and 41°S, covering Uruguay, the River Plate
estuary and the northern part of Argentina) was modified and
enlarged by Christiansen & Cousseau (1971), who, combin-
ing macro and microscopic characteristics and also using fish
of the Patagonian sector (from south of 41°S), proposed seven
stages of maturation. This classification has not been adopted
in this present study because it is based on fresh material,
which is certainly a difficult procedure for marine fishes in
Brazil. When one works with previously frozen ovaries, the
differentiation between virgin and pre-mature virgin ovaries,
an incipient blood irrigation (Christiansen & Cousseau, 1971)
is not clear and only allows their inclusion in the immature
category. Further, the differentiation between initial and ad-
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vanced maturation and between maturing and resting ova-
ries is subjective, which is the reason for those categories
were not being adopted in this present study.

In the same way, Louge & Christiansen (1992) analysed
the reproductive dynamic of M. hubbsi of the Patagonian
sector, adding to Christiansen & Cousseau’s scale (1971)
details on the diameter of oocytes, based on histological cross-
sections. These latter authors also drew attention to the dif-
ferent kinds of postovulatory follicles present in the ovaries,
initially described by Olivieri & Christiansen (1987) for the
Argentine hake. In the material analysed the follicles identi-
fied did not present the characteristics described by Olivieri
& Christiansen (1987) and Cornejo (1998), which would per-
mit their differentiation, due to the difficulty in characterizing
them 24 hours after spawning (Hunter & Goldberg, 1980;
Hunter & Leong, 1981).

Although this present study has not adopted the gonadal
maturation scale used by Louge & Christiansen (1992), the
precision of the results obtained confirms the suggestion of
those authors: to understand the Argentine hake reproduc-
tion it is necessary histological ovaries studies. The detailed,
precise results on the reproduction of the Argentine hake
obtained by Louge & Christiansen (1993) and Louge (1996),
which were also based on the histology of the ovaries, also
bring out this need.

A scale of maturation with a small number of stages would
make its use easier and minimize the number of errors of iden-
tification, even when histological techniques are applied.
Narahara (1995) used a scale with few stages based on differ-
ent development phases, which was clearly advantageous.
This same recommendation is made by Dias et al. (1998).

Even though West (1990) states that histology is unneces-
sary for routines studies, the results of this present study clearly
reflect the problems of the exclusive use of the macroscopic
classification for the ovarian development of M. hubbsi. De-
spite its being simple and of immediate application, the macro-
scopic classification of ovaries reduce the value of the results
based on it. Thus the procedure for the value estimation of the
length of first maturation (L, ) involves the classification of
females as young (immature) and adult (all the other stages of
maturation). On the basis of the histology of ovaries, Vaz-dos-
Santos et al. (2005) estimated the L, of the Argentine hake in
the South-Southeast of Brazil as 356.80 mm. If only a scale of
microscopic maturation is used (Fig. 10), the value obtained is
very similar (length class 330-380mm). However, if one uses
only a macroscopic maturation scale (Fig. 2), the value stands

Table 3. Comparison between phases of oocyte development proposed in this paper and by other authors.

Oocyte Stage Present Study ~ Vazzoler, 1996 West, 1990  Christiansen, 1971
Chromatin Nucleolar I I I I
Perinucleolar I 1I I I
Cortical alveolar II 11 I I
Lipid and Proteic Vitellogenesis I v v I
Complete Vitellogenesis v A" \% v
Nuclear Migration \% VI \% \%
Hydration \% VI \% \%
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in the length class 180-209mm. Concerning the stock manage-
ment, the latter value presents a strong error with serious dam-
age to larger part of the reproductive stock.
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