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ABSTRACT
Histological changes during the annual reproductive cycle and the stages of maturity of
the ovary of Acanthopagrus latus (Hottuyn, 1782), locally called Sheim, reared in cages
in Kuwait Bay, are described. The process of development is classi®ed into four major
phases: (i) primary growth phase, during which germ cells (oogonia) proliferate through
mitotic division giving rise to perinucleolar oocytes, (ii) secondary growth phase,
characterized by the elaboration of yolk in the oocytes, (iii) oocyte maturation/ovulation
phase, when the eggs attain maximum size and are released from the follicle and (iv)
oocyte atresia phase, when ripe eggs which do not ovulate undergo resorption. The ®rst
two phases break into a series of sub-phases referred to as stages. Seven maturity stages
of the ovary are delineated. Observations on seasonal maturity stages indicate that the
species has a prolonged spawning period extending from December to April. However,
an earlier report based on quantitative study indicates that the level of spawning in
December is too low to be of signi®cance in terms of management. Data on the
relationship of maturity stages to season and age of individuals reveal a lack of
synchronization in the rhythm of ovarian development in ®sh of the same generation.

Keywords: Acanthopagrus latus; histological study; Kuwait Bay; mariculture;
maturity stages; ovarian development.

INTRODUCTION
The yellow®n seabream, Acanthopagrus latus (Hottuyn), is one of the important
species commercially exploited in Kuwait. In view of its economic importance,
popularity with consumers and increased rate of exploitation (Al-Kanaan,
1999), concerns have been raised about the possibility of over®shing this
valuable resource from the Kuwait waters of the Arabian Gulf. In addition to
management measures being put in place to ameliorate this situation, eorts are
afoot to complement the increased consumer demand through the mariculture
* Corresponding author.
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of the species. It is to be expected that a species as important as A. latus has
received adequate scienti®c attention. Unfortunately, this is not the case, as a
survey of the literature reveals a hiatus in knowledge on many aspects of its
biology, especially on reproductive biology. Until the recent report of AbouSeedo et al. (in press), on sexuality and maturation patterns in the species, the
only existing accounts on reproduction in the seabream in Kuwait waters were
the brief reports of Abu-Hakima et al. (1980), Abu-Hakima (1984) and AbuHakima et al. (1984).
A. latus is a protandrous hermaphrodite (Kinoshita 1939, Abol-Muna® &
Umeda 1994, Abu-Hakima 1984, Abou-Seedo et al. in press) although nearly
half (51.7%) of the individuals within a generation is dioecious, out of which
22.9% are females (Abou-Seedo et al. in press). It is the female individuals
within the cage populations that were targeted for this study.
The need for the research arose out of the lack of detailed information on the
changes in the ovary during the reproductive cycle, coupled with the need to
provide baseline data which could be useful for the management of the species
in Kuwait waters. The above were ful®lled through: (a) the study of the cyclical
changes in the histology of the ovary during the annual reproductive cycle in
cage-reared individuals, (b) the monitoring of the maturity stages in the females
and their progression with season and (c) observation of the changes in maturity
stages with growth (age) of the females.

MATERIALS AND METHODS
Fish origin and sampling
The yellow®n seabream, Acanthopagrus latus used for these investigations were
reared in ¯oating net cages at the Bubiyan Fish Farm located 4 km oshore
from Doha beach in the northern section of Kuwait Bay. Each cage measured
16 m in diameter and 5 m in depth. Fingerlings of age 100 days (average weight
1 g) from the Kuwait Institute for Scienti®c Research hatcheries were stocked at
a density of 32.5-35 kg/m3. They were reared altogether for 12 months,
beginning from hatching in June, 1996, under natural photoperiod (daylength
range: 10.5h - 14h) and water temperature, ranging from 14 -318C and fed
commercial pellets (Provimi Marine Growers). From the age of 12 months,
when the investigations started, the ®sh were fed three times a day in the
summer and twice in the winter, on each occasion, at 1.1% of biomass per day.
Experimental populations were followed over 12 months, from May 1997, to
April 1998, beginning with ®sh of 12 months old and sampled on a monthly
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basis. Each monthly sample, comprising approximately 20 ®sh, was transported
to the laboratory where standard length (cm) and body weight (g) were
determined. From December 1997, close to the spawning of A. latus in Kuwait
waters, till the end of the study in April 1998, 20 specimens of the species were
taken monthly from commercial catches to examine their gonadal development,
for comparison with the cage-reared samples.

Gonad histology
The samples were dissected and the gonads removed, weighed (mg) and
examined macroscopically. Pieces of the organ from the posterior, middle and
anterior regions were cut and preserved in Bouin's ®xative and subsequently
processed histologically, to enable the observation of the process of gonadal
development throughout the gonadal lobe. Transverse sections (5-7 mm) were
stained with Harris haematoxylin and counterstained with eosin for histological
studies of the cycle of development and maturity stages.
Ovarian cell and nuclear sizes were measured using an ocular micrometer
®tted with Zeiss 010516 microscope at magni®cations of X10, X40 and X100.
For each developmental phase, ovaries of ®ve ®sh were examined, and in each
ovary, cell and nuclear diameters were measured for 50 randomly-selected
reproductive cells and the mean and standard deviation determined. Only those
oogonia and oocytes which had been sectioned through the nucleus were
measured. This procedure has been shown to be representative of the true cell
diameter (Foucher & Beamish 1980).

RESULTS
Morphology
The ovary of A. latus is a paired organ suspended from the dorsal side of the
peritoneal cavity by a thin mesorchium. The two ovarian lobes are free
anteriorly, but fuse posteriorly to form a short oviduct. The ovaries are
cylindrical in shape, with smooth contours, and usually of equal length. In
the ripe ovary, the smooth contour of the organ becomes disrupted when ova
bulge out, becoming visible through the transparent tunica, a connective
tissue structure. Branches of ovarian blood vessels arise from the main,
anteriorly-located vessel and form a network enclosing the ovary. Towards
maturity, the blood vessels dilate, probably to meet the increased needs in
blood circulation.
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Histological changes
Four developmental phases of the ovary of A. latus are recognized during
development. The ®rst two break into a series of sub-phases referred to as
stages.

Primary growth phase
Oogonia stage
The oogonia are small (13.3+2.7 mm), roughly spherical cells, present either
singly or in small nests at the edge of the lamellar epithelium (Fig. 1a). Indeed,
they are the smallest cells in the germinal epitheleum.The centrally-located
nucleus has a conspicuous nuclear membrane. The cells proliferate through
mitotic divisions, giving rise to oogonia of subsequent generations. Oogonia
were present in the ovaries of the cage-reared A. latus throughout the year, but
the peak period of oogonial proliferation was from February to April,
immediately following the spawning peak.

Chromatin nucleolus stage
Following the last mitotic division of the oogonia, the daughter oogonial cells,
measuring 14.3+2.35 mm for the cell and 7.7+1.65 mm for the nucleus, enter a
short period of growth and are transformed into primary oocytes. The latter are
characterized by the presence of a narrow zone of strongly basophilic cytoplasm
and a small number of nucleoli (Fig. 1b).

Early perinucleolar stage
The actual growth of the oocyte begins from this stage and is thus considered as
the start of the primary growth phase proper. The nuclei of the oocytes undergo
reorganization in connection with meiosis, as evidenced by their slight increase in
size and the conspicuousness of the chromosomes which shorten, thicken and form
loose threads scattered in the granular nucleoplasm. This is characteristic of the
diplotene stage of the ®rst meiotic division. Early perinucleolar oocytes have
relatively large nuclei and a small amount of cytoplasm, hence, with a large
nucleus-to-cell ratio. There are few nucleoli present at this stage and they occupy
the peripheral parts of the nucleus. As the oocyte grows, the amount of cytoplasm
increases and a reduction in the nucleus-to-cell ratio begins to be observed. The
nucleoli also increase in number. Both the cytoplasm and the nucleoli become
strongly basophilic (Fig. 1c). By the end of this stage the oocytes reach a maximum
size of 45.9+8.87 mm and 19.5+4.90 mm for the nucleus.
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Late perinucleolar stage
Two features become apparent in the late perinucleolar stage oocytes. First,
small vacuoles, assumed to be lipids, make their appearance within the
cytoplasm. Second, a follicular layer is formed around the oocyte (Fig. 1d). This
marks the beginning of the formation of the chorion. The staining intensity of
the cytoplasm is also slightly reduced. The oocyte continues to increase in size
and, by the end of this stage, measure 82.2+8.44 mm, with a nuclear size of
41.4+7.0 mm. With the beginning of the formation of the chorion, the oocyte
enters the next phase of development.

Fig.1a

Fig.1b

Fig.1c

Fig.1d

Fig. 1. Transverse sections (TS) of primary growth phase ovary of A. latus, showing:
(a) oogonia (arrows); (b) chromatin nucleolus stage oocytes (arrows);
(c) early perinucleolar stage oocytes; (d) late perinucleolar stage oocyte (arrow).

Secondary growth phase
A general increase in the size of the oocyte takes place as a result of elaboration
of vitelline substances, hence, this phase is also referred to as the vitellogenic
phase.
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Lipid vesicle stage I
Vesicles, assumed to be lipids, appear throughout the cytoplasm of the oocyte.
They are usually few in number and small in size. The ocyte continues to
increase in size to 110.6+9.57 mm and 64.2+8.51 mm for the nucleus. Granulosa
cells appear between the theca and the plasma membrane (Fig. 2a). The yolk
nucleus, a round/oval and basophilic body, is observed in the cytoplasm, near
the periphery (Fig. 2b).The spindle-shaped nucleoli are located at the periphery
of the nucleus, and as the oocyte increases in size, the putative lipid vesicles also
increase both in size and number. Concomitantly, the zona radiata becomes
visible for the ®rst time, occupying the area between the granulosa layer and the
plasma membrane. By the end of this phase, the putative lipid vesicles tend to
re-organize themselves around the nucleus (Fig. 2c).

Fig.2a

Fig.2b

Fig.2c

Fig.2d

Fig. 2. TS of secondary growth phase ovary of A. latus, showing:
(a) putative lipid vesicle stage I oocyte. th = theca, gr = granulosa;
(b) yolk nucleus (arrow); (c) spindle-shaped nucleoli (arrow-heads),
zona radiata (arrow); (d) putative lipid vesicle stage II oocytes.
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Lipid vesicle stage II
A further increase in size of the oocyte is observed, with numerous large
putative lipid vesicles now distributed more prominently, especially around the
nucleus. The small nucleoli are aligned at the periphery of the nucleus. A new
type of inclusions, the yolk granules, appear at the periphery of the oocyte (Fig.
2d). The advanced putative lipid vesicle oocytes increase in size to 129.6+10.61
mm and 69.0+8.62 mm for the nucleus. The formation of the yolk granules
marks the end of the lipid vesicle stage.

Primary yolk granule stage
Yolk vesicles appear and become randomly dispersed in the peripheral region of
the cytoplasm. As they increase in size, they take on a globular appearance, and
are located in - between the putative lipid vesicles. The yolk globules are small,
spherical and basophilic structures measuring 2.3+ 0.54 mm. Putative lipid
vesicles increase further in number and in size (8.2+1.83 mm) and are clustered
around the centrally-located nucleus. The contours of the nucleus become
scalloped. The zona radiata, displaying clear radial striations, increases in
thickness (2.0+0.45 mm). The primary yolk granule oocyte measures
187.1+19.82 mm and 80.2+11.15 mm for the nucleus (Fig. 3a).

Secondary yolk granule stage
The ocyte increases considerably in size to 327.8+47.07 mm and 98.2+15.72 mm
for the nucleus. Yolk globules increase in number and size (5.9+1.17 mm),
become distributed throughout the cytoplasm, and frequently fuse with one
another centripetally and rapidly. They are slightly acidophilic at this stage. The
putative lipid vacuoles undergo further enlargement (25.2+14.31 mm) through
coalescence (Fig. 3b). The zona radiata not only increases in thickness (4.5+0.84
mm) but also becomes dierentiated into an outer, striated zona radiata externa
and a homogeneous inner zona radiata interna (Fig. 3c).

Tertiary yolk granule stage
The cytoplasm of the tertiary yolk granule stage oocyte is packed with
eosinophilic globules. As these vitelline substances increase in size (12.0+3.28
mm), the oocytes also increase further up to 375.4+35.87 mm, and the nucleus,
the contours of which are now highly scalloped, measures 93.5+17.17 mm.
There is an increased coalescence of putative lipids, the vesicles of which further
enlarge to 80.4+24.86 mm (Fig. 3d).
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Fig.3a

Fig.3b

Fig.3c

Fig.3d

Fig. 3. TS of secondary growth phase ovary of A. latus, showing: (a) primary yolk granule stage
oocyte: yolk vesicles (small arrows), yolk globules (arrow-heads) and putative lipid vesicles (lv);
(b) secondary yolk granule stage oocytes; (c) zona radiata, dierentiated into zona radiata interna
(zri) and zona radiata externa (zre); (d) tertiary yolk granule stage oocyte with scalloped nucleus.

Maturation/Ovulation phase
At the attainment of the maximum size (375.4+35.87 mm), the oocyte enters the
maturation/ovulatory phase. Masses of putative lipid and yolk continue to be
formed, while the nucleus is progressively displaced toward the animal pole, a
process known as nuclear polarization (Fig. 4a). This is followed by the
germinal vesicle breakdown, indicating the resumption of meiosis which had
been arrested at the diplotene stage of ®rst meiotic division in the early
perinucleolar stage oocyte. This is followed by preovulatory nuclear changes,
the production of the polar bodies and the release of the egg to the exterior.

Follicular atresia phase
Following spawning, a small but signi®cant number of postvitellogenic oocytes
fail to undergo maturation/ovulation. These subsequently degenerate, i.e.
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become atretic, and are resorbed. At the onset of atresia, the zona radiata
becomes convoluted and starts to break up. The follicle granulosa cells
proliferate and hypertrophy. They then invade the oocyte and ingest the yolk by
active phagocytosis. The remnants of the destroyed oocyte form a compact,
well-vascularized structure termed the corpus atreticum (Fig. 4b). The
phagocytic granulosa cells, in turn, also degenerate.

Fig.4a

Fig.4b

Fig. 4. TS of mature ovaries of A. latus, showing:
(a) a migratory nucleus (mn) during nuclear polarization in a maturation phase oocyte:
(b) corpus atreticum (arrow) in a follicular atresia phase.

Maturity stages of the ovary
Seven maturity stages of the ovary are identi®ed based on macroscopic and
microscopic observations:

Stage I (Virgin)
Ovary is small, thread-like a nd
translucent with a brownish hue,
occupying about 10% of the peritoneal
cavity. Sex cells are not discernible
macroscopically. Microscopic
examination reveals oogonia
(13.3+2.70 mm), early perinucleolar
oocytes (45.9+8.87 mm) and few late
perinucleolar oocytes (Fig. 5). Such
females, aged between 12 - 17 months,
were encountered between May and
October 1997 (Fig. 12).

Fig. 5. TS of Stage I ovary of A. latus,
showing numerous cells in the early
perinucleolar stage (small size) and a few
in the late perinucleolar stage (larger size).
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Stage II (Developing virgin)
Oocytes are slightly larger, colourless to
pinkish-brown, occupying about 25%
of the body cavity. Microscopically, the
majority of the germ cells are in the
p r i m a ry g r ow t h p h a s e , w i t h a n
i n c r e a s i n g n u m b e r o f l a rg e - s i z e
perinucleolar stage oocytes (82.2+8.44
mm) (Fig.6). Stage II females were 16-19
months old and were encountered from
September to December 1997 (Fig. 12).

Fig. 6. TS of Stage II ovary of A. latus,
showing early perinucleolar stage oocytes
(empty arrows) and late perinucleolar
stage oocytes (arrows).

Stage III (Developing)
Ovary continues to increase in size, is
cylindrical in shape, with undulations,
orange-pink in colour and occupy
about 40% of the body cavity. Many
blood capillaries are now visible
around the organ. Microscopically,
lipid vesicle stage I (vitellogenic)
oocytes (129.6+10.61 mm) of the
secondary growth phase make their
appearance, in addition t o t he
presence of primary growth phase
oocytes (Fig. 7). Developing females
were aged 18-20 months and
constituted the November 1997January 1998 samples (Fig. 12).

Fig. 7. TS of Stage III ovary of A. latus,
showing vitellogenic oocytes (vo).

Stage IV (Maturing)
Ovary pale-pink or reddish in colour,
with slight granular appearance,
occupying 50-60% of the peritoneal
cavity. Histological sections show a
dominance of lipid vesicles and yolk
granule oocytes (Fig. 8), the latter
measuring 327.8+ 47.10 mm. These
females, aged 19-21 months, occurred
in the December-February samples
(Fig. 12).

Fig. 8. TS of Stage IV ovary of A. latus,
showing putative lipid vesicles (lv) and yolk
granules (yg) in early vitellogenic oocytes.
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Stage V (Mature)
Ovary is swollen, pale-red in colour,
occupying about 70% of the body
cavity. Large vitellogenic oocytes are
clearly visible through the thin ovary
wall. A heavy network of blood vessels
now surround the organ. Histological
examination reveals numerous large,
advanced vitellogenic oocytes
Fig. 9. TS of Stage V ovary of A. latus,
(375.4+35.87 mm) in which large lipid
showing vitellogenic oocytes (vo).
vesicles and yolk granules are
coalescing (Fig. 9). Few primary growth phase and early secondary growth phase
oocytes are also present. Mature females, aged 20-23 months, were encountered in
the January, February and April 1998 samples (Fig. 12).

Running (Stage VI)
Ovary is maximally distended,
reddish-brown in colour, occupying
between 80-85% of the peritoneal
cavity, with an extensive network of
blood vessels surrounding it. Large
vitellogenic oocytes are clearly visible
beneath a thin, almost transparent
Fig. 10. TS of Stage VI ovary of A. latus,
ovary wall, and are easily extruded
showing advanced vitellogenic oocytes (avo)
with slight pressure on the belly.
and hyaline oocytes (ho).
Histologically, large size oocytes with
coarse yolk granules scattered in the cytoplasm are present. Empty follicles
(previously containing ripe eggs) with contents extruded in the act of spawning,
and hyaline oocytes, hydrated prior to ovulation, are also evident (Fig. 10).
Running females were aged between 22 and 23 months and constituted the
March-April samples (Fig. 12).

Stage VII (Spent)
A sudden decrease in the volume and length of the ovary is observed in the spent
®sh. The organ is ¯abby and blood-shot with a very thick wall. It is purplishbrown in colour and occupies about 50% of the body cavity. Some translucent
oocytes remain in the ovary, together with few opaque ones, forming the
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residual eggs. Histological sections
reveal irregular, convoluted ovigerous
folds containing large numbers of
ruptured, postovulatory follicles (Fig.
11), as well as atretic follicles. Spent
females aged 23-25 months constituted
the April-July samples (Fig. 12).
Fig. 11. TS of Stage VII ovary of A. latus,
showing ruptured, post-ovulatory
follicles (arrows).
Months
Maturity
stage

M'
97

J

J

A

S

O

N

D

J'
98

F

M

A

Age
(months)

I.

Virgin

12-17

II.

Developing
virgin

16-19

III.

Developing

18-20

IV.

Maturing

19-21

V.

Mature

20-23

VI.

Running

22-23

VII.

Spent

23-25

Fig. 12. Relationship of maturity stages to season and age in A. latus.

DISCUSSION
Cage culture of A. latus has given us the opportunity to work on a stock of
samples of the same known age, taken from the same area, whose gonadal
development has been followed constantly for 12 months, beginning with 12month old immature individuals. The development phases of the wild specimens
taken monthly from commercial catches from December 1997 till April 1998,
for comparison, were the same as those reared in cages and sampled during the
same period. This suggests a strong possibility that the ovarian developmental
changes observed in the cage-reared ®sh are a good re¯ection of the seasonal
changes taking place in the species in their natural habitat in Kuwait waters.
The process of development of the ovary of A. latus reported in the present
study does not seem to dier greatly from that described by Abu-Hakima (1984)
for the same species. The process also follows the same basic progression as that
described in other teleostean species (Yamamoto 1956, Dadzie 1974, Forberg
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1982, Mayer et al. 1988, Abou-Seedo & Al-Khatib 1995, Coward & Bromage
1998, Dadzie & Owiti 1998, Maddock & Burton 1999, Dadzie et al. 2000).
Brie¯y, oogonia proliferate through mitotic division of primary germ cells, and
transform into previtellogenic oocytes, characteristic of the immature ovary.The
elaboration of yolk in the oocyte marks the beginning of vitellogenesis at the
end of which the cell attains its maximum size and undergoes maturation/
ovulation, followed by the extrusion of the egg to the exterior.
Apart from the general aspects of the process of development, the ovary of A.
latus exhibits some interesting peculiarities. The zona radiata of the chorion of
®sh eggs plays an important role during incubation. Upon contact with the
ambient water immediately after spawning, the chorion swells and becomes
®rm, thus protecting the eggs at the substratum (Dadzie 1968). The structure of
the chorion, therefore, diers in complexity in dierent species, depending on
the nature of the substratum where incubation takes place. In mouth-incubating
cichlid ®sh, for example, in view of the high protection accorded to the eggs
during incubation, the chorion is very simple in structure, lacking altogether the
typical zona radiata (Dadzie 1968). Lasiak (1983), observed progressive
thickening of the zona radiata with maturation in the mullet, Liza richardsoni, in
connection with substratum spawning. The dierentiation of this zone into
internal and external layers observed in this study as spawning time approaches,
is an indication of the harshness of the environment at the sea-bed where
incubation takes place, in agreement with the view of Suzuki et al. (2000) that
the thickness of the zona radiata is probably an adaptation to protect the
developing egg from injury and from abrasion.
The rhythm of deposition of yolk inclusions in the oocyte of ®sh diers from
species to species. In Tilapia mossambica (= Oreochromis mossambicus), lipid
vesicles and yolk granules appear in the oocyte at the same time (Dadzie 1974).
In other teleosts, lipid vesicles are the ®rst type of yolk inclusion to appear in
vitellogenic oocytes, their appearance marking the onset of vitellogenesis
(Schackley & King 1977, Wiegand 1982, Dadzie et al. 2000). The results of the
present study on this topic, based on morphology, tinctorial anities and the
rhythm of deposition of the inclusions, are in agreement with those of the latter
researchers, that lipid yolk appears ®rst in the oocyte before the elaboration of
yolk granules as the second type of yolk inclusion. In A. latus, lipid yolk is
sequestered in the form of discrete vesicles and become the predominant yolk
inclusion, coalescing with the advancement of maturation and migrating
centripetally at maturation. On the other hand, yolk protein, once it is
sequestered in the form of yolk globules, maintain their structural integrity up
to maturation. Similar observations about the fate of the lipid yolk and protein
yolk have been reported by Mayer et al. (1988) and Dadzie et al. (2000).
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In this study, typical cortical alveoli were not seen. These cellular inclusions
are generally dicult to distinguish from lipid droplets because the contents of
both are leached out during tissue preparation. Furthermore, during oocyte
development, lipid-containing vacuoles are dierentiated from cortical alveoli,
the endogenous synthesis of the latter being a part of the preponderant
mechanisms that contribute to oocyte growth (Selman & Wallace 1989). Dadzie
et al. (2000) did not observe cortical alveoli either, in the oocytes of Pampus
argenteus. The authors, however, reported the presence of lipid-containing
vacuoles in pre-vitellogenic oocytes. These vacuoles disappeared from the cells
prior to the onset of vitellogenesis. It is possible, consequently, that in the
present study, cortical alveoli were also transient as a distinctive phase and,
therefore, not seen.
The only study focusing attention on the maturity stages of A. latus is that of
Abu-Hakima et al. (1980). The authors delineated eight stages of maturity for
the female. As no clear dierences were found between Stages IV and V in the
present study, as compared to the observations of Abu-Hakima et al. (1980),
these two stages were combined into one, thus reducing the maturity stages to
seven.
From the data on the changes in maturity stages with season, the presence of
mature ®sh from December till April indicates that A. latus in Kuwait waters
has a prolonged spawning season, spanning December-April. However, AbouSeedo et al. (2003), through the analysis of the gonadosomatic indices of the
®sh, adduced evidence to the eect that although mature individuals occur in
December, their numbers are too low to take into consideration, in terms of the
management of the species in Kuwait waters, and that the greater proportion of
individuals begin to spawn in January. That spawning begins in January was
also reported by Abu-Hakima (1984) who also asserted that the activity ends in
March. In contrast, however, Abou-Seedo et al. (2003) observed the end of
spawning in April, not in March. Similar corroborative observation was made
in the present study. A one-month delay in spawning, if not accurately
monitored, could have serious consequences for management (Dadzie et al.
1998).
Another interesting observation made possible by the cage-culture approach
to this study concerns the relationship of maturity stages to season and age of
the ®sh. There was clear evidence of an overlap in the ages of individuals around
successive maturity stages in dierent months (see Fig. 12). This indicates a lack
of synchronization in the rhythm of ovarian development in A. latus of the same
generation. Since these same-age ®sh were raised under the same environmental
conditions, the factor responsible for the ontogenetic dierence in terms of
oocyte development could be food, viz., the individuals who were able to secure
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more food whenever the ration was supplied probably showed a relatively faster
gametogenetic growth.
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