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Abstract

The aim of the present study is to examine developmental changes of oocytes and ovaries of a wild population of dusky flathead
Platycephalus fuscus (Cuvier, 1829). This fish is endemic to the east coast of Australia where it inhabits estuaries and coastal waters.
It is extensively fished throughout its range. It is a serial spawning teleost, capable of producing vast numbers of externally fertil-
ised eggs in batches over a protracted annual spawning period. Successful egg production, as indicated by the presence of hydrated
oocytes and post ovulatory follicles, is commonly observed in small and mid-size females (35cm-65cm Total Length; 2-6 years old)
which numerically dominate the female component of the spawning aggregation. Oocyte atresia, at various levels, commences at the
vitellogenic oocyte stage, and occurs in all mature fish during the spawning period. Mass oocyte atresia and degenerate ovaries were
commonly observed in large fish (>70 cm Total Length and 7 years old), indicating that reproductive senescence occurs after females

reach this size.

Keywords: Mass atresia; Ovulation; Reproductive senescence; Serial spawning; Teleost fish

. J

. strategy (Rideout & Tomkiewicz, 2011). Mass oocyte atresia occurs
Introduction , . ) .
. i . in long-lived teleosts in both young and old age classes, and it has
Reproduction in teleost fishes has been the subject of numerous ] ) o ]
. ) . ) been associated with poor nutrition, stress and unfavourable envi-
studies which have revealed extremely diverse strategies (Woot- . ]
) o ronmental conditions (Rideout., et al. 2005). There are few reports
ton & Smith, 2014). One common form of reproduction in teleosts, ) ) ) )
. ) ) ) of reproductive senescence in teleosts. The review of senescence in
including dusky flathead Platycephalus fuscus (Cuvier, 1829), in- ] ]
o i natural populations by Nussey, et al. (2013) states that studies of
volves external fertilization following the release of very large o . ) .
i fish were limited to Pacific salmon which show rapid senescence
numbers of eggs, an absence of parental care, and successive an- ) ] ) . ] )
) o ) . ) ) during and after spawning, and guppies (Poecilia reticulate) which
nual spawnings by individual fish. In relation to this reproductive ] ] . )
) are live bearers, not mass spawners, but which exhibit reproductive
strategy several authors (Barneche,, et al. 2018; Birkeland & Day- o )
) . senescence and extended post-reproductive lifespans (Reznick., et
ton, 2005; Gwinn.,, et al. 2015; Hixon., et al. 2014) have stressed ) )
) ) ] al. 2006). More recently Benoit., et al. (2018) report evidence of re-
the importance of large, highly fecund females to the population. : ] ) ]
. . productive senescence in the Atlantic herring (Clupea harengus), a
The occurrence of mass oocyte atresia, the resorption of oocytes ) ) ] i
o . . . marine teleost with a reproductive strategy similar to that of dusky
within the ovary, is another common feature of this reproductive flathead
athead.
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The present study was initiated following observations by fishers
that many of the large female dusky flathead caught during the peak
spawning period commonly possessed “mushy ovaries” rather than
gravid ovaries prior to ovulation. Dusky flathead is a serial spawner
producing eggs in batches over a protracted annual spawning pe-
riod. Their fecundity is indeterminate. They are able to continu-
ally produce new oocytes during the annual spawning period af-
ter spawning has commenced (Gray & Barnes, 2015; Hicks., et al.
2015). In a previous study, Pollock (2014) confirmed the presence
of degenerate ovaries with mass oocyte atresia in large dusky flat-
head, but the developmental processes of oocytes and ovaries were
not examined in detail. The present study examines oogenesis and
ovarian development in a wild population of dusky flathead. Partic-
ular attention is given to the ontogenetic pathways to ovulation and
oocyte atresia, and to the hypothesis that reproductive senescence

occurs in large female dusky flathead.

Female and male dusky flathead are similar in appearance but there
is a marked sexual dimorphism in relation to size. Males are much
smaller and mature at a smaller size than females. Both sexes com-
mence maturing as 2 year olds and can live to about 12 years of
age with females reaching up to 100 cm Total Length (TL) (Gray,,
et al. 2002). Previous studies show that sex-related differences in
the size of dusky flathead are not associated with protantrous sex
inversion (Gray & Barnes, 2008; Pollock, 2014). The dusky flathead
is endemic to estuaries and inshore waters on the east coast of Aus-
tralia, and they are the subject of fisheries throughout their range.
They form annual spawning aggregations from October to March at
locations where estuaries meet the Pacific Ocean (Gray & Barnes,
2008). Hicks., et al. (2015) estimate that individual dusky flathead
potentially produce up to 4.8 million eggs annually. Tagging studies
(Gray & Barnes, 2008; O’Neill, 2000) show that the majority of juve-
nile and adult dusky flathead remain within a given estuary system,
with small proportions of the population moving along the coast to

other estuaries.

Material and Methods

Animals

The female dusky flathead sample in the present study (n = 41) was
taken at a spawning aggregation area (the mouth of the Clarence
River, New South Wales, Australia: 29.43°S, 153.36°E) at the peak of
the spawning period (November 2017 to February 2018). Sampling
was not carried out after mid-February to avoid fish with spent ova-

ries. The specimens for this study were obtained from experienced

fishers. The participating fishers held fishing licences and complied
with the relevant fisheries legislation. All dusky flathead were hu-
manely treated. At capture, each fish was percussion stunned fol-
lowed by brain destruction in accordance with standards for the
ethical treatment of fish given by the relevant Australian code of
practice, and specified by the responsible government agency
(NSW Department of Primary Industries Animal Welfare, 2017).
After capture each fish was immediately placed into an ice-slurry,
and within two hours each was given to the author for processing.
The sizes of fish in the sample ranged from 36 cm Total Length (TL)
to 87 cm TL (Figure 1).
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Figure 1: Length frequency composition of female dusky
flathead taken from a spawning aggregation site (mouth
of the Clarence River, Australia) during the peak spawning

period, November 2017 to February 2018 (n = 41).

All fish were measured to the nearest 1 cm and ovaries were dis-
sected and photographed under natural light (Canon IXUS 105 dig-
ital camera). Ovarian tissue samples, taken from the mid-section of
one lobe of the ovary, were obtained from all fish greater than 70
cm TL (n=9), and randomly from fish in the range 36 cm - 70 cm
TL (n=13).

Fixation and tissue processing
The tissues samples were immediately fixed in 10% formalin so-

lution, neutral buffered (Sigma-Aldrich). After five days the fixed
tissues were rinsed in running water (15 minutes) and then trans-

ferred to 70% alcohol. The fixed tissue samples were washed in
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70% ethanol and then dehydrated in an ascending alcohol series (45
minutes each) through 90%, 95% and 100% ethanol (two changes),
cleared in xylene (three changes), and impregnated in high qual-
ity paraffin (Paraplast Plus, Sigma-Aldrich). The processing was
made using an automatic tissue processor (Leica ASP300S1020,
Germany). The samples were then embedded onto plastic cassettes
using a modular tissue embedding centre (Medite TES Valida, Ger-
many). The final blocks with the entire tissue samples were cut
at 8 um thick sections using a semiautomatic rotary microtome
(Leica RM2245, Germany). Sections were placed on Superfrost
Plus slides. Three sections were placed on each slide. Staining was
done with Mayer’s haematoxylin and eosin (Sigma-Aldrich). Slides
were mounted with DPX (Thermo Fisher Scientific, Australia). High
resolution images (2560x1920 pixels) were taken with a light mi-
croscope (Nikon Eclipse 50i, Japan ) with attached digital camera
(Nikon DS Fi1, Japan ) using NIS-Elements BR 4.0.

Examination of oocytes and ovaries

Oocytes-types were identified by microscopic examination, and all
ovaries (n = 41) were classified, based on macroscopic appearance
and oocyte-types present. Frequencies of occurrence of vitellogen-
ic, hydrated and atretic oocytes in individual ovaries were obtained
from counts in randomised grids in the microscope slides (n=85
oocytes in each slide), viewed with a binocular microscope (Olym-

pus BH2, Japan).

Results

Oocyte-types

The ovaries of dusky flathead contain oocytes at all stages of mat-
uration as well as empty oocyte follicles following ovulation, and
atretic oocytes at all stages of resorption. Details of these are as fol-

lows:

Previtellogenic oocytes: These are very small oocytes (<50um
diameter) at an early stage of development with a relatively thin
oocyte follicle and zona radiata. Thick cytoplasm surrounds a cen-
tral nucleus which has few to many peripheral nucleoli (Figure 2a).

These oocytes are present in all ovaries examined (Figure 2b and

).

Vitellogenic oocytes: These are medium to large oocytes (150um
to 350um in diameter) with the oocyte follicle and zona radiata be-
ing well defined. Yolk granules and vesicles are abundant in the cy-

toplasm (Figure 2c and d).

Figure 2a

Figure 2b
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Figure 2e

Post ovulatory follicles: These are the collapsed oocyte capsules

following ovulation (Figure 2f).

Figure 2d

Hydrated oocytes: These are the largest oocytes (400pm diam-
eter) with the oocyte follicle and zona radiata being well defined. Figure 2f

Yolk granules and vesicles have been fused into a clear mass en-
closed by the zona radiata (Figure 2e). Atretic oocytes: These are oocytes under resorption. Oocyte atre-

sia commences at the late vitellogenic stage. Atresia was not ob-
served in previtellogenic or early vitellogenic oocytes. Two types

of oocyte atresia (Ramadan & EL-Halfawy, 2007) are present in
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dusky flathead. The most common form by far is where the outer

wall of the oocyte, comprising the follicular envelope and the zona
radiata, stays intact (non-bursting atresia). The yolk granules and
other inclusions surrounded by the zona radiata progressively col-
lapse (Figure 2g). The oocyte becomes increasingly smaller, and an
envelope of phagocytic cells develops between the follicle and the
oocyte (Figure 2h). The vitellogenic oocytes at the onset of atresia
are large (250pm diameter) (Figure 2g). As atresia progresses the
oocyte becomes small, the phagocytic envelope is distinct, and the
contents within the zona radiata are replaced by clear a cytoplasm
(Figure 2h). At the completion of atresia nothing remains of the
oocyte structure within the ovary. The second, less common form
of atresia (Figure 2i) involves the fragmentation of the zona radiata
(bursting atresia) (Miranda., et al. 1999; Ramadan & EL-Halfawy,
2007). In dusky flathead a single ovary may contain oocytes at dif-
ferent stages of atresia, and in the extreme case of mass atresia

oocytes were observed at all stages of resorption (Figure 2j).

Figure 2g

Figure 2i
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Figure 2j

Figure 2: Photomicrographs of oocytes and ovarian tissue sections
(haematoxylin and eosin stained) from dusky flathead taken during
the peak of the spawning period: AO - atretic oocyte; EF - empty
(post ovulatory) follicle; HO - hydrated oocyte; OF - oocyte follicle;
P - phagocytic envelope; PV - previtellogenic oocyte; V - vitellogenic
oocyte; ZR - zona radiata. (a) Oocyte at early stage of development
(previtellogenic). (b) Juvenile ovary section with abundance of previ-
tellogenic oocytes. (c) Ovary section with abundance of vitellogenic
oocytes (ripening maturing). (d) Vitellogenic oocyte. (e) Ovary sec-
tion with abundance of hydrated oocytes (running ripe). (f) Ovary
section with abundance of empty (post ovulatory) follicles. (g) Ear-
ly-stage atretic oocyte, zona radiata intact (non-bursting type). (h)
Late-stage atretic oocyte, zona radiata intact (non-bursting type).
(i) Atretic oocyte with fragmented zona radiata (bursting type). (j)
Ovary section with abundance of atretic oocytes at different stages of

atresia (degenerate ovary with mass atresia).

Ovary-types

The stages of ovarian development in the present study are based
on the macroscopic appearance of the ovary and the occurrence
of vitellogenic or hydrated oocytes observed visually through the
ovary wall. The stages are also based on microscopic details of the
oocytes. The resulting descriptions of ovarian stages provide fur-
ther details to the classifications of platycephalid ovaries given by
Bani,, et al. (2009) and Pollock (2014). The features of each ovarian

stage are as follows:

Juvenile: Juvenile (immature) fish have very small ovaries which
are clear and almost colourless (Figure 3a). There is an abundance

of previtellogenic oocytes, but no vitellogenic or atretic oocytes are

present (Figure 2b).

Figure 3a

Ripening maturing: These ovaries are relatively large and pale
yellow in colour (Figure 3b). Oocytes are too small to be seen mac-
roscopically through the ovary wall. Previtellogenic and early vitel-

logenic oocytes are present (Figure 2c).

Figure 3b

Ripe: These ovaries are relatively large. Their colour varies from
pale to bright yellow. Advanced vitellogenic oocytes may be seen
through the ovary wall (Figure 3c). Under microscopic examination
early and advanced vitellogenic oocytes are abundant. Atretic oo-

cytes are present at low frequencies.
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Figure 3¢

Running ripe: These ovaries are relatively large and bright yellow
to orange in colour. Hydrated and advanced vitellogenic oocytes
are clearly visible through ovary wall (Figure 3d). Under micro-
scopic examination advanced vitellogenic oocytes are abundant.
Post ovulatory (empty) follicles are present in some ovaries (Fig-

ure 2e and f). Atretic oocytes are present at low frequencies.

Figure 3d

Degenerate: These ovaries are large but flaccid and pale yellow to
grey-pink in colour (Figure 3e). Developed oocytes are present up
to the advanced vitellogenic stage. Atretic oocytes at all stages of

resorption are common to abundant (Figure 2j).

Relative abundance of oocyte-types in different ovaries

The frequencies of occurrence of vitellogenic, hydrated and atretic
oocytes within ripe, running ripe and degenerate ovaries are given
in Table 1. Vitellogenic oocytes occur in all three ovary-types, and

they dominate in ripe ovaries. In running ripe ovaries vitellogenic

oocytes are replaced by hydrated oocytes (Table 1 and Figure 2e).
Empty follicles are present in some running ripe ovaries indicating
recent ovulation (Figure 2f). In degenerate ovaries the vitellogen-
ic oocytes become atretic. Mass oocyte atresia is indicated by the

abundance of atretic oocytes in these ovaries (Table 1 and Figure
3j).

Figure 3e

Figure 3: Photographs of the ovaries of dusky flathead taken from a
spawning aggregation site during the peak spawning period. (a) Ova-
ry of juvenile fish, 36 cm TL, taken in February 2018. (b) Ripening ma-
turing ovary of 48 cm TL fish taken in December 2017, no developing
oocytes apparent through the ovary wall. (c) Ripe ovary of 55 cm TL
fish taken in December 2017, vitellogenic oocytes apparent through
the ovary wall. (d) Running ripe ovary of 45 cm TL fish taken in De-
cember 2017, hydrated oocytes apparent through the ovary wall. (e)
Degenerate ovary of 78 cm TL fish taken in November 2017.

Ovary type Vitel- Fully Atretic Fish in
logenic hydrated | oocytes (% | sample
oocytes oocytes range)

(% range) | (% range)
Ripe 89-99 0 1-11
Running ripe 37-98 2-60 2-8
Degenerate 6-87 0 13-94

Table 1: Occurrence of vitellogenic, fully hydrated and atretic oo-
cytes in ripe, running ripe and degenerate ovaries of dusky flathead

at the spawning aggregation site, Clarence River, Australia.

Ovary-types in fish of different sizes

There are differences in the types of ovaries occurring in the vari-
ous size-classes of the dusky flathead (Figure 4). The smallest size-
class, 30 cm - 39 cm TL, is dominated by juveniles with immature

ovaries. The next size-class, 40 cm - 49 cm TL has a decreased
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proportion of juveniles, and is dominated by fish with ripening ma-
turing, ripe and running ripe ovaries. The 50 cm - 59 cm TL and
60 cm - 69 cm TL size-classes are dominated by fish with ripe and
running ripe ovaries. In the 70 cm - 79 cm TL size-class degenerate
ovaries are common, but some individuals have ripe and running
ripe ovaries. In the largest size-class, 70 cm - 89 cm TL, both ripe
and degenerate ovaries are present, but and no running ripe ova-

ries were obsreved.
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Figure 4: Occurrence of ovary-types in size-classes of dusky flathead
taken from the spawning aggregation location. j - juvenile, pr - rip-
ening maturing, r - ripe, rr - running ripe, d - degenerate. Sample

sizes are shown in parenthesis.

Discussion

The present study examines changes which occur as oocytes and
ovaries develop in dusky flathead. The pattern of oocyte develop-
ment is typical of highly fecund, serial spawning teleosts, com-
mencing with small previtellogenic oocytes which rapidly increase
in size and change in composition during the annual reproductive
cycle (Wootton & Smith, 2014). In dusky flathead the advanced
vitellogenic oocyte is a critical stage. After this stage is reached,
the oocyte may either progress to full hydration and ovulation or
undergo atresia and be resorbed. This is not uncommon as other
studies of oocyte development in fish have also found that atre-
sia occurs after oocytes reach the vitellogenic stage (Kurita., et al.
2003; Miranda,, et a. 1999; Witthames & Greer Walker, 1995). The
main form of oocyte atresia in dusky flathead involves progressive
shrinkage of the oocyte and the collapse of the yolk vesicles and
other components of the ooplasm, but the zona radiata remains in-

tact. This non-bursting form of oocyte atresia has been reported

in other teleosts (Ramadan & EL-Halfawy, 2007). The other form
of oocyte atresia in dusky flathead, involving fragmentation of the
zona radiata (bursting atresia), is rare and only observed at an
early stage of resorption. This form of oocyte atresia has also been
reported in other teleost species (Miranda,, et al. 1999; Ramadan
& EL-Halfawy, 2007). Causal factors for the two different types of
oocyte atresia are unknown, and the presence in dusky flathead of

both types in a single ovary is unusual.

The ripe ovary stage in dusky flathead, in which advanced vitel-
logenic oocytes dominate, is followed by either the running ripe or
degenerate ovary stages. In large female dusky flathead (>70 cm
TL) ripe ovaries were commonly observed, but running ripe ova-
ries with fully hydrated oocytes or empty oocyte follicles were un-
common. Running ripe ovaries with hydrated oocytes and empty
follicles are most common in small and mid-size dusky flathead,
not the large females. This indicates that successful egg produc-
tion in dusky flathead is closely associated with these size-classes.
The low levels of oocyte atresia commonly occurring in small and
mid-size dusky flathead during the peak spawning period is pos-
sibly a mechanism to resorb and recycle components and energy
from the small proportion of poor quality oocytes. The study by
Hicks,, et al. (2015) found no significant differences in the quality
of advanced oocytes across different size-classes of dusky flathead,
which reinforces the importance of both small and mid-size fish in

egg production.

The hypothesis that reproductive senescence occurs in large dusky
flathead is supported by the present study. Firstly, high levels of oo-
cyte atresia (mass atresia) and associated degenerate ovaries oc-
cur in the large females (>70 cm TL), and not in the smaller adult
size-classes. Secondly, successful egg production, as previously
mentioned, mostly occurs in small and mid-size females (<70 cm
TL). The occurrence of degenerate ovaries in large dusky flathead,
indicating reproductive senescence, has now been recorded in the
Clarence River by the present study and in the Jumpinpin estuary,
200km to the north of the Clarence River (Pollock, 2014). Its occur-
rence at other locations throughout the range of dusky flathead on

the east coast of Australia is yet to be investigated.

Oocyte and ovarian development have not been examined to date
in that component of the adult dusky flathead population which
remains in the upper estuaries during the spawning period and

hence does not participate in the annual spawning aggregation.
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The ovaries of this component of the dusky flathead population do
not progress to the running ripe stage (Gray & Barnes, 2015). It is
probable that all these mature fish undergo mass oocyte atresia re-
gardless of their size as has been reported in other teleost species
which fail to participate in annual spawning aggregations (Rideout
& Tomkiewicz, 2011).

The ovaries of mature dusky flathead during the spawning period
account for 5%-10% of total body weight (Gray & Barnes, 2015;
Hicks., etal. 2015; Pollock, 2014). The production of such large ova-
ries and their maintenance through serial spawning require indi-
vidual fish to be in good condition (Wootton, 1985). The resorption
of advanced oocytes in large dusky flathead is expected to contrib-
ute to maintaining overall body condition and consequently could
be important for their post reproductive survival. Reproductive se-
nescence in large dusky flathead appears to have no evolutionary
advantage. Reznick,, et al. (2006) concludes that a post-reproduc-
tive lifespan involving reproductive senescence in teleosts seems
to be a random add-on at the end of a life history, and this is most

likely the case in dusky flathead.
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