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Ovarian Development and Spawning Pattern
of Neosalanx pseudotaihuensis Zhang
in Xujiahe Reservoir, Hubei Province
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Abstract Samples were collected monthly from Xujiahe Reservoir from April 1992 to May 1996
and the ovarian development and spawning pattern in Neosalanx pseudotaihuensis Zhang were described.
A histological analysis of cocyte development in N . pseudotaihuensis shows that the fish spawns serially.
A six-stage maturity scale, based on both external morphology and ococyte composition, was proposed to
classify ovarian development in N. pseudotaihuensis. Monthly trends in stages in ovarian development
with the size and maturity of oocytes indicate that spawning extended from March to May and peaked
between mid-April and mid-May. Histology of ovarian shows that N . pseudotathuensis produced clutch-
es of eggs, which were released at intervals. Data on length-frequencies and gonads shows that N.
pseudotaihuensis typically died in a few weeks after last spawning.
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It is crucial to accurately assess the gonadal maturity stage of a breeder if artificial insemina-
tion is to be successful. For many purposes, for example in determining the proportion of the
stock that is mature, it is suffcient to note whether or not the fish is going to spawn, or has
spawned in the recent spawning season, 1.e. by classifying them as mature or immature. At other
times it may be necessary to use a more detailed description of the state of maturity. For this pur-
pose a series of numbered stages may be used, from the immature fish up to spent fish!"!. Icefish
also have a complete gondal developing process from the immature to the spent although their life
span is only one year. Based on the histological studies of ovarian development, Chen, et al.
found that the development of oocyte of Neosalanx taihuensis was composed of six phases and
classified ovary maturity into six stagesm . They mentioned that the development of the oocyte in
the ovary of the fish was non-synchronous and the histological structure showed the ovary re-
turned to stage IV after spawning. The fish continued to develop quickly to mature and spawned
again in the same reproductive season. The parent fish produced at least two batches of eggs dur-
ing their reproductive period and died off soon after lastfspawningb'“. Chen"’ and Chen, et

al™ . found that there were two spawning stocks for N. taihuensis, spring spawning population
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(from mid-February to mid-May) and autumn spawning population (from the beginning of Sep-
tember to mid-November), in Taihu Lake and Poyang Lake.
Neosalanx pseudotaihuensis is a one-year-lived fish inhabiting in the midstream and down-

(€81 It constitutes a major prop-

stream of the Yangtze River, its tributaries and attached waters
ortion of icefish production and is an important commercial fish in Hubei Province'™ . This species
had been introduced into lakes and reservoirs of Hubei and the vicinity provinces of from Xujiahe
Reservoir. However, little is known about the overian development of this fish in Xujiahe Reser-
vior®' . In this study histological protocol was used to investigate ovarian development and spawn-
ing pattern in order to provide information for the success of artificial insemination in N. pseud-

otathuensts .

1 Methodology

Sampling was carried out on the beginning of each month from April 1992 to May 1996 in
Xujiahe Reservoir. The sampling device is a seine net consisting of two 40 m long wings with a 25
mm mesh and a 100-m-long packet with a 2 mm mesh, each of which has a depth of 10 m.
Twenty-one different sites were surveyed and eight of them were visited regularly. Samples were
collected at depths ranging from 3 —20 m. Specimens were classified and fixed after fishing. The
twelve-months’ samples (the whole life of the fish) between May 1995 and April 1996 were used
for histological examination.

A sample of the unripe ovarian tissue was fixed in 10% buffered neutral formalin fixative.
Ovaries containing postvitellogenic oocytes were preserved in Bouin’s fixative. After embedding in
paraffin, serial sections of 5 — 7 pm thickness were made. Slices were stained with Mayer’ s
haematoxylin-eosin(HE) .

The standard length and weight of each fish were recorded with a precision of 1 mm and
0.01 g. The sex of each fish was determined by secondary sexual characteristics or by examining
their gonads under a dissecting microscope. Their gonads were removed and staged according to

the criteria of Bagenal, et al o,

2 Results

2.1 Maturity stages of the ovary

Ovaries were assigned to six stages of development according to gross morphological charac-
teristics and oocyte composition (Table 1). Gross changes in the external appearance of ovary ac-
companied the appearance of yolk vesicle oocytes with vecortical alveoli, vitellogenic oocytes and
maturation phase ococytes. However, histological examination was needed to distinguish partially
spent ovaries from mature ovaries in order to detect the presence of post-ovulatory follicles.
2.2 Stage of oocyte development

The terminology used for staging the individual cocytes based on their histological appearance

was taken from Bagenal'"’ .
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Tab.1 The classification of maturity stages in N. pseudotaihuensis
Maturity stage Extemnal appearance Cytological characteristics
I Immature Ovaries very small, invisible to the naked eye  Perinucleolar stage oocytes predominant

i Development

il Mature

v Ripe

\Y Spawning

Ovaries translucent, slender. Eggs not distin-

guishable to the naked eye.

Ovaries opaque, white. Qccupying about 20 %
of free body cavity. Eggs invisible to the naked

eye but visible with magnifying glass.

Ovaries filling ventral cavity. Eggs completely
round. Single eggs can be seen from the out-

side of the abdomen but not so clear.

Ovaries completely filling the free body cavity.

Egg clearly discernible from the outside of the

Oocytes surrounded by a flattered follicular

layer.

Vitellogenic oocytes surrounded by two follicu-

lar layers.

Yolk granules densely packing and occupying

almost the total volume of the oocyte.

QOocytes containing post-ovulatory follicles pre-

dominate.

belly. Roe running with slight pressure. Most

eggs translucent.

Vi Spent Gonads containing a few left-over eggs. A few  Various oocytes present.

eggs in the state of reabsorption.

N . pseudotaihuensis have just one year life span. Most of them are born in April and die
next April. Twelve months of gonad specimens were made for histological section from May 1995
(at the age of 1 month) to April 1996 (at the age of 12 months) . Stages of oocyte development,
therefore, were described for their lifetime (one year).

2.2.1 Stage I The dominant gametogenic cells were cogonia. Qogonia were very small, hav-
ing a very dense and compact consistency. The diameter was 7 —25um. They were present at the
age of 1 to 3 months from May to July in Xujiahe Reservoir(Plate 1, 1-3).

2.2.2 Stage [ Due to a continuous increase of the cytoplasm and nuclear diameter, the cell
had increased in diameter. A flattened follicular layer surrounding the oocytes could be distin-
guished at the end of this stage, which is the last one of the first growth phase. It was character-
ized by a nucleus containing many nucleoli and a cytoplasm that had become basophilic. It oc-
curred from August until October at the age of 4 to 6 months (Plate 1, 4-6).

2.2.3 Stage . Whitish cytoplasmic zones appeared in this first stage of the secondary growth
phase, situated at the periphery of the oocyte, which probably correspond to the incipient forma-
tion of the cortical alveoli. Two follicular layers were present. Exogenous vitellogensis started
with deposition of acidophilic yolk granules at the periphery of the oocyte. This stage occurred
from November to next January at the age of 7 to 9 months (Plate T, 7-9)

2.2.4 Stage IV The appearance of oocytes was similar to that in stage Il . The number of yolk
granules was still increasing. They were densely packed and occupied almost the total volume of

the oocyte. The nucleus started to migrate towards the periphery of the oocyte and contained
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more than 100 nucleoli at the later period of this stage. From the inner side of the oocyte to the
outer the following layers were noted: the follicle cells, the zona radiata and the internal theca.
The occurrence of this stage was in February at the age of 10 months (Plate 1, 10).
2.2.5 Stage V The envelope layers were clearly observed at this stage, and the zona radiata
was greatly enlarged, the theca interna had small blood vessels to each oocyte. The vitellogenic
granules were fused forming amorphous plaques of larger size; the yolk was dispersed. The nucle-
us, where evident, was no longer central, but had migrated to pole. This stage was found in
March at the age of 11 month (Plate T, 11).
2.2.6 Stage VI The lamellage was disrupted and disorganized, with several empty spaces that
were formerly occupied by ripe oocytes. Follicular cells, remnants of post-ovulatory follicles, were
present throughout the gonad. Qocytes in stage 4 dominated, and oogonium and chromatin nucle-
us stage oocytes proliferated. Vitellogenic oocytes could be observed (Plate 1, 12)

The occurrence of the different stages of oocyte development with their specific cell and nu-
clear diameters was summarized in Table 2.

Tab.2 The stage of cocyte development in the ovary of N. pseudotaihuensiss

Stage of Cell diameter Nuclear diameter Month Age occurring
development {pm {pm occurring /month
I 7-25 3-5 May — Jul. 1-3
il 30-91 6-17 Aug. — Oct. 4-6
m 46-178 2443 Nov. —Jan. 7-9
v 152 — 480 59113 Feb. — Mar. 10
\ 474 - 609 Unclear Mar. — Apr. 11
i Variety Variety Apr. — May 12

2.3 Spawning age structure

Length-frequency histograms for N . pseudotaihuensis in June 1993 showed two discrete size
groups, the first raning from 22.4 to 45.8 mm and second from 51.2 to 73.6 mm, and July 1993
had single group, raning from 32.7 to 48.8 mm (Fig.1). Since the smalll fish were not present
in samples prior to April, and as spawning occurs from March to May, these fish are assumed to
represent new 0 recruits. Therelore, the spawning age structure of N. pseudotaihuensis is sim-
ple, and only one-year-old fish (supplementary population) and no remainder population attend

reproduction.
3 Discussion

3.1 Spawning period of N . pseudotaihuensis
It is an important step in aquaculture to accurately assess the gonad maturity stage of a breed-
er, especially that of females at the artificial insemination of fishes'”' . A recotd of the state of ma-

turity of icefish is required for artificial insemination in determining the proportion of the stock
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Fig.1 Length-frequency histograms for the 1993, [] and 1994, [] year generations
of N. pseudotaihuensis sampled between March and July, 1994
that is mature. It is sufficient to note whether or not the fish is going to spawn or has spawned in
the recent spawning season. This would be particularly important to artificial insemination of ice-
fish since the breeders are selected directly from the capture during the spawning season. They

cannot be induced using hormone because they are very small-sized and perishable. A great quan-
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tity of well-matured spawrners can only be captured during the peak period of spawning.

The fact that, in September and October 1995, none of the fish exceeded stage Il of ovaries
before January, demonstrated that N. pseudotaihuensis undergoes little gonadal development in
the autumn and early winter. However, the marked increase that occurred in oocyte diameters
and the stage in ovarian development during February, March and April, showed that the gonads
mature rapidly between late winter and early spring.

The most common practice for the determination of a species spawning season is the estab-
lishment of its gonadosomatic index, oocyte diameter-frequency, and also being combined with
microscopic and histological examination of the gonadsm] . The microscopic examination and his-
tological secton of gonads can administer the maturity stages of gonad. The data on the monthly
trends exhibited by gonadal stages and histological section of gonads provided strong evidence that
N. pseudotaihuensis spawned between March and May, with spawning activity peaking in be-
tween mid-April and mid-May. This agrees with the findings of Chen, et al. who studied on N.
tathuensis in Poyang Lake™™ . The sequence of histologically assigned developmental stages
matched the trend in cocyte diameter frequency. From March to April, most gonads were “rest-
ing”, and the developing gonads were at the highest stage.

3.2 Spawning pattern of N. pseudotaihuensis

The presence in stage V| ovaries of oocytes that intermediated in size between those of the
small basophilic cocytes and the large yolk granule cocytes found in the same gonads, implied that
N . pseudotaihuensis could be a multiple spawner, as had previously been shown by Chen, et al.
for N. tathuensis. They reported that the histological structure of the ovary of N . tathuensis re-
turned to stage IV after spawning, the fish continued developing quickly to mature and spawning
again in the same reproductive season. The same results were made to show that N. pseudot-
athuensts produced more than one batch of eggs in the present study, as mature and ripe ovaries
contained more than one distinct group or batch of oocytes and a continuous developmental serial
of primary growth phase oocytes.

Tab.3 The annual changes of GSIs of N. pseudotathuensis in Xujiahe Reservoir

Date May Jun Jul Aug Sep Qct Nov . Dec Jan Feb Mar Apr
Age/month 1 2 3 4 5 6 7 8 9 10 11 12

GSI/% CM CM CM CM 0.64 0.98 1.95 2.17 4.16 8.18 11.97 18.40

BW/mm 206 30.8 36.7 41.8 46.5 50.7 54.6 56.8 58.6 60.3 61.1 61.4
SM 51 48 36 30 43 62 59 37 28 34 54 50

M: Month; CM : Cannot be measured; BW ; body weight; SM:sample numbers
3.3 Spawning population structure
Chen and Chen et al found that there were two spawning stocks for N. taihuensis, spring
spawning population (from mid-February to mid-May) and autumn spawning population (from
the beginning of September to mid-November), in Taihu Lake and Poyang Lake'>? . From Table

3, it showed that there was only one spawning stock, spring spawning population, for N.
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pseudotaihuensis in Xujiahe Reservoir. This is also true by means of checking population compo-

sition of N. pseudotaihuensis during the fishing season, autumn in Xujiahe Rservoir.
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Captions to Plate
Histological appearance of developmental stages of occytes for a life of N. pseudotaihuensis. The time of sam-
pling, magnification, and female age are indicated.
l:stage T (May 1995, 40X 3.3, 1 month); 2:stage I (June 1995, 40 % 3.3, 2 months); 3:stage I (July
1995, 40x 3.3, 3 months); 4:stage Il (August 1995, 40X 3.3, 4 months); S:stage I (September 1995, 20 X
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3.3, 5 months); 6 stage I (October 1995, 20 X 3.3, 6 months); 7: stage I (November 1995, 10 x 3.3, 7
months); 8 stage I (December 1995, 10x 3.3, 8 months); 9:stage [l (January 1996, 10 < 3.3, 9 months); 10:
stage IV (February 1996, 10%3.3, 10 months); 11:stage V (March 1996, 10 % 3.3, 11 months); 12:stage VI
(April 1996, 10%3.3, 12 months).
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