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CORRELATION BETWEEN THE GROWTH OF THE OVIPOSITOR 
AND OVARIAN CONDITIONS IN THE BITTERLING, 

RHODE US OCELLATUS** 

Kaoru SHIRAI 
Faculty of Fi8herie8, Hokkaido University 

Introduction 

In spawning time, the female bitterling develops a plainly visible urogenital 

papilla, the ovipositor, with which she deposits her eggs in the gill-cavity of the 

fresh water mussel of the genera Unw and Anodonta. 

Regarding the European bitterling, Rhodeus amarus, Bretschneider & De Wit 

(1947) have made sexual endocrinological studies and assumed that the ovary of 

the bitterling produces the progesterone-like hormone. The presence of numerous 

atretic oocytes in the ovary at the time of the growth of the .ovipositor and 

further items of evidence obtained from experiments using hormonal substances 
led them to the conclusion that atretic oocytes produce that hormone, which is 

responsible for the development of the ovipositor. The same authors called these 
atretic oocytes "pre-ovulation corpora lutea" on the basis of the findings that 
though the atretic oocytes are derived from follicles before ovulation, they are 

analogous to the mammalian corpora lutea both in mode of formation and in 
structure. 

In the viviparous fishes, Lebistes reticulatus and Dermogenys pusillus, Stolk 

(1951, 1957) studied the cycle of the corpus luteum and concluded that the corpora 

lutea of these fishes probably have to accomplish an important task during the 

gestation period. Gokhale (1957) in two Gadus species, and Beach (1959) in the 
gold fish, suggested the role of atretic oocytes in the production of hormone. 

On the other hand, Hisaw & Hisaw (1959) from studies on some elasmobranchs 
came to the conclusion that the corpora lutea or corpora atretica may have not 

any endocrine function and that their formation does not come under the control 

of a pituitary luteinizing. hormone. Pickford & Atz (1957) also examined the func­
tions of the corpus luteum in fishes; they stated that there is no direct evidence 

to show that the so-called corpora lutea described by various investigators have a 
secretory function. 

Recently, the effects of stress on the formation of atretic oocytes in the piscine 

** This study was supported by a grant given to Professor K. Yamamoto from the 
Ministry of Education. 
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and Allen-Bouin's solution or Gilson's fluid. Serial sections of the whole ovary, 
10 micra in thickness, were made and stained in routine manner with Delafield's 
haematoxylin-eosin, Heidenhain's iron haematoxylin-light green and modified 
Mallory's azan stain. Index of ovipositor length, which is represented by oviposi­
tor length in proportion to body length, was calculated for each fish. 

Results 

( I) Morphologica! changes in the growing oocytes 

In order to know the stages of the developing oocyte exactly, cytological 
study was carried on. For convenience in description, ten stages were established 
as in the case of the flounder, Liopsetta obscura (Yamamoto, 1956 a). 

(1) Chromatin-nucleolus stage 

The youngest oocyte, 7-11 micra in diameter, has a spherical nucleus and thin 
layer of cytoplasm with an indistinct boundary. A single nucleolus is present in 
the central region of the nucleus. As the oocyte grows, it is characterized by a 
nucleus which has a net-like chromatin-eleme.nt and several deeply stained chro­
matin-nucleoli of various sizes. In the oocyte of the synaptic stage, a large 
chromatin-nucleolus lies near the periphery of the nucleus and chromatin-elements 
appear as a thick intricate bunch of threads on the other side. . After synapsis, 
the cytoplasm conside:r:ably increases in volume and one or two large chromatin­
nucleoli are found in the nucleus with distinct outline. These oocytes have a 
diameter of 0.02 to O.027mm. 

(2) Early peri-nucleolus stage 
The diameter of the oocyte at this stage ranges from 0.03 to 0.12 mm. The 

oocyte. at the earlier phase of this stage has a large nucleus and a small amount 
of cytoplasm. Chromatin threads are dispersed within the nucleus. In addition 
to many chromatin-nucleoli, there are found one or two large and basophilic true 
nucleoli in the nucleus. Along with the growth of the oocyte, the cytoplasm 
increases its volume and becomes more basophilic. At the later phase of this 
stage, the nucleus is much enlarged j deeply stained nucleoli, spherical in form 
and various in size, gradually arrange themselves on the periphery of the nucleus 
(Fig. 1). 

(3) Late peri-nucleolus stage 
As the oocyte grows, the cytoplasm gradually loses its affinity to dyes and 

comes to be stained faintly with haematoxylin. Nucleoli of spherical form and of 
various sizes are situated on the periphery of the nucleus as in the previous stage. 
The yolk nucleus is found in the outer part of the. cytoplasm (Fig. 2). The size 
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oocyte becomes oval in form (Fig. 8). When the migration has been completed, 

the nucleus assumes round form; it contains many spherical nucleoli of diverse 

sizes. A small number of large yolk globules are found around the nucleus. Be­

tween the yolk globules the hyaloplasm may be discernible. fA. micropyle is also 

detected at a point of the thin zona radiata. The size of the oocyte is about 1.33 
to 1.40mm. 

(9) Pre-maturation stage 

Oocytes become elliptical in form. The nuclear membrane becomes indistinct, 
the spherical nucleoli disappear from sight, and then there appear many minute 

twig-like nucleoli (Fig. 9). Hyaloplasm develops around the nucleus. The zona 

radiata is comparatively thin; the follicle layer at the animal pole is thick and 

distinct. The size of the oocyte in this stage is almost the same as that of the 
previous stage (Fig. 10). 

(10) Ripe egg stage 

The ripe egg extruded from the follicle is electric-bulb-like in shape, with a 
narrow neck-like end, yellowish in colour, and easily distinguishable from young 

oocytes. Many yolk globules of round form are distributed without fusion. A 

layer of hyaloplasm is detected in the neck-like end of the ovum; the micropyle 

is situated at a point of the same portion. The cortical alveoli are found embedded 
in the cortical layer. The long axis of a mature egg ranges from 2.4 to 2.6 mm, 
while the short axis ranges 1.1 to 1.2mm (Fig. 11). 

(II) Observations on the oocyte undergoing atresia and the empty follicle 

Atretic phenomena occur mainly in the oocytes of advanced stages. Under 
natural conditions, disintegration has not been recognized in oocytes of the peri­

nucleolus stage and yolk vesicle stage, but it has been frequently in the oocytes 

of the tertiary yolk stage and migratory nucleus stage. The process of atresia 

is somewhat different according to the amount of yolk in oocytes. In the oocytes 

of the secondary or tertiary yolk stage and migratory nucleus stage, the granulosa 

cells exhibit slight hypertrophy and lose their regularity at first. The nucleus of 
the oocyte also seems to be disintegrated in the early stage of atresia. A thick 

layer of colloidal substance appears in the outer part of the atretic oocyte (Fig. 

12). Sometimes, spherical vacuole-like bodies which are variable in size, are rae­
ognized in this layer. Wrinkled zona radiata was embedded in the layer of col­
loidal substance. However, in atretic oocytes corresponding to the migratory 

nucleus stage, in which the zona radiata is very thin, remnants of the zona 
radiata frequently disappear in the early stage of atresia. In the inner part of 

the oocyte, intact yolk globules of spherical form are found. 

The next step of atresia is characterized by the hypertrophy and elaborate 
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growth of the ovipositor seems not to be caused by the presence of atretic oocyteEJ. 

On the other hand, the appearance of atretic oocytes was not always accom­
panied by the growth of the ovipositor. For· instance, the fish cultured under 
unsuitable conditions provided the ovaries which contained atretic oocytes ofvari­
ous stages but the ovipositor showed short length. 

As stated above, atretic oocytes of some stages certainly correspond to the 
so-called pre-ovulation corpora lutea of Bretschneider & De Wit morphologically. 
Therefore, it is reasonable to conclude that the pre-oVlllation corpora lutea possess 
no secretory function indispensable to ovipositor growth. 

Thus; there arises a question: What factors participate in the growth of the 
ovipositor? The present study clearly shows that ovipositor length is intimately 
correlated to ovarian maturity. 

In spawning season, the ovipositor lengthens rapidly at ovulation phase when 

maturation and ovulation occur. In the condition of rearing without musssel, 

however, ovipositors always keep the short length. Maturation and ovulation are 
inhibited under the same condition. It would seem, therefore, that factors partici­
pating in maturation and ovulation are related to the rapid growth of the ovi­
positor at the same time. Hormonal control of pituitary is surmised to be one of 
the factors. And also, it is reasonable to suppose that physical stimulus caused 
by the extrusion of mature eggs into the lumen brings ovipositor growth under 
nervous controt Detailed study on this problem is now being carried out. 

As for the cause of atresia in oocytes, the present writer agrees with Ball 
(1960). Summarizing the results of Stanworth (1953) and of Rasquin & Atz (1952), 
Ball arrived at the opinion that gonadotrophs, as well as thyrotrophs, are affected 
by stress conditions and this results in a transitory disturbance of gonadotrophin 
output in association with the thyroid and adrenocortical changes, all of which 

would be expected to inhibit oocyte· growth. The conditions such .as the absence 
of mussel and high temperature may be considered as stress conditions exerting 
effects. on gonadotrophs and thyrotrophs. As the results of these effects, actual 
atresia in oocytes, through the pathway mentioned by· Ball, may be expected to 
occur. Hypertrophy and phagocytic action of the granulosa cells are the usual 
changes along with the ceasing of growth in oocyte. 

Summary 

Histological studies of the ovary in the bitteriing, Rhodeus ocellatu8 were 
undertaken, for the pUrpose of clarifying the correlation between' the growth of 

the ovipositor and the ovarian conditions. . 
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Explanation of Plates 

PLATE I 

. All figures are photomicrographs obtained from sections of the ovaries of the bitterling 
. . 

except Fig. 18. Fixed in Bouin's fluid and stained with Delafield's haematoxylin-eosin. 

Fig. 1. Ooeytes at the early peri-nucleolus stage. x350 

. Fig. 2. An oocyte at the late peri-nueleolusstage. yn yolk nucleus. X315 

Fig. 3. Oocytes at the early phase of yolk vesicle stage. x88 

Fig. 4. Ooeytes at the late phase of yolk vesicle stage. x 70 

Fig. 5. An oocyte at the primary yolk stage. x70 

Fig. 6. Ooeytes at the secondary yolk stage. x70 

Fig. 7. An oocyte at the tertiary yolk stage. x36 

Fig. 8. An oocyte at the migratory nucleus stage. x32 

.. 

• 
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PLATE II 

Fig. 9. Nucleus of an oocyte at the pre-maturation stage. Minute twig-Uk uncleoli 

are shown. X 350 

Fig. 10. An oocyte 'at the pre-maturation stage. x32 

Fig. 11. An egg at the ripe egg stage. x20 

Fig. 12. An atretic oocyte in the early phase of degeneration. cf colloidal fluid. gc 

granulosa cells. x 70 

Fig. 13. An atretic oocyte showing further hypertrophy of granulosa cells. x70 

Fig. 14. Magnified portion of an atretic oocyte showing the digestive and phagocytic 

action of the elongated granulosa cells. yg yolk globule. x 350 

Fig. 15. Magnified portion of an atretic oocyte showing the granulosa cells and lym­

phocytes which have penetrated inward. 1 lymphocyte. x350 

Fig. 16. Spherical masses derived from atretic oocyte and connective tissue fibers. x350 

• 
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PLATE III 

Fig. 17. Final appearance of an atretic oocyte filled with yellow pigment granules. ypg 

yellow pigment granules. x 350 

Fig. 18. The ovipositor length of the fish at various phases. 

a, in the resting phase. h, in the ovulation phase. 

c, in the oviposition phase. d, in the post-oviposition phase. 

Fig. 19. Portion of the ovary from a fish killed on November 18. x'1:7 

Fig. 20. Portion of the ovary from a fish reared under high temperature condition 

ranging from 23 to 25°e for 40days. x'1:7 

Figs. 21 and 22. Portions of ovaries from fish reared under high temperature condition 

ranging from 30 to agoe for 30 days. X'1:7 

Fig. 23. Portion of the ovary from a fish cultured without presence of mussels for 60 

days. X'1:7 

Fig. 24. Portion of the ovary from a fish cultured without presence of mussels for 140 

days. x'1:7 
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