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Abstract 

A total of 184 female masked greenling, Hexagrammos octogrammus, were collected from 
the shores of Usujiri, Hokkaido, from January 1984-0ctober 1985, and their ovaries were 
examined by histological and histochemical methods. The process of oogenesis was divided 
into twelve stages. Two distinct features of oogenesis of masked greenling were observed. 
The first feature was that oil droplets appeared after yolk vesicles, and thereafter yolk 
globules accumulated. Second, the coalescence of yolk globules began before the nuclear 
migration, and yolk globules continued to accumulate during the nuclear migration toward 
the animal pole. Ripe eggs were 1.8-2.1 mm in diameter and transparent blue in color. The 
ovarian cavity was located on the ventral side of the ovary, and ripe eggs existed along with 
gelatinous material. Some oocytes developing beyond the migratory nucleus stage were 
atretic and remained in the ovary for over one year. Therefore, post-spawners could be 
identified by the presence of these atretic oocytes. 

Introduction 

Masked greenling H exagrammos octogrammus and other hexagrammids are 
distributed along the shores of the North Pacific and adjacent regions. Masked 
greenling have the widest distribution among hexagrammids; they are found in the 
seaweed beds of the Aleutian islands, the Okhotsk Sea and northern Japan (Ruten­
berg, 1962; Quast, 1964). It is known that male masked greenling parents protect 
egg masses, and the larvae and juveniles drift near the sea surface, as do other 
hexagrammids (Wilby, 1937; Yamamoto and Nishioka, 1948; Gorbunova, 1962; 
Jewell, 1968; Kanamoto, 1976; Phillips and Barraclough, 1977; Low and Beamis­
h, 1978; DeMartini and Anderson, 1980; DeMartini, 1986). There is, however, no 
published data concerning the maturation of hexagrammids. We have examined 
the process of oogenesis, mode of ovarian development, and the reproductive cycle 
of masked greenling using specimens captured near Usujiri, Hokkaido. The present 
study deals with the process of oogenesis. 

Materials and Methods 

Masked greenling were collected from the shores of Usujiri, southern Hokkaido 
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from January 1984-January 1985, and from July-October 1985 on every months by 
trammel net. Ovaries of 184 females were fixed in Bonin's fluid, 10% formalin, or 
20% formalin, depending upon the intended analytical procedure. Serial paraffin 
sections of the specimens were sectioned to 8-10 J1.m and stained with Derafield's 
haematoxylin and eosin. Some of the sections were treated with periodic acid Schiff 
(PAS) reagent for detection of yolk vesicles. In order to detect oil droplets, some 
of the ovaries were embedded in carbowax after fixation in 20% formalin, sectioned 
to 3-4 J1.m, and stained with Sudan Ill. 

Results 

General anatomy of the ovary 

The paired ovaries of masked greenling were found nearly equal in size and 
located post-dorsally within the abdominal cavity. The ovarian cavity is located 
on the ventral side of the ovary and is connected to a short and thick oviduct which 
exits behind the anus (Fig. 1A). 

Histology of the maturing oocytes 

The morphological changes of the maturing oocytes are described following the 
classification of Yamamoto (1954) and Yamamoto et al. (1965). Oogonia and 
oocytes of the chromatin-nucleolus stage exist in a cluster at the surface of the 
ovigerous lamella throughout the year. The resting oogonia, 4-7 J1.m in diameter, 
had a large nucleus and very thin cytoplasm. The nucleus contained one or several 
chromatin-nucleoli. In the chromatin-nucleolus stage, oocytes and nuclei were 8-30 
J1.m and 6-20 J1.m in diameter, respectively. The cytoplasm was unstainable. This 
stage was subdivided into three sub-stages according to the features of the nucleus, 
viz., pre-synaptic, synaptic and post-synaptic stages (chromatin-nucleolus stage, Fig. 
2A). At the next stage the cytoplasm became gradually stainable with basic dye. 
Oocytes and nuclei were 30-110 J1.m and 20-70 J1.m in diameter, respectively (early 
peri-nucleolus stage, Fig. 2B). The cytoplasm had increased in volume with oocyte 
growth, but the cytoplasm gradually became less stainable with haematoxylin. 
Oocytes and nuclei were 100-170 J1.m and 60-80 J1.m in diameter, respectively (late 
peri-nucleolus stage, Fig. 2C). At an oocyte diameter of about 170 J1.m, yolk 
vesicles occurred on the periphery of the cytoplasm. Yolk vesicles could not be 
stained with Delafield's haematoxylin and eosin, but showed a strong positive PAS 
reaction. The zora radiata was distinctly present between the follicle layer and the 
cytoplasm of the oocyte (yolk vesicle stage, Fig. 2D, E). When oocytes reached 
about 230 J1.m in diameter oil droplets appeared in the vicinity of the nucleus and 
the oil droplet zone was formed in this region. Oil droplets stained red with Sudan 
III (oil droplet stage, Fig. 2F, G). At an oocyte diameter of about 350 J1.m, yolk 
globules appeared in the cytoplasm between the yolk vesicles and the oil droplet 
zone as small granules stained with haematoxylin. They gradually accumulated 
and formed the yolk globule zone. Three zonal structures, i.e., inner-most oil 
droplet zone, middle yolk globules and outer-most yolk vesicle zone, were clearly 
found at this stage (early yolk globule stage, Fig. 2H). Yolk globules began fusing 
when they occupied about two thirds of the cytoplasm. Oil droplets simultaneously 
began moving toward the outer region of the cytoplasm. Oocytes at this stage were 

- 28-



MU"EHARA et al. : The process of oogenesis in masked greenling 

Fig.1. Ovary and oocytes of masked greenli ng. A-mature ovary, Uf , urinary bladder ; B-blue 
translucent oocy tes develo ping beyond the migratory nucleus stage ; C-ri pe eggs and 
gelatinous material in ovari an cayity; D-residual eggs in the m'ary, arrows indicate atretic 
eggs. 

450-830,um in diameter (late yolk globule stage, Fig. 21). After the oil droplets 
had changed position, the nucleus also began moving toward the animal pole. 
Oocytes were at this stage about 1050,um in diameter (migratory nucleus stage, Fig. 
2J , K) . Oocytes in this stage were d istinguishable from that of the previous stage 
with the naked eye, because the oocyte color had changed to transparent blue (Fig. 
IB ). After the nucleus had arrived at the animal pole, the nuclear membrane 
disappeared and no boundary was found between the nucleoplasm and the cyto­
plasm. Yolk globules became a yolk mass. The oocytes were 1050- 1530,um in 
diameter (pre-mature stage, Fig.2L). Oil droplets , which had occurred at the 
peri phery of the yolk mass, transferred to the animal pole. The oocytes were 1450-
1650 ,um in diameter (mature stage, Fig. 2M). Mature oocytes were ovulated into 
the ovarian cavity on the ventral side of ovary. Ripe eggs were the same in 
appearance as at the mature stage except for the lack of an enclosing follicle (ripe 
egg, Fig. 2N) . Freshly ov ul ated eggs were 1.8- 2.1 mm in diameter. Ripe eggs were 
enclosed with t ransparent gelatinous material in the ovarian cavity (Fig. lC). 

Some of the developing oocytes became atretic, and were gradually absorbed by 
the granulosa cells. The first step of atretic changes of oocytes at the oil droplet, 
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Fig. 2. Oogenesis of masked greenling. All fi gures are photom icrographs of sections from the 
ovaries of masked greenling. All samples \yere fixed in Bouill 's flu id and stained with 
Delafield·s haematoxy li n-eosin except for E , G and M. A-oocytes at the chromatin­
nucleolus stage ( x 800) ; B-oocyte at t he early peri-nucleolus stage ( x 500) ; C-oocyte at 
the late peri-n ucleolu s stage ( x 250) ; D-oocyte at t he yol k ves icl e stage, yv, yolk vesicles 
( X 150) ; E-yolk ves icle, Bouin 's flui d and PAS preparation, n , nucleus ( X 600); F-oocyte 
at the oil droplet stage, od, ail drop lets ( X 120) ; G-oocyte at t he oil droplet stage embedded 
in carbo wax and sta ined with Sudan ill ( X 130) ; H-oocyte at t he early yolk globule stage, 
yg , yolk globules ( x 85) ; I-oocy te at th e late yolk globule stage ( x 45) ; J-oocyte at the 
migratory nucleus stage ( x 37); K-migration of nucleus to micropyle, rnpc , micropyle ( x 
300) ; L-oocyte at the pre-mature stage ( x 32) ; M-oocyte at the mature stage ( x 30) ; 
N- the ripe egg embedded in carbowax a nd stained ,,·ith Sudan ill ( X 30). 
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Fig. 3. Degenerat ion of atretic oocytes and empty foll icles of masked greenling. All were 
fix ed in Bouin's flui d and stained with the Delafield's haematoxylin-eosin. A-atret ic 
oocytes at the yolk formation, the fragmented zona rad iata ( x 50) ; B-atretic oocytes at the 
yolk format ion, t he yolk absorbed by granulosa cells ( x 50) ; C-atretic oocytes at the 
mature stage ( X 50) ; D-empty follicle in the ovary after ovulation ( X 60 ) ; E-the degener­
ated empty follicles, arrows ind icate empty fo ll icles ( x 50). 

early yolk globule, and late yolk globule stage, was the breaking down of the zona 
radiata (Fig. 3A). The granulosa cells gradually thickened and yolk globules were 
absorbed through the fragmented zona radiata (Fig. 3B). After the yolk had been 
absorbed, the granulosa cells and the fragmented zona radiata remained in the 
ovigerous lamella for about four months as an atretic follicle. Oocytes developing 
beyond the migratory nucleus stage were also degenerated and absorbed through the 
same process but they remained in the ovary for over one year (Fig.3C ). They 
changed into a brown or black color, and thereby were easily recognizable with the 
naked eye (Fig. 1D). On the other hand, empty follicles were sac-like just after 
ov ulation and both thecal and granulosa cells were clearly present (Fig. 3D). When 
the degeneration advanced, empty follicles could be seen as a t issue mass which 
stained with eosin (Fig. 3E ), and they were fully absorbed in about four months. 

Discussion 

The process of oogenesis in fishes has been dist inguished in to different types 
according to whether and when oil d roplets are accumulated (Yamamoto, 1958; 
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Ishida, 1980). In masked greenling oil droplets appears after yolk vesicles, and then 
yolk globules are accumulated. This type of oogenesis is similar to that found in 
salmonids (Ishida et aI., 1961; Yamamoto et aI., 1965) and Pacific pomfret Brama 
japonica (Yoon and Shimazaki, 1981). 

The process of final maturation differs during the time of nuclear migration and 
the coalescence of yolk globules among species (Goetz, 1983). In masked greenling 
the coalescence of yolk globules begins before the nuclear migration, and the yolk 
continues to accumulate after the nucleus begins to migrate to the animal pole. 
These characteristics also occur in medaka Oryzias latipes (Yamamoto and Yoshioka, 
1964). 

A gelatinous material was found to exist with ripe eggs in the ovarian cavity. 
This material might function to glue eggs to each other at the time of spawning 
(Yamamoto, 1951), and/or playa role in the process of fertilization. 

Oocytes developing beyond the migratory nucleus stage remained in the ovary 
for over one year. A similar protracted presence of atretic eggs is known in fatty 
greenling Hexagrammos otakii (Matsunaga et aI., 1974) and Japan Sea greenling 
Pleurogrammus azonus (Kanbara, 1957). In these hexagrammids, post-spawners 
can be identified by the presence of atretic eggs. 

This study has elucidated the process of oogenesis in masked greenling. In 
these observations, the nature and origin of the gelatinous material present in the 
ovarian cavity with ripe eggs remains unknown. Data on the role of the gelatinous 
material could help interpret the spawning mode of masked greenling. 

Acknowledgments 

The authors wish to thank Dr. K. Takano, Faculty of Fisheries, Hokkaido 
University, for his suggestions and critical readings of the manuscript, and to Prof. 
J. P. Doyle, Marine Advisory Program, University of Alaska, Dr. E.E. DeMartini, 
Marine Science Institute, University of California, and B. Bigler, Alaska Dept. of 
Fish and Game, for their helpful advice and suggestions for improvement of the 
manuscript for publication. The authors are also greatly obliged to Dr. Y. Sakurai, 
Aomori Prefectural Asamushi Aquarium, and Dr. H. Yoshida, Hokkaido Kushiro 
Fisheries Experimental Station, for their kind assistance. For sampling of the 
specimens, the authors are greatly indebted to the staff of Usujiri Fisheries Labora­
tory, Hokkaido University. 

References 

DeMartini, E.E. and M.E. Anderson (1980). Comparative survivorship and life history of painted 
greenling (Oxylebius pictus) in Puget Sound, Washington and Monterey Bay, California. 
Env. Biol. Fish. 5, 33-47. 

DeMartini, E.E. (1986). Reproductive colorations, paternal behavior and egg masses of kelp greenl­
ing Hexagrammos decagrammus, and whitespotted greenling, H. stelleri. Northwest Science. 
60, 32-35. 

Goetz, F.W. (1983). Hormonal control of oocyte final maturation and ovulation in fishes. 117-170. 
Fish physiology IXB. Hoar, W.S., Randall D.J. and Donaldoson E.M., editor. 477 p. 

Gorbunova, N.N. (1962). Spawning and development of Greenlings (Family Hexagrammidae). 121-
185. Greenlings. T.S. Rass, editor. (1970).208 p., Israel Program for Scientific, Translation, 

- 32-



MUNEHARA et al.: The process of oogenesis in masked greenling 

Jerusalem. 
Ishida, R (1980). The characteristics of the development in the ovarian eggs of teleostean fishes. 

Mityuurin seibutsugaku kenkyuu lwukoku. 16, 115-133. (in Japanese with English abstract). 
Ishida, R, K. Takagi and S. Arita (1961). Criteria for the differentiation of mature and immature 

forms of chum and sockeye salmon in northern seas. Int. North. Pac. Fish. Comm. Bull. 
5,27-47. 

Jewell, E.D. (1968). Scuba diving observations on lingcod spawning at Seattle breakwater. Wash. 
Dept. Fish., Fish. Res. Papers. 3, 27-34. 

Kanamoto, Z. (1976). On the ecology of Hexagrammid fish. I. Habitats and behavior of Agrammus 
agrammus (Temminck et Schlegel) and Hexagrammos otakii (Jordan et Starks). Jap. J. 
Ecol. 26, 1-12. (in Japanese with English abstract). 

Kanbara, H. ·(1957). Ecological study of spawning (II). Studies on "Hokke" Pleurogrammus 
azonus Jordan et Mets. Month. J. Hokkaido Fish. Res. st. 14, 3-23. (in Japanese). 

Low, C.J. and RJ. Beamish (1978). A study of the nesting behavior of lingcod (Ophiodon elongatus) 
in the Strait of Georgia British Columbia. Fish. Res. Board Can. Tech. Rep. 843, 27 p. 

Matsunaga, S., T. Yamazaki and T. Shouda (1974). Ainame no sairan to sigyo siiku ni tuite. 
Saibaigiken. 3, 61-69. (in Japanese). 

Phillips, A.C. and W.E. Barraclough (1977). On the early life history of the lingcod (Ophiodon 
elongatus). Fish. Res. Board Can. Tech. Rep. 756, 35p. 

Quast, J.C. (1964). Meristic variation in the Hexagrammid fishes. Fishery Bull. 63, 589-609. 
Rutenberg, E.P. (1962). Survey of the fishes of family Hexagrammidae., 1-103. Greenlings. T.S. 

Rass, editor. (1970). 208 p. Israel Program for Scientific, Translations, Jerusalem. 
Wilby, G.V. (1937). The lingcod, Ophiodon elongatus Girard. Bull. Bioi. Board Can. 54, 1-24. 
Yamamoto, G. and C. Nishioka (1948). Breeding habits and developmental processes of greenling, 

Hexagrammos otakii Jordan et Starks. Seibutu. 3, 167-170. (in Japanese with English 
abstract). 

Yamamoto, K. (1951). Studies on the adhesive organs of eggs. 1. On the swelling of the adhesive 
layer of the flounder's eggs. Sci. Rep. Hokkaido Fish Hatchery. 38, 34-38. (in Japanese with 
English abstract). 

Yamamoto, K. (1954). Studies on the maturity fishes II. Maturity of the female fish in the flounder, 
Liopsetta obscura. Bull. Hokkaido Reg. Fish. Res. lab. 11,68-77. (in Japanese with English 
abstract). 

Yamamoto, K. (1958). Vitellogenesis in fish eggs. Symposia Cell. Chem. 8,119-134. (in Japanese). 
Yamamoto, K. and H. Yoshioka (1964). Rhythm of development in the oocyte of the Medaka, 

Oryzias latipes. Bull. Fac. Fish. Hokkaido Univ. 15,5-19. 
Yamamoto, K., I. Oota, K. Takano, and T. Ishikawa (1965). Studies on the maturing process of the 

rainbow trout, Salmo gairdnerii irideus-1. Bull. Jap. Soc. &i. Fish. 31, 123-132. (in 
Japanese with English abstract). 

Y oon, T.R. and K. Shimazaki (1981). Ovarian maturation of the Pacific pomfret, Brama japonica 
Hilgendorf, in the North Pacific Ocean. Res. Inst. N. Pac. Fish. Hokkaido Univ. Spe. Vol. 
79-90. (in Japanese with English abstract). 

- 33-


	0027.tif
	0028.tif
	0029.jpg
	0030.jpg
	0031.jpg
	0032.tif
	0033.tif

