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Plankton Investigations in Ishikari Bay, Hokkaido. II.

Phytoplankton-herbivores relationships in the “neritic province”
during the summer of 1975

Moriyuki KOTORI and Tomomi WATANABE
(Hokkaido Central Fisheries Experimental Station)

The phytoplankton standing crop (surface chlorophyll a concentration) and herbivorous
zooplankton biomass in the upper 20-m water column at the “neritic province” in Ishikari Bay
(Figs. 1 and 2) were investigated in the summer of 1975, so as to offer a preliminary information
on the trophic relations between these parameters in this bay in summer.

Chlorophyll a concentration was determined by the spectrophotometric method (STRICKLAND
and PARSONS 1968). The sampling procedure for zooplankton with a NORPAC net (0, 33-mm mesh
aperture) on board at 9 stations and the processings of zooplankton samples in the laboratory have
been already described (KOTORI 1977). Water samples from the surface waters for determining
the chlorophyll a concentration were also obtained at the 9 stations where the zooplankton materials
were collected.

The mean value of surface chlorophyll @ concentration was recorded to be 1,56 mg chl. q/m3
(range, 0.00-9. 40 mg/m®) at a total of 23 stations including the 9 stations mentioned above (Table
2). It is suggested that the present mean value of surface chlorophyll a concentration is likely to
be found always at the “neritic province” in Ishikari Bay in summer, because the difference between
the mean value described above and those obtained in the same season at the “neritic province” in
this bay in 1974 and 1976 (WATANABE, unpublished data) is not significant statistically (P >0.2).
The relatively high value of surface chlorophyll a concentration in the present observation seems
to be roughly corresponded with the values obtained previously in the Oyashio in the North Pacific
Ocean in summer (Table 2).

The herbivorous biomass was calculated on the following assumptions: (1) ratio of the
biomass of herbivores to total biomass of zooplankton is as shown in the 10th column of Table 3,
assuming that all zooplankters other than chaetognaths are herbivorous; (2) ratio of zooplankton
biomass in the upper 20-m to the upper any depths shallower than 150 m is as shown in the 9th
column of Table 3 (see also Table 1); (3) average organic carbon content of mixed zooplankton
populations is 0.06 of their wet weight (KOTORI 1976). In addition, phytoplankton carbon is as-
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sumed to be equivalent to 30 times of the amount of phytoplankton chlorophyll @ (STRICKLAND
1960).

The relationship between the calculated herbivorous biomass in the upper 20-m water column
(mg C/m?/0-20m) and the surface phytoplankton standing crop (mg C/m?%) is shown in Fig. 3.
Although Fig. 3 suggests the existence of a negative correlation between these two parameters, the
calculated correlation coefficient (r=—0,.558) is not significant at 5% level (cf. HOLMES et al.
1957, HOLMES 1958, BLACKBURN 1966, TANIGUCHT 1972, KozAsA 1975, TAGUCHI 1976). It may be safe
to assume that the highly significant correlation between phytoplankion standing crop and herbiv-
orous biomass was not found in the present area because of seasonally low growth rate and low
density of phytoplankton due to the deficiency of nutrients in summer (Fig. 4) : High temperature
of their habitat in summer (Fig. 5) appears to be a cause to accelerate the feeding rate of her-
bivores (ANRAKU 1964, IKEDA 1974), but the low density of phytoplankton may decelerate this rate
(TAKAHASHI and IKEDA 1975). It is therefore suggested that the seasonally high temperature and
low density of phytoplankton produced a combined effect on herbivores’ metabolism in the area,
so that the highly significant correlation between phytoplankton standing erop and herbivorous
biomass was not found at the “neritic province” in Ishikari Bay in summer.
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Fig. 1. Station locations. At stations shown with open circles, phytoplankton-herbivores
relations were observed ; at stations shown with solid circles, water samples for
determining surface chlorophyll @ were also collected ; at stations shown with

dots, hydrographic surveys only were carried out.

140°10'E 30 141°00' 30'

OCEANIC
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Fig. 2. Occupation of the “oceanic province” and the “neritic provinece” identified from
data obtained by hydrographic surveys in Ishikari Bay from August 26 to Sep-
tember 7 in 1975 (modified from figures in Hokkaido 1976). Hydrographycally,
dominant characteristics of waters in the “oceanic province” were almost as in the
Tsushima Warm Current ; the waters in the “neritic province” had not them
entirely. Only in the surface waters, hydrographical characteristics of all parts in

Ishikari Bay were as in the “neritic province” in 1975 (see footnote of Table 2).
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Table 1. Tentatively calculated ratios of zooplankton biomass in upper 20-m to the upper
any depths (zm) shallower than 150 m (Rx values) in daytime in Ishikari Bay in
summer, based upon an assumption that the maximum abundance of total zoo-
plankton biomass is vertically at a depth of 70 m.

Length of water column Calculated biomass* Rz values
rm mg wet wt/m?/(-x m %
18 79.9 130.2
20 104.0 100.0
30 271.5 38.3
35 388.3 26.8
40 527.1 19.7
50 880.1 11.8
60 1,340.6 7.8
70 1,910.6 5.4
75 2,211.9 4.7
80 2,490.2 4.2
100 3,368.2 3.1
110 3, 667.2 2.8
120 3,873.7 2.7
150 4, 000, 0F* 2.6

# Data on the vertical distribution of total zooplankton biomass through depths down
to 70m were obtained by a simultancous horizontal tow with MTD 56-cm closing nets
(0.33-mm mesh aperture, MOTODA 1971) at 43°30’N 141°05’E (depth of the bottom, 81 m) in
Ishikari Bay in daytime, 17 September 1976 (KOTORI and KoBayasHi 1977, Hokkaido 1977).
## A fixed value of zooplankton biomass (4.00 g wet wt/m2/0-150m) is the maximum one
recorded by vertical hauls with a NORPAC net from 150 m deep to the surface in the bay
(43°29. 2'N 140°50.0’E and 43°42.5’N 141°05. 0'E, Hokkaido 1976), Augusi-September, 1975,

iz R - T AU EIR 50 FE A0 GIFEEM “hvki” Lo bh b,

[IFF1 50 FEFORTFE Bl ORMADEE 2 v e ” 14 a Bk 1.56mg chl. a/m® (#iH0.00~
9.40mg chl. a/md, L 23) T, BEA49 Tk LORSLFEED “HEKE” kv TBEIh TV 53
EADZ v w7 40 afO T HY, RAFE) EHEThEES Lo T, SEOLRHE o
K BEAOPE 2 v 7 4 A a BREOZCIHEREIRES LR (P20.2),

EFEOWEEN 2 v e 7 ¢ v a IZOWT, SREIOFE LUEEC ST 5 {SED HEER LY Rt h
& SlEf bR ERRE PR 0@ 2 2 = 7 4 4 a BROFHME, BoBBMER TR T B
FhicRbLEVCEVETH S C Lavbnd (Table 2), i, SEEEA L2 v 7 4 a OEREERTT
ikt k 5 WKL TH B, WFERGOMY T 7 v 2 b YEHECOWTRE. X L - TlER
hp27ee7gha 3K L5 Ch o 60% i2ii4 % (TANIGUCHT 1972),
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Table 3 1212, FAI50 EOMFHIAG “WAKE” 12172 K2 v n 7 4 4 a kL Fii F 20m 2T
ORENOMEIET 7 v 2 + vk (L LICRERREM) & 2B,
Fig. 3 xM#EFOM G4 M EihoR L ohlgt LRtk b,



Table 2. Areal mean concentrations of chlorophyll @ in various regions. Sample number (n) and total ranges (min-max) are included.

AR - Zh5 9

western Hokkaido

Region Period Depths Chlorophyll @ concentration, Methods for Authority
mg/m? determination
min-max n mean of chlorophyll a**
O ffshore waters
Japan Sea Oct. 1969 Surface 0.1-0.6 = - Fluor. Ohwada (1971)
Japan Sea July-Aug. 1970 0-50 m 0.41-0.79 6 0. 62 Fluor. Nakajima (1973)
Oyashio Current Aug.-Sept. 1961 Surface 0.14-1.78 7 0.93* Spectro. Aruga and Monsi (1962)
Oyashio Current Northern summer Surface - — 3.42 Spectro. Taniguchi (1972)
(major parts)
Oyashio-Kuroshio Aug.-Sept. 1961 Surtace 0.18-0.62 7 4 0. 35*% Spectro. Aruga and Monsi (1962)
mixed waters
Kuroshio Current Aug.-Sept. 1961 Surface 0.01-0.76 16 0.21% Spectro. Aruga and Monsi (1962)
North Pacific Summer 1960 Surface — — 0.45 Spectro. Taniguchi (1972)
Current
Kuroshio Extension  Summer 1960 Surface - - 0. 36 Spectro, Taniguchi (1972)
Inshore waters
Akkeshi Bay, Aug.-Sept. 1969 Surface 0.04-0.16 3 0.11* Fluor., Taguchi (1970)
eastern Hokkaido
Off Shikabe, south-  July-Sept. 1974 0-15m 0.6-1.0 6 - Spectro. Nishihama et al. (1976)
eastern Hokkaido
Ishikari Bay, Aug.-Sept. 1975 Surfacet 0.00-9. 42 23 1.56 Spectro, Present study

# Calculated from originals by the present authors,
spectrophotometrically is nearly 60% in the surface phytoplankton populaticns (TANIGUCHI 1972).

## The ratio of chlorophyll a determined fluorometrically to that determined

1 Hydrographically, characteristics of

surface waters in all parts of Ishikari Bay were as in the “neritic province” (24.0-32.9% in sulinity, Hokkaido 1976).



Table 3. Phytoplankton standing crop in surface waters (concentration of surface chlorophyll @) and calculated herbivorous biomass in

upper 20m of the water column in the “neritic province” in Ishikari Bay, Hokkaido, 4 and 7 September, 1975. Data and

assumptions used for calculations are indicated.

No. of Position Date Time  Concentration Wet weight of total Length of Ry** Total zooplankton Ratio in weight Calculated
station (LZT) of surface zooplankton water 2% biomasst of herbivores herbivorous
chlorophyll a* g/haul g/m?/water column g wet mg C/m? to total biomass
mg C/m? column investi- wi/m? /0-20m  zooplanktonti mg C/m?
investigated gated (z) /0-20m /0-20m
m
. 43°42.5'N i . =
26 141°05. 0'E Sept. 4 22:25 23.4 0. 64 4.00 150 2.6 0.10 6.0 0.6 3.6
oy 3T gent 4 19:31 36.0 0.56 3.50 50 1.8 0.41  24.6 0.7 17.2
141015.0; pt. B . . O = . i, 4 i
38 W10 Sept 7 12:52 4.5 0.08 0.50 20 100.0  0.50 0.0 0.8 24.0
43°17.57 3 .
39 141°15. 0/ Sept. 7 13:52 12.0 0.04 0.25 20 100.0 0.25 16.0 0.8 12.0
a ALY sept 7 16:27 131.4 0.02  0.13 30 383 0.06 3.0 0.7 2.1
141°17.5' Pt : : sbe : : R : J :
43°22.5' - ,
44 Son Sept. 7 18:59 68.1 0.08 0.50 20 100.0 0.50 30.0 0.8 24.0
141720.0
. 43°17.5" 20 - h )
46 or ” Sept. 7 20:32 11.1 0.12 0.75 20 100.0 0.75 45.0 0.8 36.0
141°20.0
O !
48 A125 gept 7 21:57 7.8 0.14 0.88 20 100.0  0.88  52.8 0.8 4.2
141°15.0
g9 125 e 7 22:5 10.8 0.02 0.1 18 130.2  0.17  10.2 0.8 8.2
141°10. 0’ pt. 22: 5 .02 i 2 . .2 A 2
# Phytoplankton carbon was converted from phytoplankton chlorophyll @ by multiplying by 30 (STRICKLAND 1960). *¥ Ratio in

zooplankton biomass in upper 20 m to upper zm of water column in Ishikari Bay in summer (see Table 1),

converted from zooplankton wet weight by multiplying by 0.06 (KOTORI 1976).
assumption that all zooplankters other than chaetognaths are herbivorous.
depths in this bay in summer were presented by KOTORI and KoBayasHr (1977).

1 Zooplankton carbon was

11+ These ratios were determined on the basis of an

Chaetognaths/total zooplankters ratios in wet weight in various

| Bl ¢ e TGRS
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Fig. 3. Logarithmic relationship between herbivorous hiomass (0 to 20 m)
and surface chlorophyll a concentration for 9 pairs of values at the

“neritic province” in Ishikari Bay in summer, 1975,
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Twb, ¥z, FHhAKFOzee 7 s0 e FHFEXEAD 2 e 7 s v a i LIT2 L0bRA
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ZoSBEEM L EEOFT R ORI ThOFENEF RS (Fo & 2 McGOWAN and WILLIAMS
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B0, ZOMMREFEDHR D, - T, ERREERREORECHE KFT 2 LE8bhIEYT 7 v
2 + v ORFER (SAJo and [CHIMURA 1962) 1X, EFEORME "N CREC RSS20 TL
L E N B, AISRREOEZ 7 v 2 F vEORFC b AFMT LML TRETFOLZ A, »ikh
FLEMMEL e » Tfnds, BIFSHREO M7 7 v 2 r YL EFEF (2~4 ) A&z 5
(e 1947, R4 - W 1958). HEBETo RN 2 MAERT OCll 1971 ) i, RS
Bl-Ha 117 2 268 5 MiEo g8 8h, 8 ATEME 9 Agich it € ilililed W22 L FE21bhbd0
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Fig. 4. Seasonal variation in concentration of nutrients at the “neritic province” in Ishikari
Bay from November 1974 to October 1975 (unpublished data from T. WATANABE).
Sampling stations were about 5 nautical miles far from the north of the Ishikari

River estuary.
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Fig. 5. Mean seasonal variation in surface temperature observed every day at coastal
waters in front of Hokkaido Central Fisheries Experimental Station, January-
December, 1975 (unpublished data from U. Yamazaxki).
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Studies on the Reproduction of a Scallop,
Patinopecten yessoensis (JAY) -2
Gonad development in 1-year-old scallops

Kunivoshi MARU
(Hokkaido Abashiri Fisheries Experimental Station)

The author studied histologically the gonad development of 1-year-old scallops, Patinopecten
vyessoensis (JAY).

In this study, cultured scallops were collected monthly or bi-monthly from a depth of 3m
layer in Lake Saroma from May to November 1975, Thereafter, in order to avoid ice freezing,
samples were reared in a concrete tank at the Saroma Branch of Abashiri Fish., Exp. Sta. until
March 1976. During the rearing period, no food was supplied to the scallops, except when they
were transferred to the tank. Besides, natural scallops were also taken from a depth of 35-40m
off Abashiri during a period from May to August 1975, by the dredging.

The results obtained are as follows :

1. The classification of the developmental process of germ cells follows the previous paper
(MARU 1976). In this study, the following several stages were observed. Male germ cells: (1)
spermatogonium stage, (2) primary spermatocyte stage, (3) secondary spermatocyte stage, (4) spe-
rmatid stage and (5) spermatozoon stage. Female germ cells: (1) oogonium stage, (2) synaptic
stage, (3) yolkless stage, and (4) early yolk-formation stage.

2. On the basis of cytological characteristics in the development of germ cells and of the relative
amounts of germ cells, developmental processes of the gonad were classified into (1) undiffere-
ntiated stage, (2) sex differentiating stage, (3) early growing stage-A, B, (4) late growing stage-
A,B, and (5) degenerating stage.

3. From the histological observation, seasonal changes in gonad development are summarized as
follows. Early growing stage-A, May ; late growing stage-A, May-June ; degenerating stage, June-
August ; undifferentiated stage, June-August; sex differentiating stage, September-March ; and
early growing stage-B, October-March. In these developmental stages, the gonads during the
period from the carly growing stage-A to the degenerating stage were entirely those of the male
type. During the unditferentiated stage, the sexes were never distinguishable, but became disce-
rnible as male and female when the gonads reached to the sex differentiating stage. After attain-
ing to the early growing stage-B, the gonads seemed to proceed to the late growing stage-B.

4. The sex reversal from male phase to female phase through undifferentiated stage seems to take
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place just prior to the sex differentiating stage, when gonial germ cells in the gonad begin to
proliterate and differentiate into either spermatogonia or oogonia. It is possible that, in the
scallop, the sex ratio close to 1:1 is established during that stage and the sex may become stable
throughout the successive period of life.

5. The specimens up to 35mm in shell length were exclusively males. But the specimens ranging
from 35 to 53 mm were composed of males, females and sexually undifferentiated individuals.
After exceeding 54 mm in shell length, the individuals became differentiated definitely into males
and females. Fully ripened spermatozoa came eventually to degenerate completely without being
discharged. Therefore, it can be said that the scallops may take two years to reach sexual ma-
turity.

# B

K& & T H A HAOERMAROT & FEEEMCBL T, BEEEEY, e <#E0D), (LHSkE
O R OWTHFRS e Xh TV 52, 1EROAREORFICOLTIE, AMECREINSLDAT, 1t
FlEIC DL TS oLy,
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FOMAER[LOT, R LDOBERXBET 5. BHCEL D, KO TEMYIB - odtifi s B EH
BIAHE—EBEL, AAFKEETDHESENRTLELoBEL £ T2,

B & FHE

AR = =R (Fig DCABEImBicEFL TV 28/ A%y, 1975E5 AL h11H ¥
TRELIDAZECHELY:, LaL, AMEMAFELIRLI 4 BEoikL, BEIEBCkS1®, 0
BRREMRICE L AR E KR r ~ S 0BH = v 2 ) - r KB~BL, PERYORET, =
E3IAFTILABET CHE L.

Zofb, FEABYENLES, HIKM~OREFCHATERELL: T 7 v 2 b vE 521204, B
Sxtrhots foks, ZOMICIISES AL b 8 Ao, #EMN (KiE5~40m) CHEEIC L ViIRELEE
AAOEH L ATz,

BREREL 7 7 vRETEEE, MO VAN TR - T, BX8pD 257 4 vH%
fERL, T7 74— FO~T &2V Vit vy, THYORRER T, SOft, IINHERRD

o 10 . k) 40 S0km

Fig. 1. Locations where scallops were collected.
Dots indicate sampling_areas.
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(1) HFi L oBoRER
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DESEAR © 1RO bic 206 0 2 PN R HIRE A CRMBICE . R e L i
PATIEfBE L, MEABh 5, filan k% X JLE 9 ~15p, Hiff6 ~11pT, BIXARUE B EN SV,
RILEERT~100, HES5~9p THEMNCIE L @V L 2 MOEEL ~ 28 O %4i+5 (Plate I, Fig. 1),
M T oW (Plate 1, Fig 2) R iR REAEVEL, &K/ ELcS (Plate 1,
Fig. 3), W% # - c#lazrigc, BE4~7s CRER1sBETCHS,

2)F— R - MRS e BRI BTl ks M e v IR Sl (Plate 1,
Fig. 4), koo 1R D& Thh, BEd4~5p0f—Kki53#kL ¢35 (Plate 1, Fig.5),
H TR T AN E A T — R A T s (Plate 1, Fig. 6).

3) IR BN « A R 2 B L IO TG L 7 B A% F Ok E Xk R TEHI
Btk ha <, #E3p o, CoMOMKRE AR FHIN & i L CHBIT 280820 (2 2 2 i
Ve TOH, FBoAHRERE_ARRGEIZAS (Plate 1, Fig. 7).,

A FoRRBGHIEL L. BERL5~20u Ol 725 (Plate 1, Fig. 8),
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h, BELED, BR4~5p {it1p kicd (Plate 11, Fig 4),

)R EH : BEARARET S &, ROASHE LRI #as x5 (Plate 11, Fig. 5), ol
DEDKE SIZERT~8p, EEI~10p TH D F0H, BIEMTCTHOCAINE T2 (Plate 11, Fig. 6),

3) #EHRE < IRAHMA LTI OM X bAkE <A b, HIFREL U L fcB (Plate I1, Fig. 7). JBE
RADK ¥ 212 6 ~10px 7 ~13p, HE6~9p {U21.5~2.50 TH%,

4) IRETAAT I - SRR MM MM RSB R E Y, BONEIRCHEO BRI B E 5
(Plate 11, Fig. 8), BE#{ERiz PAS Bit% T, SO k¥ 212 18~34x25~38p, % 13~15¢, =
X5p ticsd,

ik, SENLAHY TR0 h-IFREENE, & X OO IRIA G hich -7,
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i~ fe A R O T RGE AN I T, AR O FEE A th D 6 BRI L=
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F1H (o) - R, DRI - TER T, TR EREER L Ao
iRk, EFRMoIR#Er2bh5,

FNE (REE - S E—-RREas HBIL, ST RREMR BlilaE Taikbhs,
HECR IR AT o SRR M B L, RS L CRLEA B L, SRETEREN 0 8 BT T
SIRRERNIC X L E20% £ i sl ch b, coliiz Ehic AT E BRICK 2 hic. ARNTEIEHI%
FETW AV iREE R L, BENE(EMA R TH 6 ORE, FIb AR —EGR (L, Bl Ehi ol
RS R R G T A TH %,

BNV GRESND MR TrHBL T o THEA20% e 5 ¥ Toll, M IRRkio
FpAi20% L EHBIL, Moo B2 20%ic e % ¥ T, ol iR, BIeMAEe: LTAR
LBEREGEhin

AV GBAEM) : EMEAREYE Sl o EMEEREL, BRILSH, FRICRAR{RLETD
Hed s,

(8) ARBERORFELL

AR RRO LA Table 1| iZRLE, = ~#HEOEFAICOV-TAS 2, 5 A CIiT<THT,
HCFERiii— A (Plate 111, Figs. 1&2) »i&jt#]— A (Plate 111, Figs. 3&4)icd 5, ZORMTCIZ T
ANEEOHRIC S5 5 R, T L 0% F T RAMCI BL TV L 6 AL 8 ATz B
(Plate 111, Fig. 5) ioB{TL, X6k {tlti (Plate III, Fig. 6) ~ti#x, —HCixEFEcAD,
HE: LTI L T A2 2oh 5, 9 T #5{eiio @ (Plate 111, Fig. 7 £ Plate 1V, Figs.
1-3) #iAbh, fEEOHHAHES X 5i2fc . 10AHHRED 3 H ¥ CEDERE L REi—B O i
(Plate III, Fig. 8 & Plate IV, Fig. 4) A& bh 555, WEESM—B~BTLL @l £ Zbhls
B

¥, MEHEKBRADS Ha b 8 HE COMOLERIROFEAEAL Y ¢ <& 2EEBETH - 100

ChBREORE LR L THRNAHRE, LEROTTIHMEL B ToMErTh D, - Tl
RERLARVWZ L ThB. SHICHERHEML L TAMROFED ST bh 5, Mb, fflaT<ToM

Table 1. Gonad condition of 1-year-old scallops.

Sampling site  Sampling date Ml Female Total no.
11 1II-A III-B IV-A V 11 III-B

Lake Saroma May 20,75 12 21 33
Jun. 17 3 2 5 10
Auvg. 1 11 8 1 20
Sep. 20 7 13 20
Oct. 8 15 1 2 2 20
Nowv. 13 11 1 1 7 20
Dec. 4 11 3 1 15
Feb. 2,776 5 1 1 7
Mar. 11 T 2 6 15

Off Abashiri May 12, ’75 19 19
Jun. 12 2 18 20
Jul. 24 10 10
Aug. 20 11 1 4 1 17

Note I: undifferentiated, Il : sex differentiating, I1I: early growing, IV : late growing,
V : degenerating.
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Lake Saroma

100
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3
204 §
0 1 - T

Okhotsk Sea
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1975 1976
Fig. 2. Seasonal changes in sex composition of the scallop. WM : Male, & : Sex undiffe-

Frequency (%)

rentiated, []: Female.
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Early growing-A @& | —e—
Late growing-A § ] S -,
Degenerating ) | -
Undifferentiated 1 —_- —_— O
Sex differentiating & .
? S
Early growing-B E .
? i

28 30 32 34 36 38 40 42 44 46 48 50 52 54 96 58 60 62 04
Shell length (mm)
Fig. 3. Relation between gonad stages and shell length in the scallop. Each horizontal bar
indicates 95% confidence limit of mean. @ : Lake Saroma, () : Off Abashiri.
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Fig. 4.

Seasonal

Oct.r Nov. Dec. jan.l Feb.
1976

JulA' At.lg.l Sep.' Mar.

changes in growth of 1-year-old scallop and water temperature. Each

vertical bar indicates 95% confidence limit of mean.
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: Natural scallops collected from off Abashiri,
: Cultured scallops collected from Lake Saroma,
: Cultured scallops reared in tank,

: Water temperature of Lake Saroma at a depth of 3m layer where scallops

were cultured,
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felk BB i sty CORRILARES D ih s ttod b EL bR,
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1-year-old

=Late _
Egrowing-B

_::_Raling%_—h_'ﬁ Early growing Late growing
Maturing

May ' Jun. ) Jul. Aug. ) Sep. " Oct. Nov. Dec. Jan. " Feb. Mar. Apr.
Fig. 5. Schematic diagram showing seasonal changes in the developmental stage of the
scallop gonad.

2-years-old
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PLATE I

Photomicrographs of male germ cells in various maturation stages. Fixed in Bo-

uin’s fluid and stained with Delafield’s haematoxylin-eosin. Magnification of all figu-

res, 1,170 times.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.
2.
3.
4.
5.
6.
1.
8.
9

Primary spermatogonia.

Secondary spermatogonia enveloped in cyst membranes.
Secondary spermatogonium in telophase,

Primary spermatocytes in pre-synaptic stage.

Primary spermatocytes in post-synaptic stage.

Primary spermatocytes in the first maturation division.
Secondary spermatocytes in the second maturation division.
Spermatids in spermiogenesis.

Mature spermatozoa.
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PLATE II
Photomicrographs of female germ cells in various maturation stages. Fixed in
Bouin’s fluid and stained with Delafield’s haematoxylin-eosin. Magnification of all fi-
gures, 1,170 times,
Fig. 1. Primary ocogonia.
Fig. 2. Primary oogonium in metaphase.
Fig. 3. Primary oogonium in telophase.
Fig. 4. Secondary oogonia.
Fig. 5. Occyles in post-synaptic stage.
Fig. 6. Oocytes, nucleolus appeared.
Fig. 7. Oocytes in yolkless stage.
Fig. 8. Oocyte in early yolk-formation stage.
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PLATE III

Photomicrographs of transverse sections through testes in various stages of matu-
rity. Fixed in Bouin's fluid and stained with Delafield’s haematoxylin-eosin. Magni-
fication of all figures, 360 times.
Figs. 1-2. Early growing stage-A. (May 20)

2. Qocytes are found in male germ cells.

Figs. 3-4. Late growing stage-A. (May 20)
Fig. 5. Degenerating stage. (August 1)
Fig. 6. Undifferentiated stage. (August 1)
Fig. 7. Sex differentiating stage. (December 4)
Fig. 8. Early growing stage-B. (October 8)
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PLATE 1V

Photomicrographs of transverse sections through ovaries in various stages of ma-
turity. Fixed in Bouin's fluid. Figures except Fig. 3, stained with Delafield’s haema-
toxylin-eosin ; Fig. 3, stained with azan. Magnification : Figs. 1-5, 360 times ; Figs.
6-8, 870 times,
Figs. 1-3. Sex differentiating stage.

, 2. (September 20); 3. (December 4)
Fig. 4. Early growing stage-B. (November 13)
Fig. 5. Numerous phagocytes invading the lumen of lobule through the lobule wall.
(September 20)

Fig. 6. Active phagocytes in the lumen of lobule, (August 1)
Fig. 7. An advanced oocyte degenerating by phagocytosis. (November 13)
Fig. 8. Phagocytes surrounding the peripheries of young ococytes. (November 13)
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Studies on the Reproduction of a Scallop,
Patinopecten yessoensis (JAY) -3

Observations on hermaphroditic gonads

Kuniyoshi MARU
(Hokkaido Abashiri Fisheries Experimental Station)

The Japanese common scallop, Patinopecten yessoensis, is gonochoristic in sexuality. Rarely,
hermaphroditic scallops have been found, mainly in young shells (OBATA & SupA, 1975; OSANAIL,
1975; MORI et al., 1977 ; MORI & OSANAIL 1977).

In this study, gonads of several adult hermaphroditic scallops collected from Okhotsk Sea
were observed macroscopically as well as microscopically.

In macroscopic appearance, the gonads showed patches of tissues of one sex, either whitish-
yellow male tissue or orange-red female one, embedded in tissue ground of other sex.

Microscopically, both male and female germ cells were found not only in separate lobules, but
also in the same lobules. At least, a part of fully grown spermatozoa and ova seemed to have been
discharged.

Therefore, the hermaphroditic phenomenon can be regarded as functional.
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Table 1. Data of hermaphroditic scallops collected from Okhotsk Sea.

Sampling date  Samplng site Sa;;gilll:ng Age 12;;31 S:vf;i:i?tdy (_Eoé:ad

(m) (mm)  (wet g) G
June 13, 1975 Off Yambetsu 27 4 107.3 5.5 10.6
June 24, 1976 Off Lake Notoro 45 5 117.6 5.0 8.3
May 4, 1977 Off Lake Saroma 40 3 99.8 17.2 31.7
May 4, 1977 Off Lake Saroma 40 4 110.9 19.8 2.1

Gonad index: gonad weight x 100 soft body weight

Figs. 1-3. Hermaphroditic scallops obtained from Okhotsk Sea.
Fig. 1. Collected on June 13, 1975.
Fig. 2. Collected on June 24, 1976.
Fig. 3. Gonad of the specimen shown in Fig. 2.
f, foot; F, female portion orange-red coloured: g,
gonad ; M, male portion whitish-yellow coloured.
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19754 6 Az (EBIipT, #7:19765F 6 AiCfEIMMP CEEL - 2 7# 1 % Fig. 1, Fig. 2 £¥h¥h
Fltz, 1=, Fig. 2 o4il#i4L T Fig 3 IoRL1z, Fig 1| O4REHEMNEAERM I M4SN
o mEticBiEL, Fig 3 COFEE0EMEAR EBIC A VAL TV I, Shb SHEO AR EEE
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ChbARMBIRDIECEXR, IBFELTV-20T, HKibiioRBcs 2 L Bbhi,

0 5cm

Fig. 4. Superficial appearance of hermaphroditic gonads of scallops
collected from off Lake Saroma on May 4, 1977. A, gonad of
3-years-old scallop; B, gonad of 4-years-old scallop; sparse

portions, male germ cells ; dense portions, female germ cells.
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PLATE 1
Photomicrographs of transverse sections through a hermaphroditic gonad of the
specimen shown in Fig. 1.
Figs. 1-2. General view of hermaphroditic gonad. (1, x57; 2. x99)
Fig. 3. An oocyte in male portion. (x99)
Fig. 4. Both male and female germ cells coexisting in a lobule. (x397)
Fig. 5. Fully grown oocytes in a male lobule. (x397)

Fig. 6. Spermatozoa in genital canal. (x397)
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PLATE II

Photomicrographs of transverse sections through a hermaphroditic

gonad of the

specimen shown in Fig. 2.
Figs. 1-3. General view of hermaphroditic gonad. (1, x57; 2,3, x102)
Figs. 4-5. Both male and female germ cells coexisting in a lobule, (4. 5, x397)

Fig. 6. Spermatozoa in genital canal. ( x198)
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