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Morphology of the Female Gametophyte and the Young Sporophyte

of Laminaria japonica var. ochotensis OKAMURA in Nature

Takashi KANEKO
(Hokkaido Wakkanai Fisheries Experimental Station)

In the present paper, the female gametophyte and the young sporophyte less than 1 mm in
length of Laminaria japonica var. ochotensis Oxamura which collected from a Laminaria-bed
at a depth of 0.3 to 1.0 meter in Wakkanai, Hokkaido, on Feburary 18, 1972, were studied
morphologically. The shape of the female gametophytes and of some early developmental stages
of sporophytes of this species in nature were ascertained here in relation to the number of cells,
Their morphological characters agree quite well with the results made by Kanda (1946) based on
a cultural experiment for the same species. Furthermore, as a result of statistical study on the
relationship between the length and the width of sporophyte up to a stage with one thousand cells, the
cell number proportionally correlated with the sporophyte length. On the other hand, the correlation
between the length and the width of sporophyte showed a high positive value as + (. 968.

) v 2 v 7 (Laminaria japonica var. ochotensis Oxamura) DRI 1T S 8hfEDOHEC 2 TX
Bk - epilt (1966) A TicHiE L TVw52% 0.3mmEl O Dic2WTTh Y, Th X b/ hSuFtwm
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EH RIS & O FIFLE THME L o liiERC B4 5 X Uik oV TEF RSB L TV 5T 0
MREEHE, 2 TikE LI 1 mm BT oo THENH R TERYE L o E 2 h i F O Ry 8l
35,

FRICADICERD, JiEo v ZERM A B - o duis o EaE R E AR s 20 & b R
LET,

wOH & F &

ABIRC AV TR 197245 2 7 3 ~ 6 HICFIRE REFRMH, SHFAM o0 197242 18
*iLFmS AT




2 &f #

HEMATRTBE D RARTED B ERYE L 72,

e A 7 & O SIS T 0.3~1.0m DIESICH B BRI HE Y2y b 21T HEET 50,
R OFELGED SIS EA A £ 0¥ ¥ ERECH B D EM TR S JICiE L5, RIS
TFTF—FriHoThELHmEL, ~4 22y FTHBWGETF, AFAFZ5ALCBLY Y €0 v-
RAA =) VR TEAL fo SHEORMBIL TS TAY v F LB 2. A v FIXT » ~ Ol
RN T e o T ERlE BB T IR b & - 7o,

B R & B

HEMT TS D ARIR Stz Y o 1 2 v 7 ogifd e e OB o L L Tu i, Foxbicbo
% Table 1 \2R L1z, ChEIREESEARG- TR LA EAGATH VEORTEIEETS 1 Lizdis
TZ ZTIREROU 6 e—fix ik ZRAEOZ LTz,

Table 1. A list of the microscopic algae associated with the germlings of Laminaria
Japonica var, ochotensis which grow on the rock surface at a depth of
0.3 to 1.0 meter.

SPECIES

PHYLUM
Bacillariophyta Licmophora sp., Navicula sp.,
Chlorophyta Ulothrix sp., Monostroma sp.,
Enteromorpha sp., Cladophora sp.,
Phaeophyta Ectocarpus sp., Myrionema sp.,
Rhodophyta Bangia fuscopurpurea, Acrochaetium sp.,

1. HEEREEC2VT

MEVE R B A R R D T, 2ol L BoRIgs S Tk D, EfiahzEo®@ike 5Bk
wihLTwdbok (Fig 1, A&B), HEHO fifas s TRHO 3 @01 20K B oI
W AR TwA LD L2 HEES i (Plate |, A),

Yasu (1964) 23+ v 4 27 (Laminaria religiosa Mivase) T#HEL TS X5, Vv oavy
ORLBEL KA TIEVHWADBEY L A1 0 LB as, 2 CME (1946) AYENERCHZELE
HLTWBEOLAEL, Mehwa v 7ORMEHETSE LEELhELODI AL 12 MR A 2K
T HMBDK E SR EOTG APk % T % 15p~10% 2BuTH - 72,

2. WEOWREIZOWT

(1) AHfus & He)e & oA

i ouTik 2 MO L D2 B8 1,000 Hiao & O % THER TR -2 B00fiETOREED
LD E, ThEOG D EO 2T CRER R,

(a) 100 ffife % Co%ik (Figl, C-P, Plate |, B-D)

POtk L Flofilass b ic s, Tioh Bl RN E A o O 2558 { b, o
R b o1k Z AMET, #EE 420 (BERoRZE0 M <) SH 0, MlEic LT 2~ THil BV ET
iz bh s (Figl, C, D&F), LU, 7ehicid 5 #ilao ghfd TRe O Ml Foli Py i 4 L
TWH0MEBERLELOLH - (Figl, E), 2T Figl, G-P ioipEh 4 X 5 o My i
IR TORREITD L5 iCi b, S hichROMA L E TR T Mk b Bl e 5384
f1te 545, B FEOMMLIS L EROBALE L OTLEIDOEF TES, - OWNHOMETILEROBE
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various developmental stages of young sporophytes. A-B. Female game-
tophytes. C-P. 3 to 41-celled sporophytes. Q. 126-celled sporophyte. R. 240-

Fig. 1. Laminaria japonica var, ochotensis Oxamura. Female gametophytes and
celled sporophyte with rhizoids.
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Fig. 2. Laminaria japonica var. ochotensis Ogamura. Various developmental stages of
young sporophytes. A. 158-celled sporophyte. B. 276-celled sporophyte. C. 324-
celled sporophyte. D. 138-celled sporophyte. E. 571-celled sporophyte with well
developed rhizoids and two layers of cells in the lower portion. F. 1091-celled
sporophyte, being distitute of the basal portion and rhizoids.
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(b) 100~1,000 filao&hiE (Fig.l, Q-R, Fig.2, A-F, Plate |, E-H)

100 £A k- 500 1 % T OFIED 5 BEhkIE R b s - T 0 SREY TRz 5 o Lz HENES
TH%, LaL, 500 #fax L5 L ARCRVG- @02 - Micii- T A Tilo #lkEE sz 2k
H#ic i -~ T B, Licd T Fig2 E&F i [{acL 22 571 fifke s, 1,001 gifao shific>wTix, #£@
Al L - Tl : L, —BoRs o FROMIIITEL BV 2, - olfifloghitTit filaEoi
23100 fAILAF 0 b O ke 5 L EROME LRI EROMMCLHFS LT3 L5 TH S, Tibd
ZOZANLEROMMAEE LB ESADTHH 5,

B - ot (1966) 12V > v 2 v 7oHhFERXBEL [ 2mm U TFoo0iERR2—Fo fifgsrsic- Tuw
3. L L, 2mm & 2+ ERHLEBOEFHERIZOVTL B L<TV58, fho X 5ic, §
570 #ifE, FERAT2u OGFETLETTEVCBO 16 Rick 3, b - OBt LR L EROGEIT
Ty (RO 240 @i, FERE 356 St TRUHTHRLA S, REBIZHFR O E
L TEESoMian s+ 55 (Figl, R, Fig2, A), 2T Fig2 E Rt 15 o5 Lo i
PHLBH SN, ¥l bElEEns,

HfaORE b AT T & EBOMIBTIIAE S LIRS R 5, JPRERCS L 2 A0 EHOM
ki s THEgE,» SHEAF T, BRI L@ LB SR, ITRER AT AT 3
oMl Eshbicrh, EEBY L, BIREOMEL, Mcixthnll kicics,

Al & HER & OMRIC 2V TRERRE SR TV B IbOfl, Tib bt v 4 2 v 7 (O - 418, 1964, 65,
R, 6T B L ) v ) 3 v AR O LK D ISR ESIRR L S TH B, RV A2V T TIRAN
AHECHI 800 pTH A LM TR TV 5HA, AR T 571 Mo & O T 472, #1091 T 8911 TH -
12o ZOFEE Kamn (1965, '69) © Laminaria hyperborea (Gusn.) Foslie @ BE3gic L5 f50 L3

1000
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Sporophyte length (z )

]

Lo P LT R T PR
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o

Fig. 8. Dot djagram showing a relationship between the sporophyte length and the cell
number of the thallus surface in Laminaria japonica var. ochotensis Ox amura,
excluding rhizoidal portion, on logarithmic scale. Line (a) shows the predicted
regression when the thallus width, the shape and size of cells kept constant in
the monostromatic sporophyte. Line (b) shows the predicted regression when
the shape and size of cells kept constant in the cell division of the monostromatic
sporophyte. Line (¢) shows the predicted regression when the thallus increased
in length, width and thickness.
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Fig. 4. Dot diagram showing a relationship between the sporophyte length and
the sporophyte width in Laminaria japonica var. ochotensis Oxamura,
excluding the rhizoidal portion. r=+0. 968.
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Plate

| . Laminaria japonica var. ochotensis Ogamura. Photomicrographs of a {emale
gametophyte and various forms in the developmental stages of young sporophytes,
A. Mature female gametophyte consisting of a number of cells. B. 3-celled and
5-celled sporophytes. C. 14-celled sporophyte and a sporeling of Enteromorpha
sp. (E). D. 83-celled sporophyte. E. About 600-celled sporophyte. F. About 1000-
celled sporophyte. G&H. Sporophytes growing on the same substratum, in H is
also shown a sporeling of Menostroma sp. (M), (A-D. x 386., E-H. x 97)
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An Ecological Survey of Porphyra yezoensis UEDA Growing

on the Reefs of Fugoppe Point in Yoichi, Hokkaido

Takashi FUNANO

(Hokkaido Marine Cultivation Center)

An ecological survey of Porphyra yezoensis growing on the reefs of the Fugoppe Point
was carried out periodically from February to July of 1969.
The following facts were observed through this survey:

1. The main species of Porphyra found from the whole reefs of this area were P. yezoensis,
P. pseudolinearis and P. onoi.

2. Through the whole period, main algae appeared on the reefs were 5 species of Chlorophy-
ceae, 3 of Phaeophyceae and 8 of Rhodophyceae respectively. Among of them, Monostroma
angicava and Enteromorpha linza have a wide adherent zone, and they were dominant in the
maximum stage. However, Gelidium sp., Gloiopertis furucata and Rhodomela lariz grown
only in a narrow zone, and they were dominant in the particular places. The coverage of many
species fell down in April and May, but some of them recovered again gradually.

3. The density of Porphyra vezeensis on the littoral zone was a maximum in the early April.
Their density of this period reached about 240 individuals per 20cm square area, and three
times as many as them on the supralittoral zone. The modes of the frend length composition of
Porphyra yezoensis on both zones were smaller than 3.0cm throughout the whole period,

4. P. yezoensis on the littoral zone showed generally a larger increment in the length, but
showed a larger decrement in the surface area of frond than in those of on the supralittoral
zone, Their maximum value was obtained in the middle of April in both zones,

5. DP. yezoensis on the littoral zone formed more numerous monospores than those on the
supralittoral zone, and they formed it mostly in April. On the contrary. it on the supralittoral

zone formed sexual organs in more early time than in that on the littoral zone.

FeFL AV E 2 ) OMREOHTF R LATES T2 0T, —dioRE#AEE 2 - T & (1970,
1971a, 1971b) O THaTFHIL, FC)IDEAORR - S TIEAMICS 2 L2 DAL T
W,

FNT, AR ofHELY XEICUEC T 5708, FlAYE 2 ) O—N AR S DT -

A AT9
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AL, FOMHEciz )R EoRiEc X -~ TS F TN A S LEL, AR oWk
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V| DRSS b iR 1/1000 O X, SO Lo LR ke, i, —
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Fig. 2. Picture showing the west side of
Fugoppe Point in where the present
survey was made.

Fugoppe Toint

/ W 10 A0 m w Bim
et ——— . e ————

Fig. 1. Map showing the location of Fugoppe
Point and the topography of research
section in this point,
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Fig. 5. Seasonal variation of the total coverage of Porphyra thalli

growing on the whole reefs of the west side of Fugoppe
Point.
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Studies on the Ecology of the Scallop, Patinopecten yessoensis (JAY)
2. On the seasonal variation of the fatness of soft body

Kuniyoshi MARU and Akio OBARA**

(Saroma Branch, Hokkaido Abashiri Fisheries Experimental Station)
* Hokkaido Marine Cultivation Center)

The growth of shellfishes has two aspects as growth of shell itself and fatness of soft body,
and is accomplished in connection with each other. In the previous paper (Maru and Obara, 1967),
we had investigated on the growth and the annual ring formation of shell in a scallop, P. yess-
ovensis. The present study deals with the seasonal variation of fatness of soft body of this scall-
op. The materials used in this study were the same with those in the previous study.

The results obtained are summarized as follow:

1. The fatness (F=soft body weightx 100/ shell weight) shows a high value in a period from
March to the early May, but a low in a period from August to September. It shows generally high
value in 3-5 years-old scallops.

2. As for soft part index (SPi=each soft part weight x 100/ Shell length?xshell bredth), the
adductor muscle and the mantle including gills show high value in the early May and the late July,
but low in June and also from August to September respectively. The visceral mass shows the
maximum value in the early May., On the other hand, the gonads show the maximum value in
May, and show the minimum value in a period from July to September. The variation of soft
part index is the largest in gonads among all soft parts (Table 1).

3. The weight composition of soft body is the highest in the adductor muscle and followed
by mantle including gills, but the lowest in the visceral mass except gonads.

4. The seasonal variation of gonad index (Gi=gonad weight x 100/soft body weight) is the same
with that of the soft part index of gonads. The developmental stages of gonads which collected
in 1963-1964 can be devided into following five different stages as Immature (I), Follicular (II),
Growth(III), Mature(IV) and Spawning(V)** as shown in Table 2.

HUFES A8
#5A fter Wakui and Obara’s division (1967)
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Table {. Comparison of the soft part index among four soft parts.

o 95%confidence oz
No. of = Standard Mg Coefficient of
Soft parts Age s Mean (X)) deviatiun (3 '"ff,;?lu.m) variation (6/X)
2 9 6.37 6.4409 12. 62 1.0109
Addistor 3 87 6.64 6.7601 13. 25 1.0182
4 75 6.73 6.8376 13.40 1.0154
muscle
5 87 6.62 6.7015 13.13 1.0120
6 46 6.61 6.7341 13. 20 1.0189
2 86 2.25 2.3327 4.57 1.0351
Visceral 3 76 2.03 2.1091 1.13 1.0381
1 659 2.03 2.1089 4.13 1.0394
mass

5 83 1.91 1.9894 3.90 1.0430
6 44 2.03 2.1057 4.13 1.0398
2 86 5.94 6.0212 11. 80 1.0133

3 76 5.49 5.5667 0.91 0
Manile (inclu- . g il Sl 1 baliag
d& i 4 70 b33 5.4227 10. 63 1.0168
ing gills) 5 83 5.29 5.3792 10.54 1.0164
6 45 547 5.6392 11.05 1.0311
2 88 1.82 2.1603 4.23 1.1874
3 80 2.29 2.7604 5.41 1.2074
Gonads 4 70 2.69 3.2481 6.37 1.2055
5 83 2.60 3.1359 6.15 1.2055
6 46 2 .47 2.8937 5.67 1.1707
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Fig. 3. Seasonal variation of the weight composition of soft parts in each different

age-group. =1 :adductor muscle EZ2 : mantle and gills mm : visceral mass
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Table 2. Percentage of adult scallops (2-6 years olds) in each developmental
stage of gonads,

Male Female
‘:rlj::‘ir: oil Gonad stages No. of Gonad stages
1 i miw v tes. 1 I miwvw,| Vv

Apr.26 63 100 4 1001 12
May 24 20| 80 31 10 90 33
Jun. 25 20 il 11 30 70 (B
Jul .30 100 10 100 1
Apg. 29 100 5 100 4
Sep. 26 80 20 b 60| 40 16
Oct. 29 100 16 100 14
Now. 14 90 10 16 490 10 12
Dec. 11 80 20 13 60 40 12
Feb. 1064 20 80 5 20 30 6
Mar, 13 100 5 701 30 i

Fig. 5. Diagrammatic figures of the gonads of adult scallop. showing
superficial appearance in each developmental stage,
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sk & 7 4 Patinopecten yessoensis (JAy) o4+ 5 W%
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Studies on the Ecology of the Scallop, Patinopecten yessoensis (JAY)

3. On the diurnal vertical distribution of scallop larvae

Kuniyoshi MARU, Akio OBARA®*,

Kazuo KIKUCHI** and Hiroyuki OKESAKU#®#*

(Saroma Branch, Hokkaido Abashiri Fisheries Experimental Station)
*¥ Hokkaido Marine Cultivation Center)
K Hokkaido Abashiri Fisheries Experimental Station)

Since 1951, we have provided not only the spat-fall prediction service for scallop culture
but also investigation on their ecological aspects in Lake Saroma, Hokkaido where is one of the
best scallop seed supply center in Japan.

Though many investigations on the scallop larvae have been made in daytime up to date,
there is very few reports about their vertical distribution in night. From this viewpoint, we
carried out an ecological survey for scallop larvae, particularly on their diurnal migration in this
lake in the floating season of 1968 and 1969.

The quantitative plankton samplings were taken at intervals of threc hours during the entirc
day in May 29-30, June 16-17, 1968, and June 27-28, 1969 respectively by means of pumping up
the sea waters from several different depth layers, and also general limnological as well as mete-
orological observations were made simultaneously.

The results obtained are summarized as follow :

1. Scallop larvae which collected at St. A were extremely less than those at St. B. From
this result, it can be estimated that the majority of scallop larvae are produced by the spawning
beds within the lake.

2. Scallop larvae were abundant at lower layers (6-12m) during the daytime, but they became
increasing in number at upper layers (0-3m) before sunset and distributed widely near the
surface area during the midnight. They became decreasing gradually from the upper layers after

sunrise,

TES A8l
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3. Nodistinct differences were found in shell length of scallop larvae between St. A and St.
B. It seems likely that the spawning of scallop in this lake made at almost the same time in
every spawning beds,

4. Different growth stage’s scallop larvae were equally distributed in each layer regardless day
or night.

5. Scallop larvae were most abundantly collected by the vertical hauls of a plankton-net at
low tide at St. B.

6. It is certain that the tidal action is the most important factor influencing the vertical distribu-
tion of scallop larvae. They are apt to sweep away upward during the flow and concentrate
dawnward during the ebb.

VR, &2 74 HFNIEOMBIIS T LL, Jtipl, W& E 5 RIS, KRNI
ThkkL o255, TOWREL CAMEIKARGECEFLTV200BRTH B, LicA-T, Th
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WHHT VTR 1951 SELUE Y v = M TRl DA BIR A 2 M L T & 2ont, 0k BiEdvEREr Hep
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W20 TETFOMRA LMo T CItliE T2,
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Lake Saroma
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+2+ Natural beds [ Culturing grounds [ Spat-collecting ground = Protected districts @ Akagawa fixed station
Fig. 1. Location of sampling stations and features of scallop grounds,
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Fig. 2. Vertical distribution of Patinopecten larvae at St. A, in May 29-30, 1968.
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Fig. 3. Vertical distribution of Patinopecten larvae at St. A, in June 16-17, 1968.
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Fig. 4. Vertical distribution of Patinopecten larvae at St. B, in May 29-30, 1968.
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Fig. 5. Vertical distribution of Patinopecten larvae at St. B, in June 16-17, 1968.
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Fig. 6. Vertical distribution of Patinopecten larvae at St. B, in June 27-28, 1969.
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Fig. 7. Diurnal occurrence of Patinopecten larvae

by different size-groups and by different

layers at St. B, in May 29-30, 1968.
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Fig. 8. Diurnal occurrence of Patinopecten larvae by different size-groups and by
different layers at St. B, in June 16-17, 1968.
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Fig. 9. Diurnal occurrence of Patinopecten larvae by different size-groups and by
different layers at St. B, in June 27-28, 1969.



Table 1.

Shell length composition of Patinopecten larvae by layers and by day-or-night series at St. B.

Day : ; ) composition
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night | depth (m | measured 130z 140 160 190 210 22() 2300 240 250 260 270 280 290 300
1 109 S84 6153
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Note : Numerals in parenthesis indicate percentage,
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Fig. 10. Shell length composition of Patinopecten larvae by layers and
by day-or-night series at St. B.
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4 TIFLT7beFy MCLBEERE

Fo MR X AR Fig L1 RRLAL SR 271480403 —BREZELTCFR IS AR
M Sh, TOREEBFAERFO 28R TH -1, Chi#v7BEICY 5 |ESH (Fig 6) L i
XHE, AYFHRECIIISHI D IBECREFBCECLPELTHHLTVW32, %o MRETIE 20
FHIZE FESh TV, FoAdsE v FHEHETIE 6 ~15moh, FRBICELSHLTVL501L, *
v MEETRFFIMSTCRLSEEIATL S,
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Fig. 11. Diurnal occurrence of Patinopecten larvae coll-
ected by vertical hauls from a depth of 15m to
surface at St. B, in June 27-28, 1969.
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BRI B EEbh3, KT EES (1941) 244 o =#F A7 % » FWPOKIE 6.5m T BEITH- ) Bifik
KERALTERLEERICLEE, #2771 B FH 125 TR BN, FE2BZAD
EM A HMBl LIl 5, coRERIEMER TS, EWicR BTl uw5EELoRRE
EFELLAREHT 5,

D —# AEh4ic o\ TA4 B &, TH(1952) A =S ClEE L o T, RS B iim3
55, TRz L, ABE: ABC2CS L aalimrns s L5, =R KROHY (1953)
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¥FCHBRL, M OHkmERHEVICIB/ECHAAL, Pryruercs OFELERYEHTEES
B8, BEBHOARLEL ALtz

Ok A 0SB RER ST T SR OBREAIC X - TR DR TInL,
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ThImMS LM Hic- Tk, F-EPHAOHEECEVCTS LTS BB k274
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T2k Tic LR L, LB LB 2 777> Thicks o E TR T2 bb0
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Appendix. Shell length composition of Patinopecten larvae,

(1) Sampled by pumping per 1w of sea water from several different layers at. St. A, in

May 2930, 1968.

IEI:I;IlIh 2nd Investigation 3rd 5th 6 th

(m) 0m 3 6 91215 03 6 91216 03 6 91215 03 6 912156
150 2

160 1

170 1 2 1

180 2 2

190 1 1 i |

200 1 1 1 1

210

220 1
Total 020000 00— 1 01 0 4 24000 5000 0-0

(2) Sampled by pumping per Infof sea water from several different layers at St. A, in

June 16—17, 1968.

1 st Investigation

Jrd

4 th

5 th

Om 3 6 91215

0

3 6 91215

03

6 91215

036 91215

140
150
160
170
180
190
200
210
220
230
240
2050
260
270

280

he

[

- S SRS
-

e

e

Ll ]

L
-
D=
fe =00 W

d

Totzl

—
—
o
w
(3]

410

L]
(=]

S.L
( M )

6 th

8 th

9 th

Om 3 6 91215

9 12

0 3 6 91215

140
150
160
170
180
190
200
210
220
230
210
250
2600
270

280

r
b

——
——

—
Lo B s e e | -
-

-
—

b D e [
—

BSOS IS =

te

—

<

Total

42059 3 1

=
—_
(8]

10

[+ 0 &\

001420
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(3) Sampled by pumping per 1m' of sea water

from several different layers at St.B, in

49

May 29—30, 1968.
g1 Ist Investigation 2nd 3nd
() Om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
140 3 6 7 012 8 2
150 4 5% 1 24 18 27 19 10 1 23 18 20 4 3
160 416 100 8§ 2 33 27 21 38 16 37 36 3022 2 1
170 1 & 30 88 7 12 36 39 52 18 20 24 20 33 1 1
180 2 30 74 8 6 9 66 36 4 40 24 18 24
190 4 2 48 4 1 6 312 24 6 1 17 30 24 14 3
200 14 13 2 1 6 12 12 12 2 13 6 4 10 2
210 6 1 6 3 6 7 2 2 4
220 1 2 4 2 7 2
230 4 3 2
240
250
Total 2 16 124 383 31 4 99 108 189 199 58 2 167 150 126 115 11 2
S.L 4 th 5th 6 th
) tm 3 6 9 12 15 0 3 6 9 12 15 0 38 6 9 12 15
140 4 4 2 2 3 1 3 2
150 20 36 1 2 16 45 3 15 22 15 16 1
160 20 48 14 3 2 22 45 16 14 2 3012 60 12 1
170 16 76 8 1 5 8 40 17 21 2 28 30 92 16 2
180 2 68 6 3 4 10 6 30 18 2 20 18 61 16 1
180 14 40 10 2 3 16 13 15 2 12 2 1
200 620 6 2 4 2 9 & 6 3 4 9 20 4 1
210 6 g 1 1 4 6 1 4 4 1
220 4 1 8
230
240
250
Total 112 292 48 13 21 0 84138 95 93 9 0 112 96288 52 8 0
S.L 7 th 8 th G th
(#) om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
140 6 8 5 .5
150 7 15 4 4 6 8 15 25 15
160 309 2 16 1 4 2 8 3% 20 5 5
170 3 12 24 8 2 6 2 22 48 5 15
180 15 32 32 40 12 3 10 42 5 5
190 2 18 8 20 2 20 6 4 1710 30 10 5
200 1 3 20 4 212 5 10
210 3 3 4 6 10
220 1 8 1 4
230 [
240
250 3
Total 16 81 9 76 6 3 0 0172 32 12 4 2 78192 75 70 5
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(4) Sampled by pumping per I of sea water from several different layers at St.B, in
June 16—17, 1968.

S.L 1 st Investigation 2nd 3rd
(#) Om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
130 3
140 ;! 2 2 . 8 1 1 A
150 2 2 2 3 3 9 4 5 1
160 2 5 2 : 3 1
170 i3 5 I | 1 1 3 1
180 2 3 6 4 1 = 3 3 4 2
190 2 2z 10 2 2 5 1 6 3 2 7
200 .4 11 10 8 1 2 4 8 12 1 (¢} il 3 2 5
210 1 3 8 16 B8 2 5 10 5 15 9@ 3 8 5
220 1 3 11 26 10 1 1 6 9 11 2 24 6 11 13 6
230 1 3 10 24 26 5 16 13 17 3 45 18 19 8 15 1
240 1 11 16 40 2 3 11 16 19 13 1 66 23 8 27 16 2
250 1 2 14 42 26 2 2 9 22 23 14 4 51 21 17 32 24 1
260 a3 5 26 22 6 3 17 13 10 2 3313 19 20 17 3
270 1 5 26 24 3 2 18 12 10 2 15 6 6 15 23 3
280 & 2 4 B 1 5 B 2 2 3 01 3 10 6
290 2 i 1 1 T 2 A 4
300 2 2 1 b ]
Total 9 22 92 214 172 22, 16 62 130 126 65 12 279 123 106 147 123 10
S L 4 1h 5th 6 th
W2 Om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
130 12 10 1 3
140 30 41 29 i 1 3 15
150 24 12 16 1 3 1 tr 1 1 2 9
160 6 2 1 1 4 1 3
170 1 1 3 2 3
180 12 4 10 T 1 4 G
190 36 12 16 5 1 4 1 4 4 1 3 3 2
200 24 16 13 8 4 1 5 1 7 & 2 I 2 1 &6 2
210 24 33 26 4 B 9 2 13 12 6 1 1 18 15
220 48 49 46 08B 2 11 4 13 8 10 1 2 1 66 18 =2
230 54 53 45 22 5 2 26, 11 23 20 4 1 3 2 1 60 30 2
240 66 33 46 18 10 1 11 4 21 32 18 1 2 5 51 24
250 102 78 42 28 10 3 15 1 26 32 14 1 I 1 105 21 10
260 54 49 20 19 17 5 8 4 13 40 40 1 36 39 16
270 12 8 3 16 9 3 3 1 7 20 14 5 1 1 21 12 8
280 12 4 711 1 2 5 6 16 2 1 0 3] 6
290 G 1 2 1 4 6 6 2
a0a 2 4 3
Total 510 408 330 142 73 18 695 34 135 192 134 10 9 14 9 417 183 50
S L 7 th 8 ih 9th
1 3 = q =
() Om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
130 2 3 3
140 18 3 19 3 2 1 45 3 3
150 1 7 6 1 23 3 36 16
160 7 6 1 3
170 2 3 2 6 9 3
180 4 G 2 B 3 1 2 ] 3
1490 1 16 9 3 1 7 3 3 9
200 2 18 3 3 8 9 1 3 6 16 3
38 30 1 7 a8 5 18 25 3
1 4 51 6 15 2 6 12 6 4 15 28
1 71 54 9 2 10 18 3 3 21 49
1 5 49 48 12 3 21 36 24 1 3 54 46 6
1 4 24 102 29 1 2 15 24 21 1 3 42 62 15
1 1 18 a5 27 8 48 =21 2 4 18 49 3
7 18 27 1 4 15 9 1 7 15 19 15
1 12 15 4 15 9 2 6 6 9
3 3 6
3 3 3
Total 0 5 19 332 348 147 1 0 15 142 207 108 0 9 4D 297 340 57
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(5) Sampled by pumping per 0.5m of sea water fromseveral different layers at Si.B, in
June 27—28, 1969.

SiL. 1 st Investigation 2nd 3rd

() om 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
160 2 1

170 2 1 1 3

180 2 0 41 1 1 3

190 1 3 5 8 4 2 | 1 4 3 1
200 7 4 1 9 8 3 1 1 2 11 4

210 1 3 3 3 7T T X 1 110 3 2
220 1 3 3 1 6 iz 2 1 2 22 9 2
230 2 3 5 1 2 10 2 2 2 11 10

240 76 2 8 1 3 5§ 3 7 4 1
250 6 1 1 9 & 2 1 1 11 8 1
260 1 1 1 2 4 1 1 1 4 1

270 3 1 1 3 1 4 4

280 4 2 1 3 1 1 1

290 3 1 1 1

300 1

Total 0 0 5 41 31 3 1 14 54 59 17 4 14 13 87 54 4 3
5.L 4 th 5th 6 th

(#) m 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
160 2

170 1 3 1 3

180 1 6 4 1 1 1 1 3
190 2 3 4 N | 2 1 & 1T 1
200 4 4 9 9 6 2 5 2 2 5 8 12 1
210 4 2 8 4 4 7 4 5 4 8 6
220) 5 2 12 13 8 1 7 1 3 5 2 4 6 1
230 3 2 92 4 1 1 1 1 1 31 7 2
240) 2 4 3 5 2 1 8 5 3 3 4 6 5
250 4 8 6 3 1 5 1 5 4 8 1
260 1 1 6 6 1 3 7 2 6 3 5
270 2 5 4 1 2 2 2 & 1 a0 31 1
28() 1 4 4 4 % 8 1 1 3
290 1 2 1 2
300 1 1 1

Total 21 26 76 76 31 1 1 5 40 24 21 1 0 19 32 63 59 7
S.L 7 th 8 th 9 th

(#) Om 3 6 9 12 15 0 3 6 912 15 0 3 6 9 12 15
160 1 2

170 2 1 1 1 1
180 3 9 1 6 1 1 1 3
190 1 4 7 1 9 3 zZ 7
200 2 5 18 2 18 1 1 2 8 3
210 9 18 1 4 19 2 1 1 8
220 1 8 9 1 4 13 1 11
230 1 15 i 2 22 32 1 9
240 9 9 9 16 1 7 & 12 1
250 410 14 2 7 34 1 3 4 6
260 g 4 5 - 4
270 3 7 3 7 1 1 10 3
280 3 3 2 4 1 1
2490 3 2 4 1
300 1 2 1

Total 0 0 873122 o0 0 0 6 40141 15 0 0 18 15 81 8
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(6) Sampled by vertical hauls from a depth of 15m to surface at St.B, in
June 27—28 , 1969.

SI:“) 'Im‘ 2nd  3rd  4th 5th 6th  Tth  8th 9tk
160

170 1 2

180 1 2 1 1 2 5 1
190 1 2 3 1 4 1 5 1
200 1 2 1 2 6 4 2 21 6
210 1 7 1 2 2 3 3 9 1
220 i 3 3 2 5 3 5 8 1
230 3 3 | 3 2 3 15 7
240 ) 7 3 4 8 3 3 10 1
250 3 3 ] 5 5 2 5 2
260 2 7 1 2 2 5 3 5 2
270 i 3 1 3 5 2 1 3 5
280 1 1 1 1 1 3 1 3 2
290 1 2 1

300 1
Total 24 12 24 25 37 37 24 g2 32
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(Hokkaido Central Fisheries Experimental Station)

L 3 < e e A 2 R B B 4
(Usu Branch, Hokkaido Central Fisheries
Experimental Station)

b #aE v om oMK E R BB
(Hokkaido Hakodate Fisheries Experimental

Station)
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(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)
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(Hokkaido Kushiro Fnshertes Expenmental Station)
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(Hokkaido Abashiri Fisheries Experimental Station)

At G 38 7 #8 & K piE B B 4 R A 5 5
(Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station)

Al N7 A A K P G B B m < Oy
(Saroma Branch, Hokkaido Abashiri
Fisheries Experimental Station)

e A K ER RS
(Hokkaido Wakkanai Fisheries Experimental

Station)

Ll T MERERS £~ 5~
(Hoﬁaido Marﬁ: Cu%ivatign Center)

FEf0484 1 A258 HIR
R84 1 A30H 317

H1 Rl Py

H Bl E £
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046

i B4 il

(Yoichi, Hokkaido, Japan)
059-01

%ﬁﬂ%ﬁeﬁ Hokkaido, Japan)

042
EETE - )1-2
(Yunokawa, Hakodate
‘Hokkaido, Japan)

051
W it RET1-10

(Funamicho, Muroran,
Hokkaido, Japan)

ﬂ%ﬁﬁmﬁﬁ
(Hamacho, Kushiro, Hokkaido, Japan)

099-31

ﬁ;ﬂfg Abashiri, Hokkaido, Japan)

mmm%ws

(Minatomachi, Monhetsu,
Hokkmda Japan)

093-02

LS
(?ﬂlﬁf}fﬁ% a:Jk()rci};],ﬁ Hokkaido, Japan)

097

F4-5-4
(ﬁo@;ﬁ%&kkanw Hokkaido, Japan)

041-14
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(ﬁl&? ﬁgo*l-(rkaido, Japan)
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