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Plankton investigations in Ishikari Bay, Hokkaido. V.

“Biomass curves” of zooplankton during the warm
season (June-November) from 1975 to 1979

Moriyuki KOTORI
(Hokkaido Central Fisheries Experimental Station)

The mean, median, minimum and maximum values of biomass of zooplankton collected by vertical
hauls mostly from the near sea bottom to the surface with a Norrac standard net (0.33-mm mesh
aperture) are given in Ishikari Bay and adjacent waters for nine periods during the warm season
(June-November) of five years from 1975 to 1979. All the figures of the biomass obtained at each
station in a single period are plotted in a cumulative frequency curve, so that we can recognize
a general feature of zooplankton biomass in the present area. The curves were previously named
“biomass curves” by Horikosui et al. (1977), because they were useful to compare the values of
biomass graphically in a single diagram.

The values of zooplankton biomass ranged between 2 and 530 mg wet weight/m?. The median
values were 10-70 mg/m?, and the mean values 20-120 mg/m®. The biomass curves obtained during
this study clearly indicate the median, minimum and maximum wvalues of zooplankton biomass of
each period of observation and the range of variations of these values in the area. It is therefore
suggested that the biomass curves are useful for us to acquire practical knowledge of zooplankton
biomass, such as its seasonal and annual variation. Moreover, a bundle consisting of all biomass
curves obtained will be indicative of a standard category in the general feature of zooplankton
biomass of the present area. A comparison is made between the bundle of biomass curves obtained and
the curves of the Bering Sea and the northern North Pacific Ocean depicted by the previously
published data in order do indicate the usefulness of the biomass curves. It is likely that the
present mean values in summer (August-September, 25-56 mg/m?) correspond to the previous results.
The biomass curves obtained during this study also suggest that the mean values of zooplankton

biomass fluctuated annually in the same season in Ishikari Bay.
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Table 1. Sampling records on zooplankton collections used during this study. Samples were
obtained by vertical hauls from the near sea bottom to the surface, but sometimes

from a depth of 150 m to the surface when the bottom was deeper than 150 m.

Serial No. Period Number of station Reference
1 26 August-7 September 1975 31 Hokkaido 1976, p. 64
2 4-20 October 1975 25 Hokkaido 1976, p. 65
3 30 August-3 September 1976 27 Hokkaido 1980, pp. 52-53
4 31 August-1 September 1977 5 Hokkaido 1978, p. 60
5 15-30 June 1978 224 Hokkaido 1979, pp. 43-44
6 23-27 August 1978 14* Hokkaido 1979, p. 45
T 31 October-8 November 1978 15 Hokkaido 1979, p. 46
8 20-29 June 1979 30 Hokkaido 1980, pp‘. 46-47
9 16-17 October 1979 17 Hokkaido 1980, p. 49

*Vertical hauls mostly through 0-20 m.
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Fig. 1. Station locations. One sample was collected at each station, so a total of 186

samples was collected from 1975 to 1979. Depth contours are also illustrated.
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Table 2. Zooplankton biomass in Ishikari Bay during the warm season
(June-November) from 1975 to 1979.

Biomass, mg wet wt/m?*

Mean Median Minimum Maximum
26 August-7 September 1975 25 22 2 70
4-20 October 1975 31 23 2 80
30 August-3 September 1976 56 43 10 202
31 August-1 September 1977 44 37 29 60
*15-30 June 1978 113 66 13 528
*23-27 August 1978 28 12 10 72
31 October-8 November 1978 62 47 11 195
20-29 June 1979 38 3 4 122
16-17 October 1979 59 54 6 127

*Vertical hauls mostly through 0-20 m.
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Fig. 2. Zooplankton “biomass curves” of 9 periods of sampling in Ishikari
Bay during the warm season (June-November) from 1975 to 1979.
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Fig. 3. A bundle of “biomass curves” of zooplankton in Ishikari Bay (shaded areas, see
Fig. 2), with the curves in the Bering Sea and the northern North Pacific
Ocean. Data on the zooplankton biomass in the Bering Sea and the northern
North Pacific Ocean are cited from the Data Record of Oceanographic
Observations and Ezxploratory Fishing, Nos. 3, 4, and 16 (FacuLty oF
Fisueries, Hokkaino University, 1959, 1960, 1973).
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Ecological and maricultural studies on Laminaria japonica
growing on the shores of Date City, Hokkaido
II. Technical approaches to create laminarian forests by
concrete blocks and cut stones

Takashi FUNANO
(Hokkaido Institute of Mariculture)

Following the previous paper (Funawno, 1980a), the author reports the results of experiments
and researches which have the object to effectively create laminarian forests by concrete blocks
(abbreviated as blocks) and cut stones. They were carried out from 1962 to 1970 at the four local-
ities, Kita-kogane, Funaoka, Nagawa and Usu (having the three stations: Ponusu-hana, Toshiraru
and Okino-shima), Date City, Hokkaido, Japan.

Suitable place:

1. The suitable place for an artificial laminarian forest seemed to require the following conditions:
laminarian zonation, strong wave action, little sedimentation of sand and mud, and hardness of
the sea-bottom.

2. For annual plants of L. japonica, the fitted depth of their growth is shallower than 3m; and
for biennial ones, deeper than 3-4 m.

Suitable term :

1. For annual laminarians and the biennial ones at the depth (= 3-4 m), the suitable term of settling
of blocks and cut stones seemed to be the maximum period of swarmers liberation from parental
populations ; and for the biennial ones at the shallow (= 3 m), about one month late than the former.
2. For the annual plants of L. japonica at the shallow, the term seemed to be from late Septe-
mber to late October; and for the biennial ones, from middle October to middle November.

3. This term is different in locality. That at Usu is one month ahead of those at Kita-kogane and
Funaoka; and that at Nagawa, intermediate between them.

Postures of blocks :

1. At all the localities, regardless of the block types (cylindrical block size: 60cm-diameter x
60 ecm-high and 90 cm-diameter 80 cm-high, abbreviated as 6x6- and 9x8-) and sea-bottom

composition, an erect block exceeded in laminarian numbers (the total number) and standing crop

HUES A101 (1980%E11 4R =8)
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(the total weight) than a sideways one.
2. On the sands, the laminarian population of an erect 6x6-block surpassed that of a sideways
one in blade growth; and on the other hand, both of a sideways 9x8-block in the sands and
a sideways 6 x6-block on the reef (Toshiraru), each of the erect ones.
3. On the sands, erect blocks of both the two types seemed to be more stable than sideways ones.

Settling methods of blocks, gathering and scattering :
1. In the case of gathering blocks, the constructed form seemed to require the following conditions :
strong wave actions to activate laminarian metabolism, and the substratum surfaces which can act on
the density of laminarians to be similar to that on natural reefs luxuriant laminarians annually.
2. For determination of blocks' scattering density, it is necessary for man to consider the maxi-
mum laminarian blade length during growing period.

Durable years of blocks and cut stones as laminarian attaching substrata :
1. Among the cut stones having been cleaned with drift sand, the some effective ones which
acted as either the permanent or the intermittent laminarian substrata seemed to exist.
2. Regardless of sea-bottom composition, usually, a block (same as a cut stone) acted effectively
as the substratum of l-year-old laminarians for 1-3 years since its settling; and as that of 2-year-
old, for 2-5(6) years.
3. Among the blocks having been gathered around the reef, a few ones acted so valid as a
natural rock luxuriant laminarians, after the lapse of 5 years.
4. In the case of the hard adhesive shielding of crowded laminarian holdfasts (by extremely strong
wave actions at the sandy coast), the considerable parts of them had been remained even by harv-
esting: and they became the obstacles of the following laminarian swarmers. Their detachments
(happened mainly during the term of spores liberation of the other algae) seemed to afford the
gradural invasion (succession) of competing algae, : these algae developed into the complex comm-
unity, from annual to perennial.
5. The complete harvesting seemed to bring the most effective cleaning on the laminarian subst-
rata (block, cut stone, natural reef and so on).

Cleaning of old blocks : .
1. Old blocks(5- to 6-year-old)had been pulled up from the sandy bottom, shipped for the beach,
dried up for several days in summer sun-shine, cleaned out all the attaching algae and the animals by
iron chisels and settled again on the sandy shores: they functioned in the same manner as new ones.
2 In the sands shallower than 4m, the series of a block cleaning-work was realized easily. In
the case of about 1,000 blocks’ cleanings, the works required the 20% cost of the new ones of the
same numbers, from manufacture to settlement.

Artificial laminarian forests created by blocks :
1. The sandy coast at Kita-kogane (lacking in natural laminarian substrata) was developed by about
5,500 blocks into the artificial laminarian forest having the area of about 1,500 a, 3 km coast line x
60—70m offshore distance, for 7 years.
2. Laminarian resources (stock biomass in wet and dry weight) of this forest were estimated
by the integral equation, 33 WxN (W, estimated laminarian weight or mean weight per a 1-
year-old to a 4-year-old block; N, the settling number of blocks of each age); and the stock
biomasses in 1966-1968, 14, 26, and 10 (15) ton in dry weight.
3. According to the statistical analyses of the laminarian catches in dry weight between 1956 and

1977 at Date City, the significant effects of this forest were confirmed during the period of
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blocks’ settlings.
4, Judging from these statistical analyses a laminarian forest of blocks seemed to have little
accumulative and durable, but immediate effect, surely.

Harvesting survey :

1. During the working processes from laminarian harvesting to Konbu-production by the sampled
fishermen, the differences of catches were recognized most significantly among individuals.

2. The local differences of laminarian growth (Kita-kogane, Funaoka and Usu; Funano, 1980a)
resulted in the grade contents of Makonbu-nagakiri products and the drying percentages of
each localities’.

3. Regardless of locality and block type, the income of dry Konbu-product from a 1l-year-old
block exceeded or approximately equaled to the cost of a new block from manufacture to settlement.

Remainder after harvesting :

1. At Date destrict (Date Fisheries Co-Operative Association), the remainder weight per a block
after normal harvesting by a fisherman seemed to be about 20% of standing crop (the total weight);
and at Usu destrict (Usu F.C.A), less than 10%.

2. This difference seemed to be caused chiefly by the differences of both the harvesting methods
(Tabs. 7,9) and the adhesive degrees of laminarian holdfasts, at each destrict

Accompanying effects of a block for useful animals :

The accompanying effects of a block for useful animals were confirmed; their attaching sub-
stratum (Potamilla myriops and oyster), feeding and egg-deposition place (conch, scallop, fishes
and sea urchin), shelter (fishes) and so on.

Som proposals for the creation of an artificial laminarian forest :

1. The most indispensable condition for the creation of an artificial laminarian forest seemed to
raise strong wave actions (velocity), as much as possible in the settled area.

2. The author advances the proposal of the two types of laminarian forests by settling artificial
substrata : one, the permanent forest having accumulative effects (similar to a natural reef luxuriant
laminarians, annually): and the other, the short-lived one having immediate effects (similar to a
block washed strong waves in the sands). To the latter, cleaning with drying up is essential at

the interval of 3—4 years.

# E

M ciIERTBRO e, 7, §IF, =2V 27 V- ETED, <=2v704£BIOV-TO~N: (BF,
1980a),
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SOz v TEEROHEST LB tot ChbO—HixHEEA (B - B, 1965, 1967, 1969,
1970 ; ¥ 5, 1966 FJIIH, 1968, 1969) THAA, FHRIMATREL- cc#ET S,

ABICABREEN D, HRICBAOTHENR L CBYY Wi Wi LiBEAF BN B RN R EREHRE
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R GUtiErEEAERRSEN IS 0)IREE, tHERERERNAE THRRAR, o0
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1FR7 ", 706 68, 9- 887 =, /T, HY, BE GHT SIOBEBL 2 TRED LR
RClot, HBR ey 7400z v 7OBGR, BFER SEANRBIVER EERECH -
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BRPICHE~D L, BB HLT9 - 8826 - 6 I vikRET20~24%, METI0% MEMEE
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EEMNCHEHEDG6 - 6B TH~SL, PHITEELIVETL TN, RECTZBEEESS1 -1,
(BFE) 6+ 68 Cit, #BLERCO»HOTHIRREI VAFRIEL, 6~T0%HMTH 72,9
 BETLHIRE 1L O TR CERT, 27~49% %0 -7,

BRI H~DE, HID9 - 886 - 6B L HikESL T8, METILRERY Sz, BET
LR & T69%, METE2% Eh o1,

EBNCHKEDO6 « 6B TH~SL, BB vE <, EHizT2 7% RETLHECHAER E L,
(FEEH) =8, B, wKcrrbed, PHTROEFERENC, SEREYREGE—HL =27
MHhbhic (Fig 1), Lo UEHETL, @4 LBV Binc BFficBibhic,

T~8 AOWMTE, EXO2 v 7HE@IMELENS LH, HEQEEHE O E10~20cad EFT

¥1: LT, AT 7 e, 70RARAE, B, BHTHL, o, 20RBELERT S, BAEAFE
RATHAEFOnERE TS, chie Lo v 7OEROBFERTEFELL, — ZFav 7, Fhx—,
» “HFEEET S,
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Table |. Comparison in laminarian numbers and weight per a |-year-old block,
and blade growth in length and weight, at Kita-kogane, Funaoka,
Nagawa, Toshiraru and Ponusu-hana in July and August between 1962
and 1968.

*1 Value: mean or mean and standard deviation.

*2 Numbers: the abbreviation of laminarian numbers (the total
number) per a block.

*3 Weight: the abbreviation of laminarian standing crop (the total
weight) per a block,

These rules are applied to all the following tables.

. Settling
Size of ; ke : Blade Blade Number of
block Locality condition | Numbers Weight length weight blocks
of block
i Erect(E) |376+159 40.7+20.2kg 177+ 40cm 164+ 69g 13
Kita-kogane |
Sideways(SY 286+170  30.0+21.0 166+30 124+ 46 5
60cm—diameter E 375 53.3 262 293 2
Funaoka
X S 362+ 99 3141140 157+36 138+ 53 5
60cm-high Toshiraru E 135+ 51 16.7+ 74 108+32 181+ 54 6
(6 x 6-block) | (rocky) ] 85+ 62 116+ 7.0 111431 218+ 77 12
Ponusu-hana E 177+ 21 452+ 55 139+14 310+ 69 4
(sandy) ] 125+ 35 287+ 06 128+23 264+ 58 14
. E 450+220 6444314 164 +67 137+101 16
) Kita—kogane
90cm—diameter S 3551157 5064184 166+80 145+110 16
X E 402 710 244 254 2
] Funaoka
80cm-high S 409 510 27 213 1
(9% B—block) E 192 579 174 273 2
Nagawa
S 165+ 37 389+85 185+16 295+ 49 4

Hotz. MEHL LR EFOWMETIHC, oM KKE2 R LW HE CHE LA ENRL BT,
ARMOEE T —EOHFLEMIRL, HIRMHOMEYED {7 (Ai# Plate 5),

1964, 196547 ~ 8 AL, 6 + 6 BUE T OFAEMHI0. 44+0. 09", H#E TO.54 0. 14m’, b+ F 1
HETIRESTH P BT0.093£0. 0307 TH - 7o

1968%E 7~ 8 At 4, 9 » SHHEITOEETMBULL. 0440, 1207, HIET0.59+0.16m° TH -1, —H,
B0 S\ EFOE L T0. 25~0. 34m’, HE5T0.2940. 190 TH - 720

Efhos R

WD 6 - 6T, B0y 7ERBEIVARNREL, ERT6~67%, EEETI7~112% 22 -
Twie LALEECRBECHEL LI, EHERTN%MTH -7 (Table 1),

WD 9 - 8FTIX, AALBREHMEO: v FRETIVERNEL, ERLIERRTIOSHEEZ ST
7R

FHDO6 - 6 PCERAMCH~S &, ER, EEREKOT— ML, BHEIBL D Ad o7, L L28]
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Laminarian
- In sand

Fig. 1. Laminarian attaching parts of the three erect and the four sideways
1-year-old 6 x6-blocks at Kita-kogane, Funaoka and Toshiraru, 1964.
A. The erect block at Kita-kogane in late March. B. The erect block
at Kita-kogane in early July. C. The sideways block at Kita-kogane
in early July. D. The erect block at Funaoka in late August. E.
The sideways block at Funaoka in middle July. F. The sideways
block at Toshiraru in late August. G. The sideways block at Toshiraru

in late August.

o, 63 EX¥RTELRIPHOICEEL, HoBIELEOEBTLEZ 5 (Fig2),
b ASRTESRIEE~S &, BTREs L) EEK BFERE LS o7, LOLER, EERE
BoE— FTiE, EfNEZoTvwiz, ERELE~<S L, o THIROPCHEERRE,I -1, K

BoOREFIRLENH -7,
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%
Erect block(rock) 40— Erect
n =92 i =I172.7¢
2 =115.2 9T
ot HT
” —SHJE' I‘Imlillg-m'l'g
40) JInclined block( rock) ‘i Inclined
) 2 =218.8¢g
3or £ =150.0cm 3 o
20r '_‘ 208 i
e
10f 10
oS
e [] n
g%. 250"'-35'0% I‘guiluTgInﬁﬁB
= ] Sideways block(sand) ﬂT Sideways
g £ =205.9g
n =165
5 =112.3= 20}
1 ‘ ‘ 0] 8
T A= T T #F
o 200 ~360 450 900
[ ] Rock(1/4m) 51 Rock
1ok
’_- n =50 A9 £ =329.7Tg
sl £ =159.8cm
20k 20f
108 _I_I 10
T 200 T T L .
Blade Tength = Blade weight o

Fig. 2. The percentage compositions of blade length and weight in the four
laminarian populations on an erect, an inclined, and a sideways 1-year-
old 6x6-blocks and a natural rocky reef, at Usu in late July of 1965.
*1 n : number of specimens.
%2 X : mean.

These rules are applied to all the following figures.

% 2

MR, K, EXcrrbbT, BEN BERIBEI VEITEI> T, BHChhbLT, #
BOBHCRERL VFEMLE X k. EBCHDLLTHETY, 7o, 2 ORO%E UE\VERL THE
P, £BMBh ok, ThERVLThLEAKBOBRBCHEEL, IIHCFHFTLISIFEL, LD
HENEXHF-LEL2DS (MUNK & RiLEY, 1952 ; A%F, 1980a),

B9 - HTIY, FEOLRBIETIVHETEZ), ALESH +t ¥FAOKKE, #S, HIO
MTabhi, THIXEAKEL D bEEXB{EEL, RETTER RBEHL LSO BRAEL7CR
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WEELS,

BEHCE->TETRa v 7D ey 7 L~ORFNcEER, BRClsllleE0R WSRO
#RC L aE AT LE LS, chE LAV EBECchlShicE VWS e, 7 T, FRBTh v
THEEAHZ LTLIHEHERS (Plate 1 @C, D),

TRy 7ICLBEEAMOETER L DO 7 HEHE

5 &

Py ZARIETI963, 19646 - 6 B X DACHEHEL, 1964, 1965487 ~108, ERRMBL=v 7, fii
BREROBFEEEWMEL:.

AELWHTIHIEY » ST X D FHEHEL, 19645E 7 ~8 H, SHkBL= v 7OHEHHAE LI,

EHESWHTI9665E9 - 8B X D S LoAnic, 19674 9 AMBE (Fig. 3) ##%EL, oo
TRy 7A~C, LI ~ND a2y 7OFELXEHELI, AHECThIBETH- .

& ®

HERSOERER

(Fry 20%K) PFATHEI, 40LI5ENERETD, RO LOIXENLTH - (Fig. 4. %<
EEL, —BaER2LIoh, ExXEV, BE M, riEsTchote. MLtV EABT
b, —WEMEELI,

(RRMEL 7 m oy 75E) = CILERERE XECH»HLT, KE3I~3.5m (AOTHE L) Bic
fedtavy7iEFE Lich -1 (Hi#l, Table 2),

Fig.4d o RBT5mI L L L TR, REMOFEEEBIKE1~2mThHY, FHEHIT
130~140cm?/Z&, FER80~130cm. EME60~1708 TH -7z, W Lihdid b RDIERILHEH Table
ImLic,

0o Doch

]
2
T

3.5m

g
T

Distance from shore
T T }

o
@)

o O 3.0m
75m| °

Fig. 3. The chart showing the isolated and the aggregated
I-year-old 9x8-blocks at Kita-kogane in early Sep-
tember of 1979,
The surveyed blocks: the isolated, I-IV; the agg-
regated, A-C,
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Sand

3m depth-line

o

0 6X6 -block

@9 xB-block
Oct. 6, 1964

Fig. 4. Distribution of blocks on the rocky and the sandy shores around
Toshiraru Islet in October of 1964.

Table 2. Ecology of laminarian and competing algae growing on the eight |-year-old 6 x6-
blocks, at Toshiraru in August of 1964 and July of 1965.
*4 Mean area:occupying area of a laminarian holdfast, viz., the reciprocal of the

laminarian density. This rule is applied to all the following tables.

Laminarian growth Competing algae Condition
AD| Num oy Mean | Blade Blade Blae | P Cogu P8 gwg | S Dme
bers area | length width weight 3 S A ofblock  shate
110 83kg 183 | T4.5m 148m 141l4g T5g 10 240 10 S 1I0m  10m
i 92 180 105 124.1 200 2730 30 5 168 S 28 2.1
43 80 250 738 238 2150 50 430 S 15 1.5
0 1730 85 S 25 32
133 26.7 74 150.0 137 2190 55 450 235 15 200 S 8 15
- 2 160 130 470 174 2580 | 380 1095 205 10 165 E 7 12
4$ 115 194 167.0 179 3420 540 110 156 E 21 17
19 17 390 68.2 121 99.1 [3.080 140 349 200 E 20 20
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ey ZEETIRHEOCL ST, MHLIK L > Tik- 20 L-FEEEEIBbAd 57 (Table 2), F
W19 (EHE 7 ~40)cm?/&, FERT0~170cw, FEMEI00~3408 T, KR L VEELEL, 2 v 7Lk
HTeh -7

(EEHEBER) 1962~1968ED = v 7AFELT W7 e o 2 OEBIOMESR, BHEE EHos
Eit Table 1 iR L7, :

1964, 19654F 3 mLIR CESHcEE L < 1 £ A13EY ZcA, 3ERFELTWird ot BH o FEEK
1275+ 42 (WEFA19~133) &, BFFR13.2+£8.4 (1.7~26.7) kg TH ~1- (Table 2),

(fb#EEE) 14EHTHE LT RMBEEL, vhs, AVA, 7H74Y, 4 7908, 7H5 #L2
TH D (Table 2; Plate 2 DA~F), KRMELUUTL 7= (Fi# Table 3),

BHIOAMERE (70vIOFH)

(Fey 7088 k8 &EOF =, 7 OFHRMERL Fig. 5 WELE, MHLIEL~100m, —##iz10~15
m#k 55~65m, KIE 1 7~2.5mTH -, WEIL25%25mT 5 ~311H, WHL50m ¥ T Fiz21EC
Hotce WMIIMEL TV, 1 mBORHBTIHEL-OL S -7, BEEESHEIL, DX #iErs
<, WCHEBLD -Tco RAOHBELREBBIPIL, PORLIC L2882, FIBTbolpH
MEAFREWRICRT, 72 VE D UFThH A FHORBHE > Tich»7- (Plate 1 ®F, G : &
# Plate 4 ® D),

(FHEN) RBEDABLI~6 7w » 7 O HEEHOTHRMI4.3£1.2 (FF3~6) cm?/&, BiE1
~T7T5.4x1.1 (4~7) em¥/EATHD, WL bAE, WHLERECY > THEO—EEMLichoTz,

(FEGO4R] ABTHERIB.3+39.5 (139~242) cm, HEME136.7+42.5 (90~193) B, B193. 4+

100m 5
™ Kita- kogane #:88=hlock
o® (July 13,1964) OSempling block
.
17| 2.5m(depth) 13 L =

Fig. 5. Distribution of blocks on the sandy shore at Kita-kogane in July of 1964.
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46.5 (99~232)
hotze

cm, 137+51.2 (48~195) &8 T,

PHOAMER (7Toy/EELI-TOER)
(EEEIBER) E¥eoMT | ~N OMEES381 (HHH347~416) &, B{FE62.8 (58.6~67.3) kg,
Fi#A~CTiE236 (213~250) &, 38.8 (30.6~44.7) kg TH 1.
(EEOLE) PO EEOEFE5182.1 (FiSHE172.8~187.3) ca, EEETI1148.9 (141.2~160.7) om
Thotz, HETH161call A HIT T4 (62~68) %, T4l (38~46) % TH-7: (Fig. 6),
FEWTLITIIEL { £F8512.3am, HAETIL laThH-7.

Pz oEREIZ207 (202.2~212.2) €,

EALBATERYESL,
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BETIIRN o oA HEEIE

WE#ET146.5 (120.3~172.2) &, EETHI818 LI EA N T
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z 1
¥l n=50
£=172.8cm
1
T | L B B % Aggregated block
2 20)
. o - ! 50
£=182.7cm n=
N = T i=141.2em
1 = 10 =
!- LELLL L L L B ) L A B ) LA L L
20 20
m o n=50 B
_ #=187.3cm ] n=48
— m £=160.7cm
5] 10
o —
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g
i jm |
b B e e LA B B B B e ) LI B B LI )
20 - 200
— n= n=49
] [] ==iss.sco £=145.4cn
1 =Rs 1
—I- 110 ‘l | (==
L T T B 7' p® T L -
100 200 300 100 200 300

100 200 300
Blade length

100 200
Blade length

Fig. 6. Comparison in the percentage compositions of laminarian blade length in the

populations on the four isolated and the three aggregated 1-year-old 9 x8-blocks,

at Kita-kogane in early September of 1967.
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Isolated block

Aggregated block

A
-
2 20
I $=120.3¢
o =206.8g -
m—ﬂﬂ T 1
LEL L Ll T F T TEr LI LI L L

208 20 B
M 7=206.8§ : £=172.2¢
| [ | | I _ _rh | -I-

v N 2 c
™ . =212.2¢ m ¥=148.0g
1 1
rﬂ-ﬂ- B -l-h

LI B e ™ TrTTTE T TITETIE

150 300 450 150

Frequency

150 300 450 150
Blade weight Blade weight

Fig. 7. Comparison in the percentage compositions of laminarian blade weight
in the populations on the isolated and the aggregated 1-year-old 9x8-
blocks, at Kita-kogane in early September of 1967.

60 (54~68) %, M#T33 (22~44) % Th-1 (Fig. 7).
B3 DR ABEIL88. 9 (86.0~93.3) mg/em?, ITHET81.6 (76.3~85.7) mg/cm?® THo7z, 1 EEHEIOmg/
cm*OER TATH, Mirix7img/cm? Ll EA79%, AEELS7% THoTz.

= ®

HHRRD Bz = v 7 OBHEREL Thb AT AREFAERKR= v 7T, K, WBAHKE FEmoR
DELEEL S S, FOLDFRFEBCTEAETEVCEAEBSEL, POoFLEEERZRRBRCAET
FaEVOIFE LAY, 2608 L F40BSFH THRE ST EELEV. —RICERAFRD 7 =
» 218, HL B LFELRIRP TS (Fig. 9). LA L4, 5FETL 28 BRAVIORB ST,
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?LWL-H o lsolated block,1967
@ Isolated block,1965
50F a Aggregated block,1967
; a Aggregated block.1965
_—gS{L
£ & =0.156N+ 2.8[1967)
40 (r=0.92)
o | a
= =0.125N-5.6(1965)
=at a (r=0.98)
10k
A " " " n

o g1
Numbers per a block( N)

Fig. 8. Relation between laminarian numbers and weight per either an isolated or an
aggregate l-year-old block, at Kita-kogane in late August of 1965 (6 x6-block) and
early September of 1967 (9x 8-block)

*3 Numbers: the abbreviation of laminarian numbers (the total number) per a
block.
*4 Weight: the abbreviation of laminarian standing crop (the total weight) per
a block.
*5 Line: regression line (with regression equation and coefficient of correlation)
These rules are applied to all the following figures.
k!_ |50nl
) L T
i Pt =1 \
= T Z100p N=85.3A"'"
A £ ! (r=0.96)
L TN T
:10! ‘g. L
= b ¢
£t |
K Z 50
E |
! i
1 2 3 4 e AT A el
Age of block(A) Age of block(A)
Fig. 9. Decrease of laminarian numbers and weight per a 6x6-block in accordance

with block’s age, at Toshiraru in July and August between 1962 and 1966.

*6 Value : mean and standard deviation or mean.

*7 Curve : regression curve (with regression equation and coefficient of
correlation). These rules are applied to all the following figures.

Number of blocks : 9, 2-year-old ; 7, 3-year-old; 6, 1-, 4-, and 5-year-old.
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WHOSHEETIE, FEL 1 mEE, Mok 4 mbl EREEO L0 LR T, MaiEEE L b @,
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LR LEERTH - (Fig. 8),
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Py AEHES « 6BOa v S EHEXE L TORMEROBEEIL, 1962~1966E7, 8 HI1~5%4H
DLOTEIIL-1,
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Undsria.pimatifida o [

Castaria costata o= o

Polysiphonia sp. ® L] a e ©

Gelidium sp, B o e 2

Ubw periusa ® L] .

Neodilsen yendoana (-]

Symphyochadia latiescula| © .

Chondrus spp. o (]

Carpopertis affinis b

Acrosorium yendoi @

Laurencia sp @ oe ]

9 | year old block
Ceramivm sp. ®
m 2years—

Rhodymenia pertusa b o .

o 3§
R. palmata L]

Dictyopteris divricats ]

® 5

Desmarestia viridis o @ a

Schizymenia dubyi [ ] o a
Cladophora sp. E

T @
Otter algae PRI I T W A N T 1 PRI O N B | (TINE W

Fig. 10. Variation in weight of competing algae per a 6 x6-block in accordance with

block’s age at Toshiraru in July of 1966.

*§ Weight of competing algae : the abbreviation of standing crop (weight)
of each competing algae pera block. This rule is applied to all the follow-
ing figures.

Number of blocks: 2, in each block’s age.
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(EEHIBRER) FHEC L TEHIS50, B, BEREL, Te ., s08EF{ a0 LisivE
B, 9-8BD4EBOBRFRMTI0kg §iEE, SFHTIRSkg Hifk L ir -7z (Fig-11),

(GEEo4EE) 1 FEOHEGEROARIRIEL, 2~4FREBEAL 5EB XKLL Y, ZFav7
OF vl »Thvis, R, EHERIT 14EHT133cm, 878, 2 ~ 4 4£ H104~109cm, 51~58 8,5 4E H67cn
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Age of block (A)

Laminarian numbers, laminarian weight and weight of com-

peting algae per a 9x8-block in accordance with block’s age

at Kita-kogane, 1966 and 1967,

Number of blocks: 2-5, 1966;

1

273478576
Age of block (A)

3-7, 1967.
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Species

Age
Weight

Ulva pertusa

Enteromorpha intestinales

E linza
Cladophora sp.

Sphaerotrichia divaricala

Desmarestio ligulata
D viridis
Petalonia fascia
Costaria coslata
Sargassum sp.
Neodilsea yendoana
Melobesioideze
Comallina pilurifera
Tichocarpus crinitus
Schizymenia dubyi
Gigartina japonice
Chondrus yezoensis
Chondrus spp.
Rhodymenia palmata
Ceramium kondoi
Polysiphonia sp.

Symphiocladia lativsculo

Rhodomela larix
The others

5 years

200

20 200

500

[
500 1000 1500

(ogl g)

ded bt B 4 g 2 2 0 4 4 1 4 92

Fig. 12.

Increase in number of species of competing algae and each of their weight per a

9x8-block in accordance with block’s age at Kita-kogane in mid-July and mid-August

of 1966.

Black s age
Comr degree

Species

year 2

Laminaria jopnica
Ulw periusa

block mouth

Surface of

Sphaerotrichic divaricuta
Desmarestia figulats
Cr-Rp-Ny

Potamilla myriaps
Holdfsst of old laminarian

%

nurface

L jepoaxca

U pertusa

Neodilses yesdoara | Ny)
Cy-Rp

Demosporgise

P. myriops

Styels sp.
Holdfast of old laminarian

e

(fhfaiE) FEEC L - TE#BEH B,

Variation in cover degree percent of dominant species (algae and sessile animals)

and holdfast of the first year laminarian at the surfaces of both block mouth and

lateral part in accordance with block’s age, at Kita-kogane in July and August of

1966.
Cy-Rp,:

B LR, —FRHLSFRTEB LA,
P ENBEITELEBHZAT OXBEETHoT, SFEBT=YY /<2, By /<20
LA ALANEHML, AL 75018, hvFE7H, A VAFTHF 7U=vELRHLLBbhi (Fig

Chondrus yezoensis, Chondrus spp., and Rhodymenia palmata.

fhEEOHFRIL T P 703 IR LIHIIN L, 7z
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SHERERCATAMEEROEE L, 3FEAS5 ZUT, 4 EHI0%H. 5F B3I TH -,

(av7iftehods) o nE@m e UE LR ENoAREC 4L, 7= 7OBHED & 10
a7 LR, PO FEEEY ke -H% Fig 13 12/RL1: (Platel DA~G),

NE@EO= v 7 OB, 4FEH 2 TLEEAREEL D @ otce DEMRTE 1FER D BHESSHE, 72
Z10%HiEEI L, 5ERTCTSich-tc. LMARETIL14EH35%, 2, 3FEABLH 4FB10%5 I
o7ch SEHTIRMMLISZ Il - 12,

fodadr A LB LG, SEED= Y ) v, THAFvF vy, vy=208Mi Ly, DEmTHE
LSz tce LOALESARETE, ChbIWb7r7H4OEMNRET T

BHEMOBY TEETH D=5 2, =F+, i FIroy, 7078, AvFrIa48
= HEHLT, M3ER4ERECnE - LRAAECHEVC TV, 2o AEAELARORCALR
7z (Plate3»A—F),

FEGOHB TIIe A= VHF, 2V H=, FRATVFI=, S r=Fe }F, AHAT V7 IHLE
hfce .

Bho7ov/RMAEN (CF£2-7)

(&Y LBER) 74686 - 62 8EF7, 6509 « SETIOELTE Fa v 7 aFVT 7.

Table 3. Laminarian numbers, laminarian weight, number of species of competing algae and
their total weight at Kita-kogane in August of 1970.
Weight of competing algae: the abbreviation of standing crop per a block.
Age of block: 6x6-block, 7-year-old; 9 x8-block, 6-year-old.

et l-year-old laminarian 2-year-old I. Competing algae
oc
(Numbers) | Numbers  Weight Numbers Weight Numst;rcitz,‘fs Weight

6x6 (8) 4.9+72 33+49g 44433 1131+£1,071g 58+12 2,289+795¢g
9x8 (10) |97+£84 550146798 8.1+6.5 1879+1220 4.7+1.3  2,824+2,604

% #=107.4cm % % %

50 500
F=12.9cm ___ $=240.0g
4o aof
=

30 30k
]
= 20 a0k
@
=3
=

10§ 10

L) Ll L L] L] L]
100 200 300 cm 4 12 20 em 300 600 900 &
Blade length Blade width Blade weight

Fig. 14. Percentage compositions of blade length, width, and weight of 2-year-old lamina-
rians and blade length of 1-year-old ones, sampled from old eighteen blocks, at
Kita-kogane in early August of 1970.

Column: white, 2-year-old laminarians (n=116) ; black, 1-year-old ones (n=1011).
Mean: Xx’, l-year-old ones’.
Block numbers and type: 8, 7-year-old 6x6-block; 10, 6-year-old 9 x8-block.
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THVOENN—FE=2 713, HET6MHE HECISETLILAL,

“Fav/olEEH BERI6 - 68 T4k, 1,1308, 9+ 8MBEK, 1,879 THoto —Fa2vF
116 - 6 T5%, 338, 9 « 8&974, 5 5008 TH -7 (Table 3),

(EOER) MBLTO—%, v /0XERER, —%F2v /0¥E, EREEKY Fig 4R
Liza

—fFa v 72 R151call FOEGHI0GLTFCL <, —H10all F L FEELR, a

ZHEa T DE— FIX101~150cmi H - 7o hy, 201emll EANOKHTH -7, ERITI2. 1~16cm, EHEEIT
151~3008 IC€ — Kb b, 451BLL EAN0%#B -1,

(ffeds) MR O4LBRBEFRCHTL—E —FEa v 7 LEEOEHNORAERE SR L HBBEY Fig
15 iR L1z,

BB CTHEOER LI -TeDit, BEROY /= 208M, 7+TAY, THS, AV AFH4FThH-
7o OB FERIZ6 - 6 & 2. 3ke, 9- 8 M2 8kgTH -1z,

= 2
HMTRLALIE, TROINHEIIGREHE LI £ E2Eh, 1468 OHERE VA, 4B DERE

%6
10 20 3 4 5o oo Freoeg
+ - + + ' +
I-year-old laminarian | % %
2-year-old laminarian 87.5
100
Chaondrus spp. 100
90
Ulva periusa B7.5
90
Neoddsea yendoana y 87.5
0 01 02 03 04 05 0.6 0.1% 80
Symphyocladia latiscula I e 75
10
Rhodymenia paimaia 12.5
50
Prilok pectinata 50
40
Chondrus yezoensis 75
40
Hylotiphonic caespitoss | 12.5
10
Rhodymenia periusa o 12.5
[ Magnif jed) 20
Sphuerotrichia divaricata |
10
Gracibria verrucosa 10
Costaria coslata 12.5
The others

§ 0 20 30 40 3 60%
Fig. 15. Weight percentage of laminarians and the other competing algae per a
block, at Kita-kogane in August of 1970.
Column: black, the plants of 7-year-old 6x6-blocks; white, 6-year-old
9 x 8-blocks.
Number of blocks: the same as those shown in Fig. 14.

Standing crop of all the algae per a block: 3,453 g, 6 x 6-block ; 10,204 g,
9 x 8-block.
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FrimL o, BEOI1967~1969 TIXEOBR S AL bRt (Figs. 19,22, 23; §ij#® Figs. 19, 26, 29),

EHT e, 72y FHEOEN (hH, 1958~1960), CHBRDO 6 ~9F oMM, Afy, FAEHH (Plate
40A) OEGHE, BERYE~S, Aot CR8ES6 EicH X, 18 (@2 ~39) &, 1,540 (145~
3.990) B, A2/ TIX5MLTICEE, 18 (10~35) &, 1,310 (890~2,220)'8 TH -7 (RBE - B,
1965) ¢

6ELERBLIT = 5 7 ThH, BEOCRERILET4ks, kML T—, —Fa2v7E4HET6 68
5kg, 9 - 8Wldkg THotre CHHEREAWL-BEORASENOERICY T, MEROBBEILE LT
20, HE530Ra vy IHEREOLONEN T bDEEZLS,

"W 7 0y 70mRER

5 - 3

19674E 9 AItHE TS5 EH 9 « SELXRICFMIFRBERL, HRERLHME CIRETHRA L. BRIk
BcEEL4EOs ba vy 7B EL TWicoi 2 B, EEH53, 774, BFEE2.6, 5 2kg, fhfgi#re
T4 1930 (920~1,070) &, FH4:MEHK0.79 (0.60~1.06) m' TH -7,

196847 ~ 8 At ¥ & OBMEE, 646, EMO 1 EBXhFh s ELS IS8T, HREYHS L.

= E

(E&EHLBREFR) @RE 640, 1S H0MEGH, BFRX Fig. 16 ILRLZ.64H, 1 HOfliiith
FhiEF T34, BRETREETHIER:-LOMAD -1,

Biaki393 (WEE213~557) &, 69.5 (48~87) kg, 64 H13 (3 ~27) &, 4.1 (0.8~5.6) kg, 14:H
13157 (108~175) #, 36.1 (23.8~42.5) kgTH -7,

(EHhogR) 3BLLEEDE— FRALTH-7ch, 2lall LIZBERETRLE<, KWT6HEAT
Hot- (Fig. 17), EEE T2, BREIZ121~2408, i1 2 BiX241~3608iIC€— Fhihh, 4818 Ll L%
Dol DRGERTH T, EAVRFRTIRAKETS, ERRLUERIALIE,

O Clemwd Hlock
@ Goyear.cld=

A leyesraold=

Wt IBIN+®16.91 r=0.56)
[Cleaned & §-yesr-old)

Welght par » blocki W)

ll.ll " l.ﬂ 0 Eley 500 . ;”
Numbars per & block(N)
Fig. 16. Relation between laminarian numbers and weight per a
9x8-block different in blook's age and cleaning, at

Kita-kogane and Nagawa in July and August of 1968,
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Cleaned block (Ch) Cb — Chb
B n=49 i =254 8¢ P F=82.6mg /o
sof F=243 4cm sop o
" = mg/cw
L} 1) Al 1
1&0 o 9.& o 8 ™ % 8 120 160
6- year-old block (6b) 6b 6b
L n=50 sop F=362.85 P =116.4me /e
i — $=235.9 .
=]
3 § L i
4 ] r |—|
y |_ 15 T T e/ cof
% T o M om g [ L
1-year-old block (1b) 1b 1b
s0p 1 a=s50 50 =279 Og sof Je=108.9mg jowr
I F=177.1en | = i
- L 5
- = -
...-._..._—!_.. _.__:LL—!; g /o
B 160 M0 3 400 10 40 %0 (W B ™ 0 0 W 2 W e
Blade length Blade weight Degree of thickness

Fig. 17. Comparison in the percentage compositions of blade length, weight, and degree
of thickness of laminarians sampled from the three populations of the cleaned,
the 1-year-old and the 6-year-old 9x8-blocks, at Kita-kogane and Nagawa in
late July and early August of 1968.

Locality : the cleaned and the 6-year-old blocks, Kita-kogane; the 1-year-old,
Nagawa. Number of blocks: 5, in each.

= Wei
Species ———— LW eight 5 10 50 100 500 1000
a

Ulvs perisas
Chosdras spp. [ ]
Pelysiphonia spp.
Costaria costata
Gigartina jopenice
Desmarestia ligukia

AL LA L 4 4 i [T W . 1 i Adii A i g4 4 i Aiaid g i 1 4

Fig. 18. Comparison in weight of competing algae per a 9x8-block, different in block’s
age and cleaning, at Kita-kogane and Nagawa in July and August of 1968.
Symbol : open triangle, 1-year-old blocks at Nagawa; open circle, cleaned blocks

at Kita-kogane; solid circle, 6-year-old blocks at Kita-kogane.
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Fig. 19. Annual variation of laminarian numbers and weight per either
a l-year-old or a cleaned (1968 only) 9 x8-block, at Kita-kogane
in July and August between 1962 and 1969.
Number of blocks: 2-5 in a year, regardless of their posture,

erect and sideways.

(Mhifdd) 1FERRT F 74+ OLRMF T, B 6 FETAY A OHFERI R LA, 600, 3,3008
Thotz. BRETLEFELEDY /=208, 7 HNLbhiz, 6 ERD Y /= #HHix2, 3008, FOff
TFTHY, ThA, TAAF > 2 9hPh -1 (Fig.18),

e B

ERCRIEARI BT, 2 v 7OHEREDTEN -7, ChiRliich~i, RBE¥Hao. ¥
WADEDLLT 0y 708 > THE UL EL D, THROLHEFMED bOHPEL, 12EE-T
EAETLERCI->THBLAY, B THETIL0NREhLELS,

1968EBRBROBEYK, BHEEL1962~1969FE0 1 EB0 L0 L E~NT 14 - Tuicy (Fig 19),

BRRCLSEESRORY, RETHCL2E, BESORELLT Tl icd, BELLLEFLS,
ThbLELTHEL-BETR, B4RV BEFEHE TS, TobbXAMoBRRBERTL, R XEn
Fl k- TEXYRFESHRQR), MEECESE R (MAFEDEV-L VA5,

BCER STy 7 - AL TRELARFE

A *

RS0 FH oK) DB 3 miT, 19614F (MFE10- 108, BEMNLI - 8F) 25619674 (4
EBRAE) KERSIhic= v 7R (38 Table 1) #1968% 6 ~ 8 AlcHlFE L=, WAL 6 HoiBkx
RLEAEBBET e, /7B OMHULEHE, e, 70EE 7T~8 AR 1450 (BRECRET) 15 T74H
* (7) 10318 C, =v 7 LtBEOFELE~I,
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Fig. 20. Block distribution map of the 6 groups different in age of 2-7 years, accompanying the bathymetric chart,
at Kita-kogane in early July of 1968.
Number : depth in meter,
Thick line: offshore boundary-line of blocks settling.
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Fig. 21. Block density map of the 6 groups different in age of 2-7 years, at Kita-kogane in July of 1968.
Number: density of blocks, viz., numbers /0.5a (5§ mx10m).
In this figure, transect helts were shown as two times of their actual length.
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(BBoER) RBARED 4E )2 6 LHEL)IBES 3 m, #HLI10~15m 3 560~70 (i 120)
migH ot NIOTHELZLEY, RBOERIPH, T IWHLLTAKRI~SmEBRLE L, B
FRYEWETE=VvFY2v7, vav7HREL:,

BEOKEL, M1 m (B EREF, 1968)DRET2~4m, —FT3ImETTH -7z #HHL10~20
mETHEL BN, ChyBEs L@CHlERTHD (Fig 20),

HEBES v 5 2 OWIBOTEIL, 2 ~ 6 4EH T200~300a, 1, 74 H$AbE#H1,500a THo10, BE
IR T24/a, T495. 98MH/a ThH -7 (Fig.21), 7= o 7HERK S, MHHELIOMEES Lo #HHhEE
I3) S5 4108 L 1 £ HO50M, WARKLT7FERERES 5690 (A1 Table 1) THH, HEHET
DPicERRmLIZ,

(E&H L BER) BERT 1 £H C4804%, 34 B cHEECMY L 6 FH LIkt 1 (Fig 22),

HEECLARCEAEFRL, 14 H8%g, 34 H9. 3kg, 64 H 2. 2kg iz -7 (Fig.23), COFEILTH
5 b S HBEATRD 28,

FE&DER] s v 7oERIBIINELS D2, 6, THEHTRS, EEROFSIL63~3698, #Hix210~
2098 TH -1z,

HFBRET ¢ o 7 OEEOBLHLL. don, 5 OTI189~248 (HMEFH36~443) on, T TI213. 14,
11.8~15.0 (5.0~22.2) ca, JEAHE1I00.7, 80.6~116.4 (54.3~158) mg/cm? ZEH19.3, 16.2~25.6 (4.9
~36.3), ¥EME298.2 (25~809) B Th -1

1~6FBLBERDER, EEE, BAEERY Figs. 24~26 IR Lz, EROE— Vi1 181~210ami B

So00p
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Fig. 22. Decrease in laminarian numbers per a 9 x8-block in
accordance with block's age, at Kita-kogane in late
July and early August of 1968.
Number of blocks: 7, l-year-old ones (substituted
by cleaned ones); 10, the other ages'.
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Fig. 23. Decrease in laminarian weight per a 9x8-block in accrdance
with block’s age, at Kita-kogane in July and August of 1968.
The other explanation is the same as that shown in Fig. 22.
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A AtE1, 2 HTLAOALY, BEMIRETIONIEFEANLTH-Tc. 74 2102, 3FHD
arBbht-, AEEbavyFERRED, STEELR.

AEERILA D 2 LU BBY 2, 2~3EATAML, 3FEBLMIL 2RI TEL Lo

LWHEOFETIL 1 ~2EB TP L, 2~3FEETHML, ToRIL Infi#T—E L.



M BF &

%

i — n=284

s $=207.4n
154 T

i B

3 '——

Frequency
v
1

oW I M B N0 o M W M @
Blade length

Fig. 24. Percentage compositon of blade length in the laminarian
population of the artificial forest, developed by blocks of
more than 5,600 from 1962 to 1967, at the sandy coast
of Kita-kogane in late July and August of 1968.
Laminarians sampling: about 50 specimens at random

from the 6 populations different in block's age of
1-6 years; and the l-year-old blocks were substitut-
ed by the cleaned ones.
These detail explanations are applied to those of Figs.
25-26.
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Fig. 25. Percentage compositiom of blade weight in the
laminarian population of the artificial forest at
Kita-kogane, in July and August of 1968.
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Fig. 26. Percentage composition of blade degree of thickness
in the laminarian population of the artificial forest

at Kita-kogane, in July and August of 1968.
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Table 4. Weight and weight percentage composition of competing algae
per an old 9 x8-block at Kita-kogane in July and August of 1968.

Weight: mean calculated using the total samples from 3- to

6-year-old thirty blocks.

Chondrus spp.:

armatus, pinnulatus, ocellatus and yezoensis.

Species Weight Percent
Costaria cosiata 2,760g 53.481%
Chondrus spp. 1913 37.071
Neodilsea yendoana 199 3.856
Ulva pertusa 125.7 2435
Rhodomela larix 69.4 1.345
Symphyocladia latiuscula 416 0.806
Gigartina japonica 15.4 0.297
Laurencia glandulifera 8.7 0.169
Sargassum sp. 85 0.165
Ptilota pectinata 84 0.164
Rhodymenia palmata 6.6 0.128
R. pertusa 23 0.045
Polysiphonia morrowii 1.8 0.035
Ceramium kondoi 0.13 0.003

Table 5. Variation in the attaching areas of laminarian and competing algae per a l-year-old
to a 6-year-old 9 x8-block, at Kita-kogane in July and August of 1968.
Number of blocks: 7, l-year-old block; 10, in each 2- to 6-year-old.

Age of bloc Alpe Lfa’i’)uonm;c’;a prg”nz?z%a eﬁzﬁa sma%haelrgae Total
1-year-old (cleaned) 1.03 m? 0.003 0.05 1.083
2-year-old 0.43 0.01 0.02 0.20 0.66
3-year-old 0.11 0.01 0.16 118 1.46
4-year-old 0.07 0.08 1.20 1.35
5-year-old 0.03 0.16 1.22 1.41
6-year-old 0.02 0.16 1.22 1.40

hREEC L2MARAOBELE LS, R ERIB O LEb), SOCIOMAYRIELTWS,

1966~1968%E D 1 ~ 4 £ H OB HFR T ORI EL RDI=A% Table 6 KR L7, WEHER, A% 7n
» 7OBBFELTHE :
W=aA® £ h,

abDFEHRLEEIEEC I THRIBELTWS, chil =z v 7REROEEH Y BB LTV 3,
COXTa vy 7OBMYHE T L, a 0EEHNEL, 12 b 0BHEIEGBCREREL VLS, a b
Beoirl (2) FHORFRVSVIEERT. | b| BFVvoLtnT, #i2h 1(2) FHOBRFE

HEL, Te, 7DOBRBFECI - TEAN I VSEEENCRPTEZ ER2EDHL TV 5,
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Table 6. The estimated laminarian biomasses from the artificial forest developed with blocks

at the sandy coast of Kita-kogane between 1966 and 1968.

Regression equation: W, estimated laminarian weight per a block of different age; A,

age of block (I- to 4-year-old); r, coefficient of correlation.

Wp=3NxW: N, number of blocks of different age; W, estimated laminarian weight

per a block calculated by regression equation or mean weight (only in 1968M).

Dp=Wp=x08x02: 0.8, survival rate in blade weight from successive blade shedding

from survey to harvesting, so this coefficient was not applied in mid-September

of 1967; 0.2, drying rate with Konbu manufacture.

A.D. 1966 1967 1968 1968M
. . —; =09 = —14 = ~2.22
Regression equation “;r:g.};m “{r=5(l).%9) W(ri%%\s) Mean
Estimated wet product (Wp) 85.94t 131.48 62.24 95.46
Estimated dry product (Dp) 13.74 26.29 9.96 15.27
1 10'yen
100gm 20
e——® Laminarians on natural substrata [
" - on blocks
19
.% 50 9; 10}
3 E
- .
sk
1963 1964 1965 1966 1967 1968 1963 1964 1965 1966 1967 1968
Fig. 27. Annual variation in laminarian products (Konbu in dry weight

and yen) from the natural substrsta and the blocks at the destrict

of Date Fisheries Co-Operative Association, between 1963 and

1968.

1966, 1967FDILEE 7 » » 7 MBOHEERFR (Table 6) i1, WLt FEEEHABEGO TR, 2

W= v 7hER (Fig.27) 2 #ihicbibot,

AZARBFELEL, HLELIFEUBEEL, ho7F ey 20OHFEMA, WEFHRHENR<2 v
FEEEL, poXBCHHD, BETER  SREHRL R, BAEBCI2EBEL L OZR0B
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THVGBEEL D 5,

¥on@m, EARECEE T SELRBEE, B EST LS OBESLHRRLELTWAY,
WO EEOWHETHRETHE L VRVBEAMICRD LE L5,

A BEER 3 EELROBLFEmOE(LAP vz b hb b, REREMMNLET 5. ciuk Figl2t
LRLL SN TDL D, » oS EROBER, L Y MELTEBENVBM LoD EEL D,

70y, BRALTHRETOREL VAL

;] &

Fu g 2 TIL1963, 19645 9 AL & LM, 1964E8 A b5 4, 1966 T~8A P50, Hvy R
AFEIUTOR, SIETRI9IFET A4y v A+ CHE L. #HXVWThb 1FEATH-T,
RAEHET, FRTILLI~ 20BN 5 e vEBO~v7riRED, HETREAILEXC )

Table 7. Laminarian catching wet weight and dry weight per a l-year-old 9 x8-block, which
was harvested by the normal method of a fisherman, at Kita-kogane and Fun-
aoka in mid-September of 1963.
Value: the mean calculated using the total weight catched from 3 blocks in each
boat.
Harvesting: a man, cutting laminarian stipes by an iron stickle (Mangua); and the

other, pulling an oar.

Locality Boat number Wet weight Dry weight Dry rate
1 27.8kg 347kg 12.5%
2 46.5 6.23 134
3 53.7 6.67 124
Kita-kogane 4 48.8 6.1 125
5 65.0 7.5 11.5
6 46.3 5.33 115
7 66.9 7.1 10.3
Total mean 47.58 5.69 11.9
8 63.3 8.02 12.7
9 415 6.5 15.6
10 76.2 113 14.8
11 69.6 10.13 14.6
12 71.7 11.07 14.2
Funaoka 13 40.1 5.5 137
14 74.6 10.9 14.6
15 775 10.9 14.0
16 65.8 . 92 14.0
17 50.2 6.8 13.5
Total mean 63.65 9.03 14.1
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X, BEHIWETHRRL, BHRL LA (Plate 40B),
BEOEAH L EHE CHSSEIEER (WThi7e., 7 1AYYOMl LTRL) d&EFEEH
WMoteal AMDDT e, 7BIZ3~ISETH -1,

L ®

(1963, 19644F4LIS L MM) WEEmKLLE b, REH»HLHUR T THEAZEH 4 Uiz (Tables 7,8),

1963, 194ERBERROEHESIE, L8 L£26, 10, AHE23, 19%, WHEE O CixdcEL£ 8, 5, 46
6, 5%, BHARI VBAECEAZI 4L,

WL 9 - sMOLRALFR (Fig 1Y) LBBEERL NS L, 1963FREAT2AIENCER LY E¥
b, BTFETIINHEL, 1964F27THEL 572,

WHOMEE, B - LR H2), HESHASL Ll FESENS-T.

Q964+ F A, 19655FE b0, HvIA~FRIVHOBEDE - 6F] b5 401964, 19654 %
Hn &, MERARETEAVLELENE 1 7 AELE), BEEEH1ESL, »o5HY, BaA
HiXBM o7z (Table 9),

19654EDHE Y 9 Y AAFBHE b T A, HOK (RADHEL 17 BRK) OBEYH~S L, PHT

Table 8. Laminarian catching numbers and weight (wet and dry) per a l-year-old 6x6- or a

9 x8-block which were harvested by the normal method of a fisherman, at Kita-

kogane and Funaoka in mid-September of 1964,

Value: the mean calculated using the samples catched from 5 blocks at Kita-kogane
and 6 ones at Funaoka in each boat.

Block type: 9x8-block in the cases of No.6b and No.12 boat; 6x6-block, the other
boats.

Harvesting : the same method shown as that in Table 7; and slightly stormy during
the harvesting time at Kita-kogane (Plate 4, B).

Makonbu-nagakiri
Locality m?r:%ter Numbers y:itght ?vgght gryte Third grade g:“he other
1 408 28kg 5.Tkg 20.4 42kg L5
2 441 34 6.3 185 454 1.66
Kita-kogane 3 426 31 5.62 18.1 39 1.72
i 394 31 6.0 194 44 1.6
5 385 26 48 185 36 1.2
® 343 40.6 7.6 18.7 45 31
Total mean (except®) 410 30.0 5.68 18.98 4.128 1.536
T 303 30 3.67 12.2 =My 0.5
8 387 373 483 129 417 0.67
Funaoka 9 441 433 5.33 12.3 4.67 0.67
10 497 48.3 6.67 13.8 5.67 1.0
11 342 34.2 4.25 124 3.67 0.58
@ 554 53.3 7.17 134 6.0 117
Total mean (except(?) 394 38.6 4.95 12.72 427 0.68
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Table 9. Laminarian catching numbers and weight (wet and dry) per a l-year-old 6x6-block,

which were harvested by the normal method of a fisherman, at Toshiraru, Ponusu-hana

and Okino-shima in August of 1964, and in July and August of 1965.

Value: the mean calculated using the samples catched from 10-15 blocks in each
survey.

Harvesting: in each, the same man in a boat (Iso-bune) taking up laminarians from
holdfasts by a woodbrush sickle (Shiba-nejiri), pulling an oar by his foot.

The data of right frame: those in the parentheses calculated from the actual numbers,
wet and dry weight; the others, measured from 50 samples at random.

. Wet Dy Dry Makonbu-nagakiri
Locality  Date Numbers weght weigt iale

The other Wet
e Second Thind Fourth (nder HO4"| Made Bt biage ,,?',}, —
grade) weight weight
Toshicars ﬁ"’w ™0 M3k 30kg 8% | 12kg 097 067 O30 04l (2569  Wsg)
Tosinrs Jife | $3 190 24 MS [0 0% 07 0@ 0% 01 | 1®Scm 186m o 9 ma
gl hlres| 95 32 s 158 |em s ew w0 w0 03| ws s P @ nasex
- )
Qoo Mu| @ 21 o e |13 0w @ w0 0 2 (330)

Table 10. Laminarian catching wet weight and dry weight from the artificial forest developed
with cut stones, at Ponusu-hana in July of 1963.
Harvesting: the same method by the same man shown as that in Table 9.

Makonbu-nagakiri

. Number of [ Total Total Standing Standing
Harvesting harvested | wet dry 12?; crop crop per
stones | weight weight Fiﬁ Second Third The othes | Perarea a stone

17m? U |1856kg Mlkg 16% [966kg 727 S 1M | MM Kesione

RREOMEAYN, BEE —SHICOERRCIISLN, —SROMATRERIVS ST,

1965EDMBD b ¥ F A LHEOHROBEHE~S L, HETHRAEOMEGE, B CERRSIUHEAE
EbEZ o

19654 F ¥ F &, H v ¥ A ~FOEFAMEEAROHE Y OXBRBL20, 185 TH-7.

(19635 # v v A~ +OHE) M LBBEDINSER Y ¥ A FDT Ry 7 LHR5EE, HFEHIEFEL T
555, —SROMEIEET2{ETH-1 (Table10),

®AEY ) ORBRIFRIT 19624 7 A9.1+2. Thg ({271 24), 19634E7 A8.1+£3.7kg (26 54) T .
HY, REBEROWN2ETH -1, o v 7 0EE LIcBIEIL19629E50% 3, 19635F70%8Ch Y, 148
THOBENCEHL TWiEsS, HELTWEVELRS -1,

= ®

It#Ee, ABTR—BCREEEROSVRAREISHE I AE K TRRVD, ZhRBREXKAIO
BLHORBAL D EER S,
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W9 - 8ROIGHERBRERINEL Vi, CHITEAZL DL, TREFEC L2BFEREORI T
DL ONREIC AR (EAL-EE LD (i Fig. 19).

6 + 6 B1965EATERD 3 1AM, 1964 £E 4R L 19654 (E) # v ¥ A~ O RBEEER, BEROE
BHEBERORB LAV b, BANBOMEI BEFRCEE L b tEL D,

1965441 3 ML S M oM RS 0XE, BAKE L D LI LRI OBRIEC X 2HA b MM OBEC X -
T UtcbEL D, HYTAAFTEERREDY, e, 21 h SGOMRBRENRL T, Sh bk
X -TELLELS,

W6 - 6 BOI964EIES, A L1965FEH v ¥ A+ OWRFAEOER, FEIHLIHRBEROR
SRS GKE WKHE) o X 2 SiEEHROEE, BEOEORENE LELD,

BREROREL

5 &

19644108 + I 0, dbiS, 19654E8 B F 54, 10HIEREOME 7 » » 7 CHRESOTR LAK L
ERIZOWT, BARLSBFTEN, 7ry 728 ~25@TH -7

fa ®

b6 - 6ETIL, 19645EOMELIT 4 £ 2 (B ~11) &, 19655+ 6 (0~21) &, HET
95, HETRZIBEIR T, —BRIEOIE L% Table 1IZR L1,

JE#&19645F 6 - 6 B3 | HBIFIc X A LSA, A TIZS50 £13 (35~70) &, HiET8l, #H&ET8I%
MM T, 196559 - 8T T1E20+11 (7 ~38) &, 96% A HWBEhTu iz,

£ £

19654FAL M 2 bk  THHURDEUR L D21, BHORORL - AR LA, 7 V¥ EROREICL -
T Ll bEx b, eB1965FEHEE b 7L LAAETRELL,

WECTRAREOME LY ERFERON%HE L Lice L LEETIREFRTL20%U T TH27, 0
Zir, MECAWERC—EL, BERFEECRBELTHESRRVER LAz LT LLELD (Plate 4

Table 1]. Number of laminarian remainders and weight of competing algae per a l-year-old 6
% 6-block after harvesting in accordance with distance from shore to offshore, at
Toshiraru in late-August of 1965.

Lami- .. Gelidium Chondr- Cymns. i u - - Dty | Distance Erect or
1 |340g 130 9% 45 45 20 10 10 Sm 15m §
2 10 400 15 50 20 10 0 20 E
2 50 10 10 630 70 30 15 30 S
10 330 50 10 580 90 20 35 S
8 50 760 500 40 510|255 40 S
0 10 15 1,200 10 60 30 50 S
0 10 50 60 | 35 6.0 E

mean | mean

46 | 19%g 130 50 217 267 117 5186 525 433 1867 367 285
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DB
—ik0HEE, IR LUAEYREL, FEo—RIECTUE LEAFEDO0SNE, HHTIZI0Y
LIFEEL S,

op

z B

b #h

2 v RSSO LEAEME, 1) HEMCHBEL, 2) BETFEER  YREREOHEE L LIBRO
WHEHTeL, 3) BHIAEERLAAL L, 4) M EAEEZ 4 CEVBREEL S, CohT, FHTX
HOH, BELMFETH3), 4) KBLEFELELZ, Ticbb 1) 2 KRETHEATETSY, 2)
i14) OEELE-IR, ThicEHOBBLAEETEE Uy,

3) ORI X 5 BH, WPIC L 5ER, BHHEE, b OERIC & 5 BHROBENET LIROW T
Biph, e (1963) LTV 5 . P - KELARESORBFIC L D, i D RATREL E2 5,

4) BHIRHLEFET 5. Lo LELOKOREFOMNT (WKH, 1976 #IE, 1977a - b ; TED,
1977a - b), ME—ONIESEM OMILIFA A e+ (MUNK & RILEY, 1952 ; #:05, 1966),

& |

2w S O ERIC X - THR) R /s 5 (PARKE, 1948 ; HASEGAWA, 1962 : {k 4 A, 1977;
#A%F, 1980a), LicAloCTRA—ETHHRBAMNLTHHEMC LY, EHOBRAFNNRLS,

R Y Ay AR —FELTHS (MM, 1946 ; 5F, 1980b) OT, PWEFHRHBM2EME b, FHL
WA E KR E e,

=2y, Vo) av7REEkTaE4E Tl (RBF, 1980a - b BHD, 1967), fhed=av 7}
=av 7 Ly EncHEesEy (REF, 1080b), L7di-oT —FEEETARKIE, wYAzv7LRALA
tlicd, LALEAR (vav7TR3ImbR) TRERL TR, HHBHIVESESH, BART
LEZE THOERIBLADOT, COSLETIR,

FMOREL, BEI~4amEENclL, BALBACANC 227 ) — pAERT LCHETHEK - 4
BHEREORBYFEE L LT, FrldFEoxE, R, SEFoR MERELSHOERSMCHET %
OVRBLEEEE LD,

T Oy 7 DES

BiEX hECEANR, BFR, S4E%E (9 - 88 »%h -, AUBERBERALXEY 2 F, Y)Y
av?, FHaAVFTRESh TS (BEFH, 1964 ; BFF - bk, 1966 JIIME - e 2 A, 1973), BikT
DEELEIULR (EHE, 1963).

REES v o 7 CHREAEBICHIHLT, A H50CHRPALETETL, BEFH CHEIIERTS
(%, 1979). a v 7T BORTe Y, HEILRBTHETTHE, W0%LENENZTS (Plate 40
Clo BETHHAREL BEroESFEILECIBTLERCET T,

ETREEME & R

B, B=REE, XHERBERCE L, BTogmEAE (A 1978a - b) X, KT (1947 O
S5EE Ghoil) T KR (7 PR FTHbbEEBERTH S,

EFEBIBTES NS, BRRATAETH S, LrLERD 1~4) OfMr, BEC X 5EIKE
BEIAFESCMGS L BEFARRECET E, EERicvsnRIEMCATRIENES LEL D,

SHEIEABESEETED, chila v 7ORAERYEMCTXELELD,

HEHEAIKT ) 2EETA L5, T, BEBOLHAMIEDTEN LV Lichi- THEFMIC £

X3 AH0ENS105ERB L ABE (19804£10H), EEETHRPIZETETBo/ Ty 2 2t
RDEEL, MEATERALDOLOMLTL, BN TLEL2AR I L0 v, —HERARRRD
FLDSEEMTIIERERC L AHENENIREL, 7 r , 25BHLTET VS,
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BOCEVERE L, ERRBEY0ESE), AT IERpOYVElVBbE L, FEEESESHEE
ORBLE|NC Eb, REL-Fav7/HRucd~&L#E215,

QA-7RERDE L TORBER

ERCh»bbT, 7o, 70RBERI—4Ea v 7 T34, —HFar7T5~6FLELD, R,
FERMHPETOBETOEE»S LEAEEC 2 GMEBEMIL ilHc L - THEV TSR, BEdist
BEETTFHbR, 5~6FEHEEBNEBHIET{ LIt (Fig.12; Plate] DA~G, 3DA~D),
¥ VT TIRAFEELR, S4FMOBT L4V ROoBMIC L - TENERES TS, LLET
PHEECL - Tav 3B hEhh, FCHLENE T IRBEEREDS,

HETCLRAFEHIR 7o, 7L HTVWELE 2D, L L 1FEETLI0~50% OB L2 v 7HEE
1, Licdio TEpCRENC L2858, T bo@tNErE—oMELLs 5. EXERIER
BRoBELXRA L, FLIVBHTIFH TR, HEACART XL,

BEFREAEC 7 o, 78T w0z, RECI2EROBRER LR Ehivo L, EFB
HO—DtELX D, ThiZEENS{, BHVRBEHCHAKE L LEVWID, FHENVEE, w4eTo2L
TRb5, AEDEEYRNL L, Bl 7 =, 7 Ti225~ 3505 BREROLOTCLEDOHH TH D BHIE
FiIT kB2 TL, BEES S (RATIERBHENVRIUNIC L ET BN EH 2 L THET S,

B4l .aminarian
E[Aminﬂim old holdfast
Sel squirt

E]onmr algae

-ln sand

Fig. 28. Attaching parts of new and old laminarian holdfasts in the three 2-iear-
old blocks, at Kita-kogane in early May and late July of 1965.
Block type : A, 6x6-block in early May; B, 6x6-block in late July; C,
9x8block in late July.
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BER L BETREORICHRBYRLAROEETFHRYEEL, — BRI MW1IFELUEL-TL BETS
(Figs.13, 280A~C). RELMD SO, B{EXS L 34210 LAbh, ZOMICHBHEIBAL,
a7 1 FHORFERMEILHEEGCTHERS, BILPROE - B R AOMEL 2,

& Oft BiF IR ARSI V0, 7 e o 2 OTBIBTAE T A - BORNE, KT Y 2 = 5 0¥,
THAREDEBARLFICL, D2l hb2BEETIBWI PRV LEELD. Thbbav 7 lE
WHTRTERL LIRS, BoBARICEST TV,

70w 7 OREE

HEWI0RMEO XK A ERECBRE = » 7 TR, FRHALZON= VY, UBEROFELEBYZE
oo L LERTFHEF o bOR, Bl oBEF2BeCHELTL 1 SATSERENBELEL, BBIRE
ot ThRbLLNFEHCBER2HET 2T OoRBRIEVEI L L EXS,

BOF e, 7EMRICEL, HE FREARAO 2HCENMCARICE vbh, B4 EY
U2,

19684E 8, FFREMEBREAFEML, H-7 vy 7§01, 0008%, B EEEEEALE: —F LM LIC
BELv M v5 (Plated ®D) icX b F[#F, BRETI L —F—THEF, KETHUBHRL T
BEA L, chic L 24ERT, 1969 ECBRER, 7o 78 SR VOMC L > TLEERTI0t BT
Labhic, 196700 FREFALER LT W3ICd bbb (i Table1), 4T 1963~1967
E0FH (Fig.27) # L¥H ), ARBRBEBROSHRE/IERICKBL TS,

Tawy - 788

7e gy 2, MEEAELSWT, —BTHRIZVWEEDLATV3, ThRBARKCHT5HEROBFMN
HEMAEROBEBIC I > TELTWS,

BRI (1969) AEMT A IS 2 v 74 EROFEHFHRIIEL, BTASRORAR T, HFEREER
OFBFEEXCE TR AL S, L LIMBmEB e, MY s &<, HFWsnv-Fre
RICRB BRI IhBE, RO L 5 (Fig.27) MRCHRE2EHbLT.

HAMBoEH T, ChMEEFAShARRNRSIh TS, MEEHEME VD, SERIAFML
Ve —fEav/CIEERERL 2~ 5SFHRRBFREE~S L, T4, BRECRAERIALIEE
122, 3MECEY, TRETCRSWMETEZI S, LELFRECRIFHOBRETD DD,

FETBREOREBHICII 7 e o 20HBEICOWTARSE L, FAMI956~19624E0 £ ERIS5+27t,
£ B51963~19694F (BER L 88) 213+64t, BAELE - =& & HEEFI970~1977E79£52t T H -
o (e, 1958~1979) . T H b RAMOLACHEEREECHML T2, tERARRL BRI D
57, BWEEII1962H196TERNG T, SHIICHE L7- (Fi38 Tablel),

BY)Y (—F4) Liffa v 7 (CFE) ©F05s L, BARNS2+23, 29+14t, #HARF1274£38, 34+14
t, BAEIE - 27 AVHBIETIE43, 6 £2.4t THoTz, TF1O70EH =2 v 7 (AR X 2 r 208
EHE L\ DT,

I & A %

19634 FREHO S = o s MIFRARAIL, 9 - 88 1Y D 1,700, 6 - 6 B#700M, #EILLHEF
1 m'4D§2, 100 Th -7 (Ll 1963).

7ey 22 7EEREBABOBTLL:, FEORIDOINIFEI - 8H 1 EYIOLEFILT0MAT
H o7 (Fig.27, Bi#kt Teblel), 7tk ZOER TRMES BALTVWS TEEX 50T, EHOBH
Lk,

R MEOREEIE M - %360 RY) ) @S2, ke (1963~1965F) O |T 7= v 7 2 v THhE
HixRD D L, 19634 9 - 8 Hit kI &1, 300, AFE2 100/, 196449 - 8 #ixdkFL1, 800, HHFE1, 700M,

6 - 6 BixdtBEL:1, 300, A1, 100MH TH - 1z0

HETR ERBEOMALS WD, FROBEMCHIANE LEEL 200/, ke LLRDBE, 6 - 68T
19644E b < 5 41,100, 1965%F b o5 4800, # v ¥ A-~#1,600, DL 100 TH-7=, #IE TiX19635F
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By RAAFTIEYD200MTH 1.

DER1EBEOERTHLY, WHEHO2~6 FHOEFLAEHLERE, L6 ~THIM, 2~3
FRHELTLS MM EEL D,

Ll eI CEBRERONI0% OBER Y B, FHOWwE L BRI L) &8O REMHEY S
bt (gl 1972), 7 v 5 240 ORER AR W50 AER LY BAA CER S iloEa, <
aVFH0.9, vavF—EL36, (VMavF 204, FHaLF2.03 A=arF26l, V¥Vav
7298, ®YAzvF0.89THot. 5EMTLNEXNEGDRAIL BREVBIhLCFRLESS,

—iEav 7T, 2~3FERERY IEE0SHE, 3FMAE - RTC L 2EMAaKRL, B BERK
E—ERELEET D, HERARCHT 2BRRBOHEYX, AL 1 FHEFOHERXYLETE, &
DO, MFRARE OFEMRNERORZEY 0 LksRik:

Y =0.44X +0.22

70wy« A TEORILLHR

EHe2 ~3EBLBEDT =, 2121, Tl REEOEHWIERTS (Plae3 0E, F). BRaik
EL{ DR EHAREEHOEELH, ERLHMMLI.

19664E34EH9 - 8HT, B 7allbkoe A=/#54~8H, BETalltko=y-7v9=0~2
B, =5=22~4kg 54HA10- 10B CREW0a LO=H+ 1 ~2@Thots, ¥ =, +27 OEFL
HE{UBFLE, WS v, 78AR BELHBLEY, HVvAE 74728, 77, =/ 20
HERSE{ERT S,

A THEER~DORE

a2 v FHlBER TR DAL EARE L, FEXELD,

FEE (1974) 1 TRERENERLAEE, 2 KOBEIEELTT>TW 5, TOEERLDSEH
¥ ik dm/dt=acy/ v, (dm/dt: (RBGEEE, c: ERAORBBEOBEZ, v  HXHE MUNKS, 1952)
Trdh, RS EEELESRD, - KOB &2 eV CHREBEET ol ELTWS,

IV FIRRER L LLFENLD B (FRS, 1976; K, 1977a - b; ®WHD, 1977a - b) OHWE ¥ T
BEREL, £MEbL(4)5~6 Acmms o (A5, 1980a ; 415, 1963 M 6, 1971 ; HASEGAWA,
1962 4K, 1977), &RLFHB|EHF T ICBRLFETHMEY, AV 22 v 72RE2ELEES, 5
~6 ADERY v a v 7ORMT EOBMERTAS L, 4 A0S ECET S,

B (EHLED) T, = v 7oBERMES T RELEXARICE T 280t B8HEE, HED
BREELHETEH <E CG3) poiRFALTETr, 705 uEBEIDELEX S,

MEL, 1) FEEELYTRBECED, 2) EETABCERZE, 3) FHBEIL TLREILE
hoaMENBEL LD, BHTIEEIIKO > THHTFLAVEHORELEM IR 50BN D S,

BEIEFEDO T w22, 1) BERATHC L 5BRENAEST, 2) HEAHE: Bk EL
%, 3) BERNE{RDIBMELLS D,

FoEETRRCEAT AR T, BRRCRIZBAC I AFmEHO, dHELELLRS,

a2 v 7REROFSEAMIARTH Y, XHORKBEALBREND D, HEOE L OWT TR i
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Plate |. The l-year-old to 5-year-old blocks, at Kita-kogane in July and August of
1965 and 1966,
A. The erect 1-year-old 9x8-block before laminarian sampling. B. The erect

2-year-old 6x6-block after cutting of 2-year-old laminarians. C. The erect
4-year-old 9x8-block before sampling of laminarians and competing algae.
D. The erect 5-year-old 9% 8-block before sampling : upper, competing algae ;
middle and lower, laminarians. E. The part of the same block shown as that
in Fig. C. : left, 2-year-old laminarians : right, the 1-year-old dwarf ones with
distinct blade bullation. F. The erect 3-year-old 9x8-block before sampling.
G. The sideways 1-year-old 9x 8-block in erect posture; and the part of no

organisms (front), in sand.
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Plate 2. The 1-year-old and the 2-year-old 6 x6-blocks, at Toshiraru in July of 1966,
A. Gelidium sp. and Rhod ymenia palmata at the upper part of a block. B.
Polysiphonia morrowii at the mouth and the upper part of an erect block.
C. Laminarians, Undaria pinnatifida, Costaria costata and R. palmata at
the outer surface of a sideways block. D. Tichocarpus crinitus and Ulva
pertusa at the outer surface of a sideways block. E. U.pertusa, C.costaia,
Polysiphonia senticulosa, U.pinnati fida, Gigartina japonica and Schizymenia
dubyi at the outer surface of a sideways block. F. Laurencia glandulifera,

P.morrowii and U. pertusa at the mouth and the upper part of a sideways block.
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Plate 3. The 3-year-old and the 5-year-old 9x8-blocks after laminarians’ sampling, at
Kita-kogane in August of 1966.
Age of blocks : A—D, 3-year-old ; E—F, 5-year-old.
A. Necdilsea yendoana, Chondrus spp. and Symphyocladia latiuscula at the

mouth of an erect block. B. N. vendoana and Gigartina japenica at the mouth
of an erect block. C. The whole view of an erect block : upper, Chondrus spp.,
C. yezoensis, G.japonica, Rhodomela lariz, S. latiuscula, Polysiphonia morro-
wii, Sargassum sp. and Costaria costata ; middle and a part of lower, Ulva
pertusa and Enteromorpha intestinales and the growing laminarians of this
part having been sampled. D. Spirorbis sp. at the upper part of an erect block.
E. Potamilla myriops at the edge of the block mouth. F. Styela sp. at the

inner surface of an erect block.



Plate 4. Some historical blocks at Abuta; harvesting; block settling; and pulling up
and shipping a block.

A. The oldest laminarian blocks at Horonai, Abuta, Hokkaido; which were
drawn ashore with heavy storm. B. Laminarians’ harvesting from blocks
at Kita-kogane in the slightly stormy weather. C. Shipping blocks on a tow-
boat for settling. D. Pulling up a block (right at ship bow) with winch and
shipping it ashore.
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Ecological studies on Sargassum confusum from
Rishiri Island in northern Hokkaido

Shin-ichi NABATA, Yoshiaki NIIHARAf Minoru MATSUYR' and Fumio TAKE*;*

(Hokkaido Wakkanai Fisheries Experimental Station) (Rishiri Fishery Extension Office)

Sargassum confusum is common in the upper sublittoral zone at Rishiri Island in northern
Hokkaido. This alga is recognized to compete with Laminaria in respect to their habitat. This
study was carried out from July 1977 to November 1979, as a part of ecological studies on Laminaria
japonica var. ochotensis.

The results obtained are as follows:

1) The growth in length of S. confusum was slow from September to February. From March,
with the rising of seawater temperature the plants grew rapidly both in length and weight, and
attained its maximum length (total length about 200cm) in July. Simultaneously, maturation occurred,
and soon afterward the lateral branches rapidly decayed away.

2) The maximum standing crop of S. confusum was estimated to be above 10kg wet weight/m?®
in July. Most common algae growing under the Sargassum community were Ulva pertusa, Desma-
restia wviridis, L. japonica var. ochotensis, Noedilsea yendoana, Tichocarpus crinitus and
Odonthalia corymbifera. Most plants of L. japomica var. ochotensis were dwarfish, and its
mean wet weight was 2.3g.

3) The period of egg liberation was from late July to mid-August. The growth of juvenile
S. confusum was slow andlmean body length attained 26.9mm during about four months from
August to November. The vegetative propagation by the budding from the periphery of discoid
root was observed.

4) The density of juvenile S. confusum on the boulders was 209 individuals/cm? in September,
however soon afterward the juveniles disappeared remarkably. On the other hand, 47-70% of
tagged adult S. confusum disappeared during about one year.

5) The growth ring found in the root was considered to be an annual ring, and therefore the
longevity of S. confusum was estimated to be six or seven years.
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ARBRBONES MTH) CEFT 5427 58, (78] L0iTh, AFCEFTEI o) =0
7 Laminaria japonica var. ochotensis *BSEE P2 LEZHh TS GEHE 1911: &F - FHE,
1977 LA T hbOSHMBNSOLBYEBTE LT, 2 v 704 EORBEYHLs—icic s &
Bbhad, v a3 BEOLMBIMCoL Tk, MUKAI (1971), UMEZAKI (1974), FLETCHER, R. L. &
FLETCHER, S. N.(1976), De WREEDE(1976), 400 « (UM (1978), PRINCE & O’NEAL{1979) 7t & % <
DREND D, L LFIRBBRCEL /L, BWCRkEE -7 22 % 2 Sargassum confusum B
THEMTBRELTV . A ECAMILEL S L E CRABREBICE { 2% LT T (YENDO, 1907),
R4 I oTix INOH (1930), EFEIZo\WTik ABE (1933) 0N S 5, L L £MBicowTit, B
B (1949) Ak % Hizikia fusiformis L OFES, A% (1968) A B, £+H & (1975) - X
(1980) A7 LEREICBAL Tl A A& LTV aicd &L,
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HETEILD, RER MY B-o It AFEFSFHEA NLCE &R T 5, F-MECHIB
v wiiiBERERRES EA AHEE—KE, ¥UCCAESKE LA THLPLAT 2,

] &

PAFL19774E 7 A~1979%E11 A, FIRBRSROMEHC 3T (Fig. 1), 1~3» A1, ERLE
B 7% WA CIT 2 o

BEOREZ, B~HCRECAF .~ WKTTV, 2ICEBELENL TT -7, BEMRLS50xX50cm
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i, £k, BEE FTEETSOAE, #H%E CITRLIHFD ofFEOBREXINL, ToMolEHeE
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BLT, chiczverdEsfdi. $FE0GERERYBRIEE»CEOERE TRHEL:.
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Fig. 1. A map of Rishiri Island, showing the surveying location.
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(1)

Fig. 2. (1) A longitudinal section of the root.
a. Length between the center of the base and the outermost ring.
k. Length between the center of the base and the surface.
¢. Growth rings.
(2) A rough sketch of S. confusum.
d. Root (Discoid holdfast). e. Main axis. f. Primary lateral branch.
g. Secondary lateral branch. h. Leaf.

2~3MELEAERLTVWD L ELONDREOHIHEL T~ B 18, 19774 9 A KFEH 1.5m OFF030
@k, 197810 AICKEH 1 mOFOS0EAEO EFWMERCHY =F Ly BOTFRERPHIT T, H14H
1z ER Lz,

#I12iz YOSHIDA(1960) #iA#-% 7 Sargassum ringgoldianum THELI-L B0 £EBHED
bhDT, TOBREHYAs-SIC BORETN%FD, YOSHIDA(1960) AiRL7-a L bD#E (Fig
2-1) #MEL:.
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AERTENOD S EH L TH, BUCEHOH AR TABOELYF L T2, £8i110~20a, BE
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Lice ¥210A 5 6EE A MUMSED T, METHROSNE ERRESF C/ANEOEL R ZH, 2
A ¥ Tic 2 Ri340~50cnic® L1z (Fig. 2-2), P2 R OEBLCANOLRRES~Tam/ATh-Tz,

SR (3~6A) : KRV ERL, £EXEETHS, BERE OME: - ML MEL, ThEN
HOELEEHE LIz, 5 A FTAIE£E11140~150cn, BEMITI0~170B A LT, ZOZHDOHRMED E
HIBEACEHT 20T, BEREIOTLERCRETE 1o, AH04 RRIX30~40e/A TH o1,

B (7~8A) : KEAFEHMOBMICEL, £EBEIBRIND, BFEZ7 ACLEH 200 TR
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Fig. 3. Seasonal change in total length (O----- 0O) and wet weight (@——@) of S. confusum,
and surface seawater temperature (——) at Misaki. Values are given in the average
of 20 individuals.

Table 1. The fruiting period of S. confusum in the literature.
Location Latitude Fruiting period Author
Noto Peninsula about 37°-37° 30'N May-Jul., Nov. FunaAHASHI (1968)
Aomori Bay about 41°N May-Jun. InoH (1930)
Vladivostok about 43'N Jun.-Aug. FunaHASHI (1968)
Rishiri Island about 45'N Jul.-Aug. Present paper

ErELERAL, BEEIZ00~408 (ZDOZA0EHFICIZ > 74 » + = Hypoptychus dybowskii O
BRSEMAB/L T CRACELE. 8 AR A0 0#EE LR/ HBIELED, IATTE TR LMY
BLTHRE L.

HABRRCEFT2H v 47 781k, K~FCRERL, #~PECEMTIE O 2% v (MURAT
(1971) ; BEM, 1972; &0 - UM, 1978), L L#KIcsd 57 A2 2 71k, UMEZAKI(1974) OHI& L
=% 3 b5 74 Sargassum thunbergii DBE&LAHBE, KEOELRMERERL THEERALL, +
v ¥ 7 S HORBEHICO\WT, Sargassum oligocystum % TiL{EXKEH (DE WREEDE, 1976), Sar-
gassum pteropleuron HTitfEH A (PRINCE & O'NEAL, 1979), D& THH5 LHFEXHH T 5,
AEORBMHTIR#oMmAY Table 1 mRLi, BESFELLSCHESDZO0THT L HERTE
o\, BBCSH 31 A0B4%E< &, BRI EFRORE E LiicohTd LERZMAN
Abhd, TOZENLEBORBEELLT, AEO LR KEL—RLE-TWELELLRS,
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Fig. 4. Seasonal change in standing crop of S. confusum.
O——@——0O ; The mean and the range of three
quadrat samples.

2. BERLTREESES

WEBERTE7 A0 € 21I3KB0.5~13m R&EF LT, HIRKE 1 ~ 3 mOF Cik SHBRATIIE
MBELYEBRL, TOoBFRRECRACEL, BHERDE -7 (Fig.4), 7 AORERIZATNIAMEL
TWhOTHER TS5, LirL 6 ANDOTFHEERI Y 10kg/nl THBZ Lnb, FEHOBRARFRILE
hUlbic#ET5EE2b05,

FHMOBBEALLET LT Wit ot OREOBFRIL 0. 11~0. 87kg/nd ¢, RBAFRECHDHWEITEZ L
AEDBENLLUTTChHotz. Eirilisy Table2 iR Lice BFERAS  HE L E» - ey, 777
#4 Ulva pertusa, ¥ v A~ 7+ Desmarestia viridis, V>V 2 v 7, T#-% Neodilsea yendoana,
# v 7Y Tichocarpus crinitus, »~# 4%/ 2%V v -3 Odonthalia corymbifera TH-lz. FITH
FBRERTRARAYSHORERBLTAEELED V% /3 ¥ ) e - PRIBEHFL TV

3 & il

EHBROMBEDOREFEY Table3 KR L1 1979FEOHTIE, £MBFIL6 ATAORIRNEL TR
JAEEHLIZ ot 7 FRHREAZE VWL O 3~ 5mTh - 7ons, RN T - HEOARER (UL
THRCHE L) ELRML Tt otz LA LABRAHISTIET S 7 A THICIZNTSG, 8AE
Wi 100% OEACKE, ¥ EDOhiz. 8 A THCIEG LEAKE LB S, £HEBK
R EAEB - Thithots, 19774 « 19782V T L ABOHA R Gh, HEfCsT 2R 7 A
TR~ AhHOH1 7 AMEELLRS,

v X9 FHEOFHHBR—BNE Ao A L EhT\W52 (INOH, 1930 ; ZHE, 1968), Sl&f T/ B
THHEHAThR TV, AOEMBEO TSR 3. 8m, A1 5. 0mTH 7, INOH(1930)I2 L 5
L®ROBEE TS 7 ~10m, HEH10~15mT, HEOBEEIZNCEKET S E8~HOKEZITHoT,

—H7 VAL 7 THHFIC L 2 ¥ MY BE S L, —HoBFVEECRBORI)VERELETS
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ZEhDHY, TOMRORENPRL THIcHRTI2EEL h AELSHEICER L, 58 (1978) ixv v
<& €7 Sargassum patens SPEO+ v ¥ 7 sETIL, FREMPREHECAZ(FS TR 28
HLTV2, FEOBE, FREMCISGBREFBEFELRYBIILE LV HET S L%
< BRAECICERTHEFRISEZVOT, BERICEFEEMIC I THFSATW S 2 E2 603,
4. HHEOER
ERTHELTOIEEIEOWT, KO0 »b EAr20@EoFigfER ¥ Fig.5 iwRLic. 197947

Table 2. A list of the common alge found in the Sargassum confusum communities
at Misaki, from May to November in 1978.

CHLOROPHYTA Corallina pilulifera
Ulva pertusa Tichocarpus crinitus
PHAEOPHYTA Gigartina japonica
Ralfsia fungiformis Chondrus yendoi
Dictyopteris divaricata Ch. pinnulatus f. pinnulatus
Leathesia difformis Ch. pinnulatus f. armatus
Sphaerotrichia divaricata Rhodymenia pertusa
Chordaria flagelliformis Palmaria palmata
Desmarestia viridis Lomeniaria hakodatensis

Punctlaria latifolia

Colpomenia sinuosa

Coilodesme japonica

Laminaria japonica var. ochotensis
Agarum cribrosum f. rishiriense

Ptilota  pectinata

P. pectinata f. litoralis
Campylaephora hypnaeoides
Delesseria serrulata
Acrosorium yendoi

Costaria costata Dasya sessilis
Undaria pinnatifida f. distans Polysiphonia  morrowii
Cystoseira hakodatense =2 Jjaponica

RHODOPHYTA
Gelidium amansii

Laurencia nipponica
Symphyocladia latiuscula

Pierocladia capillacea Rhodomela larix
Neodilsea yendoana R. subfusca
Bossiella cretacea Odonthalia corymbifera

Table 3. The fertility of the reproductive organs of S. confusum.

Female Male
Ob'::'t-:ed ‘I:Ifu;r;::; None. yet ) Egg. None.yet _Sperr_n
fertile liberation fertile liberation
Jul. 14, 1977 17 13 0 4 0
Aug. 8, 1977 30 0 15 0 15
Jul. 7, 1978 37 19 0 16 2
Jul. 13, 1979 14 7 0 7 0
Jul. 26, 1979 48 6 16 9 17
Aug. 8, 1979 25 1 13 0 11
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Fig.5. Growth of juvenile S. confusum.
Each point on the graph represents
the average of 20 individuals.
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FIADETLT V. L LED220BHMG, 2 THELEYEOXEFR 7 YA 22 LELDL
hbe #1, v# /€27 XAMC PEAEF LT, RMOHE L 51 AERBICHEES 50T (8
¥, 1949), ZOBMTORNRTETHL BELERY) TRy Y/ = 2708ERBB LRl -1 &
2, Bhosv ¥ 7 B EFTBFHT A ERLTCT, BEERLIFRCP T,

5 B 5

EREIVEFTAREELELTWISEOHEY Tabled KR L7, 1979 9 AREELLERER, &
0.5~5mDEh kA 200ff/cm? DFEE THEL Tz LOLEIOBELMEL:. H4EEEIHE
Li-EREOSEOMIERIL, 19785E108 ~19794 2 F O#74 » AMIT80%, 1979 9~11HA0#H 21 AME
THE THoTz. Efc7 vEFAOBAE, 19799F 7 A6HITE ST 7okICi, 138 HIC0. 8EE/mdFE
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Table 4. The density of juvenile S. confusum on the boulders and the strings.

Boulder String
Observed date | Density Settled date-Collected date Period (days) | Density
Oct. 16, 1978 5.8/em? Jul. 26-Aug. 8, 1979 13 0.8/cm
Nov. 13, 1978 3.8 Jul. 26-Aug. 21, 1979 26 1.4
Feb. 23, 1979 1.3 Jul. 26-Sep. 11, 1979 47 0.3
Sep. 11, 1979 209.1 Jul. 26-Oct. 15, 1979 81 0
Oct. 15, 1979 12.1 Aug. 8-Aug. 21, 1979 13 1.3
Nov. 12, 1979 10.1 Aug. 21-Sep. 11, 1979 21 0
1.0-
0.9 1
2 0.8+ l { I I
Z 0.74 l
0.6
JASONDJFMAMIJASON
1977 1978

Fig. 6. Seasonal change in the mean of index a/b of S.confusum.
Bars indicate + standard deviation. Brackets indicate+95%
confidence limit.

AHEEE LIHERE Y A CREAFBETSEELBRS,

ER LR 1 £H019784 9 Ac30@EH&Eb16MEE, 19794 9 AicsoMAEPIsEERYERLE. h
POEREEOFEMBERITh Th#Ty - 0% LR Eh 5,

A Y A CIREAOEMBERL 0% T, SO LR TRA—FRE%EL 6~ THERFESLTVWS B
#, 197D, ZMOBE LT L LTREOHBERENEVW L - TREMFIATWELEXLBhE T h
Ed, thbDofic 2w TR FEarEE L ETHS,.

6. * W

7YALEDROUMIA L ERT 5 L, BROMH LEEOHEHRCRATES (Fig-2-1), B
#HoMRILIH ORI TR CTRBAOARFLECH L T, HBE (19540 2, wv¥ 77
BHofRkMERREoRNCS 5 B OMMMENS T HEME - TELBLELTWS, O EMDHH
WREERRTH-T, BANOREBIFLBREIN AR EEZ NS, £ RROBRBNLMS I
B, 2~3X0ERRYHEHICOWT, a/bfii (ARTEDLRD BAMOLRE L EEO MED
EROKRE) ¥ RO TEOFHLT{LE Fig.6 KRLiz, toOffii5~8 AILhEL, IACBLAE » »
fzo 197853 ARPLAZWELXFL T WS, Zhid3 &0 £ BY o 7BELTOTET 51D
LEZXLhD, —FRERETISL, ABRTRRILELVWITARES, HLVWEARKSE BLACERER
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Fig. 7. The relationship between the growth ring and the diameter
of main axis of §. confusum in September, 1979. The newly
formed growth ring is not included in the ring number. Bars
indicate + standard deviation. Brackets indicate + 95%
confidence limit.
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Growth of the brackish-water bivalve, Corbicula
japonica PRIME, in Lake Abashiri

Hitoshi UTOH
(Hokkaido Abashiri Fisheries Experimental Station)

In this paper, growth of the clam in Lake Abashiri was studied by means of the shell read-
ing method. The results were summarized as follows :

1) The concentric circular resting zones were recognized on the surface of the shell. The rest-
ing zone appears to be formed once in a year, during the season from November to May, irrespe
ctive of size of the shell.

2) The alternate formation of the translucent and opaque layers in the prismatic layer was
found on the transverse section of the shell. The resting zones were situated on the each cor-
responding translucent layer or it's outer edge. The alternation of each layer is annually cyclic
and the opaque layer appears to correspond to the growth of the shell.

3) The frequency distribution of the length of the first resting zone was a little different fr-
om that of the shell length of O*aged clam.

4) The growth of the shell in different year classes were different each other. This diff-
erence appears to be caused by accelerating growth rate during the recent three or four years.

5) The growth of the shell of both sexes were not different each other.

6) The growth of the shell commenced in May, and was rapid in the summer seasons. After
this season, the gradual growth continued until October, but in the winter seasons the growth was

less or negligible.

# B

F= by i RECTAPHARICERL, H{1bAKAREOEELHNFML LT\ b, SO,
FOEH - AR LBLAFRHR, BonhoWENHERTWA (KTFiEd, 1939; @EE, 1941; §H
A, 1952 mnidkizds, 1969 ; FHEIES, 1971; Fult, 1979), La:L, £ErMT3#4134\ Fun
(1957) B =BEY =YY i ORI OWT, EREECIZBROEESHILLBELTVWE, &
BERTAVCTAEROBNREY LERIER Y67y,

RAHEoOFRHH oV Tk ORTON (1926), HE (1933) HR I - TRECELAZALAROKED A
WA RESTHSH Z LV IMMS A TLUR, oI Ko £ BROEHL fThh TE L (UFED,
1956 & FLiZAs, 1967 ; BEFiZA», 1970 : KATO, 1975: i, 1980). ¥/, MRS L 2REIEG

#WAHFS A103 (1980711 H14HZH)
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R.Abashiri

Hokkaido

L.Abashiri

Fig. 1. The location of Lake Abashiri and the station from
which the clams were collected (H).

DREESHAZAVCIAROBRNITHOR TV, LiL, CoBAERIEFSECLEREY QTS
DEGEFLETHD (ARED, 1977, 1, 7HIV DI SEEBRORESHNEVICAKEL{ELIES
BE, BREAEFHCIZ>EFRFEOTE) FaELSad 453 hTv-35 (LFRD, 1956). #-T,
ERFHEThYAVWEEROBHIEELRE L TV 5,

FEETEEAERBBE T, SEHEY < oY i ORERHEYHOAC T EEYHELTE D,
ERIERCMTARRED 1 SRECHE ATV GLED, 1977 LdL, ¥ CREHOKECHER
BT 2LV BRI LSRG -7z, AMETE, ThoDMCEE ML S &30, £RIKDOWT
BRLRRYEET S,

FRICABIELD, APROBEY 52 SN BEERERNEAS Y CCEARECEHGHR - -HD
HiR I M 5o

HERTHE

P2 197845 A X h19804E 6 A ¥ CoNiM, BoskiliM (12A~4 B) #BXeEl y AELfTfbh
fo. WHEHAR BEFEROBNEIH 1 aoAZE1~3nofthHs (Fig.l1), BECTBESIEH
LTV HEE (BHFoavy) 2HVE, Yar vii@60aT, & HERAOREYH $-HICHA 5mD
SEVER I, BAREo T IRECH IR, &, HEECHNREMEBEOARIC L - TiTbhi, B
BERAREBRARYEL, BEAKEAYET2-0AREONBRIC LI VEERAELHITE - LA
¥i=. AREA0 1 SRYFEEECHIL, ABRYAFRARKRCTEEL, BFah ., 2-KTH
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FEMEY~ 2 : ORFCALNRS BEYESTRELE (Fig.2), BECR BRI LI ERS
eoir#RaEVIBEROKENABRE, LAL, Z0X5aBERRLAT LIS TOBEKICLLRS
LD TiLEV, BE0mLUTOBEGCEAHALLOAEEL A0S, ¥, ARBEFOBERELGN
EREYEL, MERRBALLAREIALYV, —F, 0I5 hEiorMclo ARCRG-T—BICER
BE:LTAVWOATVS BEROBHLBEE LS (Fig.2), oKL 1 o X8 EED REAGET
FEHLOYERL LLTOMECEEINS, £ 2T, JOBREOBRENLYE~, EHEELLTEAL
B o0 EI RN LI,

BELBEABIIOARES 0% (SL-Li:Fig.2) 2WElL, TOFHHELEM~ (Fig.3). WioE
W E VR offf (SL-Li) b/ a2 ed, MALKBROHELEML, —HBE20mEl F
OABIF L 20mEFONRFIC T T THAT, VWThoBRBWTY, SL-LiofdET T 50121016
6 AT To 1 HMCBOh TS5, 6 ARG« ICHALIOACRKLEIL-> T35,

rie, tOREBFIOBROMBELTOVFRILHELL (Plate. 1), AR EOBRERMCIIEEVNTRE

Fig. 2. Methods of measurement of annual rings
on surface of the shell. ri: the No. of
annual ring, Li: the length of annual ring,
SL.: shell length
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Fig. 3. Monthly changes in composition of the differ-
ence between the shell length and the largest
annulus (S. L—Li).

(): = 20mm in shell length
®: < 20mm in shell length

Table |. Monthly changes in ratio of individuals forming translucent
layer (t.1) and opaque layer (o.l) at the prismatic layer of

shell margin. Numerals in parenthes indicate percentage.

ed 283
Date uAg ol L?ﬂd - ol

May 18, 1978 o( 0) 4(100) o 0) 5(100)

June 29 o( 0) 5(100) o( 0) 5(100)

July 20 3( 60) 2( 40) 2( 40) 3( 60)
September 4 1(100) o 0) 3( 75) 1 25)
September 26 1(100) o 0) 3(100) o( 0)
October 22 2( 50) 2 50) 5(100) 0( 0)
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Fig. 4. Frequency distribution of first annulus (A)

in the sample of aged 1* —10* clams and
shell length of aged 0* clam (B).

(translucent layer LITHEBMELET) L AENALME (opaque layer LTFARBHELET) T ECREF

69

LTw3% (Plate I, Fig. 1), VB 5 bERES, THbbBHEIC LY EVW-BFBT52~3 BOE
RELLBVY, ThLE0R (BHEES) CTRAEVOEYF- b Do Tw3., ERSNIBER
ORSFERBROERT S CILEVHRIC, EREs CREVEOMENLEL T3, toX 5 hTBREMC
AN ZRRBEOHEHNLE<5D, BEH2~3X0ERALS~6XxoFRAIoLT, ARA
BROMEOFEHNELLYENL . HFRA, BRANXCS ACR @1 oFEEBORBEIBEZRD
(Plate 1, Figs. 2, 3), 6 AL @E# I AEHBOBRIEATE Y, ROBEFITER L LTTFEY
BrEEIhD, EMATL7 ALBEFABOMEABRS LN HEEL AT 2, BEEE0L TFE
HEOBELAZR GRS (Plate I, Figs. 4, 6). —7, R TIL7 ALK BVBOBE,IZDERD X HIC
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Fig. 5. The growth of each year class according
to the length of each annulus (Li).
Table 2. Mean (x) and standard deviation (&) of length of each annulus
(Li) for each year class of the clam collected in June, 1980.
Year| L, L: Ly L, Ls Ls L; Ls Ly L
sl | o]t o) #|f w|X |2 | sk w|% o|N
1970 47 16 109 10 158 11 192 20 210 19 227 18 241 18 262 18 285 14 303 16 3
1971) 51 1.3 107 1.1 157 15 183 12 202 13 223 14 245 13 275 14 296 15 14
19721 55 14 117 16 151 16 178 15 204 15 229 14 262 14 285 16 82
1973/ 67 19 112 15 149 16 185 14 217 13 256 15 280 16 £H
1974| 6.8 1.7 112 1.8 162 16 206 12 254 1.1 283 12 2
1975 50 1.6 106 18 167 17 232 14 265 15 3
1976 5.0 1.6 113 2.0 197 24 244 20 97
1977 7.1 14 162 2.7 224 24 22
1978| 5.6 142 29 2
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Fig. 6. Changes in mean length of each annulus (Li)

of two year classes during late three years
(from May, 1978 to June, 1980).

Table 3. Changes in the ratio of shell length increment of the preceding

year to that of a year for each year class calculated from the

length of each annulus (Table 2).

!

Year | 1971 1972 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979
Year class
1970 132 0.79 0.69 0.53 0.94 0.82 1.50 1.10 0.78
1971 1.10 0.89 0.52 0.73 LIl 1.05 1.36 0.70
1972 1.13 0.55 0.79 0.96 0.96 1.32 0.70
1973 0.67 0.82 0.97 0.89 1.22 0.62
1974 0.64 1.14 0.88 1.09 0.60
1975 1.12 1.09 1.07 0.51
1976 1.26 1.33 0.56
1977 1.28 0.68
1978 1.54

7t% (Plate I, Figs. 5, 7), B RicE Z ARMARKTCENROBEHLh MG L FEUBORDLILS
kD ®E % Table 11IT/R LTz, HEMATII0A THEBCAERFIBDLRLZOEH L, WA TR
ALz s o R By EREh TV 5,
wic, 1979EI R4 Lol AoBREAR L #~ (Fig 4-B), M, 19774 L 1978FICIIRER O RE N FRA
FEBbRT o, TORBHERLMOFEKRE LI, TOREARIOEBCEN XN, HEROBRER
RoHmL8 AnOREEC A TOMMTAELEELRER, Thbd, BEL1~ImoEicgfidTsa
BE2~3miKELE— FAALR, BROSIRMUCHELFHiEXRLTV5,
foERED BREC BHohs § 1 8EED % Fig. +AEL, ché6 B0 A0 BEMAR
(Fig- 4-B) r%#H&T5Ls— FORBSETRLD, ThEHE-TEE]l ~3ImOHOBAEICENLL
had, SHOHLEEZRESEML TV,
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of the three groups of the year classes.
A: group A (1970 to 1972 year classes)
B: group B (1973 to 1975 year classes)
C: group C (1976 to 1978 year classes)
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19804F 6 B T hiclid 4 £ ER/ITF, £4120TH 1 B bHCKREEO Gl kD TE
Ex#F~fc (Table 2, Fig. 5), #FESHRHMCERICHE S £RHFOTLOMEHICKZLHEENEDLRS,
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Fig. 8 The relation of shell length to age.

Table 4. Comparison of mean (X) and standard deviation
(o) of the length of each annulus between male

and female clams of 1972 year class collected in

June, 1980.

Assiibisa ) Male* i Female*
X o X '
L, 5.79 1.31 5.39 1.53
L, 11.88 1.40 11.55 1.74
L, 15.26 1.34 14.87 1.85
L, 17.96 1.39 17.67 161
Ls 20.55 1.49 20.21 1.42
Le 23.09 1.49 22.71 1.33
L, 26.46 1.43 25.83 1.32
Ls 28.91 1.54 28.06 1.45

*N =43 *N =39
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Fig. 9. Composition of the length of each annulus of aged 8 clam
collected in June, 1980.

EREIh-EALAVT £KEEOT (L2 #~/: (Fig. 6), AFEEEO 4RERICERICH > BROE
TREDLALL,

wic, &FERBECEREEOTELBREMICLD L, 1970~T2EKRFCED bhic £ REED ER A’
121976, TTEEHMICE LT3 2 L35 (Fig. 5), ¥&BIEBCESbhE LD ORI, £FEHF
OITTELBRO4LBREFICHE LTV 3. £2C HEERFIC Table2 2 LRiFEOLRRICHT 52X DF
DERROM (el ) ek, EEAEOBFE(LM~I (Table 3, 1970~T4ED HERFD B
A —BI1LTOlYFRLARBEECETAEDLLALA, WITh$1975, T6EXICI978FEETO3, 4
M MMy RT ISR ), £ REEINELREA LA A% EEb-TWAZ EERLTW S,
1975 LI ERB OB S 1978FEE T L EOMiARLTEY, COMEREESER LTV, 721979
FRRIIBERR YRV 2 TOFERCEREREOETABDHLLS,

DL H A RCETHARLA, FERMTERCASREREAZLRASA, Chb¥—ELTHEN
BB L RRETHD, TOC, FEN TR 4B L ERMBEY RTEER T
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Fig. 10. Monthly changes in the mean shell length of
each age group.

HB1970~72% (AB), 73~754#k (BE), 76~784E#k (CH) @ 3 71— 7I2o\T Von Bertalanffy
DERXLRDI, HRETBHEBEORE (Table 2) AW TEBOEEM A\ - (Fig 7). AROBE
1XD0HBYHATHCRER, S ), 2X0FBLEATIONEY L H 2/, &2 TRELADRELD
AT, & (La L) BTFORF LA (LyLy) HEOBFEST, ThEhoERERYRDL. WThoE
BLREFACHATLTVS, 2X0EGEOAFOERIN LI AEV, B, CETR VTR 1 XOHERC
RIEFBEL T2, ChbOMRIEERYRDD EKDL S0l S,

AB SLI183mblF  £=25.5 (1—e~—0.35 (¢ —0.32))

SL18.3mll}F FHE

B 8 =58.0 (1—e—0-108 (t ~0.02))

CH £ =47.2 (1—e—0-22 (£ —0.46))
zhick ) ERIRYHIC L Fig. 80k 515, 7ol AROBA Fig. TeREN2EK0HEBOS, &

(Lo Ls) B EDSHEL - H# &5 Tit Von Bertalanffy 04: BRIZHE Lith -1, O 2HBOE
FATHHSLI18.3mp LANCERCRET S L 48 E4RHHEE) Lics0T, Fig 8KiIZ4EET
¥ EAT, 4BLBRYEAMEREORNE (Table 2) CRELE,

&, BEEROL - 192FBWITOVT HEBM CAEBEOHREY{T -7 (Table 4), ifEHM T FREER
KELHERRD ORIV, 2Ty KT, SRiEARe#E~<t (Fig 9), #8WyE< &%
BROBRCIIE 1 OE— Fhbh, FROEFCH-TE— FABTL T34 —B0TEB & B
ROEREOBMELI{—FHLTV 3,
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Table 5. Monthly changes in the mean (X) and standard deviation (o)
of shell length of each age group.

Age
1 I il v v VI Vil il
Date Iterﬂ
May N 15 7 12 17 35 12 16 g
18 £ 12.3 19.0 20.5 22.1 245 254 28.7 30.6
1978 o 1.9 L7 1.6 1.7 15 1.9 29 25
June N 15 22 6 21 47 12 2
29 % 12.3 19.2 231 24.7 25.6 28.0 26.7
1978 o 3.8 18 0.6 1.8 14 19 1.0
July N 4 18 21 3 13 33 21 7
20 X 11.2 158 20.3 243 25.0 26.7 29.2 30.2
1978 o 0.7 28 13 24 1.5 17 1.6 16
September N 4 30 9 6 17 40 ib 7
4 X 14.7 18.7 22.5 242 25.2 26.0 274 29.7
1978 I 26 24 23 15 15 13 1.5 1.2
September N 3 26 14 9 15 48 21 12
26 - 3 15.1 195 22.1 25.2 25.3 263 28.2 28.7
1978 o 3.2 23 1.9 0.4 0.8 12 1.6 1.2
October N 2 20 18 6 30 42 9
22 X 14.1 209 23.1 248 26.0 26.7 28.8
1978 o 1.6 1.8 19 19 14 17
May N 40 80 48 53 71 175 29 2
31 X 14.3 19.5 22.7 235 24.8 25.5 27.0 29.2
1979 o 20 20 11 15 1.3 14 1.6 0.5
June N 29 30 30 30 30 30 18
22 X 18.0 20.2 24.0 25.3 25.7 26.8 27.6
1979 o 1.5 14 1.5 1.2 1.2 1.1 14
July N 5 35 20 28 23 75 25
5 X 98 16.4 20.8 24.1 253 274 293
1979 o 04 2.2 1.0 16 15 1.5 2.3
August N 5 7 24 29 43
24 % 22.0 243 26.2 270 28.8
1979 o 1.1 1.1 13 13 2.0
September N 3 16 70 4 38 67 26
29 X 17.5 20.6 246 26.8 28.3 29.8 326
1979 o 1.5 5.1 1.2 16 14 14 2.1

HiT, 19784 5 A 519794 9 A0HMICRE Shiz 4 A 0BAL VT, #FERTFHECTORRYRD,
ZOFEHHE(LL W~ (Table 5, Fig. 10), 5 x5 8 AW 11 T X ERERILDR, 10A0DS5
AOKMOLRIZREEBL TV, 4BLELOBBADERI ERALLBLTI ) RUHAICRBL
EAEAYALR D,
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—RCARO4EY <584, ABOXKZ20BES MYV HEL ARt s hizERBHE Hv
HHEND S, W (1953) X+ 22 i (Corbicula sandai REINHARDT) ORBEIC A b5 RELHE
BMEELLTEHTHEILLTVS, Full (1957) B+=8F Y~ + v o 04 BRYE~, BEOREYT
BETHIZ LYERL, BROHEFHFEAGCTERDEEYT - T35,

BEHEY - vv  ORBCRA OB LR L ARCEABEOBEY AR S, LOL, 0K
HRARFTREShAEVEELES AR 00, EFHBEL L TRETFICETFE#Y LE L.
—7, COMEERERORE HEIN.. COBERIRBA F£TOoBKICEDBRT. ¥, ZOKHD
R 5 < B R EREREEOZORFHECL W BRIT, CoENI0AHE 6 AONMHIE
TFBEZ ERRLTVE, LMHOBR AR Tuvies, ZOMEICRBOAEENSBA LZbRTVARYE
BT5L, ORI IFIC] EXALLRCHTTHEREAS LD LELLRS,

 (1955), KaTo (1975) 2% #' 4 Spisula sachalinensis (SCHRENCK) OBE: B %W 7ol &K
BEREUOFEFLBITECRFIL, EEIRECIONLFHREIMELTVWSOXBRELTV-5. X5
ERRTCLARTESS A0, ECRL-BEROBEIMEL T, ¥, BRELRORELFHN
EHENCERRE, FEUERERA SRAOVWTheswTL 5 HANGEBR IAED, ERATIIRK
T, BATREZ COMMIEBRIAAZ LE2FTRLTV S, CABLRVLWThIROEROE L VR
LRE—RLTVW5, —F, SVERERACTCLMc, SEMECREL LL{R#EHoLRMYE L
THEREhAC EATERER, WThiBOLRIMERLCITBEREL—FK LTS, A (1981 I£X
DEMEMEY < Yo 83 ELE, BEISmE FTRAKRS LV, #-T, BRTES LEK
R R, SRR ECRRACHY TS L2 LB, A¥EY~¥Y i OERBRETHY (A,
1981), WA THEUBOBMAHE 28 ML —H LT3, ¥, BREADIEVMOMEA A L READM
THBTAHAZ LATREEhS, CHALOERREMOBRBICALKIBARGEOTR BV Ch B LI
REOBHY, BOERCERLZ--AORMNLLEE - 4B EOF(LLBEAML TSI 2 RELTW
b #oTRRCZONIBREROBHIERBEL L THEALBLZbOLELLRS,

LIBHT, ERMBPRLAVCTEARLRHT 286, H1BHOBRRULALZ LHAEETHS. WX
OFERMEIX 1977, BOBFECHADORLEIBA LA bhiph - ofchED TR O LERY, ThE
BT 5 S HESh o7, H1MEEER 4B 1 FEORAORERR L oM ET MR
LEDHLRATED, B 1BHOERBHCOWTRSEBEENYERILERSS S,

2 & ®

MRICRSINC LS, WtERabRDE i ERCLERNOM TR LEESED bR, RF TR
BRAOBONERE»LMTZI R A ERAOMIH L OHEHFERPENM L HEL T E {3, BT
i Lee g MO TS (ARED, 1957). B, EHEDs (1970) #'~ & Notohaliotis gigantea
Iz, hBiEd (1977) BUHT¥ (1980) $2°7 e 7 7 & Haliotis discus i~ Lee B@%¥ZH T\ 5, &8
EEVTLEAREEY FRBOMTHELER, Lee BRHEULABEATZDbRI, LIL, A—E
ERORERYEFHCH~IER, ERENCESHhC L S REERAGhich o1, #- THEERC
ROONICERFHOMRIL Lee BRI > THE LD LR EL BV, TR L4FRROLEOEE
RLTWH3DEEZLNS, 2

HRWE ORFEEL MR, BHE T2 1975 76 FEARICE ERER LR LTWAZ LAUREA
oo FRIIBELEDEENOERIWHEADO TR LR L), B ERBEECETAZLAT, Mk
ALTw CoXic B LAY Bce REFEEL2 4 LTk, SEARMoLROHRIC A
CEELTELLELDEELOAD, F4REEOTMRAFEBCEL TRDOH, ThidkiEeY
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OELIBEELTHELTWSZ ERRELTWLS,

ERTEM CERICK 2 I HRAED bR fod #giic 3 DOBIC 5T Von Bertalanffy o4 84 34
TIEDTHTZ, AR (1970~72%#k) O 4ABLUBOERKIIZ OXTEE Lich -7, BE (1973~756)
ECH (1976~78F k) T, EEETHRRI1FOERIEEGL, ThrbHEHEARABRIZE 4 58.0
m, 47.2mTHofz, ChETRALATVWAEMEY < F ~2 : ORARRER H45m (AiEd, 1977 T
Y, CHOMIBERYLAZICHLABROMIZN LI AKE{ kT35,

HHE (1941 UEFHPE Y <+ Y2 1 820T, £EH 1 EFHOLETRRR T ~11m, F 2520
~22mic 4 L, H3ERICIRSmE, Eim#ET S LTS, ¥, Fulr 1957 ik+=8EYy < b
T ETRME 9m, 2ETEI5m, 3ETH2mICE TS LANTVE, AFEHERYChb LK
BT5s, ARUBROARIIVWThOBERRID 45 -TV52, CRIIFUNIOER LIIEAERER
RLTW3,

BEDLSKE, AARERCREINEERE Y~ + ¥ v : 04 B BEREMIC A E BBt FBR X
hich, Thi—RATASKTHIONED, I FTOoFECHTIRNRSBERIACKEREBTS
=78

-2 #

BEWEY < v O£ER2OWT, 1978E5H19804E 6 ADKMCMELHREL, UTFoRT&RY
iz,

1. BECEOLhHEEROREREIC]E L£16FCITTHER2ILS,

2. BOBREBOBBUACRERVLELAEACEILECEFAIL, LERH iIERVTORER
I35, —O¥FWLBEERATRECLNET, SR TIKRULNIMCER S A, MONMN
B/ SRS,

3. BECEHOIhHHE 1 BHOMBRERL, REBHIOr AxE- 0EROBRAREETHRLT
-

4 ZWREEILRDLEEBCRELVETH Zbh, FORRAEABRCERICAERENEL
Twd, HIC1975, T6FEHEZH L LB ERERNEZDoh 24 BHEO LR EE SN S,

5. MEEMIAZn4ROZIEDLAET.

6 ARBRICEMLEICEIh, LHMERT 5.
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Plate |

Photomicrographs of transverse section of the shells of Corbicula japonica collected from

Lake Abashiri in 1978,

Fig. 1. The section of the shell of aged 5% clam collected in September. The alternate formati-
on of the translucent (tI) and opaque (ol) layers in the prismatic layer is observed. The
first three translucent layers are very narrow but fourth and fifth of them are wide.
The resting zones (arrow) are situated on the each corresponding translucent layers or
their outer edges. x 5.6

Figs. 2 to 7 showing the view of the shell margin.

Fig. 2. From aged 2% clam, in May. The formation of opaque layer just has begun. x 20
Fig. 3. From aged 4% clam, in May. The formation of opaque layer just has begun. x 20
Fig. 4. From aged 3 clam, in July. The formation of opaque layer continues. x 20

Fig. 5. From aged 5 clam, in July. The formation of translucent layer has begun. x 20
Fig. 6. From aged 3* clam, in October. The formation of opaque layer continues. x 20
Fig. 7. From aged 5* clam, in October. The formation of translucent layer continues. x 20
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fAEME Y = b > 3 Corbicula Japonica PRIME O 4= i [ 1

A B =
(el ek %)

Reproductive cycle of the brackish-water bivalve,
Corbicula Japonica, in Lake Abashiri.

Kuniyoshi MARU
(Hokkaido Abashiri Fisheries Experimental Station)

Corbicula japonica is a principal brackish-water bivalve commercially harvested in Japan.

In the present study, histological observations were made to determine the reproductive cycle
and biological minimum size of this species. The materials were collected from Lake Abashiri,
northeastern part of Hokkaido, at a monthly interval from May 1978 to December 1979.

The results obtained are as follows:

1. The developmental process of the germ cells was classified into following several stages
respectively. Female germ cells: (1) cogonium stage, (2) early oocyte stage, (3) yolkless stage, (4)
early yolk-formation stage, (5) late yolk-fomation stage and (6) maturation stage. Male germ cells:
(1) spermatogonium stage, (2) primary spermatocyte stage, (3) secondary spermatocyte stage, (4)
spermatid stage and (5) spermatozoon stage.

2. On the basis of cytological characteristics in the development of germ cells, the matura-
tional processes of the gonad were classified into (1) undifferentiated stage, (2) resting stage, (3)
early growing stage, (4) late growing stage, (5) maturing stage, (6) breeding stage and (7) spent
stage.

3. From the histological observations, seasonal changes in gonad development are summarized
as follows. Female: resting stage, September-May ; early growing stage, May and October-Decem-
ber; late growing and maturing stage, June; breeding stage, July-September; spent stage, Septem-
ber. Male: resting, September-May; early growing and late growing stage, May-June and Octo-
ber-March ; maturing stage, June-July; breeding stage, July-September; spent stage, September.

4. Sexual differentiation began at a shell length of 10 mm and most individuals reached first
maturity at 15 mm in shell length after the lapse of three years since they were hatched.

The biological minimum sizes observed were shell length of 10.5 mm in female and 14.3 mm in

male.

¥= + ¥ ¢ Corbicula japonica PRIME (ZH A £, #IE, BT s0—HKAT £:LTH
APRARIERL, < IV AACEROCh TREAKERECORERE TH 5.

AHEOLHERAMCHL TR, BECETFHECLOLDWT, AT - RSV FHARED A SHEECL LD
¥l SHEYEEFMHRECL), ThTh#BELTVWS, LL, BRUETERARC S L5

WY HS A104 (19804115140 SH8)
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T, EMBEOBPBR LY FHGTHRELMETRYS V. Y= b vy 04 HFEARAE L ERC b
HESGRUEMBEORMAROEETL, REOMM L EFEHMEOLMEH L LT, WHTEETHS,
DX RBAND, BHERIRENEYT <+ v i OBRURTEREBEY L LT, HEEGROH
HBABYHOLMC Lo T, #ET 5,
BECETD, RERNCEEYSA0hHBERRBABGCHELETIL L LK, HBRIUCE
WA AES AN EKICENT 5.

HHEEHFE

HEHL, 197845 A X 1979128 ¥ COMICMEM TRE S L, FEOZHVERN LBERBETH D,
feds, 19794 3 HOBREHY, LEFREX LEBEYBEETLD, FERVTW28ENNLEB-L0TH
Do AFHLY 7 vy CEEE ABREOEER X VESRK LEEL, AFOHECH, ME5~8pns
74 vHRFEL, ~=tF¥) Vs =dvvO_EREYFVEEL:, Coff, SFRORECII A
THEE, PASEIGICIAZEEHEOBMETILELLIE, A=) v - AT ABETEC LD H—4+7
y 2RI LD, RX V], FAATA—DERPEEXEL, BEOBRHEYT-%.

s 2

| & % A #H

Y= by REERET, BB LR TRAREOES A ERBRNAR, M2 Fo@REONS
LEEHORBARBEO:DLA L L TKERLI-TED, ZOBVICIVEECHEEYHRIHES,

a SRRV T ORRER
i) B % R

B HGARY & O 6 WIZKF Lz,

1) BREiERass : BE ML FE LV LEFARIKEL, BE6~Tp 0Bt thvELWG RE1L
eh, BB IREEALTEAMEECE-> TRERHORS, BRICR 1 BoCLBERORERNLL
3 (Plate 1, Fig. 1),

2) PIHASRRHMEEN : MEEERSRET A L, BATAGRLCANEEL, RERSBEO—EITEKE Y,
KR Efeh, H—KkIMGMEL 2D (Plate [, Fig. 2), +0#%, REAIEACIND, BEEELC
BUCAHBT S (Plate I, Fig. 3), CofiofRifAE T, K22 10~12p T, HE6~8ux BE
8~11p DL, ch¥IEGHVHEREL LY, BEACRAE1Is0CYE T2,

3) &N AR IoMIRL Y KX, BRAKERELCXHAL, @RES T (Plate ],
Fig. 4), #iRAEII~~= t &> Y VI§FET, HERTHE2HT, HEHOERBRAE T ) BWE~ZHT3
L3R H, MBEOKZ EIX20~30%X18~25p, BES~18p, CRERS~61 TH D,

4) BRRUBEEAIN : oMo RERARER EEIC o TV AAREORS AL, IEE~ZHL
TR R S e D, SR EEICEVEIAIL =4 > v T, PAS B 0SFREN 2 Bbh 5 (Plate
I, Fig. 5)0 FABEAELTAL v [ RETIHAB, 1 47 A —RECRERAY BT 5HRES RS
bhaX5iclcd, BRMEOKE XL 28~50% 18~46 p, EEI5~25p, CREES~8p Thb,

5) BB : BBHBREILKEHEREL, KX 261~89x30~48 p, HE18~35u, {CIHEES~op
Kixabibic, BRI AFC @R, FEBLYET . RSN RV SRERERELAC g5
(Plate I, Figs. 6, 7).

6) B : PRI O £ M EEMNG FELURBICEL D, SEBICB%ETS (Plate 1,
Fig. 8). BRERi 46~T8p, & 28~43p, CILEE 10~13p TH 5B, BB 7 7 ¥ v ICHFRL, EX2p
Thde
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BTEREEY RO S MICES Lic.

1) EBFEARY: mEEkRseE gy C, EELVCLIBEYEBRLASEAGRS. SREBEARKE
¢, BE6~Tp T, ChEIIELGHVMEEL DS (Plate I, Fig. 1), Ak 1 B0 L#ET
ZREEYETI. HRERLTOEEL{BYHL, BE4p ticd,

2) SRR MM HAYE 2 CRREROBHTRCANEL, RERVBEO—BIEEEST
RENThh, $—0MBflaLtics (Plate I, Fig. 2), 0%, REiidk{E{ k- THUERCHE
b, BfEdp Lics (Plate I, Fig. 3). kv CRREMEIFEMCEA T H—ERTHITHAhS,

3) HoVORMBHIN : M RERBSEYRAS LERBEARE T AY, TOXKE S FH—RMEA
e LhEL, #E2p ks (Plate II, Fig. 4),

4) FHAIRQMA : BT BN D &, B 1. 2p OFMIE % (Plate II, Fig. 5),

5) HBFH: EERITO®RET L/icd (Plate 11, Fig. 6). BTHMIEHEE T £ 210~13p, WO0.54,
ESREIYERICMENE -1,

b 4EEORPER

RO EARBIC L L5WT, £HMEOREREELROTEBMICES Lz, ki, H4ME
GrieEART VEOHNIVERITBENS DD, BE O OXFELEE L.

B0, RS AREC SD 2 ERMEOBIIED TR, S6ESh o EEMN I REL
1=h, HELEI-TVWIEET, EHICENRT HSREXSEEOHV EETHS (Fig 1-a). Wi
OERFMBEIE~~ F ) YicBRL, K2X7~12p BBR4~TeT BEACR1B8EZVL2HOC
%15 (Fig- 1-b),

B 1, fRiIEHE: B E L, BAERPICBET 5. T £ B IBEMARE, #0IREma

Fig. 1. Photomicrographs of transverse sections through undifferentiated gonad.
a. General view of gonad. (Shell length, 7.7mm ; Aug, 24) x98
b. Early gonia in above gonad. x980



86 A HE

1, ESPEMosMaRSA LR, SERCREEECLELEORENZ SRS (Plate III, Fig. 1),
¥z, BEOAM ERICIIEEMaYALH (Plate IV, Fig. 1), ZOMO#hicE L < HriT,

B 2, BURNIM - MECORIPMERT oM HE L, EEC B - TS (Plate 111, Fig. 2), #T
E-dHRERSHBEL, ToRYELTEoEREE 20K RO E chiabhs (Plate
1V, Fig. 2),

Bl 3, RUERMEH : o/ NBEREIIPREREMOMANZIFRFIL, OB TS EH T2 (Plate
I, Fig. 3). HEo/NEEEICERTFAHET 5% SEEETFIC 450 5T OIEERE20% LT e iz (Plate
1V, Fig. 3)

B4, BB MEDNEERSICITANEEEES D ERE LA IR A e D 2 A S ha A, BRI A IR
flar P E@E»oh (Plate 111, Fig. 4), #o @0 Rl ks BTF~oXBAERICT
bh, BFERE0%L L5 (Plate IV, Fig. 4),

B s, Bl SNERBTEBBRUETFORBIC X hERALALRA L 5D, HEONEETIIRE
w Eofpfiflast (Plate III, Fig. 5), *7-METiiiiMlE, Miilaassashs (Plate IV, Fig 5),

BYPE 6, HoH#ETHA : 2 ORI Th ThEIIR LT oMK X > TSR &7, Bk
MR DH L ABORER (Plate 111, Fig. 6), RU'HF (Plate IV, Fig. 6) & bBh%, Mo HEEEC
VORI MR & A HEBR B M RA B MR IR M0 B & g O SRRIER R R R EOMAL b B TR
FEffaD A s A b5,

LEORGF R ->T, ERMOEMEOBEYRA~-KER% Table 11T, ZhIhEFETFig 2 oR
Lz, MEMEEER TS5 ARSI 2 mENIch b, REENT10% T, KIEMES $Tditv,. 6 8
TRCIZS7TZSHEERCE D, 3BZARMINCET 5, AERICEECE D BE L iR ki
AgExh (Plate V, Fig. 1), e THkIEMASRBICEsMicEMCS v, 7A@ 9 A L8
T, O BN 82~92% 8 5 X S ILin 5 Bk EE EECHE I h (Plate V, Fig.

Table 1. Monthly changes in the maturation process of gonad.

Gonad condition

Sumling Early Late Total Range of
Sex . Resting grow- grow- Maturing Breeding Spent s shell length
ing ing ’ (mm)
Female May 18, 1978 1 16 2 19 18.0-33.2
Jun. 29 2 12 7 21 21.4-35.3
Jul. 20 2 22 24 12.7-36.0
Sep. 4 1 22 4 27 14.6-30.0
Sep. 26 12 1 3 16 13.4-34.1
Oct. 22 3 27 30 11.7-33.8
Mar. 19, 1979 8 8 24.6-39.1
Dec. 1 2 7 1 10 27.1-30.9
Male May 18, 1978 19 3 1 23 15.9-39.1
Jun. 29 1 1 1 16 19 19.8-35.8
Jul. 20 1 1 10 14 26 13.3-34.9
Sep. 4 1 5 24 30 14.3-37.5
Sep. 26 6 1 T | 15 12.5-36.0
Oct. 22 13 5 6 1 25 13.0-34.4
Mar. 19, 1979 5 4 3 12 26.9-39.7
Dec. 1 2 1 1 4 27.6-30.3
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Female

Mi
1978

e 5 Earl 7 Late
ERRRRR Resting r:mwing % growing

Fig. 2. Monthly changes in the maturation process of gt;nad.

2), TOHEIVBOBESIET->THKS, £O8, 9 ATHCRBL I MRIEMTCEDOh3. 10 THKE
90 S RETM~ET S, 3 At i~TofEs ks, BiErRir-Tw3. #-T, O
DEBEOTEBRTHLEINSD, 19794128 LAKRE LRSI OMEKERY 62T Table 1 2R

Lie Thickd &, IEM20%, HEATET0%, REEMIOZ TH -1,

—7, HEEEERTE, 5 AThmRsIZaikiblT, HLRENNEREEMTHS. 6 A THICILS
SHEBMcEL, MR ESALRS, £O%, 7 At 9 A LMD EES54~80% % b
BB, IATHRIATS EETL, Ro TRIEHoMEN 0% MR T 5, IHBRREFRTORLENE
gxhsp (Plate V, Figs. 3, 4), ®MARSEHIIIPRICHESTEE TRV, 10 A TR RIEMO@EED
BEEGLE0EREY LD, BRI REEE~ThLTh20%&DBTLTWS, 3 ARgT
BRI RIR42% M L, REMMOBEEBLICHEL 58, 0EREALEAKELRELY ZBN
Telre 197912 CIREAE A EHEL LV, GIEHX VREEMECABRTWS,

2 &9HENER)E
SATH:LSATACEEIN - ESHEOLNMBEOREREY, BEZLICIE LREREEFICRE
> THE~<5E, Table 20X 5iicd, 5 AIREEK10.0~16.8mDEEIFEEZH, “05b, BR0DFK



Table 2. Gonadal condition of young shell by size groups.

May 31, 1979 Aug. 24, 1979
Shell length Undifferentiated Resting Early growing Undifferentiated Resting breeding
(nm) =% ¢ 3 $ 5 % 3

5.0- 5.9
6.0- 6.9
7.0- 79
80-89
9.0- 9.9
10.0-10.9 1 2 1
11.0-11.9
12.0-12.9
13.0-13.9
14.0-14.9
15.0-15.9
16.0-16.9
17.0-17.9 1
18.0-18.9
19.0-19.9 1

Total no. 1 11 6 4 21 4 3 2

Lo o

—_— W W e
{31

FEMEEREL. 2D EED LT, LOMMOMEETHREOHIFIATET, LML RECS -1, 84
RS, 5~19. ImDEEAERE Z h, 5.5~9. 6mA K FEHICH D, HETIZE. 2~9. 0mp k1L, 10 Smm,
16.7m, 17. 7mD B2 HEICS o7z, —7, BETI216.2m & 19, IO @& BEICS 572, 2D 5B,
HEORE10. smOEEIC PG (Plate V, Fig. 5), ¥ i:HiOBR16. 2maEFcg T4 (Plate V, Fig 6)
FhREREBEZHL, chbRVWThikHEECE -7, #-T, £HMHAROESLIZRE 10mr L b # 24,
R EEEORIATEE LS. £BFHRIFToOVTIE, Table 1| ORBMH L HAME THICH S B
DREYFSE, TATHTE, BEOREI12 7Tm, EOL15 0m2itA FREHEIES -7 9 A LT,
HEDORE14. 6mnd HO I T, HEDO14. 3P RAHICH -7z, ZhbIXEA TEELLBEED S bTRIO
Bk, Table 2 08 A THORKREL L AR, BREISmL EOEFLTNTEBENEETLLOLANT
ZEMNTED,

% £

A ESENALCh 2B R10mL FOBHTIREERGFE TS S5, ThihhIVMETIREREOHI
AR TH S, 46, EEREEERS(EBEShRd o, 7, #&iiE Table 1 KR LAEFOK
AWM LAE, £ALLEE]L 1EEVDT, BBTLZORECLHELEBbh, ®27H51T
AbhicHiEEBOBAYE LD o1z,

SRR ORBRRL 7 BECES Shicst, B0 ke ES ERcgmL o RIEEE, &
e mToREMEED TREN] (AR LCRETLELRSEH, o CIREIcics®, kil
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BEETLEEL-ABEROBEN S ANV, AbATHLESTY RV, REEETIZEDT
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&\, —F, BORGEORIEW T EREROBE&E M H~NTHE Cd, oM TRHRLESIE
BTHD, SOk 5ickhkANs, Table 1, Table 2 kR LI MOBEEYEST5L, Table 1Cik
0 9 A26 A D 12fEfk 2 EfE (FE13.4m, 13.7m) HRHBTH o710, Fho, BTILT7 A20F (FE&E13.3
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HAOD L5 I CFER AR L, REIh30Tid, RBLALD ERHEh 5D,
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ATHECRMCOI > TRIHT24D:E 2 bh s, Mo 9 A Fhii cll kb oM T 5% 4%
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Wo 7 Ao 9 A LA@ED TP h, HKHERTEUEL{ 30T, BAPOFEEINOR
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Photomicrographs of female germ cells in various maturation stages. Figures
except figs. 5 and 6, Bouin-fixed and Delafield's haematoxylin-eosin stained ;
Figs. 5 and 6, Carnoy fixed and PAS stained. Magnification: Figs. 1—3,
1280 times; Figs. 4—38, 510 times.

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

1.

® N w W

Oogonia. Fig. 2. Early oocytes in synapsis.

Early oocyte, nucleolus appeared. Fig. 4. Oocytes in yolkless stage.

Qocytes in early yolk-formation stage.
Oocyte in late yolk-formation stage.
The same cocyte as above.

QOocyte in maturation stage.
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Plate I

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

Bouin's fluid and stained with Delafield’s haematoxylin-eosin. Magnification

of all figures is 1280 times.

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

R

SJ!

Spermatogonia in resting period.
Primary spermatocytes in synapsis.
Primary spermatocytes.

Secondary spermatocytes.
Spermatids in spermiogenesis.

Mature spermatozoa.
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Plat: |1 Photomicrographs of transverse sections through ovaries in various stages of

maturity. Fixed in Bouin’s {luid and stained with Delafield’s haemamatoxyl-
in-eosin. Magnification of all figures is 100 times.
Fig. 1. Resting stage. (Mar. 20)

Fig. 2. Early growing stage. (May 18)
Fig. 3. Late growing stage. (Jun. 30)
Fig. 4. Maturing stage. (Jun. 30)

Fig. 5. Breeding stage. (Sep. 4)

Fig. 6. Spent stage. (Sep. 26)
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Plate IV

Photomicrographs of transverse sections through testes in various stages of

maturity. Fixed in Bouin's fluid and stained with Delafield’s haematox-

ylin-eosin. Magnification of all figures is 100 times.

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

1.

2
3.
4.
S
6

Resting stage. (Mar. 20)

Early growing stage. (Mar. 20)
Late growing stage. (May 18)
Maturing stage. (Jul. 20)
Breeding stage. (Sep. 26)
Spent stage. (Sep. 20)
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Plate V Photomicrographs of transverse sections through gonads in phagocytosis and

first maturity. Fixed in Bouin's fluid and stained with Delafield’s haemato-

xylin-eosin. Magnification: Fig. 1, 510 times; Figs. 2-4, 1280 times; Figs.
5 and 6, 100 times.

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

1.

M s W N

*

Advanced oocytes degenerating by phagocytosis. (Jun. 30)
Phagocytosis in ovary. (Sep. 26)

Spermatozoa degenerating by phagocytosis. (Sep. 26)

The same as above. (Sep. 4)

Ovary at first maturity. (Shell length, 10.5mm; Aug. 24)
Testis at first maturity. (Shell length, 16.2mm; Aug. 24)
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Oxidation of lipids in the saury (Cololabis saira)

Hajime NISHIDA* and Nobukazu SHIBATA**
*(Hokkaido Wakkanai Fisheries Experimental Station)
**(Tokai Regional Fisheries Research Laboratory)

With reference to lipids extracted from different tissues of the saury caught in the sea of east
Hokkaido, general qualities, constituents of lipid, the composition of fatty acids and vitamine E were
examined during the storage at 37°C for 14 days. General qualities and the composition of fatty
acids in lipid before the storage, according to the result, were approximately similar to each other.
In comparison to other lipids, however, they extracted from ordinary muscle and viscera contained
more a-tocopherol and phospholipid. Also we estimated the existence of r-tocopherol in each
lipid.

Changes in lipid extracted from ordinary muscle and stored fat were larger than those of dark
muscle and viscera during the storage in this experiment. Also highly unsaturated fatty acids, for

example Cso:s, Caz:s and so on, were degraded apparently with each lipid.

® B

RS EEFRARO—ETLET256T t /524, €05 LitEHETISIT ¢ /528 BESHh I HER
fiThoHy, ACEETOMOBERCETIHERS MM LT ERARED L O TIRFH LD
TEMRER OGP, AL IATERNOLZ i vEROF— 2055 bWThHH, AERTIT B
Bleshid L-lREO—BER, BHBER, ©2 3 YERSIUVEERFGESWTTFESROELELHE L.

RE&SIUHE

HEH2197910A, JbfENT CHRIE S hi- FiafE14GEE, #R2.5aov =T, BELFREEZL
BEEGISEEME L OXRRPREFHB TAFL, —0CHEEELT.

BBE O : Bligh and Dyer) izl 7 r kA at 227 —A=2: 1 TRIFI~5 Mm% A48
& ThbbWilA, meW, FEIEYE IURENOREL, = AH#rv—s—T2erili¥kipELE
BEHRYFTREIL, EEAFAYTETAL-WOCEFRELLE,

—BERIEOWT

BiE (A.V.): ZABExdpE=—FA—T7A2—2 (1 : 1) CBEHLLN/10H 4 BV —T L2 — AT
FEY

dAmibsiE (P.OV.) : BB —ERO 7 v rh A AICEMRL, XEE, M= v{bh ) 2z N/100 #

WAUFEE A105 (1980115140 EH)
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A iR Y — ¥ TREY

= o R (LV.) : Bty —EROMEERECEREL, —EBOY 1 1 AfY WA TRIGHE= 7kx Y
iz N/10F+ 5l ¥ — & CilEY

IR : HEC X VEY A FAr=AFAkL, BYKS3GCEZWMALUTORHTHAZ =}
57 4 —%fTote &k :10% DEGS #5A (702 YA7W,60-804 » =, 3mx 2m), BHE: F
ID (230C), *+ Y 7#A : Nz (40ml/min), #HEA D 230C, #7 4 194C, RE 1 x10mV ¢fT
W, Btre= 2, 2E] ATHOEFEY L BT,

E# i vEDOER :

MABE LORy vibhOBEWE s e~ /574 — (HPLC) : JBEH1 EXHFL, 5 % e s n—
A= g 7=, 60% KOH LticHigBiE+ cr LR r v tihd =—F Al LY, Bohichsr v
{£H%0.5ml © b =2 — 4 (RE) BERCENL, T0 5520l X ATGSARERE /s~ 757 THEL
fro BEHi% X O IE A 37650-10 LC X X RER (€ v 5 v 7, Ex :298nm, Em : 330nm) CfT-
e HPLCO%#: #5 4 (4mX15am, TTAH: Y 22 v A7S1-100), &l : 15%1 Vv Fe En=—
Fa/n-~F+v (LC), EH : Bkg'cm?, #Hik:1ml/min.

FiE—, VrEREOFESIVER

MWEze=1+777 4+ —KIZHEOSHE :

Fr—t, YV AFALG (AA7), 20%20em, 0.25mic—BROBFHEL ¥ v T2, Aill=—F 1 :
=—F0 BiEE=80:20: 1 CRME, = yRELLBELA+ ., rERE

BEOER : A#y P EEERD, E7 - ARMTREE 3500mTiiEY

IEEMERE - SRR LEE3~4 8 (AR 1 2) L HiF L5l FFRUAICAN, 37T &
BERPEERLERECZRAELL.

HRELUEE

v L4HAEOHKRGE, MHBEO—BEEiks L0370, MAFBEEROZ(LE Tablel il BE
OP.OV. A EERIEE T100, ¥OMTLI0LLETHB - &b, ¥-BBEEOPOV. 203 LRE
ARCECZ EHELX TARGREINI-LOTHAT LA 5H 15, 1488, P.OV. R#EAER »5
&, BHIEIT5. 6/ LM<, ¥ AV. A xhEha 3fs, 2.8 LEMLRRE SMERLTWEC LHIEER
Ehi-, —F, NEAS IUVABEE CE P.OV. ofifintththe 1, 2&&402<, AV.$1268
135 L BT Ed o i,

ChooERAEKEET AL eD, ETOHEBRYTo. Table2 it RAOHBLHTHS € #
IVERDWTEABUNO b 27 2 e — A B EFAFICEEER LIz y-F 27 = s — A RIEDWTHRLI,

Tablz ], General qualities of the lipid extracted from different tissues of the saury

DaysQuality Tissue | Ordinary muscle| Dark muscle Stored fat Viscera
Crude lipid % 5.86 27.98 76.25 23.98
. _ff?_g;;“e‘” ke 100.1 133.6 1110 1413
AV. 7.9 6.6 25 9.2
LV. 1329 142.2 . 1477 142.1
iy P.O.V. 498.7 286.4 624.0 2754
AV. 26.4 7.9 il 1.7
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Table 2. Vitamine E in lipids extracted from different tissues of the saury

99

VE. Tissue |Ordinary muscle| Dark muscle Stored fat Viscera
a—Tocopherol
in unsup. x#g /gl 1090 740 87 370
a—Tocopherol
in lipid xg/ 3l 18 1 29
a—Tocopherol
in tissue pg/mog] 181 518 68 690
¥—Tocopherol
in unsup, 16.0 5.5 253 25
y—Tocopherol in lipid 0.5 0.2 0.3 0.2
y—Tocopherol
in tissuel 2.6 38 20.2 46

Table 3. A composition of fatty acids in the lipid extracted from different

tissues of the saury in states of pre- and post-storage

Tissue | Ordinary muscle | Dark muscle Stored fat Viscera
FA. State pre- post- | pre- | post- | pre- | post- pre- | post-
Cl:0 6.9 9.1 8.0 78 8.5 11.1 6.9 74
Cl5: 0 0.3 0.6 0.5 0.4 0.4 0.6 0.4 0.4
Cl6: 0 13.1 18.6 13.2 13.3 11.2 13.8 10.7 12.6
Cl6: 1 5.0 6.1 4.9 5.6 5.8 6.9 6.1 6.1
Crr: 1 14 1.1 0.6 12 0.9 1.0 1.1 0.6
Cl8: 0 24 36 2.1 a1 14 1.7 19 2.2
Clg: 1 6.6 8.6 75 8.0 75 84 93 9.9
Cl8: 2 1.2 1.1 1.3 1.3 14 1.4 1.4 15
Cl8: 3 1.0 0.6 1.0 0.9 14 1.0 1.2 1.0
Cl8: 4
C20: 1 } 16.7 19.7 18.6 205 20.2 215 176 19.0
C20: 4 0.5 0.1 0.6 04 0.5 0.3 0.7 0.5
C20: 5 78 0 6.5 0 7.0 0 9.7 0
c22: 1 155 25.1 185 26.4 19.9 26.3 16.4 275
C22: 5 23 18 28 29 25 2.1 39 33
C22:: 6‘ 18.1 5 | 12.8 8.1 92 29 111 6.9
Others 1.2 1.8 11 L1 22 1.0 16 1.1
Total 100 100 100 100 100 100 100 100
Saturates 22.7 23.8 215 19.9
Monoenes 40.1 444 48.1 45.1
Polyenes 36.0 30.7 28.2 334
Total 98.8 98.9 97.8 98.4
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Table 4. Changes of constituents in the lipid extracted from different tissues of the saury

Ti
> S Ordinary muscle| Dark muscle Stored fat Viscera
Days “Fraction
Phospholipid 12.2 5.1 4.0 6.6
(in tissue) (0.7) (1.4) (3.1) (1.6)
Sterol 17.7 35 10.7 4.2 5.7 trace 18.8 6.0
Free
0 fatty acid 2.0 14 1.7 6.2
Tri-
" 81.1 87.3 92.6 80.6
——ﬂé‘-’f:r';f—e 82.2 89.3 94.2 81.1
1.2 2.0 1.6 0.5
ester
F.of
hospholipid 67.3 17.8 61.4 395
F.of
b o 7.7 10.4 = 738 10.2 52.9 91
Free
14 fatty acid - - 2.2 43
Tri-
ilycarite 223 81.1 26.1 45.0
l—5——1 839 472
Sterol B 28 N 99
ester i :

ChECREBHES, Fra7=e—rAfAEGEO by RFREHEAEV RS> THEETER S #ME
BV AAREE T HPLC-SES X XEH X VEHEREY L, TOFERXHEEEL, yv-ba7zm
— AL RIE I b ot ¥l a-F 27 2 v —ARFEARE TS BB T e,

E#LY 32 v EEREBLZe ki h-2 27 —AdRIDEZ : VEXEBZAEZBAOS
Aririvs~v ¥ HEYRBLTVWS, ¥EELOa-ta7 e — BRI By EoRHEILT
STeHAB? ORERLAZ ZOV v =A[ASF a-F 27 = v — L ROPI5~40% 47 <, B, BERH
OERYPERLTLETOTRONER LIS :Bbhs, 8B Tk 7e ekl a-2 57— e %
BELEOTC COAYEETALENSAS S5, ©% 1 YVEOHRMLFAIZBHA, BHTIEEANS LFWH
EREFETHHRMEPHL LTEOERY DS, alBly B OMICHBLIPE &) 5 — FT0.03
~0.04%FmMTHIIM|MAL 25 LHAEY ThTWD, FLWLEAY R4 7 HFEAKERE b a-F 2 7 =
m—n176pg/1g BELBHL, TOHBLFACHST5EEXYR LTV 5,

&, TR OREIREROE{LY Table3 KR Lz, #EnbOHMeLTISERMC IO RELERR
LA EFRARE CREFRANBIPLEh -7, SHIXHMGY O Pacific saury (v <) ORIRE
HRIBER L A2—vERLi, FREER RETSRAEEEYG SR B LERIBIRE S L Tw
50bhh, EFLWLERLTVWS X 5ic, BMLOBEY Cu oMl RTas L AAKRE 2 88%,
HRIBI TI68% LA E VW DIRH L, MAWS LUHNBIER T37~38% L/hEdhal,

Table 4 ILfHHRFIZO2WTOELER LI, BATOY vIRERZEE-ETO74ME VL bR T
kb, ¥FfrolREOEBFRACOLWTLALATWEY, KERER TR AMPEEA T.7%, 0é&
B XA TL A~1.6%, FEEBIC3. 1% Thotce ILNBEEORET(LYAS L WML Y 7
V&) FASMLEEBEE S EML-AZofimrEanBEs JUFEREpckE { n&H, NBEET
I ot

FMBAYHEELLOFEY 2oy Fig 1IoR L, ¥AARECREEkc BE T4 ZEmLLIE
ECOEREIET L MARIIS 3% R Lz, AerikEn ST RICET Lo RBmEHEY L
ARBVWCLEIVEBEARELL-LLELDND, TLTZ 0BG, Table2 o< FAMAKE Clia-
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Percentage of increased weight

15

Fig. 1. Changes of the lipid extracted from different
tissues of the saury during the storage at 37°C

a7 - ARSHBESREYBRETCES koo bEL D, ¥iz Tabled 0 ) v JEEE L AREORR
TRE ot —HBEAMREZINA-BEE LT Table3 mm Li- Xk 5 EEETSFIEHE, TtoHrTbd
IR Caefini8% L &Mtz LY ELBND, MAAKECIINEG B ET2.2% ML, Tok
ORMBIXE4ATI % TH o1, KHEIELTIL6 H B TLIZEMMBRES -7, TORREE
LA T 3% o7, ARBE CIXioBi L PRI HASAGH B 6 B B ¥ THHM»E
Bhih, MAHRTHEMEL 1 ZLRLEI 7. RIEATMIAERE L Te-ta2 720 —A IV
vEHEIRS LTV ATHEELZEAOGR IS (RBLL T,

IWEY OME TR~ 7 vOBMFOBEOMEEREIE S IVARBE TAEL, S ThHEARET,
HEABHEHI ) BVWFERYRL TS, A, BERD, 4EERSIUCERFELIORWVICIVE
EREETH LY, LAY O—-20C TS5 ALEERE LA 70 RBER L FECOTh ETREEA
BEOMAKBEHEORBLI I 2N CRE—-HLTWE LEbhiMMIEEL.

ZHLC Eb RSO Lt RENWEThTh R Bt 22— 2L LB EEXBR
B, WThE LTLASEOREER TR LCRERCEY 4 CocoBRoMT 2 S EEC Lo sl
BELEBLh T,

AERCEL, ©# i vEHIVEWBEROS T CEEE, @b et Wi EERAY, BHE=
BREAEHIRE, il GBEER, FlEduiPuveEEemlnEfASEcBE EBMoBYETS,

+v=ORMHRECoOVWT—8ER, £ YE, BHFBEREL IVCEERTCOWTERPOELY
BZEL-EE FEIOBEHC VTSRS IUVRBHFBREAKIIAERA CHEAYTR L@l s X UA
BEECRa-t27z2e—aA HI0) YIHAY AOBECE~SSh- 7, ¥EBHPKy-ba37 20—
AOFEXHE L.
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