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Plankton investigations in Ishikari Bay, Hokkaido. VI.
Zooplankton biomass in 1980 and 1981

Moriyuki KOTORI

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

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 plankton
net or a paired Noreac net (0.33-mm mesh aperture) are given in Ishikari Bay and adjacent
waters for 11 periods in the two years of 1980 and 1981. The values of zooplankton biomass
ranged between 1 and 4,300 mg wet weight-m™, The median values were 7-440 mg-m™%, and the
mean values 10-790 mg-m™®, The values of zooplankton biomass (5-60 mg-m™®) in January (northern
winter), 1980, were comparable to the lowest ones (2-30mg-m™) of previous values recorded
during the warm season (June-November, 1975-1979). This may support that the values of
zooplankton biomass in the epipelagic layers of the boreal seas become the lowest during the
cold season of the year. The zooplankton biomass in April (100-4, 300 mg-m™) was higher than
those in the warm season (2-530 mg-m™) by an order of magnitude at least. These high values
correspond to those in the Bering Sea in summer. The biomass values from June to July in the
present study fell within the higher part in the range of the values obtained previously during the
warm season. The values in October, 1981, were lower than those in the same season of 1978 and
1979, but higher than those in 1975. This will be indicative of the annual fluctuation of zooplankton

biomass in autumn in Ishikari Bay, Hokkaido.
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Fig. 1. Station locations. A total of 215 samples was collected at 178 stations.
Depth contours are also illustrated.
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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 Nsumm?::";’f Reference
10 9 & 19 January 1980 11 Hokkaido 1981, p. 73
11 23, 24 & 27 April 1980 8 " p. 74
12 13, 15-17, 20, 25-26, 29 June 32 " pp. 75-77
& 2-3 July 1980
13 14-17 July 1980 13 " p. 78
14 27 August 1980 8 " p.79
15 30 October & 7 November 1980 8 " p. 80
16 21-23, 25 & 27-28 April 1981 10 Hokkaido 1982, pp. 75-76
17 8-11, 15-20 & 25-27 June 1981 39 " pp. 77-79
18 1-3, 7-8 & 13-17 July 1981 21 " pp. 80-81
19 2-3 & 18 September 1981 13 " p. 82
20 7-8 & 12-13 October 1981 15 " pp. 83-84
RRLEE

LED 11 WALMOBH 7 5~ 7 b BIERNEED S, g, Bz b0 iiAfiiz Table 2
8t Fig. 2icit, SEIOFEEERAY, 1975~1979 Fio{foh T2 65 © JEFE (6~11 1) ©
biomass curves H{EREN#E DB 1981) & L Lo Lz,

Table 2 £ Fig. 2 Lo LSRR cE, o TRADZERRMBTHLMNTEL 5,

W—io, SMEBRIZoVTZR5 &, 19804 1 A2 HB1BIEIAICESMORRBOBY 77 v 2 + v
BRI 1~4,300mg wet wt-m™ OFFHICH D, hR{EIZ 7~440 mg-m™ OFHHIC, 2P 10~
790 mg-m~ OPHICH - - LBHBR L 5,

oo, A B 5BEEESE—F Laicyat (Serial No. 10, 1980421 A, Table 1), ZO#EET
B-BERE (5~60mg-m™) 2, BEFEBER (1975~1979 4 6~11 § © BlfEE, K198 © TR

(2~30 mg-m™) ICREFHAYLTVAE V2 L d, T7ANERRONFEAT v v P (50°N145°W)
=351 3 1957 E4 5 1964 FEicH 2 BERL P4 LeBrasseur (1965) @ H10E (Marrowe and MiLLER
1975 OFE2[[) TR L, = o#EHE» 150m LUEE® 12~2 Ao#h 75 v 7 + v BERRXT~8 HDth
I D ST ES, 9~10 HOFR I D ieREVAFEBED L 5 Thd, dLdEsES © BEMAKE (40~
44°N) T, BEOHGHER (270 mg-m™) BEFZI2 1/100 28mg-m™* L7z h (FH 1977)
HnT, —iic, JtHiERERORY 7 5 v 7 b VBRI RS RSO KIE L e 5 D0 % Lis
Mty

SR TE S - L2, 4 ADBER (100~4,300 mg-m™3, Table 2) (X BEFHFR (2~530 mg-
m=3, S 1981) 1LH, Pred B 1 KMV EETRTEVS S ETHS Y, COffix, 7 ARRO~-Y
v rHTEBLR S EVCBERSE (Facuuty oF Fisueries, Hokkamo University 1973, AN 1981) 1T
RIFEE LTV 5,

PO, GO 1980 46 A ~7 A L3 L9 1981 4E 6 A O 2 MM OBLFRNE 1975~1979 FREF (6
~110) BER (M5 1981) OTHWEAICH - - LIEHTE X5, ¥, ShHMliHOARAFR, £
DEEFRFROTHRBA CRABNEVHETH -2tV L,

SITiT, 19814F 10 B EOBER (h#(l 39 mg-m™) %, 19784 10 A FH~11 A Ly X 01979
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Table 2. Zooplankton biomass in Ishikari Bay,

1980 and 1981.

- : -
Serial No. Period Number of Btoma.ass. mg‘w‘et wt-m -
samples Mean Median Minimum Maximum
10 9 & 19 January 1980 11 23 17 6 56
11 23, 24 & 27 April 1980 1 788 440 136 4,275
12 13, 15-17, 20, 25-26, 29 June ¥ 62 45 8 294
& 2-3 July 1980
13 14-17 July 1980 13 37 29 5 104
14 27 August 1980 8 21 i 84
15 30 October & 7 November 1980 10 34 14 20 114
16 21-23, 25 & 27-28 April 1981 24 309 303 111 556
17 8-11, 15-20 & 25-27 June 1981 50 73 60 3 312
18 1-3, 7-8 & 13-17 July 1981 21 64 43 21 268
19 2-3 & 18 September 1981 13 10 9 1 19
20 7-8 & 12-13 October 1981 17 42 39 12 79
* 100 B4 "'*”u" o
‘)3' C | := \! g
E 4 8, o
o
3 So
E o
w 50 : o
g i
5 20 ‘“”“”“ JUNE- NOVEMBER
5 % | (1975-1979)
§ o b © " Rl P | i PR
0 1000
ZOOPLANKTON BIOMASS, mg wet wi-m>
®JAN 1980 B AUG 1980 s JULY 1981
0 APR . OCT-NOV * © SEPT .
A JUNE-JULY = o APR 198l o ocT .
& JULY - & JUNE .

Fig. 2. Zooplankton biomass curves of 11 periods of sampling in
Ishikari Bay in 1980 and 1981. Shaded areas indicate a bundle
of the curves obtained during the warm season (June-November)
in the bay from 1975 to 1979 (see Kotori 1981).

10 FicfG SR T B LI (R FhFh 47 £ 54 mg-m™3, /1981 i Ui o fod
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F51977, 1981) L, 19784 L 1979 SEDPBEHD X 512 6 HOF i Puiict 5 s KT 5848 &
niHBbDEEbhS, ATFOLZA, ZOX5REHOELSD BRH - BRT5Z ERXTE VA, F-—
FHOFR—EC ST A0 75 v 2 + YRERDOFEEOEEHIIHEFEO - v 7HTLABA TS
(Motopa and Minopa 1974)

feds, 1980 E 8 H L 048 1981 fE 9 HoBlfFEliE (Fig. 2) RRAEOBRERN EKECHLHZ LR
st 50%, C ORHOBERE 2 1975~1979 FREFHRER © LHHREE TR (B 1981) 2 LTwi
Ve ShiE, BF6{, 4EO - OREORYN A RSN TREY Y 5 v 2 + YEFROIT\VEKT
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Plankton investigations in Ishikari Bay, Hokkaido. VII.
Vertical distribution of zooplankton biomass

Moriyuki KOTCRI

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The vertical distribution of zooplankton biomass in Ishikari Bay in spring (April, 1980 and
1981), summer (June-July, 1980 and 1981), and autumn (October, 1981) was observed by the thirteen
series of the simultaneous horizontal tows with two to five MTD 56-cm closing nets (0. 33-mm mesh
aperture) between about 10- and 100-m depths at 10 stations in the bay and adjacent waters. The
values of zooplankton biomass ranged between 1 and 575 mg wet weight-m~* throughout the depths
at all stations covered during this investigation. In spring, the values were 7-575 mg wet wt-
m-?% and the maximum abundance of the biomass (104-575 mg-m~%) was vertically at a depth of
10 to 20 m, where the immature copepodites of Calanus plumchrus Marukawa predominated.
It is probable that the aggregation of these copepodites to the upper domain of the epipelagic
layers in the daytime was not related to the ambient temperature or salinity, but the progress of
ontogeny. In summer, the values of zooplankton biomass ranged between 1-120 mg-m% and
they became smaller as we went deeper layers at least in the upper 70 m, where the temperature
gradually descended from 14-19°C at the surface to 8-9°C at a depth of 70 m. It seems, therefore,
that the vertical gradient of zooplankton biomass correlated the temperature profile in summer. In
autumn, the biomass did not vertically fluctuate so much as in the other seasons, ranged between

22 and 57 mg-m~? in the upper 70 m, although the biomass below this depth was still unknown.
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T AHIBIAE Sh =@ iz, TH - <% (1951) X0 Korort and Kosavasur (1979)
DA RaicoF, BFRORASMCEL T #50—McETOoLEA#Eb bR 51E00E, (1980
a) HEEEH L PHBEEROFER* 2B LTV2HEFDL 5 THS,

fE-T, T, M#iE . r OSBREBATEESNZ L T 100m BERE L D 2 FMichi - Tl
KickSE, AREOBY 75 v 7 YREFRORES OV TG,

mHE L HE

1980%F- 4 AH H1981FEI0H i E HRD 38 (4 1, 6~7 J1, 10H) il U 7=yl A 42 08 AL (59. 30
# + ) ofifEOREc Table 1 & Fig. 1 Liip Ui 10 idiic s € mEEAREA#E+ » + (MTD .,
b, BfE56 cm, §4H 0.33 mm, MoTopa 1971) 2~ 5 §ij# fi AR EEECAHKY 100 m T o> %58 [ AP £R
FATHIEER L1z, REREIIZ S ST REMO100M TH 5745, Serial No. 5 & No. 11 O piilic
i L7z (Table 1), %7z, Serial No. 10 & No. 11 OERRNIL 20 7B TH 5, Serial No. 6 LIggED
B st - Tik, TS UMEERE 2 ECT0m BELRIET S5, rO=Mic R L, WiliFELE
BEAER L, £O—f% Fig. 2 wiifi,

Fig. 2w Lk 56, @AV MTD 3, i3, B, SRS L b, YEMBoRBIZIZ, e
DEELIVLEmlERLTLESHEALHSS, LEFHOKT kTS5 2. + D FBROEHEIZE
F&A#ImBETH -1,

%% » b OWMKEZ Serial No. 6 LB KISV TRYUHIFEESIIOLE»HE1-% . O L TH%
S L 7o AR L KR 0. 9 (BRI 1979) L B WE L, BEREGIoREO L oicon T, MK

Table 1. Records on zooplankton samples collected by 13 series of simultaneous
horizontal tows with 2 to 5 MTD 56-cm closing nets from the upper 100 m
at 10 stations during the cruises of R/V Kinsei Maru in 1980 and 1981.

Serial Station Position LZT t Deptt; of Depth of Sample
No. Lat. (N) Long. (E) Date Hour collection,m  bottom, m No.
1 E 43216 140400 April23, 1980 12331243 14,21, 240 M8002, 01
2 G 43150 141100 Aprl27 » 16261636 74 7 Msond, 03
3 B 4330 4050 Jweld » 11381148 10,2040 50 M8008-06
4§ C 330 14100 Jwe20 n 12531303 10,20, 40, 70. %  MS012:09
5 C 4330  M100  Juyl4 n *20052015 10,20, 40, 70. 8 Ms0l613
6 A B30 140560 Aprilzz 1981 ool ;‘9’ ?l': 4 i R
TOA 63/ W0 AnB 0 GEEE Wae ne VRS
§ B 4330 14050 Juwnels n 16561706 10,20,40,70,100. 430  M8II511
9 [ 43436 14000 Junel9 o 16411651 10,20,40,70,100. 1220  M8120-16
10 D 43217 140355 June26 13171337 20, 40, 70, 100. 260 M8IZG2
I D 43205 140427 June2 01350155 21, 3. 120 M8129, 28
12 F 4320 14040  October7 » 1L4LILS1 10,20, 40, 70. 12 M8I3330
13 H 4330 14025  October12 v 15301540 10,20, 40, 70. W MBI

tEstimated from both of the standard wire angle (45" ) of MTD-net hauls and the length of wire cable run
out. Actual loci of nets fluctuated as shown in Fig. 2 for example. *Night collection.

* 1978 FEHABEFLUFNS (HAS3E10H 2 B, 86D TRE
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Fig. 1.

Station locations. Depth contours are also illustrated. A total of 49 samples

was collected with MTD 56-cm closing nets at these stations in 1980 and 1981.
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Fig.2 A-C. Net loci obtained with a TS Depth
Distance Recorder attached to a net
positioned at 98 m of wire length at
Stn D for 20 min on June 26, 1981.
C is an enlarged view of B, a part
of the full record (A).
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258 - TR L, TORREZHE L niKh
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A22RizStn A ® 20m R TE-EE (Serial
No. 7, B4 5 M 8104, Table 1) izou Tz
FO I (2,294 HE) TovT Rk
BT CHBIC L iclERAHE L GRIRE RS

P

MTD # , FiIC X Z&REAELTIT, @AHFOHE
FEBML & o FERIEOEN ¥ 2B RR L,
BUGORE & BT 58k 7 chb
DR SUNC S EIOWAIC L - TR 7
7 v 7 b BEROEMEL S THASSEES
I USCEEE RS ISR ESEAREE G
i 1981, 1982) =8k L1

BREER

B 73 o7 v Bk © Sl BT 5 SE0SMERSRARAENE L BEEORRY BH LT
4H G8), 6~7TH (&), 10§ (B D3FF LB TEIR LA (Fig. 3),
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Fig. 3. Vertical distribution of zooplankton

biomass in April, June-July and
October in Ishikari Bay, Hokkaido.
Numerals attached to profiles indi-
cate Serial No. of hauls (see Table
1). All data obtained in 1980 and
1981 are combined.
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SEOFERKELY UM © £FER oV Thh
£, 75 v 2+ BFEROEERMIL 1~575 mg
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T Noreac %5 b OFHERHIZL DRDBA TV S
&t 77 v 7 b v BEROEMOZEERE 1~4,300
mg-m~* (/5B 1981, 1983) L H~5 &, MAf# (575
mg-m~3)X{EL, hi, SEIOEEM (100mBlk)
A% 50m L) o~ THd - fofodhd Lh
el

408 77 v 7 b v BfFRIX 7T~575 mg-m™?
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b OB A Lz, C. plumchrus O HBEEEIZ
L8 757 DB ICbELT I EBD
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Fig. 4. Percentage composition of zooplankters collected at
20-m deep in daytime at Stn A in Ishikari Bay, April
22, 1981. Small partg (2,294 individuals in total) of one
sample (Sample No. M 8104) were examined.
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2HEL P THo-Terb, EROBSGRAMOBERL CROhAEFOERL, b T LLETE
[BCRERE LMY L > DT\ S ERTFELTVBTHA 5, C. plumchrus DAL 200~300
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Fo2 97V ARIVE 2 <E L1 FE, CTRLEFZ100m DERic B L, BERER O = ~H 51

FY#o Loz, CoOFEHICIE 50m LIRicHBET S (Sexicucnt 1975), FECHNEBEOBHFEMCED

bid C. plumchrus O BEELERL, AR © BE < 5 #ifiBH ontogenetic vertical migration
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Reproductive cycle of the scallop, Patinopecten yessoensis
(JAY), planted in Funka Bay, Hokkaido.

Kenji KAWAMATA

Hokkaido Institute of Mariculture
Shikabe, Hokkaido 011-14, Japan

Seasonal changes of the gonads of scallops, Patinopecten yessoensis (Jay), planted in Funka Bay,
Hokkaido, were observed by means of their gonadal histological features and their gonad indices.

The results obtained are as follows :

1. Gonad index (gonad weight X 100/body weight without shell) reached to a maximum in
April, thereafter decreased suddenly, and reached to a minimum in July and kept minimum level
up to November.

2. The annual reproductive cycle was classified into the following five periods according to
the maturation process of gonad; Spawning period (April-June), Recovering period (June-July),
Early growing period (July-October), Late growing period (November-March), and Maturing period
(March-April).

3. The features of the maturation process of planted scallops had the shorter duration and
smaller frequency of degenerating-absorbing stage, the longer duration and larger frequency of
early growing stage and the earlier beginning of spawning than those of cultured scallops in Funka
Bay.

4. Planted scallops in Funka Bay, began to spawn and mainly spawned at lower sea water
temperature than other spawning grounds.

5. In 1060 specimens, two types of hermaphrodites were observed as follows; The first type
of hermaphrodite observed in one specimen had a gonad with both male and female germ cells
in a lobule, the second type observed in six specimens had mosaic gonad with both male and female
lobules.

KBTI, 1971 LB RNE 2 771 REA~VGIEICHIET 2 H#OARD 1 22 L, MEOREFHin
BB L TEABRRCHVB L5l & &, 19T8ELLEBERS SRICHT URERRA B RILEN S
CECEALT, BMIENERIVLEMcB TS 5B EIhTEL, 20BE, BEALORM
2T RERMLATCINEIhA - Sicie D, 1980ELIRR DMK To+ 2 741 EFIMZ, “hiT
OFETRAMEB B 585 1 EECBBCRETS 2 L TS, Wibd SR EE e & AU

Hors A115 (19824E12H 10HZFD)
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Fig. 2. Monthly changes in sea water temperature and

average gonad index of planted scallops.
Gonad index: gonad weight X 100/body weight
without shell.
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12, 3ALwMS5 HhfgE T 3~4C Z#FL, 6 A ER*IXU», 9 AOEEME (17.3°C) 2~T
PEEMCTFRLTVS, Chica LT, 1981FEIILPRE -1 EB8¥-L-TEh, 2ATANB3AT
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ETIR, BOKREROEBIZER ZABRL,

SEFEHEIEBORELE(L

Wik 2 7 7 4 OERBIERORET(LE Fig. 21075 Uiz, ARMBLEEIL, HEMTHEELE -1
DT, == TIaMEREY —15 L TR Uiz, 198041242 4 Avpfic, ¥7-19814E2ik 4 A et (28~29)
WELTEY, ZORRMIL4 A TUH5V L5 APNCEhEhaMICET LTV 5, Shicy Tl
LG T ACIREMA T L, 117 F CiEFoi (6~7) s, #o#, EHEeeia i
12~1 A&~T3 Ad b 4 Qe Tl Lrnit,

EREEORERE

M 2 74 A OARIRBERERY, NHELY OESERICE LSV TURLERSY, Table 1 TH
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Table 1. Monthly changes in gonad condition of planted scallops in Funka Bay.

Date of Male Female Hermaphrodite  Total Range of shell
sampling [ m ¥ vV W oI m N V WV W N V no height (mm)
Mar. 7 1980 14 15 1 30 119-137*!
Mar. 25 » 4 9 10 5 28 117-140%
Apr. 14 71 9% 2 1 39 122-145*!
May 12 » 34 11 6 1 52 92-111
Jun. 16 8 7 8 81 4 18 53 98-110
Ju. 14 » 18 1 17 20 4 60 100-120
Aug. 11 » 18 1 21 40 102-118
Sep. 16 » 23 33 56 101-117
Oct. 24 » 23 29 52 105116
Nov. 17 » 7 25 4 16 52 103-123
Dec. 17 » 2 U 2 1 20 1 50 109-130
Jan. 12 1981 20 5 28 53 109-123
Feb. 17 » 13 17 24 56 111-133
Mar. 3 » 8 10 2 24 8 52 109-128
Mar. 30 » 418 5 7 18 52 112-128
Apr. 22 9 9 1 24 1 1 45 111-133
May 8 » 120 23 44 113-135
May 28 4 19 2 1 18 2 1 47 115-139
Jun. 19 » 1 1 I v 12 10 52 116-141
Ju. 18 » 16 5 19 1 2 53 114-144
Aug. 15 » 27 2 20 5 54 119-149
Sep. 12 » 16 2 22 40 125-149

Gonadal developmental stages are as follows; 11 : Early growing stage, [l : Late growing stage, IV : Maturing
stage, V : Spawning stage, VI : Degenerating-absorbing stage.

*1: Remarked specimens were planted in 1975 and 1976, and the others in 1977.

*2: l]’a;fﬂcnﬂmzed number shows the number of the scallop whose gonad has both male and female germ cells
in a lobule.
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Ecological studies on sea urchins, Strongylocentrotus
intermedius (A.AGASSIZ) and S. nudus (A.AGASSIZ)
in an artificial channel of tidal rock flat.

Katsuo SAITO and Tateki MIYAMOTO

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The following results were obtained by observing of sea urchins that appeared in an artificial

channel constructed on a tidal rock flat at Torase in Kamoenai village in 1977 :

(1) The observed of sea urchins together with three other species was found shortly after the
constraction of the channel in May. In July crabs and sea stars had also appeared and increased
in number.

(2) The number of juvenile S.intermedius was greatest from July to September (72,9 per m?
in 1978, 16.4 per m? in 1979, 70.9 per m? in 1980, 41.4 per m? in 1981). The number of juvenile
S. nudus was smaller and the highest was 9.8 per m® in September, 1981.

(3) S. intermedius and S. nudus appear to have the different life forms; S. intermedius was
found mostly on the sea-side wall of the channel in May and on the bottom in summer, while S.
nudus was found on both the sea-side and land-side walls all through the year.

(4) The test diameter of juvenile sea urchins showed constant growth through almost all of
the first year but growth stopped in the second summer. The test diameter of the S.intermedius
grew to 14.1-16.2 mm in one year, better than the growth on the Japan Sea coast of Hokkaido.
The growth of S. nudus in the channel was similar to the growth on the coast.

(5) The survival rate of juvenile S. intermedius in summer was 20. 5 - 36. 6% and the influence
of water temperature on the survival rate was discussed.

(6) Four years after the construction of the channel, the accumulation of mud and sand was

observed around curves in the channel.
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Fig. 1. Map of sampling lines (I-1I1) and stations (1-7).
(A : Sea-side wall, B: Bottom, C: Land-side wall)
Open circle : The experimental points of mud and sand sediment in Table 6.
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Fig. 2. Appearence of juvenile sea urchin, S. intermedius in the artificial channel.
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Table 1. Appearence of animals in an artificial channel from May 1978 to February 1979.

1978 1979
May Jul. Sept. Nov. Feb.

Species of animals

Coelenterata
Anthopleura spp. +
Arthropoda
Pachycheles stevensi Stimpson +
Pagurus middendorffii Brandt t +
Hapalogaster dentata (De Haan)
Pugettia quadridens (De Haan) i
Cancer amphioetus Rathbun
Hemigrapsus sanguineus (De Haan) f
Hemigrapsus penicillatus (De Haan) +
Gaetice depressus (De Haan) ¢ +
Mollusca
Ischnochitonidae -

+ + + +
4

Cellana toreuma (Reeve) K +
Acmaea (Niveotectura) pallida (Gould) + + +
Notoacmea concinna (Lischke) 0
Tristichotrochus multilivatus (Sowerby) b
Chiorostoma argyrostoma turbinatum (A. Adams) + -
Littorina (Ezolittorina) squalida (Brodirep et Sowerhy)

Ocenebra endermonis (Smith) t

+~ 4+ 4+ 4+ +
+ 4+ 4+ +

Mitrella temuis (Gaskoin) + +

Neptunea arthritica (Bernardi)

Aplysia (Varria) kurodai (Baba)

Mytilus edulis Linne t

Mitilus sp.

Chlamys farreri (Preston)

Chlamys (Swiftopecten) swifti (Bernardi)

Tapes (Amygdala) philippinarum (A. Adams et Reeve) +
Echinodermata

Cerlonardoa semiregularis Muller et Troschel +

Asterina pectinifera Muller et Troschel

Aphelasterias japonica (Bell)

Strongylocentrotus intermedius (A. Agassiz) + kS

+ + + + +

+ + + +
4=
+

Strongvlocentrotus nudus (A. Agassiz) - +
Stichopus japonicus Selenka K




Table 2. Number of juvenile sea urchin, S. intermedius in an artificial channel

from May 1978 to March 1982 (Number/m? + s.d.).

1977 vear class

1978 year class

1978 1979 1979 1980
Date 24, May 19, Jul. 21, Sept. 9, Nov. 26, Feb. 9, May 5, Jul. 6, Sept. 6, Dec. 22, Feb.
Total 353+ 454 599+ 617 729+146.1| 160+ 162| 78+ 93| 120+ 162| 164+ 206| 106+ 152| 60+ 89| 32+ 94
Sea-side wall 628+ 56.7| 440+ 407 747+1124| 85+ 64| 162+ 53| 173+ 143| 202+ 148| 131+ 159| 51+ 41| 22+ 19
Bottom 183+ 179| 754+ 789|1331+220.1| 152+ 98 59+ 73 96+ 11.7 87+ 50| 131+ 191 53+ 72 38+ 63
Land-side wall 138+ 21.0| 496+ 406| 87+ 90| 245+ 265| 22+ 32| 70+ 10| 210+ 186| 37+ 23| 72+ 103| 35+ 31
First line (Entrance) | 395+ 71.3| 66.0+ 386|2023+2403| 136+ 51| 83+ 88| 220+ 23.1| 206+ 298| 190+ 224| 89+ 89| 60+ 94
Second line (Central) | 46.6+ 368| 80.0+ 322| 274+ 27.8| 280+ 234| 73+ 106| 94+ 67| 104+ 80| 67+ 73| 19+ 20| 17+ 24
Third line (Exit) 142+ 186| 33.1+ 219| 127+ 106| 63+ 43 0 31+ 33| 177+ 179| 49+ 48| 67+ 122| 20+ 53

1979 year class 1980 vear class

1980 1981 1981 1982
Date 8, May 7, Jul. 1, Sept. 27, Nov. | 6, Mar. 13, May 22, Jul. 8, Sept. 2, Dec. 1, Mar.
Total 709+1298| 613+ 661| 186+ 222| 126+ 125| 87+ 99| 152+ 125| 414+ 416| 318+ 421| 34+ 49| 60+ 8.1
Sea-side wall 2250+309.7| 258+ 86| 116+ 112| 125+ 25| 81+ 49| 155+ 134| 169+ 178| 128+ 102| 48+ 37| 63+ 5.3
Bottom 527+ 34.3| 87.7+ 521| 232+ 106| 169+ 268| 88+ 57| 187+ 26| 621+ 255| 577+ 453| 19+ 27 0
Land-side wall 138.0+178.2| 645+ 658| 123+ 123| 62+ 49| 83+ 114| 112+ 148 305+ 208| 167+ 139| 42+ 55| 58+ 6.0
First line (Entrance) | 320+ 562| 626+ 983| 144+ 199| 109+ 137| 106+ 95| 9.1+ 80| 166+ 148 90+ 98 0 0
Second line (Central) | 264.0+1800| 803+ 524| 289+ 315| 140+ 158| 63+ 52| 243+ 117| 496+ 550 529+ 676| 29+ 44| 58+ 95
Third line (Exit) 103+ 146| 409+ 183| 131+ 91| 129+ 88| 89+ 140/ 131+ 136| 614+ 378| 369+ 170| 39+ 67| 63+ 7.8

e oM = =L M H VR A

b4



Table 3. Number of juvenile sea urchin, S. nudus in an artificial channel

from May 1978 to March 1982 (Number/m?, + s.d.).

9¢

[ E -

1977 year class 1978 year class

1978 1979 1979 1980
Date 24, May 19, Jul. 21, Sept. 9, Nov. 26, Feb. 9, May 5, Jul. 6, Sept. 6, Dec. 22, Feb.
Total 1.2+ 24| 09+ 22| 45% 7.1| 1dx 17| 1.9% 40 0 0 0 0 0
Sea-side wall 22+ 31| 05+ 14| 23+ 0.6 1.0+ 0.7| 48+ 53 0 0 0 0 0
Bottom 0 09+ 24| 59+ 9.3| 03+ 0.0c| 04x 05 0 0 0 0 0
Land-side wall 074 16 | 0:9% 2.7 48+ 67| 23+£:31| 1.5+ 23 0 0 0 0 0
First line (Entrance) 1.0+ 2.8 0 80+ 9.8 0 03+ 0.8 0 0 0 ] ]
Second line (Central) | 2.0+ 26| 1.1+ 3.0| 54+ 6.6 1.9+ 21| 36+ 5.2 0 0 0 0 0
Third line (Exit) 0 1.74 32| 01+ 0.4 03+ 05 0 0 0 0 0 0

1979 vyear class 1980 year class

1980 1981 1981 1982
Date 8, May 7, Jul. 1, Sept. 27, Nov. 6, Mar. 13, May 22..Jal. 8, Sept. 2, Dec. 1, May
Total 0 55+ 48| 61+ 55| 84+11.1| 68+106 | 89+10.0| 9.7+ 91134+ 97| 3.7+ 62| 81+11.8
Sea-side wall 0 33+ 82| 72+ 53| 148+ 80 |11.7+ 78| 1464151 | 66+ 1.7 | 146+ 65| 65+ 33| 12.8+124
Bottom 0 59+ 17| 53f 40| 29+ 26| 3.0+ 46| 56+ 32| 75+ 07102+ 36| 0.7+ 12| 12+ 16
Land-side wall 0 70+ 61| 58+ 42103+ 28| 82+ 95| 88+115|16.6+105| 17.7+11.5| 58+ 6.7 | 14.0+ 0.7
First line (Entrance) 0 b3+ 46| 7.0+ 50| 59+ 7.0| 16+ 18| 33+19| 63+ 43| B9+ 61| 36+ 56 0
Second line (Central) 0 66+ 48| 70+ 7.3|13.0+£16.7| 94+410.7 | 1944120 | 10.1+ 6.8 | 10.7+ 41| 29+ 33| 10.0+16.1
Third line (Exit) 0 50+ 5.7 41+ 42| 64+ 66 100+ 15| 49+ 29| 13.1+139|21.1+128| 4.7+ 91| 63+ 6.0




Table 4. Frequency of test diameter of sea urchin, S. intermedius in each sampling lines and parts (May 1978).

e 1 (Entrance) 1 (Central) 1 (Exit) Total
A B C S A B C S A B C S A B C S
Number/Percentage ([N % [N % |N %[N %|N %[N %|N %[N %|N % %|N %|N %|N %[N %|N %|N %
Test diameter {mm)
2 1 167 1 13| 6 56 1 34| 7 43| 1 43 1 36| 7 35]1 32|1 29]9 34
3 3 42 3 39(12 11| 2 80| 1 34|15 93| 3 131 1 200| 4 143|18 89| 2 65| 2 59|22 82
4 16 225 16 208|18 167| 1 40| 1 34|20 123| 2 88 2 71(3 178| 1 32| 1 29|38 142
5 798 7 9021 1945 200( 6 208(32 198 7 301 1 200( 8 286(35 17.3| 5 161| 7 20747 177
6 12 169| 2 333 14 182(13 120( 5 200| 7 242(25 154 4 175 2 400 6 214(29 144| 7 226| 9 265(45 169
7 11 155| 1 167 12 156)17 157 5 200( 9 31.1|31 191| 3 131 3 107|31 153| 6 194| 9 265(46 172
8 12 169| 2 333 14 182 8 74( 3 120( 2 69(13 80 2 88 1 200| 3 107|22 108 5 161| 3 88|30 112
9 6 835 6 78| 7 65(2 B80[1 3410 62| 1 43 1 36(14 69| 2 65(1 29|17 64
10 2 28 2 26(4 371 40 5 3 6 29| 1 a2 7 26
11 1 14 1 13| 2 18]1 40|1 34| 4 25 3 B4 1 321 2915 19
12
13 1 14 1 13 1 04 1 03
Total 71 100.0 | 6 100.0 77 100.0 | 108 100.0 { 25 100.0 | 29 100.0 | 162 100.0 | 23 100.0 5 100.0 | 28 100.0 | 202 1000 | 31 100.0 | 34 100.0 | 267 100.0
Mean 6.9 6.7 68 6.2 70 6.7 64 59 6.1 59 6.4 7.0 6.6 6.5
s.d. 2.10 223 2.09 2.18 2.00 1.74 2.10 178 1.82 175 213 201 174 2.08
* A : Sea-side wall B: Bottom  C: Land-side wall  S: Total
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Fig. 3. Frequency distribution of the test diameter of sea
urchin, S. intermedius in the artificial channel.
Dark triangles showed the separated size between
juvenile and adult.



ERmE B Ly =Ho4dE 29

I B

19814 5 H DM B, Lc= /87 ¥ & = fefF Ol o Jul 7. 1980
FEaAMERY, WY, S0V & & LT Table 4 o
o Lice HARMOMWOI O, FhiEz o - ’ - :egn‘iz ‘80
THRH LR AEREIRVOT, WEFEOLTOfi ﬂ ;n:lg:g
A LTREHEAYRD, =37 vy = 0B EHK . - - e
O % Fig. 312, ¥ % 254+ 7 =D &% Fig. 4 201 'JJ_IJI\—LLL :‘:213
iz Lz i ' ‘ £8 4.?

=/87 0y =T, 197845 7 24 Hiclt 6~8 mm 20 N 6, 1561
I E = KDl H 1977 ERARESIMBL L, S i< MY 1 ﬂ bpnig
REWCIHICHEABIT L, 1978 4 11 AiTiX 18~20 mm . 7 May 13. ‘81
CE—-Fdibhotos 1979465 A 9 HiTik 4~6 mm io% U—I_L:’z e m=345

— F#55 1978 EREMAMBIL, Dk & 1977 48
D€ — FIL30~32mm &/t - Tz, 1978, 1979, 1980
SERRARE L 19774 & AR B EER OB LA R L,

F 2 A THF Y= 13 S < B LA 1979 FE5E L
1980FEME DM Y Fig. 4 1R Lz, 198047 H
2 1979 4EBEAS 10~12mm 2 £ — F2i5 58 L LTHE
Lico SMBINAZET L, Bt 1 FEici4+5 1980
9 HICIREREN 16.8mm b e 7=, 1981455 A
IZIX 1980 4ERE AN A~6mm i € — F 3B BBLELTH
B L, A4 12 A 2 Bici21980 F8f 74 17.8 £3.9 mm,
1979 EFEA  37.4 £3.7mm Ltz Fio, = /37
Y= ERELTHRY 2LDT, BEHABS OREF Fig. 4. Frequency distribution of the test
LML, ThERO AR, &RAEER diameter of sea urchin, S. nudus
BROR MY Fig. 5 & Fig. 6 iR Lz, =737 in the artificial channel.

v = LR O L E DT ETOEN B B,

W UbkreliRthfix o 2 b~ A EMORESH L e <REL, 248B0H (7~9 A) il
Nopdbhb, F 2 A5+ = OMFEHMBIT 1979 EB L 1980 BT 7 AR L U9 HORERBE IR
M FIZEA LAY, 1LAB XT3 H Tk 1980 FRFOKEA TS - 72,

Frequency (%)

Test diameter (mm)

‘gm. = 1/.' Iy /c:‘

E l/l 1 | ——'J,j:;'l _,_ﬁ_f

E 3071 ,/‘i# I /
g 20 /"‘:;T /}‘:i

% s g =

= 10+ jﬁﬂ:?’ 4”“5;;;#

May JE:I. Se'pt. Nov. Jan. Mar. M'ay Jul, Se'pt. Nov. Jan. Mar. M'ay
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Table 5. Survival rates (%) of juvenile sea urchins during summer.

Species S. intermedius S. nudus

Year 1978 1979 1980 1978 1979 1980
Total 26.7 36.6 20.5 12222 = 152.7
Sea-side wall 19.3 10.9 48.4 200.0 - 448.5
Bottom 20.1 60.9 19.3 33.3 = 49.2
Land-side wall 49.4 343 9.6 255.6 — 147.1
First line (Entrance) 20.6 43.2 174 — — 111.3
Second line (Central) 35.0 18.3 17.4 172.7 = 128.0
Third line (Exit) 19.0 37.9 31.5 17.6 = 128.0

(6) FADKE L
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TEADHGHE L 4~8 H OB EIT T T OREs B 5 Mo %L BT 2 3E A EOfE (1 10 em/sec
BB TH-7m, 9~11 OO O % B oI 30 cm/sec R ik2 B E 4 B St
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Table 6. Depth (cm) in an artificial channel, December 2, 1981.

Experimental point (m) 0 20 40 60 80 100 120 140 160 180 200

Sea-side wall 150 110 55 45 100 110 180 175 180 170 130

Central 100 120 55 50 100 150 240 200 180 170 190

Land-side wall 160 120 75 85 130 200 190 200 180 240 140
= 3
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Algal vegetation of the artificial channel at Kamoenai,
west coast of Hokkaido

Masahiro KAKIUCHI, Eiji ABE,
Keiji MATSUYAMA and Takashi KANEKO

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The vegetation and the standing crop of the marine algae in the artificial channel which
was newly constructed in October 1977 were surveyed at Kamoenai, west coast of Hokkaido, from
May 1979 to March 1982,

The observations of algal coverage were made with a square 50 x50cm quadrat at the three
depths (0, 1, 1.5m) of 22 stations on the each wall of offshore and inland side of the channel.
Samplings were carried out by the SCUBA diving method at the three sampling lines; namely,
line T is the entrance of the channel, line II is the central, line III is the exit,

Algal communities were classified by means of Mountford's cluster analysis using Morisita’s
similarity index.

The results obtained are summerized as follows :

1) Ninety-seven species occurred in the artificial channel during the surveyed period, including
16 species of Chlorophyta, 23 species of Phaeophyta and 58 species of Rhodophyta.

2) The standing crop of the algae increased in spring and summer, decreased in autumn. It
showed a yearly decrease.

3) The seasonal variations in the standing crop were much dependent on those of Laminaria
religiosa and Undaria pinnatifida (. distans throughout the year. The growth of L. religiosa
arising at the line [ was better than it of another lines.

4) The vegetation on the walls of the channel changed from the simple constitution to the
more complex one during the period 1979 to 1981 ; viz, the three communities on the wall of inland

side to the seven, the six on the wall of offshore side to the ten, respectively.
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Fig. 1. A map showing the location and topography of the artificial channel, and the site of
three sampling lines. Numerals indicate the station number.
w : Control station.
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Table 1. A list of the algae arising in the artificial channel at Kamoenai in 1979-1982.

Wall of  Wall of Wallof  Wall of
offshore  inland  Bottom offshore  inland Bottom
side side side side
CHLOROPHYTA Dumontia simplex + +
Morostroma angicava + + + Hyalosiphonia caesprtosa +
M. undulatum + Melobesioideae + 4
M. fuscum var. splendens + v Corallina pilulifera + +
Kornmannia zoslericola + Bossiella cretacea - +
Ulva pertusa + + + Jania nipponica -
Enteromorpha inlestinalis + + + Grateloupia filicina + +
E. linza + + + G. divaricala e + -
Cladophora opaca i + G. livida + + +
Cl. sakaii + + G. okamurai + +
Cl. albida + G. turuturu + +
Cl. stimpsomit + + + Carpopeltis affinis +
Chaelomorpha moniligera + + Pachymeniopsis yendoi + +
Ch. crassa + Gloiopeltss furcala g Bt
Bryopsis pulmosa + + Gaulacanthus okamyyai + +
B. hypmoides + + Gymmogongrus flabelliformis + +
Codum fragile + (igarting tlermedia +
PHAEOPHYTA G. japonica +-
Ectocarpus sp. ~ + Chondrus ocellatus + +
Ralfsia fungiformis + + Ch. yendoi =+ +
Sphacelaria sp. + ks Ch. pinmudatus . pinnulatus -
Dictyota dichofoma + + + Ch. pinnudlatus {. armatus s
Dichyopleris divaricata + + + Chrysymenia wrightit +
Sphaerotrichia divaricata + + + Palmaria palmata + - 4
Leathesia difformis + + Lomentaria catenata -
L. yezoensis v + L. hakodatensis + - -
Analipus japonicus + + Champia parvula + +
Desmarestia ligulata + - Callithamnion sp. + 4 +
D. viridis + + Anfithamnion wifpenicum +
Punctaria latifolia B + + Ceramium kondoi” + + +
Scytosiphon lomentaria + - + C. japonicum + + +
Colpomenia sinuose e + 3 Campylacphora crassa + +
C. bullosa + + C. hypnacoides + + -
Petalonia fascia + + + Delesseria serrulata + - +
Laminaria religiosa + + —+ Phycodrys radicosa +
Costania costata 4+ + + Acrosorium yendoi +
Undaria pinnatifida {. dislans + + s A. polyneurum + +
Sargassum thunbergii + + RS Helerosiphonia japonica + +
S. confusum + + + H. pulchra + + +
S. miyabei - - ke Dasya sessilis + + +
S. sagamianum var. yezoense 4= + + Polysiphonia morvouti + 4 4
RHODOPHYTA P. japonica + + +
Bangia fusco-purpurea + P. yendoi & +
Porphyra yezoensis - + - Chondria crassicaulis + + -
P. tseudolinearis + + Laurencia okamurai $ + +
P kinositai - + L. inlermedia +
P. wriegata - s L. nipponica . + +
Nemalion vermiculare + -+ Symphyocladia lafiuscula e 7 +
Bonnemaisonia hamifera + + + S. marchantioides T+
Gelidium vagum + + -+ Neorhodomela aculeata + < +
Plerocladia capillacea + +
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Fig. 6. Seasonal variations in algal coverage shown on the average
at each station from March to December, 1981.
Ch : Chlorophyta, Ph: Phaeophyta, Rh:Rhodophyta.
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Table 2. Species composition, showing more than 5% in coverage, of the Laminaria religiosa and the Punctaria latifolia communities.

P. latifolia

S. confusum, P. latifolia

Depth May, 1979 May, 1980 May, 1981
§ M. angicava, E. linza, P. latifolia, M. angicava, D. viridis, P. latifolia, P. latifolia, S. lomentaria,
5 b S. lomentaria, C. st:nuasa, S. lomentaria, C. sinuosa, C. costata, L. religiosa
'-§ g U. pinnatifida f. distans, U. pinnatifida f. distans, L. religiosa,
o] E P. yezoensis, L. religiosa Melobesioideae, C. pilulifera
g 8 5 P. latifolia, D. viridis, D. viridis, D. ligulata, P. latifolia,
¢|.8 9| 1m | 5. lomentaria, C. costata, U. pinnatifida 1. distans,
_g § L. religiosa S. confusum, S. lomentaria, L. religiosa
Q 1.5m | D. virnidis, P. latifolia, L. religiosa L. religiosa
olg M. angicava, E. linza, C. costata, E. linza, S. lomentaria, L. religiosa, C. stnuosa, S. thunbergii, M. angicava,
s ;Q; Om | S. lomentaria, S. thunbergii, S. confusum.| S. mivabei, P. latifolia Melobesioideae, P. latifolia
= P. latifolia
5 = E U. pinnatifida f. distans, D. viridis, L. religiosa, D. viridis, C. sinuosa, L. religiosa,
§ s| 1m | S. thunbergii, S. confusum, U. pinnatifida f. distans, S. confusum, S. mivabei, P. latifolia
S0 L. religiosa, P. latifolia S. confusum, P. latifolia
= 15 L. religiosa, P. latifolia L. religiosa, C. costata, P. palmata, C. sinuosa, S. confusum, P. latifolia
€ [L5m P. latifolia
M. angicava, P. latifolia, Cl. opaca, Cl. sakaii, S. lomentaria,
3 S. lomentaria, C. costala, C. costata, U. pinnatifida f. distans,
8 0m | U. pinnatifida f. distans, S. confusum, N. aculeata,
-_g" E. linza, S. confusum, L. religiosa Melobesioideae, C. pilulifera,
2 g P. palmata, P.japonica, L. religiosa
E = U. pinnatifida f. distans, D. viridis, P. latifolia, S. lomentaria, D. vinidss, P. latifolia, C. sinuosa,
L8 8| Im | S confusum, L. religiosa U. pinnatifida f{. distans, C. costata, U. pinnatifida {. distans,
‘% |-E S. confusum, S. mivabei, L. religiosa Melobesioideae, P. palmata, L. religiosa
d § P. latifolia, D. viridis, D. vinidis, P. latifolia, C. costata, P. latifolia, C. sinuosa, C. costata,
= 1.5m | U. pinnatifida f. distans, U. pinnatifida f. distans, U. pinnatifida {. distans,
5 L. religiosa S. confusum, P. palmata, L. religiosa Melobesioideae, P. palmata, L. religiosa
‘= M. angicava, D. viridis, P. latifolia, M. angicava, E. linza, S. lomentaria,
=|.8 Om | S. lomentaria, U. pinnatifida {. distans, C. sinuosa, S. thunbergii, S. confusum,
g :§ S. mivabei, D. dichotoma S. miyabei, P. latifolia
'g D. viridis, C. costata, P. latifolia, L. religiosa, S. confusum, S. miyabei, S. lomentaria, C. sinwosa, S. confusum,
E tin U. pinnatifida f. distans, M. angicava, S. lomentaria, Melobesioideae, P. latifolia
B 8 S. confusum M. undulatum, D. viridis, C. sinuosa,
|9 P. palmata, G. turuturu, P. latifolia
= D. viridis, L. religiosa, C. costala, D. viridis, D. ligulata, C. sinuosa, D. vindis, C. sinuosa, P. latifolia
‘E 1.5m | U. pinnatifida {. distans, L. religiosa, U. pinnatifida f{. distans,
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Seasonal variations in growth and chemical
components in the blade of Laminaria religiosa
MivaBe in Oshoro Bay, Hokkaido.

Eiji ABE, Masahiro KAKIUCHI,
Keiji MATSUYAMA and Takashi KANEKO

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

Investigations were made from January, 1980 to November, 1981 on seasonal variations in
growth, chlorophyll a content and internal reserves of nitrate-N, nitrite-N, ammonia-N and phos-
phate-P in an annual laminarian, Laminaria religiosa Mivase, collected in Oshoro Bay, west
coast of Hokkaido.

Data of growth were obtained by measurement of the distance between series of holes punched
in the blade at intervals of 10cm from the transition zone between stipe and blade. The results
obtained are summarized below.

(1) The growth of blade length was observed throughout the life span but the maximum
length was 128.0cm in May.

(2) The level of the seasonal fluctuation in the growth rate was high during February and
April and the maximum value of 0.10 (cm-cm™'-day~') was obtained in February.

(3) The growth of the blade length was faster between February and May than during the
rest of the year and the maximum value of 25lcm-day™' was obtained in April.

(4) The maximum growth rate of the blade was 0.11 (cm-cm™'-day™) and this value was
obtained below a level of 10em from the transition zone in February.

(5) The overall growth of the blade including the cast-off tissue was estimated about twice
as large as the actual growth on November 27, 1981.

(6) The highest value of chlorophyll a content (mg-g dry wt.”!) was obtained at the upper
portion of the blade during February and September, while the lowest value at the lower
portion.

(7) The high nitrate-N content of the blade occurred during January and April. reaching
the maximum value of 807mg-g dry wt.”' in February, while the depletion of this internal ni-

trogen reserve was exhibited during August and December.

WuHes  A118 (19824E12H 10H S8
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(8) The level of the seasonal fluctuation in the ammonia-N content in the blade was high
during January and June and reached a peak in February. The maximum value was 3.35mg-g
dry wt.™ and this nitrogen reserve was much more than the amount of nitrate-N content in the
blade collected during June and December.

(9) The seasonal fluctuation in the growth rate of the lowermost 10cm of blade was similar
to that in the tissue nitrate-N content.

(10) The curve of the seasonal change in the internal nitrate-N content was parallel to that
in the concentration of dissolved nitrate-N in ambient sea water with a time lag of about one
month.

(11) The elongation of the blade correlated positively well with the increase in daily quan-
tity of energy accumulated by direct solar radiation, and seasonal variations in the actual growth

of the blade and the blade area index showed a trend very similar to that in energy of solar
radiation.

] a

Y A2 Laminaria religiosa (3—440 2 v 7BIWTEH D, dbBEICET AL = v FEIZR
EAL Y, DoEEEL P, L L, KEEOLHHIRT S S AR R
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Fig. 1. Map of Hokkaido
showing the investi-
gation site in Oshoro
Bay.
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95% confidence limits.
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Table 1. Seasonal variations in the growth rate and growth/day
of the actual blade-length in 1981.

Investigation Number of grl\g“:ﬁg ?;te . g)l:f:g /(:ifay
date days (cm-cm'-day”!) (cm-day')
1981

10 Feb. —10 Mar. 28 0.020 0.822
10 Mar.—20 Apr. 41 0.015 1.074
20 Apr. —15 May 25 0.011 1.193
15 May.—22 June 38 —0.001 —0.176
22 June —23 July 31 —0.012 —1.239
23 July —25 Aug. 33 —0.009 —0.645
25 Aug.—30 Sep. 36 —0.009 —0.488
30 Sep. —12 Now. 43 —0.006 —0.235
12 Nov.—27 Nov. 15 —0.014 —0.422

Table 2. Seasonal variations in the growth rate and growth/day of the
blade below a level of 10cm from the transition zone in 1981.

The figures in parenthesis represent 95% confidence limit.

Growth rate (cm-cm™!-day™)

Growth/day (cm-day™!)

Investigation Number of - -
date days Range Mean Co'l'ifr;ldif;m Range Mean Corllifnu%:snce
1981

5 Feb. —10 Feb. 5 0.062—-0.152 0113 0.0104 0.700-2.060 1421 0.1589
2 Mar.—10 Mar. 8 0.065-0.115  0.088 0.0138 0825-1738 1215 0.1308
10 Apr. —20 Apr. 10 0.016-0.142  0.106 0.0109 0.170-2.760 13805 0.2288
6 May —15 May 9 0.033-0.108 0071 0.0074 0378-1678 0977 0.1283
10 June —22 June 12 0.000-0.044  0.018 0.0040 0.000—-0558 0209 0.0510
13 July —23 July 10 0.000-0027  0.008 0.0026 0.000-0300  0.082 0.0294
12 Aug.—25 Aug. 13 0.000-0.007  0.002 0.0014 0.000-0.077 0018 0.0142
18 Sep. —30 Sep. 12 0.000-0012  0.003 0.0016 0.000-0.133  0.034 0.0164
22 Oct. —12 Nov. 2 0.000—0.008 0002 0.0013 0.000—-0.086  0.025 0.0141
12 Nov.—27 Nov. 15 0.000-0.016  0.002 0.0020 0.000-0.173 0021 0.0208

Table1 = Figs. 7 & 8oLz, —HY b Whito A EROEM DAL 2~3 A L 12 ligE2h

0.020 %R L, FOBE2ICHLTEY 5 Hpht) F TIRIEOMET, FERTMM LI,
HotERit4 H Fi~5 AR ERORKETSH S 1.193em - day ! %5 Lic, ZTORRMTOERR,

—4.

—HY H DR

SERELAOMATL, 7HICIZH#ET —0.012, #ETIE —1.239cm - day ' &7 0, FLLV “Khih

RE" #rRL1.

(2) EREFECIIERRLERROTEL
a. EEETHS 0~10cm ok EEE L EER
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Fig. 3. Seasonal variations in the growth
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the blade below a level of 10em
from the transition zone in 1981.
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Table 3. Seasonal variations in the growth rate and growth/day of the blade
in 1981. The figures in parenthesis represent 957, confidence limit.

—— Moanbiar o Growth rate (cm-cm™! -day"‘) Growth/day (cm-day™')
date days Range Mean Cogn%\ce Range Mean &ﬁn%me
1981
5 Feb. —10 Feb. 5 0054-0152 0103 0.0149 0.700-2.060 1477 0.1498
2 Mar.— 10 Mar. 8 0.024-0.081  0.042 0.0080 0950-2013 1478 0.1814
10 Apr. —20 Apr. 10 0.018—0.105  0.038 0.0065 0.380-3.380 2512 0.2812
6 May—15 May 9 0007-0.042 0015 0.0028 05332422 1494 0.1559
10 June —22 June 12 0.000-0011  0.003 0.0008 0.008-0725  0.340 0.0645
13 July —23 July 10 0.000-0.005  0.002 0.0005 0.000-0.340  0.144 0.0314
12 Aug.—25 Aug. 13 0.000—0.003  0.001 0.0005 0.000-0.108 0051 0.0215
18 Sep. — 30 Sep. 12 0.000-0.005  0.002 0.0006 0.000-0200  0.058 0.0237
22 Oct. —12 Nov. 21 0.000—0.007  0.001 0.0008 0.000-0.110  0.012 0.0443
12 Nov.—27 Nov. 15 0.000-0.016  0.002 0.0017 0.000-0.173  0.028 0.0237
fic ki Ao 2 oA Uiz
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RO |- FHO 3 ADBNAENS, EFeEDsree 7 4 a BEEBTS L, ERO FBAEL
2 HizBE XN 5.434mg + g dry wt ' R L, #0877 B ¥ THRECEA L, 7 iz FH o BME
1.453mg - g dry wt.™! kigoifz, 8 HiTik 2.300mg - g dry wt.”! L HUHMN A RDHH, TOEROM
bt d, WESTIO 12 A FHTY 1.8%Mmg - g dry wt.™' T ho 7,

TOLAT, kY A=y 7OERERY IO, v a7 4 4a OEFRIL, SEHCE L CEVIEZRE S
h, EEOAERCHE - T LT LM RS by, B LclEETENTERDS 8~ 9 HEH
2.1mg - g dry wt.”' {fATc IR SR AR Lz,

(2) EBEHEHROZEL

RV A2y FEEKC ST AEERERY D ONO, , NO,, NH; /cH 00 PO id FEMZ (k% Figs. 11
& 121275 LTz NO; it 2 A FaicER O E 8. 074mg- g dry wt.™! 75 LizAs, ¥ HICiX 3.266mg g
dry wt™' ZBH L1, 4 B ERCHOEBCHEMLT 6.902mg - g dry wt.™! (oo tedd, FhLliBRi
SBEBMCHM LT E, 6 A FRICIIBEAROI0% L Ficit»7e 8 ALUERIZH ¥ Tid < Hins /i
MNEEIRA, NO, BiEAD 1% LFOETH- 1,

NO; BidEficd e, FERORAMAT Lic1 Adf) T4 0.149mg - g dry wt.™! TNO; © ARy
D2% LTl E st ot E6hic, 3 HUBEOMAEE L <, 3~6 HIXBREHO#20~30% fE<,
T~12AICita~6%icic ), TOSHRIMEBEE LRz 5,

NH; f0EEOR AL NO, D§140% Th - t24t, FOBEBEOMRIE NOy 08k & il L 12, L
L, 6H FHLl#geo NH; oA EEzbind, 126 AL NOy L b L@y %R L
too BVBLEEWEIL 2 B TRCEZE SR 3.350mg - g dry wt.™! ThHo7245, 3 0 P acpd LT
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0.856mg - g dry wt.! L7z, 4 A FWICIZHUHMLT 1.536mg - g dry wt.™! Efeot, F1:,
NH; fii2 8 ME TS 9 H FHO 0. 144mg - g dry wt. ! T, NO; % NO; 10 & 5 @sicdltBEsh
fehrotz, fods, ka8l 3 BBEH#L, TR L11H LEEE S @isTh 528+ 2 HA1EBH bRz,
POY fikix 2 A FHICHEMORANE 1.365mg - g dry wi.! AB#ESh, £0MH4 A+ THD % 802
#, 6 B UL T E, 7HICI21.030mg - g dry wt.! k@i [lAVBE IR, LL, O
# POU MZEBSIZMA T 54, 9 ¥ CIREORPEIG IV -1

EdD L5z, @ BRICEETAZERBERRILFNLPRCH <, BE~KFCE firlEZh
oo 1z, POV BMIZOIR L HFCH E REShis

Z =

FRoREY L THOBES Fig. 13 wpilis,

a2 v FHOEFIZoWT Parke® (%, L. saccharina © #fE BEEE L TE 0, AR iz ¥
OEFCHDTH LR L, FORMERZROTOBAKERD 2~3 i FELE LTS, 1z,
Suxpene® (L, L.digitata OFEFEOEERBERNTCEELEVE L, Fo@atmcEkokinc
S TE S, Eho LA - THEMEM LT A2 G L TV 2,

—F, FY 2 avFOERZOVTIL, BENSY 2, SHiTHY 2 2w 7OEKD K5 5emd b
CHICERL, FREROBERYT-1, FhickdE, ZoOBMOERRIFFCHEL, FEBDORAML6
HEf 2em - day™! AYHE XK, WRARZERCE > EILTAZ &%, o AR TR BAM
AT TE Ahf), BB TIES A THD L L, WS TERDBAMIC 1 » AOEDHSH = L& #
H Ll SEOPHB BT 2H/ET, AMOEEOKLTH S 10em AL ¥ TOLERE 24 AhHc 1.8
cm - day™ KT, 218 Ah~TFHWICEE L o0, EBHIGP 25B<TV5 X 5 i fenss
2L LBEERRA TS NACH 0% LrBEShih - . EROBAMIRESNS Y 0fit L[
Be5 Arhfnic@%E S h,

2y 7EOLER (em - day™) OFAffi% Table 4 1R L1z, + v 4 = v 7OEEDO LR, Ak
OO~ 1/2~1/5 L4555, NEEOHM: XA 2R EOMETH -1,
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e L e e CHIBIA R S i e - 22 L SO
rature at Oshoro Marine Biological ASOREMRMHCLZL 04, Eolfficy s
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1971 to 1980. Daily cumulate di- ERELTVAZLARELTVS,

rect solar radiation was estimated
FV A2y FEFEAD I 7 ;0 A
by data of the Japan Metearolog- “ RN 1 a BROGH

ical Agency at Sappera for 1971 to R (mg - g dry wi™0) i3, BOERBCHRERT
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Table 4. The mean growth/day of laminarian plants during
season of maximal growth range.

Growth/day (cm-day™!)

Species Min. Max.
Laminaria saccharina 1.7 4.87*
L. digitata 0.6 1.3
L. ochroleuca 1.3*
L. hyperborea 0.94'0
L. longicruris 0.9312 35w
L. pallida 1343
L. japonica 5.32*
L. japonica var. ochotensis 1.6
L. angustata 8.15%
L. angustata var. longissima 6.84 13
L. religiosa 2n 2.5] this study)

(*) : after Kain®,

TERCH~X2 m e 7 naffnidbion, hit, EEEBEOERRYERIC AL, B4 IO 7 @
774 a OESERBA TS L, e kO TR T ERO 2 S EOfiAFH Sk, REEEL N
TELHEERCIE 7re7 ;4 a BITEAOTERTL Y EEBR TS EHBIKS Z ETHHSH
by

Brack & 23 L. saccharina & L. cloustoni OPD NO;-N it & FhbD EF LTS Kb 0
NO3-N O FEMHA( e EL LTk D, = » 7EEHEAD NO-N fiide L OB RIRHERbD NOy-N h &
PEY BB = L&k LT, Caarman 51 (2, L longicruris OFEEOEREE LDOFEAB LY 27O
EFHT5 fikh © BREZE (NO;, NO,;, NHy) & PO ROFEML(LELE~, = 7EEFEHD NOy
Wit @K NOy fic#e U2y R L, 261 2 v 7EEOS RN END NO, Bt U ZEHE (L
HRTCERPEL, NOs 22 v 704 R L -~ THELFHRERTH S & L, Bl =& "Wk, =
24 2w 7 L. angustata, =7 227 L. religiosa, ==+ 7 L. japonica D3I HEH L, Th¥
ho= v 7OEND NO-N BEOERWE(LEs L O, BHOERLE-, Brack B F LT Cuarman
B2 DR TS L, o v FERAICIE X NOy-N g Kb oS il ol (RO EHIC
Auvbh, FRIcER Sz NO;-N o@EOR 2L D F0HROEFICEDH T { HfEMERRBE L1,

DieckMan '™ (37 7 ) Akt L. pallida OEEDER BT EFBHOX = 5 L & - OFHEL
EX—HL, SHCEMCETTHEEOERREE, TOKBECET S =4 ¥ - ORMERICE U1K
PERLIZEMHE LTS, GaonE b Wk, RERUDRILBCEF TS L. longicruris DEH O
R E RO, Az NOT AVHES Rc fE76 T 2 MUl Tk o Rk DREI#E L = %
nF— LRROFCCHECEUTA S ERBBEL, Xt ¥—tia v 705FEHRTLH—ER/TH
HELT, Dieckman'® O+ 4 L1, 26ic, #@KFbONHuINO, @, =2~ 7OANDFEEL
LTHEELHSTHE L L1z (cf. Haines and WaeerLer?, Torinka®’, Hanisak?®),

ABECTIRAY £ 2 v THEEOLTEH S 0~10cm HAr o4 FR, 4R Eldo NO, fi & oL  Eil
LAEMZ{EE a5 L (Fig. 13), Caarmax 6% O X FRiCcERND NOSAvE Y 2 =2 v 7O H
MboTWBI LRI, T4, —8BIC, FFOERBERFEORILCH L, MBI hi: NOy
i NH; BT Shflflshs L LT3, A& TL =~ 7#FNO NHy B2ERECA 3. 35mg-g dry
wt. ! T NO, ROBABFDO 0% 1452 BEEh, NH; 2 NO, LBl Li-FHE(EERAL. Lt
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6 LB NO, L b 4 @S BEShi, + v 4 2 v 7EERO NH; 2 NO; OB SERFEE I /¢
<728 AL E A T o R A B LT A LD LIRS,

AHEBRED NO, Bz 4 JICFEHOBANE 16 pg-at- 17" LLEDAR L, SO 10 510 Lol %
Thic™, KPFETH Y 4 2 v 7 OEHFEND NO; Rk, fikeho NOy it &k 1 » HBRTEL LA FH%
feA7 L(Fig. 13), HEEIcu-Th Crarman BB LT Gacne B O L [Mkic, fEAho NO,
ez v FEERO NOy ROMBICEECME LTV 32 b MEShI, ¥4, S 423w 70O
D5 0~10em Mo 4 RmIz, 2L 4 B CHHICHCESBE SRS, 3 HOERRLZHALD b
14~33% SEVHER Lo Ziug, BB T2 A0k NO, kst 272 &, 3 AOF#IkIC
EHEBROAMAKRE ST D, Bacidh v 4 2 v 7Bl L CEROIEEIMET Lics &, JEiFEK
ROBRCIREIHE, = 7OEMFC G2 b b NOTRARD Lz &k b, ERHD NO; 0ERHR
A LiciedicBEXBRThELE2 5,

Diekeman' 36 L 00 Gaone B (L, = v 7 HOERCZREON = 3 1 & — OFEIE L —HAC
B LTw A E L, BBEBCE T, KRISRO T L ¢ K3+ — DB ST B AR L,
BAPD NO, OFMB{Z =5 ¥ —, KESIOHEY 77> 7 + v ORESLFE{MBELTVS L
Bbhs, BRILY BXU4GEIDFEENS, v 22y 7OEFEOMEERRE, AMBMEEAHFED
WO THIINT BB SBIEE SR, ¥ 7, BRE X OERBHEICY 02z, BREBUTILE R RO
FEACE Lice BLED T 2inb, v 4 2 v 73K, S8HS L OO MpBYBEEROMEY
RFeA 54, EEMCII =% 4 ¥ - ORBECEE U ifA R oz LR Eh D,

£ #

1980 44> &5 1981 4. WKV MBTH R OWRF-FAESLREL, v 2 2 v 7OMMRER, EHEA2
RRZ4haky, BMESERIMES LOCBBOSEROFNHELAHAEL, UTomREEL,

D kv 22y 7 DEKOMELRBZMFETHATED, EEORAMI 5 ArhclZsh, 128 0cm
THotzo

2) ERFR2~4AF@ElirRL, 2 A LR ER oA 0. 103 (em-em-day™!) HEE Sk,

3) EREZ2~5 HIc@fidoR L, 4 B M o B fi 2.512em - day™! TH ot

1) WEEOMEARREROERCIES R LR L, EEOKE S 0~10em L0 AR R
2~4 Qg Exa L, 2 H B EBof ko 113 (cm-em™ - day™) THh-1

5) BEERIII AT AL EATOBRKEROM 2 fFiET 5 L8 Shi.

6) EMEARD 7w 7, La Gk (mgog dry wto) 1, SRR S T\l 2 Bl%E Shio, ¥
o, 2~9AFCEED LT CRLEVC-ETE (AR 8. 075mg g dry wt.™), THTRLE - S
(fKIRE3.644 mg-g dry wt.™) 2B hiz,

7 EEADNO, FHRZ, 1~4 Jo@dTEv-flizsL, 2 A FhcgER o8 074mg-g dry
wt. IR E At 8 A LIBEBIREICE F L,

8) MO NH, &HRIL, 1~6 Biciuaasil, 2 A FacEMofkiEs. 350mg-g dry wt.!
ABE Sz, NHy &8, 6 AL NO, X b L E\ 2 1% S h, NO, o HRFEE /s > 72 8 AL
FRiTIEEE R T DB ME R LT WA EpuRE I h,

9 EFEOKTHD 0~10em HEEOA R, 4 EREHEHO NO, GHi L < EHU LAFEME (LR L
o
10) #EENO NO; GH R, #kho NO, OB L Fiid e Lics
1) SthofbRA R, BRBEGE A ROMINE & LIciT BEA S BEEShi, AV A2y
DEGD HpiF O L HERISH (m*-m ?) (2, BRIRGLIE B SR X B LA R 2R Lz,
12) Rl L7cRSHA G, &Y 4 o v 7KR, REESOREEROBELZ T2 b 4, KRk
= F K — ORFEICIE U AERR 2o C LR S his,
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The ecology of Laminaria religiosa MIYABE

I. The life history and the alternation of nuclear phases
of Laminaria religiosa, and the physiological ecology
of the gametophytes and the embryonal sporophytes,

Takashi FUNANO

Hokkaido Institute of Mariculture
Shikabe, Hokkaido 041-14, Japan

The ecology of Laminaria religiosa Mivase, Hosome-kombu, had been studied by the labo-
ratory experiments at our Institute and the field works in Oshoro Bay and at its surroundings

(the second report), from 1962 to 1979. The results obtained are summarized as the follows.

Life history and alternation of nuclear phases

1. The life history of L. religiosa was obtained by the summarizing the results of this
study and of the previous papers (Hasecawa et al, 1963; Sakar & Funano, 1964, 1965; Funano
& Sakal, 1967; and Funano, 1969). The alternation of nuclear phases was examined by the
staining methods of Wittmann (1965) and Evans (1965).

2. The life history of L. religiosa agreed with the results obtained previously on this species
(Ixari, 1921; Uepa, 1929; Kanpa, 1946; KinosuiTa, 1947 ; Yasu, 1964 ; Saka1 & Funano, 1964;
and Funano, 1969) and those of Laminariales members summarized by Fritscn (1945).

3. The life history of this species in Oshoro Bay is as follows. The first embryonal sporo-
phytes of 3-5mm in length are observed in (late November -) December, and the sproutings are
continuing for 4-5 months. Some sporophytes develop sori from (late June -) July, and the main
swarmer liberation begins in (late September -) October and ends in November (- early December).

In October, some dwarfs of the latest sprouting population and few dwarfs of the early ones
renew the second-year blades. In the following vear, however, they are detached from substrata
in June before maturation. Namely, this species can be considered annual.

4. It was confirmed that the gametophyte was haplont and the sporophyte, diplont. About
a zoosporangium, the five successive nuclear divisions occured to form 32 swarmers and the first to
the second one was the meiosis.

5. In the nuclear divisions, the number of chromosomes of a zoosporangium, a male and a

WrFs A119 (19824E12H 100 =8)
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female gametophyte were counted n=22 (indistinctly in males) and that of a somatic cell of a

sporophyte, n=44.
Physiological ecology of gametophytes and embryonal sporophytes

By some culture experiments from October to December of 1975, the physiological ecology
between laminarians (gametophyte : growth, maturation, sperm liberation, fertilization, sex ratio
and viability (survival rate); and sporophyte : growth and viability) and the environmental condi-
tions (temperature, luminous intensity, day length, sunlight, ultraviolet rays, specific gravity, pH
and velocity of flow) was investigated. And the settling abilities of floating gametophytes and
sporophytes were observed. Some supporting experiments were carried out from December 1981
to June 1982.

During the experiment in higher and lower critical luminous intensity, the illuminations were
obtained partly with photograph reflector lamps and mainly, with white fluorescent ones as well
as the other experiments. Except the experiment in velocity of flow, the culture media were used
ESI (Tatewaki, 1966) and its modified ones. Except the supporting experiments, 0.2 g-mesh-

filtered sea water was used without autoclaving in ESL

Combination of temperature, luminous intensity and day length

1. Under the combination condition of the temperatures of 5, 10, 12.5, (only 5,000 lux & 12
hr in day length) and 15°C, and the intensities of 1,000, 3, 000 and 5, 000 lux with the day lengths
of 8 (only 10°C) and 12 hr, the laminarian ecology was observed. The temperatures were
determined from 15-5°C in nature (Oshoro Bay) from November to March, the laminarian
embryo sprouting season.

The supporting experiment at 5, 10, 12.5 (only gametophyte) and 15°C, and at 5,000 lux with
the day lengths of 12 and 16 hr, was carried out with the culture media using autoclaved sea
water for gametophytes and 1 p-mesh-filtered for sporophytes.

2, Under the suitable condition of gametophyte maturation, females grew in thickness to be-
come fertile without cell division, but males with it indispensably. The maturation pattern was
protandry.

3. As gametophytes reached to maturation, the cell divisions of both the males and the females
were retarded suddenly. On the other hand, at or near the condition of immaturity (more than
20°C; less than 50 lux at 5 and 15°C (off the optimum temperature); axenic culture; and unialgal
culture) the divisions had been occuring. Near this condition, a part of cells of a gametophyte
became fertile, and this tendency was observed in the males at 1, 000 lux, and the females at more
than 10°C at 1, 000 lux.

4. The longer in day length, the rapider in cell division of a female as well as of a male.
The suitable temperature and luminous intensity in both the growths were 15°C and 5, 000 lux.

5. The lower in luminous intensity, the larger in dimension of a female mature cell. The
higher in temperature, the rounder in its shape.

6. The longer in day length, the earlier in maturation of males and females. Their suitable
temperature and luminous intensity were 12, 5°C and 5,000 lux. The maturations were affected by
temperature, luminous intensity and day length, in this order. Under the suitable condition, a
female population fertilized almost completely by about 10 days after culture.

7. A number of liberated sperms (empty spermatogonia) and a percentage of sperm liberation

(a number of liberated sperms/a number of all spermatogonia) of a male showed an increase in
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proportion to its cell division.
8. [Except at the suitable temperature, both the maturations of the males at 3, 000 and 5, 000

lux were substantially the same, but that of the ones at 1,000 lux was late, especially at high tem-

perature,
9, Under the conditions that gametophytes were able to survive and to mature easily, there

was no significant difference in sex ratio.

10. The longer in day length, the rapider in embryo (sporophyte) growth. The suitable
temperature was 12.5°C, and the suitable luminous intensity was 5,000 lux except at less than
5°C. At more than 3,000 lux, day length affected on the growth above illumination.

11, At less than 5°C or at less than 1, 000 lux, even if the other culture conditions were satisfied,

embryos became undergrown remarkably.
12. At less than 12.5°C with the day length of 16 hr (not to occur in autumn in nature) there

was an increase in parthenosporophytes judging from abnormal cell division, and the percentage
fertilization became gradually lower than with the day length of 12 hr. This phenomenon seemed

to happen by the abnormal day length and autoclaved sea water in ESI.

Falling temperature

1. At the four falling temperatures, 25-+20 (T : temperature, d : number of culture days; T=
26.1-0.3d (r=0.95)), 20~15 (T=20.6—0.2d (0.96)), 15—10 (T=15.7—0.2d (0.95)) and 10—5 (T
=10.9-0.2d (0.97)) °C, and at 5,000lux with the day length of 12 hr, the experiment was carried
out. The temperatures were determined by the falling one of 25-5°C from August to January in
nature, the season from laminarian swarmer liberation to embryo sprouting.

2, At 25-20°C, few gametophytes (especially the males) were able to survive and became
sterile. The growth in cell division of these females was next to that of the ones at 20--15°C,
but their thickening (growth in thickness) was slow remarkably. And their cell shapes were most
round among the males at the other temperatures.

Excluding at 25—20°C, the viability, growth, maturation and sex ratio of the gametophytes
were not influenced by the falling temperatures noticeably.

3.*%' The cell division of a male at 20—15°C had been occuring constantly, those of ones at
the other temperatures, however, did not occur after 10-15 days. Males multiplied cells in the
order of 20—+15, 1510 and 10—-5°C.

4. The sperm liberation was the earliest at 15—~10°C and the latest, at 20—15°C.

5. The cell division of a female at 20—+15°C had been occuring and the cell grew the largest
among the ones at the three temperatures. Most females, excluding at 20-15°C, became fertile
without cell division. The cell shape at 10—+5°C was the most ellipsoidal.

6. The fertilization was the earliest at 15—10°C and the latest, at 20--15"C.

7. There was no significant difference in sex ratio at 1510 and 10—5°C, while at the other
temperatures, especially at 25—+20°C, the males were less than the females. The percentage of males
at 20—+15"C was about 40 % after half a month (after culture start).

8. The growth of embryos at 15-+10°C was the rapidest. Both the growths at 20—15 and

10—-5°C were approximately the same.

*1: The results at 25—20°C are excluded in the following items, excluding the No. 7.
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Higher and lower critical temperature

1. At the temperatures, 27.5, 25, 22.5, 20, 2, 0°C and 22.5 (a month)—10°C (22. 5°C constant
for a month and being dropped to 10°C for 20 days: T=21.4-0.55d (r=0.96)), and at 5,000 lux
with the day length of 12 hr, the experiment was carried out. The temperatures were determined
by the highest mean for ten days of August (divided into three periods) and the near temperature
to freezing point at shallow reef of Oshoro Bay (Figs. 2 and 9).

2. After 6 days, all the gametophytes at 27.5°C died and few ones at 25°C survived. But
the survival rate of the gametophytes at the other temperatures had been gradually lowering and
approached to about 90 % after a month. After 10 days, the survivors at 25°C were only the
unicellular females with little thickening.

3.*% The temperature of 22.5 (a month) —+10°C having dropped, the growths in cell division
of the gametophytes of both sexes and the thickening of the females were superior to each of
the growths at 22, 5°C appreciably. Even if when the former temperature had dropped at 10°C,
sperm liberation and fertilization were not observed as well as at 22.5°C.

4.% The higher in temperature, the larger in cell dimension of even a male and the thicker
in its cell membrane. The growths in cell division of males at higher temperatures were rapid
and that of the ones at 20°C was the rapidest. The growths at lower temperatures were remark-
ably slow, especially after 20 days.

5. The sperm liberation at 2°C was the earliest and those at 20 and 0°C followed in this
order, Percentage of sperm liberation after a month was extremely high at lower temperatures
and low, at 20°C.

6. In the early stage, the thickening of a female was rapid at the higher temperatures, however,
after 15-20 days, a mostly unicellular female at the lower temperatures elongated promptly and
the cell at 0°C became the largest. The cell division and thickening were rapider at 20°C than
at 22,5°C. The higher in temperature, the rounder in cell shape, and the lower, the more ellipsoidal,
at 0°C in particular.

7. After a given period, the fertilization percentages at both the lower temperatures
increased accelatedly. At the higher temperatures, fertilization was observed only at 20°C and
the percentage raised gradually.

8. The higher in temperature, the more in females in sex ratio. There was no significant
difference in sex ratio at the lower temperatures.

9. The embryos at 20°C grew very slowly. On the other hand, the ones at the lower
temperatures, having reached 0.1 mm in length after 15-20 days from the beginning of fertilization,
grew rapidly. The shape of the latter was oblanceolate and that of the former, obovate, according
as each of the oogonium.

Higher and lower critical luminous intensity

1.  Under 60,000, 40, 000, 20, 000, 10, 000 and 5, 000 lux (only with photograph reflector lamps)
at 5, 10 and 15°C, under 20, 000, 10, 000, 7, 500 and 5, 000 lux at 5°C, and under 100 and 50 lux (for
4-6 months, only the latter being increased at 100 lux for 2 months) at 5, 10 and 15°C, with the

day length of 12hr in each, the experiments were carried out. The first experiment at 15°C

*2: The results at 27.5 and 25°C are excluded in the following items.
*3: The results at 22.5 (a month)—=+10°C are excluded in the following items.
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was supplementary and performed by the same method of the others, excluding 1 g-mesh-filtered
sea water, parental laminarians and the density of germinating spores (of about 1/2 compared to the
others).

2. At more than 10, 000 lux with reflector lamps and 5°C, all the gametophytes died in 6 days.
On the other hand, even at 20,000 lux with fluorescent ones and the same temperature, most of
the gametophytes survived. The latter phenomenon seemed to happen by their adaptation for
the gradually increasing intensity after switching. The survival rates of the gametophytes at
10°C dropped at more than 40, 000lux remarkably, while at 15°C dwindled gradually.

Under the lower intensities, the viabilities of gametophytes were not affected.

3. Under the higher intensities, except at 15°C and 5, 000lux, the higher in intensity at
a temperature, the slower in cell division of a male, especially at 10°C, and the higher in temperature
at an intensity, the rapider in the same growth.

At a lower intensity, the growth was the rapidest at 10°C and the slowest, at 5°C. The cells
of even a male varied according to the portions, especially spermatogonia and vegetative cells.
The latters were about 2-3 times larger than the formers.

4. Under a higher intensitiy, after about 3 weeks, the higher in temperature, the higher in
percentage of sperm liberation. Except at 40,000 lux and 10°Cas well as 15°C, the percentages
at the different intensities at a temperature were similar.

Under the lower intensities, the tendency of sperm liberation agreed with that of male cell

division.
5. Under a higher intensity, the higher in temperature, the rapider in thickening of a female.
At 10 and 15°C, the lower in intensity, the rapider in the growth, while at 5°C the growth was
reversed. At 15°C, the higher in intensity, the more ellipsoidal in cell shape. At less than 10°C,
most females became fertile without cell division, while the ones at 15°C multiplied into 1.3-1.4
cells in an average.

Under a lower intensity, thickening of a female was the rapidest at 10°C and the slowest, at
5°C. As well as a male, the cells of a female varied the shapes according to the basal, the
intermediate and the apical portion,

6. Under the higher intensities, regardless of them and temperatures, fertilization percentage
of a female population reached more than 90 % after about 2 weeks.

In spite of the temperatures, the fertilizations at 100 lux were observed within 3-6 months,
and that at 10°C was the earliest and at 15°C, the latest. During the period that 50 lux was
increased to 100 lux, the fertilizations were recognized within 2 months at each temperature.

7. Under the higher intensities, the higher in them, the more in males in sex ratio, appre-
ciably at 10 and 15°C. Exfoliation of females from substratum was observed at (10—) 15°C,

Under the lower intensities, regardless of the factors, there was no significant difference in
sex ratio.

8. Under the higher intensities, the lower in them, the rapider in the embryo growths at
10 and 15°C, while at 5°C this tendency was reversed, At an intensity, the growth at 10°C was
rapider than at 5°C. On the other hand, the growths at 10 and 15°C were similar. This seemed
to happen by the low density of the latter. At a temperature, the higher in intensity, the
broader in frond shape.

Under a lower intensity, the embryo growth at 10°C was the rapidest and that at 15°C was

superior to at 5°C appreciably.
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Sunlight and ultraviolet rays

1. The gametophytes not to differentiate in sex were exposed under 75,500 + 3,400 lux of
sunlight for 5, 10, 20 and 40 minutes, at 10°C. The embryos of 43.7+ 2 ¢ in length were exposed
under 62,300 £ 1,000 lux of sunlight for the same periods, at 12°C. The influences to laminarians
were examined at 12. 5°C and 5,000 lux with the day length of 12 hr.

The materials cultured at the same condition of the former, were exposed under 40 lux of the
two lamps of ultraviolet rays (at a distance of 40em; the lamp: GL-10 W of Mitsubishi Electric
Co. Ltd.) for the same periods, at 11.5°C. The same examination as the former was carried out.

[Gametophyte]

2. Under sunlight, viability of gametophytes was influenced from (the exposure of) 10 min
and under ultraviolet rays, even from 5 min extremely.

3. Regarding the cell divisions of a male and a female and the thickening of a female, the
gametophytes having been exposed for 5 min under sunlight, grew rapider than the control ones
(same with the exposed ones; with no treatment). But the ones of the other exposures grew slower
than the latters in each growth, approximately.

4, As compared to a female, a male was more inhibited by sunlight and ultraviolet rays, by
the latter in particular. Those affection appeared in fertilization and embryo growth. The
inhibitors of sunlight seemed to be ultraviolet rays of high energy and high luminous intensity,
and the former can be considered to be stronger.

(Embryo]

5. Under sunlight, the survival rate of embryos dropped at 40 min and under ultraviolet rays,
from 5 min exponentially. The rates at both the exposures of 40 min were less than 4 %.

6, Growth of embryos was prevented strongly by ultraviolet rays, as compared with by sun-

light. It was seemed that the embryos adapted to high luminous intensity by long culture.

Specific gravity (o15)

1. The waters of the high specific gravities, 86, 47, 38 and 30, were obtained by heating sea
water (same with the control, the specific gravity of 24.7) at less than 70°C. On the other hand,
the low ones, 22, 20, 15, 10, 5 and 0, were obtained by diluting sea water by distilled water or by
the water only. The culture media were prepared by the same prescription of ESI and the experi-
ment was carried out at 12°C and 5,000 lux with the day length of 12 hr.

2. After half a month, there were no living gametophytes at the specific gravities of 86 and
0 and few ones, at those of 5 and 10. But among those of 15—47, the suvival rates were more
than 91 %.

3. After 5 days, in the specific gravity range of 15-38, a male was distinguishable. Cells of
a male became more ellipsoidal (length/width: 1,2 - 2, 6) according to the increasing andt he
decreasing from that of 22. The cell divisions of the males at those of 30, 38 and less than 15
were rapider than at the control.

4. Sperm liberation was not observed at the specific gravity of 47. The number of liberated

sperms of a male at the higher specific gravities was more than at the control and that at the

lower, similar to at the control.
5. About thickening, a female at the specific gravities of 30, 15 and 10, grew rapider than

at the control, but at the others, similarly. Except the females at the control and the specific
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gravities of 22 and 20, cell division occured, especially at the higher.

6, Fertilizations occured firstly at the specific gravities of 22 and 20, secondly at the control
immediately, thirdly at that of 30, fourthly at those of 15 and 38, and finally at that of 10 with
low fertilization percent. On the other hand, fertilization was not observed at those of 5 and 47.

7. In sex ratio, the tendency of gradual decrease of male percent appeared according to the
lowering of specific gravity.

8 Growth of embryos was the rapidest at the control, the second at the specific gravities

of 22 and 20 in an instant, the third at that of 30, and the fourth at those of 15 and 38 (extremely

slow).

pH

1. The culture media of pHs 10, 9, 8 (the control), 7, 6, 5 and 4, were obtained by adding
sodium hydroxide (NaOH) and hydrochloric acid (HCl), and the affections to laminarians were
examined at 12°C and 5, 000 lux with the day length of 12hr. To prevent [luctuation of pH, the
buffer suitable each pH was added to the medium with the ratio of 50 mg % (CAPS, TRIS, PIPES
and MES), the medium was changed at an interval of 4 days, and attaching area of embryospores
was limited to 1 em2  The value of each pH just before the media changing were as follows :
pH 10, 9.6 + 0.3; pH 9, 8.8 £0.0; pH 8 80+0.1; pH7,7.24+£0.1; pH 6, 6.2 £0.2; pH 5,5.2
+0.1;and pH 4, 4.1 £ 0. 1.

2. After 12 days, there were no living gametophytes at pH 4, 5 and 10, but the survival rates
in pH range between 6 and 8 were more than 90 %. The rate at pH9, unexaminable then because
of dim chromatophores, was 10 % after 17 days.

3. In pH range between 6 and 9, cell division of a male became rapider according to the
lowering of pH.

4. Sperm liberation was observed at the control and pH 7. As to the start of liberation
and the number of liberated sperms of a male, the former appeared to be superior to the latter.

5. The female mature cell at pH 7 was fractionally larger than at the control, but the immature
ones at pH 6 and 9 were smaller. In pH range between 6 and 9, the lower in pH, the rapider in
cell division of a female.

6. Both the fertilization patterns at pH 7 and the control were similar. But fertilization was
not observed at pH 6 and 9 after 17 days.

7. The cell division of a female at the control was rapider than at pH 7.8 of the other
experiments under the same culture condition. This phenomenon was seemed to happen by the
affection of the concentration of TRIS (Tris aminomethane) 10 times that of the others.

8. There was no significant difference in sex ratio at pH 7 and the control. At the other
pHs, females survived more than males, and the former ratio at pH 6 was 58 % and at pH 9,
60 %.

9. The embryos at the control grew rapider than at pH 7.

Velocity of flow

1. The velocities of 2,12 and 1. 16 m/sec of running sea water (the flow rate of 15 1/min) were
obtained by injection streams and pressurized air. The experiment was carried out at both the
velocities, 5,000 lux with the day length of 12 hr, and the falling temperature of T("C)=—0, 156

d+10. 58 (the same temperature of the October coastal sea water, being pumped up at the intanke
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of 450 m off the coast of our Institute and 5m in depth; d: culture days (r=0.92)). The survival
rates was obtained by females, because of diatom less covering compared to males.

2. Exfoliation and death of the females at rapid flow were less than at slow flow. After
16 days, the survival rate of the formers was 4 times that of the latters. These depopulations
were remarkable from sex differentiation to fertilization.

3. The cell division of a male at rapid flow was rapider than at slow flow.

4. The sperm liberation of a male at rapid flow was earlier than at slow flow.
5. The thickening of a female at rapid flow was rapider than at slow flow, and cell division
did not occur at both the flows. A mature cell at rapid flow became rounder than at slow flow.

6. Fertilization was earlier at rapid flow than at slow flow.

7. There was no significant difference in sex ratio in the populations at both the flows.

8. The embryos at rapid flow grew rapider than at slow flow.

9. The covering diatoms at rapid flow were less than at slow (low. After three weeks, the
density of the formers was about 1/20 that of the latters.

Settling of floating gametophytes and embryos

1. At 10°C and 5,000 lux with the day length of 12 hr, the gametophytes undifferentiated
in sex were floated with the density of 202 n/ml at the velocities of 40 and 6.4 cm/sec and, as
substrata, some yarns of 0.45 mm in diameter and few glass slides (at a right angle to stream) were
fixed at the surface of culture media. So the settling ability of gametophytes was examined.
By the same method, the settling ability of sporophytes, 67 + 36 ¢ in length with the density of
136 n/ml, were examined’

[Gametophyte]

2. Floating gametophytes had settled to substratum, and afterward females fertilized and
embryos grew.

3. Concerning slides, the (attaching) density of gametophytes at slow flow had been higher
than at rapid flow in the Beginning, but the exfoliation happened in fertilization stage, so the
formers had low density finally.

Concerning yarns, the densities at both the flows increased progressively and the gametophytes
at rapid flow had high density.

4, After ten days, the frond length at rapid flow became 1.4 times that at slow flow.

[Embryo]

5. On both the substrata, the densities of embryos at both the flows increased by degrees.
Regardless substratum, the density at rapid flow were higher than at slow flow.

6. There was no significant difference in embryo growth at both the flows. This seemed
to happen by the attachment of large embryos at slow flow as compared with at rapid flow.
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o1 WEELLEY 50~200 B fE/mm?® TH -7,

(Bzde) HER S #Pa %, fAic LA ESI (Tatewaki, 1966) ¥ L OPF Ol ESI (E87) & L. ESIE
WD HEEWE L, RN T, e 7 2R &, ESI % pH 7.8 13H% Lo, Hiix
200, 800, 1,200 ml g~ v—1, 8, 1001 Ki&@RH L, BAKIHERT T4ARE, 98K, fiT
Z6~THEE L LI,

R RS A Ay oo 708 L9 5 THRIBESE L RAMERER, 4 TRFHMY 7v2 2 -5~
TR Uiz, MBETERL, 4, 5 % ¥ 5,000 1lux ©X, 1 AOREHREH (H& 5 B2 :h) 12 1D 10°C
DAA8h L 12h, x4 TI12h & Lic

AfKEE, EREOSEAE, SIU0ERSESEECKTH— 22, M -2 L 28iFYy
i 5 B KB Ca T, E84, 9 T10°C, 6, 7 T12.5°C, 5 T10~12°C, 8 T 11 A ORBARCIT
Ll & Lz,

(Hedl) FAlE LTRSS Ak, RUFERMIREE O L,

BB, 1) MERERDMEOBIRET, (532008 L 1 HEPMEAERRII0~20& L, £ O108¥ OFAOfEHE
DK EXEPE L1z,

HEREAHEDBIET, 2) HE MR NG & 52004 DMK iRl (RS705) &, ¥%2, 3T
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1) REUTHROAEZ X4ill-7 3) Mi100~200E kO Mas &, 1) U THiBynH X <44
otza 4) tEHE (HEHER) & 5) HEOZHERL HEAERS00~1,000TRHI-, SHKOMETIE, 15238 L
ThHERME M E Al Ui, REBBRIT 1EOEOREFO 55, MR T© 5 8/ 1 #o2Mks,
I L OMEO RN, SRR H60% L ok LR, Ficiifiliomofia s L,

R, BRERFEED HEMBEIC L - TIREOEEZEY, chaiiEl LR a0k 0 g6k (I
+3) B2, ZONDE 107 F TTESEL RS, IR 4 DL THl- 7, fois EEFITER
E/¥ETHE,

ARFRRITME AR 200~500 =k D, R EWERFOFEEOLE, BLOBRE LiEEO kR L - T
Radte, IEERLIE L IRtk DI~ O HEEIL, RO DI TRDI,

COX 5T LUHHRERN LRLEEO4 R, BEE, B, 2R, i, BED CERE), fEE kLo
itk o R, 4iG)), fHEME L OMFELE b L,

e RFE RO, B H O R DEISE, BD\REME & B TR Ui,

1. kR BESLITEROHEEE

;] &

H Y23y 7OGRENARAKTHET 311~ 3 ADKEL~ 5°C wikswT (Fig. 2), 15 (15.0+0.2),
10 (10.1£0.7), 5 (5.3+0.3) °C £ 5,000, 3,000, 1,000lux 2 HE 12h # &8, £ 10°C Tz 8h
Lo T R LA, ZHhuz12.5 (12.440.3) °C - 5,000 lux - 12h $ 0z 7=,

FiEo “JRE —" 125,000 lux-12hicki? 5 15, 12.5, 10, 5°C OREOEC L5 H#E, “"HE —"
12 10°C, 5,000, 3,000, 1,000 lux i 5175 8,
12h O ROEC X 5, “EE - BEOHES

2 —" {2 12.5°C #<, 12h @ 5,000, 3,000, Tl sea surface specific gravity (1947-1967) s
1,000 lux & 15, 10, 5°C DFIARICHT S, — 2\ ittt
ERETOHEOE L AL, —FRETO 20 25.00
D L B HBETH B, Z
= -} i 24,00:E
36 HE) BIE, ARCH2bLT, 6HA g T | -
i 3,000 lux LA b CHEREA SMEL TU A2, 1,000 z t 3
lux Tk 12.5°C TLTHHEL, 10°C TirsrE Em- | i
Ltk asfiricabh, fH (8h) X hEH b I
(12h) T%H Tz, 5:
(HED RS2 & Bk IR — milig &8ss 121.00
ML, BOEEL $0 -1, 20H AD BRI 5°C
TR & o T oL ) oo
A —3,000lux LA LT, #IH T HH j \
B, P BEHIZE 52 1,000 lux Tik I R N——
e HTHD - 125 8,000 lux LU TBEHAA T 3 Jan Feb Mar Apr May June July Aug Sept Oct Nov' Dec’
CE, WARLLHM o7, —J7, 1,000 lux Fig. 2. Mean annual variation in air tem.
TILIEE—E LTH8 LT 1o, FoR¥%uz 5,000 perature, sea surface temperature

and sea surface specific gravity at

lux T4EH, 3,000lux LIFTEAT % 2o
the center of Oshoro Bay mouth.

2o 21 (25) H H O BEE#RI, 5,000 lux THEIC
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"
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| 0—05000 ux-12n 10T T v T v g
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Fig. 3. Cell division and sperm libe- Fig. 4 Cell division and sperm libe=
ration in the physiological ex- ration in the physiological ex-
periment of laminarian under periment of laminarian under
the condition of temperature, the condition of temperature,
luminous intensity and day luminous intensity and day
length (day length at 10°C). length (temperature and lumi-

nous intensity).

I aEMNEL, 3,000lux LUF T BH TR - 72 (Fig. 3),

B - BIEOH#H A :— 3,000 lux BLECRERE S DHEAES -7, 1,000 1ux 015, 10°C (XL L1z,
BEZhnb6T, 5°C T2 16 HALBRIHBA FAH Ltk -1, BESH LRI A LRABER TH -1
21H HOWKRIZ, F4ME L L 57HEOE-5°C THRISL it 7 (Fig.4),

—ERETHS L, THEUSEBERIECH, RUT2icohEB kD, ERECE -T2, 10
C LIFTit, 16H HLUERC 1,000 lux TR  fe -7 Holi#i2 10°C - 3,000 lux # (3 & GEER L &
Mot 21H AOMKFEL, BB ERERM L k-1,

(HED AR #ilOBEAYEE — BE, HRCHHHHT, 1,000 lux THEAEL KZE {7, HKHE
Raix (22~) 27 (~35) x (14~) 19 (~21) p TH-1

Bk E SR, KRESGRBARLIALL, £ HEOKTIL 15~250F > 1

Ak :—12.5°C LAF® 3,000 lux BLETix, HEChhbLT, BA BB THRA L (Fig.5).

MOl EREEE, RAREOHREISN, BBTACLEAVCRRE ot — T, B#ERD
1,000 lux Tix, 10°C- 8h % %, 4% L1,

(HEDSHE) B :— 12.5°C THAVRLFEL, S HETEATAABA, 10°C THLEM P LHADL
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Fig. 5. Cell division of females in the physiological experiment of laminarian under
the condition of temperature, luminous intensity and day length.
The figures of rows different in luminous intensity : upper, 5, 000; middle,
3,000 ; and lower, 1,000 lux. The figures of the files different in temperature :
the first, 15; the second, 10; the third, 10 (only day length 8 hr); the fourth,
5; and the fifth, 12.5°C.

hi, 15, 5°CTiz1(~2) HEBRI, MELOTHENINZE 1ETHDIZ1IHA, BELIXZH
iZ5 A8nh- (Fig.6),

HE — EA, BBER SRR, BEL VBEX X v #Ei< fFH Lz 3,000 lux LLETIHEC D
HHF, FHEIZI6H BiZ100%ic:850 72, 1,000 lux TiZEHEE L@l L, 10HRER TRIER
Licic -1 (Fig.6),

BE - BEO#MA&¥ :— 3,000 lux LLETIX 10, 15, 5°C OMEIcR#s H o7z, Lo L 1,000 lux Tik
10, 5. 15°C Ot -7z, 3,000 lux LA LT, RECh2HBTI6H Hic TRHEA 5% i L,
—F, 1,000 lux TitidiERIPICETSHE T, 10°C LITFTR108, 15°C TixE HicHE%E L1 (Fig.6),

—ERETHS L, WRER RPNV E -1, L L10°C TZOEIBFAETH-120% 5, 15°C T2
3,000 & 5,000 lux @& THiH T -1z,

(PEEE) PEHED 2 (3)HLTFTAY, HE&MCL > THEEE, 1,
(et 4E) REE — 12.5, 10, 15, 5°C OlicghiffEr < B L1, SOHRT5°C TORRIEE
VLot (Fig. 7)o

HfE — B&H, GREERSER ED - 1o, MEORBRE AN, 3,000 lux LETIXBEX DL HED
LI fFM L1 (Fig.8),

REE - BEOH &R — 3,000lux LLETIR 10, 15, 5°C Oz EE #D »1z, —F, 1,000 lux Tit
BECI3EEOXERIVL, 20 ThEHTEL -7 (Fig.8)

—ERETHL L, GEERFERRENI T, LML5°C Tk, B X SER PRI -1
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Fig. 6. Percentage fertilization of fe-

males in the physiological ex-
periment of laminarian under
the condition of temperature,
luminous intensity and day
length.
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Fig. 7. Growth of embryos in the physiological
experiment of laminarian under the con-
dition of temperature, luminous intensity
and day length (temperature at 5, 000 lux
and 12 hr in day length)
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Fig. 8. Growth of embryos in the physiological expe
riment of laminarian under the condition of
temperature, luminous intensity and day length.
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2 B T B E

A &

H Y A2y 7O RKIC BT 5 EEFRID S SREHBIO 8 A6 BE1 HEToBTAE 25~5°C
(Figs. 2, 9)ic3\T, MBABEOKEY 1 HiZ 0.2°C iR T2 Lic L - TA B FAR, 25-20
(REE T=26.1—0.3d(r=0.95):d: A%), 20—15 (T=20.6—0.2d (0.96)), 15—10 (T=15.7—-0.2d
(0.95)), 10—+5 (T=10.9—0.2d(0.97)) °C %%}, 5000 lux - 12h THE L1,

IE ®

(F5E6HA) 25-20°C ¥f %X, 6 HHICHMEEAEL Tuvtoo MlER25-20°CTRLPEL, BTIZ#§
ROBTREREAE (Lot

(RBEDERER] 16H BOEFEER, 25-20°C TT%, T2 9% LU ETH-T,

(HEOMif 72 & Hky) 256—20°C % B %, EiRo B TRER SR - 12

20—15°C CTRIJUE—FLTHULEET e LAL10—-5°C TR 11IHAS S, 15—10°C TiX 16HH H
b, BAEDH Lich -1 (Fig.10),

20p* * ° o o 224 months 1961

10p x‘?&.st

- — : .
20p & 1962
10p x‘i\

- " e i ‘.
- S ' '

=
|

2 F ' ' .
gk v AW 1964
2 L

ilok \'}'_\.,
B ' —
=" SR -

!

1966
10p \

20p ¥ . 1967

ml- S
Aug ~ Sept = Oct ~ Nov  Dec

Fig. 9. Annual variation in sea surface tem-
perature at the center of Oshoro Bay
mouth between August and Decem
ber of 1961 to 1967.
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25—20°C TIIHEKE A Bhich -7z, R TIE 15—10°C T i & Bk 1<, 20—15°C TR B,
16 H HLAREO BB ENL, DR oM X o I Lz, 268 H OBOEEL, HofEma DI is s - 72

CtEDAEF) MO R — 25-20°C Tt 4B &
BTES, FTREMTH - 1o, MlEMEEL, 15H
HBT%14.5%11.8 ¢ CTh -1,

b A2 20—+15, 10— 5, 15—10°C DI iz A
Thh, FHETHRERTI2~22 ¢, HET23~19y &
HAb Uteo & 2K O/ FIREEE S ERMAE L oo 1o,

A2 — 20-+15°C THMMELEL , AN &
HE d EOMic N=1.2d—8.8 (r=0.94) O®HHITL
foo ZHIC25—20°C pigku2: (Fig. 1),

[HEDZRE] 15—+10°C TlRLFHHIREL, 1HHHD ZH
Rir90%55, KT 10—+5°C D 60%TH b, Mok & Rl
[l &gtz Wi E $16H BITZHEN 100% ok Lizas,
20—15°C TIX X HIZ10H Bh iz,

(FEHD 1510, 10—5°C TipticBEEM Teh - 1,
fl CikEp O FIRE R SHES % < EFD, 160 HD25—
20°C TIXFRA EDMEE 2B, 20—+15°C TI260% 58 TH
=7

SED4R] 15—-10°C Theb R M <, 20—~15 &
10—+5°C Tkl L7z (Fig. 12),

5 25,20
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w
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Fig. 11. Cell division of females in

the physiological experiment
of under the
condition of falling tempe-
rature, after
culture.

laminarian

16 days from

Fig. 10. Cell division and sperm li-
beration of males in the phys-
iological experiment of la-
minarian under the condition
of falling temperature.
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Fig. 12, Growth of embryos in the
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3. LtRBRELEZOAE KSLUTHEEGORE

A &=
PR O RIBE AR 25°C (Fig.9) #3EHis LT, 27.5 (27.5+0.9), 25 (25.0+0.8), 22.5 (22.5
+0.4), 20 (19.9+0.6) °C OfaEilR &, 22.5(22.5+0.3)°C Ofhjg% 1 » A #keeikicEEG# —0.5°C H
X b 20 HEIT10°C iz F (T=21.4—0.55d (r=0.96)) @, 22.5 (8 1 » B)—10°C 2@t i, —
15, LOFMTH M 2Rk KR 2 kM LT (Fig.2), 0 (0.0+0.3), 2 (2.1£0.3) °C®
fERE R, b RRIC KT SRR & IR0 ERREE & £ 016, 3 X O FRIESHO AR &, 5,000
lux - 12h 2 # G THEER L1,

fs g

(FRBEOEFER] HHchrb b, 25°C LLETREICEFRIMETF L, Lo L oEFERD KTk
BenThotn

6 HBDAHFRT7.5°C, 0325°C, L8 THH, T125%LETH-7 3IHEIICIE, 25°CT0%

THhofehs, BTG HETH - 12
(e f& & ok Ml k4R — 25°C Ll b#frE, EREE (22.5°C) oE-S < & Sifiiek L,
FHHRE & BB Lfzg

160 Hofilaix, 22.5°C, (12.741.9) x (9.6+1.1) : 20°C, (8.1£1.6) x (6.4+1.1) pTH b,
HAOR LR 12.5°C Tk (6.34£0.6) x (4.9+0.7) ¢ THho1,

HBSZ — 25°C DL LwbrE, EBREEE TORHFTHEAEL, 20°C TREE -7, FRAHOR
ek, 21l HH Z TIEShic DA L, TOBRBRAERSZkbhih-71, 22.5 (HR1#4H)—10
°C Tit, BBHECIHIIEMCEL k-7 (Fig.13), Bz 2°C TRLF <, 20, 0°C kg 1=, —7,
22.5°C, 22.5 ({1 » H)—10°C Tl&, KE abhied -7, FoEEui21H BB, 20°C Tl &
%ot 31H HEAEOHOESRL, THRUEHORE TRD TH <, —J, 20°C TE#30% & Eh - 1o,

(D4 2] HifaOIRAAR (— 113 B £ Tix20, 22.5 2°C Olicdir#<, 0, 25°C TiEhiz,
L L2, FRULHORE TILREESZICMY,

T4 0°C TELS, 15 AL AR

otze 22,5 (fll 1% 4)—10°C T ix, Beiise i Lao] 225°
22.5°C X h e M { fe- 71z (Fig. 14), = 3
By ERRIREE vt = < i E AL, FRRIE [ —=e225.10
B S B CRMFM LB L, BIz0°C T g [ N ZpCeerated
i THIEN AR & e Foe 5 g
W% — FREGOMETE B AL ple 2
+, W TR B, fHH5°C X0 W% = sof Lo
Chotey HMIATER LIz, 50HH® 0°C ,fkﬂfér
©99. 6% Uiz, IR & £t T, 21H ' -
HCL MM TS -1 25°C b ¥, HEIREL
Hi > 5320 L ki 22.5°C X b 20°C TH - 7= 10 20 30 40 = 50

) » ) Day
(Fig.15), 22.5 (f&iffii 1 » H)—10°C T, KRR . .
Fig. 13. Cell division and sperm liberation of

ane o s .
Heie—1 22.5°C & Hl < T ot males in the physiological experiment

A AHETO MR N LHB d & O BRI, of laminarian under the condition of
22.5°C Tt N=0.24d+0.22 (+=0.95), 20°C ¢ higher and lower temperature.
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Fig. 14, Growth in thickness of females in
the physiological experiment of la-
minarian under the condition of

higher and lower temperature.
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Fig. 16. Percentage fertilization of fe-
males in the physiological ex-
periment of laminarian under
the condition of higher and
lower temperature.
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Fig. 15. Composition in number of
cells of females in the
physiological experiment
of laminarian under the
condition of higher and
lower temperature.
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(X N=0.43d+0.51 (0.96) :ig-7=,

(HEDZH) TREHOBRE TTHEAT, 2°C T2 1 2 H TEHEEA100%1#E L, 0°C TiZ 10 HEh
TRIEFFFRITI Sz, —F, 20°C TRE4CHAL, 50 HETLERES 10 HIC - fnicfi ¥y,
22,5, 22.5 (fE{#E 1 # A)—10°C £ &, ZTizAbhich -7 (Fig.16), 7od B2 R4 TR, £TE
Kbz,

[PEEE) EREEGCAS LMD S AR D, —F, TRUESOERE TiihicEEZEN eh -1, 16H
H® 25°C Tiidf 100% £ A B, 31HH® 22.5°C Ti270%, 20°C Ti2 60% TH -1

(S 44%) 20°C Tk, — LTS cdifdindi Lic, Las L FBGEBF MR E Tk, THRi15~20
HECEEREHY 0.1 mm i@ LThb, Slic44E L (Fig.17),

B ARG S FL L, FTREECTE S @EMPESIEE 2D, 20°C Tl @O E t-7 SOHHED
ERBL, JIETREDI~ 451

4 LERESASERE SIUTRAGORE

# x

F 7 2 2 v FORESRHET SEER LT, B LLIc KR TR L 5 5KBHE T OBED
5, LRAH HEWBEE X LT 60,000, 40,000, 20,000, 10,000, 7,500, 5,000 lux % FEL, —F, #
PRI T OMEED S FHUE S OMEE & LT 100, 50 lux % 33 L7z, chBHOMEE 12h, 5, 10, 15°C %
e THER L,

HEHAY 7 Vv 22 -3 7 X B0, HAKEECTHE# LS5 (5.540.3), 10 (10.2£0.1) “C @ 60, 000
~5,000 lux THZ iy, BEEEIZ5 (5.4+£0.3), 10 (10.1+0.4), 15 (15.0+0.2) °C D 20,000~
5,000 lux & 100 lux A F Tk ooz, 100lux LIFCiz4~6 # AKE# L, 50 lux TiX £OH 100 lux i
HHELT2HAEERLL,

L #

(RBFEOEHER) FRAEHILEBETIE, V71v 7 5—-5 v 7125 55°Cm10,000lux L ET, 6HH
IR e o 1 (2 EOBRc 563, L LEEETIL, 20,000 lux TH11H HOATFRIL 95%
IZ# L7z 10°C T2 40,000 lux Bl ka6 EFERAEFL, 11 HHT 20,000 lux, 93:40,000lux, 58
60,000 lux, 6 % T#H-71,

TROEFFORMEE T, WThof# s LEFRICEE -1,

(HED B2 & W) ERIE A H@BEETIE, 5. 10°C L @REE SR B R, O
FEOMTYIL,, BHETKEh o, FL—EMETHE~NSE, 5°C X h 10°C THEDN Tz, 78
OHEBIXFEIE & L5 B D, BIEH R > T MLl L7 (Figs. 18, 19), BoR§EUE, 5°C Tizpghin
BEEL, 10°C Tirdieh -1, HoHPRIX, 5°C TIXEIEEER SB\ERsHbh, 21H Hiz56~67%,
10°C T4 40,000 lux @ 70% % B &, #Eixdin < 55~60% Th -7

TRLESHOMEETIX, 10°C TRLASMUIEL, 5°C TRLE -1 ¥R TL AEEIT -7
100 lux iz 35 2220z, 5°C, 2 :10°C, 3.5:15°C, 2.5 H TH -1z 50lux Tix, 100 lux
L EMRE L B0, 2.5 SHIEO AELE Lz, BT0 5, Aol Uiz, Rickm s ERic B
LT BRoBR Il Rkoflus Mg AR (0L1£3.3) x(4.9%0.3) p: 5°C) T, BRENR
Brotos BOENZ 100 lux T2 » A LA LAMS, BEC L5202, @RIHEIAARTH-2, i
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Fig. 18. Cell
liberation

division and
of males in
the physiological experi-
ment of laminarian under
the condition of higher and
luminous

sperm

lower intensity

(5°C).

50 lux T, 10°C CHEEN & & i,
iz h bt

(A% Ml © ek — EBRTES 25 WIREET
ix, #iE5°C TIRERAER L, 10°C TIRERER X
Mbtoot, ~ERETHETS L, 5°C X h 10°C T4
Feoslis -tz (Fig. 20),

TR EFOIERE Tix, MBI L 4 10°C TR £
<, 15, 5°C L\ o, MIMEIEES, A EEES, WSS,
AINEBTHESL R D, EE0°C h KBORERT 100 ¢
AT AP ((108+10.4) x (14.7+1.9) p:5°Cl 2i%
Mot (HEE FRRCRE X 28 kixdicu).

filfusr 2l — ERRTES SR T, WEE, MIEECh,
b b, BA LM TRAL, &L ESMfo s £
T, WEED 2 Bl E -1z,

TRGEEF O MR T, HEL MM E -7 EHEEF
Hlag e 012, # (1.5~) 2EOAKYE L1,
(HEDZRS) RO E A & @IREE T, TR 5°C Tk
R S, 10°C THLRIAEEE SRS, HoREE & [RfEE
Eiftotz, 160 BOZHPRIL, EE, BHECHbBT,

fliTix 100 lux =&

HEAE L AR, 46 X OYRLIE A & shii ko A B TR
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Fig. 19. Cell division and sperm
liberation of males in
the physiological experi-
ment of laminarian under
the condition of higher and
lower luminous intensity
(10°C).
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Fig. 20. Growth in

-=0-= 5T -width

m“+

X 10%lux
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thickness of
females in the physiological
experiment of laminarian
under the condition of higher

and lower luminous intensity.

90% LA ke Uiz (Figs. 21, 22), FH-HEEROS T, SHERLE» -1

FHGEEOMBE T, ZHIX100lux T3~6» A Tabh, 10°C TRLFE <,

s,

5, 15°C D) v iz

WFHDET 10°C i le~ 4 ieh - fop 50 lux Tk 100 lux (B EH#, 24 ALINTALRT,

(M) ERGEE D HHEMIE TIL, EREEE CREOBIEA % <, 10°C T DAL, MEDIE L %A H



82

At

100

50

Fertilization percentage (%)

°

| = 0.75x 10"

—0.5x104ux 5T

——-s 1x10*
o— 2x10*

Fig. 21. Percentage fertilization of

g

100

Frond length ()

females in the physiological
experiment of
under the

laminarian
condition of
higher and lower luminous
intensity (5°C).

o——a (.5 X 10%ux 5%
aeeea 0,76 X 104
——a 1Xx10*

— 2% 104

5 15 20

10
Day

Fig. 23. Growth of embryos in the

physiological
of laminarian under the
condition of higher and

experiment

lower luminous

(5°C).

intensity

Fertilization percentage (%)

>

p” o—— 0.5% 10%ux —— 3
———-e 1Xx10* j
—a 2X 107
——— 4x10¢
a— 6104

10T

5 15

10
Day

Fig. 22. Percentage fertilization of

Frond length (.)

g
g

females in the physiolgoical
experiment of
under the
higher and lower luminous
intensity (10°C).

laminarian
condition of

p 10cC
0.5 10%ux
————a 1Xx10¢
— 2X10*

400p +———— 4x10*

w

[=]

(=]
T

100§

— GX 104

T T

Fig. 24. Growth of embryos in the

physiological experiment
of laminarian under the
condition of higher and
lower luminous

(10°C).

intensity




dv a7 ofRE B EEREEIEEH 5 XURUER LSO EEERE 83

o7ze 16H AR, WREED 20,000 lux THE60% FiiiE, *7:-10°C O M (%) LBE L (10* lux)
L OBz, M=49.7+5.2L (r=0.97) OEHFHRL LT,

TR S OME T, i EEEN LT

RO E) EREELFBE T, DMEOEREY 5 CTIERBIER L, 10°C Tit (KM 2%
#not- (Figs. 23, 24), A—BECHEETS L, 5°C X b 10°C TEENHEM -T2 —F7, 10°C TiXEm
BEEVEEGEERBE D, EFEEF L BE L (1000ux) 2oz, F=3.06—0.18L (r=0.96) ® [l
A L1z,

THRAHOMIE Tz, 10°C TRIERV#EL, 5°CTRLEN -1

5. KEBXLEMR

vl &

(ABEX) 10 (9.7+0.6) °C, {FEEScm i\ T, MEHERMED (9.1+£0.8) x (5.6£1.0) p DAY
fht, (ZRIMWTD) KEMEE 75,500+ 3, 400 lux (BHkEHEOZEchAKSE 100, 800, ZEcAFBRELf 129, 000 lux)
OKBXIZS, 10, 203 040 I L1z, 7212 (11.8+0.1) °C, #ESem i 5\\WT43.7£ 24D
it KORBAEE 62, 30041,000 lux (BHEARFOZEGKF 89,100, ABSIELf 120, 200 lux) © KR A
M & R L7, 2 b% 12.5°C - 5,000 lux - 12h T L, KEDEO RS #H~1,

BCMRfE, SRtk (ZESE : 78%) L4 10°C - 5,000lux - 12h B4E0  o& Rt L, —F, EAROL
DRI E Utco KBEBKL, Bo4 BRI~ 1206C 3 = Aoy, WUE 2 KIRIS, PAGR2 6
107y [ g m L e,

(440680 11,5 (11.340.3) °C, MRS cm o\ T, M98k & MEEO AWM E SIfE%, 40 cm Off
BEDAE 40 lux OMESE (SHEWA KK GL-10W) 292 & [RRFHIE Uiz, 4 S 26925 & A& T
KAt L, IO MEL A~

# 2

BE @ &

(47ER) KBS L 2130 HO4fESRiE, 547, 93.6: 105, 14.1: 2048, 0.4 405, 0% Tho1,
AR TIES o, 4.2%TH Y, 100D ETEFER R -1, MBOEFRITI0Z 8D > 12
(HEDHRa 20 & MRy KBBS54 ik, AL D % - 12, 13 A HOMBaE22ix, XM 1. 5%
Eicotz, F-HETLE -7, Lo LBXI105 T, WB X b HAEL, BEE T L.
BAGEXS TR, B VSN RS, BB TLE -1

(D4 HBORAER — KBEES5, 10T, ML b 418D -7, 130 B OO
Mi223.7x20. 8, FK5, 10 OFIKIZ, JEE T35, 10%, HiET8, 20%E-7=. L LIEX205Tiz
MBI O, WEOEIDI 15 p §iEROMAFR L -7 GREMA).

FEABIEES , 104 TIRABSE200 L 0, IHIERNEN T,

B2 — KBBXS THFRLEL, 13HATL IS b, - SMBOlEL12.5%1C#% L
Poo T, XEE, EARBHLESHLOMKLITTHY, SHROEL 1 LT TH- 10

(MEDZRT) 13HAOZTHF2, dBTRLMCINIG Th-7n SIS 2~10%%5->T, KEBFEXS5, 10
G, AR S AR 1o, e BRS04 Tl BEARB20E LA, SEESSTELTV A,
(¥ 13H B OKBIE X200 T, BRI o, HER20%W/ TH-1 —H, BXS, 100 L840
Tix, #HEECHEEEY o1

SEARTEES , 100 L EEABG0RTER & b ind - f2Ah, BB 3 BT TH -1

[tk 4ER) 7 HHOSHRE, 4L SHENERERUTH- 1 L LYREOERTI, K
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T LH <, 1I3A HIZ 140 p iz L, #915~20 ¢ 25 - T,

Tt

100

Survival rate (%)

KEEEEES , 100y, SAMEFEKES st —T, K
PR 207y Tl T, BEHO 1/2 3icd Licic
WE T, i
¥ B & [
CETER) 6 H H AR, ABETREIA0S A I
BCHET Lico —%, SAHECIRTEX 5 50 5B HRE =
ST L7z (Fig.25), Open circle : sunlight
[sﬁ.ﬁgj ir‘jﬂﬁ'mi 6H E ?Z%%Zﬁﬁ;%%#&iﬁ Ty fm—cf B Solid one : ultraviolet rays
(20.5~7 %% 0, KB, 3R E L BXRIA By
REERRBLE -1,
BN O4 ) KBRS, 105 Lo RIIFA TS 5
EHE B 5T, B0 T, EAMETEE105 & EL Time:of exposure (min)

-

L Fig. 25. Survival rate of embryonal sporo-
3 5 . N P— ’ phytes in the physiological experi-
HARBETIIEEYEL, 6 H H DFEK 5 73 DIk ment of laminarian under the con-
Feid, *EOKI60%, 205 TOLHETH -1 dition of sunlight and ultraviolet
rays.
6. B o

bl =

K BRHEEK (15) 24.7 X 0 EHE 86 (Feko #EEARL  # 30/100), 47 (50/100), 38 (65/100), 30 (80
/100) OfadERiE, 2T Lcv k5, W EF UlikE 70°C i TRIGM NS L ZRI 2T
foo (EHA22 (FFUEROWKAERE - 90%), 20(80%), 15(60%), 10(40%), 5 (20%) DFRiEKZ,
WAL F UKL Ta, SHChE 0 GEBAK) bz, chbiciiEo ESI Hgxing,
12 (12.240.4)°C - 5,000 lux - 12h CEEL, LEOKEYFH~ I

FEORNEL, KB I BRI ECE LT LERENE L, ZBKORGREEF
R OMEI X - THEH L1,

= ®

(RUBED4FFER) LEO0, 86 Tix, 16 A HIC £F A bhitd o1, WS, 10 T 13, 26%D 41F
RTH-1ehy, HEIS~4TTRNBLUETH- 12,

CHED AR & HoR) Mo lR k4R — 5 HAiC, HEIS~38THEAKHITHE & /o - 72 MIMEIZ(13~19) x
(6~10.5) p LB(LL, HE22%PLIC LT, &, E&/c?i@ERBME REEE1.2~2.6) L
a1

AT Z — ML D GASHED - o0k, WEISIUT £30, 38TH 0, SGHETCEHETCH -1, W4T
Th, bbb L h#E L o7 (Figs. 26, 27),

BT, MB L DEHE TS -2, WlAT TR Rch - fo, (EHE TR L 8L L, 210
HOBRETHBL V- 7o0ik, MEL DMK 7 Hli20, 22TH -7,

(DA ] MOIRAAR — MRL b 30, 15, 10TEE @A -7, 1A BIRC b, SR
(27.5+6.9) x (19.1£1.7) ¢ X WRETL 2~1.4f%, EETL2EE -0 —F, MTIRHBLEFL
H, o RlEie D, BETO.9~1 1%, fHET0.9~1.0fF & e 70
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Fig. 26. Cell division and sperm lib-

eration of males in the physi-
ological experiment of lami-
narian under the condition of
specific gravity (15 : 5 - 24.7),

1Sp e o1 28722 20

Fig. 27.

Cell division and sperm lib-
eration of males in the physi-
ological experiment of lami-
narian under the condition of
specific gravity (24.7 - 47).
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Fig. 28. Cell division of females in

the physiological experiment
of laminarian under the con-
dition of specific gravity (5-
47).
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Fig. 29. Percentage fertilization of Fig. 30, Growth of embryos in the
females in the physiological physiological experiment of
experiment of laminarian laminarian under the condition
under the condition of spe- ol specific gravity (10 - 38).

cific gravity (5 47).

Mg — WEIS TR G OHAEL, KRUT4T, Zhbicls~5 Ao LE0TIR AL X hEL
P, B X DD T, —H, SR EE22, 20TIHHBA LS, IBHHOMBERTLIBFTA-T
(Fig.28),

(MEZHE) R & 22, 200 FRSROBER I LES THLL Lz, HE30T, 2hb X DEFaE, 1
H15, 3B EERBEE - THE, KRI0TIE L BRI, —F, KES, ATTREHE A bRED -
7= (Fig.29),

() HIBIER r=0.85 TH A2, HMEF (%) FHE s L olic, F=49.5+0.064 s DAIFARII L, &
I THEA M S D R B T,

(iR R] MR TR BRI EL, HH22, 200K\ 7, REBEVORELEIOTH -l LHE15L38
TOARIZER L (Fig. 30). $hitk0E RO, FHEOHEBIZHIE L1

7. pH

A 3

ESI [R#E% TRIS %2 ## L, pH B2 <7od, Zhic# pH o L7- f2#l, pH 10, CAPS;
pH9, 8 Citi@), TRIS; pH7, PIPES; pH6~4, MES % 50 mg% Nz, iR EATEERSG L, pH8LLL
ik NaOH, pH7 LITFuk HCl Toli% Lic, 6 pHEBZ A< T 570, T 4AEE L, W17
A 1em? (CfRE Ui, EEit 12 (12.2+40,4)°C - 5,000 lux - 12h Tk =7\, pH OBz o TH
e

fEdKER o pH 1%, pH 10, 9.6+0.3: pH9, 8.8+£0.02:pHR&, 7.96+0.1: pH7, 7.24+0.1: pHE,
6.240.15: pH5, 5.17+0.15 pH4, 4.07£0.06 TH o710
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& #

(B4R 120 A4 fFERiLpH6, 90 pHT7, 94
pHB, 99.5%TC&H b, —H, pH4, 5, 10 2EFFLics:
~72. PHY Tk Z ORpic AN REYO 72, 17 HRC
HIE Licht, RERIZI0% TH -0

(HEO M2 & HoRl ) #0eit A8 L b€y pH iz X 3t
W o dont, @b oA Mzl e, —F, pHY
Ciznis D BRT HB L thots (Fig.31), Mok (3 & &
pH7 ®&ZTA b, FORMERS IO E bii#E -1,
17HH ORRR b, ML FI20% 80 - 7

(M4 MO A4ER — pH 7 TAERY @i xR

L b, 12REONRMMT (23.9£1.7) x (14.8+1.9) ¢,

pH7? TIXEETL.08, WRTL06MELIe-7 pHE, 9
T, WEOERYRE, HBIVE T

M52 — AR L DSy pH i3 S8 EE - 1o 12H
Hofilfugs, pH6~8 DIz 5.07, 2.09, 1.50 TH-1oo
= O, MEHEXBIABETH - 72 pHO Tit, 170 HiZ L. 054
ke -7 (Fig.32),

(MEDZH) #HIE & pHT DATERED A bz, B D ZH
HILFDIED - 7283, 17H Bicikiizg & $98% Ll Eicfs » o,
() e pH7 Tk, tEthic BEEN Td ot L
Litigo b, FTH%<ch,pHE, 58: pHI, 60% &7
oY

M AD 4 E] A X h pH7 THEN BN - 12, FHE LT
H B OREE L, §i#% T0.24+£0.02, #% T0.20+0.01 mm
a2 O ol

;] *®

R o4 7OMWELIEE LHBLT 5, @i Lo
KB OB LA AT L, 212, 116 m/fb O AR
WA, H4LO BT AR ERIERGC L - T A, FOE
WA, SR L 450 m, EEE 5 mas B K O
BRSO HE 15 oyt LR X b, HiRE
T (°C)=10.58—0.156d (d : B9 % : r=0.92) © 5, 000
lux-12h TEZ -ty AFERT, HESRBEAE LETR
PP BIARRE Lt B o, HETRD T,

% ®

(e B A O S fER] H I T 3 L O3EmA VD 1em
o1z 160 HOECEOEFRL, BOHED 4L

w
(=]

Number of cells
N
(=]

Fig. 31,
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Cell division and sperm lib-
eration of males in the physi-
ological experiment ofjlami-
narian under the condition of

pH.
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day)

my=5.07 (12th day)

m;=8.38 (17th day)
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i pH7 m, =1.09
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Iﬂ v l o L 2 L I T L L
[ pHE m =103
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L d_ s & o 8 o o
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Fig. 32. Composition in number of

cells of females in the
physiological experiment of
laminarian under the condi-

tion of pH.
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Fig. 33. Depopulation in the physiological
experiment of laminarian under
the condition of velocity of flow.

fro MG, MEHED MET AR BFEYET TAMKEE T
ICHAETH- 12 (Fig.33),

CHEDHIRR /28 & Bokl) i THBA S, B
Bhrot, —H, BREEIWHE CES -7, 11HH
O K%, W pETe. 310.9, B iiE T5. 7+£1.0,
R RILHI60% TH - 120

(DA MDIBAER — Vi THEEE -
Too EBUMMIML, EUHEL D, KRHOFEL -
7z (Fig.34),

Ml — MR & 4 SR DHET A B ek - 1,

(HEDZHE) R TERA R D - 70 11H B OZHHR
TIX10% DXL L, EHE T8 Lic -7 LA L16
HBZ, M#EE $100%12# L1,

(M) PEH:, 6 HRICHHGE & L AEE oh - 1o,

Gtk ) A2 3 Jid © @A - £ (Fig.35),
HOREDOE RGO EARTAT, 28AHIC2.29L 7D,
BUHE L D S HIED - T

CERO(FE) E ik CHEDO A FE P ied -1z, HE
O GEREE, 21 B Hic#HE T 1. 18 fifd/mm? T &
b, BURED4.5%TH -7

—
o

Length and width of female cells
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Fig. 34. Growth in thickness of fe-
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males in the physiological
experiment of laminarian
under the
velocity of flow.

condition of

e Start
= Rapid (Ist-7th in frond length)

o= Slow

~=+- Rapid (at random)
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Fig. 35. Growth of embryos in the phys-

iological experiment of lami-
narian under the condition of ve-
locity of flow.

9. FEERGLYEEOFE

5 P 3

iR L DORCEAE (9.721.5) x (7.4+0.5) p %W 202 s/ ml & LHE 40, 6.4 cm/Biciflf X
#, A5 F75 2 (KEiCEA) L@k ((R0.45mm, 50K 2K20) # Ems L EZRzBEL,

% 10 (10.2+0.2) °C-5,000lux - 12h THE L1,
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Wit (HEfEARhH, 67.1£35.7 o BRI 1 ~ 12 (7, 126.746.8 o) % W 136 ffk/ml & LT, i
# L[ THER L,
ML b, FORIRRA T L - Tt

L] £

E @ &

A5 4 FT, W CRESEES S 7000, TR BE L, 9 B Hic EvHdo 35 fHik
em? D 55% Eicotz, COMSOEEEL, #FE, 58423 B 3EE, 41219 TH-12.

PR CRBDOBREN L, WHEE LAAREE MM LT, - ofEE -HETHETH - .
9 0 HOMWEL, S\ HdT 82 Ffk cm, BUHE TIZLTOTY Lt 1,

o B &%

%) 254 F, Paad &ECHECHFHBE G, 2B el Lo, 9 HHOH it
Tk, AZA4 FTISMMAE cm?, #BHkT 36 Mk cm Thote —F, HEVHE TR, ThEhos3, 14%
Eigat, ¥AFM FEHTRERL VWL, Foll iETE L1 -1

(&t hd ] A5 4 FTi, MtEics) 34 R0ZRFEDLheh -1, HHE S 8 HHIZE,
APEIFO 4 R ERITER LT,

= =

1. B : 3

H Y 2 ay 7 ORBEHEOKMEZHO, TTHERE RS IERESA TS (G, 1929 KT, 1947
Yanu, 1964 3 FH - =407, 1980), L& LEHOLERE, AKERO ZHO afRERE 0 ~20°C, # & &
(7.5)¥210~15 (B, 12.5) °C LitStre b, BERCMHRRS, BFTE L. 7H 2 Tk, &7 22
Y7 LD TEREO TR TS5°C, ERT7.5°C &<, #ik T4 5°C &Ly (KL, 1965), FHEE= » 7§
TR, — Wity 22y 7L HERTRASEY (Kais, 1964a: #3508

THRERERERTE -7 LHLOCOFVERFE, Bl T50ERLZERE DGO LR, &
TR (UTF, coBRETRHOOLVGER ) EHERBELT3) ORKTOEE»LHI L, #ASR
D—2°C I Th, TH, SiEEOERVTELEL S,

HED MBI ZIA R Tl e B0, Y 4 = v FOBHO BRE —F L GFF, 19215 Yasu, 19645
R - =44, 1980), SHEE = » 7R & 4 —8T 5 (Kain, 1964 a ; Lining, 1980),

fif, HE& 4 22.5°C LLETHEIAEEH L E L, (RIRBATIRE cd o, REERR S, ERERECSTS
7h 4 E—+5H Gk, 19625 K11, 1965).

% {- Laminaria hyperborea, L. digitata, %5 7 } a2 v 7 O%FEERBELD, v 2272~
3°C v abh % (Kain, 1964 b Liining, 1980),

0B &R, L. hyperborea, 757 2w, VoV 2wz (Kax, 1964 b i KieLpsen-
Puinney, 1971 $i, 1975), L& L#4v £ 2 v 7OREREL, VoV a7 XhE,
LoAT6ATHAL9 A® () WETCIoHK LA kT, TROKR, BE (Figs. 2, 9, 36) &
AIROMBICY - T, 1) KX HIEMHETER SR, 22.5°ChigLicd Tz, HilE: LA
FTHM S Lt bEETH L EL 5, —H, 2) KBS HHEHT © 1650 LILEES L, 22.5°CLLE
CRETHCR, BERTHEELS,

98 () FThoBKEETE, 1) OEBcslrSLabhd, ChbBEV EFLTETY,
ORI L ARSI X > TERIDEBR S, KROME LT, FHO~avF, PRO-Y 22w

#2:7.5 (7.420.5) °C - 5,000 lux - 12h OERAOEE, HOZTHRIZ10°C X h 5 FRIEME < #H L.
$efETit, 10, 5°C oL b, Misic kR ES -1



90 A% Iz
D9 ARKEEA, 10 A8 X 0 BN &

AL (RGEF, 1980 b3 FIEES, 1982), 5\ ik 2) "
DL HERTDH G2, 90

2% T R E & el

Hio kAR F X2 TRMELRE, FHS 2 |
H7oHERI2, Scureser (1930) AF)H T E 7
frate Lo LARICEGBRENET, #er E \\\\‘\\
il = 312 et e - [ S I g

AHEBOM FEE 25—20°C 129 A Lf) 55 2
0, 20—-15°C 29 A T 6o, 15—+10°Cik 3 \
VA FMBED, 10~5°C it 11 H Fnhbo, —
KAOKRHEBCEMUL, HR5°Cik 1~2 i :mm%tl}HU:hllabutD(Sl.ll
ROKERMEBICILET S (Figs. 2, 9, HBRAS ) a—— Bay moulh($t.2) o—o Pon-Oshora(St 5)
REERCHIES DL, 97 L6 GBETH i g =" FEAE -
) B, HrcHEOLAERS, 9 TR T B A

Rl HERLEATHDY, B, TH,

Fig. 36. Absorption percentage of luminous inten-

SHEEOERYBH TR D, 100 FRFILK sity of sunlight according to depth at Uchi-

B, HEEOERLLRLELS, chlIATF kabuto, Bay mouth, Bay head, Nekodo-

HESRE . WS LHEIRA S HHR, HL mari and Pon-Oshoro along the coast of

FRB P, 1~2 HBNE, MRS AR gsﬁl';oro. Otaru City, on the 8th of June

&, IATHRIBALT S, Luminous intensity on the sea surface at
fEfi 20°C X o FRE 20—~15"C T, i 11:00 a. m.: about 1.8x10° lux.

B0, GIEEOERE LHEV, KR TY
AKIEDEMRE L TR, RICREVERELTVWS5LE2 5,
3 B

BEEHEEE Harries (1932) 7 TH I - 1o, BB OBE RS, 500~6,000lux DRBRTHD

i, 4 a2y 7OTH, SRGEERDBEEBE L, £V 4270 5C ¥ BRBEABE L2 —HT 5
(Hasecawa, 1962), L& L L. digitata. L. hyperborea, # 3 7 F 2 v 7 O BEEHELEOXHFEE
iz, 1,000~1,500 lux ©, w¥ £ 27k bafch{EL (Linine, 1980),

¥ D B B e KRB L, L. hyperborea (Kan, 1965, 1969) L bV =y =7 (Hl,
1975) I2¥f <, chidh vy 2 2 v 7ORBHEOBT, TEOBEREC 450 -

ATHAWIZ X % 7,500 lux LA OEGRF LA v AEREIIC X 5 10,000 lux - 12h T4, L. digitata,
L. hyperborea, 57 + a v 7it, BRTHEES HHCLTHERL, v 22 v 7 OBRBECHT5H
VRBIE N % 5 avbets (Linine, 1980),

V) =y 7O 3IcmDOGIEAETIE, 10,000 lux THMAFNCE L GHE, 1975), EREOMTH s
5,47 42y D REABEZE G, Chix ECclloRBHEOETRBOETELLLEL D, —h,
Liining (1979) (2 TRz 35\ T " Irrespective of species (L. digitata, L. saccharina and L. hyperborea)
or depth (2, 4, 5 and 7 m), saturation of photosynthesis occured at about 150 gE m=2 57! (ca. 7,500
lux).” LD~ EAA FTHECLDH), LHEMI Ric-Thhy 2 2 v 7C@H TV, ToAMO 15°C
OFBEDEMN (Table 1) T, FUHERLSLZRS 5,

RO, TR AIHE & 70 2 ISR L, 10°Cicdsit A L. hyperborea T 20 lux ({H LiigERSH)
LHEIRTVS (Kain, 1964b), & 2 27 T4 10°C Tk 50 lux TERMATRETH D (Table 2),
10°C o 511 B REBE M F TV LA bR b,

5°C DY 7L 78— 72 X 5BHTIL, 10,000 lux LLET, REEHEIIRAGRFEXHELL-EZ
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Table 1. Supporting physiological experiment of gametophytes and
embryonal sporophytes of laminarian under the culture
condition of 60, 000, 40, 000, 20, 000, 10,000 and 5,000 lux
with photo-reflector lamps with the day length of 12 hr,
and at 15°C.
Number of
culture days 60,000 Jux 40,000 20,000 10,000 5,000
7 54+18 55+1.3 73+13 82+1.7 8.1+14
Number of cells of a (L.3%) - (14) (0.3) 09 (0.6)
male 12 99+14 122120 128£19 121£16 121+19
(Percentage of liberated (58) (61) (64) (62) (65)
spermatangia of a male) 18 129435 155+4.3 20449 19.31£59 13.4+43
(80) (87) (82) (78) (81)
21435, 18.4+31 19.3£40 235+3.1 221£35
7 X % X X X
Cell dimension of a one- 162+22 146113 158+£26 18026 188+22
celled female 414474 413464 371488 332486 36.3+83
12 X x X X X
191424 210+19 208+23 228123 232+26
Number of cells of 7 1.12+0.35 1.06+0.24 1.06+0.23 1.15£0.39 L12£0.35
a female 12 1414074 1364067 138070 1.340.67 1.33+0.61
Percentage fertilization 7 0% 0.7 L3 28 0.7
(Percentage of the 12 90.0 9.7 896 943 9.8
females having un-
1 ) 99.3 994 992 998 998
festiliond ougania) 18 (17%) (L4) L4 (1) L6)
Sex ratio (% /%) 12 389,611 33.3/66.7 40.17599 40.5/59.5 43.3/56.7
7 - 323+14p 268+31 200£37 335441
12 76.4+5.1y 92.0+55 96.5+42 101.1+6.0 141282
Sporophyte, 20714 249+11 281+19 367146 462+32
18 X % X X X
frond length or
£ length X £, width 94+11 106+12 11512 158+23 139+13
31436 408+ 46 602+ 101 674£59 947468
2 X X X X X
146+21 173+23 292+84 289+49 299+ 88
086+0.13mm 1424029 L60+0.15 L71+£0.18 2494043
28 X X x X X
057+0.16 0.89+0.18 1.00+0.13 090+0.17 0.99+0.26
22 2214025 2.38+0.38 2.15+0.42 234042 3.10+0.49
Frond form
2 1.55+0.25 1614023 1.62+0.27 1.97+040 258+0.49
Density of gametophytes 12 72.3n/mm? 88.6 9.0 102.3 97.7
Density of sporophytes 2 17.3n/mm? 243 248 244 28.1




Table 2-1. Supporting physiological experiment of gametophytes and embryonal sporophytes of

Jaminarian under the culture condition of 5, 10 and 15°C, and 620, 500, 400, 300,

200, 100 and 50 lux with the day length of 12 hr (600-200 lux).

Culture medium: ESI using 1p-mesh-filtered sea water (not to be autoclaved) ; and

the medium of each vessel was not changed during experiment, but added a little
of distilled water bimonthly.

Temperature 5T 10 B

Luminous intensity 600 hax 40 w m 40 0 0

05 | 9325 55409  46£13  26+09  22:04 | 11822 27407 | 55409  53£10 3409

Number of cells 1 - - - - £9+22 - 1836l - 16232 167428

5| - = = N (1123 ¥ - - - B K043

£ 05| B ] 5 0 0 n 0 3 U 0
m m 5 = - - ] - wl - wooow

B = - = = )] - - - 13 656

238y 12714 120320 97+28  106+17 | 190419 102414 | 161421 M7+ 126416

05 X ¥ X X X X X X X X

138412 115213 103220 7RL6  TARL] | MI412  RG+12 | 1L7£20  W5EL W51

Gl Bevesiia o g 1 i i i i miu i ﬁ?iu . ls.tr;m Mflj
s 11720 123 B8l Islsll

= 107422 9446 31963

.E 15 - - - - X - - - X X

fé B U2+ 14 N5:32 W62
- 05 | L0004 1006:08 1016:012 L5021 7| 1063006 10 | 108+04 L0706 7
Number of cells 1 = = = - LT - L0N+0%| - L063:026 L0802
5| - - - - uxeR| - = - L1003 1168041

05| 5L0% 0 0 0 0 10 0 0 0 -

Percentage fertilization 1| 1000 % 82 318 104 8 28 %3 188 0

5| - - - 810 188 = 84 = W 124

o 05 | 2800y - B - - | B - - - -
E Frond length 1 - - - - 312435 - 206:21 - 0380 -
5 - - - - {8461 - - - 089 MU3TS

z5

W dwte
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Table 2-2. Supporting physiological experiment of gametophytes and embryonal sporo-
phytes of laminarian under the culture condition of 5, 10 and 15°C, and 600,
500, 400, 300, 200, 100 and 50 lux with the day length of 12 hr (100-50 [ux).
Cell dimension of male : vegetative cells ; and 5°C-100 lux, after 4 months
and 15°C-100 lux, after 4.5 months. Cell dimension of a one-celled female
at 5and 15°C at 100 lux after 4 - 4.5 months : the upper row, large cells and
the lower, normal.
Temperature 5T 10 15
Luminous intensity 100 lux 50 100 50 100 50
05 89+14, 6612 99111 83£12 99+18 B4+22
Coll dimendictial *x63+12 7)&3.{%0.7 x78£10  x60£09 | x69+08 &T 32503
undistinguishable 1 - X66+08 . - - X621 10
o 15 B 76+1.0 B m B 92+09
%5210 X79+ 10
1 22104 - 3709 28209 26=07 -
15| 29106 - 10.1£16 54111 34£10 ra
2 42109 - 21147 118+22 T2+£21 =
Number of cells 25| 55%13 - 248143 14.7£25 97+21 -
3 96128 25106 = 212455 19042 28+06
4 322+163 = - -1 = =
é 45 - 10.1£26 = — - 145160
1 0% - 45 0 0 -
Percentage of 15 0 - 184 0 0 -
liberated 2 56 - 80.3 66.9 19.5 -
spermatangia 25 19.1 - 88.2 80.3 419 -
of a male 3 26 0 - 904 221 0
4 69.1 - - - = =
4.5 - 274 - - - 6.4
T 4~ [ 13027 162116
Cell dimension 8 4 X37+01 - - - %4305 N
g 1 |83t - 14518 131£15 9.6£14 -
) %6310 x120413  x104+14 | x86£15
2 15| 99+l _ 189+27 160+18 | 136+11 B
G x78x16 134418  x122420| x127+15
B 4 | 12913 - 387472 187422 | 18460 B
£ |san R1s25 . Biist | Ber
Sfe': ﬁ’n'::ﬁ:‘; 5 25| Nisin - x163+17  x160+21| x133+12 W
Farrata 3 17.3+26 11.8+1.3 B .7+47 21124 127+16
A x124+19  x77£10 x162+16| Xx184+17  xILI1*L17
444+ 134
Ve - | - = | = :
o *x189x2.1
E sl - 212442 - _ | %%512.. 23223
= x129+12 BILIB e XIR1ELE
15 = = 10121011 10080 - -
3_5 %.glezo.olgls -~ 1.0152213.3 10455021 | 10291017 -
016£0. - 12210, 108+029 | 1044021 -
Number of cells| 37| yposony - S 1062024 | 10362021 =
4 | 280%283 = - - - -
45 - L18+0.3% - - 1224+ 4.66 L07£0.25
15 0% - 0 0 0 -
2 0 - 458 0 0 -
Fertilization 25 0 - 93 18 0 -
— 3 0 - - 492 0 =
gan 5| 0 0 - - 0 0
4 511 0 - - 0 0
45 = 0 - = 0 0
& ;5 = - 2124 = - -
= = 67.8+3.0 393+46 - -
g s 3 - - - 157425 - -
4 4543 - - = = -
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DHEDIETH -7 Lo LE LBz X -, 5 000 lux THEIE L7 50p jij#E o4 (5°C - 5,000
lux - 12h, 16 [ ¥4 % 5°C - 10, 000~60, 000 lux T:EMAFFE L T4, 6 HHOEFRILH20~30% iEL
Foo 77, X X B 5°C - 20,000 lux Tix, RMEDEFEABS TR, COBE, MR CH
D, M0 0BCABROHIBCh-TERELL. ZhEDIEDE, FIBD NV 7L 22 —-F v 2L 5
BiZE:, MERGE T evh ol hic L 2EMELE2 5, B RBXTHB, 57C- 18 000 lux
D60 rBei— X ~T. L.digitata, L.hyperborea, 75 7 b 2 v 7ORMEL, £THR TS (Lixing,
1980) ,

SCHERERD 1 ~2 FOKBEBCHIET 5, Lodi- TRATHR LAREER, KR omBE
DATHFETELAbM%, LoL1 AREKKILIES TP, 2o PHEL St - TH#EXSh
5 (24 Kan, 1971), —F, @OEHe, EGKBMICT - T, FREHT S KBl
tAbhd, Lichi- TREBEOHERV-LELS,

100 (4F) FRIOEKROKBICHIETS 15°C kT, V7 L7 #—3F v 72k 5 60,000~5, 000 lux @
LR A OB A s S e 7o (Table 1), #594%, 5, 10°C = (1i7e b, KITHEEE L 5 % ikl
RO IR I 35T, B0, SIIEMEE L8 BIE R R L, AT &2, MEBETY 1D EFRENg
<, 2) B, THHEL, 3) YIEEOERLES T, ol 4) ZHIROMTL. BA LOAI8A R
ICER L. BEMELACEYESTL, 5) THEOHEKIZL : 1276 ¥, HE16h 04tk s Mz
(Table 3), HfOBED % X% 5 hdibEiz,

FREEO B OBR %, 1 @ETFATEKIEND ESI 2y, 5. 10, 15°C, 600~50lux, HE 12h Tk
Zteots (Table 2). &2 0. 2p @A ARENO ESI L2877 b, filasZ L b LB EE L,
HERT<EIL, 1°C® 50lux £TE5 15°C © 200 lux % CTiX, 1) MEHEE & RRERIYCHNT 58
Ramiicd, 2) HEIRA MM THRA L, 3) HTL—EMECET S LR EL L2380
BRLIETOS Efcote, —F, 4) o, FH R, 5) 10°C T 50 lux THLERHLZ. chit, &A@
FHRERTHAU LB A 2012, i, pH OELVELLER &, ¥ E TORKR T LSRN AR < W
EREFOAE G2 L5, Thbb@ilifioit, ot (@RsZE) L hElsEETs L2065,

4. B8 B

HERMWEORR, THI L, SitFEotRicHE < FAT S, 10°C £BED12, 8h DRUNEHER
LD EEXHICL v oi2, 8 ~120RIC ERARERCOADRERRESHEHEELD, Chit
ZFORODEZHIBMISEV- 2605 (bEEFMEE, 1976),

HENEVGEEZHARG O, 752 L—FT35 (Ball, 1965), —J. SRtk 4RE L BE & OBE
RS,

Ko COROEIXIZFMEZB L, »oHOMITEBOADE LI AV, £D, HIE12 16
h, 5,000 lux, 5, 10, 12.5 (R{EfkD &), 15°C T, FEMETIESIERE ESL, itk <z 1o #0810
Kifie ESI %M aldt L7z (Table 3), #5R2AER L EAEA TH -7, Lo LRALS ML, BMH
FTir DEEIER, ORI ot ChREEREOEE LA LAE, ¥z 16h Tix 12h
0, 2) BROBOWMAREELIALRDHMAL S, 10°C LIF T DA% Lir-iz, 3) 15°C Tit
2 WM 16h TEHERI LGS, 12.5°C Tizigdhs b 1ZhiciifE Lz, 2~3) (3, KBoMicER LN
ERTFTORVAEY, SEBECI2EFREIHELFALL 225, 4 BART oMK
SHEOEEHEUT HEE (15°0) 1E, ARORIRYGEEOERIzHE < M LI

Wk TRAES AL, 1) tAHD10°C TOAEEHN15°C kD -7, hidRBEORIED AED—
Mg EAbhs, 2) 25HALE10°C X b 15°C T4 ENH{ fe-1e iz 15°C DK T o &
BWLELD,

5. KM LR

A, DEEOXREGES I X 2 B8RBuE, 7% 2 (B, 1965) Libfig, A 740 =7THED =

FTEZebhTu% (Lining, 1980), ZhbHORMBAEZ, #HXH 1R TRHA FTERT 5012, BES




Table 3. Supporting physiological experiment of gametophytes and embryonal sporophytes of laminarian under
the culture condition of 5, 10, 12.5 and 15°C, and 5,000 lux with the day lengths of 12 and 16 hr.
Culture medium ESI: gametophyte, autoclaved ; and sporophyte, using 1p-mesh-filtered sea water

(not to be autoclaved).

Temperature 562407 ¢ 10 (10.0+0.1) 125 (12403) 15 (153402 Number of
Photoperiod (light-dark cycle) 12:12h 16:8 12:12 16:8 12:12 16:8 12:12 16:8 | specimens
Gametophyte 5
Ratio of embryospore, germinating| ;. 2020 .860- 996 08 a1 e A74- o 5
5] toove. s canst g 10.7:893:0 74:869:57 0.7:226:767  0:08:992  0:11:89  0:16:984 0:174:826  0:6:94 | ca 150200
Number of cells M2 27405 29+0.7 51+13 69+15 86+19  106+20 105+31 13128 40
S Female 103018  106+023 124043  160+062 179065  231+089  328+119  367+138 | ca.500
Z 159+16,  178+19 U4+22 %3426  301+37 3544 19.6+35 25.7+40 10
§ g | Dimension of one-celled female X X X X X X X X (1st-10th)
£ 9.0+06 102+ 14 129+12 163£24 16621  17.1+08 179+13 205+26
= Percentage of mature males 0
L Mecatiog 0% 120 35 230 386 99 %56 500
g 13| Percentage fertilization 0% 0 0.6 15 394 548 26 578 500
E Percentage fertilization 0.24% 029 335 20.7 923 837 406 884 500
=z Number of cells of a female 1384049 1742072 271+129  878%614 4394378 1988+1408 3314+2266  33.40+2361 50
17 | Length of sporophyte 3143y 3245 410 4815 86+ 31 7M+38 58+26 92+43 100
Percentage of sporophytes with - .
sorinl calf dncikioh 51% 18 787 623 9 66.3 300
2 60% 24 - - - - ~ - 300
Sporophyte (original : 58.1+1.3 ) - 50
5 | Length 0.105£0.004  0.119+0007  0.147+0004  0.1490.006 - - 01910007  0200£0008 | ) st_ll‘f“m
w | Length 054540031 06680065 0927005  1.204+0.069 - - 08980058 10380054 | | st_llttm
S 15 Length, at random 0291+0094 04240115 04894019 065740215 B 0451£0200 05610232 00
3 (Density) (21.0n/mm?) (13.6) (18.2) (11.4) (7.0) (3.6)
¥ . 2074015 3224027 4454043 7394102 565+084  8.03%0.64 10
© g | g X mith * . - X = ~ & X | (st-10th)
X rond form) 0614022 1414017 1484021  2.30+025 1524021 260+036
E (303+044)  (238£0.34) (3054049  (322+041) (378+0.72)  (3.15+0.51)
= 538+048 7314087  839t119 1288212 1056+154  1425+249 10
35 | Length x width b X X X N _ X X (1st-10th)
(Frond form) 138+024 1944029 250043  394+078 2564063  327+056
(4.02£087)  (380+037)  (342+066)  (3.30+0.32) (4611153  (441x071)

W1 SFoc cr i
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W Rg-TY, £V 22y 7—%T25,

WCDHY 712 2—5 72 X% 60,000 lux & KBFEREEMTG 200, BEBHE, DEEOEFERTE
L Rig otz ZHUKBETIREEIEL 0 &, SRR o b A bh b,

Y A2y FOELRKEEMO TR, HEL5~2. 0m (W - P& 1973) @ 6 @8 OE 2 BEER70~90
%, “EchIBIELL 180, 000 lux 1238 L7= (Fig. 36), MEEE 1 micist BHE 415pn (58) OEARIL6.6% T
HYH CUpAM, 1962), EHMETREISITH ., KBEXEOEMIIATE Y hiE E L, BEHIRE -5
B=R ¥ —pEhxili-oTV 5, Lizd- T[SV (9H) T GLIRO10H 1 AOBREOA
B L4 - 43°52™30° ¢ 11852457280, SR L HFET LN EOEE EG-LABR S,

BEE, BEMNC X - TRBMMs R ), EVATEELETF L (Lambert ORIl ERICHMA), XE
ORI G % eh, —F, HAHEEIMIXBREOE T bt kA Shd, Lical- TRIBIAAMES , Bk
2% e B10ALEE CD1961~19704 0 H PGk & Bd1om/ B4 2 7 H¥: 8 H, 2.0, 0.6: 9
H, 2.7 0.8:10, 3.0, 0.7; 118, 3.2, 2.1: 128, 3.1 m/f, 2.0H) &, KBELHc X B8 D
& F+5 L% 25, Helgoland @ L. hyperborea ®EH4 W ESoERE 2 m T, Wyl LHIELT,
11 ® photon flux density (E/m?/month) 76 H 0. 4%z LaE LTy /el (Living, 19795 LifviNeg
Dring, 1979),

eHERic, AELVEFEOSSVRAEL KRR T2 4L - MBS, BED L F4E~ 2 v 7O
RO E (%P, 1980b), =V 4=z 7 THRELEABRS (FE2H),

6. K B

WEiZ oW Tk, 5T Scaremer (1930) 25, SHMicHH A0SV LFERYEE L, AER T
—HLADREETOLT, ThlVEGCEHEETE, BO4EERS#IICE) -1

AMEOKE, SEOTFRIEEIL, Y £ 2 7OKTF (197) OREREL—HKL, 74 4 X DfiriciE.
(7, 1962), —7J7, LBk Yasu (1964) DEGHES # HO, K 1/2 #ERHE L D {52 - 720

UMD LEROFILEL, FRTY > ) 2y 77— L (FlE, 1975), BBzt £ 20 7L, &
BORES ORISR~ DMIEE 5 havb it BB 9 ~11 0¥ (o 15) 24.5 12, A@HOXE
#BKiziEy . (Fig. 9),

2 v 7OFERICE T, HETRESSOEEHBIMN 2 Cic kB4 8T 502, #3EETE»58E
HEREL OFEB L A5, RO R Flilsiciz, EWRE3VIHEc L - T2 v 7O hEREO K
BRLbhTESPEE D, —F, B - Rl : B EERC23 L2605 (Fig. 9),

L LEATERL S 2HEOHN B (bic k- T, RMEOKE, ZH, YEfEotERrlE Ik
Voo Tk 2 RERBEBHLSH-TL, pH OFHC EREHO KR T LRARC, i, #EE LRBEMNICTE
iy, W ELLMNTE EAbRE,

7. pH

7 h A OWHETRFROLT pH oM Eh T 5 GRE, 1962),

ABHFRKIZESF, =2 v FOFERIC B TlEF RN S5 BN pH SFBT 5012, thif
FHOBF RO AV el L e BORA L E2 3, FFHL, PIROFRO A7 EHT pHI @A L2,

Mk pH @izl B KR TEREL S 28K L D PR@E-7 45 Vic§E<, pHI THLEEFE
T, R, WL AbNich -7 BMTHUE, RALL TL, i HOMRSEIEL 252, pHY
TR OB H/IEH L,

Lo LfE T, pH O i TLEFELISERLET S, 1 cm GO GEZ R b #C LT, @R
i ¢ LAtk (500ml ESI, 12.5°C - 5,000 lux - 12h, #%E#H 600 ml/4r, A5 1 ¥ 2oy, &
2.5 ffk/mm?) L7k, Kiis 1M pH Iz (8.8~) 9.2 ¥ TiE L, —J, M&ic X - THL 28
AT I L7z,

Tiebb, KRS 5VREEARECMEE (B #%4L L, 22RO AR LSBT, it
FHAFRLTH, &V pH 12X -T, REAREFHLIVERBLADLELD, ZORLEBTLLT A
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Hel, g% (GhvFoSED #, BIUXEGHEORG- 74+ (74 2 VE) & (FeLomany, 1951) A3
HFohXi,

XL Lz pHS Ti2, AEROfO pH7.8 L b, KEELEIEA—TLffOMRLHEH AL VED -
1o ChIZI0fEREED TRIS O ABh 35,

8 bt

=2 v 7R S O AR R LWy,

Munk - Ricev (1952) 13, #idE0RBHERE (dm/dt) @A Warts & LTwW5,

dm/dt=ac)/ v

o kA O (MM TTO WEERE, v @ HIRHOE,

AHEO 2 HEHOPHERIEIZ1. 35 : 1 TH S, RMEE RSB HATS &FhiE, 1O Y,
TicbhbABOMERORERRED 2 iz AT 5, (EERTEERO16A HOREFHEO 2 Fhhik 1.33: 1,
21HHATI.19: 1 &b, av704Bc I X G3NT5LEL S,

W OEIC L B EDEEE “EHERRE - GEFOHE—RBAE" TLAbhi, =2 TIRHED
Fhiz2.5:1, SAHOEFRD2EHIZ2 : 1 ThH-1:

AEBOWHE L L, 10°C-5,000lux - 12h © ESI BEEE L b, HOMESZ LK, BOTHY
i it - 7o, HGHEE TR, DIRECZHEN S0 B CEFGR 1om i L7z (Table 4), Zhiz 1B
<av7 (¥, 1980b), BIV'9I~12HDEHMEETERNY, WIS KOMBEKOH rif Lizck-T
5,000 lux - 12h CEE L-RER (EE, KR8 LELUT 2, #HEONARKI, KREHC-HELEL &
AER L FF LML B 1 7 AECR—ERICE L1

KHBOBMEFEOWGETHKNED, BEHES mm (SET 56X T0MFY, KO &S, Table 4, KK
DOREFRE (Figs. 2, 9) L - THET S, 9 A Flf, WA EWRxIZA Ly, 1034881 0K
100 Fa~11 7 LRE312 A b~dhficfe s, 1A RRE, 123 Rhe, g2 2 H, 20 B¥Henn,
ChBRERCKTH LY 42w (2#) BIU=2v7 (%, 1980b) O EHBLE—#T5,
fe s E B A L T 10 A R, BRI MU E T A (O 2,

Lo LGEFEHBILEEE L, ZRES0DOEES Th, 2EORDOHKMGEE, N TUA»S120H
(F) mc&xbhtesd (BHF - #EF, 1964, 1965 : #iFF, 1969 i 2#). —hoiRRBEOSTLRKO
BE, B OKOKER FOHK & AMROSEL bbb Labhd (BT, 1980b; 28,

Table 4. Growth formulae of laminarian embryonal sporophytes cultured under
stagnant ESI medium and running sea water.
The air flow rate of the airation in running fresh sea water: 6.9 1/min.

ESI medium Running fresh sea water

. Rapid Slow —
125T 10c 5C 572310 hux Qlmise) (L) Airation

Condition L(mm)=
5T

L {mm) =
Growth formula 0.0104d" 7% 0.0116d"%  0.0098d"#7  0.0051d"5  0.0057d" 7 | 0.0068d"%%  0.0066d"5"  0.0047d"
(L : blade length, d : days) | (r=087) (090 (0.96) (0.54) (099 (0.93) (0.93) (0.91)

3mm | Etimated (E)| 55days 189 25 511 06 5 us 535

| Actual () | 2 2 B 51 {0 % 10 a

g hm{ E Ul u1 27 789 574 508 615 732
E A i bl 7 59 I3 I} £ 54
= ol B 507 %38 83 126 §16 76 U35 122
[ A » b U 7 58 49 54 64
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9. ZREBELIEEOFH

IPRCIRE & RO, 7 2 THEREA TS (GREE, 1962), KAEROBRLFA U TH-1,
h v Ay TOFELEBOTRIL, ABOMED = Aich#E LTHEy (Mivase, 1902), @ik co
2y 7OMNEEOTE S, KR, SRE, BATFTCELT, BRESOH LGEEE I TEE LA
i, SiRkr FEESh, THTHE, ERTHCLETHCELD 5,

13 Licif s iifh T, i L - TAROENE Uk oo, SHhIRBOGHE TR #F Lict:
HEEL D,

10. RAOMERBE & DEE

FRIZET B KV 4 2 v 7OMERCEE L A0 ERG, T Tcld Lic (BEH - #¥F, 1964, 1965 :
HHEF, 1969),

BESR Tk 2 MBLL EOmEDS, 60% B % diebrs (ILH FAIERIL : fR%F, 1969), ZhEx Ao E L KK
KB L - THEETA L, 9 H FsbI10A 8 E TIe ik Lt 2 5h 5 (Figs. 2, 9),

] =

1962~19794F, HNEE R L OV EE & OB OIFARE GE28H) ok b, &Y 42 7048
LML, KOX ST RY L1

EFEBEEELRF

1. +v 43y 7OEBRE, KPE ORREBUICH U MR LRSS LTa BENIG, 1963 K-

WS, 1964, 1965 5 ANEF - BiAE, 1967 5 AGEF, 1969), EEHAZ#EE Wittmany (1965) & Evans (1965)

OWEHEIZ X »Tals

9. v 4 aw7OEER, HHOAMEL 2 FHMBO L OIC—F Lz GFFF, 1921 ®H, 19467 &
i Fritscu, 1945),

3. BRI B EFSE, 3~5mm OHEELSILE T bI2HICAT TALRES, BB
A~5 % BTz, BTECORNEA~T 6 A FARL 7 RICrlTFO S e B Ligw, Fico~11

(12) B TR il Uiz, ZOBlc, RBHEECHRE, SHL, WIOSEEOHBICR T 7,
A HEO RO L BVEO, BAMEES0F T Ligd i, Lo L 25EA TR0 5 x i

B, 6 Hiciifidk Ui, COZ LA IEEL V2D,
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Plate I. A female, a male gametophyte and an oogonium surrounded

by sperms, Laminaria religiosa.

A. A female with some oogonia and sporophytes. B. A male with empty spermatogonia.

C. An oogonium surrounded by sperms.
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Plate II. The first to the fifth nuclear division in sporangia of Laminaria religiosa.
A. The two mother cells (a little lower middle) with clear nuclei and the
small paraphyses (upper).
B-C. Polar and horizontal view of metaphases.
Diakinesis.
The second meiotic division.
The metaphases of the third (left) and the fourth (right) division.
Metaphase of the fifth division.
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Plate III. Young and mature sporangial sori of Laminaria religiosa.
A. Young sporangial sori (an arrow : synapsis).

B-C. Mother cells and some sporangia at the stage of the
second to the fourth division.

D. The thirty two neclei stage (middle).
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Plate IV. Chromosomal alternation from gametophyte to sporophyte generat

josa.

gi
Metaphase in the terminal cell of a male.

Laminaria reli

A
B
C

Metaphase in the basal cell of a male.

Metaphase of the two females.

D

F

Metaphase of the two unicellular sporophytes.
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The ecology of Laminaria religiosa MIYABE

II. The ecology of the populations different in age and
site in Oshoro Bay and at its surroundings,
Otaru City, Hokkaido.

Takashi FUNANO

Hokkaido Institute of Mariculture
Shikabe, Hokkaido 041-14, Japan

Ecological studies of the laminarian sporophyte populations different in sprouting season and
site. were carried out on the reefs at Nekodomari (St. 1), Bay mouth (St. 2), Bay head (St. 3),
Uchikabute (St. 4) and Pon-Oshoro (St. 5) and at the laminarian culture facilities from 1962 to
1971. Sprouting, growth, maturation, depopulation, recruitment, density, renewal rate, standing
crop, coverage, production rate and shedding rate of the laminarian populations and standing crop,
coverage and frequency of the other algae accompanied with the populations were obtained as the

follows.
Embryo sprouting™®

1. The sproutings of laminarian embryos and the other algae were observed on the reefs and the
some gravels at Bay mouth and Bay head in January of 1964, on the monthly denuded reefs at Bay
head and on the monthly settled concrete plates at the laminarian culture facilities from September
of 1970 to February of 1971,

2. The first sprouting season of the laminarian embryos of 3-5 mm in length showed annual
fluctuation and changed between the end of November and the middle (end) of December. The early
sprouting induced the rich harvest in the following year and the late sprouting, the bad harvest.

3. At a site, the rapider in wave velocity, the higher in laminarian standing crop and density
as well as growth.

4. Being low density, the Bay head population sprouted earlier than the Bay mouth one.

*#1 . The embryo sprouting of 1966 - 1967 is mentioned in “The five populations different in
sprouting season (1966 - 1967)” at the page of 116.
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5. The Bay head population appeared on the reefs denuded between October and January.
The one on the October reef had the highest density and grew most rapidly. The one on the
November reef followed.

6. The number of species and the standing crop of the other algae of the October reef were

superior to those of the others.
Growth

The five populations different in sprouting season (1966-1967)

1. By the method of monthly artificial elimination of all the recruiting algae in order, on the
five divided parts of the experimental reef (denuded in November of 1966) at Bay head at the
beginning (middle) of each month from December of 1966 to April of 1967, the five populations
different in (age) sprouting season obtained. The ecologies of them and the control wild one
were observed monthly from January to October of 1967.

2. During a month after embryo sprouting of each population, the February one grew most
rapidly and the March one followed. The December and January ones grew similar and the April
one was last. Except the April one, these differences seemed to occur by the different quantities
of solar radiation.

3. The April population disappeared in June. The phenomenon seemed to happen by the high

quantity of solar radiation unsuitable to the developmental stage of laminarian, under poor nutrients
and high temperature.

4. The earlier in sprouting, the rapider in sporophyte growth after embryonal stage.

5. The January population grew to approach to the growth of the December one and acted
as the recruit population in growth as well as in number of individuals and standing crop.

6. The growth pattern of the February population was similar to that of the January one, but
the growth was pretty late.

7. The growth pattern of the March population was different from those of the others. The
plants of this population had grown very slowly to become dwarfs and considerable numbers of
them renewed the second-year blades.

8. The growth rates of blade length (cm/day) of all the populations became the highest in
April, and they attained the longest blades. Only the March one grew in summer in blade
lengthening.

9. The earlier in sprouting, the rapider in blade widening. The blades of each population
became the widest between May and June.

10. Between March and April, each population attained the narrowest blade form, the highest
value of blade form (blade length/blade width).

11. The earlier in sprouting, the higher in growth rate of blade weight (g/day) and in the
maximum of blade weight. In summer, each population attained the heaviest blade.

12. The blade thickening, the increase in degree of blade thickness (blade weight/blade length

x blade width, mg/cm?), of each population continued until September to indicate the growth of
tissue.

13. The blade shedding from the apical portion commenced in the beginning of juvenile stage.
The earlier in sprouting, the higher in the shedding rates of blade length and of blade weight.
Both the rates of each population reached the highest in summer.

14. Excluding the March population, there was no significant difference in stipe elongation
among the others.
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15. By the difference of sprouting season, both the blade lengthening and the blade weight
increasing (the growths of blade length and blade weight) of each population were most influenced.

16. The laminarian emersion to be induced by low tide in spring, especially at the time of
high atmospheric pressure, obstructed the growth of each population, in the order of appearance.

17. The growth of the control (wild) population was intermediate between those of the December
and the January one. The slow growth till April, the growth uninfluenced by emersion at low
tide, and the slow blade thickening of the control one were induced by the high coverage of the
other algae, in comparison with those of the others.

18. The results obtained by analysis of the blade length compositions of the populations, were
similar to the above-mentioned ones obtained by the purposive sampled (on the sampling area) and
the measured (on the fixed 1 m* quadrat) specimens from the first to the 10th or to the 20th in
blade length (or weight). Each population attained the longest blade in April. And the earlier in
sprouting, the rapider in blade lengthening.

The December, January and control ones showed the two modes in the compositions between
April and June. The components of the mode of the lower class interval seemed to be recruits,

and the number of the control one was most.

The two wild populations at Bay mouth and Bay head (1967)

1. The ecologies of the two wild populations at Bay head and Bay mouth were compared
monthly from January to Ootober of 1967.

2. The blade lengthening of the Bay mouth population had been inferior to that of the Bay
head one until April, but the former was superior to the latter from June.

3. The blade width of the Bay head population was constantly wider than of the Bay mouth
one, conspicuously.

4. The blade weight increasing of the Bay mouth population became rapider between May and
June, and lasted a month extra, compared to that of the Bay head one. The time of the maximum
blade weight of the Bay mouth one was a month late and the value was appreciably low compared
to that of the Bay head one.

5. The blade thickenings of the populations had been similar until August and the Bay mouth
one, however, succeeded afterward to indicate tissue thickening in autumn.

6. The shedding rates of blade length and blade weight of the Bay mouth population were
lower than of the Bay head one until October.

7. The stipe elongation of the Bay mouth population was appreciably superior to that of the
Bay head one.

8. Owing to the suitable conditions, the later sprouting, the shielding of sunlight by vertical
cliffs by the shore, and the rapid wave velocity, the Bay mouth population was not damaged so

much as the Bay head one by the emersion at low tide in spring.

The two wild populations at Bay mouth and Bay head (1971)

1. By phytosociological method, the ecologies of the two wild populations at Bay mouth and
Bay head were observed between June and August. At the same time, the laminarians on the 10
points of 1 m® quadrat (at the offshore hanging edges of reef) were compared from Bay mouth
to Bay head and between the upper and the lower 0.5 m® at each point.

2. At both the stations, the more distant from the shore, the larger in blade and the higher
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in degree of blade thickness. On the offshore reefs, Bay mouth population had the conspicuously
narrow blades and the Bay head one, however, was superior to the former in blade weight and
degree of blade thickness. This result was similar to the one obtained at the upper and the lower
0.5 m? on the 10 points.

3. Along the offshore line of the reef having constant depth, laminarians were the largest in
the range of (0.5) 1-2m from their offshore border line. But on the gradual deepening reef, their
growth retarded from the depth of more than 1 m.

4. At the hanging edges of reef (the 10 points), blades became longer in the order, at Bay
middle, Bay head and Bay mouth. On the other hand, they became broader from Bay mouth to
Bay head. The laminarians at Bay middle were the lightest.

5. At the upper part (0.5 m?) of the reef edge having steep cliff, the laminarians were larger

than at the lower part.

The five wild populations at Nekodomari, Bay mouth, Bay head, Uchikabuto and Pon-
Oshoro (1962)

1. The ecologies of the five wild populations at Nekodomari (June-October), Bay mouth, Bay
head, Uchikabuto and Pon-Oshoro (June-October) were observed from January to October of 1962.

2. At Bay mouth and Bay head, the populations of 1962 were inferior to those of 1967 in
blade lengthening, weight increasing and thickening. The growth patterns of blade length and
weight in both years were similar.

3. The growth of the Uchikabuto population was inferior to those of the Bay mouth and Bay
head ones and the blade shedding of the former occured firstly.

4. The growth of the Bay head population was peculiar. Those of the Pon-Oshoro, Bay mouth
Nekodomari and Uchikabuto ones were similar and in this order retarded, especially in Uchikabuto.

5. Each population grew vigorously at offshore reef as compared with at shore.

6. Excluding the Bay head population, the higher in density, the narrower in blade. At the
reef of the high density, light blades with low thickening appeared frequently.

7. According to blade lengthening, cortex, medulla, and mucilage tissue grew. These growths

were prominent at the portion near the blade base (growing zone).

Maturation

Sorus development on some laminarian juveniles in spring

1. Sorus development on some laminarian juveniles was observed at Bay head in April of 1971,

2. Between March and April of every year, the about 4-month-old juveniles having sori on the
upper parts were seldom observed on the emerged reef at low spring tide.

3. The sori appeared in the median fascia as some narrow successive spots and the length
of their developing part was about 20 % of blade length in mean.

4. These juveniles had not the constant pattern of adult sori development from the back blade
to the surface.

5. The about 4-month-old tissues of upper blade having been injured by emersion at low

tide or by animals, especially sea urchin, were essential to develop these sori.

The five populations different in sprouting season (1966-1967)

1. The earlier in sprouting, the earlier in maturation.
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2. At the middle of July sori had appeared in the December population firstly, and the indivi-
duals of the December - February ones matured until the end of October. But half of the March
one had no sori. The control one matured intermediately between the December and January
ones. :

3. Firstly sorus had formed at the portion near the back blade base to develop up and
down, and secondly formed on the surface blade. Both the sori developments showed the same
pattern, but the latter extension was rapider.

4. Excluding the March population, the later in sprouting, the rapider in sorus developmental
rate (mm/day).

5. The later in sprouting, the lower in adult blade weight and degree of thickness. The
minimum adult of the March population was 1g in blade weight and 55 mg/cm? in degree of blade
thickness, and that of the others, 6 g and 90 mg/cm?. The adults with sori on both blade surfaces
were higher in degree of blade thickness compared to on one surface.

6. The components of the March population were divided into the three groups, the annual
adults, the renewal adults and the renewal juveniles at the end of October. The mean degrees of
blade thickness of the groups were simliar, but the renewal two groups had the wide variances

and were lighter in blade weight, especially in the juveniles.

The two wild populations at Bay mouth and Bay head (1967)

1. The Bay head population began to mature at the beginning of August and the Bay mouth
one followed 3 weeks late. Excluding the experimental areas, however, the first maturation com-
menced at Bay mouth earlier than at Bay head at the beginning of July.

2. The sorus developmental rate of the Bay mouth population was rapider than of the Bay
head one.

3. The adults of the Bay mouth population were heavy in blade weight and high in degree
of blade thickness as compared with those of the Bay head one. The percentage of adults having

sori on both surfaces was higher at Bay mouth than at Bay head.

The five wild populations at Nekodomari, Bay mouth, Bay head, Uchikabuto and Pon-
Oshoro (1962)

1. The first adults of the five populations were observed between the beginning of July and
that of September. The maturations of the Uchikabuto and Bay mouth ones was the earliest
and that of the Bay head one, the latest. At the end of October almost individuals (more than 97
9% of components) of each population matured.

2. The sori of the adults of each population had developed in proportion to the adult percentage
until the biginning of September. After that the Bay head one developed sori most rapidly.

3. The adults of the five populations were 17-29 g in mean blade weight and 93-104 mg/cm?
in mean degree of blade thickness at the early September. The Nekodomari one had both the
minimums, and the Bay mouth and the Bay head one had the maximum of the latter.

4. The blade lengthening and widening of each population had ceased in summer, but the
blade thickening lasted into October. According to this growth, cortex, medulla and mucilage
tissue grew to develop sori from epidermis.

5. Regardless of blade length of an adult, the thickness of the sori was 0.18 mm constantly,

and the other tissues, however, thickened according to its blade lengthening.
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Sprouting, depopulation, recruitment, density, renewal rate, stand-
ing crop, production rate, shedding rate and coverage of a lami-
narian population and standing crop, coverage and frequency of
the other algae accompanied with the population

The five populations different in sprouting season (1966-1967)

1. The earlier in sprouting, the higher in density of embryos. The density of the control
population was next to that of the February one.

2. On the fixed 1 m* quadrat **, the March population depopulated somewhat rapidly in April
and in October. The December - February and the control ones depopulated rapidly between
(February) March and April, and accelatedly from July. The depopulation in spring seemed to
occur by the intraspecific competition and the emersion at low spring tide and this phenomenon
from summer to autumn, by the looseness of haptera due to the old age.

3. The earlier in sprouting, the more in recruitment. The recruitment, the successive sprouting
of embryos, had continued until April.

4. On the sampling experimental area, the density of each population dropped in April (May)
temporarily. The density of the February population surpassed those of the others from March, and
those of the January and December ones followed in parallel somewhat apart in each other. That
of March one followed that of the February one from August. That of the control one varied
irregularly. The high density of the February one seemed to occur by the low intraspecific
competition (retard growth) caused by the late sprouting with high embryo density.

5. The later in sprouting, the higher in renewal rate (survival rate to the second year). The
rate of about 20 % of the March population was prominent. That of the control one was superior
to that of the December one.

6. The earlier insprouting, the earlier the standing crop of a population reached to the maximum
and the higher in this value. The December and January ones attained the maximum in June and
the February and March ones, in July. The March one had the low value changing little. The
variation of the standing crop of the control one was similar to that of the January one excluding
the temporary drop in May of the latter.

7. The relative production rate of the excellent laminarians (in blade length or weight : about
1/2-1/4 numbers of a population) on the fixed quadrat, was 0. 21 kg/m?/day in the December population
and 0.17 kg/m?/day in the control one until May. The relative production of the former was 29
kg/m? until July and that of the latter, 21 kg/m*. But the values of all the laminarians appeared to
be about 1/3, judging from their blade length compositions and standing crops.

8. The earlier in sprouting, the higher in coverage. The coverages of the December - February
populations had increased until March and decreased gradually with the May (June) temporary
drop. The March one had the low value changing little. The control one had attained the
maximum in February and decreased gradually with the spring remarkable drop.

9. The December (sprouting) community of the other algae (accompanied with the month

laminarian population) attained a high standing crop in January and the maximum in April. The

*2 : The fixed 1 m? quadrat in which the monthly sampling was not carried out but the successive
measuring of the growth of the tagged large laminarians and density and coverage of all the
ones was done.
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January one similarly had two inconspicuous high values. Except them, the progressive patterns
of the standing crops of the December - March ones were similar and low. Each one attained
the maximum between May and June. The control one had the maximum in January and the
value decreased with some noticeable fluctuations. The peculiarity of the December (January)
one seemed to occur by the component species luxuriant from winter to spring, the long period
of rich nutrients.

10. The standing crops of all the algae (including laminarian) of the January - March (sprouting)
communities approximately varied according to that of laminarian plus about 0.5 kg. The
December one showed the February and May drops due to the high standing crops of the other
algae. As well as the former, the control one showed the February drop, and after that the change
was similar to that of laminarian.

11. The earlier in community sprouting, the more in component species. The main component
species of a community limited their luxuriant periods between winter and spring, excluding Ulva
pertusa and perennial algae. The species sprouting between spring and summer had low standing
crops.

12. Among the common species in the communities, the standing crop of Ulva pertusa was
the highest, those of Enteromorpha linza and Petalonia fascia were the second, and appreciably
low values of Sargassum thunbergii, Corallina pilulifera, Gymnogongrus flabelliformis,
Monostroma angicava, Dictyopteris divaricata, Scytosiphon lomentarius, Porphyra spp. and
Gigartina japonica followed.

13. In the December and the January community, especially in the former, Petalonia fascia,
Costaria costata, Palmaria palmata and Scytesiphon lomentarius vigorously grew to become
higher standing crop from winter to spring. In the control one, besides the above-mentioned species,
perennial, Sargassum thunbergii, S. confusum, Corallina pilulifera, Gymnogongrus flabelliformis
and Gigartina japonica and annual, Dictyopteris divaricata, Colpomenia sinuosa and Undaria
pinnatifida were prominent.

14. On the fixed 1 m® quadrat, the coverage of laminarian was the highest among the large
algae. Among the undergrowth algae, Ulva pertusa - Enteromorpha intestinales - E. linza associa-

tion was dominant, and Monostroma angicava and Palmaria palmata followed.

The two wild populations at Bay mouth and Bay head (1967)

1. The density of sprouting embryos at Bay mouth was double that at Bay head.

2. The density of the Bay mouth population decreased somewhat rapidly until April and after
that gradually. The Bay head one had the gradual decrease until March, the rapid until April
and the slightly rapid after May. The density of the Bay mouth one was ten times that of the
Bay head one in August.

3. The renewal rates of the Bay mouth population was 0.7 % and that of the Bay head one,
1.2 % at the end of October. But both the densities were similar.

4. The standing crops of both the populations were similar until March, and afterward
the variation pattern of the Bay mouth one was a month lag compared with that of the Bay
head one. The former attained the maximum in July and the latter, in June with 1 kg/m?

superior.
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The two wild populations at Bay mouth and Bay head (]971)

1. The interval of laminarian offshore boundary and that of the luxuriant one (more than
3 in coverage), were longer at Bay mouth than at Bay head.

2. The Bay mouth population had the highest coverage and the highest density at about 2 m
point having the depth of 0.5 -1 m, from the offshore laminarian boundary. This tendency appeared
appreciably also at Bay head. The highest density of the Bay mouth one was three times that of
the Bay head one.

3. The standing crops of both the populations were higher at offshore reef than at shore. The
maximum of the Bay mouth one was about 10 kg/m® and about double that of the Bay head one.

4. The number of species of the other algae (accompanied) with the Bay mouth population
was about two times that with the Bay head one.

5. Sargassum confusum-S. thunbergii and Ulva pertusa grew higher in coverage, within
the laminarian luxuriant range of more than 3 in coverage at both the stations.

6. The laminarian density and standing crop at an offshore hanging edge of reef, decreased
gradually from Bay mouth to Bay head. Both the values were higher at the upper 0.5 m® of the

edge having steep cliff as compared to the edge with gradual slope.

The five wild populations at Nekodomari, Bay mouth, Bay head, Uchikabuto and Pon-
Oshoro (1962)

1. The laminarian range of the coverage of more than 3 in each station, existed from the
offshore boundary (near reef edge) to about 5 m off it. The broad laminarian range was limited
to the reef that was influenced by strong stream throughout the shore and had a depth of about
0.5 m constantly.

2. Each population had high density at the offshore reef compared to at the shore, and the
former was 1.1-2. 0 times the latter. On the offshore reef, the Bay head population had the lowest
density and those of the others were similar. On the shore reef, the Bay head one had the lowest
density and the Pon-Oshoro one, the highest.

3. Each popultion had the high standing crop at the offshore reef compared with at the shore,
and the former was about 2 times the latter. On both the reefs, the standing crop of the Pon-
Oshoro one was the highest and that of the Bay head one, the lowest.

4. The number of species of the other algae within the laminarian range was most at Bay
mouth and inferior a few, at Bay head and Pon-Oshoro.

5. The species or the association having coverage of more than 2 were the common association,

Sargassum confusum-S. thunbergii-Cystoseira hakodatense, the Bay mouth and Pon-Oshoro
species, Costaria costata, and the Nekodomari and Uchikabuto associations, Rhodomela lariz-
Neodilsea yendoana-Chondrus yezoensis. The component species of the associations having the
coverage of about 1 were Ulva pertusa, Dictyopteris divaricata, Corallina pilulifera, Gigartina

japonica, Ceramium spp. and Polysiphonia spp.
The ecology of populations different in environment and
characteristics

The populations at Bay head and Bay mouth

As compared to Bay mouth, the environmental condition at Bay head was rich in nutrients,
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low in temperature of about less than 1°C in winter, slow in wave velocity, sheltered by the wave-
breaker of Sargassum confusum, much in sediment of sand and mud, and shielded from sunlight
by vertical cliffs by the shore.

As for characteristics, the Bay head population had the slow blade lengthening, the rapid blade
widening, the slow blade weight increasing, the rapid shedding rate, the slow maturation and the
inferior holdfast growth, in comparison with the Bay mouth one. So that the Bay head one had
the short light wide blade and the inferior holdfast in (attaching ability) number of haptera.

By these factors, both the ecologies of the Bay mouth and Bay head ones were especially
different in Oshoro Bay.

The Bay mouth population and the three ones of Nekodomari, Uchikabuto and Pon-Oshoro

The ecological differences among the four populations were caused by the slightly different ages
of the populations, the wave velocities becoming slower at Pon-Oshoro, Bay mouth, Nekodomari
and Uchikabuto from spring to summer, and the quantities of solar radiation becoming more in
the same order (by the varied cliffs by the stations). Both the environmental factors affected

the Uchikabuto one remarkably to retard its growth especially.
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at its surroundings. EARBIUCEERO KRR LRDT,
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SO Y EREC, EEH 25 5 em Bkt 28O 1/2 OEX L i O B O F-D
SHE, B, HWHUSS X OB OREY, EELOMETRO I, 7o #HMM LS 10 em A B 1/2 3
REUETO, D 120EI0H/E, ERLEOMETRD R,

WEEF OB, M, fifc, EEER, HEROFTA, TER (2EA~04ER), B, HEE
e 3 X OB HESE D SENE, WERE, BIFENAEE, FeRa O LicREE s K00 0.5 m i o dRikik TN L
7o —EOXAFTIL, v F LAABFABEEOERREME L EFRFEFHRBOZEMCL - T, 4E
REUSHR kg/m?/H R Uiz, BEERES# S, Braus - Buanaquer (1964) © BERoT, + @ BEH
Ft1%LF, 1:2~10%, 2:11~25%, 3:26~50%, 4:51~75%, 5: 76~100% T Lio

COXSCLTay 7HEEROEBEBXYHLZL, =7 v 7 LR OBERT B ot 7.

T BRIE EALOREME, Bh iR D, SEEiis S
WA L B TR L, EBIKAT tes @ 95%

Density Standing

ORR TR, t BELFE BRI X - THEEOEY cm (n/em?) crop(g/em?)
B 4= | aBay head 9 0.08 /
e [ Rl 2 0.14
15k o Bay mouth 113 0.28 3
' *Tapid) 184 033
1. HEEOHB|* g Wi= 011L+051(r 092)
) §
% # 2
196442 1 A, ¥ LMD, FHRE L e 5130 Kl ; Z0.09L+0.19(0.98)
S it - o O = n=1509
& FRELEOERCEGT, SO HBREE, Bifks & B
LUHRHR~T, n 1539
19704E10~12 A efg, 197148 1 L4y, 2 Hepfic sl e |
DV WOEIMEAREL, = v 7 L b lBlL iR Wi=0. 03;'-52?) 17(0.97)
= n=
AT, ChEWTL, 2w 7Y — bR R OF -—r"’
ElSmicoATrb AR CHARIL, ALEE [ "
TREIl-ot, Blade ?ength inem (L) =
5% 2 Fig. 2. Relation between wave velocity
and laminarian blade form, den-
1) BOoLBR sity and standing crop of the
CIBEEE L B BM L hilAFRE O S0 T, Bay‘ mouth and B'ay head pop-
SO HBIEIE & B R - 7o, 10, WRE § & ulations at the middle of Janu-
: PSS BT 99 ary 1964.
b KB DM BT T, I & B A A - 7o (Fig. 2) o Substratum and depth: the two
[(AFE] B0, ek X hfgkigioam. -ifo, @i gravels at Bay head, the reef at
0~—10 cm OKBCE W TEREIED -7, B0 L b Bay mouth, and +10 to —10cm
M CATHORER D £ 7= (Fig. 3) in standard tide level ; and this
A A T et v 3o s .
a ) ) expression of depth is adopted
HKMEA < S s Y MEV B e b, in Fig. 3. The symbols : square,
i1 #E< x -7 (Fig.2;Plate I), Bay head and circle, Bay mouth;
2) EElEHEEHEE and each solid having rapider

wave velocity compared to the

(S ER)  10~1 8 FsEK i shif A HBL L, 2 AR
Abhieh o7z, 100 11 A XK O KB a2l L (Fig.

open.

21 1 1966~1967 =0, MO 12~4 H HBLHFE X OWEHEE L i o FoSitdE o B, Y4 EEFFOHE,
BEE, TS, W, RS, B, AR LWidd, ik X UMb oBlFR, WELEE TO
~5e
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%
34 lem< Density  Specimens Level
39889 70.4n/cm? 2,885 10cm
I 05.05 20.1 1587 10
Beginning of January
5. 112 ‘1.0 T T 1—42.0 T T -_3.0 Wit

lem= Density  Specimens Level
[190.49 62n/cm? 1,147 10cm

I 89.05 92 1,096 0

Middle of January

—r————T—T—T—T—7—Cm
2 -10 -20 -30
104 Blade length at Bay mouth

lem< Density  Specimens Level
B3 81.5% 15n/cm? 1,056 10cm
773 57 286 10

1774 63 266 0

Frequency in percent (%)

Middle of January

I ~10 ~20 ~30

=9
Blade length at Bay head (class interval : 2cm)

Fig. 3. Blade length composition of the Bay mouth and Bay head laminarian

Fig. 4.

populations at the beginning and the middle of January 1964.

n/cm?
100} gon
0 = Ll T T
Open column : concrete plate
100 i P
Oct population __—g— = |
[ 1T |
i e
lEJ 100F o, p, .-
£ g 4]
£ 0 v — e : . |
c L
5 1ooh DG .
ok, et
100F 1971
+ Jan p.
D - T T T T T cg ----- 1
100F  Fep
0 1971

Sept Oct Nov Dec Jan Feb ' Mar’

Sprouting density of laminarian embryos at Bay head and laminarian culture
facilities between September 1970 and March 1971,

Substratum : the concrete plates at the culture facilities between September
and November 1970, and the monthly denuded reefs at Bay head between
October 1970 and February 1971; and the depth of the latter, 4+ 15 to + 5em
in standard tide level. Open circle: laminarian (?) microscopic embryos.
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Community Oct ¥00  Nov [«100 Dec |xi0' Jan
Species Month I v 0 "7 " mfien{D 0 F MbelJ F Miem{F ™
s

S T | ek "

Diatoms

Petalonia fascia

Palmaria palmata

Monostroma spp

Ulva pertusa

Seylosiphan lomentarius

Enteromorpha spp.
Colpomenia sinuosa
Porphyra sp.
Chaetomorpha sp.
Laminaria religiosa
Cladophora sp. -
Ectocarpus sp. - -
Myrionema sp. - .
-
-

i

{50005g)

-
-
-
-
-
-

LI B

Rhodochorton sp. -
" Polysiphonia sp.___|
Ulothrix flacea
" Bangia fuscopurpurea |

- - - - - - - .

il i "

Fig. 5. Monthly variation of standing crop of the species of the four algal communities
on the October - January monthly denuded reefs at Bay head between November
1970 and March 1971.
Unit of standing crop : 1072-g/cm®.

1) 3 HOHFL R 2D &, 10 cm HiAZOHER LT 10 AKX 41~60, 11 H[X 31~40, 12H X 11~20cm
iCH -1,

10, 114 (EF=2v22-) HTiz2 s A, SiEE2 RETEL L LI AR TEMRETE b -
tzo 2V 2 2 WO L 4ERIT, HEKICE -7 6 AD10, 1NARTE, ¥ 150, 20cm ; FEE13,
3cem; ¥EE 1.7, 2.1 &/100cm® TH- 12,

(fh#EH) 11~2 AKX T ES L. Lo LK Tixfiodgis @b L, SE L% -7 (Fig.
5)o Ffz11~2 X OMMEHOBER L, EPocifiinliz. LALI0AK TR 12 AETMEL, 1A
[ Liztl, ZAbA eds -t

6 AD10, 1MAMHICE, Ficwef 3 v, THTAY, AvE 7 VHER-T,

2. EERHOER

V] P 3

[PEB D 12~3(4) BB, B X OWME S S OBF—1966~19674] 1966 4 12 A» 6 1967 24 HE T
DigAD, 12~ 4 F (HB) B4, AAMCERCHEK Li: Bil), chb bk, LS00 RKEEOK
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MK OWHRE L B OB O Rd, 19674 1 ~10H % THEE L7- (Plate [T, JUEEA, WEERK TIRE
Wick 2EEA, BRI, AAKL LIEAMNICE 2B CH S,

ARRIKIZ, 1966411 HBEOTMIZHT, 8 4m, {PHL 4m OFBKEY, i 1m O 4#REK #
AFRFE T & BAMCEE D, HEK RGOSR ES Tk X Kl L, TTeSE, BRELTWSE
Abhk 2 v FORME, YIERBRT G5, KA MR A OME, FHH D ILTT
HETCRR b H & L - 1o,

196T4E1I~3H DA A O Athsd, B0 1 HREER LT, HcHB L@z - th s, FREEL
L sica v 7 ENLHTUDIR D, Boto BOLDRRIMTHERD, FORLEEVROBRE
EHFR I 7o, SO X SIC LTI2A2HEE 3 HO&H INBLOMIE & hig# 1 #Bh 35 4 KL
FEKUL, W 1m, PR L 0.25 m THEARNTAFTE, WS, BAARECEENETS 1 m? OkARC
iz AARDKT 2 v v 7B L 156~20 AMMEIC v+ L, B4T 22085 TREAR 0 IR
DERE, &HHBOMPBEGET

23 ANONRED 1%, 4 Atho Bt EAM L, 4 AR E Lz, S5 1m, L dm D
KRERHEDKRK A, ERARK O LB 0T, coicd 1 md Ok AR KE L,

(50, Wbl XUMBE—19714) 1971467 A2 6 8 4, B0 L BROKREEORERY, b
WSS Eob T 2 v s = UCBEEMNT L, JeReieay L7z,

M6 AR L 7 HlDIZ, S aa bk~ 1m? [ 10 G4 FM HEL biic kb, &L FO5m?
ICHW B AR EREAM L ARERO BRI A L, 780, Bhifs LOBROBER &k HE
K3 7 %BRE 3T, Table 2 OfHEAN D, #54EAOTHIERCELEVIEDH>12~164K%
B, = DRHGEAFTE £ —0.4~40.9 cm O3 b fe - F-(EAMILEAC X -T, 3 EKEETEROREERE T
RO EAEAHFE L,

LRz K=y, B0, BE, o547 b 0H 4 5 e BE—1962/F] 1962 4E 1~10 AR, HWHRE L
Cosh7 b, 68 Al da <y, #ivadv,r LMz, FAHAEOBEROEEYHE L, B
CRREOWEE (05 Off, BUOHOHIE L2 /-t JEZ 1 m? BEEiuc X 25K 1/4 m* Ao, H
TS K E LA, 1~10 AD 3 KOMKMAE CIRrEARHE X 5 KB X - 72 (Plate 11I),

## ®

1) BAODI12~4 FHRM, SIUTRBELBORE (1966~19674E)

U B0 5 12~4 ABFOAR) AIBASHITHEEESS 12 Allic, 2 AR ELEEEL, 34
BEORRS, 12, 1 ABRZEIDIL, 4 AB2UR bR, ¥4 ATEL6 AIcik L. 4 ARERRE, &
[t D BRI 10em (B - #:%F, 1965 185 1980 b) &z Bk, 5~16% &% h Ty (Fig. 6),

CER) —RUcHBlO BBtz KRGS, BuvBe CERhER T,

BRTZ4HCEROEIRE L o1, 12, 1 ABFLBRBEOLRIES, ARBRLEULL, 20
RTIAMDO 3~ 4 ADERIRLE L, —F, BREO 4~ 5 Fokiihr b, GeErngiii
o1 2AMOERIA 3B L i b D, 3 HERIEDH TS 7= (Fig. 7,

WOROASIL 4 B ¥ CHBPEL Dilhi, Lo LERRZES, $26 A CosTTREERD,
B b mpea g 72 (Fig. 8),

G —RHcHBLO R BHE E, FUBERICEL MR-t

BRTEIANSROEL 72, 12A8 L BEE e - 72, 2, 3ARE, HoEsaEoict
ATHWDRINDHE Lo oo BBEE DI LIIE S 72 B, BB LB IEELD 1~27H8h
7z (Fig: 9o

W OBHLIIEE L DRI ot LWL e BIR Y, MY L DBh 7 (Fig. 10),

CEARD —CBORGEIRY, RUBEEC L hKS oot

WRTI212, 1 AR LR 4 AICERBRAL oot —F, 2 ABNES Hic, 3ARRT Ak
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704 -
) l;r;w.uhhm(ﬂmzsgyrzm m)
r=
1 Mar p. (530) n=40
50+ Feb p. (990) n=70

Jan p. (1090) n=200
Dec p. (1650) n=253

Frequency in percent (%)

— L e i

m%&mhA

11-6 -10 ~15 ~20 -25 -30 -35cm
Blade length (cm)

Fig. 6. Blade length composition of the
December, January, February,
March and April laminarian pop-
ulations at Bay head after about
a month from each sprouting
between January and May 1967.
The plants of less than 1 cm are
excluded in this figure.

cm
200 po—s Dec population
te—s Jan p.
a--—-a Feb p.
| #—= Mar p. |
~——- Control
[ (Bay head) p. [|N
150

L

i /
100k i/ ‘L

Blade length (cm)

Jan Feb Mar Apr May June July Aug Sept Oct
Fig. 7. Growth in blade length of the
December, January, February,
March and control laminarian
populations at Bay head between
January and October 1967.
The values (mean+ standard devi-
ation) of Figs. 7-23 were obtained
from the samples that were the
first to the 10th or to the 20th
in blade length or weight in each
population monthly.

cm
200p :
0 | O— Bay mouth population
»——a Bay head (Control) p.

150

100

Blade length (cm)

50

Jan Feb Mar Apr May June July Aug Sept Oct
Fig. 8. Growth in blade length of the
Bay mouth and Bay head lami-
narian populations between Jan-
uary and October 1967.
The Bay head one is the same of
the control one in the comparison
among the December, January,
February, March and control
ones.

cm
15 po—oDec population

he—ae Jan p.

Lo —aFeb p. ,
~—aMar p.
~==Control p.}

Blade width (cm)
S

Jan Feb Mar Apr May June July Aug Sept Oct
Fig. 9. Growth in blade width of the
December, January, February,
March and control laminarian
populations at Bay head between
January and October 1967.
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KEigstz (Fig. 11),

CFER)

BHRERL D 27 ABR T, BooEmBEsRAICE L (Fig 12),
BRTIRIZHE L EMEL3 AT, 1~3 A4 He b fiBEV B E k-1t COHPTL1 HEED

I (E) PRETHoToe 7212, 2 AR LBRBEOBGBMITEM L. S8 2410 Hicies k,
IEAE Cicie - 7o (Fig. 13),

Blade width (cm)

cm
15

o—a Bay mouth population
=—a Bay head p.

—
(=]

o

Fig. 10. Growth in blade width of the Bay

mouth and Bay head laminarian
populations between January and
October 1967.

tm?
[ o—ao Bay mouth population

2,000 p m—= Bay head p.

Blade area (cm?)

Jan Feb Mar Apr May June July Aug Sept Oct

Fig. 12, Growth in blade area of the

Bay mouth and Bay head la-
minarian populations between
January and October 1967.

Jan Feb Mar Apr May June July Aug Sept Oct

2000p>—= Jan p.

Blade area (cm”)

om
+— Dec population

a--aFeb p.
|+—a Mar p.

o
S

Jan Feb Mar Apr May June July Aug Sept Oet

Fig.11. Growth in blade area of the De-

Blade form (length 'width)

cember, January, February, March
and control popula-
tions at Bay head between Janua-
ry and October 1967.

Blade area: blade length x blade

laminarian

width.
30p T o—ao Dec populztion
—e Janp.
a--- Feb p,
] ' a— Mar p.

=== Control p.

Jan Feb Mar Apr May June July Aug Sept Oct

Fig. 13. Variation in blade form of the

December, January, February,
March and control laminarian
populations at Bay head between
January and October 1967.

Blade form: blade length/ blade

width.
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WO L BRBEOEE I S a e N A bR, BER T I b~ (Fig. 14),

HHEO 3~10 H ORIAEE % Plate IV~IX 275 Lz,

CHERE) ek, WEEL VEEC, HBORVWFRERGIFFECLIE(E-70

WHTIL 12, 1 AR E IR 6 Hiz2, 3 AT, 8 AT, HEARLEL o to, BEFOZ OIFEIL,
BEF, WEEROBERE L b 2~5 A HBERh, E T 12 AR ESL, m#F 1 HERf: (Fig. 15)

WORLEWMEO 4~5 ADEERFEL, BHTAED -7, L LETHED 5~6 Ao@ddict v, &
BRI L, WEOER, EmE, HRoRENL, 2~3 2 A0ETHLH, HlMX1»ATHY, B
OO M A gt L, (Fig. 16),

CIEAEE) 3 ARFRBRT9 A F CIUAKEREE D, FA DK E TRV o

BRCRAME L, ERFD TS 4 B TORKBEORMINIESHTH Tz L L5~T7(8) Bk
L<HimL, zoks3 AltkkE@gescic-1z (Fig 17),

WOREL N, 8 ¥ CRIIBKE MR A 287, Lo LIEOBHIE 9 A % T Lt 107
X hEd st (Fig. 18),

(HERMER) 3ABIESTES T, A THERVIALIAERIIERTH -1 L4 A
ERCEL, 3ANLBREBRCIITA, BnTX8Ac#-71,

BRTIZ3AFNLBRE, HBEOR B EEETHE VBRI E - T, REMERL VgD -7 &FF
EL5ARCEML, 7THREDTE L Inote, ERELIZAMEEM LA, FiFTCR2AETEL, 54
iz Eh -t (Fig. 19),

BORFIEREE LD, 5 JUROERMERSF, 8 bbb,

ERRRRER) AL LOBMCAS L, EO LEEIBRMAAEE - 7o — B EITH - THE
RERRECEHEY, B) 9 HTEH T it o1,

BRI HBEORGHE Y, BERTEEIEE -1 2 NP ROfER < cEE h,
1l AMAELL, 6~8 HicBici Lise 2 B4 B L, HOHER BT Hhate, 1R

i Bay mouth
S0p = population g
»—a Bay head p. o—o Dec population
s Jan p.
[a—a Feb p.
+—a Mar p. | |
40 100k Gontrol p. |
~ . l
£
] 1] 4
g &
£ 30 &
g B
@ o
= 3
E o
8 B 50}
o 20 o
o
o
o
10 pi®
R R S S TP a4 Jan Feb Mar Apr May June July Aug Sept Oct
Jan Feb Mar Apr May June July Aug Sept Oct Fig. 15. Growth in blade weight of the
Fig. 14. Variation in blade form of the December, January, February,
Bay mouth and Bay head lami- March and control laminarian
narian populations between Jan- populations at Bay head between

uary and October 1967. January and October 1967.
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Blade weight (8)

100

50

il

4
[ >—aBay mouth population
| =—= Bay head p.

Jan Feb Mar Apr May June July Aug Sept Oct
Fig. 16. Growth in blade

weight of
the Bay mouth and Bay head
laminarian populations between
January and October 1967.

mg/cm?

)

Degree of blade thickness (Mg/cm

150

o—a Bay mouth population 1
»—= Bay head p. |

Jan -FdJ -Mar -A;r .May .J::le-July-AJg-SQJt-Oct
Fig. 18. Growth in degree of blade thick-

ness of the Bay mouth and Bay
head laminarian populations be-
tween January and October 1967.

mg cm*

Degree of blade thickness (Mg cm?)

150p ©—— Dec population

50

b == Janp.
~—a Feb p.
—a Mar p.
~—— Control p.

e

Jan Feb Mar Apr May June July Aug Sept Oct

Fig. 17. Growth in degree of blade thick-

ness of the December, January,
March and
laminarian populations
head between
October 1967.

Degree of blade thickness: blade
weight/blade area (mg/cm?).

February, control
at Bay

January and

cm day
Dec population

——

1 1
—_ 0 = NN = O - N
" Aad Ladd

-24

(=T N
Al

-1

Mar p.

O
J

Growth rate of blade length (cm day)

Bay mouth p.

T

"FMAMJJASO

Fig. 19. Growth rate and shedding rate

in blade length of the December,
February, March and
Bay mouth laminarian popula-
tions between January and Octo-
ber 1967.

Open circle : trace value.

January,
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HELR2ABOERMNZ, B TEU L (Fig. 19),

BOROERRhER, 4HOTRELEE I XERE, BRIL DV 3IHCEL, £08IL7 A TREIHS
Tt ot

eBMic AT LoERMERE L EHhELY, BMoBO L FBED TRLA. &FHLLE T ED
IEO4ARFIR, 7THUBEAGKT, HBORGFIRIFVGIFCR S,

CEmRONME) 3 AROHMMBIIED TEL 29 H ¥ TR, Tod VBRI EB TH-T. &
BELb4(G)AckMmicEL, 3 AREZEREZ6)7HE TV
BRTIIHAORGHRY, SRCHEVARCI IR L L-128%, 5~6HDETLIE LT, BH
BLRANOHBIZELIL:, Lo LEETE4 Hiz€< 5 Ho@n 7= (Fig. 20),
BOROMMBIZBME L DEPHICEED, 12 AMEMGEL, 12 ABRTEL L,
CEERCRRHhR) 1 AL, oK RIBRACEELG6, 7H CBEicEL, 9 H T
y (B

BRTIL AROKEhRRTHEDS TEL, ol -1, MEzEerThh, cohT?2
AU 4 Ao einf Vv del, SREZIZANOHER - B THE L (Fig. 20),
BOFFEEIEL D, 2WMichi-> TRE—BIC R RN ED - oy

Bz B O EmMBFEHME LR hFE2 RO L FioBE 0 TR L, #8E L 6~8 HicEAntk
DERFHAALLY, HEORGEHZE ZOBENEL >, SORT3 ARDOZAEFY9 Az, itk
DIEDEFRRER LI,

CEMRSIME)  HAO TR LA >RFCMMRI R L, fLE, cOkERTRY
BRIt BEREE 4~7 H, ZOWIZ, BRACERELD, ML LSS B, SR LD,
D 3IEA B > Tce ZORTI AL B TR A5, UBHE(T) 8 H T - 1=,

R TIXIZA B L 3 ABORMMROMNT BHER A
cm*/day =7 BMIEE1ZA MBI LEERELRA T TH -1 L
2 B it DU EE L D 4 HiclinicE< , 5 Aicilinie i

20 ~1= (Fig. 21),
‘g WO LD, SRMCHENRZSSELS, 0
-10 HER MBI IR LA E BB e o T2,

CEERERRRE] (iR VBEEL RS, EHM

CRANOKBhROEBREIZZERL th -1, a5

- N
(== =]

Growth rate of blade area (cm?® ‘day)

-10 REFL LEDHTEV2, BRACHE Y, HEORGHIR

fg . ERBNRBRED -1, BREHL 6~8 H, TOBIZ2 A
0 : HEREEEIETL, 9~100 THIEL 7=

-1 Mar p. BRTiz12 At & EREFOAKFITEL LTHRB L

£ 7o 1ABFEL 2 AWLIEZRAZY, BRIFELHEBTH-

Bay mouth p

10 oo 3HBFIL6 A TEY —Effi% £, 7T~8 HiciaE

- D, KRihr B oHREBE 27 (Fig. 21),
A YN VIR BOFSEEL D, EhE LM —BIcEL, =

N ERRREShELRLCTHS,

Fig. 20. Growth rate and shedding rate ‘
in blade area of the December, R At EoERBIEME L KMh £y, #WoL
January, February, March and TBROCTRLE, £#8Ld 6~8 AR Bt Lo 4
Bay mouth laminarian popula- BEVNfA LD, HAORGBRES ot = OF T
tions between January and Oc-

tober 1967. 3AROAN, HU9ACAENT EOEERHNIE & o

Open and solid circles: trace 2o THEOMENL, R EOERBHMELF L TH
value. %o
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g/day
24
1 Dec population
14
0
-1+
-2

Jan p.

—
L

U
fury
i

I
=D
5 b

Growth rate of blade weight (g day)
o

(=]

B Feb p.

Mar p.

oy
(=
L

-0.54
]1 Bay mouth p.

"TFMAMIJASDO

Fig. 21. Growth rate and shedding rate
in blade weight of the December,
January, February, March and
Bay mouth laminarian popula-
tions between January and Oec-

tober 1967.
cm

Ap o—o Bay mouth
population
=== Bay head p.

Stipe length (cm)

Jan Feb Mar Apr‘Mayljune.Ju!y-Aug.Sepi-OctJ
Fig. 23. Growth in stipe length of the
Bay mouth and Bay head lamina-
rian populations between January
and October 1967.

cm
“—° Dec population
4 Janp.
a--a Feb p,
a—a Mar p.
«——- Control p.

Stipe length (cm)

Jan Feb Mar Apr May June July Aug Sept Oct
Fig. 22. Growth in stipe length of the
December, January, February,
March and control laminarian
populations at Bay head between
January and October 1967,

[ER) SAWERE, FRoZOMECAEREN
el o iz,

BMTI, BREOERLME L, 4 AR
LABD 5 ADEEEXERZ, 12AM OB X h#in
-7, 2AFOMELELL, 5 AURIIZARC
el Uiz, LA L, 3 ABRIZI0A F TE Lizic
hrb b, 4TEL D iie b -1, BEOKRFIL,
IAMEEE 5~6(7) HChH -1 (Fig. 22),

OB EEREOE ML, By THEM L, L
L& R E RO, hELIV 1A AR, #
L ENICEE S T (Fig. 23),

BHEO 5 FOERHN, 3 X O B0 Kl
HREOHERS] HEORGBHNZE, EREOM KBRE»
Wiz Tvnio, —H, 1 AffRbrZ, HBEOBRWHi L
ThbORMhDE Lot 12~3 AL L 4 Al
ARG D, - FORBEL Rote EHOTR
P = L ORRERR TS, 4 B KEROMERELE
< MR OAR RS R o, BREFTLEL
A Ch -t 2ORTL AT 2~ F i BHLEA4EE
Lizat, 1208 S RERC -~ 6 LD KL/ E L
Motz (Figs. 24~28),

R 20 em TEREHIS &, 12, 1 B L ESHN
D 4~6 FJIZ W2 2 S, EHREEIAT 2R E R D,
B Tho e - FH BT




Frequency in percent (23)
o

100 200
Blade length {class interval : 10cm)
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n=206

%  Jan population
n=219 Feb

n=213 Mar

0 —y
50 n=118 Apr
8
: 0 .
550 n=215 May
g
£ 0 |
g
n=123  June £50 n=151 June
3
) 8%,
w
77 July 504 n=89 July
Dﬁm-u_,_.: — . om .
n=50  Aug 504 n=56 Aug
e = 0 - —
n=34  Oct 503 B
cm 0 cm

100 200
Blade length (class interval : 10cm)
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n=60 July
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100 0
Blade length (class interval : 10cm)

Frequency in percent (2z)
o
(=]

% Control population
n=124 Jan

;\3 0
§50 n=138 Apr
§ ol mmoul; i
E n=151 Ma
§50 &
20 —
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w
0 .
504 n=71 July
ofilliirs:
501 n=48 Aug

Blade length (class interval : 10cm)

Fig. 24. Blade length composition of the December laminarian population at Bay head between January and October 1967.

Fig. 25,
Fig. 26.
Fig. 27.
Fig. 28,

Solid column, numbers; and open, one, total blade weight in each class interval of blade length.
1.0% ; and open one, with less than 0.9 %.

Solid circle, the former with 2.4-
Solid square, the latter with 2.4-1.0 % ; and open one, with less than 0.9 %. The

figures were obtained from the samples of a 1/4 m? quadrat in the sampling experimental area of each population. The above-

mentioned explanation is common in Figs. 24 - 28,

Blade length composition of the January laminarian population at Bay head between February and October 1967.
Blade length composition of the February laminarian population at Bay head between March and October 1967.
Blade length composition of the March laminarian population at Bay head between April and October 1967,
Blade length composition of the control laminarian population at Bay head between January and October 1967,
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2) EBO, BhifsLUEREME (19715)

BOLBROD T RBEOHERIT

(B0 LERoBt) MERIK L LAWK, # e~/ BB = v 7HEREEOHN 1/3 255, M
CREZTPH L 5~20m OP@AMEA D, Z0BHLRRER - TV D, 2 v 7T FEBEE S5 L L
LIFEL R HROPPHELETHEL, EHMIc s 52 E4 KB 0.5 m fiiETHS,

CEGROAM) WX E bRL DIMIOBEERI AR TR, FAVLRRD -7, BROERVEE,
WX E bR, R, 5, BRETH, RROMICEEEN S -7 (Table 1) ¥ 73810 DFERIEET
qfﬂﬂﬁh‘ﬁﬁfi)ﬂﬁo
_Y't', RO TEHTHET 5 L, BROERYRE, EASTVCHEREEND -1 TR, Bn
PRV Y, RADES & SRR - 72 (Table 1),

KIE 0.5 m GO EMARE - THLREL LA T, o= v 7O5M4ERMG (0.5) 1~2m T &
EREDRb o1, —F, ATRRCEGREACEE S F# T, Ui TeA S LA Im HAXS

Table 1. Ecological analysis of the two laminarian populations at Bay mouth
and Bay head in the summer of 1971-

m n/m kg/m m m [ mg/cm!

B(l5) | 144 035 S 3l 184174 2T7+078 2623  67+19 446162

9(15) 3 084 0 8 $52+162 503+125 246+151 90+16 100717

‘ 18(10) | 436 401 S 50 96+168 311£088 13+36 164£57 751177
& 190 | &6 13 0 49 T90+298 4424109 333213 180453 8334176
z 8 (05) 16 164 S 17 {13+1U6 53+142 235+110 90+17 9034173
S5 008 | B 108 50 138342 3ME143 24127 300£102  757+104
14 (15) % 3.8 0 18 681235 5431201 3771239 137148 873199

Total Ss 9% 3014200 3354126 119+117 121463 675240

Total O 75 T37+89 ATTH159 3381216 162+57  857+182

ttest between Ss & Os 97— !7% 0 6503 8497 4344 5418

| U0 9 | s 16 63131 607+183 233131 79120  T224205
2(05) n | o 18 5284193 9894200 631+339 53+17 11724202

, 04 | | 9 1l 396491 589156 169+79  69£15 692+

17 04) % 5% | o /) 6024249 9714129 648+306 62422 11114256

<[ 409 17 08 | & 17 6884238 869281 S5L5:371  BO£L7 756494
g 5(05) 10 67 | O M 6874237 826+212 539294 8323 889+137
37 404 | 168 | s 4l 25100 7294202 190+90  45£L1  T54£1L0
9(05) 2 %5 | o 18 944182 8024195 4461268 63+20 9774139

Total §'s 145 294168 668+211 234190 67421  TATEM3

Total 0's 9 598+232 8884203 556216 6824 1015+216

test between Ss & 0's  HTBR. TMT 12048 0546 12313

t-test between the specimens Between S & S's O ivses  MOST 533 969 2.1%
df =165

of bay entrance and head Between Os & 0's e ML G506 1436 5032
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% Bay mouth Bay head
i o % 7 .
501 M ll_:nle: 106 Line 5 90] Line 3 106 Line 6
o 9.1-10m 36-45
M | ooy 1 12 iz o
n=100 {1 n=129 b n=20
o 50
40 704
16 11 ~145
—_]—]_Ti D (54) ] ,. (48)
n=94 -I_,,I U o4
,{540 4
o ~5.5
g 4n
% n=38
g
£
&'504
@
=
g
w

-18 707 —
(no) ] =
50y =

(120)
n=138 b
504 504
40 200 a0 200 40 200

Blade length (class interval : 40cm)

~15mf—o ~10mp———o —13.5m}—= ~4.5m
~16 +——o ~11 +————o0 1451 ~55
~17 +—— 12 +——— 155t 65
18 +—— 13 +———o _16.5}—e 100
~19 ~14 ~17.5
e A% et 200
200 400

Density (n/m?)

Fig. 29. Variation of blade length compositions and

densities of the Bay mouth and the Bay head
laminarian population from the shore lamina-
rian buuudury to the offshore in the summer
of 1971,
The surveied lines: Line 3 (from 14.1 to 19
m from the shore) and 5 (9.1-15 m) in Bay
mouth, and Line 3' (12, 6-17. 5 m) and 6’ (3.6-
6.5 m) in Bay head (see Fig. 48). The samples
of each composition were obtained with a
1/2 m®* quadrat. Number in each figure:
upper, the distance from shore; middle, the
depth; and lower, number of specimens.



134 #3%F &

L, HEFEREL k-7 (Fig 29),

BOMOEBRETOFHOBOEGER

B0 LEME TOMN]  # e~ BEENHOVEITKE 0.6(~1) m X hikd, il LiEe 20~40
mOFRE G, Maiek & RBARE RS D, WIBD bATET 5. FROKMET, —HNC Al -
7edh, EehiclEl bbb s,

CERMAR] FEoRVGEMGL, B0, KV TERICE) STz, SEEOTT TR, Aot L b Sy gk
= F2H D, @UCHRESHIS 5t BHTREBEOHIRE, +— FidEs -7 (Fig. 30),

(FERDOEZEA) B/ cELR L e BKEQS mATHOEHOBED - - FTTit, Lhoxv7otERRL,
3MEL THEAED S -7 (Table 2),

FAREADTHERICT S FABAC k> TEETLEETS &, Jmn, BN, Bl
B, BOrLBEEAR - TREL&h, *’chi’c'h'ﬁ.jﬁf::ﬁidimt: FEMELELSE S, WaRIE
WIERTHRA D MEL, EFEFEEL D -2 (Table 2),

00.6-1.0% 30} 22:6
g
% ¢=05 i 1=67.5cm
20: n=246 Pl [
. x=120. or o
s g
S =1 ' ‘ * P7
- x=11L5 o
[ =4
=
3- ) '—' ) I I ) ) L = I
E 30p
> —
) P8
@
B o
£ L]
305 =i

cm

)

) 200
Blade length (clgss interval : 20cm)

Fig. 30. Variation of bldde length compositions
of the laminarians on the ten points (P.
1-10) at the offshore hanging edges of
the reef from Bay mouth to Bay head in
the summer of 1971.
The samples of each point were obtain-
ed with a 1 m? quadrat.
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Table 2. Ecological analysis of the laminarians on the ten points of a 1 m* quadrat
at the offshores hanging edges of the reef from Bay mouth to Bay head
in the summer of 1971. Upperside and underside : 0. 5 m?, in each,

lade All specimens Sampled 20 specimens
Blade length test Blade Regression equation &
Yol Upperside  Underside between Lengh  With  Weight = Degree of coefficient of correlation
Point (Up) Un) |Up&ln| (W) (W) (We) thickness | L & Wi We&lL
-] an ) “ mg/em
1208319 1324+215 10394307 | (df=244) ¥ N L=1TWi+ 707 We=047L-135
1 246) 14%) | =185 10712219 4704092 371=143 27453 720110 (r=03) =073

1115£380 1178£361 1063+390 |  (113) SAA1gE B4 124Wi+d74  076L-328
2 (1 R) (64 167 11312363 5314145 537+302 221473 832+100 0.49) 070

6941269 670£238 699275  (831) p 10Wi+225 0.36L-102
3 ) i) 063 ogp | T8l 8321120 BOTME M2136  TH0£102 054 08

SLILMT  836+362 66.3%198 (T4) BIWi+406  086L-323
4 ) 5) (1) Lo | H5£34 TIELTE G8L401 11443 B0ILS

041) (0.84)
5 | TALI0 STREIT 563172 (70) 83Wi-73 L16L-18

m 54) (18 08 BL6E197  809+142 332+263 761 10211164 ) 087

§ | T TR0 WIS B misms ee1s naene masy gesng | MRG0T
| MRS GERD UAKD) O mpsmy smerw eeems s wmeng| SRET WM
| BEES WLEHE DL imerns ssisom waren mesdr wmass| ST LRI
y | B Resne SIS Morks Wsszg wreps| P ME-KS
| B REH09 1022 @7 lusy wselyr| GREIN HELSS

Ps. 12 (Bay entrance, n=32) | 1242~1044 55~46 S48~386 258~211 BL5~739
Confidence interval
of the three populations | Ps 46 (ntermediate, n=43) | 744~633 73~63 476~365 I117-96 929~827

(P=0.05)
Ps.810 (Bay head, n=41) | W7~847 93-T7 829~626 125-103 985~895

3) &3O kwY, BHO, BE FhT7 bELUR-FL 308 (19629)

(I~10A DR, BRI F5 7 bHEOAER] BOFF — EOMRETiL 19620 L 1967F8F L D 4
izt TH D, WMETLHDIZELR LS, 5 AUBEE -7, 7HOHEL102em, 44g ThH-
Too MEAKRETIE 8 HE T8 5~10mg/em® (K < HER Lich:, FOHEFET D10HC 140 mg/em? 125 L1z,

PWEE — 1962FEREOED L, W L &, HHITIBTEREEL LA, 5 AL -1 7 HOH
1167em, 61 g Thotz, IPAETIEO HF T 5mg/em? g <HER L7225 10 Hiz 150 mg/em? % 40 2
b

v FH 7 B — EOMETIRFEEOIERE, WETIXELRFCEU LY, AE:dFcs -7 TH
O 56 cm, 3 g Thotz, MAEETIEI HF CHlBFOMTHERS L, 10H 12 145 mg/em? (23 L1z,

(6 HDEN, BRI LY+ 7 IO, R LEERFCKT HHBEFOH: bR, ANE, b
B, NHEE, HiE oM L OB, 38X 0HER L EOE I OMR - OBFR]  EAHET LERE © o GE
D1/2DEE) w0 E Ll iERm4 L b, gelilic Aol (B %2 - T Fig. 3L10m L, %
BxERVT, WTRLHEN R D@ EELEMicieh, ks X 0 K& { LT

RS 1/2 R ABOED 1/2 OIS OMEE L, EARLRBIRY, BARL -1 TibbAl
ThariEs, EOEIOMTD (K ARizEL -7 (Fig. 32),

(Ho 5 FEXOMERE RS, HF, BT, ks L oRkEOFEKMC L 24E0HE) #AEXA
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Tissue position from center (mm)

m

0.5p

nF

M eBlade surface (Bs)

¢ OUppermost layer of medulla (M)
Bs=amm+u.13(r=o.9)—(

ucilage duct
Md=00028L+0.11(C.83)
Md'=0.0026L+0.1(081)
Inner cortex

M=0,0006L +0.04(0.72)

Medulla

o o0
= )

" i " i r e i I — ]

50 100
Blade length in cm (L)

Fig. 31. Correlation of the blade tissue positions

(epidermis, outer cortex, mucilage duct,
inner cortex and medulla) from the center
of the medulla at the 5 ¢m point from the
base, with each blade length of the Bay
mouth, Bay head and Uchikabuto lamina-
rian populations in June 1962,

Ton " 6=27" Gradient of blade thickness

T T: Thickness

i B : Blade base
=
3 b L

- ] ===
a: Thickness at 10 cm point from B®
+ b: Thickness at 1,2L point
1:1/2L-10cm

o
G=0.062L+0.68(r=0.78)

Gradient of blade thickness from center (G)
3]

50 100
Blade length in cm (L)

sCM

Fig. 32. Correlation of the gradient of
blade thickness between the
10 ¢m point from the base and
the 1/2 one of blade length,
with each blade length of the
Bay mouth, Bay head and
Uchikabute laminarian popu-
lations in June 1962.

The samples are the same in
Fig. 31.

O L REFEOE — BROERRLYRE, SRAOMERROER LERKICEEES D - 12 (Table 3),
hEEE, b BGAZRD 3 BHC i 7 5 AR O B — TPBY, REIE L b, ERARLRVORHE V4
2 ®, MLEDOCOETF T L Thotz, - BAROKTRERE-AEEL LS -1
ERIEBR TR LWL, B, BERLLAEEY ST BLWHG-ORRFvd ¥ e, MBELM - R
ARDOWTHEEY B -1,
EFERIBRCRLEL, v72 7 TRLEL, - BAZOBTWECHEEY DD, HERchic
Blis AEO
FERIERCRLMWIL S, H vty e TRLGAES, hiE, Btk X 0% - BAROE THE £ L HE
ENBHoTe
MBRERAE A Y 2 e OGS THEEZ S, BRETRBRTHD -1,
BRIEL Y72 7 P HOEEIERTH 1288, 1o 3BHREL L (Plate X),

(ED 5 FEXOMETFOER L EIEL L OBIR)

1/4m*® 4~5 BOFER F L& d (H#&/0.25 m®) ©

B, *3 Fe)mbHvdsae (St1~5) OicRTE, F=0.09d+7.2(r=0.89) : 0.08 d+12.4

(0.84) 3 —0.20d+14.0(0.95) : 0.09d+4.7(0.67) 0.14 d+13.7(0.86) 27z,

4[XTid, FEERESEEVCEL oM H -1,
HIPYERE 0.5 LI Fic/e BEAML 5%, MW L FERERRIIEL, IRAEZES AL HE A D -

f:.q

FThbBEREEER
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Table 3. Confidence intervals of the blade length, width, weight, form and degree of
thickness of the five laminarian populations at Nekodomari, Bay mouth, Bay
head, Uchikabuto and Pon-Oshoro in the summer of 1962.

Station| Numbers | Length Width Weight Form pegres af

cm cm g mg/cm?®

1 80 [720~609  554~468  358~276  150~128  97.3~87.0

gl 2 84 [850~679  486~413  352~258  187~158  91.4~803

|3 50 |741~537  896~748  558~365  91~69 90.6~74.2

S|4 54 |572~443  534~432  278~195  13.4~99 98.8~86.7

5 68 |97.0~831  4.03~351  424~337  266~226  1153~1050

1| 108 |[550~461  428~355  214~156  151~129  83.1~726

ol 2 88 [551~462  419~358  218~159  141-126  87.7~T782

8|3 43 |535~333  778~634  417-205 = 7.1~52 102.0~88.8

P14 81 |403~335  477~403  191~134  94~81 99.8~87.7

5| 130 |67.7~558  383~320  206~158  226~184  88.9~784

o| 1| 188 |609~537  471~413  267~215  147~132  87.8~802

Zl2| 172 |683~582  443-394  274~217  161~144  880~807

g3 93 | 619~469  821~T.15  464~320  7.9~64 93.9~82.9

—| 4| 135 |459~39.0  487~427  216~168  10.7~91 97.7~89.0

“|5| 198 |764~665  383~338 276225  234~203  97.0~885
(P=0.05)

3. A& oOMM

;] =
197145 4 AMIc 3\ T, ElE 4 5 AOBO A 2 2ok, MoRvHEhsT0 5 BEEE R

~i,

PRI 35\ T ABMIC19665E12 A A+ 519674 3 Hicshif i Bl 2 ¥, “hb 12~3 AL, SR, 8o
DORBEEOMNBILOMEEEE L SO EORMY, 19674 6~10 AicH#z Lz,

19624E7T~10 B = K=V, 50, B8, v+4 7 rRIVHEY+ Y 3 sickWT, PRORE REE
LB BRI L, 5BEROEEHOMMAY HHEE L1,

7e 351967, 1962 FFOMA R, HEOBATFOLLLMMT 5,

= ®

1) HEMMOEELEICHH 5FO 5B

P 3~4 A, = v 7 LS EORMEFTHT 2P, #HoEdbisrolficksue T, THHLVRRY
=DRELZII:, £, KETE, BELIHBHNOES LR, 705K Bcibhd. ZOWS
EERGAFTSCEM L, HETHC L O ER SRS L BR S,

F0 5 B EROREMOEED & 50z, Higis SFifi~ L PR 2 h 5 —E@EILs2 - 12 (Table 4),
¥ 2ohF SR { Wh Whic iy, BEXERO 1/50i#, 4~5 Aickkih k& iz % L7z (Table
5)o



138 #%F %

Table 4. Sorus development on the 4-month-old laminarian juveniles in field and on
the clone adults in aquarium culture.
The field plants were the samples at Oshoro Bay, on the 20th of March
1971. The details of the clone adults of Laminaria religiosa are mentioned
at the papers of Funano, T. (1978, 1980a).

Sorus development| Number Sorus on one surface Sorus on both surfaces
of | Depressed | Elevated | Same in sorus
Population specimens | surface (Ds) | surface (Es) | length and position Ds to Es | Es to Ds
4““"““""”". . 2 300 10.0 100 200 | 300
aminarian

Clone laminarian A
(Nol $xNol 8)| 4 87 87 130 69.6

Clone laminarian B
(No2 2 xNo2 %) 44 45 409 136 409

Table 5. The 4-month-old laminarian juveniles with sori at Oshoro Bay at the
middle of March 1971.
Number of specimens: 20. Position of sorus : the sorus range from blade
base per blade length.

Depressed surface of blade Elevated surface of blade
Blade length | Blade width | Frond weight
. ol meih Sorus length | Position of sorus | Sorus length | Position of sorus
cm cm ¥ om an
067+0.15 0.65£0.16
797+232 42+15 11.7+69 122456 ~086+0.11 146+34 0852011

2) BHEODI12~3 AHAMGIUERARLEOE (1966~1967F)
(HERORMOHEB) HBORGEHR FFVETCFO 5 BN Lic, $-80ieSRimciEnt:,
WWMTix, 12, 1 A9 A FH, 2 AL 10 A FiceBdr M Li, LrL3 AR 10 ATY,

PR SR T » 2o MBI "

8 HEI R Ligs, Hfkoss 100P—-— Bec population
12, 12, 1 ABOBEITH -1 = : :::g :
ho3BRSATHNSI AT, & i M
BiE—cEM L1 (Fig. 33). = —=—- Control (Bay head) p.
2 o—ao Bay mouth p.
BOFIERN L V82 ilEh T = [
FOSHLAA LRSI, Li LE g s50p -
PurhES THS, 14 Hi290% % §
a

Bitkkich, 10§ Tz M@k
B L1z,

(FEOE - ikt s F05 Bifp
BogLLEX) #H O &AL

: June July Ao Sent o
f’%amgﬁ;@ £75#) 3~10 cm i Fig. 33. Maturation of the December, January, February,
fLTTO 5 BUTIH 2 hbhed, |- March, control and Bay mouth laminarian popu-

Tiofhig Uiz, 10HICA - TR Utk lations between June and October 1967.
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KT LI Ehichs, MG L bils - 2 (Table 6),

PR T O T-0 5 B o i ~o iy,

6 9 A FloRmoMER:, 120826 3 ANOKZ,

21, 2 ABOPH 48 mm/HTH -1,

EOFIEREIC S, FO 5 EOMELED
W-FE LD T, 8~9 H OEEOMHRERIL
7.7mm/H, i TiRBL#E 2 ABRCED - 12,

[10H FHOMMEDIAKE L fEHERE) BRTT
D 5 PR Lz Y6k 1%, IBKEE 55~170 mg/
cem?, HEFEF 1~47 g Th-71oo LH L3 Hlx
B BRIEOKAIZ, 0mg/cm?, 6gTH-71
FIERECF O S HR o8I, —RciBk
A7 (Fig. 34),

FROP T3 ARORMEIIFR T, #ERUZH
4tk TH D, WEREOLRIT 58, IEXETIR
120 mg/cm? THh -1z, H#Fix, 12~ 2 A#odh
P ITD - 72,

BREFILAE AR 110 mg/em?®, 19 g Ll b THifE
Efcotz?, BoBEZ10mg/cm? #< R $ 170
mg/em? TH ot AWML DR, EWH
1250 5 8% & ok B - 1z,

[10H T 3 RO & S 3 AR
RO, HAT 5k L hBED 3 ey
Pzt 3HOFFHIAEE L0 mg/cm? THifLl
Lize Lo Lffiosrakis, REERE B, —

Blade weight (g)

50

=3

b1

1AM LS, KW T2 AR E -7 8HATF

4.0:6.7:3.55 1.0mm/H T D, VYK

o Sorus on both sufaces
| = Sorus on one surface

(renewal)

[ Mar population

mg ‘cm?

e T
Degree of blade thickness (mg cm?)

Fig. 34. Comparison of the two groups of the

adults having sorus on one blade surface
and on both surfaces in relation to blade
weight and degree of blade thickness
of the December, January, February,
March and control laminarian populations
at the end of October 1967.

Table 6. Percentage of the laminarian adults different in sorus extension of the
December, January, February, March, control and Bay mouth popula-
tions between July and October 1967.
The samples of each one were obtained from the fixed 1 m® quadrat

and the sampling experimental area.

Bm: Bay mouth.

Month| July Aug. Sept. Oct.
Maturation~Fopulation| D |D|[J [C|Bm|/D|J|F|M|C |Bm|/D|J| F|{M| C|Bm
Rate of adults maturing| g, o o| o o of o o| of —| of 3| 2r| 3| 33| 30 80

g ~1/4  |100% 100{100|100| 100 100 — 9| 9| 8
g =]
e ~172 20| 20| 60 —| 2] 9 17| 44| 10
-
Eg*&; ~374 80| 60| 40 —| 80| 45| 27| 42| 56| 50| 70
225
5% =2 ~1 20 = 37| 64| 33 40| 30
§§ gl <14 —  {100] 67 67| 33| 50
S Tz
é!g 2| ~112 = 33| 75| 33| 67| 38
% ~3/4 . 25 12
5
gl - .
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g
50 © Dec, Jan and Control populations

| 2 Febp. :
© Mar mature individual "
< I 2 Mar mature renewal i.
2| » Merimmature renewal i :
bl 52 ! i L !
f =4 i ° /
= { ]
= s We=0025T 403 fo & - o ;
i a0 4
o
{ /

o We=00237-0, .l & & «  ° 5%
B I Weoour-106 | C° e 7, g
o i g cm? ° 4

- 50 100 o od N

/ .
| s 4 e A
& a a 2 o
Py A _,A.ﬂ'n
& “..-*6 Q ',——"'
o ¥ 00 Oup a0 e s mg cm?
oy B2 P i M i A 2 n M g J
50 100 150

Degree of blade thickness in mg/cm? (T)

Fig. 35. Annual adults of the December, January, Febru-
ary, March and control laminarian populations,
and the renewal adults and the renewal juve-
niles of the March one in relation to blade
length and degree of blade thickness at Bay
head at the end of October 1967.

Jy PE 2 BHRIE S 2ol ER Uit h Th - 1o, FHEERR
THRMAERMBITES, HE2EUL, iEX G 1g]
oty Eho 1ROk bEGIERIEE 2 THD LA,
Zh b O TIRhAEA %D - 1= (Fig. 35),

ZHBEG, 12, 1 A, WL SIS, By pik
IS 7, i

3 FxAFRY, #EO, BR, YFHT7 bELUVHE-Fa

o (19624)

(EERFORAOHS) 7 AWwcEo, v517 15, 8
RO = K=Y, Fvdv g off, 9F0HCERES R
FlLifdlc, 9 ADMEOE SR, BOEARLES, F2=
FURPRLEN -, 108 FAICITEBEOREA & OMEEH K
#L# (Fig. 36),

(FEOHEMCKSTATOIH o EoEZ) 9 il T
i, BOFVRLELSTOOIHAMESE, Fa P~ U2
LIS, ERFOBMEOBEGITHE XMERE L, FOH#108 FH
ETH, BN RLIES, RV TEOEE, fheo 3 BB L
7= (Fig. 36),

CO~10A DRUEDIEAE LERR) 9 H@igorikork
BEERRL, 2 F=Uhb Hvdv e (St 1~5) Off
i, 93, 253101, 27;93, 29:104, 17: 103 mg/cm?, 27 g
Thoto,

| —— Nekodomari
—o— Bay mouth
| —e—Bay head
Eis Uchikabuto
—— Pon-Oshoro

11618 14 172

8

Accumulative frequency (%)
=

100

Fig. 36.

1618 13 17 3 1

Sorus length,/Blade length

Accumulative percentage of
the adults different in sorus
extension on the elevated
blade surface of the Neko-
domari, Bay mouth, Bay
head, Uchikabuto and Pon-
Oshoro laminarian popula-
tions between August and
October 1962.

Number of specimens: 71-
258, in Nekodomari; 101-
211, in Bay mouth; 53-57,
in Bay head; 97-286, in
Uchikabuto ; and 85-254, in
Pon-Oshoro.

AT 5 BOREOREZ, IAK 131~170mg/cm?, FEER 11~27g, MOL - FRIZER, +

I F=U#, BIECIAY v r, YFH T P HETHoT0

(0 ADER, BREITYF4 7 O, TR LERFCRT AHBHORSSOTO 5, sk,
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Bs=0006L+078(=092) T, PYECRR3s X OYBRR DL & OB %
#E LB o O (D0 12 0EE) ZOoREL
BifhiciERE L b, @hcAHAROME (5 %
LT, Fig. T ie i L, FOSHUT, EEE B
i ALEETH-1, Lo Lo, Wi
hiEARC DR EES AR EL D, KRR
IV KREL e

I?T © Blade surface (Bs)
+ o Uppermost layer of medulla (M)

Tissue position from center (mm)

::cém\s%gm ¥ 7= 6 FoHoMEER (Fig. 31) L), &FH
@ . ST P RS HAEE S KX < 7T, REHERS £
oK E CofRAyR L
g °u=omﬁ 0.72
° 16L+0.1(0.72)
L TR 4 MEBOHE, KRR MK
Blade length in cm (L) EE, ﬁi*, ﬁ#l, iE*
Fig. 37. Correlation of the blade tissue posi- : = M=
tions from the center of the medulla at ax**’ HE&;U&E:“D
the 5 cm point from the base, with HER HELEE
each blade length of the Bay mouth,
Bay head and Uchikabuto laminarian % %

populations in October 1962.
The expression of this figure is the T 35\ A AT 19664512 5 72 519674 4 H
e St S RIS, Chble~4 AREE, W,
W R OFIRE EORHBEX OWHEE & WORE O A8 (i Rk %, 19674 1 ~10 i L1z
1971467 A 8 Ak, 0 LBMOFTMEEOBERY, MlgH L 50T v 78S L LTHEMIT
Lizo 4D 6 BE L 7 Higw, 00 LSROFEOGZEO L - Fioikih 2 WERomE & SIFRL bl L
o
19629E 6 ~8 A% 2 K=y, @O, @M, v5H 7 BLUAEVFY g nickWT, EEHOLR (i
LIEER ) HEEL,
351967, 1962E DAL, MEDMANE D4R L RPICEIH L, 19714 TiRFEO BT O 45k & Bl
e i

% #

1) BADI2~4 AHRBGLIUTERBLBORE (1966~19%67F)

Q-7 OEGRH

(HBL) SRCEZMBAORGEEE, YEED HBREE LR -7, BREOHBIBER 2 AffcRk 1
(Figs. 38, 39), 4 AROWB% 5 Bic@a i@ Thied, 6 HiziziikLic (Fig. 6),

BREL VBOROMBREE G, 258 TH-1 (Fig. 40);

(MEEE MM TREROMEEDR, 2)3~4HE LT, £OB3 ALY BRE, 6 HE THESIZ
HBL, BUTHRLGDSE (O~10FIE L, -7, 3 A4 HICaMosk, IE—E LEPIICIIEL,
ACHTEICE -1, BEREOHERBIX, 12, 1 ABCELI L2 (Fig. 38),

(W) WRTRHBORGHERIFEHISL, #BURRE -t FERR4ATH -1,
KARTIE, SEROBEIHBEED, 12~ 3 AKONIZ 154, 111, 26, 4% TH- 7= K T 66,
91, 54, 4% TH -7 (Figs. 6, 38, 39,)

¥ 2 HENTIROBRE, £AMEOMBECEARIES kAR TONS,
¥ 3 kAR, SEHEOBALROHO, HBKEOME Lic, HIE T, #HHBORA
DB L Lz,
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i
i o—— Dec population
% ——e Jan p.
T a--—aFeb p.
[ #——a Mar p.
1000 1 ——— Control (Bay head)p.
-~ s}
E
£
5 T
) %
& 10} :
sof '
Qﬁ\\
h

Jan Feb Mar Apr May June July Aug Sept Oct

Fig. 38. Seasonal variation in density of
the December, January, February,
March and control laminarian pop-
ulations on the fixed 1 m? quad-
rats at Bay head between January
and October 1967.

CRIE )R WD K AT, 4 HER 2 HBE 0 %
BEAME BTG, Zhic 3 AR, 12A BN S
fiE<, 1 A8, SHRPEL T B 2 24 7= (Fig.
38),
EWROFIX Tz, 3 AL 2 AO®E Hicil
Bragoii, 3AMEERE, izl AL s iciih
TI12H B4, BIFWTLTHB L, “ho3 8z
4 Ae—REETF L2, 3ABLEUBSEA5 Aic
Bh, 6 ALMREL#ELHCETL, 8AnL2 AR
IR, IEMBRE3, 6 HicEE D, 4 %A
i, BATBMZHBTH- 7o (Fig. 39),
KAROBOROEEOHEBIZ, 4 HETORLR
HETE, TOBOBCHLET LCGT b, &
BBELIZRLD, BOELWETHL, Higen
Thotz, 8 HOBOFOER X, ERIEOHIONET
#-7: (Fig. 40),

(I0A THOHER] HBEO BV Fizy, MeR
(ZEER~DEREK) -1, BEHEREAIO
EVMNEDIRED B\ EHBEHT, RETLFO M
MizPeps - 7= (Table 7; Fig. 35).

HBEHE &, ZhicHliFesd Lz F- BRI Bl &

Density (n. ' m*)

8

Density (n/m?)

8

Iivg

g

=

Tan Feb War Apr Way June Jdy Aug Sept Oct
Fig. 39. Seasonal variation in density of
the December, January, Febru-

ary, March and control lamina-

rian populations on the sampl-

ing experimental areas at Bay

head between January and
October 1967.
n/m?
F s——a Bay mouth population
=—= Bay head p.
1000
sof

=

Ton Feb Mar Apr May June July Aug Sept Oct

Fig. 40. Seasonal variation in density of

the Bay mouth and Bay head
laminarian populations on the
fixed 1 m*® quadrats between
January and October 1967.

A KARTIE, BELEEZFALTH20T, o TRENORE RS- o1
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Table 7. The laminarian adults of the February and the March population at the end
of October 1967,
Mar: the March plants not to renew. Mar (r): the March ones to renew.
Feb: the February ones. Sorus: upper, elevated surface ; under, depressed one.

Frond| Stipe Blade
Papulatio Length | Length | Width | Weight Area Sorus | Form ?}?i%ll-(efeg
cm cm cm g cm? cm mg/cm?
Mar (r) |14+06| 6.1+1.4|29+08|125+055/183+82 | 2 |22+05| 72+14
Mar 22405 8.0+14(45+09(2.81+096(36.3+113[ 4310 [18+04] 78211
Feb 3.0+05(22.2+49(88+1.7|24.5+84 | 20380 |133%41195103| 125430
Mar (r)/Mar| 0.64 | 0.76 | 065 | 045 0.50 - 1.22 0.92
Mar (r)/Feb | 046 | 028 | 033 | 005 0.09 - 0.88 0.58

CHT 5FAERY, 12~ 3 ABOMICA5 L, kARTIZ1LL (BHf:0.4), 5.4(2.6), 7.1(5.6), 22.3
(21.4)%, F¥RXTi21.0(0.6), 2.7(1.4), 3.6(2.3), 20.5(19.7) % C, 3 AFEHNEEL - Tl -7

PRPFIRAR 2.9, UK 1.2%, Wfis H12ABEL DR - oo EoREmEE--Thi 0.7%
Thots

(A B ORI SBIER R CIREVEL, M -1

BRTX12, 1 ATFLEMEL6 Hic, 2, 3 AR 7 Hicksici® Lz, 5 Bo—iy7, 12A%O%
bidAh e 1 AROETLAETL»10 5 ADKEBALTEL &, 3 AN ED TKLS, Bbrdich

o7, BT, 5 AO%BIAREERL 1 AROHBR

kg/m?
E'T—u Dec population ARicE Lz (Fig. 41),
o R WO LIRS I E T L, 4 AL, B
[ «— Marp. E1R1H ARBERLTHBRL, 78 2 1ke &8 TH

=——= Control p.

fliicE Lo (Fig. 42),

—
(=]
T

o
¥

Standing crop of laminarian (kg /m?)
T

Standing crop of laminarian (K8 /'m*)
wn
T

Jan Feb Mar Apr May June July-Aug-Sept-Oct-

Jan Feb Mar Apr May June July Aug Sept Oct

Fig. 41. Seasonal variation in standing

crop of the December, January, Fig. 42. Seasonal variation in standing
February, March and control crop of the Bay mouth and
laminarian populations on the Bay head laminarian popula-
sampling experimental areas at tions on the sampling experi-
Bay head between January and mental areas between January

October 1967. and October 1967,
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(2AREEBRIEOXNEHOLER L FHRE) 12ANOEERITEE kg m? day
—HRiz ER L5 Az, @RI D CETHER L 6 Biciimiicd
Lic, MiEEsd 8 Hitlw TELS, 9 AT L1, 1~8 HO&
SEHAERERRIT, 12 FBF 0.248, THEE 0.215kg/m¥/ H, ZOH T8
kg/m2 & Lich (Fig. 43),

WFFOMAROHEBIIELI L, 3 Aic—REbIAALY, 6 5% TH
D, TOHEIAM LI, 1~ 8 HORFHmIRIE, 12 AR 0.139
BHRPE0.135kg/m?/H, ZOHFT0.6kg/m? DFEXcs (Fig. 43),

Honid hogfER (RiomWEORD 1, W5 HETIE, 6 A%, 7
AUBf Elsote 1~5 HE CORMNT LOBTFHAEERL, 1288
0.212, WHREO.17 kg/m?/H, #EERE 32, 26kg/m? Lics, ¥7:
HEOTHETOMIL29, 21kg/m? icE,

(B IHBLOR B F D - 7o,

12~ 2 ANO@HERIHETHE N, TOBIETFT 52, 5(6) § D—
B e Bk A b 2 7 Hig EoMias e @A fhie > 7 3 ARRIE 04

Dec population

=1
o

Shedding rate  Production rate
o

Oé}
= =

[ control p.

Production r.

Shedding r.

b2 ic{, 5 HETHEV T HECETF L, FOH EEVT—E L1, JEMAMUY J A
BRMEbOEBRLD <, 2 FioligiciE L, £0#%, MHTH  Fig. 43. Production rate and
LK TF Li- (Figdd), shedding rate in
BR(CH1T B S standing crop (kg/m?
: 2 . n o /day) of the Decem-
CfbdpdioBIfFa] 128 GHBD B# iz 1 A & 4 H By - 7ol i s SOREEET 18
B, 1AWECH3 AL 6 AcHirioaf@iisis -7 jiH s O minarian populations
MR ER < &, BREEOHERIIEEMIL, SRl < HER Lz, fEiic on the fixed 1 m?
HTHORIZARB TN, 3ARKTSH, 1, 2ARKER6TH T
i between January and

» 7o (Fig. 45), August 1967.

MRFE ISR EEE X BT THERE L, 1 He ki The rates were ob-
B TIRIE LEAOEP LT ot %biddiz2, 5, 8 ichY, tained by the larger

plants  that were

IRk oot
i tagged, punched and

(RO RER] 1~ 3 HiEL, = v 7 OBEROHERC 0.5 ke/ measured constantly.
m? Fit BRI LCHER Lice 12 A REA IRl 1, 4 A sl s
L, LRAZIZZA XML, —), 5 HOBBLRAZSERY - o, WHREEE L MIEEO 1 B Ot kw2
RIcEBRATER, EOHE 277 DHRBCIRIERAL L1z, ¥1 = v 7 OXOBERL 1 AR LI L
2%, BEEORFETILG A CLE -7 (Fig. 46),

L oBIFR) 12~ 3 A, MRS CINE Lcim s, #% 6, |10, 8166, 7~/ 08
CAXFABDEBETH 720 TRMBORWHKIZY, MI24 51 (Fig. 4701~3),

12, 1ABE, BB Tetav iy 0, AR, £LA, HYE/7 )L LECH S L,
2, 3HABETYL, CoOBFCEFTTAHEOBFRIIFNL -2 (Fig. 47101, 2), —F, LB LEZ T
B THTAVRERE, FErOHCHBT AL, AL LRERI D Ich s (Fig 47 © 3), BRI
Tk, 12ZAMBEOLAMLLHFOE LMoz, BEEDY I v/, 7vRSE 2, Ve, +F Y s
D, THAR I vy O E—EEDc Ve b2y, 2202 ), V2008 THaT

FREOIEE CHERDR LB - DR T FT4Y, ROTOAATAL Y, 48390300, £
REL M TY I T/, EVest, dFv /0, =V b=, =/ ~vX, A¥EI ), 7=/
BOEEM, 7HaFvryyvabdbhb, ChbFEOFERRML, 774 EFEEYRE,
SRR L LHFCB BT,

KA BT 2T EOBE) &M% E S AMNBEROWE T, 2 v 70 ThH o1 EloArs s,
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ity Dec Jan Feb Mar Control E
Species Month J.F.M.A.M.J.J.A‘S.ol F.M.A.M.J.J.A.S.D N!AIM‘JIJIﬁ‘SIU RIMIJIJIAISIO JJF‘MJA‘MIJIJIAIS.D 3
i %
Monostroma angicara b k4 L Ld F50
‘. .
M. pulchram - [ L Ld Ld L50
i, + -y " P '
[loa pertusa & ) [ 8 ] ] 50
3
Seytosiphon lomentarius - L t L L50
Colpomenia sinuosa . L] Ld Ld k50
- - - [ . P
Costaria costata - o 4 Ld L4 k50
. P — " i gy
Sargassum confusum | k4 o k4 H k50
Porphyra spp. L o L L L k50
Palmaria palmata L [ )
Laminaria religiosa [] f\:w
A — —m

Fig. 44. Seasonal variations in coverage of the dominant algae of the December,

January, February, March and control algal communities on the fixed 1
m? quadrats at Bay head between January and October 1967.
The communities: all the algae sprouting in the same month of each

laminarian population.

kg 'm*
6r e—a Dec community
—s Jan c.

Bi «— Feb c.
2k | — Marc.
E \ =——a Control c.
) \
= ri
P ]
E” 4F ‘|
(]
s 1\
z 1
o 3 1.
=
2 \
° \
2
52 |
o \
c |
-] s
&
51

Jan Feb Mar-Apr-May-June-Jury-Aug-Sepl-Oc!-

Fig. 45. Seasonal variation in standing crop

of the other algae of the December,

January, February, March and con-

trol communities on the sampling

experimental areas at Bay head

between January and October 1967.

These algal communities excluded
laminarians,

kg'm

Standing crop of all the algae (kg'm”)

*— Jan
a-=== Feb
o= Mar

C.
C.
C.

=——a Control c.

Jan Feb Mar Apr May June July Aug Sept Oct
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o—o Dec community

Fig. 46. Seasonal variation in standing crop
of laminarian and the other algae
of the December, January, February,
March and control communities on

the sampling experimental areas at
Bay head between January and Oc-

tober 1967.
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Ulra 300 H f H
pertusa H Communty Dec Jan Feb Mar Control | il ok Gt
s Species T FM MY S ASOL| MM RSO0 MANS )RS0 AN 8500 JEMANI ) AS STMANIIASD Communty T Jan Feb | Mar Control E
ofl g/m! i U i ) gm Contra Sceoes Moo [} FMAM G50 T MM a5 0] MEMIIASD [iMi i as ol [T MANIIASD e
Monostroma |30 H H H Monostroma gm 11 I 2] H am
ﬁ::mmnrph angicava [k r\ I : oo puichram g oy Nt R 0
e P I o L inal ) ol i’ ol T ‘—‘ —~ o S i
i " H H M0 Dec T
Petalonia i Dictyopteris H H 160 Cladsphorasp. - 1 Pz O i to
fascia H diraricata [ i i I Dictyota
13 o RO I — dichol I A I il NN
g i T H H0 Sphaerotrichia | 4 L L
Costaria H i Scytasiphon H i 100, Dec divaricata i H '] 10
rostata i i lomentarius I "J\‘ I ! Neodilsen L N L j"i H 10
= i i ; H i H q g Control :;';M [ A Il i i I aa
Sargassam H H (.:afmmuin I h H : 1004 g i 1 T 1 + =
thunbergii i i mnom. b (l ,[\‘l L i-ln. i b ,1,,,L et
I —— (||| A TR N 10
| H ndarin i I i Chondrus i | L |
S. confusum 1 i innatifid V\ I i ] ' 100 j L H o ~_H /\_l /‘_: f\_ 10
H [l I 1 i [ |
i I Chondrussp. | H H H H
| e + H H H i r40 Control %::o F ] ] i . & o
Corallina H b Porphgra spp. H i h 100+ ARl L | H H H 10
s ] 5 o0 A o . —
L e ey - f P ]’L pectinate [ Kl Ao I o
H : I wo | Contra > I I ! [ s re——— ! - H : Ho
Gymogongra - i i 0 — I b < o A i
Tlabeliiformis H I ca I i i 1 Thereserian T I
= || j\: I k,_Ih::r = j\i A | B JI — r _,,,f-v’ 3 i J‘-1 / 1
H i i réa | Feb Sumphgocladia | H H i) ]
Bitmirie i ! I | ‘(I”DW Laurencia sp. i i : 1004 :'h-'l' e 3 s A L= Al
palmate H i [l 1 1 [ thadomeln L 3 L1 A
B il I i { I il izl .{j\ 1 el arix Py oot Wakl g
Fig. 47-1. Seasonal variation in standing crop Fig. 47-2. Seasonal variation in standing crop Fig. 47-3. Seasonal variations in standing crop

of each of the other algae of the
December, January, February, March
and control communities on the sam-
pling experimental areas at Bay head
between January and October 1967,
The dominant species having the
maximum of 300g/m? in a com-
munity.

of each of the other algae of the
Decembar, January, February, March
and control communities on the
sampling experimental areas at Bay
head between January and October
1967,

The species having the maximum
range of 200-50 g/m?in a community.

of each of the other algae of the
December, January February, March
and control communities on the sam-
pling experimental Bay
head between January and October
1967.

The species having the maximum
of less than 20 g/m? in a community.

areas at

Itk 9t

#
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7yALEINIZATE LBRER THL -2 (Fig. 44),
FAVCEETE, 77 AY—R0 7+ 2 V— 2 A7 VARG LY, Chic=Ve b=7Y, &
AR, RREL Ty e b=y, 7=/ ) OFEENRE I, chbikuThiERciisE

[Py
FOfh, BIE10%A T TERIZATS & SMISC B Licigds, #is5, ey ~xEoK
R B - s

2) &EO, BRPSLUERR (19715
BOLBAOD T RIEORERIN
(HE] =v7OrMl UL, BRT2~10, ERT2~6mTHDh, , E#EEHEEIINE TIRE 2 -
Poo BEE 3 DL OGN, W0 215, i 184me, 2 LIFCIR125, 110m? THh -1 (Fig. 48),
BEETIP O = v A HABIR TIRSME-2S, SEORATES ERLEE D, RS 52 miik Tk
L, T IhBIRBCECHAET L
(HE] BOTERpo 2 v 75HERPS (1~) 2 (~3)m, KO 5~1m TRLHED #<, 150~450
A/m? Thoto, BRTHEE TR WA U S D, BEEORTT50~150 &/m? Thofc, WK E L
REGEEOTBith, Bl > THEIREL 5, PTiREc, BTRESHTH -, ORARER
TR - 7= (Fig. 49; Table 1),
i X 0 B EE AR A & 5P, Cain - Castro (1959) #E2 X b, 1/4m2 ke (a) @ Mm%, 1, 2, 4,
8 16f5L L, HHH(n) L a loBfREkds s :
A, n=66.51a—14.22 (r=0,99)
H, n=23.0a+10.0 (r=0.96)
tlooty aZlb kT2 ERIIMETE, FECHEELHRETS :BOREBRO 295D, Thilds

3 Bay mouth 5
= 4
Offshore

Bay head
&

m Mare than 3 in coverage

%] Less than 2 in coverage

Fig. 48. The distribution maps of laminarian coverage at Bay mouth
and Bay head in the summer of 1971.
Lines 1-6 at Bay mouth and Lines 1'-7' at Bay head; and
the surveied lines having the horizontal interval of 10 m.
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Bay mouth Bay head
2 n'mé

1004 Line 17

0 Tl—a*hq‘"ﬂ
i T

—

Depth Density

10 “Fﬁ-\ﬁ
= i

T T T T
0 10 20m

Offshore

Fig. 49. Correlation of density of the Bay mouth and Bay head
laminarian populations with depth along the surveied
lines in the summer of 1971,
A 1 m?® quadrat was used at an interval of 2 m along
each line,

b EEROBREL & ORI

W3 Linh BB LT ORIEHR L, B0 100, BHR604/m* Tho1,

(BIfFE) B0 TR X DapfioBfFEs &<, i T llkg/m? ThHo7o, BRTL M TR,
e T4.5kg/m? TH -1 (Table 1),

(fbiaE o BEE) B Lcfligus, Mnes, Sls, JGHofi, wv a2 vsBEy /= 2 BOWMEML It
ML, AHENEHR T BN (Table 8),

WX D 2 v 7oA I LAcfE, x b 8flidbind, Hroiisrimd Lic,

a2y 73U oK 53LERL, 7 TAY, FUARCEI—V I NI LA, =S AK, T
AR That, ERBADRTHEEMN, R A, AL, FVYIFHD1HE, “=AF+Z, %Y/, v 7
AP pEV ) RE—S Y )R, PNzl AV AT, BELSLETHB L,

(=2 7HEE3 L LB S 2BBEmEORE] 7vAs2r—9 3+ 52 +0WRICE 2 h#
EARLRES, HoBRTELL, ST+ 7442, BAOR TR 7T A3, v/ w2 H{o 3,
A% 2 ) HEEE TH -7 (Fig. 50),

=S Yo L=y AR TIE, BB, pEE S Lo ot BB CIBE TH - 12 (Table 8),

BOMHERE TOFHROBOMEER

(ks LB EELEER, Nl ns BERAE - TEL o fop WA LTV 2500 %
{, Lo T 6 M AOFEHEEAER L 55~58¢ Lis- iz (Fig. 51),

RUOEEOR L ESHICEE A8 E, B0 | - Tioksd %8 L HIEE, L) T -7 (Table 2),
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Table 8. Frequency of the other algae at Bay mouth and Bay head in the summer of 1971.
Laminarian luxuriant area: more than 3 in coverage.

"i:: ‘,BA;;OM Area Whiols i Lamir::;(i):an agr;)wing Laminari;}r‘;a luxuriant
Species head | Mouth Head Whole | Mouth Head Whole | Mouth Head Whole
Ulva pertusa 8549 548 699 | 684 348 500 538 200 357

Enteromorpha intestinales 24 12

Cladophora sp. 24 12

Chaetomorpha sp. 24 1.2

Dictyota dichotoma 49 24

Dictyopleris divaricata 463 316 386 | 263 130 190 7 6.7 71
Stphaerotrichia divaricata 98 167 133 5.3 24 BT 3.6
Colpomenia sinuosa 146 95 120 5.3 24

C. bulbosa 415 205 215 95

Costaria costata 146 24 84 15.8 43 9.5 154 71
Undaria pinnatifida .3 3.6 15.8 1 154 7.1
Sargassum spp. 75.6 905 831 579 957 786 385 933 679
Gelidium sp. 7.3 36 15.8 7.1 231 10.7
Neodilsea yendoana 70.7 190 446 78.9 87 405 84.6 6.7 429
Schizymenia dubyi 12.2 6.0 15.8 7.1 15.4 71
Gracilaria textori 49 24 5.3 24

Gymnogongrus flabelliformis | 36.6 48 205 42.1 87 238 30.8 14.3
Gigartina pacifica 24 12

G. japonica 49 24 53 24 7.7 3.6
Chondrus yendoi 146 72 5.3 43 24 77 36
Chondrus spp. 56.1 24 289 526 26.2 53.8 25.0
Palmaria palmata 24 12

Pilota pectinata 46 24 10.5 87 48 154 7.1
Acrosorium yendoi 98 71 84 158 119 .7 36
Polysiphonia sp. 122 6.0 5.3 24 7.7 36
Laurencia sp. 73 36

Symphyocladia latiuscula 31.7 157 | 263 119 154 7.1
Rhodomela larix 73 24 48

Phyllospadix japonica 71 36 87 48 6.7 36

#3Fk7Y, BO, BR, IFhT7 bEIUR-FL a0l (19629
(HEE] &K E LT 2 D LRI RO H# 10m ¥ T, 3LLEIZ5mE TTH -7, BWORLT
R THY D25, BUFEKE5m G THY D2 <, FEORE CHAFREIHE b1
(Figs. 52~55),

(BEE) AEE LRI VHPUOEELEL, 1.1~2.0Thot, BOEoFH 7 Chh, B0 EIK
L, HuvdvawThitdhats,
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Gymnogongrus flabelliformis
z[3]+[5]s] [1]z] 5[6]7
3

g

il

2 G

1
|

Bay rr_muth Bay head
Chondrus spp.

L

Fig. 50. Coverage distribution maps of the other algae

having high frequency on the laminarian beds
at Bay mouth and Bay head in the summer of
1971.
The observations were done along the surveied
lines from shore to the laminarian offshore
boundary with a 1 m® quadrat, at 2 m intervals.
The surveied lines was shown in the figure of
Gymnogongrus flabelli formis. Each square is a
1 m?* quadrat, and the omitted ones of Line 3’
and 4’ have sand substrata. The thick line is
the laminarian boundary range.

KR CHETS L, il TRERTEVOABELL, il 4 KIS0 L, B TIERTRIE, £+
2 2 CRRE, MEOMICHir—S R Tln, vF57 1+, 2 F=Y s L (Fig. 56),

e BEREA L DKM O H#E T, ERTRAL, KA o v TR, WKObRiE L D i 3 KAAHE
L7z (Fig. 57)s

(BfFR) AR ELEBL DipfloBER L, 2.0~2.3FThH -1

ERCHET 5 L phlE, il b, ERTRIC, vt v e TRELT-T, E222F=) LERAT
KRR EOMN TR, 55 7 Titoh b LEEo PRI i@ L (Fig. 56),

i - BEEFEALOKBOLEE T, Ripbo e & il Lz (Fig. 57),

(= v 7HERKC ST 2 EEOEE) = v 7o BREOBRERIC i -» TALh i fifEgoMEu:,
BOTRLSL, BRLEV Y 3 v Thithots, GHMIZAS 2, BEOKEOEEE, Vel F

XYY, THRAEYF VI, PP I8, ~nfBRA2 Y, L2 L5 HFThHo7z (Table 9),
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Table 9. The species of the other algae accompanied with the laminarian populations
at Nekodomari, Bay mouth, Bay head, Uchikabuto and Pon-Oshoro in the
winter and the summer of 1962,

Season Winter Summer
Species ————otation| 2 3 1 2 3 4 5
Monostroma angicava
M. pulchrum
Ulva pertusa &
Enteromorpha intestinales @
Cladophora stimpsonii -
Ralfsia sp. °
Dictyopteris divaricata @ ] ] ']
Scytosiphon lomentarius
Colpomenia sinuosa ®
Petalonia fascia
Costaria costata °
Undaria pinnatifida
Cystoseira hakodatense - . ° -
Sargassum confusum
S. thunbergii
Porphyra spp. ®
Gelidium amansii
G. vagum
G. subfastigiatum [ ]
Neodilsea vendoana
Species of Melobesioideae @ ']
Corallina pilulifera - ']
Grateloupia divaricata [ [ ]
Carpopertis affinis
Schizymenia dubyi
Caulacanthus okamurai
Gymnogongrus flabelliformis e ©
Gigartina pacifica
G. japonica @ ] ®
Chondrus vendoi ]
C. pinnulatus
C. pinnulatus f. armatus
C. ocellatus
Palmaria palmata & w ]
Lomentaria catenala ] ] @
Ptilota pectinata L]
Ceramium japonicum L] L] @
Campylaephora hypnaeoides & & ° °
Acrosorium yendoi - [ ° [ ] @
Polysiphonia morrowii [}
P. ureceolata ]
Laurencia glandulifera [ ]
Symphyocladia latiuscula ® ° 3 °® ° °
Phyllospadix japonica L]
Total 12 22 20 23 24 18 22 19

e e 00
® e 0 0 -

L B
e e 00
e 000
e e 00

L]
e e e 00 0 00
®
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i

o

Standing crop in kg /'m? (S)

® Standngcrop: §=-095P+123(r=077) 4™
A 0 Density : D=-28.33P+319(0.65)
$=0025D+298(090)

4400
g

4300 ¢
c
=3
>

4200 §

4100

1 2 3 4 5 6 7 8 9 10
Point (P)

Fig. 51. Variation in density and in standing crop

The algae of more than m

2 in coverage

Laminaria religiosa

Rhodo!a larix
Neodilsea yendoana
Chondrus yendoi

of the laminarians on the ten points
(P. 1-10) at the offshore hanging edges
of the reef from Bay mouth to Bay head
in the summer of 1971.

The samples of each point were obtained
with a 1 m? quadrat.

Offshere

Fig. 52. Distribution map of laminarian and the other

algae dominant in coverage at Nekodomari in
June 1962.

The patterned algae in maps, Laminaria
religiosa, Sargassum spp. (S. confusum+S.
thunbergii+Cystoseira hakodatense), Costaria
costata, and Rhodomela lariz+ Neodilsea yen-
doana+Chondrus yendoi, were more than 2
in coverage. The other dominant algae of about
1 in coverage were shown by the abbreviations
in Fig. 53.

These explanations are common in Figs. 52-55.
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Offshore

Fig. 53. Distribution map of laminarian and
the other algae dominant in coverage
at Bay mouth in June 1962,
R : Rock
T : Tide pool
Cp : Corallina pilulifera
Cy : Chondrus yendoi
Ny : Neodilsea yendoana
Up : Ulva pertusa
Dd : Dictyopteris divaricata
Rl : Rhodomela larix
Rp : Rhodoglossum japonicum
Po : Polysiphonia spp.
Ce : Ceramium spp.
Phy : Phyllospadix japonica

Offshore

Offshore

Fig. 54. Distribution map of laminarian and Fig. 55. Distribution map of laminarian and the
the other algae dominant in coverage other algae dominant in coverage at
at Uchikabuto in June 1962. Pon-Oshoro in June 1962,
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kg/m? kg/'m?

20p & St1 S$=0.0026D+5.22(r=0.26) 20p 4 St1 $=0.029D+0.66(0.98)
2 =0.019D+1.25(0.52) F O 2 =002D+345(0.66)
3 =0.006D+2.66(0.20) - ® 3 =-0054D+15.2(0.83) .
4  =0.008D+1.93(0.75) L o 4 =00075D+5.37(0.65) e
5 =0.019D+0.72(0.90) L x5 =0021D+6.73(0.75)

A
o
- @
Le]
X

—
o
T
o
T

[ Shore

—

o
T
N

Standing crop in kg/m? (S)
N\
Standing crop in kg/m? (S)

s A \ Oftshore

Density in n/m? (D) 500 Density in n/m? (D, 500

Fig. 56. Comparison in density and in standing crop of the Nekodomari, Bay mouth,
Bay head, Uchikabuto and Pon-Oshoro laminarian populations on the shore
and the offshore laminarian-bed in the summer of 1962,
Number of 1 m? quadrats: 5, on the shore laminarian-bed in each station:
and 5-6, on the offshore in each.

kg/m!

20p 4 5t]1 $=0.02D+152(r=0.65)
0 2 =0029-0.04(0.88)

- ® 3 =0011D+4.0(0.16)
[o]
X

4 =0.016+1.13(0.82)

s F 5 =0.022D+3.25(0.59)
o 15p
E 1
L)
< =
£
o V' ’
2k S
3] e -
g1lop [ (N )
g L vl I £
[ =4 / * -
2 L | Wl T
n - -t
1

N e i i i J

Density in n ' m* (D) 500

Fig. .57 Comparison in density and in standing crop of the Nekodomari, Bay
mouth, Bay head, Uchikabuto and Pon-Oshoro laminarian populations
on the laminarian-bed in the summer of 1962,
The samples : the total plants of the shore and the offshore quadrats.
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(b st % UHEsE O #E1E) MR AR dstd % BERE 2 DL B O BHEREREAT L, ATl Tl & K3GE D
THALEI—Y I LTI A H I IBE, WREE Ay, e TR LAY A THD, PEERT
RISV E—T HA—= Sy /< EPRHF 2 ¥ ) Lo FH 7 b CEE L, & OB 1 itk CHM
W THURBR TS, 7774, =/ ~+ X, e, 7TaAFvFvy Yy, [ FAROYEEE, 1
P EBOWMBMY B -1z (Figs. 52~55),

% =®

1. YFEEOHR

(B L EROGIER) BaokEs ISR h fiyv Boicdor, E#E —5T5 B0k - B,
1965) #KiEY2 iy 2 EAMAOEE, BIFR W AR E 012, ERAE 1RO R L KRG
DERAER—HE" OfSRLE—#3T 2 (Musk. Ricev, 1952 Bidk - rhit, 1966 JI - fe«A, 1973
#:¥F, 1980b, 1981),

B & N DAL & fbdEsE) = v 7 Lo ik, MEs (1982) OBERSC X S/RHE
FEFE—F LI, ©CTRAROI0H HMET L D L RO AR T2 » 72U LK L, A CEhDI12]
i T T By

10 FE b, BiERLE<, = v7010d =2 v 7Y — T FHcEL L GIGEF. 1980
b). 10AME® 1 A DL B, HEEL D25% % - 1oht, MO 2 Claf -1

2 BEROLER

2 v 7OEEOHRIE, SHE T Setener (1891), A Tit Yexpo (1911) AEhTH oo -1, B
Ot Farers (1916) 2 #Nz R, Scureiser (1930) 246 2, #i# & MR < T, LRMRD
P L\ EFBBT,

CHABLA D S 7 2 B )

WIEFEHBIS S 1 2 oMz, 2 AR LR CAERL, 3 ABAKGE, ZhixAsHEoRTAELL
ST 5, Thbbd ANLBRIANOAR $REOAHFRBERLEABRD, —F, 4 AREKR
bbb TR B, CHIZRERTO, EHERC SO0 ASEAER Lizid L E 2 5,

WO MBIIAIC X D ARICEN S LD, 1T Parke (1948) 23308, AITL s v v =2V,
FHavs, Vxlavd, w27 TRESRTWS (Hasecawa, 1962 5 i 44, 1969, 1973 ; #IH 5,
1971 ¢ HiF &, 1980 5 #3¥F, 1980 b),

3 LD B, HRAGE THROBEIAFEME L 7o fo8t, Zhud~a v 7 8L, B
Bt ivatvavFbi—%KT5 (BUf, 1980b ; Hasecawa, 1962),

1 Ao Glic Rz, XAREEY X VE» X 5 245 (HEFO) #tkdyictktAbh, ==v 7T
LB TIME L THS (%, 1980b), —J, hlEX bl S OMOTHEEL, BXER %
bilov CEGRIEL s 2 FRREAD) {ERD:B LALAS, ERIZESET TR, B RBR,
EHEBUOYBH1 1AL D EL 51,

HFEER We LMK A LoE We=aA+b o, £80iEHD a, b % Fig. 58izmi Lz, chbo 8l
LRI 0. 90 LI LTh B,

il a L (7) 8 HE TOHAMEDEk a=a'M+b' # Fig. 59 ok Ltz cOEick-T, THET
IRHEORGERE a 28 <, Tiobhb fodiEf s (LR HRCHERRTRG /. ) OFEEMMm (BAD)
EHhEGEVAD, 06 AT LT, iPREERE, BEaSnRoEANE L5,

12, 1 A%, BREL4~5 (6) A ERAM THRIE % 28, PMERL ST, ChiRMFERLASAH,
EWMEETR LS 1 FUB&E =2y 7 CLEHLRTV-S (K8, 1980b),

CEE ORI HWEEHE)  19674EF LB L, 1962EOB 0, MRTOEREEEA DRI, Chit
196T4ERED 2 flid KR CSiEMA MBI, EEROFERLASL EA5h5,
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%10 x 10
159 o— Dec population 159 o—o Dec population(a=0.013M+0.003;r=091)
4 +—eJan p. ——s Jan p(0.016M~0.02;0.87)
. ] —Fep 5§ e Feb p(0.01M-005;096)
i — Mar p. + a—a Mar p.(0.019M—0.06;0.96)
<, | - 30""0‘ k. T | = Control p(0.011M+001;094)
f g—= Bay mouth p. 1] e—a Bay mouth p(0.015M—0.01;0.93)
o 104 z 109
z | :
:’ é
] - |
=1
; ;
s =
1 2
& ]
(-] :
: E ©
‘Q ] H
9 P AR R
3 Jan Feb Mar Apr May June July Aug
Month (M)
.f 20 Fig. 59. Regression formulae between "a" of
< "We=aA+b"” and month of the De-
I 10 cember, January, February, March,
z control and Bay mouth laminarian
& 0 populations between January and
g 1 August 1967.
87109 The formulae are the same in Fig.
£ a5 58. The regression line of the De-
5 | cember one was excluded the "a” of
25_304 April and August.
404 3. EFEEORR

IO #M B B 5T O S I (REER
Fig. 58. Monthly changes of "a' and "b" EOwavy, 24EHY v 2vFd, FoELST

of the formula of "We=aA+4b" of i ., e ’ .
the December, January, February, FOSMEWRT Bk AERD B, 1967)

March, control and Bay mouth ZOMUEDRIE, #F7 L avIRHIHFavT
laminarian populations between Il Tu% (Parke, 1948 : 2 K5, 1966), LasL
January and October 1967, Y A v b E, WiESE kDo L

Abbreviation: We, blade weight

PR HITH D, V) a s FMik, &y
and A, blade area.

A3V FRFHA Y OL ST HESE (g, 1977)
L V= XBRELFAETOLRMLLE). ThEKOTEER (ELH 2 AR, FH, ok, st
LBEHCL - T, AHEHOBEIR Wizh, REFRERET (P WE) TRl LA-EELS,

CHBM ORI DGR Fo SHOMERE, EOHR T Hic 1 AR, TR0 2 AL
LHEED, BAEGEHREER, ChREROBEER L EKOELTHS, sIoErads EEmE &

(Yenoo, 1911), KBS (HIBE LE =4 A - 0% X - THEHY 51, —3F, LERBEoRRE
TFTOBREYHRTHGEBECL - TAE LI EEL 5,

GEEO R WA B0 o 1962 AL 1967 44 L b IR - oy Zhud BEAREED 2T
£ U, 19620FERED L 5 IO E L BV B EERIE 1967 4EBEH s - 12,

1961, 19624F & LISHMEE L DB OB TR (RWIIEH, 1963), 1967 fEIXM TH -7, 1967 it
WThHhH, ChiibTRESS (EOEKRSERHD ©X - TEREREBXOESELZIT e,
EMCE U TR - -2 E 2 5 GTEE, 1971)

19624EWEFFAEMIC & » THRADIEEN H - T2o & OHTEBIED, Bl & TS TERIC Db TR
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DRI OE, KA < SF0 5 A0 GER, HUE, BRI X D) B R cd-icled thbhb,

4. EHHOHE, BE Bx PE BER NER SERLHEE BESLITHRBEORER,

W L AR

UBBIM R BIEERD F LV-S0WEE, ARG & Kllic X5 THEEECEL, —75, 809 Anb
(XEML LIcRE DD 5206 Ulc L 2 b s, THIEMEEZ T Ce  AERCHHBIERE, BlfFRE, fES
X UMbERC AT D, AT 7 b a v I OgRE, FHar, WE, v ve vy OB FIHIREEAL
(Parke, 1948 ; Hasecawa, 1962), #R# o cd AEBSORNE LTHREZRTW5 GEE,
1959b), Laminaria hyperborea Y HAL® L. digitata, h 57 2 v 7OHRFRMEVCIERHE LT,
KENT HREOMET (45 ?) P HEZ S hTv5 (Linive, 1969b), v £ =2 v 7 OREOPELIIE, HEO
AiRicies Sh, RUfERORETR, Bificbis EoGiiE bR, Kk b Hev, HREE
TOBERZLA EALRD,

2 ATOEWES, 3 AL fEr S, R bBRE G BB b b, ko sR
BEhTI12, 1ABL VENBREGHMED, > Tledb LR bhb,

12~3 AR OBERLBED 5 AOKbiARIL, THICL - THEEMMET LTH b, KRR HEERL
Tl bbb, BRETIRHEIMET LT, o L -» CERSRESh DB BHbh
T, THTR=a v 7 EREMFe S B L2 5, RRFHEOBEONRE, S (1982) LELIT %,
12 A%, BEBFOAERLMARE LD TH, EIHA0REOKRE S TEUMN 1/4~1/2 255K
BHOLDTHD, LFFOMRERMEMLHFASDEREL, #1/3~1/4 L2 bR,

FEMO R B AR 19674E0W 0, BHRFOMERBOEIL, METIMARST, BETIHEOT
HEEEAFELER - TE LT E bR S,

1971EDW A, BRBEOESEHINO, EHRMEEROHEEHE L REEEEEHET 2, #oic 1/4m?
D 16 FpT Cain-Castro (1959) ka5 LA-Elis, MEOPHE 3 L EoFE (68D © 1/21c T2
¥5ET5, BECIBEA T RSB, Suepecar (1956), fHiE (1963) OHKIZL D, C OFIKOH
W B0 (STEEE 95% , ZEEHE10% CTHEE L 5 2RBce R 5 &, 040 (39.7), #5827 (26.6) &
7% Morisuira (1954) @ Id e X 0 [ UEERE L ZBHEHEE TR 5 & B0 40 (40.2), K 27
27. 0¥ Lt B, Morismita OFEI L D, = OFIKOTFIRMEGE Y 16 FeOBEREC X - THEBELE 95% LA
ECHEET B £, 1 22,800~30, 600, ¥H 8, 400~10, 900 4 * ft 5,

F - FE— TR (Cain-CasTro, 1959) 22 6 = O FUE O ViAo 5 &, 0 1/2, ¥BL5/8 m®
Ligh o Tiohbb = v 7 OEERBIC R 5 2R OREE N I, AT 12 m® @M L Abhd,
EoF Ty 7B ERNEV-OI, Liniwe (1966 b) OfSHE E—FT 5, —F, KIE0.5~2m OB,
fFiiy, L.digitata, 5.6 #5357 b2 7, 7.1 L.hyperborea, 11, 1kg/m® THH (FELEEME), =V
A2 v AT 2 MU LY 5,

] =

1962~19714F/ MBTH B OF 2 F= U, #0, B8, v+ 7, Hvdvae (Sts. 1~5), LIV H
MR BT (Fig. 1), HWBUNEE4Eto R 5 BERO, DIEEOHE, 48 LA, MEE, #ix,
R, TR, BUER, EREREMER, W L UMb OBIER, B 2 S o T R L,

Y &0 HES

1. 19649 1 A0 LSO PR LB, 197049 AAB19714E 2 A # Tofg H O BT o HIEEE S X
UEHRDCEFO 22 ) — MlCE LT, = v 78 2 b o WBlicou T~ i,

345 1 1966~ 19674 D3hE (A0 HBLE, 160 o “HHBUHO B 7e 4 (8 A5 —1966~19674" Tili~%,
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2. WRCEED 5 2 EDO IMBUTEIC L - TEXASH D, 11 AT 12 Hrp (F) Wi Th-1e B
R OFFILER, B CERRRE -7

3. A4 Tu, #KHE Y R T IR L BT, RRAE S T,

4. HBEWRLLE 2%, WOREL DR MEAT D - e,

5. VEHEPHL 10~1 H OFk I8 L7z, 1030 TR IMBIMIEA <, ARV -1, Shic 1l
FTH A oo

6. 1071wz B L fbifFfs o ffigis, B, Bami i Er -1

BEHEBEOLE R

HBMAO Rz D EER (1966~19674)

L B I\ T 1966 4 12 A5 1967 45 4 H DfE H thed, ALBNCHIEIRIBIN (Rl © Rics @
BED, 12~4 F (B #AME L, KBHEAEOBEE CHAR e T, hbofiBy 19674105
¥ AR LT,

2. SHIEHHBNG 1 HORc, 2 AR bE AR L, 3 AR RG2S 1, 12A8EHL, 44
PEAR LN, 4 ABREEE, COERNTCL > TR HERTE L E2bh D,

3. 4 ARRE 6 Hicizifldk Lz, CHIREYE SRTTOAFTRBCabR, SHEROMEC LS &
Zbhb,

4. HEOBRGEEEESERE L,

5. 1 ABHIIZARCEV2L X5 L, ERTHLHAERNE LTokEx L

6. 2 ABoARERIT 1 ATV, AREs BRI,

7. 3HABOAEERAIT 12~1 (2) AR LR, FLI AR Eh, BECENMEELY, 2cthD
EEDTFER Lz,

8. AELLMEFRIAHCEMERD, FEARLEL fote 3 ABOIZNHEIC LR Lk .

9. BBV Y, AR IV BHAA R BRI, RLIEIAL cBDIX5~6 H Thotzs

10. 3~4H1c, EBE LR BLAEVIER &g -1,

11. HHoBRWHER Y, BFpoic R mEREE 0, REHELE» -7 e L, EEfT
HolkmEicotn

12. FEOIEAEEL 9 A+ THM Litt, SROIBES 50581,

13. FEORMNIIHMD S F -7z, HBORGTHZ Y, EORE, HXORMIURSHARLLE
668 7= e

4. 3 ARRERWT, EHFoZEOMEICKEREN h -1,

15, HMBIDEIC X - T, METHIEOME L EREHEN TR LEELY 51T,

16. FORMTHE, BBEORGEHEE X D& fEH L.

17. BWRFOARL, 12, 1 AROBHITH -1 TOFD 4 HE TORVAR, THESERST 4
By BIUBCEAL, 12~3 AR D ECMEEOHBC X > TE L LRBRD,

18, (EEMAEOIRMANTL, BRELEDEFFE L, FERTA ol #E L, O By e
E, ERORGKIBH S ot 12, 1A, BRFEE4~6 Aot m L, NEEAARBRT, &
R TH Y, BRI TR LS -1,

EED RIS EER
BOLER (19675)
1. 196741 ~10H, ¥R LEEC s\ T, KRV EDOM D iAol Lic,
2. WORHOEDOMEL, 42 TERFEL VS -0, EhbIEnE,
3. WEMEIAECISREEOME D, L BRI - T,
4. BOWRS~9IHCEERZSHEL, BRI 12 R ONE L, RS &1 2 AR,
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F Ol L DB D - T2,

5. 8 H¥ TOMPEONKEOHIEELIL 72, Lo LEREZFo#H LML, AROIEEL 52
ey

6. HogX, RIOKEhEE L, BOBISECHi DEBREL DEN -1,

7. BOROXOMEL, EREEEL D #ECHE S

8. HMBloEH LN, WKKE Y OMEMELH- T, BOTHIFEOAHTIHIC L HIEHEERIELD
WL B ool Abh B,

AN, Bhils LR (19718

L 19719 6 ~ 8 I, #50 LBWROFLE LOMERE & MO BERIT L S icot, WRALERE
TOFRESRRERR Y, 2 v 7R LESETIROL - F (0.5m?) ok T, ot Ry i L,

2. WK E L EL DIl OMEREL KL T, EA DL RD -t PEITE, 0B - THIRYV-IEE
TH-7chs, BRNIIES, JAELLEH, 2olXo FEOEo L - TTLRAUTH-T.

3. [A—E (0.5 m§iH) OFEHTE, WKL LihO 2 v 7HMER2 S (0.5) 1~2 m Tl 4 A=A R
Mot L LERAICHEE 5P CIt, KEHNImeflEs L, HREE k-1

4. PEOBRTIE, Bo, BR, EhRoEcE A, —J, B bERICE - TR
h, WhECR LSS o,

5 BHILEROTFHM Tl fi L E 580 L Foik, Lljoay 7osiARNE T,
F3FwY, BO, BAE IFHT FRSURAAL a0 (19624F)

1 196251 ~10A¥0, BRI FH 7+, 6~10A1cxaF~=Y, #vtvarm iz T, K&
H A OE & BEO AR Hili Ui,

2.0, BREY, 1962 FEHOEE, EA DI 1967 FERHCE - foo WX OIED R L AEMMO L
ik, WS L EAEETH - fo,

3. vFAT PHIED, BREX VAERENS Y, KRR LS ot

4. ERBFOLRIFRT, Hrdva e, B0, =2 Fv )0 3FEEM Lz DlcERr RS, v
AT MRHE3RELDELLH -1

5. #RFE LRL DIUOMEROEREA B 12,

6. BHBABRESHLL, HEKLLDREERMEL kot BHREOF TR, EHEL, HADHS
(DR (PP O

7. BEOMECHIG LTERE, B8, RgHEE S B R Uiz, flikodRe, EEE< R ©Ri
BETH-T

E&EHORR

RO TS EERC Is1T BF D 5 B

1. 19714 4 FBRIC T, SBAEOFO 5 BB &2 #H~7,

2. G 3 ~ 4 A #Ehid IR OAERE T 3 5 FRic s T, Fli 4 7 H Ok o % i, F
D5 MEHR T HEEIFHA LR,

3. FOIMOL SITFERDOK20%, Pl  hhiciibhis,

4. T-O 5L, HEEED HFE~ L BRSSO — iR ieh - o,

5. & ORIKIIEMMO—EER L, FHY Y =0l L aM0EL, DASLEALRS,

HIRHRO Rz DIEFRE (1966~19674)

L BB GRHRE, B LT,

2. 1ZABE 7 Hehiic il Lias, 12~ 2 ABHII0H FRIC AL Uiz LA 3 Al ioes
PREATH -t WHRBERI2, 1 ARl L1,

3. FOSHELIEEH O < wBlbh, EFiciRL, Rk o7, EEHTLE U TETL D
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B S R L7

4. 3HBRGE, BAEVIHEETO SO MBERITE - 1,

5. HEORGIHZ Y, BGIETRR L EVIEAECRM Lz, 3 HREOR ko FRIZ 18, 55 mg/em?,
fiFf Tit 6 g, 90 mg/em? Th ot BRKERFE b &, EEATLFOSHABR S,

6. 10H THID 3 ARHLEREOMKE, HERAE, HENHAED 3FCHTbi, 3O I
LTy, EOSHRTFAE 2 B TR, EERTLEL, Moyl Tz ofmsi L - .

EEHO RS EE

BoLBm (196745)

1. BHEBPHL 8 AWHICHIE Ligss, OB 2 his, L2 LEBREA TR, 0 TC7 HifdiciE
MRbH, R DR 57,

2. BOREOTO S HMERL, BWREL D roT,

3. WORIBRE L h R E L, IEREE L, HoElECT O 5B b oMiEN S - T,

X3k, EO, BA vFAT7EEUR-FL a0 (1962F)

1. 7H®@aMS 9 B, £Eclfriabhis, vF4 7 b, SOk b R, ERENARLE
i 10 FTHICIZEREE &, FoA K OfME (T%HL) HEE L,

2. EWAOTO 5HE, 9 A9 F TEOMMEOE &I LTHE Uiz, £OBBEE R T
Motz

3. 9 AWHD 5 EORMKE, FHTHERE 17~29 g, JEAJE 93~104 mg/em? TH D, & a2 K= Y B2
Wil S MmLIEL, B, BREOEAK R L& - .

4. BEOME LIS EICHK - 70at, ELOINEIZI0H £ Thi %, WE, HEdsiER LT, £ b
TO B SR,

5 TOSHOEXIERELMEGEKRS, @IEF—ED0.18mm Th-7:, L L ok, E1RAHT
BHHREFEE LT\,

EAEFOHR, i€ X ©E BLER HEE &
ERLfEE BESSITHBRORFR HELHAE

HIRFAD Rz DEGAEE (1966~19674F)

1. B0 XSmO NI @B L& - 2o BREFOMBIEE L 2 AFRTR W,

2. KAKETIZ, IAMOA A LI0ADRRA0, 12~ 2 AR LBRIO (2) 3~4 DR, BLUT
ARG E S, MEEHEEL - 720 FBOMFRTMANE G & AN THIc X 28E, Z2 5ROMEE L
L LB 0P B2 b Uic k2 bhb,

3. HBEOF B ERITERHE S0 o o, WTEER E D, ShitthofRmintiBlL 4 A Tt -1,
4. BpEOEE®R, 4(5) Bic—BNc{ET Lize 3 AL, 2 ATHIhEERZEE, fi3oMh T
1, ZATENCh EEIT LI, 3 ATRE 8 AL 2 Aokl R L HN B A 2i, 2

AIFOBEE L, BuWBEE b L T, HROBR CHAEGHED - fctcd LA bR b,

5. IMBIOBBE S EARSAE L, FIC 3 ABOMN202 550 -t EHRINIIZATE L DHd -1,

6. HEORGIRY, BiEEaR EEEL, i@ -7 12, LABR6H, 2, 3HBXTAH
R E Lic, 3 ABHRES , ol Th - 1o BRENIS HOo—RRE T2k, 1A%
DHEB T Ut

7. HAHDH 1/2~1/4% 5B KRB0 B EodESRy, 5 A TI12A8 0.21, BRI 17ke/
mY/HTCHhotee THETORMTEOKAERE, 12 A5 29, BEE 21 kg/m® THot, L LERD
flivz, RN LBEELBHBL, $1/8 L2505,

8. HMBIOR B FEEIZE o1 12~ 2 AL 3 HETERL, 56) HO—MiiEbiAni i
STETF Lz, 3 AREZSMANC(E L, b ieh -t BHRBHIRhO% BIALM L, 2 B/
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EL, BETELLETLTALKCHESHIZ -1

9. BMAWAOBIFRTIE, 128 (BB BA X1l 4 c B L, 1 A% TLHIIA
2oDORMIA BT WiFOOWERERS &, SEINEIL, SBOCEEBL, 5~6 Hioidic
Uiz, MMBEAIL 1 BIcRECEL, Bl Ly b LTv o1, 12 (1) ABR%EOERIL, 20 b6HIE
MWW T A RVEEENIC I > TAE LR EABRD,

10. 2HHEOBIERTIL, 1 ~3 AE% 1= v 7OBEROHEBIC 0.5 ke fij#s FBA LTHB L1, 128
BHR RO L, 2 Aic—B%biAd, $7:5 AOELAZNET -7, RIS LMD
EARB L, 2 Ic#%bRAEY, To8Ia v 7oBERGER L THER L.

11. HBORGERER Y, HBEREZE) - ENEOTFEMREL, 77+ L SFERYERE, £
HHFICRMARS K, FHLECHETAMI, RERY P s -1,

12, JGEM TR B L B oD T F T A, RWTYAATH Y, 23wt ), 2
- TYIrF 24, Vel %9 2), =S b=lY¥, =2V+¥~X, 2a¥2/0, T=/ VR
OEPME, 7THA¥ IV I THoT,

13. 12, 1AW, HCHiETES29-~232 ), R0, SR ATE VAL OHICHELEL,
Birfinign -t BRBETRCho0@BOMIc, 45DV i F5 /74, 7oRDE2, €V EAA, F
¥V, TARF Iy, —FEO=S e r=SY, 7202 ), 7H2NHFETH-T,

4. KA BT 5 ATBROBE TIL, 2 v 7R b M o 72 FEVCEIRRT F7A4—EY 747 V-
WAAT A VHBLELEL, =V e b=, FLADFN T,

MEHORL SEEH

BOLER (19674F)

L EOWoSEEOLBEEIZE <, BREOK2METH- 1,

2. WOREOWMEL 4 A To0mcMd U, TO®RECHCIET Uiz, WRBHL3 3 cofEnlk, 4
Aofate, 5 ALMOPLLLanETAAbR, 8 HOBOMOWIE L, BRIFOWINGETE -1,

3. PHERIIEORF 0.7, WHEF1.2% ThH-7ohh, HUEHAOFEERILEIER U Tho T,

4. MPFOBFERIZ3 A TRTG8, 0%, EOMRIEREL Y 12 ANiEER THER L.
136 4, B#HET Aic 1keg/m® 84 X b (S TR S MECE L,

BO, BhilssvER (19715)

1. WRTi, Flo = 7O LI E flETUR A S L ) K- 1,

2. WOTE, o=y FHHERMS 2m ik OKE0.5~1m) 2\ T, B L EE S -
120 BRTLHWF TV HEE L, BnHoRNEIER, BREOHIETE-,

3. MK EbRLL Wil CBIFFERA A<, WOWHORMGIZN 10kg/m?, BRNEOH 25 TH- 1

4. PHRIILC L 580 ooz, BRO 258 Th-710

5. av7/HEILLOFEEOIHET, 7o ASE2—F I T /A, THTAVAEGHE CHEKICE
L, 7H- 080 T%E LI,

6. FROBD = v 7 OEE LEERIL, BoLBRAN - TETTAHANALRI, ¥Rkl
LAl HBOL - FTTR, Fifit L EHTHREI -1

F3 KXY, BO, BR, TFh7bEELTR-FL a0 (19626

1 FEEb=2 vy 7HEI L EOFERIE, PBOBHSHImETTH-T, 2 v 7O LEOEE
B, AP 0.5 m s T CHKRKEIN E St 1o,

2. BEELRL DIMIOBESREL, LI1~2.0ThH-71 KMTHETS L, MElizERTEL,
AXTEB LI, BSRTRES, vty = TRLMr -7

3. FXELRL VMHIOBERI G, 25 ThHo1, KHTHETS 2, i, BelEigme
BHEL, FvdvaeTREEI -,

4. =2 v 7HERRC ST S hEROBEIL, BO RIS, BREE VY g v Thihats,
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5 RASECIWTHE 2 L E i - RERRHEG, RO 7 A2 2—9 3 13 24— 09/ %
IBE, BRlivAdramDAS Y, FaF2 ) by F T O 7=V E—T H A==V ) < 2 RHE
ot EHEE 1B THETHELXERT S, 73744, =V ~X, Eles, 7THAFvrv
VT, AFABEA L SBOBBRED D - 1,

BEGSIUHHAICL - TR AFROLRE

BRARLEON

B L LTHEREEO L EssE, 20/ 1°CER, B ildkiE, v Aaver OMBEER, E LS
WbE, (EVBIEicL3) SASIE ST RS,

HE UCHSBFGEOR L D, EOE MR RN, Fuokiih, Bemih, K< sl
QTEGWEE, P BioEcEE R,

Thbitk» THO4ARIL, B TRE-ToEAabh5,

BOREAQRTY, 9FAT MLV RA AL a0
BORAar=y, 9937 b RLIOHE v v o o FFOERBIRU L,
ARERIOXE L@ TERE L, Hyd v aw, B0, 2ar=), YF4 7 OHCHE»DECHTTH
¥ HUEKHE, dfcaiix 5 (BEEXOMEC L) AfROETCETEELALRS,
oy 7 7 F CRGERAEEFA L, 2ROS BRI ERBC -1t Rbhb,

£ a8 £ B

WEEHRICHU 2 (BETF

6 AT 6 9 Ad (F) fF Tk, b k, L FEr Thl, EFERII G, —
J, 8 HETOEOEH R (1961~1970FED/NMEFOFE MM L 10m/f LI Lo AE : 8 A, 2.0, 0.6
9K, 2.7 0.8;108, 3.0, 0.75 111, 3.2, 2.1512A, 3.1m/#, 2.0H) cEWT, Hicky savS
WA TIEAE (Yamapa, 1980) k& HEHRE (Fig. 60; Jbihli i e-4, 1976) i= X - T Eie® 5,
HJRDVIIEIIEPIil{ b Aabhs,

—J7, 12Ad CF) LAk, RREFFOR
Mol TR 2% T L, BilxEd i
AR EE LD OB - BRI, 1967),
Lichio THERE b A ve EHIEEVRF
OWE GEE) Tkt s, (KK €05
i X - T, BLEADRAE o sk
FHLENSD,

Thb bR THIRENBLURT > £
HEFE, (9 ATAD 10 As5 12F9) (H)
WETOBRMEEELABRD, ¥F-BEOEHK
BEEATHOR, B & ERELS HAT10
(ll)ﬁggt'giao

- 41973, Sutsu

r TR 41973, Muroran
a——a 1974, Sutsu
»——a 1974, Muroran
o——=0]975, Sutsu -
#——=#1975, Muroran 4"..

o
=]
=

Mean quantity of solar radiation (cal/cm? /day)

HEFORE &0l - B L2849
D Jan' Feb Mar Apr May June July Aug Sept Oct Nov Dec
w2 v 7 LR, AT REARO LT Fig. 60. Annual variation in mean quantity of solar
e BT GRBTRI) ~O3A T4 I radiation (cal/em?/day) at Sutsu and Muroran
i, 1A HikE#EL S (A58, 1980b), = between 1973 and 1975,
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ORRIEHFO 2 v AZRBETH D, FEBIME LTI iobhbs, 72 OGN, K RS Tl E
LML UMBRED 123, Bz X 2 KROBERY, EETHIHENON A5 X b 2 ebh X 5,
e LT, Wi w3 sl Ll kEno LY, loklBiclrbdlehns,

—Ji, = v 7DEFOEGCHIITE, RHEPili# (D ohicX-T, EWmei- Tuioredy
HD WA A SR, BRCERD, H5\ ILHEROREBAED, B BBlIcfoonTn &
Ex b,

FH 2T, HOKIC L 2 EEOFHFOES VL, IWIROFETRECH S KT % (xR, 1973),
¥ 7= Laminaria hyperborea TiZ, W{bic X % natural denudation A%, O (hEnE AR 0E L
Aied, BHETHUHEND L AL ERT A (Kawv, 1975),

<2 v 7 Th Myrionema spp., Mflifkie, Rivularia sp. 7 X2 HERT 5 WEM &, (a5, #
5 LWlEETOF KBRS LT w5 0.5~ 1mm U FOYEo B2 EET5 (%, 1980b),—7,
PR LIc X B4 o v 7 O BB HERE A TR TH2E LR E, HLVEANMN TOSFE
fbEaE DA L EREAREL b, KAELLERD (BYF, 1981),

FREE & G HIR OB

PR B 2 ahak Lo oy (MR, 19705 fE+ oK, 1973 5 #h#F, 1980b),

<2y 7OEEFHORHOBERE LT, EEFOHBOEE - S35 51T O ¥, 1980b), hix
HY A2y 7 THRARTHY, 1EETHLH-HL VERGEEICRS EADBRD, Tibb, HBIARLT
WA E, 1) ERAMC, 2) MEREE D, 3) HAEN LI - T, BRI LHARNE & 2
Igh,

#1C 1961, 1962, 1963, 1966, 1970 #:C&FED Tl O HIRILIEA L BRI L7z (BR)IG, 1963 K
JE - HiEF, 1964 : AREF, 1969 A#), 205 Bk HBELO R 5 12012 1966ED 11 A Thy, flld4it 124
HTFHTH- e FEOROIEOATR, i, MUTTEANO Y 2 = v 7 OEERZ, 1967 454 1, 100t

% 10%
| —e— Laminaria product + Product percentage of Laminaria religiosa per the

Undaria product total one of industrial Laminaria in Hokkaido

13} + Product percentage of Undaria per the total one o % %10'men
in Hokkaido
"’T wemarene Fishermen 34 1 84,
£
B \H 404 E
- o
10p SO P
N PO G
t : €I
< | = 245 045 74
o I R b
e} ] = 3
: 3 B
3 S I
a 1o &
H E’ 204 8 5
sp 812 |t
% y Q
[: Ishikari . I3
§: Shiribeshi 13 ? & I
H: Hiyama g I3 s
' 31042 |3
| 4z LR |
=1
S 4
T r—i———r—rr—r—y—r—Trr—r—vr+r7+—T77x< 04 5
1955 1960 1965 1970 1975

Fig. 61. The products and the product percentages of Laminaria religiosa
and Undaria pinnatifida and the number of [ishermen of algae
collecting in Ishikari, Shiribeshi and Hiyama provinces between
1952 and 1975.
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il 129 300~500t TH -7z, 72 19734 (PIFHH, 1982) X 1970 £ X by 1 WBh THHEESHE LT
WAL, B 19744512 200t 2 FEl-7- (Fig. 61 @ Jbifiili, 1954-1960, 1961-1977a),

Yoy a2y S TLYEEHBLORE L WX Lo A AbRS, FEG (1980) 12X 5 21976, 197740
HETHHOC— 2712117 Fi, 19782104 LRTH Y, - OFEOHEEDIHBLILIIZA EH L HEZAT
By —F, 2FEBOFEALTFEAO SEME, EEICE 950, 1,150, 2,050t ThH -7 k¥, 1980,
1981, 3 X URREFH).

YEGHROBEEELT SKELBHE

SO MBlOREY 4T 5 REERIZ, 81 @ TO<no~ = v 7 CLRR L (%, 1980b), =h
BORTHY 2 2y FItbk-T, EN6HKOEKER, K\CTRAMRY, EELHHERICL A0,

o fiic e~ TAMO ST, SE, BFRBEOMBERIC X - THkbh, BVELE L, B%I
HHR RN SVRETO, EHEOKEEEML - T, AEOK 4B T HE L 2> g (&
Tl = A H — O & B (Fig. 60 JLdmuBittE, 1976 ; Mg s, 19765 FgE, 1977a- b,
1982 : PaT-JII¥UH, 1979 K%&-AF, 1980 : FH, 1936 : BME 5, 1976a - b Yamapa, 1980 : Linive
(1980) =Xk % :tifi® Helgoland TiZ, BFAIXAHTH D212 Hik A TR 19,000 lux, —7,
B Tix11 H FR T4 62,000 lux (B 18)),

L LiGHIEORITIZ, T LAEASHKOMAR & ER M2 ME L /e ), HBUEA D T, ERPR
iz L5 (Parke, 1948 ; Sunpene, 1964; [HiR, 1970 : Linine - Dring, 1979), {KEEEE (kI
LA < =2 v ) ©b, W, BE EVCENEC kS TR&MEE 5 AORER TR, B EN
VD (R - HIL 1974) , 7eds Liivine - Drive (2 &MOR4 FHIZ20T “The lower limit of the
Laminariales occurs at 0.7 to 1.4 % of surface irradiance (visible),...” 2§45 L, Hrh#ED K% 90 m
T2 v FORME LTV D, LA LZOFESRIL, SV 42y T TIRRBA LY LA,

FRIEE ORI ATL, 1048~19554:% Tit 8 Hrpfic, 1956~19674E12 8 H Flum s 9 3 L Blibh
T (GCHMR, 1971, —Jf, &Y 2 2 v 7 OEHERE, 1956 FLERHEORMEEDTE, WHHC
M LTETW5 (Fig 61),

RERBE OB SR ZNBT 5, 8 ~12H D AKEHERL A2 &, WlETEO1966FIL GG X D RFK
BAMES, 22 9~12 L{EHTIHF—E L TR LTV% G 1 #o Fig. 9), M UBEATHED 1959474,
A TH - 7= (GoHif, 1971),

Trob bk e AHEORMEL, 1) BEREYN 8 e (F) Wick b, FELD 2) BoKRIEL,
$hz 3) 9 ALURES TRIET AL e 5. —F, 4 UsS KORBMRZ TERO REL L5 (Figs.
60, 61), 3~4) Z14H (B0) =av7L—HL, 4) Tkt 22 v 7OFRIP VD, == v 7T
ITHETH -7 (K%, 1980b),

TER19BAETBITH D, 1948~1967 EOWORIEKE 20°C X LB L, 777 + Vit L RESADR
fz (EHE, 1971); ThRbLYEHOEARS, +v 222 70k - TRBAO 1 BRI S L AR,

REBOETHLMETIEGRORBOEE LB/
= av7TRIAELVRB R GED, ThENch3F B8t ), ZhiPBlBo— 0
BE LTHIT (BT, 1980b). v 227 TLEALTHH, BED 1967 FXZOMICEY L1,
HHEHOEEHE LT, $RGEHBROEE LSS0, —F, BHERORATE—EERE T4
BODFE D,
Thib, YREORGHERREORG B LV -2, VRGOS V-Elichi- 5 HBlLz, BV
PR o<,

ERICHT DREE
KT HREEHEOEEIL Vicy (Yasu, 1964 : 5 - #18F, 19645 fE4oK, 1969 5 #5%F, 1969 &
-, 1973 ; Lining, 1980),
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e, A —ic L, floBREfLME LT (WHEREL Sk ©) 12°CLIT TR 5 L, RIS
oM FEA S AR TR L, #EL—EiasucmT 5 Lk, e LA a it 5, Las LHERE RS
T, Scureser (1930) 23%F4A BB L 5T, 0°C T Th- T LlEMlaz oz Lt 5. —
B, RARTHRLS By 22y 70SEEL L5, pH B0 BGEB PR E, &R ES
WREF (100 lux LIF) ©&THD, BdpTd-< h a2 ks GE1H),

RROFREIESIELETHA S5 & ScureBer AL, ThAFOFFH¥FEI T 5 (Parke, 1948;
Yasu, 1964; Kain, 1975), L TR &4, FELD IFTEAFTHEIR TV 2L 55 (EaoR,
1969, 1973 5 I &, 1971),

Kain (3L A TE T Ui (B3 i, SR & o L H L, —J5, YRey o ¥ mi £gE C R
HEimhicd 2 EiilEd i, Zhic X - T K% o S0 QYo MEE T RO R bR 5
Ay, BRICEK LE-MEAI T SEA LHEZE LT3, 7ok Laminaria hyperborea O -(ADHBE, 134T
Rt 5b,

=z v 7 ChHLMEINBICEU S EET SR 12 AETCHY (BAav 2 2—ETFHECL2), —
75, SO MBIL 6 A £ Thi < (¥R, 1980b), * - XMR OB M2 T, R RENRd e
LT BHERER D, EEVEREC X - Gl B ERICERT 5,

kY 22 v 7ORBEO—L, SEATERD LHEESR TS (Yasu, 1964), Lo LEFEICHICS
fE A DA X R4 LBLE, 4 AETTHS (TS, 1982), Lichi- T 4L TARS B
RS TLied, —BRHMIE TREREEALRE, ZHEEABEORGEHER, Kk HHEOHY
Ol ¥, SVENECETS, WKl E@mAMRC X - THET 2 %2 5,

—%, BOKBIMES (<18~20°C) v HAHEAMEV EREED, b X ORHIE T b A4 & fn 5 KOFHE
B (AR - |, 1974) o, Ao oRERESIL, S5t d LEL S, L LEERMEER
BT 500, SEFKORMBMAR &2 Hh, Bt (KrB) £~E- THSROMMCE U THES
EHEEET B, Tioh BRI A BLO R BRI, AR E 2L, EHRTOXoYHEE A bR S,
7t L. hyperborea Tik, BMEEX M\ IRED HHE & e 211 HEROMEL, SEREET0Z & in DDty
NAXIEL, HYHEAS D 2 HOMuYL, 95% Licb D200 Th -1 (Liining, 1980),

B S BEOOEGEOLERE
WP OARRIE, LB TR Tz, WOREL D, BFETL, 2R HEL, #FTER
A<, BRRAVETIES THEL, R L5, HIE, BIfFROME RS, DB 5 < ik
B ks AN
—H, BO ML EUL, Ch LR OER, Mrai(EBDEL, Hydvarm, BR, 22 K<Y,
U7 b OIS B BTG TE < e BHKIEE), —J7, el s (BEEXOZC X %) B4R
ETETDEALRD, FRC, 95797 b CIRMEEAMEH L, £0coRRsERBC D EELD,
ERBHERELEIGI T TR {BEE LT, Rl v ey EoMEER L ERMNE, Fuokiih, Buk
B, IR EN WS THWE, 8 IORBEO VR EF (B, RKHEE).
BT L LCWIIEI R X b, Baeak (higaar bk, 1981), 20K 1°Ci &EL i
1971), FE\HEKIRENC, EHic 7 v A= 2 BEBEIER L, WIEAHE LI <, BB X 20470,
ZhBick-T, BREOLEBORHYEET S,
it OR GBI, R BEETRE, ERE, EEXC X 3K 6040 AR, 10~11Hicd
B ERBhAKERA, H-ERIPE, SVl KEEEZE T, STt Abhs,
EWCHBEE L, o incalibET, WIRIE T L A HVGAEE - B, 8\VlRimEhe X 5 Rm4s
LR EOEGMEE F1H), ckikabhd,
FolERIBPEHC O b bT, SRAFE TRIOENE GO, BOGHE, EWABES, TEe X
STHEERDEFRE, EKEXCI2HEEITOFmAME, ©XsLabhs,
R, BHE, &k, FoXMTH, FEORRYELIRAMHKCI s LAbRD, #5572
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V7 TLERE, MEOETELLABRS D, THOZEIC L - THEh RS (Parke, 1948),

EAREO, H, EVCERBES, BUBKRE~0@EIRC kb EAbh5, « 2 v 7 TLHE (&
BRAD Tk - TIHEEOZEL S D, ABBBEOHEOEMERT, b S ¢ /td (Sanponsuca - Toril,
1973), —04, HIELRTHAC 2oL Laminaria cucullata |1, B & e L->THED L,
hyperborea DHFRMHIO P o\ [Fl—FEHOELO 4 FER L Xh (Svenpsen » Kamv, 1971), —J, i
HEARKTREI DG FT D, WHEDOHIE L L. digitata £. stenophylla 78 FHc B S, BT 0L ZIHE
BOWEDHYE L 7T, WHliD 5 ARERICH 2 itk (Sunopene, 1962, 1964),

(8 (AR & BIFE O % Ly ke, BUEEOTE, WA, @mks, s ko #is Licss 8D, &
OKETH, FEORRZELS EoSAHE, a2 bhs, $hICEHT RS EEOME LM
FNEEDDEEZ B,

B0 L WEOMEETEO AR LB L OBFRIL, ~av Y ot L HEOBEEROmE L oBFRICR <
—FT% G, 1980b), =6IicHERERR, ERBHETHLIMEN & Wicd wiEtEs 55 (Sansonsuca -
Torir, 1973), [A—FHAMTHAEBI RS L. digitata, 5#57 b av 7, L. hyperborea T, {RIE,
FHE, XoXr VHEHOED, FEHNEEOEOER IS LRI TS (LiNnwe, 1979),

K AALTEYL YT

v 23y 7 OREE L SGIEEDEIAETE, 3520 RAOHMMEOWMBIE, VoY a2y
(B, 19755 il 5, 1980 5 FIE - =4, 1980), Lo LAMOR FhoaRBEIL, MEL D 20
NTEHED, VoV arAt<a 7o\ (Sansonsuca, 1978 ; BiEF, 1976, 1978, 1980a), Z#icd
b b, HAEMO Y 2 2 v 7O45RI, 1ERY Y 2 v 7L DES RS, 1967 #IH B, 1971),
L LifEDAERER, EAD MR B> TuWA01 b bY, ELULERRCL > THEOEIILE
<BHMvEVy CHIRRADEFEHTO, KL AfROETERT R L2605 (B LFIR - fEHOW5
BHEAIRDZE : 2~5°C, @AREREDXE  2~3°C, #ENE HLIRO & ARBKAHEEDX  15~18%,
HR, 1970 5 $ilE, 1975 5 JedEEFilim, 1976 5 & 1 o Fig 2),

L HDOERMERS {4 O RS0 T T 55, s v1v2vy (4A) 82i+7=2v7 (6H)
3.8 VvV avs (5, D 1.6 v 2avy (47, BoLidK) 2.2, 1.8cm/A, —K, ==2v
7 (2~3 AFE, 5~6 e TRENT LOMERTYE, 3, 6em/HTHSH, Bt Lofso
BRI, »72v7 (8~90) 73:==2v7 (5~6H, & Jt¥%) 180, 380: VvV av 7 (6~
THBREHEA, 4~5 A, (AL #EAE i BIEE 21, 34, 165 &V 2 2vF (5~6 80,
3~4 HiBE) 43, 40g/HTH %5 (Hasecawa, 1962 x4, 1969 Wi &, 1971 IS, 19675 #
BF, 1980b),

FHOLEHEH n=22 & n=30 ODEELELKRY AT

Pkl n=22 OEEMOHMIL, 3EED I VL va v FHBRE, v AavF1EE, Vrlay
7, wavd, dA=avS/2ELETHD, KEIRRLIVMBIELUL, colHcgEsicdizl £
AR, MR, RUEGOBEELL, —0F, AElcRCTHRBONEINTIE BT 5 SRR
%, {7 B L 725 (Ase, 1939 Nisnisavasui - Inow, 1956 ; #z, 1958 &7, 19725 #MH,

1946 5 JI|WEs, 1965b s BRI, 19675 HlH G, 1971 #n%EF, 1976, 1978, 1980a-b: fexkKb, 1966;
Sansonsuca, 1978),

chizln=220 i VA vavy, n=30DF+FavFeH ., #72v7 bl £E, £5H
2344 THS (Hasecawa, 1962; Yasu, 1965; JIlIE, 1965a-b; fe4AK5, 1966 x4, 1969,
1973), I ¥4 vavFldua v AxaMhE Rtk iy, Fr, BB (ZoBESoBRER ),
Hfz, B (FOBOBREER 2R <) 2MUTV S, F—&EOBANETIY, BErHbG, £RELHES,

HoWFavFRFHavy7LHMTHERET LA, FEMIRLY, BRIARIEIn=2D/ICE kD
WELHDH, RO, EOLZ, oG, Fioioyv i, BReddthl Wi 8T, +Hay
FrIhthrLAa=v FYa w7y (I, 1965a « b Oumori, 1967 ; Druent - Masupa, 1973),
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A-TOEDER

2 v 7OEQARL, EHBTO 5 BRI TERSAMEILT S £ 5 Sercaert (1905) Dk,
FEL TH#EET B L5 Farurs (1916) O@AH 5, WTh L EDHEOLTERL XA TS,

Rt > TWTFhAIE LY, L L Farurs OFAEIEWTI D ESTH Y, 1ELOME R
%, Parke (1948) D5 X SR L BAERMA 5D ETXETHS 5, Wk fic X - TREES
Rich, WRAERORER THNTEL3~6 A LBbT 5, —7F, ZORL, +# v 7LMRFH (e
A, 1969, 1973) XEREAMM TR LEHIC, NHEFLIOAF 7 Fary 7Tl 24ENCAER L, —HicHE
ICET HERE—T 5,

s eI T 200k, 1) 1AL : Ry 2 2w (W, 1946), 2) SHFAETHHCkER
DR KR Az 52854 ¢+ Laminaria digitata, L. hyperborea, —~ =+ 7 (Scureiseg, 1930; Sun-
pENE, 1964; Perez, 1969; LiUwnrve®™S, 1979 #3%f, 1980b), L 0¢ 3) MpEkh LA R S
ERFCFO MR ASEE : #57 F2v 7, L digitata, 3 74 vav7, +#av7, )Y
2w 7 (Parke, 1948; Sunpene, 1964; Hasecawa, 1962; {44, 1969, 1973: HIH &, 1971)
T, B 3) BREGDOREBECHEDbRS, —HCERETIE 1), 2) 2%, BRETIR 3) 2%
<, WMiHLOMERE, BHELIV1~22 AR BECET S, fekd 77 b 2v 7, L digitata Tk,
ERLRRE L BHE, MEXS~10° Tl~2 A fRics, $7 L. groenlandica it 2) & &Hic 3)
g Bibh, AR LS (Druent, 1980),

SEEOEORERNMER L oDk, MBIOEV SR (B 5 VIR, BSHR RIS 7o D R
OHIR T, —#CHROREHETHY, —F, FoMl T GRERTIEH#RE) 148 (260
& 2Py B wst, e, e et SupEt sy Vavd,, VA TaEYyY,; Fhavd, Ay
HF5av7 s AFES L digitata —gijHiCik ;. Sunpene, 1962; {44 B, 1966 #;EF, 1980a),

WoIKA D (B D4R, (Y1 vavy7ikdE, ERITEEOREMNY A —HT5D, 550kl ~2
HANETE, LT HhS 2 ravy, »Hav 73 2EEIA I3 ERTRLBEEL kb, 121
va v 7T, BRI 2EH, i 3ERTRERET S,

PoE X eRTIRCERE, #fis L T-0 5 ROUEIHE THEL . #EAOMTIE, FEE RN, HOW
DOF-O 5 BRI E T, IEAERTH,

COXHcE0ERR, BEEIOMBEAR L, B ERICHT SR A, BiHEEIERE 2 TiER
DR, WA R G oR{tEEIEH T 55 R EAb R, BEEEDEL L CRiR L) ehib,
RO fob i RSB IBEET 2R L AR S, (LFESITCL > TLR UHEEN e 5 % (i -
A, 19725 il - =&, 19795 §55, 1980; Druent, 1980; L5, 1982), —JFf, Zhax#fiits
X 512 L. hyperborea "Cit, B4R (7~12/) IRELEckz bhiFAEEHL, LR L
SPEHT S EEh T3 (Linixg, 1969a),

a7 DRFEORE

AMOEFMEL, 7y HF 2y TRRE, EAFOCPLLENBFDIMEHHR LIEDD (Fy HF2 v
7 ifeakb, 1966 w2 v 7 HGEF, 1980b: kv 22 v BRI, 1963 Vvl 2 v i RIS,
1967 5 MIE &, 1971 & « FHE, 1977 £H5, 1981b: d == v 7 1 fka kKb, 1966; +H 2 v 7 : &
A, 1969, 1973 Kawasuima, 1972; : 1 v a v 7 : Hasecawa, 1962 o #'5 2 v 7 &< 6 D
AR & AcpE B - NP, 1976, 1978, 1980a, K, LoLH 57 b2 v 7OFOIBIL, HoHFa v
FTOL S L S LS TTFH~B Y, L. hyperborea Lk b E¥imb K L5, Lic
Ao THERE = v 7 ORI, BREL D L EHMOERC Y - TRZ2 LH#EESh TS (Parke, 1948

6 : Lining (L 1ER TIZEAERE (1 ~6 A) #BIET<& L L, L. hyperborea |t 7 J FHiCED R
iEeEll, »77 bav s (Parke, 1948 : = ) & L.digitata (PErez, 1969: 7Y X = —
HE) THFRLCE LTV, CORVGEELRIITFOSHIBR LD, —F, BO-bELRE
MITIZAERSEBL D0 EILTE LR LTW 5,
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Kan, 1975), AT EEOE(CERL, »57 F2v 7124, L. hyperborea 15% A, L. digitata
18~202 H, E1ehF7 b+ 2 v AREHRER 4 (Linine, 1979), 6 (Parke, 1948) % H, L. hyperborea
AT TR 30~80 g TR L4s (PErez, 1971), 3fiv+Fhd 3484 EThHA,

FHMOBEEML1~344THS (HL, FV 22y 7R i v vavy70Y5ic, 24H, 4EATE
ELTH, @A LAAVEERAEGE Licu), 05 BIBBING —fc, 1, 2/FE40MEE» Bk Gt
TR - £, 3EA TR 1ER TS L WK~1%L), 2HEATE»LE (E~TF) THH, Lk
VERDEND WMDY » H 5 2 v 7L, 70 ay 7OLERYR (2), BERFR 2 » 240k
THLEMAL, %O 2HERESE (0 FCTFO5HALLRS (hak, 1969, 1973), F1-H 57 b =
v 7, L. hyperborea, L. groenlandica OO 5 WM L EHTE LV Lo LEBAHERLTERT 2
W, LS h, K80 3EEOMTIE GifCEk ; Druene, 1980),

7R = VT RO —RETOENRKERTL, £V ravy, Ivlavd, w2vs, d=avF,
VA vavy, FHa v IOIECHEMIEL, CORCEBLTG-< OB, 1978, 1980a, #RE),
ferv—vEl—fiTh, KEEELLD/ VYO T, KREAS AR ER, KRLEBRE, KAT
L, ARDBGH v AT 2 SO, BB 1ERRS ((EakE, 1966),

DHBROTEOMAERL, BERCEST, HoBERikid o tR T4, KEnEhs, wY 22y
T E - TR EI2@d (Yenoo, 1911), 2o Eiin SR LIED S LW ilianERC &0,
—7, BENTZOALMEE S (Table 4) fob, {SAEEMFORBRY (F7c 5 HOKBESHL, M Es
b EAbhd, REHETH, KEEORGWEEN (BicdREiH~0) 2bhT\uv5 (B, 1975),

CoLimay FORBNY, ~EERLES T ERESRDAL Y, ChbRfick - TRAES EABR
Do —J7, ERENCHTBEVG KR L ASHEIC X o TEREARRTRMLER, ERECRIT 28D TR
HEHE GBAHRL AL EREC L - T, REDOHETD 5 i~ 0 N BRI h D L &L 5, sk
MO 3L, L. digitata, L. hyperborea, 57 + 2 v 7T 1ERCRBAGBh S DI, FHEE
FUAETHLEBHTEA D,

EROIEENTER & & b, Ba)S (1963) AMRIE L7 IBAKE 2, fhxd (1969), Perez (1971) %
HAWIEERSEM L EL L, 1 IEHREOREIKERY L e b 540, RBOELEMT 80+10mg/
mﬁ@ﬁﬁ&&%ﬂéoiﬂﬁu3$%mﬁ¢,2$iT%EﬁﬁTﬁﬁT%mﬁ?.;Dﬁ<k6(mm
PEFMOSE G BL, v o2y /DR, 240cmx 5em, 36g ThHO TR (Hasecawa, 1962)),

dEE R ABEARICKT RO 7 - ThALY= - TTEOLEESEDOME

—RICEPEEUEIL, =AY vy —OfFHECAE LA LRAT VS, LHLFEATHFY =, =
ST U EOHEFBIEE T, MBESEL, BEETEMTA L STV, L LEoi#it, gD
Mo B ORED, AR, A0, BEOHEHETS L Sh, BERHOAE XcET T, Bk,
WlUoy =, 79 CIMAIBL D 1~24EENS (=V v vy =:Fun, 1967 JbiigiE, 1977b; JIlf,
B =v7 v )ilfe, 1970 AL, 1982a- b; Sarro, 1979),

—J1, HFE= VT OE, =/ A7 vy =OAT - KRN X 2885, MEOEEND ¥ FOME,
i VOBBCHIEShZ2RNIC-TETVE (FEEH, 1982a-b), Lizdi-THE & iz, Mk
BoERENERHTHI LY, DAL E->TETWS (M5, 19805 [, 1981a - b),

FRC7 v ERKRTHENTAFIR - (L3006, B CEN LSl CRT, 1950) T, WHHiEE L
5 BEHEME RO 5 b, HE LI 52% % i 5 (Table 10 : Jbiffii, 1968~1977a), LA L il
DY = 77 EDEEBOEGIEL, A ORIBEMETHE L VAR S, chiERx T
Briic, avF - UhA0EEGL, TYEOETH T ETFENDRIES T B,

TOEOETEHITHIHRO, 2vF - 0h it FHL v BLOY = - 77 EORMETREOE I B D
HdER %, Tables 11, 1210/R L, Thb T, WEOEEDIAGCK TR, —BCBAsERBHO4
ENdRVE VLD, ThbbEE, BURRE TR0 aERE, SR TLREDEENOEEG
PF LA D, THICE - THABRROEVKRRET, B XORHET S THICEERCRED L L&
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dbE B A AEARICHKT B4R A Q- TOBERDAE

VoA v FONE (Mivase, 1902 ; 3, 1910 OFTF, #E, Lo EEEE P LTETWS
(Fig. 61), ZOBERTEHFROMD ETFEOET EADR D,

BIEECIH BRI L A= v 7O4RES L 2,815+478t (MEEEMN, 1976~1980) &, MWDKy
ay 7k bR, Xbhicwav S, Vvl avy, d=av7ORE2EHLTHEL LTV, £OH
ERBEOARMOMiR L HEAETL, MESHLT-cthbhb,

BEKIC X B RHDR YK X CERRIR Y, HEOAEEROMNE, HHICH~, ORI BE:
Ph 5 WA T, W, SR, W R e % (Fig. 60 ; dbiiHBi L, 1976 ; Kivo - Outany,
1981 ; P4t f, 1976 5 PG - JIIELIH, 1979 & P§UE, 1977a - b, 1982 K% - RFE, 1980; Yamana, 1980),
ThiChY 23y FOBELML Y, LESEME L THTTA Y2 v 7RI Y 2 v 7L HEDT
L (Table 10), v & FEGEEMHL O Wil & BN TLR KL, T 2D EHN, ZHB ORTHD
(Table 11),

—%, WEEKEORES, WK (o= v, 72 CORTE) ofFoFK - BFEEHEEL, Ml
ko v =, 7ok Aohb SO RAS HET 5, DS BENTHS (Kiro et al, 19795
EfE - fkfE, 1980 : FE S, 1981),

Lictin TRMBAMBE LTHY £ 2w 7ERBMTH LD L, v=" 77 COffE LTHRBYSRBER
THHAS, HMESE EEL B, —F7, = ORRORERESIALEIOH 1 EHTHD, FATL
ffEEC R L TEB B HED s, L THIR TR A i 225 2 EARETHS 5o

COREOBSEROFEE L S EEE, AP E LT o EE GEAER, ACESAE, AEE, EED,
fl3E b ol LB ) b ThY 2 a v 7otk b, RCBIEROE7 N £, AU, BEE

Table 10. The annual mean products of Undaria+ Alaria, Laminaria, sea urchin
and abalone and their products per 1km of coast line of rocky reef along
the coast of abalene production in Hokkaido (from Sohya to Iburi province)
between 1966 and 1975.

The parentheses : percentage of each product per the total one. The brackets
of Ishikari province include the Laminaria product of Atsuta village with no
production of abalone. Rankoshi town is excluded from Shiribeshi province.

Province Sohya Rumoi [shikari  Shiribeshi  Hiyama (shima Iburi Total
™ % km

Length of rocky coast | 105 (124) 8 (95) f’j’.ﬁ‘f-‘” 7% 80) 199 (36 146 (13 48 (50| oM
1 [ t

UndaricAlaria(8) | 81 (8] 32739 - /Y39 1303039 5896686 1239023 | 10053
s | Lomimria  (B) | 13654036) 2616(64) [0125] 1392(34) 1919047) 16805413 3981 | 40695
S| Seaurchin  (O)| 245651 82112 1302 932079 516(99) 55 (106 26451 | 502
E Avalone  (D)| 02078 10682LD)  4%10) 154208 67026 1143225 2843 | 507

A+ B 1446.4(285) 204.3( 5.8)  [10120)] 178 (35) 331265 22701(44.7) 4538 89) | 50748

C+ D 3247(316) 165 (16.0)  6206)  1986(19.3) 1153(11.2)  169.3(165) 48247 | 10273
tkm tkm
Undara-Alaria (A) | 077037 0414029 - 0164013  0.70+£041 404069 2.58+1.09 | 119140297

Laminaria - (B) | 13.00£7.02 327+245 [224+176) 059+058 0964069 1151+211 6874310 | 48221286
Seaurchin  (C) | 2234078 073£0.18 0042002 0404011 0264010 038007 055+0.14 | 0616:+0.138
Abalone D) 0864046 134049 016013 04540105 0324011  0.78+0.16 045021 | 0.601+0.133
13774709 368249 [224176) 075071 166+101 1555+187 9454377 | 6013+ 1455
309103 2064058 0214004 084011 0584005  L16+014  L00+028 | 121740234

Product in ton per 1 km

o oo
+ +
o @
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DIICFIA, ZYRSES, vH /2o EDFY A sHEs S (e : Jeiil, 1961, 19625
AFB, 1981 £M5, 1981a; Sakar, 1977; Yamapa, 1980; = : Ji|&, 1964a-b, 1973; Fun -
Kawamura, 19705 7 7 &t KB, 1934 SH - B, 1971 Sarro, 1979), 2O Gk i s L
T, 7H#7AY, =V¥-X, vLrvr/+ELEL RS,

o= v, v A0SR, LR €, HomEoRER MEGEILTE, ok - T
EL, BRI EE 2 A7 520, v 27 SEE 0MlcELFT B e o bl L2 b5 (i
MEHEA, b - MR, 1936 : BB, 1949 5 i, 1959a),

HELER TR S WAD ML, SARREI AR AL, SR AR e MTha L E L B
(Mu~k « Ricey, 19525 #38F, 1981), dic &8O F4ERN, AR, 4E D4 X OB (o, i
BIGCIEUT, MBS LR L, EhocBERL YL, TETHIEERTHZ L THA S,
EHiT Sarro (1979) 2GRS A EA~OBREROBKA LLFALEL 5,

ZRROBYERS T, 2 v T OIS X BRI k- THSSAEB L, o, Bt (k) f

Table 11. The annual mean products of Undaria, Laminaria, sea urchin and abalone
and their products per 1 km of coast line of rocky reef along the coast of
abalone production in Shiribeshi and Hiyama province between 1966 and 1975.
The percentages of the upper rows: each product per the total one.

Shiribeshi Province
City, town and village (Otaru Yoichi  Furuhira  Shakotan  Kamuenai  Tomari Iwanai Sutsu  Shimamaki
Length of rocky coast | 40km (169%) 1261 1042 43082 29023  15(64) 1261 002n 45090

i ) | 2% m 10 TR W W 1

D00km - OMEOD M0 QI6H0Z OB0X 100D 030X 0170l

s ) 2 2 54 9 T w51 8

g Lomiarin B) | gpriog)  0MEO1 OMS0H  OIFHS  0ATHS  0AIR038 37835 OSE0T6 0262030

= . %6 87 66 3 3l i % uE I

B Sawcin©) | g50m g% 005 0S5 OIR0B 00N 025019 0015 0224007

Bl e @ | B2 32 64 no 02 37 M BE I

b DOH0NT 084018 0ST0X  OSAH0R  O3TH026 0264008  OGRE0M  OBHO30  038+016
&

i & 0 2 19 5 W 54 % B3 10

D05 O3E0II 03+03 031028 0808  OBEHOS) 0135 OSIT0N  0430R)

. 191 58 65 74 9 02 58 Ul 13

DHO  096:031  L0+0M LULE 0802 056£027 OS7H0ST  0BH0M 060012

Hiyama Province

Town and vile Sews  Kihya  Tasei  Kumisi Ot P Komiokm  Oashi
Lol rocky coast | Bkm(26%) 1185 238 V@9 1800 06 B0 60800
e ) | o 2 w1 123 50 T
T O3IL020UKm  OIH0N  LOE0SS 08080 096406 091045  030+0M  0AG+048
- 02 e 8 66 @3 I 05 3
Lomoarin ®) | 1550113 0512045 0R£058 ISR RIS 2604430 00U 011020

S .
= . 109 52 126 9 17 7 58 30
2 Sawchin | g;igls g0l 024202 02502 051040 037H0I6  012:02 0700
-] 69 m W v B9 1F B
3 Abalone O) | 164010 0I5E0K 033402 0412019 026407 O5THOA 030202 036+030
L] 140 37 By B W0 woom
t B6HLH  OREOST LMELY SALM L0535 MRl 03650R 098061
53 3 87 1 134 104 119 82 B
M0H02 03100 0574020 71403 D603 004029 0AEEOR 0642043
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Table 12, The annual mean products of Undaria+Laminaria+ Alaria and sea urchin
+abalone and their products per 1 km of coast line of rocky reef along the
coast of abalone production in Sohya, Rumoi, Oshima and Iburi provinces
between 1966 and 1975.

Province Sohya Rumoi Oshima
City, town and village | Higashinshiri  Rishiri Rebn | Haboo  Obira  Rumoi  Mashke | Matsumai Fukushima Shiriach
Length of rocky coast 22km 18 B U f 9 k) b 5 1t

Undara, Laminara
and Alori product (A) 3994201t G19+339 a3 | 1204113 6+l BN ToERT | METRIT0 197xH8 39419

oo | wen  Rem o men | WD 31 N3 62 | Be6 B 30

A per 1km 1R12801tkm 2883188 B12:483 | 500471 48235 L7217 1352272 | T4E309 7864230 35157
B per 1km 4762215 286+093 276109 | 436126 0501024 123:032 141069 | LOB+047 042037 027019

City, town and village |  Kikonai Kamiso Hakodate  Toi  Oshamanbel Toyora  Abuta Dete  Muroran
Length of rocky coast 13km b 15 15 3 1 3 (] .|

Undor, Lamirari | . 5 o | = .
i dbagrt )| B BB G0N BEB Nl | Be 60 IR 1N

Sﬂm&@}”‘" 93 45 B9 Ml 53 | leF 382 B 1746

A per 1km 487£254t/km 15831388 426511779 S585+2721 402243 (3901241 043+1431 1686977 8061151
B per 1km 0.6510.24 D708 2031039 DML L0Br063| 1091050 083074 123038 086031

MLIELT, v=-77 COREHNR{ foo HE ARG SR TV S (KiTo et al, 1979), ZZ Tk
KB e E & bic, BB (= v 7HMFE ) OR S ORIEIclfEn, BHA LTV %,

—Ji, RRELTORY 22w 7RO KR, 1) £ 23 v 7 XhEENNEL, o BEEGD
dnllics LR, 2) BREEORE T, REOMEROEHRMY SR BRIRY, 1EL
biha,

R RI A Y A2y FOMfLwav S, ivfvavd, FHavyS, Vylavd, d=av 7O
(FHcHi 38, hodr+F=v ) Lo TF, TLHMES1L50, —20HFANErR TS #HE,
1978, 1980, AF%). MUK X SHGhc X 29 MkR & L bicdhETI = v 7RO ERE D, K
D hiesn, BAMHMAFHICIED D, EEGIZABOW 10 52 LTV 5 (Section of Seaweed Genetics
and Breeding, Institute of Oceanology, Academia Sinica and other, 1976, EAZ),

51 A X ®

Py st - EMLMES - 5 WERE (1982) : Bz kit A4y 4 =2 v FOREIH AL (24) 51-56

Ape, K. (1939) : Mitosen im Sporangium von Laminaria japonica Aresch. Sci. Rep. Tohoku
Imp. Univ. 14(4) 327-329

Braun-BranaueT, J. (1964) : Pflanzensoziologie. III Aufl. Wien
(EBFHERELE (1967) - £BFIEN FEEBE 350 54-55)

Camx, S. A, & Castro, G. M. (1959) : Mannual of vegetaion analysis. New York
(AE 57-39)
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Plate I. Embryonal sporophytes of Laminaria religiosa at Bay mouth and Bay

head January 1964.
A. The embryos at Bay mouth. B. The embryos at Bay head.

A unit of the measures: 1 cm.
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Plate II. Oshoro Bay, Bay mouth (St. 2) and Bay head (St. 3) in the spring of 1967

A.
B.

Bay head at low spring neap tide on the first of March.

The laminarian-bed at Bay head at extreme low spring tide on the 13th
of April.

Bay mouth at low spring neap tide on the first of March.

Bay mouth at extreme low spring tide on the 13th of April.

The laminarian-bed on the experimental area at Bay head on the 13th

of April.
Some portions of the February, March and control populations on the

13th of April




Plate III.

The four laminarian-heds
(St. 5) in July 1962,

at Nekodomari (St. 1), Bay mouth (St. 2), Uchikabuto (St. 4) and Pon-Oshoro

A. Nekodomari. B. Bay mouth. C. Uchikabuto. D. Pon-Oshoro.
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Plate IV. Specimens of Laminaria religiosa at Bay head in March 1967.
A. The three-month-old plants of the December population.
B. The two-month old plants of the January one.
C. The one-month-old plants of the February one.
D. Plants of the control one (Bay head one).
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Plate V.

Specimens of Laminaria religiosa at Bay head and Bay mouth i

April 1967.

A.
B.
C.
D.
F.

The four-month-old plants of the December population.
The three-month-old plants of the January one.

Plants of the control one.

The two-month-old plants of the February one.

The one-month-old plants of the March one.

Plants of the Bay mouth one.
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Plate VI. Specimens of Laminaria religiosa at Bay head and Bay mouth
in May 1967.

A.
B.
C.
D.
E.
F.

The five-month-old plants of the December population.
The four-month-old plants of the January one.

Plants of the control ane.

The three-month-old plants of the February one.

The two-month-old plants of the March one.

Plants of the Bay mouth one.
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Plate VII. Specimens of Laminaria religiosa at Bay head and Bay mouth at the end
of June 1967.
A. The about seven-month-old plants of the December population.

B. The about six-month-old plants of the January one. C. The about
five-month-old plants of the February one, D. The about four-month-
old plants of the March one. E. Plants of the control one.

F. Plants of the Bay mouth one.
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Plate VIII. Specimens of Laminaria religiosa at Bay head and Bay mouth at the
end of August 1967,
A. The about nine-month-old plants of the December population.
B. The about eight-month-old plants of the January one.
C. The about seven-month-old plants of the February one.
D. The about six-month-old plants of the March one.
E. Plants of the control one.
F. Plants of the Bay mouth one.
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Plate IX. Specimens of Laminaria religiosa at Bay head at the end of December

1967.

A. The about eleven-month-old plants of the December population; and
the two upper small plants are renewing.

B. The about ten-month-old plants of the January one (the upper plants:
renewal).

C. The about nine-month-old plants of the February one (the upper right
two plants: renewal).

D. The about eight-month-old plants of the March one (the plants of the
upper row : renewal).

E. Plants of the control one (the upper right smaller plant: renewal).



m
WSo

Lo‘

A

dl

Plate X. Specimens of Laminaria religiosa at Bay head and Bay mouth in July 1962.

A. Broad-blade plants at Bay head.

B. Narrow-blade plants at Bay mouth,
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PHIBEREE >~ 77 A 2 (Undaria pinnatifida SURINGAR
f. distans MIYABE et OKAMURA) OYeERE .
Y B R FE & IR RE o FR AL

£/ L - - G—
(e v h Ak R ERE)

Photosynthesis of Undaria pinnati fida SURINGAR f. distans
MivABE et OKAMURA (Phaeophyceae) from
Oshoro Bay. I. Seasonal changes of
photosynthetic and respiratory rates

Keiji MATSUYAMA

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The seasonal changes of photosynthetic rate of Undaria pinnatifida f. distans was inves-
tigated from December 1981 to June 1982 at Oshoro Bay, using the polarographic method with
Clark type oxygen sensor under various light and temperature conditions. Photosynthetic rate
attained its maximum in June and minimum in January, and its highest production rate (9
mg C/g dry wt-hr) was observed in June. The seasonal changes of photosynthesis measured from
the chlorophyll @ content were in less fluctuate than those from the area or dry weight of the
blades, and the hightest values of Ik (index denoting the light-saturation in the photosynthesis-light
curves) was obtained in December. The photosynthesis-light curves suggested that the optimum
temperature to photosynthesis was 23°C in early summer. The activity of photosynthesis mea-
sured at low temperature was relatively high in the young sprophytes, whereas low the matured

ones.

L & [T

Jeinii O H A R TR O — R AR E O foh THRIM S EH A L EMC R
EhDH TV A ERAEI THAbATELBESFCI VNS THS, chbABBRE L LTIE4H,L
T3 TERTSH 2V 27 (Laminaria religiosa Mivase), + v 774 2 (Undaria pinnati-
fida Surincar [. distans Mivase et OkaMuRrA, # 2 4 (Costaria costata (TURNER) SAUNDERS),
BIVRY X7 FWHET, KEEL LR OEEC O TR HE 2B b T 52 Lidthbo
SERYRD LTRSS THYTCLD L EL RS,

JEHHEICET DS 7 h 227 v 7o a2 L X2 h 2 (Undaria pinnatifida (Hazrvey) Suringar) @

WxHes A 121 (1982412 10 A )
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Table 1, Data of Undaria pinnatifida {. distans and field
water temperature at Oshoro Bay.

Total Total fresh Dry matter Field water

Date length weight content Chlorophyll a content temperature
(cm) () (%) (mg chl a/g fresh wt) (C)
22 Dec., 1981 22 4.10 14.94 0.875 6.5
20 Jan.,, 1982 25 3.96 11.64 0.512 46
12 Mar., 1982 52 56.0 14.36 1.130 10.0
10 May, 1982 50 101.0 13.85 1.001 15.0
30 Jun., 1982 72 182.0 14.83 1.200 19.7

AR E BT h TH HY, RE T AABHES SRBRELELYETSME TOMLTV- 2, AHED
7H AZDWTIE AR B LTI DTS hY ¥ 99 2o g FEE TS O AR OXERE
LR AMENAEMORTVS, L, v 7 v7h 2 TIRAEBCE LTOR%E © P99 280 pEEERIC
SWTOBEIL FCCHEERBIES v 77 7 2 ORESHE L UMFREEOFEMHTE(EL A TR
o, ABRICADICES LAFEBOMEM AR Aol AT KSR RihEdlic R EHTHEL
LICHFRET 5 CELEET - TF & - i A E 2R ISR E AR g 0B 2R T,

HE&EIUAE

BB L LTI219814E12 H 4 5 19824F 6 1 & TEBMBAO KR 0.5 mh LG lFfha A L, £ORERE
OFLEKEVEEOFEREY 2L 7 F -5 — T 1.0cm? ¥ 7212 0.5cm® Ok X TOERIC LTHECHEL
Pmo MECH V> Y79 h 2 DR, £HEESXCHER-BBKEY Table 1 iR L 122§
W& TIZEREYREZBRCHE LT uwich - ot fidh i odih ol SR 2187, 6 AOMEEIX
RBLTE YREEOTRRLTER IS 2% ¥ it MR A LBER XA Bl K TI ®EHL, 15( D
AilbfEkE Az 2 v 7 Rl U TR 2BE MBS AR I R ORI Lic, BRI RIEE T e
75— 7 RIBREAID {4 fiM %= = 2 — (YSI Model 53) /v 7z, MEEBOHALSImL L L,
Wiz & v 7 25 v T v T RMH L, XEHoflEicii kb i+ v+ — (LI-COR # LI-1928)%
Fivste, BARES L UDEIRHEE 36« ORBELREOL L THEL, MEOER, 7ee 744 a @HLE
OHBEBITAERT oL, BER—KMmE, KaR—EEhe, b UPR—REMBRLIFN LI, 722
7 4 BT Jerrrey & Humeurey 9 Xk X D #IE L1z,

BREIUER

i) BRMOXRECLIRE

12055 6 A % THXSHGEIEI S TR Lo e AR — Xl Fig. 1Rl Thd, FME
EeokiRIz12H5.4, 1H3.5, 3 A4.9, 5H12.5, X096 H20.1 °C TBUKR L E TR -7

12 P S HGE R 24 700 pE/m? - sec THEANE L L0z 7.6 mg C/g dry wt-hr TH D, Ix
ffii2 500 pE/m? - sec Eirotz, 1 HEBLU3 Hit 1400 pE/m?-sec T4 Mz HF, TOMEAEGE
M 2.5 35 X 0°3.8mg C/g dry wt-hr Th -7, 5 HE L 086 Hit Ik flliz £ hEh 120,250 pE/m?-sec,
BAMEAHGENE L 4.5, 9.0mg C/gdry wt - hr Thotz, —H, WERTFTOFREEZ 12/ 0.49, 1
H0.35, 3H0.17, 58 0.55, #LT6H 1.61mg C/g dry wt-hr Ligotz, King & Scuramm!?
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FEHAIS, = v 7E TSI TR b RE LT3, AP 222 T1AL2 AiThk~3
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OHRELROMPEL -, FEPE7H 20%ESE 1 A6 3 A0 A BEH & ORIc#B2 55 0TIk
L LHEBIL TV 5, FED 1 AL 3 AoME» LM —ihEgi 14006E/m?-sec TLEHICS
THAEALTWAZ L OBITREXEERSATHLEZ LAHEIhEFREVYOHSR L 4D ENEDD
HRTH 2,

X LIcEROBERMIIBEE AR - LELAY 1014 pE/mt-sec * LT, EHE, @, 3X0/7ue=e
7 4 v a T AN S HGERE OB &% Fig. 2 10R Lz, RIS D Tl 1 AciRET6 Hicii L
otz W47 Ti25 HICBE S e o i 5 H oMWY h o R \MhORHic -~ TEVZ Lic
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i 7 ww 7 4l A EGERE ORI X
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Fig. 1. Seasonal changes of photosynthesis-light MONTH
for Undaria pinnatifida f. distans Fig. 2. Seasonal changes of gross photosyn-
measured by the polarographic method thetic rate for Undaria pinnatifida
with a Clark type oxygen sensor during f. distans measured by polarographic
the period from 22 Dec., 1981 to 30 June, method per area (@), dry weight

1982. (0), and chlorophyll a (&).
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12 O%h ik Tix FofRnz #3545 10°C LU FCit 500 gE/m?-sec LIFTH 545 10°C Ll ETi
500pE/m*-sec Ll k&g otze 7o, RbKOLE (1400uE/m? sec) TOHNA R Z EBAGHR
ICER THS L RROEAHGERE X 3.0°C Tt 4.2mg C/g dry wt-hr Eii<, KEOLERE E Lz oz
LR L, 23°C Ti# (14.5mg C/g dry wt-hr) k¢ 26,3, 29.3°C & WM L1z

DX 5I2ADEETILER TH 27 DV IEHEAB LRI, FHED O 7H A2 TOWGETLE)
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HCIRABC R E R LTV 5, Aruca® 2k 5 & Chlorella ®—ffi% 10~13°C, 20~22°C, 30~33
CCOZBic i —MMEEE R L BOXEMOBRERE YA~ L 24, BREEOHVCFFTIIR L, KW
TIES 72 ), RAROBEREIERTS L EZ0RERFC L - THHBIEE TE VD LHiB~FUEAEH
OEEHATE LTV 5, ER T TV EARIEEL#HERTAZ L L, Steeman & JércENSEN'Y [T
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Fig. 4. Photosynthesis-light curves in various experimental temperatures measured
by polarographic method for a young sporophytes of Undaria pinnatifida
f. distans collected from Oshoro Bay on 22 Dec., 1981,
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Fig. 5. Photosynthesis-light curves in varous experimental temperatures measured

by polarographic method for a matured sporophyte of Undaria pin-
natifida {. distans collected from Oshoro Bay on 14 May, 1982,

Table 2. Carbon and nitrogen contents and calorific values in
Undaria pinnatifida f. distans.

Date Dr&r) I:?:::er Total carbon  Total nitrogen  Calorific value
(% fresh weight) (% dry weight) (% dry weight) (kcal /g dry wt)
12 Jan,, 1977 122 266 3.04 259

20 Jul, 1977 175 344 182 348
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MR DEEREL M X082 55 LHER L Jércensen'™ |3 Skeletonema O —ffi% H\ il Thisse
Lzbh DIt E~ER TR LA LD TR s v A2 BOSEN 2 f5ic - - L RE LT WS, FEENIITVED
1ARIUVTARF Y77 ADMSHHE Lict CATIIASHERT 1 A7 HOW L7568, +
YTIHACBNCLEBREOC EHEEERS (Table 2),

—7, 5 OB LMtk CibfmcET 5 640 17.4°C LLUFTiz200~300¢E/m?-sec TH B4,
L E T 500uE/m?-sec &icotz, ¥z, 1400pE/m?-sec THEIGESH—ICHI#R 2 S KR IC £ Tk
S EREARGEREL 5 ~15°C F TIHEL 15~19°C o/ Tz L, 19.5~30.0°C T AR
{1 15.6~18.9mg C/g dry wt-hr EEKEET30.0°CTHA L/ H 33.0°C TIRRE LT -1

1201 & 5 A ORRARIED 1 0 28 (55) (12 02 X OBIERIT b L T tco RS
RIGFOBREEFC X 2RETCBAT S —8B% X —F L,

= &

19814E12 A 2 5198245 6 Hich T T AR IEIC i+ 5 9 v 7 7 5 2 O XA RHGEEE 2 ER 2 JE L
2o BIBILZ 7 — 2 Ml v o — 2 VBB L D, K& 0~1400 uE/m?-sec {REEIL 3~37°C
DR T » 120

F VT T h 2 DHEBGEEOEHELIL 6 A< 1 B, £ HGEN L 6 Aiz 9mg C/g
dry wt-hr THhote, 7 ee v, a FORERSEY OB O RS LR L pRERL D
et hic o5 LT it ieh -z, Ik OAETIZA B LR,

HHRE O AR Kol A I~ 7RG A A R 13 A T 23°C il TH H A%, FIE Tri20~30°C
&2 DR OWHEAE = &2 - fop Kb & R LBk & % F O AIREEIC RN 5 A m— b < Ho
THE, SETIHECRE (5~15°C) TLHAREEEZ L D E AR Lizas, B LM TIzEmy
I THREE W E% R L,
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PRIBIEREEF ~ 7 v # A (Undaria pinnatifida SURINGAR
f. distans MIYABE et OKAMURA) O¥4K 1.
D BT AT 5B HOERE

B oE =
At s ek o S s

Photosynthesis of Undaria pinnatifida SURINGAR f.
distans MIYABE et OKAMURA (Phaeophyceae)
from Oshoro Bay. II. Photosynthetic in
several portions of the thallus

Keiji MATSUYAMA

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The photosynthetic rate in various parts, such as, blade, midrib, holdfast and sporophyll of
Undaria pinnatifida Surincar f. distans Mivase et Okamura was investigated at 14, 0°C and
1014 pE/m®-sec by the polarographic method with Clark type oxygen sensor.

The chlorophyll a content in the holdfast and midrib was less than in the blade and sporo-
phyll. And the chlorophyll @ content and the value of a/c ratio in the older lobes were more
than in the younger lobes. Net photosynthetic rate indecated to have negative value in the hold-
fast, but it attained its maximum in the 10th lobe. In the same lobe it attained the maximum at
sub-apical portion. Between photosynthetic activity per chlorophyll @ and chlorophyll a content,
the markdly positive correlation was found in the lobes of 1-10th, but in the lobes of 10-44 th
the negative correlation was found. In the same lobe the positive correlation was found from the
basal to the sub-apical portion except the apical portion. The present study suggested that the
production of Undaria pinnatifida . distans was estimated 28.1mg C/plant-hr at 14,0°C and
1014 pE/m?-sec.

WY T+ v 7945 4 (Undaria pinnatifida Surincar f. distans Mivase et Okamura) O¥
FRGEE OFMBLIC O\ THER Lice —0, RIKTOAEMERE L HEE T 5 7okt ik 1 fik4 ki al
SETHY MEARE LTET 2P 2 EARETHS, L L, KRB CIEERC L0 b 4B ioXs
HOEEE#RE L, Thdh kA0 EERELXHET 200 BN Tk b E 2 bhbd, REETEHR
D EFAT e BB, FEHEE, REER, HLUERBCRITAEAGEELXE LI LD THS,

AR - T, MR bR E eSS EUERICE OGN T A L L LR T o
B LHEEE Y- TF & » fodbiilAcr PR ia S i (5 AFEPG i 2  #dle LEHT 5,

WrEE Al122 (19829120100 28
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MHELUHE

19824 6 A 18 H - ZEIS A O K% 0.5m 2 HERME Licpish Lzl
TEEAI e ABGHIE s L OWPREEOJIEL 2 7 — 7 FEE
VAR T AR TR LB U, fHEW,
i, BUSERENE, 45 X OEENET CHIE Liz, ERHOZEA I
#FEEoUT1, 3, 6, 10, 12, 15, 24, 44 FHHOZK Orpfifa 4
T Al vie (Fig 1), ¥z, A—#A oMz X 52540 ~<5%
7o 108 H OB H M, ARl DA & i~ HIRR 5 5
TRE L1z,

BREIUVEE

nmelugﬁmmﬁzﬁ,ﬁ@b(%%%é%xm@,x;
C7er 7, LR EAERC AR O rRT &5
frAiafhic disn HBBEROES TR CH53%, Pihi25%, K
FIER13%, HBEWIBTH -1 (FH, FEE, I LM
MTORER/B DD raen 7 4 v alfizdicd, Biofrdim e dih
Bedhithotes Ft, 2re 74 0ak c DBEOK (a/c) (1
WMTEM -T2y Fig. 2 BT X5 U OBER LI IFLLIC
WM L6FELD UFEHOUN TR E L ONE L 137FH THK
(2.828) Thotos I5H/HAMB6HHTIRAZVAERFTHL8g

Fig. 1. A sketch of a part of
the thallus of Undaria
pinnatifida f. distans.
Numbers indicate the
order of lobes (lobe no.

EVWHRTHO0.5g Th -1z, 26 HBIZ, B O erhlh
IS WIS B g LR 80 o foo SRR O00 12 3 - 44
FHOBK T 0.41g WA L1, BRY2 1 FHOZN TEW

1 was ploximal to the
holdfast). a. blade, b.
midrib, ¢. sporophyll,
d. holdfast.

(19.6%) »%, fii%13.7~15.8% LIZF—ETH > 1=, WHEEM D
Drar7 e BIITFROFCEETORE S EMOUK T -1, afc R TFHOHATEL ERoRA
TR ot COLICUATHEREEQICRERY DO 7 v e 74 4 a fiZlL, a/c b h 2
Br7yaBOEGHMTE LB T,

(55, hihE, RIS, S L OEERAR OMYCAHGEE L PREEE Y Table 2 108 Lic, HHRECE:
W b OSBRI LM TR A T, R & RRER TR IETh S0 e h Eh RO 1/56~1/40,1/16
~1/150 L DKM oty Fio, 78 e 7 4 0 a Bkt T MG RUEE & W E E i T ek
WoOFhb ERFRA LY <ot oo, BRSO LW C BT A0, GHRER, $X07rr7 40 a
ot ARG ROEEE RS Fig. 3 & Table 2 wi3, SOMACw LT HOEABGEE & 0%
SRR ER BRI R SRt e, BFHoBA TR <, 10 E 0ZH Chie (43.86 g C/em?-hr,
7.14mg C/g dry wt-hr, 157 g C/gchl a-hr) %R L12&FHA S 157 H TEL /e h 248 H, 4FH T
THIETF Lz, —77, FREE L 1FA,D 6 FH CE L Hc 6 F H THoKE (9.21 pg C/em?-hr, 1.50
mg C/g dry wt-hr, 0.36 g C/g chl a-hr) &/c-7z, 108 Hb 5 ETURlidkMd L249 B Tl (0.91
pg C/em®-hr, 0.20 mg C/g dry wt-hr, 0.03 g C/g chl a-hr) & 75, #ICEBOREE MG S HORE &
IER CEFISES bhicts, 2 r e 74 0 a Bkt ik 6 % HOZN TEs &g DR LR E R
T HEEI0% HOZA Thed & s -t

Fig. 4 12 10 % H AR TOHAL T & ORI AHGEE L PR 7Td, oMz Rohd X 5 s
7w w7, 0 a BT ARG E R TIEE CEUA A 2 Bl & g i ObEl & e © Ji
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Table 1. Data of Undaria pinnatifida f. distans collected
from Oshoro Bay on June 18, 1982, The lobe number
is shown Fig. 1.

Fresh  Dry matter A Chlorophyll
Portion weight content 7 a/c
(g) (%) (cm?)  (mg/g dry wt)
Holdfast 135 17.6 0.048 3.98
Midrib 402 9.4 0.022 8.64
Sporophyll 320 16.4 0.196 6.36
Blade 88.3 14.2
0.16 19.6 33 0415 5.52
0.90 15.2 23.1 0.550 7.77
g| 6 2.05 142 58.8 0.590 5.98
E|l 10 2.30 146 85.4 0.663 8.73
g | 12 2.15 13.7 753 0.703 7.35
81 15 1.56 149 48.6 0.771 8.09
2 1.30 145 46.8 1.046 8.22
44 041 15.8 17.0 1.090 8.71

WEIGHT (g)
-

FRESH
—,
o
-
-
-
-
-
-—"-'_-'-_.—'.
>
-
-
R

BASAL TERMINAL
LOBE NUMBER

Fig. 2. Fresh weight of lobes in Undaria pinnatifida f. distans
collected from Oshoro Bay on June 18, 1982. The lobe
number is shown Fig. 1.

i) TEEC, RSN ) TREERE CRATH -1 Wbl EHRER, BIU0ree 7, oot
HIERGEREII K 2 7o kix 7 { 5.0 ug C/cm?-hr, 1.0mg C/g dry wt-hr, 0.2g C/g chl a-hr LI FTH
-1

Kine & Scuramm® {3 Fucus vesiculosus > Laminaria digitata % B\ DA L ik, 8
Bt LUERRIERC A T 2 XA ROHE L~ Fucus vesiculosus Ttk T, Laminaria digitata
REERECEAREL BRI TH D, FHRY D TROMM X DB Plem ot kb, 3612 AR
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NET PHOTOSYNTHETIC
RATE

RESPIRATORY
RATE
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Fig. 3. Variation of net photosynthetic and re-

spiratory rates with lobes of blade in
Undaria pinnatifida {. distans, me-
asured at 14.0°C and 1014 pE/m®-sec
by polarographic method per area (0),
dry weight (@), chlorophyll a (&).
The lobe number is shown Fig. 1.

TR OB AH OGN X 5 5
EHELTVWS, FEYIRILAMBLAC
#2 (Ecklonia cava) %\ [a—#ER{E
THEWRIEE L oS TR A ROER &
FEURGEE O el A fT7e 0, S RO 3
WHEIEETE < HVCIEETE LS, AT
Ko BRI 0 TE < BT CTRia -
Pl LTS, RERTIIHM LI~
77 H A TR TFRMOBWHE THERIEN:IX
B CFRCBROKREV6FA L10F B OB
TiEEA M -t LvL, 1286 H TIREK
BRZFVOEERIEEIMES Y, Ebhick
BCIRWIEL e otoe SDX SicHVEN
TIXERBIZE e THRESEIERENE kB
A, KEHEN (12%H) THToRamis
PEPMET LTWAZ Eavbhot, %12, 7
Ba 7 b a BiE24F A OWH ¥ TEHMC
T 2AsH 0, KEMHEOETEL
rar7 g baGOHENAHEESR, s »

r7yhalkbree7 s valficH T AREGHOEE AN O 1FHAGI0ER £ TRIEOHBI(r=0. 896)
T, WHBL ETRAEOHMe=—0.707) £/t b, AECE—ZF TireEz 0 £ { LT B EH~ED
B (r=0.883) ot ZOLICERCELLS 7 v e 7 LERONE L KEHISHEOHEREH —#K
Lichotz, BEEOZ i3 SMLLie® Xl y 5= 24 (Pisum saivum) DIEACT K 5 HoEHHEE L 0Eg

Table 2. Net photosynthetic and respiratory rates of Undaria
pinnatifida f. distans measured at 14, 0°C and 1014
pE/m?-sec by the polarographic method per area, dry
weight, and chlorophyll a. The lobe number is shown

Fig. 1.
Per area Per dry weignt Per chlorophyll «
Portion (ug C/cm?®+hr) (mg C/g dw-hr) (g C/g chl a+hr)
Pn R Pn R Pn R

Holdfast —0.10 0.45 -0.37 1.66
Midrib 0.17 0.07 0.73 0.30
Sporophyll 145 1140 005 041 0.04 035

Blade
1 10.11 7.38 0.80 0.57 0.38 0.27
3 14.44 6.00 2.28 1.00 0.63 0.30
& 6 37.14 9.21 6.06 1.50 1.46 0.36
% 10 43.86 4.30 7.14 0.70 1.57 0.15
E 12 14.33 2,51 258 045 050  0.09
'3 15 12.46 1.75 2.21 0.31 0.43 0.06
24 6.84 0.91 1.53 0.20 0.21 0.03
44 5.83 1.51 1.62 0.42 0.24 0.06
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7t 51 1 s 10 E OERICES LHERZ LT -5, YokoraMAY

e S } QZ: :'.'. \% Sargassum 4fli > Padina arborescens
E ¢ i ; o RACEESOERE (@I Oree
Bz 4 |12l o snaftEranT,n a ek T XA
g MO T 7 REEOMEY W ~TwB, Thickbe
2 2 ‘.;. > =" v g Sargassum T2l X b fax $ic b Padina

il /. é arborescens T HIOMRIC fc 5 & W

= ol b o — i i . = LTV 3, 2OL5iclEsicsvwTtool

'-;_-E L L FizMic X DAL X b h H L T uw

=l [ L —t—r— %

BasAL APICAL AHEnC A1z EfE 22 14.0°C 1014 pE/

PORTION m?-sec DFMET THOEHMTO LRER %

Fig. 4. Variation of net photosynthetic rate, respi- AW 5 L HFB T —0.24mg C/hr, thiff
ratory rate, and chlorophyll a content (¢) 2 0. 64mg C/hr, REFEL 0.26mg C/hr,

for 5 portions of the 10th lobe from the ERT TR, A—BEADOXSHRMER R,

base. Photosynthetic and respiratory rates s

were measured by polarographic method bl#kﬁlﬂ)jfnﬁiigfiis,ﬁ@:llﬁ@ﬂ ol
per area (O), dry weight (@) and chloro- fEThHBOMIERTES &, 27.5mg C/hr
ohwil @ 2 THote, LizhioT1{EEYH T8, Img

C/plant-hr *H{EE S hiz,

= =1

1982 4£6 Hiz bl PEIS TR L= + v 7 7 7 2 (28 174g wet wt) %18, (5%, PE, &
FER, B LUK T 14.0°C, 1014 pE/m*-sec D4 T CRFTRHZZ A ABGEHE & /P
W EA~ T

ree7 e EAFER TS, EBREO 7 e e 7 4 La RIZTFHOHF VN TEL BT
W5, afc HLABRTH -7 HAEFOMESHARIEL ALtttz LvL, OB CiRiERGE
EREOHETH D, BAERERTO TS 10FHOHUR THESh, THi27. 14mg C/g dry wt-hr X
5o tzo E—Z ORXARGEE TR B (BERE) CRLEY -1

ger7yghalklsre 7 ora @Y ORESHHEEOMERIZ T S10HH ¥ TOHFVHA TIRIED
MM S D, 10HH X 0 EFTIzAOHB & fo- 7o BICHE—ZH TRARSE OF { LIHHH SRk
HA~IEDHMADH - 720

SR i F s A LIRS D o EEERL 14°C, 1014 pE/m?sec © 4 FT 28.1 mg C/plant-hr
LHEEShis,

51 B X ®

1) #lE= (1982) : PRBEESE > » 77 # 2 (Undaria pinnatifida Surincar f. distans Miyase
et Oxamura) OXFHE I EARGEE L FREEOFH AL 43 (25) 187-193.
2) Yoxonama, Y. (1977) : Productivity of seaweeds. pp. 119-127. In HoceTsu et al (ed.), Pro-

ductivity of biocenoses in coastal regions of Japan. Univ. of Tokyo Press, Tokyo.
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27 » ) A Sebastes schlegeli HILGENDORF O [fil & -1 WF 72
1 EERIMS X OEMERE KT 5 MOS8

AR - ROA GG - AR - (LA
(AU KRR - BRI )
* (LT R & £~ % )

Hematological studies of a rockfish,
Sebastes schlegeli HILGENDORF
I. Classification of blood cells in circulating
blood and hematopoietic organs

Kunio SUZUKI, Muneharu KUSAKARI*,
Motohiro SHIMIZU and Juro YAMADA
Laboratory of Physiology and Ecology, Faculty of Fisheries,

Hokkaido University, Minato-cho, Hakodate 041, Japan
*Hokkaido Institute of Mariculture, Shikabe, Hokkaido 041-14, Japan

Classification of blood cells of a rockfish, Sebastes schlegeli HiLcenporr, was performed
based on their morphological and histochemical characteristics in smear preparations of circulating
blood and of hematopoietic organs, the thymus, the head kidney and the spleen. The results ob-
tained are as follows.

1) In the circulating blood were identified immature, mature and senile erythrocytes as the
red blood cell series, and lymphocytes, thrombocytes, monocytes, and neutrophils as the leucocyte
series.

2) Immature erythrocytes were divided into basophils and polychromatics, and senile erythro-
eytes into deformed and disintegrated types. Among mature erythrocytes, those having indented
nuclei were identified as abnormal mature erythrocytes.

3) Lymphocytes were divided into three types according to differences of the contour of their
nuclei. The May-Giemsa stain and cytochemical tests revealed no differences among these three
types.

4) Thrombocytes were divided into three types, definitive, intermediate and prothrombo-
cytes, following the description by Garpwer and Yevica (1969).

5) Monocytes and neutrophils were identified based on morphological and cytochemical
similarities with human blood cells. No eosinophils and basophils were detected in either
preparations of blood and hematopoietic organs.

6) Insmears of hematopoietic organs, proerythroblasts, erythroblasts, lymphoblasts, progranulo-
blasts and granuloblasts were identified. In addition to these immature cells, macrophages and

various epithelioid cells were observed.

@ Al123 (19824E12H 10H &)
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ExR{T-1

HE&ELUHE

PRI E LT, 19774 L 19784E0 6 A Bkl r i ER b« v 2 —0RBAWKE T, KEBRBIH, 6

Table 1. Conditions of sampling of Sebastes schlegeli for
blood collection

Date Group N B.L.(cm) B.W.(g) Gonad
719 5/22 A* 5 mature

6/22 M 15(5)** 18.7+16 1847+ 516 immature
S 15(0) 11.7£15 510+ 18.2 "
9/26 M 15(5) 20.7+18 2719+ 879 "
S 10(5) 17.2+15 180.2% 49.0 "
12/20 M 10(5) 228+24  359.7+139.5 "
S 10(5) 18.3+1.2 1879+ 27.1 "
'80 3/19 M 10(10) 24.0+21  420.04+109.2 "
5 10(10) 199+13 268.1% 65.7 "
6,/20 M 100100  20.7+1.8  251.0+ 59.1 "
5 11(11)  20.1+08 2369+ 55.1 "
10/ 3 M 6(6) 241+24  259.0+120.0 "
S 6(6) 232+14  373.0+ 60.3 "

(Mean+=S.D.)

*A : Adults more than 4-year-old caught in coastal waters near Shikabe
and reared in the laboratory for a month.
M : Juveniles cultured in the laboratory since their birth in June, 1977,
S: Juveniles cultured in the laboratory since their birth in June, 1978,
**  Figures in parentheses are numbers of individuals used for blood
cell counts.
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HMELN v % —CTHEBD 7 o v 1 RlIE (FE1L7~24. lem) #FE L LTHGE, FHik 00 ARl
EBLI-LDOT, 22290 — 8 6m® OKilic, BWH00BHTHEINE L THRE Lis

R oRSIL, 1977 FHER CITF M 3 L) o TiiE® 34 H (25, 1978 AR
(LT SPELMFL) 20 TIRALL 240 (@18 D1979 6 A2 519804104 It} T - 1= (Table
Do ChoDATHICHMZhiz27e v (1— 35 Oflic, 19795 ABEEIhi-ETo XABA

(HEEFR 4380 E) 2R E LTV,

FIHKILBIE Lk KARBAGCHTFL, @E LTy v, X OARARYHE 2 BEES
&

i, f%0.01% 0 MS-222 TREEME, + .« =T L D EMEIC L DFTL, FoBEBICHE ¥
AFA V77 A LIEBKL, BEREAL Uiz, BB UHBERZH o - 7o Am@ik GAF, W
B, B oOBBREAZ, FhEhofifky Uit 2 AT ICY ) FOMEAEEAFA V75
ARCBEKECIH L35 Lic X D LT,

MERO—MIBED10TIx, 24 - F A¥Yft (R, 1963) %, HMEFEMREOBRFOLBITI,
PAS vt (HavnoE et al. 1960), X% 75 5 2 B #ufs (Surenan & Storey, 1947), _vFv v -
SAAF X - R (BSEE, 1963), TA AV T+ A7 2 —ERIEE IV 7+ A7 » 2 — ¥ HIG
(W - BB, 1967) %fT-7m TAHIEZ 4+ A7 » X —ERIGHREIL T A 7 + ARfaF o + GRUELESE
G, 7Ty Ak (B - BE, 1967088 2o 1,

HIMEROER, FECH S HOTH ISV TIREBEICRET 52 & & L, AT ABSEEZHCTHL
NIEEHO EFORBAO LA LK T B0 L Eont,

& ®

| TRERMIC 31T 5 mERD 5748

7 ey A OB OX B Bk, Fs X OREMEOR 5, ARIERFMIRIC 2Tk B il
B, SUMROMORMER, SFERIMERS L OELRIERC, AMBRARCoVTIRER, Y v, BB
CiFPRICH B S h, Bt oo MRy B S i, UTCgROM~ OMaOHESs X UREkz2
‘Cﬁ'\' 60
1. #HmERHNE (cells of erythrocytic series)

1) #¥fiimER (mature erythrocytes)

A LIEFET, 9~0. Tpm, (GEES. 6~6. Tpum TRIFWAH TH - T, L RBNBOBEET D A1 -
FAFRPOICL - T, BITEREICEREL, FEREREGRE D - ki E 5, Mk PAS 36,
AXEs7752 BRA, RvFoy - [adF*xv F—€¥RIE Trr 7+ A7 72 —ERIBIC2ANT
i, TRTRETHS -1 BiE7 + 27 » 2 —ERIETR, —Hofmbkc, FREdMcBEOR BN
Bl X &b 0s Rk bhi: (Plate III, Fig. 1), mER#i 207~314x104/mm?® TH- 72,

2) REMMAMmE (abnormal mature erythrocytes)

B#AmMERObIZE, Ak 2E LBl L, ZArgEohoic i TETEL0, HVILERTEY
7etbo (Plate I, Fig. 4) 7o &, —RORMBFME L 2060 BEOBEY R R0k 2 Hh, Th
A RFERMFMERE Lz, mERENZ0.2~2.0x10%/mm® TH -7z,

3) #hFHmMmER (immature erythrocytes)

HRORTI’EAK T, MRESHCH LTROL»2BIALAE L, 1o BBE HEE AR &
THESH Sh o 5hERMmERCL, FHEERERNERS X O SERmEEo —ME BEEhi,

a) EFHEEMEARIMER (basophilic erythrocytes)

MR I 6. 2~7. 0pm T, MREOKRIITRZIEAHTHS (Plate 1, Fig. 1), MECHT 30K ¥ X
DEENBBFRMIRE YK THBe A1 - F AFREC L - THHEI NN T LK@ D - fbbiic
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BE Y, FoARBRBCRESIRE, E1, BORLRHVGRERLYRL, VWHbSBABELS A b h
%o MEREL 0~2.6x103/mm® TH -7z,

b) Z¥H#MmER (polychromatic erythrocytes)

HIPRERIZ5.8~8.0pm THH, FEOBMLREFMB L\ LI THS (Plate I, Fig. 2), fiflgica
BHOLE 2oL, KAFMERCESAZV, BRHILA 1 - FAFRAIZE T, KEHID 27tkfs
CHE D, BIMEEL ARy, MERENL 0.2~10x 103/ mm® TH -7z,

4) E{tHMmER (senile erythrocytes)

A - FAFRPMIZE ST, FEHEOREROE TR XOBEN HFLAEZHOTH £ 5 (Plate I, Fig. 3),;
i, flA0EME B LGRS,

5) EDfOAMERFAMA

ChE T~k mERofic, FnERRoMcET 3L Ebh sl LTXko 3 EH M ED
5% (B &

a) MEEAMER (anucleate erythrocytes)

MBEDOWIBILTEFB TH D, 24 « FaFffic i > TREBHO @M RBRnER E R U TH 58
OB X iz, “hix, Warson et al. (1963) #' % v # 5 Carassius auratus TR L 7= B
iER (anucleate erythrocytes) k[l Ui#am+#illach s,

b) o HimEE (dividing erythrocytes)

Watson et al. (1963) Zix v Fa THELTVWHL5C, Zze v Mtk Th, MlAEATHET-
TwH L5 h—lioRy BT 5RmE1 BHEShi,

c) TiiEimER (binucleated erythrocytes)

A AFYE T, FIE LR E LICRBRMER & [ kiR, laok E Sk
LhLkEL, Wi Li-—ooE L ofifas g Sht: (Plate I, Fig. 5),

2. FMERFMMK (cells of leucocytic series)
1) ¥ER (thrombocytes)

BEE A - FAFREIC L T, O 7 v=7 L, Mok S, FEHORONE, BHORES
EbB Garoner & Yevien (1969) OSMICHE-»T, MK, SHE, SHEHo=RcHERE Ui,
MERENE 0.5~4.9%10/mm® CTEEHMED10. 1~60.6% % LT 1z,

a) A (definitive thrombocytes)

MBI —#ch3E R, FB X hAEy (Plate I, Fig. 6), BT, 7o =Fvi2dic { Rk
Dfzdh, YR, hHBICESTHREYET S, 41 - FAFRAET, FERTIRECE DATBCHRER
O A ET 5, MEREZ0.3~6.0x10%/mm® T, 1 MERED0.8~5.8%, EHREKED2.4~16.8%% 4
HTWwiz,

b) ##%! (prothrombocytes)

MO K Z Tz RAE, FEEO L0 L hhEv-(Plate [, Fig. 9), BazlBHBTREL, 41 -
F aFfs T—Ric Rt Ic R E 5, Blasfcd LTERHEO LS 2® & EL, #vFah i
EAEEWTHD, FHAPCEEIZZOR mEREZ 0. 1~4.0x 10°/mm?® CTEHMERED 0.3~4.4
%, BRHEDLT~B.1%xTh T T 1,

¢) ifE (intermediate thrombocytes)

fROAE 2R—BICRBR L GERoGMTHS (Plate 1, Figs. 7,8), BixfmE<c, #%kre~<
F v iEORLEE ED, TohbEGE~BMHRICOV S, 21 - FA¥RECIIFEHEOGHEIL, K
PRLGEROBETH S, BHEPCRECHTEACRE 2B B bh b, mERE L 0.2~45x
10%/mm?® T, $EEMRED 4.7~55%, EERRHUD 46.8~91.5% ¥ ThEthbd T,

—75, HRAOWHORED S, L EoRME, +HE, HFEFoRROThTHIZ2VT, RO=208
A@BBRhI,
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HiFk (ovoid form) : R MOBHEA L TR L EHALR S L OT, MaORMTHEMAE- LI
T, #MlAOWEIXHL (Plate I, Figs. 6,7), & & EiEOHX LR THM LR DT EGH—FELT
HMRBERE L1

AL 23R (spiked form) : HIAIO—# % FiXMiAME LBV 231 2 % 0T 4 © T, BARER
EHWTHL Zbht: (Plate I, Figs. 7,8),

Yy #4R (ribbon-like form) : fANTAIE < R TR, PRFiIzEEL {ThT W 5, BRZ#lR
D—ygizdH% (Plate I, Fig. 9), #ilEI=80 5> biibinh-7

D=8+ L f#ilac X » Tt Ry i@ Rl m T Lo g Ihi,

LlEofiiz, #HKE4x3pm BEOEAFOMBT, 44 - F AFREICL - TRLAHD - 72 il iz
REBEL, REHTH P ROBEHELZE TS5 AR (Plate I, Fig. 10), ZhiX Evis(1976)
WEHEE e 5 4 Pleuronectes platessa TZE# LTV S #ED lone-nucleus type #2435 L Bhbh 5,
Zh b oM BRI ERE I R KR 2EE, RELFORESILMCTRE DA SERDORIZABR
T EMbATEHEAR L,

BHEI, XFv73,27 B, RvFo v - At A —ERERICTADVEZ+ A7 72—
ERIC I TH - 72 PAS Rea TR & piEl o REROBBIICIER 55\ BBt O MBIELL: 389
bhizs, BE7 + A7 7 2 —€RIG T, FHEORROEHBE IO AEOBERIE, A bh, ¥z,
BB R AAE LT 202 s bt (Plate 111, Fig. 2),

2) U w5k (lymphocytes)

U v AERRO—H B R TCA b, B0 K R e, oS R A R T I
HEAR BB E L LTWBE ETHDB, 7 v VA TR DX 5 il mTHifax LTy v 3R E LI
2, BOMEBCE R bRicDT, FhEREOBBIZ X b, v v-85k—1, —II, —II © 3RRKs
Lo 3MA SR v o380 E0E 1 1~7. 1 x 108/ mm® T 4 mERE D 36.8~86. 7% X G Tl i,

a) UV wvoER—I &l (lymphocyte-I)

HIKIER (% 3~10pm, E#y 4. 4pm THS (Plate 11, Fig. 1), #fGEHEAETH DL, FECBIRO
LDOhBB, Ffr, LIEUTREZH LTG5 ABRG, BREFARTH S, Fcenioiih
iRt O 2 v s B TIZEIREACRRT 5, BRI A - F A4 REIC L - TRVF QP LIS
WO LOE THRARARALTL, ZOR Y CEVGBEgLE LTV 5, ¥, ERECRERCRELT
S OB AR A D L4 55, MEKEIT 0.8~6.6x10¢/mm® T, & V v B D87.5~95.7%
BT,

b) ¥ v-igk—I1 ® (lymphocyte-II)

BRERERERL, ToBRMOESSAREZOPLCETERLTWE L0 x ) v ~FIIHE LA
(Plate II, Fig. 2), #lZAE T, A X2 4~9um, 5 Tum TH, OO IR LART
HH, MERENL 0.6~2,6x10°/mm® TY v _ED 2,0~7.2% T Tl i,

c) U vE—II & (lymphocyte-IIT)

ToOEER L oL D% Y o3BT B L L7z (Plate 11, Fig. 3), i3 12 3.5~7. 0um, F3# 5. 5pm
ThbH, TOMOHEL I B FETH S, MEHIL0.6~3%x10%/mm?® T, ¥ v KD 2 0~53%% 5
Thlse

HIREFNRIERAR B E, WThoBo Y v 5, XFv 75,7 Bipfa, <vFov .t x o
-, Toh V74 R 7 > - ERIGICEBETH -1z, PAS RETRY v BR—] MOREHH
DRk L CERROERCHCHVGEBERC Y R THER S 2 ki, 1, MicHilfe Bt R 4oR
FTio4LA6ht: (Plate III, Fig. 3), Bt 7 + 27 » 2 — ¥KIE T2 38 & & BB MO 2
#w iz (Plate 111, Fig. 4),

3) HE (monocytes)
MEDOMET, kX Xk 5~16pm, F4#9.3um TH5 (Plate 11, Fig. 4), Bixfifao 1/3~1/2% 4
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», BEZABTHSY, Hlwc X - TXEAK, BRE, heikl, BRE2HT5L00460%5, &
D7 e=FABRAATHS, EFERKEET, BEETPRBCE~TL @G FEEEL =T, M
iz & - Tz, ERASE ECITFEEH YR TS 0%, ERERFCIFHEREO R I XOH R4 0%
RAXEZ6hd3D0L 85, #MRREDNSH LD, KO L ORI L hE-FEEEEERL, K
HHPC ALK ZHE L AR C@ T4, MBI 0.1~0.9x10%/mm® CIMmEkD 0.3~1.7% % HHTL-
Too

HRIIRvFO vV -2 v A, ALV T T2 B, 7An 07+ A7 » 2 —¥ K6
2 LB %5 Lz, PAS fufa CRRICEUBE A O F AMEICBHERIG AT L BfE7 + A7 5 % —
YIS T, IO A BRI A a3 L, $i, BEER Mo —MeRELTES b h i
(Plate III, Fig. 10),

4) F+ER (neutrophils)

#IDO K Z 242 7. 5~15pm, FH 1. 6pm TH % (Plate 11, Fig. 5), f#ifniME T HERABREH
2712 BIRIRD1/37e\ LERE T 246, B—8ac2 i, bl rmTEng, msw,
BiRTHa4, M0, =080 0LAbK T, B0 7 r~F v ETRERELTHS, 21 - ¥4
FRETFEBRERKAGICEE D, ARICE -y 7 BOMEBRY ST, ¥, ERHEBPzLIEL
(LT TLRENCY (B

MERBIT 0.3~2. 8 x10°3/mm?® T, EEMEOL 0~4.5% % b Tu i,

PAS BETIE, FERHERIU:AGCHMERIEZ AL, 1o, FEREbcBEEE s A bh: (Plate II1,
Fig. 5), X# v 7%, 7 B s (Plate Ill, Fig. 6), <v v - 2ud% v ¥ — & KI5 (Plate 111,
Fig. 7), 7oA V7 + A7 5 2 — €[5 (Plate 111, Fig. 8), @7+ A7 » # — ¥ It (Plate III,
Fig. 9) CTHBE PRt RrT Bl KETs00@8» bhis
5) oMo

Ll B ifi~e g ERO ik X 5 fefiiaa il Shoie,

a) Mgk (granular anucleate bodies)

ZOfES R, K% 212 8~10um TIRFFBEARL, £ 4 - & A7 THRBE—BRICH- K
o othfaiciE b, TOFiCkRAs - il A A B 5, Zhuk, Catron (1951) A% Rutilus
rutilus T L7- granular anucleate bodies : O L Bibh b,

b) FFEZEMEARKIEE#K (basophilic large-granule cells)

KEZL9~13pm T, [EELREABOMBTS Y, BR=ABLG LEBEBEXEL, RC22¥ED
L0363 (Plate II, Fig. 6), 07 e =+ B TREREATHS, BBHIZA 1 - FAFRHIC
LT, —BcKadih - oS fic s 5, FHHCEE, ZRxAbhE, i, BEBHEHO—RICES
MisEECRE S AROFR Y2 bh 3, - OFlEE B ML, KARATELELEALhLD
AL, KEATRRIh 1~ 3Rz LB Shich -1,

I EmEE(CHT EROEHE

MMIROFEERE L WD fodic, Sl THLHME, T s L OMWEOBHE - Lodhic £ 584
RERLBZE L, ChBEOREHLO MEROSEE LOREREL LT Evus (1976) @ BME € 7 2
Pleuronectes platessa (C2\ T DEER A BEIC LTT-10
1. B i

) voA3EER, B v BRE XU E OO M RS S s,

1) U w-33FER (lymphoblasts)

MDA X 212 11.5~15.5pem TREFMHTH S, BIRMEROKEI ¥ LD, 07 ~F @ T Rl
MicERRTHS (Plate II, Fig. 7). BB H RS LR LW 5, BfE, TiATAER
HLELiEAbR %,

Bl 7 + A 7 > 2 — CRICHEOMER A B HHEPClE LT 2000 E Zht: (Plate 111, Fig. 11),
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O HR AR SR T T TdH - 10
2) v v -3 (thymic lymphaocytes)

Bl fEAET B ) w5k 55, U v 3ERRLAbR R ) v osBRE Lice MRS 3~11 5pm Tl 1
WThbo HIMEONSdO TR, FREEOME Y cdFficiv Mg L, Eri—fcfittic i
BT, FRINPDY v EREERI > T 5,

FEC LR 7 + A 7 > % — IGO0 A A St (Plate 111, Fig. 11),

2. I bt

SAB R IER R X OARRIEGR (P hERR) O3l ilgs Shis,
1) ARimERFRAHN

a) fifREEER (proerythroblasts) *#3Ek (erythroblasts)

AEMEERIL 8~20pm ThHB, =D 5 BEOKE L ORHIAERE, NI ORFRFRE L, FFL D
HEREAT T, BRAROAEN LD, B0 7 e <+ B LA ERR TS5, BRI
VIR AR LBl (e e 2 5 (Plate 11, Fig. 8), %74, W# & Lok, HA2HGS L
ELIEABI S,

BB D —imE A R B 7 - A 7 7 — R O WA AE LTV B S A b (Plate T,
Fig. 12),

b) HFHEEEME AR MER, &R MER s X OSHERA ER

B A bhi-o LA Uil g I his,

2) WRERR Ml

a) fIiEkrIFEEk (progranuloblasts)

MDA 2 212 18~20pm, BRUELHES 2 TR SAHA KB TH S (Plate 11, Fig. 9); LIXLIE K
A LT3 L 5 gt b, BidkEL, 7 e=5 ATRHRCEREET 5, BRIz 2
Ao FAFIEIC Lo TR AR L, ARICERIZZHRu,

by JikEEk (granuloblasts)

ok & 243 9~17pm T, —HHCHEBMBOFRERL DAk E L, MRZEFRT, #d il o 1/2
bW LERE R ED S, BO 2 2 ~v5 vl L3R ERE @ e B 5, FUBEME « ORE O
2R L, PEC e ORIk 2 A s (Plate I, Fig. 10), BubMEs X O ASEEA LELIER b
ha,

PAS {12, ERELE 0 F AMCHEVBERIERRT Losidbhie —J, 7+ 27 7 £
—ERET, BUBESEI U F Ac Bty R L, FEIBEO o K R A E L TR bR
#= (Plate 111, Fig. 12),

¢) fifrEk (neutrophils)

TR OGP ER & TEREAVELL L, A 4 - F AFiEic XA L, fIIab2An OGS R T 5 S Hila
s R,

3. B ek

Mg OBA Bz, BB TR bRz L0 LIRERROMSHEE Shics’, MEROLE IO BT

BE X VEVGX S bht,

z ®

7wy A OUERIME X OB TICRZBRAMERCOVT, A4 - FAFREIC X BB & #o0
DI EERRIGC & A ¥ & 20 TR ER A A i 2 Table 2-1, 2-2 iB#E Lice BT, A
Bhi-FmERO L EROIEY, MlEFashcov T s i L, Thbolf, HMbdiico
v ‘Tﬁ‘g'f%o
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Table 2-1. Summarized characteristics of erythrocytic series cells identitied in
circulating blood and hematopoietic organs of Sebastes schlegeli

ize Cytoplasm
ool sl cal:] Hiclorn May Giemsa = Cytochemistry
Erythrocytic series
Mature 9.7x6.7-79x56 sometimes acid-
phosphatase positive

Abnormal mature horse-shoe shaped
Immature basophilic

polychromatic 70-62

basophilic 80-58 darker periphery
Senile

deformed

disintegrated
m :ﬁ I 200-80 finely granulated deep blue xmpimm

o ER

ek, %< oMMOMBUNTRE ATV 50 L FAREBRmER, ShEHRMmER, BlLRiERyr2 =21
ERWThAbhi, RPFRTIE, BAKRNERD 5 b, BEOBENRE L0 REEHKOIRE LTE
Ltze COX 5 AekmERiz ol Tiids ShTuv5as, MR Ih TV s, SEIOBEBRET
VR R MER IR i S fEE L, OB 200~2000/mm® T otz, SO 5 RMmERD B
DFHRCOVWTRSBERVTILEY DS,

72y OEBE L OCHBEOEA LT, ELus (1976) 25ME v 7 2 THEl, @4 LiikFERS L
HFRCHEYT oMY B, ChboOHEOFRHHIER CHCIBEREYRL, B0z e <+ L
PEEETH S L e P OIFFRCUAHENEELYRL, S5k + A7 > 2 —ERIGLEITL
3o E7o, FEEER DUSRERMERT, BEYCEhERMIET S FOMmER, B LEFERERFRE
TUSPEAFRCEN LT, chbOZ Enb, 7V M0 TLRMERE e P KBTS E R E
[z, BIARERS GRS, IR, FEERMER, SRERNREE TRMRNRCEETSLOLE
b,

# b= 3

7 ey 4 ORRCIE, Garoner & Yevien (1969) D\ 5 =50 5B BRI YT 5 Ml A [
BB ENTER, ¥, BREEMCHYT 2RI, BB, A 4 7REXT £ RO
SO TERY, Z05BEABE LV A AL 2oz, $HER, PME, KFEEOTTICon
THRENZ Ehbh o,

Evuis (1976) (%, MiHEBIACER OB, B, EE, Rl OREFTEYITS 2 &, BEO, B
ViZBC A RO LB E A L 5 28, 1WA lone-nucleus type 2ASHIHBIL, Thb L LA
AED Y vt REOEKNEBIC S EBNT VS, SO LRAWETLLULTARbRI, AHE T
iz, lone-nucleus type OFFERIZ, &, BEE, ROEVAFLBHREATRRLALALAT, 24 -F Aoy
Bk, BREY vARIZZOBER LUCREENCERICENTE,

y v 2R

LEOFEENS, 7 eV 4 DY vARITHBES 3~10pm OEGRHICH - 7ohh, O HBIHEC Wi
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Table 2-2, Summarized characteristics of leucocytic series cells identified in circulating
blood and hematopoietic organs of Sebastes schlegeli

Cell size Cytoplasm
N
Mgl (22m) - May-Giemsa Cytochemistry
Leucocytic series
Thrombocyte ’7r
definitive
ovoid 124x6.3-94x46 grey, with
spiked 144x57-113x40 a”““'"‘“':“’d reddish
ribbon-like 138x57-107x38 ‘ pink granules
: s
ovoid 10.7x56-75%35 l
; with basophilic
spiked 135x47-95x31 | =
ribbon-like
prothrombocyte
. acid-
ovoid BEx49-65x30 l — e e T
spiked 114x%35-76x17 ‘ el il positive
ribbon-like
Lymphocyte- 1 10.0-3.0 | some round 1
1 90—4 | With horse-shoe sometimes PAS
7| pseudo- shaped positive
- 7.0-35 ) pods binucleated
Thymus lymphocyte  115-3.0 large, round,
homogenously
dark violet
Lymphoblast 155-115 large, round deep blue
Some finely granulated
Monocyte 16.0-5.0 gtgdo- semicircular, slate blue rarely PAS
| coarsely reticulated darker periphery  positive
Neutrophil 150-75 diameter 1/2—  glassy PAS, sudan black B,
1/3 of cell body, peroxidase,
coarsely alkaline-phospha-
reticulated tase positive
Granuloblast 17.0-90 diameter more sometimes PAS
than 1/2 of cell positive
body, compact
chromatin
Progranuloblast 200-18.0 loosely
reticulated

chromatin
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€ —2ikiel, £, KBD Y »AEAFHC LB Lish - oo K E Sic X KMo fibir ot

ATz, BORMOE LGV v (Y v2BR—1ED)E: L ORBED YV v -8k (0 v F—II &)
B Y v SR () vSRTRD) SR LA, OB s L UHIRMEENR IC 2R 2 A
FEREh ot BETY v BoBsb oz Mithg 5 7 0t Ictalurus punctatus (Witriams &
WarNER, 1976) & == A (Weingres, 1958) ©, 27, FLUVB#ALABRAG 2 Salmo trutta O
—HOXHY) v AR THREZTH TS (Braxuarr & Darscey, 1973), cheD U w2 —ily i v
VARER S BEE T A0 L5 RAHTH S,

L R

L offiT, HRMPICe P OHRREBES X OREEHLSUTOZMERARE SR TV, 2064
RMREICLD Rt - T3 (Jakowska, 1956 ; Weinres & Weinkes, 1969), Evrvis (1976) (M
Ee 72 0fRmhicAbhs, BE, fEd, slaEniise FOMBRCEBIL, 4, 291 PR
RFELHBAPCR DAL MERS $E L LATWLS, 1, Wittiams & Warner (1976) & Ictalurus
punctatus OFFRUMPCHFEEL, & F O HERLHBEGCHL LTV 2 MBREYHERE LTW3, 29 Y1 T
b, ERMPic e P OBEREPES LORAEEA LTV 328 Sh, dRENEEL e oERL
BERLTH-70 f-T, COMBEYEERL LS LBEYEBbIhLY, SEFOREAECOVTES
BT ALEL S D,

i &

Jorpan & Seeiore (1924), Yorrey (1929), Dutuie (1939) 351 0° Carron (1951) (X, faE o i
A (B X O 0@ %EicitS mERMEDFhEh o € 7 o O CiFd R % S R ER o R E -
Sz oL TERELTVWS, LaL, chboeFaid, Evus (1976) 24FR L 5, BETII & -
POMTAMY & Bbh b, M, #6EmEbc KR &R odmiediing s, i S ERER
ST A E LTWAA, KBlodkmipdiial fidho v v Ra ff—® L2 (Jorpan & Sremie, 1924 ;
Dutuie, 1939), KB o oo b 2 & iAo s siie & LTy % (Cartron, 1951),

Evvis (1976) 4, FAFrERSR O UL & 4045 Ao Mifaae ik 28R (progranuloblast) & L, s kL 45 R
(granuloblast), $fiiER (FFehER) RFETH L LTS, 7 0 v 1 ThHITER 2R3 X ORI SERRC £ 4
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Plate 1

Blood cells identified in smears of circulating blood of Sebastes schlegeli.

% IER O 4 H

Lotk

May-Giemsa stain. x 1,000

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

Basophilic erythrocyte Fig. 2. Polychromatic erythrocyte
Senile erythrocyte Fig. 4. Abnormal mature erythrocyte
Binucleated erythrocyte

Ovoid form of definitive thrombocyte

Ovoid (T1) and spiked (T2) forms of intermediate thrombocytes
Spiked form of intermediate thrombocyte

Ribbon-like form of prothrombocyte

Lone-nucleus type of thrombocyte
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Plate II Blood cells identified in smears of circulating blood (Figs. 1-6) and hemato-
poietic organs (Figs. 7-10) of Sebastes schlegeli. May-Giemsa stain. x 1, 000

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

1.
1,

Lymphocyte-I Fig. 2. Lymphocyte-II Fig. 3. Lymphocyte-I11
Monocyte Fig. 5. Neutrophil

Basophilic large-granule cell

Lymphoblast from the thymus

Proerythroblast from the kidney

Progranuloblast (PG) and a neutrophil (N) from the kidney
Granuloblast (G) and a neutrophil (N) from the kidney
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Plate 111

Histochemical reactions of blood cells in smears of circulating blood (Figs.
1-10) and hematopoietic organs (Figs. 11-12) of Sebastes schlegeli. x 1,000

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

Fig.

Fig.
Fin.
Fig.
Fig.
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oM S g

s
- = @

3

—
N

Mature erythrocytes, positive for acid-phosphatase
Thrombocyte, positive for acid-phosphatase
Lymphocyte, positive for PAS,

Lymphocyte, positive for acid-phosphatase
Neutrophil, positive for PAS

Neutrophil, stained by sudan black B

Neutrophil, positive for benzidine-peroxidase
Neutrophil, positive for alkaline phosphatase
Neutrophil, positive for acid-phosphatase

. Monocyte, positive for acid-phosphatase
. Thymus lymphocytes (TL) and a lymphoblast (LB), positive for

acid-phosphatase

. Granuloblast (G) and a proerythroblast or erythroblast (E), posi-

tive for acid-phosphatase
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Hematological studies of a rockfish, Sebastes schlegeli HILGENDORF
2. Seasonal changes of blood cell counts in cultured fish

Kunio SUZUKI, Muneharu KUSAKART¥,
Motohiro SHIMIZU and Juro YAMADA

Laboratory of Physielogy and Ecology, Faculty of Fisheries,
Hokkaido University, Minato-cho, Hakodate 041, Japan
* Hokkaido Institute of Mariculture, Shikabe, Hokkaido 041-14, Japan

Seasonal fluctuations of blood cell counts in rockfish, Sebastes schlegeli, were investigated in
a period from June, 1979, through October, 1980, with two different age-groups, M-group (born
in June, 1977) and S-group (born in June, 1978). Both groups were reared in indoor tanks of
Hokkaido Institute of Mariculture. The results are summarized as follows:

1. The numbers of mature and immature erythrocytes did not show seasonal and age-dependent
changes. Numbers of abnormal mature erythrocytes tended to increase from June through October
when the water temperature was high and good body growth was observed.

2. The total number of leucocytes was high during the same period in the M-group but not in
the S-group. The greater part of this change was due to increase of thrombocytes (intermediate
type) and lymphocytes (type-I). In the S-group, only lymphocytes showed a similar change.

3. No seasonal or age-dependent changes were observed with immature and mature thrombo-
cytes, lymphocytes (types-II and-III), monocytes and neutrophils; the last two appeared in the
circulating blood in low numbers.

4. Abnormal mature erythrocytes, immature erythrocytes, lymphocytes, thrombocytes, neutro-
phils, monocytes and total leucocytes were present in the lowest numbers in June, 1980. This

was considered to be caused by an attack of a gas-disease which occurred accidentally at that time.

i H
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Fig. 4. Seasonal change in total number
of leucocytes including thrombo-
cytes, lymphocytes, neutrophils
and monocytes. Vertical bars
indicate standard errors.
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